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If P’ be brought upon the section in question, the wheel P removing to the left, we shall have
w =’§ [Q (¢ —=z)+ Pd]—Pd.

The first equation will give a greater value than the second so long as « is < T)_P;_-I_P_' ; beyond

this limit we must take the second equation.
These two equations represent two parabolas A CE, B F E, Fig. 1576, of the same parameter

14 . . . .
5 » 8nd having their axes vertical. But if the left wheel P be heavier than the right wheel P,

the parabola A C E produced by bring-
ing “the wheel P on the point the e
abscissa of which i8 z, will descend
lower than the other. Now, when the
vehicle returns in the opposite direc-
tion, we shall reproduce symmetrically
the two parabolas, and then it will be A
the curve ACE and its symmetrical 1‘\
~

which will furnish the greatest ordi-
nates, so that we shall have to lay
aside the second equation.

We must observe again that the
equation of the parabolas supposes both
wheels always acting, even when one
of them has passed beyond the support,

in which case it will rest no longer upon
the bearing, but upon the support.  As the girder is supposed to terminate at the support when

one of the wheels has passed beyond it, the curve is no longer applicable : we must in that case
consider the parabola A CF B due to a single wheel towards the middle of the bearing. Itis
applicable only when the common distance d of the wheels exceeds half the bearing; and sup-
posing this condition fulfilled we obtain the various values numbered on the figure.

If with a certain section the girder offers an insufficicnt moment of resistance w in the parts
subject to the greatest strain, it will be necessary to strengthen the flanges throughout a length

r-l‘ (P'd 4 (Qi—p'd)? — 4Qlp), on the condition that this value be greater than 2d — /.

2.
Irsthe contrary case, the theorctical length of the strengthening will be '\/P—Ifﬂ .

10. When the two wheels of the vehicle are equal to each other the maximum moment occurs

. - MV T Wy T . .
at the abscissa IO TN and its value is ST@AP+pD) .
11. Moments of Rupture due to Three Wheels.—Let P, P’ P” represent the weights of the three

wheels moving from left to right, and d, @’ their common distances.

There are three geometrical figures of the moments of rupture to be considered during the
puseage of the vehicle, and each of these figures is composed of three parabolical arcs, the equations
changing when one or two of the wheels pass beyond the bearing.

1. Figure of the Moments obtained by bringing P upon the Variable Section considered.
l l " l ”
MaldngP+P'+%—=Q,P'+P"+% =Q,and P+ P' 4+ P +% = Q"
14
From x = 0 {0 x = d’, P” acts alone and gives M = ; (-2 (P" + I—;—),

Fromx:d’tox:d-{-d’wehaveM:;{Q’(!—x)-i-P'd'}—P’d';

Fromm=d+d'tox=l,M=I7x{Q"z—(P+P')d’-Pd}.

2, Figure of the Moments obtained by bringing P’ upon the Section.
mez:Ohx:d,wehaveM:‘% (QU-2)—P'd'};
Froma:=dtoz:l—d’,M:-l’f{Q"(l—z)+Pd—P”d'}—Pd:
Froma::l—d'to:::l,M=;{Q(l—x)+Pd}—-Pd.

3. Figure of the Moments obtained by bringing P upon the Section.
Fromx:Otoz:l—d—d’,M:%{Q”(I-—z)-(P'+P”)d—P”d’};
Fromz =1—d—d to x=z—d,M=”§{Q(z—x)-P'a;;

From z = { — d to x=:,u=‘:;(z-z)(r+ %’)
NAWAB SALAR JUNG BAHADUR
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The parameter of each parabola is the reciproeal quantity of the mean load per lineal matr
reckoning only the half of the uniformly distributed load p. . b -
Having constructed these three gcometrical figures, we have to consider each of them only i
that portion in which it gives ordinates greater than the others ; and as the vehicle may be brougl:
back in the other direction, we can reproduce symmetrically the maxima curves, which will alway
eliminate, if not already eliminated, the cases of a single wheel expressed by the first and last ¢

the nine equations given above. .
12. Thé followigg particular case deserves notice. If the vehicle be turned so that

" , d— a
PSP P T
it will be sufficient to consider the first half of the girder. Again, if 7 —d — d’ exeecds each of th

quantities d, d', and ]—;;de-FP—,d,) , we must consider only the scventh and fifth of the nine equations
T/

the seventh between the abscissze O and PFT T and the fifth between the latter sbsciss

and the middle of the girder. A girder, the simple scction of which has a moment of resistance ;
inferior to the maximum moment of rupture, should be strengthened throughout a length expressec

py LAt O Qi VU TP (d+d)—Pd}*—4Qlsm on the condition that this

Iength exceed %{’);-:Pi”, I In the contrary case the theorcticul length of the strengthened part
should be Pa—174 + - 1,; QI+ Pd—=P"d)2—4Q"I(x+Pd). The valucof the maximum

(3”
Pd—-P'd)
moment is {Qi-2va—2pa+ ( Q“T‘) 3
For cxample, if 7= 6 mitres, P =TI’ = I"” = 6000 kilogrammes, p = 0, d =140 mitre,
d' = 1-90 mitre, the maximum moment will be 17120, equal to that which would be given by a
uniformly distributed load of 3800 kilogrammes the lineal metre, . .

138. Moments of Resistunce of Solid Girders—(iirders with Equal Flanges—1or girders of incon-

sidcrable Leight, the moment of resistance is calculated by the exact formula
G]‘; (A3 = A3 =" 1" =" )8, Wi, 1577, i

3

[L2E—"

1577,

Tables T. and II. give the moments ready ealeulated of various sections,
Part of these results has heen taken from more extensive Tables published
by M. Foy in the ¢ Anuales de In Construction” of M. Opperman, 1863,  As
usual, the value of B has been taken as 6000000; but if it be required to
give to I another value, it will be casy to modify these results by a simple
proportion,

When a seetion according to the Table would e too weak or too strong
for the girder proposed, we enn modify the thickness of the flanges or
of the vertical rib, remembering always that every millimitre added to or
taken from the latter increnses or diminishes the moment of a quantity = 1000 42; and that
every millimetre in cach of the two flanges causes an alteration of 6000 b 4.

14. When the girder is not & very low one, the moment of resistance may be rapidly calen-
Inted by an approximative formula, With the dimensions denoted in Fig. 1577, the moment of
B — a3

=M;

resistance of the horizontal flanges, abstracting the rib and angle-irons, is exactly R

. =¥ . .
but if we take M’ = Rb A, 1—2—‘ = R s¥, s being the section of one of the horizontal flanges, we
M BhN(h—F)
shall have M= e
For example, if 4’ is at least 08 of 4, and this is always the caso when the girder is of incon-

sidcrable height, the proportion M will be equal to 0*983, which is very near unity.
As I differs little from L, we may consider the moment of resistance of the vertieal rib of

thickness ¢ as equal to Re - - or -:_'- R ¢, s being the section ¢4’. Thus the vertical rib gives o

6
moment of resistunce equal to only § of that which the same quantity of material would possess if
cqually distributed between the two horizontal flanges.

‘391/(;5-9 and 1_(2_0%21@’ we can make use of Table IIL,
which gives the moments of resistance ready calculated of four angle-irons (two at the top and
two at the bottom), supposing that R renches the value 6000000 in the fibres situated at tho
extremities of the height #'. If we get beyond these limits, we can reduce the values of the Table.

For the angle-irons, if we limit ourselves to

: 100/1
Thas for angle-irons of lé 00 we must add } of the value given by the Table for angle-irons of
100/100 s e . :
1/2 . When the height is inconsiderable, instead of considering the angle-irons apart, we may

include them in the section s of the fAange.
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Let us take, by way of example, a girdg%' (; ;)80 metre in height, eonsisting of o vertical rib of
700/12 millimétres, four angle-irons of 1/0 , and two flanges of 300/50. We shall have

A =070,s+ %s’ = 0°0164, and consequently

The moment of rcsistsmcc.nf the rib and flanges = 6000000 x 0:0164 x 0°70 = 68880
The moment of resistance of the angle-irons, according to Table IIL. .. .. 11014

Total .. .. .. .. .. .. . . 79894

The exact caleulation gives 78158. Supposing the moment of rupture to be equal to 79894, the
girder would have to bear a strain of 6°13 kilogrammes instead of 6, a differcnce which is of no
importance.

15. Moments of Resistance of Unequal Sections with respect to the so-called Neutral Azxis.—The strain
which iron is usually reckoned to bear is 6 kilogrammes the square millimetre, both in those parts
which are suhjeet to compression and in those which are subject to tension, the compressed parts
requiring only a proper form to prevent twisting. DBut if it he required to employ a higher cocfli-
cient for the flange subject to tension than for the one subjeet to compression, wo must increase
the strength of the latter, that is, we must adopt an unequal section with rospect to the neutral
axis.
These unequal sections may be unavoidable in certain cases ; for example, in girders of the form
given in Fig. 1588. In such n case, it is often possible to assimilate the section to an cqual one
having the two flanges equal to the weakest of the given scetion, But if the exact caleulation bo
required, we must proceed ag follows :—

First find, by the thoorem of moments, Fig. 1578, the sides of a height § and & which fix tho
position of the centre of gravity G of the section, which coincides withi the neutral axis when the
girder is only subject to forces normal to ity 1578. 1579
length. Then, between the coefficients R and R, , :
which express respeetively the maximum resist-
ance of the two flanges, we shall have the propor-

tion g— = % The moment of resistance may be

expres;md either in terms of R or of R, which are

connected by the preceding proportion ; in terms

%f R, for cxample, Fig. 1579, its value will be
3

5y 08 b8 — '8 =089,

1 AR =P R34 b'A2
: . N : I - — .
In the particular caso of a simple T, Fig. 1579, we shall have & = 3 =V
. . . R,1
Moment of inertial = —:,_l;-{b B b=0YG =P+ VR~ 8)-‘}. Moment of resistance = h_—-l-B’ R,
referring to the fibre which is farthest from the neutral axis.

16. Solid Girders of small dimensions.—Cocfficient R.— Rivetings.—Theoretically the thickness
of the vertical rib should vary with the strain to which it is to be subject; but in small girders
this thickness is fixed, and offers an excess of resistance, for the conditions of rigidity prohibit
the reduction of the thickness of the iron plates below certain limits. We may, therefore, consider

the thickness ¢ of the rib as given.
1f we first suppose the section constant, and represented in detail by Figs. 1580 to 15835, the

value of the monﬁmt of resistance will be . R
= B b —e) (=26 = - - 3\ ReW

M_Gh{bm OG-0 26)} Re(—¢) (k 2e+3h)+ P

4

‘We may neglect, relatively to 2, the term 3—;, and take
eh?
M:R{e(b—c)(h-—2e)+—6—}, m
M ch?

whence b = Re(h—2e)+e-66(h-—2e) ’

The area of the section, or the volume of the lineal mdtre of girder, is expressed by

2be+ (h—26) (¢ +¥);

¥ representing the volume of the joint-plates and mouldings of the rib the square mttre, that is,
the additional thickness which must be given to the rib to equal the weight of these mouldings

and joint-plates. M ORel —GR ook
Substituting this value for b, the expression becomes 6~~—'—"»3 R :}:T-; ;»)-—o—e-— +y(—2¢),
and it is reduced to a minimum by the following value of %:
BM—2Reé (2]

h=2¢+2V sn@.+39)
This formula gives the height to be adopted in order to have the lightest possible girder,
offering a given moment of resistance, the quantities ¢, ¢ and e being also given. a0
S D
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1580,
Two-girder Bridge, of high girders, Toaded on the upper part.
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Detail of a console.
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1585.

1684,

Truss-bars on the upper side,

1583,
Cross-girder.

,
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g R Fr000=~ N~ ——BOOD -~ — 5 ——

e

Eliminating M between [1] and [2], and supposing ¢ = ¢, we obtain
6e b+ V)
- 3
== (3]
8 formula which establishes between % and b the most advantageous relation, e being always given,
and, in the interests of economy, requiring to be chosen as small as the necessary rigidity will
sllow. In girders of rolled iron ¢ = 0, and, consequently, 4 = 65; thus, for this kind of girder,
if we choose the area § of the section, the best form will be obtained by adopting for ¢ the smallest

possible value, and then taking 4 = 2—? and b = T
Formula (2] assumes the following form in the case of a girder snpporting a uniformly distri-
buted load p per lineal mitre of bearing /.
9. 1a/Bp—16Rea "
h—2i+2 “R@et3y) 4]
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. 17. Let us now consider the case of girders having flanges of varying thickness

increase of thickness is obtained by placing one plate upon another, the variation takes plﬁ:etg;
redunq or gradations, from the middle to the extremities of the bearing. If u denote the moment
of resistance of one of the sections, the additional material to be added in the middle will, theo-

retically, be equal in length to \/ 12— %’", supposing the girder loaded with p. the lineal metre,

This length should, in practice, be slightly increased, in order that the added plate may form suffi-
cient consistency with the flange by means of its extreme rivets, at those points in which the
strei:‘g:henmg beoomht;s necessary.
et us suppose that Figs. 1580 to 1585 represent the section at the ends of the girder, € bein

the least thickness it is thought proper to adopt for the flanges; then, admitting a}glggxix’nativelg
that from the extremities this thickness increases as the ordinate of & parabolical segment, so as
to reach its greatest valuo + in the middle of the bearing, the thickness z will be determined by
the following equation, in which the moment of resistance is expressed in the spproximative
manner explained in 14.

eh pl PR ek
b — ) == =d
Rlz(z-l- G 3 , whence bz §RT "6 [5]

Let « be a coefficient 110 taking into account the joint-plates of the flanges. The volume of
the lincel metre of girder will then be 7 A (¢ + ¢) + 2k ib { € +§ (z— e)}; or, by substituting
2 2 kpi
the value of bz, Ih{¢+c(l—§x)} +oalbet ko,
This expression becomes & minimum if we take

r=1V ol 4 , s
GR{\P+¢:(I——2—A‘)} : .
9

which shows that the height of girders should vary s !4/ p.

The height being determined, the middle section of the flanges is calculated by equation [5].

The breadth b must be sufficient to ensure the rigidity of the girder, and to prevent the thickness
# from cxceeding a certain limit, such as 0-06 or 0-07 metre.
o  Ezamples,— Let { = 20 metres, p = 6000 kilogrammes, ¢ = 0-010 metre, ¢ = 0:008, R =
6000000, and « = 1:10. We find ~» = 2:17 metres, and pz = 0°0194.  If, for example, we make
z = 0°050, we shall have b6 = 0:39 metre, Supposing € = 0°010, the girder will weigh about
11 tons, or 22231 1bs.

The above formuls apply only to cases in which we are free to realize the most, advantageous
forms. It frequantly happens that the height allowed is limited, in which cases we must adapt
the height of the girder to the circumstances imposed upon us. The thickness of the vertical rib
varics in girders of great importance.

18, Coefficient B.—The practical resistance of iron both to tension and to compression is usually
taken as 6 kilogrammes to the square millimitre, and this coeflicient is regarded as applicable to
the solid section, that is, without any deduction for rivet-holes. In the parts subject to compres-
sion, these holes do not weaken the pieco in the slightest degree, if they are exactly filled by the
shank of the rivets ; but this condition is not always fulfilled. In the parts subject to tension the
hold which the heads of the rivets have taken upon the plate in consequence of the shrinking of
the metal, partly compensates the loss of strength occasioned by the hole; but we must always
reckon upon & loss in virtue of which R will exceed 6 kilogrammes.

When certain points, such as the situation of joint-plates, for example, require a greater degree
olt; perforation than the other parts, it will always be advisable to slightly increase the section in
these points.

In the case of bars fixed to gussets by scveral rows of rivets, the loss may in most cases be
rendered trifling by a proper arrangement of the holes: for example, one rivet only may be put in
the transverse section A B, Fig. 1586, two in C D, three in the following
row, and 8o on; for it is enough if, in any section, the net resistance
retained equals the strain upon the bar diminished by the resistance of
the rivets which precede the row under consideration. Or, instead of
this, we may vary only the diameter of the rivets which should incrense
towards the end of the piece. Or, again, the two methods may be com-
bined. In lattice-girders, in which every bar is of inconsiderable sec-
tion, a single hole, even when it is of small size, may be an important
fraction of the section, in which case it will be advisable to increase .
the section, at least in the bars subject to tension; in those subject to compression it is often
neceseary to enlarge the dimensions for the sake of rigidity, and this excess of section, peeded in
:)he middle to prevent deflection, is serviceable at the extremities in compensating the loss occasioned

the rivets. .

v Thus in certain cases it is necessary to take into account the weakening of the material by
rivet-holes, but, generally, we may consider that the coefficient R = 6000000 is sufficiently low
to permit us to neglect it. .

19, Rivetings and Bolts—The resistence of these to shearing force might be considered equal to
their resistance to tension or compression, when it is effected under favourable circumstances. But
8 the joints often require a greater number of rivets, they will not resist in an equal degree. For
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this reason it is usual to reckon their resistance at 4 kilogrammes e s

accordance with this, a rivet of 0m'022 in diameter, offering a sin tlhe sq?.m millimdtre, In

1§ ton, or 8081 Ibs.; sud oue of 0%25, 2 tons, or 4042 Ibs, The distanes of s » Spert

mnywbﬁ about O™ 03. - oles apart

en a small surface only of a bar rests upon its gusset, it is often
sections of the rivets to enable them fo resist tl};g sheugilxllg s,trs,in; this i: e:&::?:ﬁ ?yds;::;lii:h:
joint-plate on the opposite side of the gusset, extending an equal distanco along the bar. The
space between the bar and the joint-plate is then filled up, so that the gusset is fixed into a kind
of fork, which can be torn away only by shearing the rivets through two sections. In certain cases,
it will be easier and less expensive to enlarge the gusset and retain only a singlo section of Dbolt.
By doubling the gussets and joint-plates, the rivets will offer a quadruple section. The thickness
of the gussets should be so calculated that there may be no risk of their giving way along the
perimeter enveloping the rivets of the bar. o
We may observe, with respeet to the joint-plates of the flanges, that it will be prudent to place
considerably apart the holes of those transverse rows which are nearest to the joint and to the ends
of the joint-plate, and, on the contrary, to place them closer together in _the Jintermediato rows.
This condition may be disregarded with respeet to the rows nearcst the joint, if wo increase the
thickness of the joint-plate. But even then it is as well to increase the length, and to placc the
rivets farther apart. . .
The vertical rib of a malleable iron girder has a tendency to slide between the two angle-irons

which fix it to each of the horizontal langes. We saw in 1 that this horizontal shearing strain

requires a thickness of rib ¢ given by the equation ‘% =R, edz. Taking account of the rivets,

we shall have ﬂi = n Qd x,n being the number of rivets the lineal metre, and Q the strain borne

W
by one of th a doublo section, Whence we deduce n = . S0 = F_
y one of them upon a double section, educe n =+ o =g

!
Supposing p« the lincal metre of girder, the maximum of strain F will be %, and by using

rl .
m ) that 18, at
the extremitics of the girder, the rivets fixing the rib to the angle-irons of the flanges should be

0 4 . . .
placed apart the distance o 11_;= %?_ti . With a diameter of 0m-022 the distance should be

6000 2 [

p!e

The same considerations apply to the rivets which hold together the plates of the flanges, or
which fix them to the horizontal arm of the angle-irons, but in these cascs the distance may he
increased on account of the relatively less sliding strain, )

The foregoing eondition will, in general, allow us to place the rivetings wide apart throughout
the greater part of the length of the flanges ; but in the flange subjeet to compression the rivetings
serve another purpose, which must be borne in mind ; namely, that of preventing the exfoliation
of the plates, which would inevitably oceur if they were insutliciently fixed together. This eon-
dition requires that the plates should not be Jeft free throughout a length exceeding 0m-15;
but when there are severnl rows of rivets, the distance may in certain cases be doubled, provided
we take care to alternate the holes.

The boles should be placed eloser together in a line with the joint, in order to avoid usclessly
increasing the length of the joint-plates.

‘When the number of plutes of which the flange is composed is grea., the joints are near
together ; a}ld in this cose the rivetings should extend, at small intervals, throughout the whole
of the length, ) :

20. Flooring of Bridyes.—Darts beside the chicf Girders.—When the rails donot rest directly upon
the prineipal girders, these are made to support cross-girders, upon which again are placed, longi-
tudinally, other and lesser girders, and it is upon these latter that the rails are Inid,

‘We may consider these minor supports as simply resting upon the cross-girders, and we may
take as their bearing the distance of t{mse Iatter from each other. If the rolling load consists of
the wheels of a locomotive, the weight of which is 7 tons, and their distance apart 1x-40,
one of the wheels in the middle of the girder will give the maximum moment, when the bearing
is less than 2m-40. Above this it will be necessary to consider two wheels. The dead weight,
which is of small importance relatively to the rolling load, may be rcckoned at the rate of
500 kilogrammes the lincal métre.  With these hypotheses, we can adopt, according to the various
lengths of bearing and the height to be given to the girder, the double T sections of Table IV., in
which / denotes the bearing, M the maximum moment of rupture, and 4 the height of the girder.
As we have done in the Table of the moments of resistance, so in this we describe a section by
indieating, first the dimensions of the vertical rib, then those of one of the four angle-irons, and
last, when there is occasion for it, those of one of the flanges; for these latter, we give also the
length, which in secondary girders of more than 3 metres may be considerably less than the bearing,
for these horizontal plates must be regarded as simple additions made for strength. When the
length is omitted, it is understood to be equal to that of the angle-irons. The letter P denotes the
mean weight of the girder a lineal métre, having taken into account the reduction in the length of
the strengthening portions, and the cutting away of the angle-irons at the ends of the girder, where
the vertical rib alone is retained to be fixed to vertical flanges in the cross-girder. These vertical
flanges are not reckoned here, because we consider them as forming o part of the cross-girder.

L]

rivets of 0m°025 we shall have Q = 4000 kilogrammes; consequently z =
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In sections eonsisting only of a rib and angle-iron, the latter should offer a broad surface to the
balks of timber carrying the rails; it will sometimes be advisable' to substitute unequal-armed
angle-iron for equal-armed, care being had to preserve nearly the same weight : the resistance
will be increased by the change, but if this condition is already amply satisfied, we need alter
only the top angle-irons, In a bridge hcreafter described, we have secondary girders reaching
a length of bearing equal to 6 mitres. The mean weight of each of these is about 110 kilogrammes
the lineal motre.

21. When the height allowed is very limited, hollow girders m the form of caissons are some
times used. This form is less economical than that of the double T, but it is favourable to the
reduction of the thickness of the flooring without diminishing the neccssary thickness of the
timbers.  Figs. 1591, 1594, 1595, give an example of this arrangement. Other sections suitable
for bearings of 1™ 50 to 2™ 50 nre found in Figs. 1587 to 1590. 1t is uscless to consider longer
bearings than these, for when the height is very limited the cross-girders should not be placed far

apart.
1587. 1588, 1589, 1590,

Ihollow Minor Girders. Scale, 0° 05 :
For a bearing of 1™ 50, For a bearing of 2m*00, For a bearing of 2™* 500,

len G0 e - Scale, 0+02.

d 86* am, 100% a m, 107% am,
r— : 1591, m
|| i Thyee-girder Bridge, loaded on the lower part. !
| ! Very low cross-girders, Distance apart, 1™*500. |
1 . . I
! j Weight a lineal metre of o “x
| - oo 1o ( of the cross-girders, 975 rox |
| ! flooring under two lines ¢ e 41,0 ooy girders, 375% 1350 1
* H ! of rails .. .. .. !
! I
| j
I
]
|

W k ' 1692. i ;

Three-girder Bridge, loaded on the lower part.

Height a little less limited. Distance apart, 2m-000

3000.

Weight a lineal metre of } of the cross-girders, Ggok} 960k

gg(;l;lgsg under two lines ¢ of e Joger girders, 280k

Scale, 0°02,

= b N e ot 600 - = =~ o e et L 6O — \ 2660 }
[} 1
i ; i 0 8
g N ') h
D : '-'

e = e = - e $O0

]
-
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1598,
High Cross-girders. Distance apart, 4™400.

i der two { of the cross-girders, 310% } x
Welght a lineal métre of foaring under b0 f 00t e o orgirders, 320+ § %0

lines of rails .. .. .. .
l /. 500 W -/, SOD. :l. -4, 800
/ e 1
[« X+ X+]
d — /
8o é s |He = =
1 ! L - " g 7
o A 8 &3 soxsp /.
2 o -~ 70 /,
o O 7
i 0 £or ‘a’ - x
x - cR—
H
i
L ‘, Soa .
70/70

A, angle-iron on one side only to stiffen the rib 10

Detasls, to a scale of 0°05. 1595,

—_ =
-2 80-——

irder k Length of the Ist plate of the flanges, 3m*40,
Hollow girder of 93% the metre. ) o T 25 gm0,
” 3rd »” y 22050,
1596. 1597,
Minor girder., Cross-girder, 1598.
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When the thickness will allow us to give a height of, at least, 0850 to the cross-girders, we
may adopt the double T form for the longitudinal girders.

22. Cross-girders for Bridges of Three Girders.—Figs. 1591 to 1598 represent various kinds,
‘When the height allowed is very limited, the distance of the cross-girders apart should be reduced
toabout 1™-50. It will be useless to go lower than this, for we should still have to consider the cross-
girder as loaded, in a line with each rail, with one wheel of the locomotive. In these cases, the
principal girders should be placed as near together as possible, in order to diminish the bearing of
the cross-girders. Taking their distance apart equal to 4m-20, as in Figs. 1591, 1594, 1595, the
length of the cross-girder will be 4 metres, its actual bearing being, in consequence of the projecting
of the gussets, 3™ '60. Under these circumstances, the height of the cross-girder may be reduced
to O™ -220, as in the figure; its weight is about 730 kilogrammes, including its two gussets; the
c;oss;ltgirders, therefore, will weigh 975 kilogrammes the lineal metre of flooring under two lines
of rails,

For a height of 0™ 250, we may take a rib of 210/10 millimdtres, angle-irons of 110/70/11,and
flanges of 270/20 composed of two plates, one extending over a length of 3+ 50, and the other over
2™-70 only. The weight of the cross-girders will be reduced to 830 kilos.

It will be brought down to 715 kilos., if we can take a section of 0™:300 in height, composed
of a rib of 260/12, angle-irons of 70/70/10, and flanges of 220/20, the first plate of which should
extend 8™°50 and the other 2=-70.

Again, this same weight will be reduced to 640 kilos. for cross-girders of 0m+350, the rib being

830/10, the angle-irons 80/80/10, and the flanges 250/10 throughout a length of 8 metres.

23. But generally we shall follow the example given in Pigs. 1592, and 1596 to 1598, in which
tpe chief girders are placed at a distance of 4=-50 apart. In this case the space between the two
lines of rails, known as the “six-fect way,” is inereused to 3 mbtres at each end of the bridge, in
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order to keep clear of the middle girder. The length of the cross-girders is 4=+30, and they ma
be regarded as simply resting upon two supports, the actual bearing being about 4:""106.y 'mf;
rolling load acts in two distinct points, in & line with each rail, and we may suppose the dead
welgh_t to act in the same manner. The moment of rupture will be equal to 1-30 g, the letter P
denoting the maximum total weight acting in a line with each rail. "This weight increases with
the dlsltanoq &etwe;y t:;he orotgs-gird%rl ]; and if vlze conisider the case of locomotives carrying 10 tons
per axle, with a distance of 1™-10 between the axles, or carrying 12 fons, with a distance of
1m-40 and 1™-90, we may allow the following values of P :— "

. . Metres, | Metres, | Mbtres, | Matres, | Métres Matres, | Métres. | Me
Distance apart of cross-girders | 1-50 | 2:00 | 250 | 3:00 3'505' 4:00 40-50 5(;"('):).'
s Kilos. | Kilos. Kilos, Kilos. Kilos. Kil Kil Kil
P °;‘;§;h§f F dj‘f’ to the desd}) 1700 | ‘2000 | 2100 | 2300 | 2500 | 2800 | 3100 | 8500
Portion of P due to the ’°““‘_%’} 7600 | 9500 | 10600 | 11400 | 12300 | 13000 | 13600 | 14000

.

load .. .. ..
Total valueof P .. .. .. | 9300 | 11500 | 12700 | 13700 | 14800 | 15800 | 16700 | 17500
i

‘We are thus able to form & Table (sce Table V.) in which M denotes the maximum moment o
rupture. The weights include the vertical flanges by means of which the lesser girders are fixe
to the cross-girders, and the triangular gussots by means of which the latter are fixed to the principa
girders. On the other hand we have deducted the portions of angle-iron or horizontal plates, whicl
are removed towards the ends of the cross-girders.

24. Cross-girders for Two-girder Bridges—Exemplars of these are given in Figs. 1599 to 1604, Th
total length of the cross-girder is supposed equal to 8 metres, and we may admit 7=-80 as th
actual bearing. The
maximum moment of § E\ 1698,

rupture, between the
inner rails, will be i Two-girder Bridge, loaded on the lower side,
H

430 P, when the two . .oy |
linos are simultane- | Cross-girders of 0™+60 in height, and 2= apart, “
ox_lﬁly lfomietli, wzhﬂgt ;} | Weight of the cross-girder with gusset A, 1740k, i
Wi e only 27 . . . .

i : Weight a lineal métre [ of the cross-girders, 870k .

in the case of one line I b tg fooring { of the minor girders, 180% } 1050% ,,

may reckon the mean

3:50 P as equal fo the

moment of resistance

R = 6000000. Yy §
this means we shall §¥
« obtain cross - girders
supporting generally
a strain of 4°5 kilos.
the square millimétre,
omitting the excep-
tional case of both
lines being loaded
simultaneously, when
the strain may rise
to 75 kilos. In a
line with the exterior
rails, the mcan mo-
ment will be 2:40 P,

Table VI. gives a
certain number of sec-
tions for various distances, The weights include all accessories.

25, Vertical Trussing.—When the girders of a bridge are very high and their flanges compera-
tively narrow, they are liable to incline or sag from one side to the other, especially if they are
loaded on the upper part. If the direction of the sagging is different at the two ends of the
girder, a strain of torsion is produced, which changes the plane of the vertical rib into an oblique
surface, The principal object of vertical trussing is to counteract these effects of sagging. The
strain borne by these pieces is caused by the motion of the trains, which produces lateral oscilla-
tions, or by the deflections which occur in the flange subject to compression. But it is often
needful to strengthen the oblique pieces of the transverse section, because they may serve as
supporlts to the cross-girders, of which arrangement Figs. 1605 to 1611 and Figs. 1580 to 1585 are
examples.

'.l‘tlx)e object of vertical trussing cannot be to equalize the deflections of the several girders in
cages when these girders may be unequally loaded, for in such cases the deflections must of
necessity differ: it could be prevented in part only by means of very strong pieces, and there
would then result a strain of torsion. Yet, when the girders are high and rigid, the deflections
are so inconsiderable that the vertical trussing does offer some resistance, because, by its elas-
ticity, it adapts itself sufficiently to the different curves which the girders assume under the
rolling load. Between two girders equally loaded, such as two girders supporting directly the

leing loaded. We ’(
| Secale, 0402,
|

--4A00:

000 »
¥ © 092000000
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rails of oneline, these
atmmlh i m.;gd no{’ e;:t.

four-girder bridges
under rails, if the
height be inconsider-
able, it will be suffi-
cient to simply tie the
two lines,

26. Horizontal Trus-
ging. — One use of
horizontal trussing is
to prevent lateral vi-
bration, and in order
to effect this in the
most complete manner
the trussing should
be placed as near the

plane of the rails a8 4 ... pppm-—-

possible. Another use
of this kind of trus-
ging is to form, with
ihe aid of the cross-
girders, & resisting
plane which shall pre-
vent the girder from
twisting under the
torsive strain of the
compressed  flange.
From this point of
view the trussing
should, when possible,
bind together the
compressed flanges of

BRIDGE.

1600,
Two-girder Bridge, loaded on the lower side,

Cross-girders of 1= in height, and 4™ apart.
Weight of one cross-girder, 1620%,

Weight a lineal métre { of the cross-girders, 410k 730k
of looring .. ..\ of the minor girders, 320k
I' Scale, 0-02,
$./00
1,500 7.600

2.900 - ——— _ ~'..-_-.,

40000 ——-

the several girders.

When the bridge is
loaded on the upper
part, a top trussing
will satisfy the double
condition. Intubular
bridges loaded on the

lower part, an upper

and a lower trussing

will be mnecessary,

And in bridges of
girders loaded on the
lIower side, a top trus-
sing beingimpossible,
we can have only a
lower one, but eare
should be had to pre-
vent the twisting of
the girders by widen-
ing their top flanges
and the upright stays
which serve to stiffen
them,

The trussings or
bracings act in the
same way as horizon-
tal Inttice-bars, but
the strains to which
they are subject are
of a capricious nature

1601.
S N

I

Girder with broad gussets,

1604,
Joint.

/0
ToX7T0
10

10
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T 6000 6 C 0O

8
X XX

that eludes calcula-

tion They are usu-
ally formed of bars
of a uniform dimen-

l
;E \ o x70

cooaoe_n_o;c\coo_cuooo:
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sion throughout the

whole length of floor-
ing; butin important
works it may be ad-
visable to strengthen
the bars near the sup-

ports, especially if the

-1.650 -~
,_JL| ” Planu:l;: :
I |
I

line be curved upon
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1605.

Three-girder Bridge, loaded on the upper side,
Height of girders, 2m, .
Distance apart of the cross-girders and consoles, 2= 500,

Scale, 0°03.
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. 1606.

Two-girder Bridge, loaded on the upper side.
Height of girders, 3™, Distance apart of the cross-girders and consoles, 32000,  Scale, 0°03.
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1607,

the bridge, which may be the case
in a certain degree when the prin- [ Road Bridge.
cipal girders are straight, The Roadway, 4m ; footway, 1™,
section of the iron is usually flat, Wide span, with unlimited height, Scale, 0°02.
because, of the two diagonals form- odo.
ing s Saint Andrew cross, there is N >
always one which resists tension,
whilst the cross-girders .serve as ™=
compression-bars ; besides, the com- " - 5
pressed diagonal does not remain | |B ™ — —pr T ” ra
quite inactive when it is fixed in 4 *L.__ : 7
several points throughout its length,
as is usually the case. When, on
the contrary, the bars are left free
throughout a considerable length,
it is profcrable to make them of
T -iron, to avoid yielding.

In bridges of small span—of i

L

less than 25 mitres, for example
—the breadih of the flooring is &
large fraction of tho length, and
the trussing may bo omitted, be-
causo the rigidity of the flooring
itsclf offers a sufficient resistance
to transverse oscillations.

For a bridge loaded on the
upper part, Figs. 1612, 1613, and
Figs. 1580 to 1585, the horizontal
trussing may weigh, according to
the span, from 50 to 90 kilo- 127/ 4
grammes the lincal mitre of floor- /) T
ing under two lines of rails (bars of
160/12 to 200/16 millimétres), in- -
cluding the gussets. ]

—
[ 1603,

The
horizontal
220
plates 0
only extend
over a
length of
3°80.

2. 800—

Road Bridge.
Roadway, 7™ ; footway, 1m*50. Wide span, with unlimited height, Scale, 0+02,
3,600.
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1610.

Cross-girder without
strut,

Scale, 0°05.
-—-240--.
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The horizontal plates
only extend over

a length of 5w°40.
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For a three-girder bridge,
loaded on the lower part, we
:ﬁy reckon frfom %0 t;ir{iﬁo

ogrammes ; for a two-girder
bridge, loaded on the lower

gide, from 50 to 100 Kkilo-

grammes. Tubular bridges
absorb the lineal mttre, from
130 (two-girder bridges) to
160 kilogrammes (three-girder
bridges) and above, for their

double trussing or cross-brac-
ing, which, added to their
great breadth, gives them a
transverse rigidity greater
than bridges of an equal
span loaded on the upper part,
and having corbels, could
possess.

In ordinary road bridges
the horizontal cross-bracing
may be considerably inferior

€meanr/2 750 =
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1609,
Road Road Bridge.
way, 10™; footway, 2™, Wide span and unlimited height, Scale, 0°01
- Iboaﬂ__.__1
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in strength to that required for railway bridges. Flat bars of 100/12 are in general amply

sufficient.

27. Tn cases when the height allowed is unlimited, the lines of rails may rest upon the upper part
of the girdors. When the span is inconsiderable we shall have, generally, four principal girders,
supporting directly the rails, as in Figs. 1612 to 1614; for in such cases the other pieces serve only

—efe 1614,
. Four-girder Raihway Bridge.
1 Height of girders, 1250, Scale, 0°03.
o :F o
<. 300 »>:< -------------- 1800~~~ == —— Sy — = 1000 = - -
! |

LS00 ~mm e 270

e

1615.
Two-girder Railway Bridge, loaded on the upper side.
Girders of moderate height, Scale, 0-02,

f 20—~

to tie the girders, and may be of étnall dimensions. B i
r ; lime . But when the span is great, th ing i
:mx;gd ;;Z%ces should be sncrificed in favour of the more im}p»orta.ntg:ﬁi;l; :v?:iﬂ?%nl:yt{lg
puera leud:;u;gn :clhe bﬁ;xir(x;é):r 'ﬁfi:h: priqci%ml girl(liezl')s. Ol?e girder costs less than two that are
. » besides, this one girder will be subject to the full stiain only i
%ggpti%liaél cl%sf(;ofl%vlvg tl;il:::s Zﬁ&‘fﬁ tlu;. %qgge si}nultaneé)usly. Figr}s. ;]5808 ti)allgsg, a.yn(inFit;:
y y 1010, s BV les of bridges of two girde i eig] .
gequently, applicable to bridges of small and great span. g%e‘(?:eglg ::;;?;;d}c:?il;tls,f:;q,gir?lg;
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bridges are those of three girders, Figs. 1605 and 1618 to 1620, whi i Cross
girders, but less important than those of two-girder bridges. » Which roquiro strong
When the height allowed is limited, the load is placed upon the lower
part of the girders; in such cases the girders form the sides or parapets of . 1616.
the bridge when they are not very high, and when their height is great, BOIing of the sleepers
advantage is taken of the circumsfance to tie them on the upper part; this ~ UPoR the girders,
latter arrangement constitutes the tubular system. Figs. 1591 to 1598 are %
examples of three-girder bridges constructed according to the first method { °
and Figs. 1621 to 1624 arc cxamples respectively of three-girder and two.
girder tubular bridges. 1In the various kinds of bridges loaded on the
lower part, we distinguish again those in which the height of the cross-
girders is limited, and those in which this height is great, for this is of
considerable importance when we regard the weight of the minor and cross
girders. For example, in Figs. 1591, 1594, 1595, in which the cross-girders
have a height of 0-220 mutre, this weight reaches 1350 kilogrammes the
lm‘en,l mttre of flooring under two lines of rails; whilst in Fig. 1593, with a
height of 0-850 metre, it is reduced to 630 kilogrammes. A limited thick-
ness obliges us to inercase the number of cross-girders, and induces us to
give the preference to three-girder rather than to two-girder bridges.
Regarded from the point of view of tying the principal girders, the dis-
tance between the cross-girders will be determined by the transverse rigidity
of the former. Girders with narrow flanges may need to be tied every
2 miutres, or 2+ 50 mitres; whilst in large bridges, provided the cross-girders
be strong and firmnly fixed, they may be placed 4 mitres apart and even more.

Three-girder Railway Bridge, loaded on the upper side.
Height of girders, 5®. Distance between cross-girders, 3000, Scale, 0°01,

1618. . 1619.
1st arrangement. J' 2nd arrangement
- i 7600
e — = 1300 . - — Dt — = 1500 - ——m Doett. .~ 1080 —»>T<- 1000 - SmmeC~ =~ - 1800 - ——— = 500 D4~ 800
Ry iy ! H H
$ o ) i P

N

!
1620. i
Scale, 0°03. |

|

-§000-

5000

e 2500 '
| t
. 1128' The weight of the various parts beside the principal girders may be taken generally as
ollows :—
Weight of the parts beside the chicf Girders and the horizontal Trussing, the lincal metre of flooring
under two lines of rails.
( Distance between cross-girders, 2 metres: 320 to 450 kilogrammes,
according as the height of the girders varics from 1°50 to 4°00
Four-girder mitres ;
bridges. Distance between cross-girders, 3 metres: 260 to 350 kilogrammes,
1. Loaded on according as the height of the girders varies from 150 to 400
the upper side. metres ; .
Three-girder bridges: 460 to 800 kilogrammes, according as the height varies
L from 2 to 5 métres ;
T

A 4

3100

wo-girder bridges: 540 to 920 kilogrammes, according as the height varies from
3 to 8 mitres;
“Three-girder bridges: 960 to 630 kilogrammes, according as tho height of the
cross-girders varics from 0-35 to 0°85 mttre; .
9. Loaded on Three-girder bridges; 1050 to 730 kilogrammes, according as the height of the
1 y 1 id cross-girders varies from 060 to 1-00 mettre ; . .
10 lower 81d0. | mpee girder tubular bridges: 1050 to 730 kilogrammes with cross-girders of
0385 to *80 metre;
L’.l‘wo-girder tubular bridges; 900.
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‘We omit those exceptional cases of bridges loaded on the lower part,in which the height
allowed is #o Imited as to render necessary very expensive arrangements.
1621,
Three-girder Tubular Bridge. Seale, 0°01,

= EOR

# IR x50 - ¢
el - =t $00= e - - Yo = oSYO - = == Yo m o 500-mm
I
- 2 _ 0 JZ
Al rooxree_- Core 8 , 4 3 s
&=
1622, )
Top cross-bracing. Bottom cross-bracing.

NG
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| AV

- w2 o)

29, The planking of railway bridges is composed of planks 0:06 or 0:07 mdtre thick. The
Jongitudinal timbers supporting the rails are 0-18 or 0°15 thick by 0:25 or 0°30 broad. As the
calculation of the timbers can be always easily made, it is useless for us to consider it here.
Generally we shall have from (0°60)* to (0:70)3 mttre, the lineal metre of flooring under two
lines of rails.

80. For ordinary road bridges we prefer wood in the construction of the flooring to corrugated
iron, because with wood we may place the beams farther apart, which is & more economical
arrangement. It is true that the wood will require to be sooner renewed, but that is a labour
which is readily executed, even without interrupting the traffic. In Figs. 1607 to 1625, the
glanklng is 007 metre thick, and is covered with a boarding 003 mdtre thick which serves the

ouble purpose of protecting the planking, and of increasing its power of resisting by preventing
8 single plank from yielding beneath the weight of the wheel of a vehicle. The planking rests
upon joists 0°250 metre deep by 0125 mitre broad, placed at distances of 0-375 mttre apart.
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1623,
Two-girder” Tubular Bridge,
Cross-bracing in T-iron, Cross-girder with vertical gussets, 660%. Scale 0°01,
Core 6 — T
o7 é‘ ’7" XXX
3
I g
®
I &.200 : P
-~ /+900-~=+%
» -_/.m--é----./.:w----a; ------ £.000 ~—~-\——=/. 500 - — % ~m~/. 600
- &, : i
8 L :{:-3_ H
o . S 1
1624,
Upper cross-bracing, Lower cross-bracing above the cross-girders,

emrmzzmas

When corrugated iron is employed, T 1625,
it may be 0:003 mttre thick for a dis- Road Bridge.
tance of 1°40 mitre between the cross- Roadway, 4m; footway, 1=, Small span,
girders, the ridges being 0°080 metre in Scale, 002
height and baving a mean breadth of | Y TS N

0°160 metre ; but this iron does not resist :
well unless it is covered with a sufficiently F
thick layer of earth to prevent the wheels | = :
from concentrating their action upon &
single ridge. Love
There yet remains for very important !
works the heavy but indestructible system
of brick arches, springing from iron beams.
But our purpose is otly to study the most
eoconomical arrangements.
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81. The planking of the above-mentioned figures, cubes a s%unre métre, or hac as its reduced
thickness 0183 metre. With this planking, the proper distance between the cross-girders is 1°80
métre. We may consider the cross-girders as subject to a maximum weight of 1000 kilogrammes

1626.
Road Bridge.
e =
Roadway, 10m; footway, 2™, L/ J
Wide span and limited height.
Scale, 0-01,
I
S:000 x - 6000 ’\k 2.000
I
\ .
Lo AN .
8 L f— goxea __ 3 I _ H
. 7.300. ' *
\_ /000 4.000. i
the lineal metre (the layer of 1627,
earth varying from 0-15 to .
0°25 mttre), and to an acci- Boad Bridge.
dental load of two wheels, Roadway, 4™ ; footway, 1™, Upper cross-girder for tubular br@dge.
each cxerting a pressure of e v
3 tons, placed 1'50 metre ~ 0 E
apart, and in the most un- 3 = e ’%‘ﬂ nc—
fuvourable position, which
.

gives the moment of rupture
expressed by the formula in
10.. When the bearing of the
cross-girder exceeds 4 mitres,
we must cousider the case
of two heavy vehicles passing
in opposite dircctions, The
wheels may vary in respective
position, but as the ballast
serves to distribute the pres-
sure, we shall admit that
the total weight of 12 tons
for the four wheels, simul- 1628.
taneously situate upon the
cross- girder, is distributed
uniformly throughout its
length.  Table VII. gives
for these conditions, some sce-
tions ready calculated. The
weights include gussets simi-
lar to those in the figures
already referred to, and sup-
pose that the distance be-
tween the girders exceeds by
040 metre their bearing.
Cross-girders of more than
8 metres will generally be
divided in their length by
one or lgore of utc{xe principal
intermediate girders. o Shesgtherny _ p 260
32. The figures referred «a60 ¢
to in 30 represent bridges of three different breadths :—

6 mttres. composed of 4 metres of roadway and two footways of 1+00 metre each
l ”» ” 7 ” ” ” ” ] *d 0 ”

4 » 10 » ” » 2:00 »

And for each of these breadths we may distinguish the cases of,—1, small span, which requires
only_ a modem_te thlc_kngss bet'ween the level of the road and the under-side of the girders;
2, wide span with unlimited height; and 8, wide span with limited height. This gives occasion

Wide span and limited height.

VL —

e £,200— - ===
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for nine different transverse sections, or rather for twelve, for Figs. 1626 to 1630 are double, and
represent either girders loaded on the lower side or tubular bridges, Cross-girders supporting
the road are always placed

1-80mttreapart; butcross- 1629.

irders used only as tie- Road Bridge
eams, struts, and braces, o,

are placed only at double Roadway, 7=; footway, 1m+50. Upper cross-girder for tubular bridge.
intervals. In Figs. 1607 to n T
16:1 tl;ere is, therefore, one i — s 15,
out of every two cross- S

girders untrussed; but the . / s
want of this is compen- |
sated by an additional plate
in the flanges. In Figs.
1608, and 1626 to 1630, the
cross - girders, which aro
very long, are held in the
middle of their length by
longitudinal bars in double
T-iron of 20 kilogrammes
to the lineal metre. In
bridges of a rather wide
.span we add & horizontal
cross-bracing of flat bars of
100/12 millimétres, and
which, when fixed to the

1630.

Wide span and limited height.

ey
S—

/ 500

=

7
:
.
[

2 300

cross-girders, serves to prevent their lateral deflection. Tubular bridges require the cross-bracing
both on the upper and the lower side.

The following Table gives the weight of iron the lineal matre of flooring, not including the
principal girders, for each of the transverse scctions referred to above :—

Kilogrammes,
. Small span P - {1
Flooring, | Wido span, with unlimifed height (girders 3-50 mbtres high) .. .. 460
broad » with limited height (girders loaded on the lower side) .. 430
* » . (tubular bridge) e ee e .. O35
Flooring Small span UL S T R S LI PRI 430
10 mitros Wide span, with unlimited height (girders 4-50 metres high) .. .. 810
” with limited height (girders loaded on the lower side) .. 835
v » (tubular bridge) ¢ e ee .. 985
. Smallspan .. .. .. .. . L L L e .. 145
lli;lolglé'ltrl:‘g, Wide span, with unlimited height (girders 5 metres high) .. .. .. 970
br oades »” with limited height (girders loaded on the lower side) .. 1260
g (tubular bridge) .. .. .. .. .. 1500

”» ”»

Those kinds which are applicable to wide spans admit, in the case of unlimited height, of
truss-bars, the length of which increases with the height of the girders: it is for this reason that
we have indicated the particular height for which the calculation has been made.

The weight includes the cross-bracing adopted in the cases of wide span ; it includes also the
parapets of 30 kilogrammes the lineal metre, except in those cases in which the girders themselves
form parapets.

'83. Loads applicable to the principal Girders.—Proportion between the Span, the Bearing, and the
total Lcngth.—}l)ioaring-rollcrs.——A girder of a considerable bearing is always calculated on the
hypothesis that the loads are uniformly distributed, namely :—

1. A permanent load of p kilogrammes the lineal metre, throughout the whole length.

2. An accidental load of p' iilogmmmes the lineal metre, throughout a certain length of
the beering. P
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1Loads p and p' applicable to Rashway Bridges.—Somotimes the dead weight p fs purposely
increased gy means of a thick layer of earth or ballast, for the purpose of deadening the vibrations
caused by the rolling load p’; this, besides, allows us to make the lines of rails independent of the
flooring, by placing them upon sleepers not fixed to the metal part of the bridge. But this is an
excoptional arrangement; usually the dead weight of the indispensable parts is reduced, for the
reason that the iron is capable of resisting the vibrations which are produced by the passage of
the trains, when the girders are caleulated for a strain of 6 kilogrammes the square millimetre. An
increase of the permanent load may no doubt be favourable to the power of resistance in the
material, but if it be adopted, it will only be logical to take for R a greater value than 6000000,
for it is acknowledfed that this coefficient offers perfect security in eases in which the vibrations
are exerted in the usual manner. At any rate, we shall suppose only a thin layer of ballast to
protect the planking from the burning coals dm{;ped by the engine.

By adding the weight of the rails, of the timber, and the various pieces of the flooring, we may
take as the average the lineal metre of cach of the chief girders, not including its own weight, the
following permancnt loads :—

Bridges loaded ( of 4 girders: p, = 500 to 600 kilogrammes.
on the of3 800 ”

upper part. of2 , /1200 ”
outside girders: 800 to 700 kilogrammes, according as the thick-
Bridges loaded

of 8 grirders ness is great or otherwise.

on the e middle girder: 1700 to 1400 kilogrammes, according as the thick-
upper part. ness 18 great or otherwise,

of 2 girders: 1400 kilogrammes,

To obtain p, we must add to p,, given above, the weight p, of the girder itself a lineal mitre, a
weight which it is of small consequence to know cxactly, and which may be eorrected, if it bo
deemed necessary, by a scoond caleulation.  When we wish to obtain only the net value, we may
get rid of the weight p,, by remarking that in general the weight of the girder a lineal motre is.
at lenst in the greater part, proportional to (p + p’) . Supposing, then, p, = D (p, + p, + 2},
: D(p +2p)1, : _ (M +7r)rs
we obtain p, = ——p by making D (p, + p) ! =p;, P, = T
1 : 1

fore, deduce the weight p,, found from the weight p,, which is obtained by neglcgtiug in the dead
weight the weight of the girder itsclf. 'The result will not be strictly true, beeause the proportion
g of the rolling load to the totul load is incrensed by the reduction of the latter; but the error is
small, ¢ having but a slight influence except upon a few lattice-bars,

34. Let us now consider the moving load p'. *

An engine with its tender may be placed upon o bridge of 10 mitres, and if the weight amounts
to 60 tons, wo shall have 6000 kilogrammes the lineal mttre for one line of rails, admitting, as we may
for this length of span, that the load produces nearly tho same effect as it would do if uniformly
distributed.

Beyond a span of 60 mitres, we always suppose, in calculations, a load of 4000 kilogrammes,

Between 10 and 60 metres, this assumed load should vary as follows : —

Spans .. .. .. .. = 10, 20, 30, 40, 50, 60 mitres, and above.
Load P’ (for a single line) = 6000, 5000, 4600, 4300, 4100, 4000 kilogrammes,
A girder may have to support two rails, one rail, or a fraction of a rail, according to the system

of flooring. The following Table gives the necessary information regarding this matter, omitting
altogether rails which are not loaded.

; we can, there-

Number of Rails
supported by 1 Girder.
‘When both] When
Lines are | 1 Line is
Loaded. | Loaded.
rail rail.
of 4 girders .. .v ov ee e e e mee e e e 1 1
. the outside girders being { middle girder 4 3
Bridges loaded of 3 girders 5 motres apart one outside girder 2 3
on the the outside girders being { wmiddle girder £ s
upper side. 620 metres apart one outside girder 3 z
of 2 girders{5 metres apart (Fig. 1606).. .. .. .. .. 2 1-70
. 6°40 metres apart (Figs. 1580 to 1585) .. .. 2 1-56
Bridge loaded of3girdcrs{middle girder .. .. . w0 e e 2 1-00
on the one outside girder .. .. .. .. . .. 1 1-00
under side. | of 2 girders N 2 1-43

85 .Loads p and p’ applicable to Road Bridges—The following Table gives the loads applicable to
the girders of various kinds of bridges. The dead weights p are calculated on the hypothesis that
there is a layer of earth, or ballast, 020 metre deep, and the moving loads p' on the hypothesis
that the roadway is loaded at the rate of 400 kilogrammes, and the footways at the rate of 200
kilogrammes, the square métre,
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Breadth, Breadth, 10 Métres, Breadth, 14 Métres,

6 Métres. A
Figs. Fig. 1609. Fig. 1626.
1607, | Outside | Middlo | Fig®

1625, | Girder, | Girder. | 1508 | Outside | Middle | Outside | Middle
1621. Girder. | Girder. | Girder. | Girder.

0 . . kilos. kilos, kilos, kilos, kilos. kilos, kilos. kilos.
Pfi‘,::g"’v‘;g:;g‘;‘i;;‘°'“n°l"d“‘g} 1300 | 1100 | 1900 | 2300 | 1600 | 2800 | 1450 | 3800

p ditto .. . .. .. [ 1000 | 1000 | 1400 | 1700 | 1400 | 2000 { 1050 | 2700

36. Bearing-rollers.—Cast-iron plates are inter-
posed between the girders and the musonry, where 1631,
the former rest upon the abutments. For spans of
more than 20 metres, friction-rollers, or, as they are
usually called, bearing-rollers, are placed betwcen
these plates and the girders to provide for the move-
ment caused by the expansion of the metal. We
may calculate in the following manner the maximum i«
load which these rollers are liable to bear. y

The girder is fixed in the direction of CD, Fig. Gll sz T T
1631, to & plate, the thickness of which = e, resting g AL
upon rollers having a diameter of 2, which, in
their turn, rest upon a lower plate, cemented into
the masonry. The diametrical plane A B under- PR
goes no distortion, it only sinks in consequence of A
the depression at the bottom; if we admit that the NS
faco C D also remains planc after compression,
the plancs C D and A B will have approached
each other by the quantity A, on account of the
pressure Q cxerted by the girder, and supposed > ~
collected upon 1 lineal metre of roller, The lower | 5= e v
face of tho plate offers a depression into which
the roller penetrates, and which is itsclf flattened.

"he value of the ratio S;I—l;[ of the compression

of the roller to that of the plate, for an ele-
GH GM_WJrr—2*

mentary prism F M, is WI=FI= < To find HI, for example, we deduce from
' €
this proportion GHH-FIHI =14 Vit - 12; or GH+ HLor GI=A—1r + J:‘—x’, and,

€ .
consequently, denoting the modulus of elasticity by E, the portion of the load which the elemen-
ism F M supports will be ¢Q = &, Bl = p A= V=g
tary prism supports will be dQ = E . V= PR -

To determine A, we remark that the metal must not be subjected toa strain greater than R the

Z.

unity of section, so that A cannot cxceed the value % (¢ + r), which value will be substituted in

MA@r=2x
A= -
theintegle=2Ef THNT =T ga
° ed A/ 2 —2at

A+ rP—a

Now the value of the integral of the form f AvVr—o dzis

B4t —a? _
—_ > :&— 2 l/
ﬂ'—‘,_i_:g-_—c+x+2(n—A)tan.—‘ﬁ/xL__—:—" +2,

B+
C being the arbitrary constant, and the term Z being equal to

BJr”-z’_r_J;-Tﬁ:
B(A_B)log. - , in the case in which r > B;
NE-B BV A-2 R
X —r
1020 =B E =" 4 tho caso in which r = B; and to
r—z4 /=2l —
B/r—a

2B(A_"B)tmn.'l r—r , When r < B,
VB2 VB3
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Usually, we have E = 0°100 mdtre, and the diameter 2r of the rollers = 0150 metre, It will,
therefore; be the last expression of Z that we shall have occasion to apply, and by calculating the
definite integral which gives the value of Q, we obtain

Q= 2E{;\/A(2r—i\)—2(e+r—7\) [tan."

re-—A

r—aA@r—2)

e(r—2)

r+-————
_1__._(“&-, r—=aACr N _tant Stk ] )
¢ Je—r MeE—12 NeE—rt

For R = 6,000,000 and E = 8,000,000,000, & value applicable to thick cast-iron plates, the
formula gives Q = 36370 kilogrammes the lineal metre of roller, say 24 kilogrammes the square
centimetre of diametrical section: this value we shall adopt as & maximum.

But when there are several rollers it is difficult to lond them all equally. Inorder that no roller
may exceed its limit of elasticity, it is essential that the bed-plates be fixed with care ; the keys or
bolts which hold them should, as far as possible, be tightened in an equal degree while the trial
load is upon the bridge. When the distance of the load has modified the defloction of the girder, the

ressure will be unequally distributed between the rollers; but this is no longer of consequence,
Bccn.usc the rollers are greatly eased of the total weight. But in practice, a certain latitude must
be allowed ; and we should consider that the pressure has always a tendency to concentrate itself
towards the facing of tho abutment. If we admit that the centre of pressure, under a full load,
may move forwards along 0:60 of the bearing upon the abutment, reckoning from the end, the
mean pressure will be & of the maximum 24 kilogrammes, say 15 kilogrammes the square centi-
metre of diametrical scetion of the rollers. If this pressure be referred to the total surface of the
plates, it will bo necessury to deduct the play of the rollers, and we must then reckon upon about
13 kilogrammes. :

The evil of imperfeet bed-plates cannot be remedied by increasing indefinitely the number of
the rollers; for, under a full load, the extreme rollers support hardly anything. And, even if a
roller should be subjected to a strain a little too great, the consequence will, in general, be of small
importance.

In bridges of several spans, or bays, upon very high piers, the rollers should turn freely in order
that tho expansion of the iron may not cause & great horizontal strain upon the masonry. The bed-
plates should be as equal as possible in all respects, both when the bridge has no load upon it and
when it is fully londed; and there is but one case in which the resultant of the pressures will, in
any considernble degree, be diverted from the middle of the face of the support, namely, when the
load is applied to one only of the contiguous bays. This case allows us to reckon upon the maximum
pressure of 24 kilogrammes, or near it, for the full load, say 20 kilogrammes after having made
the deduction for the play between the rollers.

87. Relation between the Span, the Bearing, and the total Length.—From what precedes, reckoning
upon 13 kilogrammes the squarc centimétre, t}}e bearing ¢, Fig. 1632, of a girder upon the abutment
may be calculated by the formula ¢ = (p+mL L being tho total length of the girder (single

ornnNN R )

bay), and B8 the breadth of the plates or the bearing length of tho rollers, which usually exceeds by
0°14 metre the breadth of the flange of the girder, in Tes2,
the case of modernte span. For very large bridges, L
it will be preferable to increase B, and perhaps also
the diameter of the rollers, in order that thoy may 1
offer more elasticity to lessen the effect of the inclina-
tion produced by the deflected girder. fhomereemee P
In general, supposing that the dimension b of the .
figure is 060 of c, the total length L of the girder
should be made = 1-0450.
As to the ratio of the real bearing 7 to the span d, o Tadhis,
it depends upon the dimension a, which should, in the :
first place, be at least cqual to 0-40 ¢, and, in the second h-&-—*—--a-—.
place, sufgci?int to keep thc;] resultant of ;:lhe Tessurcs )
at a suitable distance from the facing of the abutment, :
and to ‘{u'event a crushing of the masonry.  This con- L Lex;‘gt hﬁ‘&iftﬁgﬁ L dRegl bearing
dition depends itself upon the dimensions and talus of » PP g- ¢ dpan.
the abutment ; but we shall generally do right by making a = 0°025 d.
Thus, to recapitulate, in calculations for bridges, we shall adopt / = 1'050d and
L=1-0457=1-0973d.
We shall usually consider the mean weight of the lineal mdtre of girder in reference to the total
length L. If we obtain the total weight P by a direct measurement including the ends of the girder,

—% will be the mean weight; we shall take, on the contrary, —};—, if the weight P’ results from a

theoretical formula which supposes the length of the girder to be /, subject to the corrections
necessary to take into account, according to the case, the ends of the girder. To obtain the weight
in ;ef;e(l)'euce to the span, we must multiply the weight found for the metre of total length, by 1-0973
or 1'10.

88. In Skew bridges, the normal span being d, and the angle of the skew being a, the skew span

. d . d
will be o the real bearing 1°05 ——, and the total length of the girders 10978 ——. This
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case presents no difficulty; the cross-girders are normal to the chief girders; some of them at the
extremities are short, and rest upon an oblique piece which holds toll,:ether the ends of the girders
along the abutment. The first complete cross-girder forms with this oblique piece and the principal
girder an unyielding triangle, which allows us to have recourse to a less expensive system of
counter-bracing than would be required for a straight bridge of the same span. Beyond this
difference, in the matter of calculating the weight and the resistance, & skew bridge and a straight
bridge of the same span are alike.

The bridge, Figs. 1633, 1634, erected near Calcutta, was constructea according to the system
of bridge-building introduced and practised by A. Sedley. The span, Fig. 1633, is 75 ft., and the
structure was calculated to support a moving load of 120 Ibs. to the sq. ft. of roadway. The total
weight, including rods, girders, and Mallet’s buckled-plates, is 30 tons. The iron was proved to
20 tons to the sq. in. of cross-sectional area: the tension or suspension bars are of the best Bowling
iron. The cantilevers have merely the effect of inereasing the range of the piers, and if the
suspension-rods support the Iattice-girder without destroying its perfect contact across and on
each of the two bruckets, the system is reduced to a latticc-girder resting on supports,

IHydraulic Swing Bridge over the River Ouse~The information thut we give respecting this
bridge is taken from ‘Procecdings of I. M. E.” August, 1869.

This bridge wus designed by Harrison, the engincer of the North-Eastern Railway. Near the
bridge there was no supply of hydraulic power, and the total power required was too great to be
supplied by hand labour. It was further neeessary, on account of the position of the swing bridge,
either to convey the power to the centre pier by a pipe under the bed of the river, or to produce it
upon the pier by placing a steam-engine within the pier itself; and the latter plan was the one
adopted. :

Tho construction of the Ouse Bridge is shown mn Figs, 1633 to 1646, Figs. 1635, 1636, show
an clevation and plan of the swinging portion. Fig. 1637 is a vertical transverse section at the
centre pier, showing the engine-room and accumulator, which are situated within the centre pier;
and Fig. 1639 is a plan of the centre pier at the level of the engine-room, showing the arrange-
ment of the driving-gear with the steam-engines and hydraulic engines, ¥Fig. 1640 is an enlarged
section of one half of the engine-room, and Fig. 1641 a scetional plan of the accumulator. Figs.
1647, 1648, are a plan and clevation of the hydraulic engines for turning the bridge ; and Figs. 1643
to 1646 show the gear at the two extremities of the bridge for working the adjusting-supports and
the locking bolts.

The total Iength of the bridge, fixed and movable, is 830 ft. The fixed portions consist of five
spans of 116 1. ench from centre to centre of piers. The bridge being for a double line of railway,
each span is composed of three wrought-iron plate-girders, the centre girder Linving a larger
section to adapt it for its greater load ; these girders have single webs, and are 9 ft. deep in the
centre. The total width of the bridge from outside to outside is 31 ft. Fach of the piers for the
fixed spans consists of three cast-iron eylinders of 7 ft. diameter and about 90 ft. length. The
depth from the under-side of the bridge to the bed of the channel in the deepest part is about 61 ft.
The headway beneath the bridge is 14 ft. 6 in. from high-water datum, and 30 ft. 6 in. from low
water,

The swinging'portion of the bridge, Figs. 1635, 1636, consists of three main wrought-iron
girders, 250 ft. long, and 16 ft. 6 in. deep at the centre, diminishing to 4 ft. deep at the ends. Tho
centre girder is of larger sectional arca than the side girders, and instead of being a single web is
a box-girder 2 ft. 6 in. in width, Fig. 1640, with web-plates ;% to ; in. in thickness, and the
top and bottom booms contain together about 182 sq. in. section. The rondway is carried upon
transverse wrought-iron girders resting upon the bottom flanges of the main girders, Figs. 1640
and 1644, In the centre of the bridge the main girders are stayed by three transverse wrought-
iron frames securely fixing them together; and over the top of these frames a floor is laid, from
which the bridgeman controls the movements of the bridge.

An annular box-girder A A, 32 ft. mean diameter, is situated below the centre of the bridge
and forms the cap of the centre pier, Figs. 1637 and 1640 ; this girder is 3 ft. 2 in. in depth and
3 ft. in width, and rests upon the top of gix cast-iron columns, each 7 ft. dinmeter, which are
arranged in a circle and form the centre pier of the bridge. Each of these columns has a total
length of 90 ft., being sunk about 29 ft. deep in the bed of the river. A centre column BB, 7 ft.
diameter, is securely braced to the six other columns by a set of cast-iron stays, which support the
floor of the engine-room. This centre column contains the accumulator C, Fig. 1637, and forms
the centre pivot on which the bridge rotates.

The weight of the swing bridge is 670 tons. There is no central lifting-press, and tne entire
weight rests upon a circle of conical live rollers EE, Figs. 1637 and 1640. These are twenty-six
in number, a8 shown in the plan, Fig. 1638; they are each 3 ft. diameter with 14 in. width of
tread, as shown in Fig. 1642, and are made of cast iron hooped with steel. They run between the
two circular roller-paths DD, 32 ft. diameter and 15 in, broad, which are made of cast iron faced
with steel ; the axles of the rollers are horizontal, and the two roller-paths are turned to the same
bevel.

The turning motion is communicated to the bridge by means of a circular cast-iron rack G,
Fig. 1640, 12} in. wide on the face and 64 in. piteh, which is shrouded to the pitch-line and is
bolted to the outer circumference of the upper roller-path. The rack gears with a vertical bevel-
wheel H, which is carried by a steel centre-pin J supported in the lower roller-path ; and this
wheel is driven by o pinion eonnceted by intermediate gearing with the hydraulic engine. There
are two of these engines, duplicates of one another, which are situated at KK in the engine-room,
Figs. 1639, 1640 ; and either of them is sufficient for turning the bridge, the force retiluu'ed for
this purpose being equal to about 10 tons applied at the radius of the roller-path. Each hydraulic
engine is a three-cylinder oscillating engine, as shown in Figs. 1647, 1648, with simple rams of
4} in, diameter and 18 in. stroke, These engines work at forty revolutions a minute with a pres-
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sure of water of 700 1bs, an inch, and are estimated at 40 horse-power each. The stea i
for supplying the water-pressure are also in duplicate, situated atpﬂwL, Fig. 1639, and a.:ggﬁll;ll:
oy engines driving three-throw pumps of 2§ in. diameter and 5 in, stroke, which deliver

1635.
Swinging portion. Elevation,

1638.
Plan of roller-frame and rollers 1639.
in centre pier. Plan of centre pier and engine-room.

into the accumulator.
The steam-cylinders are
8in. diameter and 10in.
stroke, each cngine being
12 horse-power.

The sccumulator C,
Fig. 1637, shown also in
the sectional plan, Fig.
1641, has a ram 16} in,
diameter with a stroke
of 17 ft.; it is loaded
with & weight of 67
tons, composed of cast-
iron segments suspended
from & cross-head and
working down inside
the cylindrical casing
formed by the centre
cylinder of the pier. A
pair of cross-beams M M
are fixed to limit the rise
of the weight. . . . .

For the purpose of obtaining a perfectly solid roadway when the bridge is in position
for the passage of trains, and also for securing the perfect continuity of the line of rails, the
following arrangement is adopted, shown in Figs. 1643 to 1646. Each extremity of the bridge
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is lifted elightly by a horizontal hydraulic press N, Fige. 1643, 1644, acting upon the levers
PP which form & toggle-joint; the press has two rams acting in o;:iposite directions upon two
toggle-joint levers, which are counected by a horizontal bar Q, and this bar is confined to &

1637
Section of centre pier and engine-room,
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_
_
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1646.

Side elevation, showing resting-block,
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End elevation, showing resting-blocks and lifting-gear,
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vertical movement by a stud sliding in a vertical guide, 80 as to ensure an exactly parallel
action of the two toggle-joint levers, in order thereby to lift the bridge end exactly parallel.
While the end of the bridge is thus held lifted, the three resting-blocks R R, one under each
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Sectional plan of accumulator.
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1640
Enlarged section of engine-room.
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Vertical section of roller-paths and

1648.
Locking-gear, §c., at ends of Bridge.
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roller-frame,
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Plan of bridge end, showing locking-bolt and lifting-gear.
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girder are pushed home by menns of three separate hydraulic cylinders §'S, Figs. 1645, 1646;
the bridge is then let down upon these resting-blocks by the withdrawal of the toggle-joint
levers P P, and the bridge ends are then perfectly solid for trains to pass over. The %ydruulio
cylinders N and 8 for working this fixing-gear at the two ends of the bridge are controlled by
valves placed upon the centre platform in reach of the bridgeman, the pipes from the valves to
the cylinders passing along the gide of the roadway of the bridge.

For the purposc of enabling the bridgeman to stop the turning movement of the bridge at the
right place, an indicator is provided consisting of a dial with two pointers which are actuated by
the motion of the bridge. One of these pointers makes
two revolutions and the other forty-two revolutions for o | 1645
one complete rotation of the bridge, they are similar to Longitudinal section showing locking-bolt
the hour and minute hands of a watch. The bridge has and resting-block,
no stop to its turning movement, and would swing clear o=
past its right position if the turning power were con-
tinued; but the bridgeman being guided by the indi-
cator, knows when to stop and reverse the hydraulic
engines for the purposc of stopping the bridge at its
right place. When this is done, a strong locking-bolt T,
Figs. 1643 to 1645, 8 in. thick, pressed outwards by a
spiral spring, is shot out at each end of the bridge into a
corresponding slot in the fixed girder, so as to lock the ¢
bridge; and when the bridge is required to be opened,
these two bolts are withdrawn by a wire cord U, Fig.
1645, leading to the platform on which the bridgeman is

1647,
Plan of hydraulic engines

ztatloned. In consequence of the line of the bridge lying in & north and south direction, the
eat of i.:he sun acting alternately on the opposite sides of the bridge produces a slight lateral
wa:gmg ; and in order to bring the ends back into the straight line after swinging the bridge, so
a8 bgnable the two locking-bolts to enter their slots, the feot of the toggle-joint lifting-levers P P
:re d.velled off at 55° on their inner faccs, as shown at I 1 in Fig. 1644, and bear against corre-
al;gnf uégdli)evels‘vv on the bed-platcs. By this means the ends of the bridge when warped
or ack into the correct centre line, in which they are then held secure by the locking-bolta.
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As the accumulator is stationary in the centre pier, while the fixing-gear at the ends of the
bridge travels with the bridge in swinging, the communication of water-power is effected by &
central copper pipe W, Fig. 1640, passing up in the axis of the bridge through the middle of the
centre girder, and having a swivel joint at the lower end. Also as the bridgeman’s hand-gear
rotates with the bridge while the hydraulic turning engines are stationary, the communication
for working the valves is made by a central copper rod X, Fig. 1640, passing down through the

1648.
Elevation.

1

centre of the pressure-pipe W in the axis of the bridge. The hydraulic engines are reversed in
either direction by the action of a small hydraulic cylinder, which is governed by the movement of
& three-port valve actuated by the rod X from the bridgeman’s platform.

The time required for opening or closing the bridge, including the locking of the ends, is only
fifty scconds, the average speed of motion of the bridge ends being 4 ft. a second. For the purpose
of ensuring safety in the working of the railway line over the bridge, a system of self-acting signals
is arranged, which is actuated by the fixing-gear at the two ends of the bridge; and a signal of all
right is shown by a single semaphore and lamp at each end of the fixed part of the bridge; but this
cannot be shown until cach one of the locking-bolts and resting-blocks is secure in its proper place.

39. Cualculation of simple Lattice-girders.—Gencral Mcthods.—The triangle is the only articulate
polygon which is unyielding ; in other words, a triangle composed of inflexible bars cannot yield
except by the extension or the contruction of its sides under the influence of the forces applied to
them. We shall give the name of simple lattice to a network composed of a series of triangles
arranged as in Fig. 1649 : the whole collection of bars being regarded as a simple figure, the strain
upon all the pieces will be determined by the Lo
elementary rules of statics. The load consists of \N
distinct weights P, P,, applied to the several sum-
mits. The reaction Q of the support A is easily
obtained by considering the equilibrium of the
whole figure. To find the strain borne by any
single picce C E, imagine a plane N N’ cutting only
this piece and two others B C, EG, and seek the
conditions of equilibrium of the portion of the
system included between the plane N N’ and the
support A. We obtain three distinet cquations—two
of projections, and one of moments—which determine
the strains upon the three picees crossed by N N';
for these strains appear as reactions of the right
ﬁonrtion of the lattice upon the portion under consideration, and the other forces Q, P . . . are

own.

But it is easy to avoid any climination. If we make the secant plane pass through the point
C, the strains upon the pieces B C, E C, will not appear in the equation of moments, and we shall
have at once the strain upon the section E ( of the side, by dividing the moment of rupture about
the opposito summit C, by the perpendicular let fall from C upon EG. The strain upon B C is
found in like manner, in terms of the moment of rupture taken with respect to E. Returning to
the section N N’, we have only to state the equation of the vertical projections of the forces, to
obtain the strain upon the bar ¥ C in terms of the strains, alrendy determined, of EG and BC.

If we take the upward direction of the forces as positive, the stress will be positive as long as
the sum P+ P, 4 . . . of the loads between A and N N’ is less than Q, and the moment of
rupture will be positive if it tends to turn the figure in the same direction as Q. If we find, for
example, the strain T of the bar E C positive, this will indicate that the portion C O of the bar
tends to raise the portion EO, and, consequently, the Piece CE is subject to a tensile strain; it
will be, on the contrary, compressed, if T is negative. These conclusions would change if the bar
were placed according to the other dingonal B G. )

40. We may also determine the strains by a graphical process, founded upon the observation
that at each summit of the triangles the strains upon the pieces which join them are in equilibrio,
otherwise this summit would be displaced. Thus, beginning at the abutment, we shall decompose
Q in the directions A B and A E, which will give the strains upon these two sides. Then in B
we shall take the resultant of the known strain upon A B, and the weight P which is also known,
and decompose it between BE and B C; this will give, without the sign, the strains upon these
latter pieces. This operation must be continued for the other pieces.
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41. A mixed process consists in caleulating beforehand the strains upon the exterior sides or
sections of flange by means of the moments of rupture, as explained in 39. Then we can at once
in any summt, witiout passing through the preceding ones, determine graphically the strains
upon the two inner bars, the function of which 18 to destroy the known resultant of the strains upon
the two sections of flange and the particular load which may be applied to the summit in question.

42. To pass from these general considerations to formuls more precise, we must begin by
fixing the form of the system. Let us consider the case of straight and horizontal flanges. On
app]yin%) the foregoing process to this case, we sce immediately that, to find the strain of an
interior bar, it is uscless to know the absolute strains upon the two sections of flange which join
at one of its extremities; it is enough to find the difference of their strains; the function of the
two lattice-bars being to counterbalance that one of the two sections which exerts a predominant
horizontal thrust, and to support, if necessary, the load which may be applied directly to the
summit under consideration.

Now, this difference of strain depends upon the increase of the moment of rupture for a given
interval, or, which is the same thing, of the transverse sirain. The equation of equilibrium

between the vertical forces gives s

of this bar with the horizon, and F the stress in the interval which it occupies.

Thus, let C D N bo the locus of the transverse strains, Figs. 1650, 1651, the strain upon any
bar E G of the girder A BH will be represented graphically by the length of a right line E' G/,
parallel to E G, inscribed between

< 1‘__0

- for the stress upon any interior bar, a being the angle

the axis of the abscissse and the 1650.

horizontal line representing the
stress in the interval occupied by
the bar in question.

If the inclination « of the bars
is constant, and we reduce in a
constant proportion the ordinates
of the locus CD N, these latter
will represent directly to a given
scale, either the strains or the
sections of the several bars. In
the absence of & special plan of B £ u
strains, the locus abcd of the R
moments of rupture is sufficient
to determine the strains upon tho LP’
lattice-bars, For example, the A
stress relative to the bar EG is .
nothing but the tangent of in- PY P
clination of the right line ¢ d with
respect to the axis of the 2’
taking into account, of course, the ’
proportion between the scales of
the abscissm and of the ordinates. |

43. But the locus of the mo- i

ments of rupture is specially con-
structed with regard to the flanges .
of the girder: it is a polygon the * 'l
summits of which correspond with
the loads P, P’. The volume or a8 .o
the total weight of the lower { I
flange will be proportional to the S 1A
ares comprised between the axis P Pt 4
of the 2’8 and the broken line D
acfghikim; that of the upper 1
flange will be given by a’nopgrs;
and it will be seen from the figure 1661, '
that the whole of the two flanges will be proportional to the area abcd . . . of the locus of the
moments of rupture.

Suppose the girder loaded with equal weights (p + p') & placed at equal intervals 3, and
the bearing / expressed by N'3. The polygon of the moments of rupture will be para-
bolic, and its area will be given by the formula obtained in 6. The double of this area,

A t . . 780
multiplied by i t being the ratio "_R_Q = 0-0013 of the weight of the cubic metre of iron to the
admitted resistance, and A the height of the girder, will give for the total weight of the two

+p)Bt(N2—1 2 —
flanges the value ety 25 7 ;2 ) 2-9: -1 of the weight they would have in a

girder loaded in a continuous manner, if th tost secti i iddl
served throughout the whole length. s e greatest section necessary in the middle were pre-

This expression does not change whether N be even or odd. But if N be even and we substi-

tute 2 m for it, the expression becomes (ptp)Bt am -~ 1 , whilst for N odd and equsl to
m

2m 4 1, it assumes the form 2P T PIPE m (m+ 1)
3% Cmi

N o

, 8ay the
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In practice, this weight of flange should be multiplied by a coefficient U designed to include
the joint-plates and other accessories (see 63 and following sections).
the more general case, when the extreme intervals have a length a different from 3, the
bearing being expressed by 2a 4 N 3, the weight of the two flanges together will be

6h v
The total theoretical weight of the lattice-bars may al;o be represented by the area of a
geometrical locus, namely, that having for equation y = ?iﬁa_:o;: , the inclination a being liable
to vary from one bar to another, as well as the stress F. But if there were vertical bars, they
would elude this mode of calculation, and we should have to consider them apart.

We are now about to state the formule ﬂving the maximum strains and the weight of the
several parts of straight girders of regular shape. We call struts the bars which are compressed
by & load covering all the bridge, and braces or #ies those which are subject to tensile force. But
it may happen that a partial %oad changes the direction of the strains, The struts, or at least
some of them, usually require an excess of section to give them the necessary rigidity. We shall
take this into account by affecting the theoretical weight with a coefficient the mean value of which
is denoted by the letter V (see 68 and following sections).

44, Girder louded in one point only—The load consists of a single weight P, applied to a point
C, Fig. 1652. From A to C the stress has the constant value :z_-l-—b: the struts, inclined at an

b
angle a, bear in this interval a constant compression @T%E;’ and the braces, inclined at an
Pb

GEDemE” In the second interval, from C to B, the stress has the negative

value — a_P+£3: the struts and braces affect, therefore, directions opposite to those which they had

between A and C, and their strains are found in Lj 1683,
like manner by dividing the stress by the sine of “T

angle B, a tension =

angle of inclination,

‘When a girder supports a single weight, economy
requires that the height should be increased and ]
that the number of triangles formed by the bars Al /4
shbuld be reduced. For example, the most econo-
mical means of supporting a weight in the middle
of the bearing consists theoretically of two bars
at 45° resting against each other at their summits, P
and having their lower extremities supported upon abutments and held by a tie.

If the single weight I’ is & moving one, the maximum strain upon the bars having the same
inclination will vary uniformly according to the same law as the maximum whole stress, which

reaches the value P towards the support, and is reduced to % P in the middle.

45, Girders uniformly loaded on the upper side.—If the load rests directly upon the upper flange,
the several sections of the latter will undergo slight partial deflections; but these may be neglected
when we regard the load as distributed among the upper summits proportionally to the intervals.
This load is of two kinds : one portion denoted by p per lineal mitre remains permanently throughout
the bearing ; the other portion, p’ per mttre, is moving, that is, 'it may affect either the whole

bearing or only any portion of it ; the letter ¢ denotes the ratio 7 f_ rd Always supposing that the

loaded points are equidistant, we shall consider various particular figures, symmetrical with respect
to the middle of the bearing. .
First arrangement, Fig. 1653, The intermediate upper summits support each & weight p 3, and

3

1653.
) J *L .....
H i T LY
H D B
A% o o 4 & ,
! 1
| &
j % A L A o\ y
(weer)e[20 (merr)'=

accidentally another weight p’'3; but in t’l:e two extreme summits O and D, these weights are
l. ’
roduoedfo%’(t-l-ma)and% a+m). _
According to 5, the stress will reach its maximum when the load extends over a portion of the
bridge only, and we easily find the following expressions, The several pieces are numbered from
the middle to each abutment, for any two symmetrical pieces are in perfectly identical conditions.
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A lengthening A O, D B, of the flanges, with upright stays at the ends, will be found useful in
ractice fori%.glond ’above; but the formule do not include this, unless, indeed, it be included in

e coefficient U. .
Any strut, the order of which with respect to the others is expressed by », supports the following

maximum strain of compression :

Pl L - b - J L
@n-DE —— — {(m+n) (m+n 1)54+[m.u+ @m+20—18) | — u},
4 sin. a(m S+ )
tan. a
except the end strut, the order of which is m <+ 1, and which will support only

(»+7) A
gin. a m8+2tan.a '
As to the braces, the tension of the nth reckoning from the middle is given without exoception by

' A 3
2n—1 2% 4 r {(m+n)(m+n—1)$+[m+(2m+2n—1)8] }

2s8in. B 45in. 8 m8+m’: a) tan. a

The flanges require :t full l(;x;d t(E produce in them the maximum strain. The compression of
.. (PR (p+p)d 1) (r+p)_ . .
the nth upper section 18 -5 tanfa + e (m n+ )t [m3 —(n —1)?]; which
@m—1)3 +m25=]
tan. a A J°

] . . P+ [ A
gives for the first which is the most heavily loaded ) [,“m_2 - +

Tension of tho nth lower section = £ +r (m 5+ A )+ @ 42-’;:)5'[1"2 — (n —1)7; say

; 0 tané a 2tan.a
r+p h md m 6?]
for tho first, 2 [tn.n.ﬂa taat 7 1
Multiplying the strain upon a strut by its length and by the quantity ¢ V, we shall have its weight.
Then, summing the cxpression obtained, in which n takes the successive values 1, 2, 3, ... m,

doubling the result, and adding the two extrcme struts (the order of which is m + 1) calculated
anart, we find ; Total weight of the 2 (n + 1) struts

rtV h mp' htV
=pe———in.2a [m(m+2)5+€£‘n:] o oz d 7
sin.
a(m8+tan.u)
8 h [(m+2)A
bl 2 - =re
{3 @m* +12m 1)+tn.n.a mtan. a +3(m+2)6]}.

We have next, without a coefficient of stiffness: Total weight of the 2 m braces

23t ‘ht 2 o[k
=S+ nrol [3 (Tmt— 1)+ — (t——m +3m8)]:
: 28in.’B(mB+ ) e @

tan.a
Then with coefficient U, for joint-platcs, and so on :
Total weight of the upper flange = m (p + p") ¢t U [ta% +
"
Total weight of the lower flange

md
ton. a

L
+Eén—-D@+D]:

_(p+p)#:tU ' 3h | 3ms &
- tanda +m(p+p)“U[tan.2¢+tun.a+ﬁ(4m+l)(m-1)];
Total weight of the two flanges together = (@+p)tU(E _.'"_83__._]'2_)_
3 2h h tanda

This last result may be obtained directly by means of the area of the locus of the moments of
rupture (see end of 6).

46. Particular case a = 8, and consequently =% , 8nd the bearing ! = (2m + 1) 3.

tan. a
Strain upon the nth strut or the nth brace = @n —,1) pd  pAM4(m+ Y —1]
2 sin. a 8 (2m 4 1)sin.a ’

Except the extreme strut, of order m 4 1, which supports (pj’)_& (m + %).
sin.a
1

Compression of the nth end of upper flange = (_’:%;’_)f (m2 -4 m4n— Z);
Maximam strain of upper flange = g’_';i_’.)i’ (m’ 4+ m—- %),

Tension of the nth and of lower flange = (L';%'lf (m’ -4 mtn— .1) :
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Maximum strain upon lower flange = g’.';_;:u’ (m’ 4m+ .1) .

_ _phBtV( . 1\, p3htV(28mi+18m—1)
Total weight of the 2(m + 1) struts = £~ m+2m+2)+ TG —
, _miph8t  mp'h8t(28md 4 18m—1)
Total weight of the 2m braces = e Zsnia@mt 1) .

If we substitute for the coefficient V, with which the struts alone are affected, a cocffieient
1+v applied to the whole of the lattice, we shall have :

2
. . _(2m+1)’(p+p’)8ht(l+V)[ m(4m?+6m—1)
Total weight of the lattice = Tonia =14 S@mE 1P

And for the flanges, we have :
m(p+p)$tU

124
VA9 2141Y
T 124

3
Weight of the two flanges together = (_I’_'iﬁ'):ﬂ (8 md 4+ 12m3 - 4m 4 Z) .

Weight of the upper flange = Bm*+12m +1);

Weight of the lower flange =

(8m3+12m’+ 7m+:);

If « were of 45° we should substitute 71_—_ for sin. a, and 24 for §; we might, besides, substi-
D
2

+—2h
4h

tute for m the value

=38; the bearing becomes

47. Another particular case: 8 = 90°. We have sin. 8 =1, et
V;
2(m 4 1) 8, say 2m’'§, making m = m' — 1, In the following valucs, —_— may be substituted
for sin. a. =5

Strain upon the ath strut (including the last, of order m’)
_(2:1.—1)[)8 (' +n)y(m' +n—=1)

. Zsin. a Tovma PO
D] — ’ ! —

Strain upon the nth brace = @n 21)po + '+ m ("; 7-: " 1)p8;
’y 52

Strain upon the «th end of the upper flange = (—p—-;;:—)a (m'3 — n?);

32

Maximum strain upon the upper flange = Q—.—;];i (2 =1);

(p+H&

Maximum strain upon the nth end of lower flange = e (m +n=1)(m' —n+41);

’ ’ l'_!
Maximum strain upon the lower flange = m'? @+ = » : f) ;

24
h3tV Tm?—1

o ! = 2 '

Total weight of the 2 m! struts snza P + S }'] :

’ — 1 4
Total weight of the 2 (m' — 1) braces = (m' — 1) 84t [(m’ -Dp+ Lhia 3 JP'-] H

Pt '11 " =3
Totul weight of the upper flange = m ("i——l)-(ﬂ;-h)@'*' Pyt U;
N8t U
Total weight of the lower flange = m' (m'+ 1) (4 m’ — 1)(—’L+——})g--—— H
)83t U
Total weight of the two fanges togother = m’ (4 m —1) (_”_"lgi_.

48. In the particular case a = 90, the two middle struts will become one. For!?and 3 constant,
this case will be a little less economical than the preceding.

49. Second arrangement, Fig. 1654, This arrangement differs from the preceding only in the
fact that the loaded point falls in the middle of the girder. The dotted triangle in the middle
resists only beneath the action of a partial lond ; it offers a defect of symmetry if a is not equal to 8.
Thoe weights applied to the extreme summits are inferior to the others, as in the preceding arrange-
ments (see 45).

Strain upon the nth strut R
_pnd I \ _ . - 'J .
+ patmm+n-n+ —[——+s@m+2-1]}k

~ sin.a . 2h )
2sm.a(2ma—a+m_a

. +7 k
Except the last (the mth), which supports »’; o I: - [l 2m—1)8+ o u] :
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1654,

”.—I 1 Q Q Q -y Q rx

é‘%.

/
[Va a e o

1= (2m-1)a+§l

Strain upon the ath brace

pnd v " _ N L N
= I8y — - {8"(m+n)(m-rn 1)+tan.a[tan.a+s(2m+2n 1)
2sxn.ﬁ(2m6—8+mn.u .

Strain upon the nth section of the upper flange

_ (r+p)® p+7p .
=(m=n+1)(m+n— >T+m[‘@"“2”“’+ml

Which gives for the middle section, the most heavily loaded,

M(m—l)(p+p’)5’ p+p
2k * Stn. a [(2’"'1)“' ]

Strain upon the nth section of the lower flange

p’) 82
:(m+n—-1)(m-—”)(p-'2-f) +:7t:‘1’ [(2m_1)8+ttm a]

Which gives in the middle the same maximum strain as in the upper flange.
Total weight of the 22 + 1 struts, inclined at an angle o,
phtV [ R _ ]
= s FOCR+m=D) | +

sinfa

PrtV
6 sin.? a(2m8-—8+ 24 ) .

. Q.
{52(14 m o 3mt = 1Tm+ c)+tfn"a (21’;*:':')—’% s(6m2+sm-5)]}

Total weight of the 2 m — 1 braces, inclined at an angle 8,
m(m—1)p&ht pht
=~ mmig T 2%
6s8in2p8 (21»6— a+___A)

{89(14m" 21 m3 4 7m) + 3ha a;:n——ap—h+8(6m9—6m+l)]};

Total weight of the upper flange
_ (p+p)BtU  [(2m—1)k .
=m@m+Dn—D>—r—+ | S +(m -

Total weight of the lower flange
N8t U 3 (2me—
=m(n—=1)m—5L2tTL +[ (2m 1)"+(3mz_3m+.1_)5]

1 (p+7)5tU
— )| 2T P)OVY,
m + 2) tan.a ’

64 2tan. a
(+p)8tU  (p+p)RtU
tan. a tans g ’
Total weight of the two flanges together
. 2m (m —1) 8 14 (p+p)HtU
=2m=—1 -
@m=1)(p+p)5tU 3h tan. tan3a

50. Particular case a = 8, and consequently Eh— = -23 The bearing is then 2m 3.

Strain upon the nth strut = [(m + n)? — ——]

(¢m=1)3
4gin.a ’
[(m +n)? — —] ;
Strain upon the nth section of the upper flange = (m’ -t 20— T) 9—1;%)—8';

4 m gin. a
Except the last ‘mth), which supports (r+p)

pna

Strain th b =
in upon the nth brace = o 4ms1na
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Strain upon the nth section of the lower flange = (m' S i Ny - -:T (» .‘2-;:')93

Maximum strain in the middle of the flanges = (m’ - —i— (—IH-T/}:)—B’:

Total weight of the 2m + 1 struts (including one side of the middle triangle)
_@m*+2m—=1)p3atV  (56m® 4 48m? —26m +8)p' AtV
= 3 sin’ a + Bmeinta ¢

Total weight of the 2m — 1 braces (including one side of the middle triangle)

_m(m=1)pdht (56m* —48m® —2m + 3)p'5ht
=" wmia T 48msina :

Total weight of the whole lattice, applying the coefficient ! -; v ,

_(4m’—1)(p+p’)6ht(l+V)[l gmd—2m+38 7.
= dsinta tTonam—1l*
) 53
Total weight of the upper flange = (16m3 — 10m + 3) (L-I%‘l)ba tU;
(p+p)8#t0
124 ’

\ G 3
Total weight of the two flanges together = (32m?® — 8m + 3) ““—"'é?,f—tU.

@m* =1 (p+p)&#tU
8h
If the inclination of the bars is 459, the value of the strains upon them will be

S [ ]

Total weight of the lower flange = m (8 m? + 1)

The weight of the lower flange exceeds by that of the upper flange.

with the exception of the last or nth strut, which will support (2m - %) (p+2)A2. The

8m3—2m+ 3

- . so 2 N 22
total weight of the latticeis = (4m? = 1) (p + Y2t (1 + V) [l+]—————2m (*""—1)(1 . Inthe

2 3
strains upon the flanges 25—1: should be changed into 2 4, and in their weight BT into 84%. And in

all the expressions the quantity 1171 may be substituted for m.

51. The particular ease 8 = 90°, will offer a defect of symmetry in the middle, like the
general case. The bearing ! becomes (2m + 1) &,
(m+n)(m+n+1)

TEn+ D) , and that of the nth

The strain upon the nth vertical brace is pn 3 4 p'3

strut is given by the same formula divided by sin. a.
The nth section of the upper or the lower flange supports

n9?
m+n)(m=n+1(P+0) 53

. _m(m+1)8htV ’z AR
Total weight of the 2m + 1 Btmts‘_Tlﬁﬁ'_ (p+6P).

-5
Total weight of the 2m — 1 braces = m3ht ((m—l)p +7—mF—p');

: 3
Total weight of the upper flange =m (m + 1) dm —=1) (p + p) a—etTU;

8
Total weight of the lower flange =m (m +1) dm + 5) (p + p") 8%;1;

3
Total weight of the two flanges together = g mm+1) 2m+1) (p+p) E—;—U.

52. Third arrangement, Fig. 1655. This arrangement differs from the first, in the fact of the
struts being equal in number to the braces, which will simplify the formul. As the girder ends
with a brace, it may be supported on the ends of the upper flange, as shown in the figure.

The weights applied to the upper summits are all equal to p 3 for the permanent portion, and
to p'8 for the moving load. The maximum reaction of the abutment, not including the weight

which it bears directly has the value (m—%) (p+p)5.
3r2
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8 »
Btninvmmy-th-tmt=m[(zn-l)p+(m+n)(m+n-1)2’°7j:

. 3
Stnmupontheuthbmce=28__m_p[(2n-1)p+(m+u)(m+,._1) é’_:_n],

Strain upon the nth section of the upper flange = (r+7)3 +2P )8 [(ms —n?) ; + (2: =17,
an.8 J°
Which gives for the first towards the middle, 2702 [(m’ -nls _1_]
2 h ' ten.gl’

Strain upon the nth section of the lower flange=(m —=n 4 1) (m+ 2 —1) (p +p") 2L,I :

2 Y 32 ”
Which gives for the maximum strain in the middle, m(r+r)3 or Gl DL

2h ! 84 °
Total weight of the 2m struts = Zil:x.t'“; [m’ r+ 7m’ﬁ— 1 p'] ;
Total weight of the 2 m braces = Eisnl.l—’tﬁ (m’ r+ 7 m’G— ! p’);
Total weight of the upper flange = m (p + 2') 8 Emt ]()} Zm —D? + tm’: B] tU;

6h
Total weight of the two flanges together =m (4 m? — 1) (p + 1)

Total weight of the lower flange = m (p + p') & [Gm —Dm+Ds_ tm:" ﬂ] tvu:

3tU
3k
The diffcrence between the weights of the upper and lower flanges is expressed by

mt (p+1) 1 (g — 1)

. . . . h 3
53, Particular case in which a = 8. The quantity o becomes 3
. L) r
_ Btrain upon the nth struts and braces = e [(2 n—=1)p+m+n)(m+n—1) ol

82
Strain upon the nth section of the upper flange = (m’ —nidn— -;—) (r+2) 20’

2

Strain upon the nth scction of the lower flange = (m —n 4 1) (m +n — D(+p) ;—h;

sin?a 6 m?
Total weight of the 2 m struts = the preceding expression multiplied by V;

Total weight of the 2m braces = (p + p") m 3kt (1+ m =1 q);

Volume of the upper flange = volume of the lower = m(4m? —1) (p + p) 63_6%[) .

If the inclination of the bars is 45° the strains upon them will be calculated by the
formula & #/2 [(Zn—l) p+m+n)y(mtn~1) 2%], and their total weight, struts and

braces together, by 4m? (p 4+ p) A2t (1 + V) (1 + m=1 )

6m?
. 2
‘The total weight of the two flanges will be 8m (4m?—1) (p+p') L;E , and in the
. . .8 ’
expression of their strains T should be changed into 2k, 'We may also substitute 1 for m.

4h
54, Particular case in which 8 = 90°. 'The strain upon the extreme ends of the upper flange
is render_ed nul, and the extreme braces are simple suspension-rods, necessary only on the
hypothesia that the point of support upon the abutments is taken at the height of the upper
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flange.. But if these suspension-rods bo suppressed and the girder supported by the bottom, we
shall have exaotly the case in 47. Our present formulm would give 34 ¢ (m’ ? + ~1 s ) as
the fotal weight of the braces, including the suspensmn-rods but the suppression of thesa latter
will reduce the weight to in —1)? 84 ¢ ( »+ CE) p) a8 in the section above referred to.

In the case in which a = 90° the two atruts in tge middle become one. The hypotheses
« = 90° or B = 90°, introduced into the general formule of 52, both give the same total weight
-for the flanges. and for the lattice.

55. Fourth arrangement, Fig. 1656. This figure differs from the preceding, in the fact that
the middle of the girder does not coincide with one of the loaded points, but falls in the middle

1656,

*_aﬁékg_i;gmjmqﬁkﬁ

I=2m+1)3 >

of an interval. The dotted triangle, in the middle, offers a defect of symmetry, if a differs from 8 ;
it does not resist when the load extends throughout the length; one of the bars which compose
it is regarded as a strut, the other a8 8 brace,
ppPEMmtnt D (m+n)(m+n+1) .,
[ Teemt+n PP
(mtmmintD 7
2@2m+1) ;

Strain upon the nth strut =

Strai = —
Strain upon the nth brace sin. 3 [n ?+

Strain upon the nth upper horizontal section

—1m—n+1xm+nxp+p) -+m—lﬂp+p)mnﬁ

Strain upon the nth lower horizontal section = (-2 = +) (1 + %) (P +7) 53

2 A
Mauximum strain ‘n the middle of the flanges = m (m 4 1) (p + p’) 2-}: ;
. _m(m+1)8AtV 7\.
Total weight of tho 2m + 1 struts = i a ( s+ §) :
. _m(m+l)5ht( 7).
Total weight of the 2m - 1 braces = T + Gr ),
Total weight of the upper flange = m (m + 1) (p + p’) 82¢ U [(4 m—1) 8 tun 5

(4m + 5) 8
tun B]

Total weight of the lower flange = m (m 4 1) (p+p)8tU oh

Total weight of the two flanges together = 3 m m+1)@2m+D(p+ _p) -
56. Case in which « = 8.

1
Strain upon the lattice-bars = ﬁ [n r+ mtmmtntl ,

2@m+1) 21

b
Strain upon the nth upper horizontal scction = (m3 = n2 4+ m + 27 —1) (p + p") i’

Strain upon the lower horizontal section = (m + n) (m —n + 1) (p + ') 28’-—,‘ 3
Mtl vV 7,
mEADIMAEN) (T ),
sm a
Total weight of the upper flange = weight of the lower ﬂn,n«*e
=mm+1)Cm+1) (p+p)

Total weight of the lattice =

1 ’ . 3
If the inclination is 45°, TS may be substituted for sin.a, and 2 4 for 5. The qudntity m is
1
then equal to i

57. The case m which 8 = 90° is similar to the corresponding case of the second arrangement
in 51, There will be nothing changed except the total weight of the braces, which will amount
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hero tom (m + 1) 34 ¢ (p-{-%p’), on account of their number being 2 m instead of 2 (m — 1,

the extreme braces serving only to suspend the girder from the upper points of support.

58, Girders uniformly loaded on the lower side.—If we turn upside down the various systems
which we have been examining, the load will be transposed to the lower side, and we shall have
merely to apply the same formulm with the signs of the strains changed; the lower flange will
have become the upper, the struts braces, and vice vorsi. We must also change a into 8, and 8
into a, the symbol a being always applicd to struts and 8 o braces. .

We shall consider only the two arrangements shown in Figs. 1657 and 1658, The first is
obtained by reversing the third arrangement of girders loadud on the upper side, Fig. 1655, and
the second by reversing the fourth arrangement, Fig. 1656,

1657, A
tg.a
™ !é....&..--.ﬂé.—_-_.,.i
i
> L :
1
H
(] d o y:) A H
%\\i 1% 12 2 O —_— U
&
N 1=2m3

I=(2m+1)3

The formula applicable to these two arrangements and to their particular cases will be found
in Table VIII,

59. Inclination of the Lattice-bars~When the inclination a of the bars is quite arbitrary, it

. . Fits
should be taken equal to 45° for a bar crossing an interval 3, will weigh m’ which
Ft

amounts fo S acoa the lineal meétre of girder: now this expression is & minimum when a = 45°,
2 N
But simple lattice-girders are usually divided into intervals of a given length 3, which form
the base of triangles the other sides of which are a strut inclined to an angle « and a brace
inclined to 8, so that these two angles @ and B are an implicit function one of the other, for they
) in.?
are connceted by the relation % (cot. a 4 cot. 8) = &, whence :fg = - E:T:F_g , dand % being re-
garded as given constants. The weight of the two bars of one of the triangles has the value

Fht (_V_ + ;EI—% ,and it becomes o minimum when we have ng_)s. @, cosB  dB =0,
tan. a '

sin2 a ginda ' 8BNS da
whence WoB = V. It would, therefore, be nceessary to give the struts an inclination nearer the

vertical than the braces.

60. It is ensy to solve the question from a more general point of view, by attributing distinet
coeflicients to each of the two flanges and to each of the two systems of bars, as if, for example,
these different parts were made of different materials. On this hypothesis let ¢ denote, for the
upper flange, the value of the lineal mitre of a prism capable of bLearing a net strain of 1 kilo-
gramme, taking into account the joint-plates and other accessories. Let &, &, and ¢” be tho
analogous quantities relative to the lower flange, the struts, and the braces. And let us take, by
way of example, a girder londed on the lower side of the system of Fig. 1657, in which / is
expressed by 2 m 3.

The total value P of the girder will be given by the formul® of weights of Table VIIL, by
suppressing the factor ¢ and the cocfficients UV, and substituting for them the new coeflicients
¢ and soon. If we put

md — 1 . m? —~1 w_ 4m? —1 1 —_) =
(1+-—Wq)5—a,(l+—m7—q)5 ._.a, Gm (E+51)+2(€| E)""c’

2
and 2';—1"—1 ¢+ &) —% (¢, — © = ¢, and substitute the value

1 ) 1
a’w"h“uhmp’Z(p'“’)p{eot.a-n.mt.e(

3 !
— e —_
ot a 4 oot B O hyand 5= for

)+coot.a+c’cot.ﬂ}+n;

a + a’
sin?a ' 8in? B
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Q1 is the additional term intended to includo accessory pieces, such as gussets, and so on, regarded as
independent of 4, as well as of the angles a and 8. The quantities 4, &', ¢, ¢/, are also constants,
for 8, and consequently m, is given; the height 4 is arbitrary, but as it has been eliminated, there
remain only the two independent variables @ and 8. For the minimum expense, the partial
derivatives of P, relative to a and fo 8, must be nul separately, which will give the equations

(@+c)cotPa+ (¢c—a)cot?B+ 2 (a+c)cot.acot.f —a—a’' =0,
and (c—a)cotla+4 (a’'+¢)cot2B+2(a'+ ¢')cot. acot.B—a=—a’' = 0.

Subtracting one from tho other, member by member, we obtnin an equation of the second
dogree to determine the proportion of the cotungents or of the tangents. We deduce from it

t____s.n. * : P tan. a
B = — 1, first value inadmissible, and W
, m? —
pato—e_ 26(1H 75 o)+t

Sa—ctc o mi—1
2¢ (1+ T"‘Tq)""51+5
Elimination leads to . .
Z Z

- pr S and tan. 8 = —— P ,
20 (145 0) +E -4 2¢ (1452 o) + o —¢
Z denoting the radical

" oprr 2 — 1 * ‘ ’ ’ F— 1
Vi (1+ 55 e) + 2@ =D @ =0 (1+ T o)~ @87

2(@mi=1) . e m? — 1
D e @ - (1+ 5 a).

Consequently, the dependent variable & will have, as a minimum, the value

tan. a =

. 1%
1= ' mi—1 \'
an @+ (1+ 5 0)

In a girder consisting entirely of iron we have not to distinguish different materials, but the
distinction of coefticients may exist from other causes. 1If, for example, we wish to impose upon

the upper flange —11{— of the coefficient R imposed upon the lower one, we must substitute K U ¢ for

& Utfor,, Vifor &', and ¢ for ¢, P then denoting the total weight of the girder. But it must

be remarked that the preceding calculations suppose that we may regard as constant the co-

efficients U and V,*whilst it would be more exact to consider them as functions of the height.

llWith this observation, when both flanges are affected with the sume coefficient (K = 1), we shall
ave

4m? —1
6m?+ (2 —1)¢q

tan, a ‘
tan. B 2m(V+1)
61. Analogous calculations for the easo in which ! = (2m + 1) 5, Fig. 1539, would give as a
minimum 1
tan. o 25’(I+Eq)+5'_5 1 1%
B o 1N s e Y
B oap(lega)+i-a 2@m+ DE+E) (L+ 1)
Z denoting the radieal

\/v+2m V+1U.

=V, I =

Vi@ L) [er(i+ 3o rerrar s Fentna+n @+ ] +6-or

For bridges constructed of plate iron, we should make ¢ = § =Ut, ¢ = Viand §” = ¢; and,
consequently, we should take, U and V being regarded as ncarly constant,

tan. « ! Vv 6= U+
. 1 —3 v .
fan =V wad fy Cm+DHV+1 + 1

34+ 357

But as a function varies littlo when near a minimum, we need not bind ourseclves to follow strictly
the rules obtained for the best proportion of the inclinations a and 8. "Thus they are generally
made equal to each other, which is of a more satisfactory aspect.

62. Dejlection—The deflection of a simplo lattice under the influence of a certain load will, in
general, be easy to determine, when we have the sections of all the picees and the exact figure of
the system under a determinate load given. Then the load, the effect of which we wish to consider,
will produce upon the several parts extensions or eentractions easy to culeulate, so that we ean
know the length of all the pieces after deflection, and the angles may afterwards be found by
trigonometrical formuls. The determining figure being known, we may deduce the curve of the
flangos, the inclination at their extremities, and so on.
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Cocflicient U applicable to the Flanges—Cocfficient of stiffness V.—Supplementary term N.—General

* form of the Formulz for Weight—68. Coefficient U, This coefficient is intended to take into

account the joint-plates of the flanges, and, beyond this, the impossibility, in practice, of reducing
the latter exactly to the dimensions given by calculation. .

1. Joint-plates.—The narrower an iron plate is, the longer it may be, so that small girders will

cost proportionally less in joint-plates than large ones. But even for these latter, with plates of

080 mitre broad, for cxample, we may rcckon upon lengths of 6 mttres. If at ench joint wo have

a distinet joint-plate of 080 metre long (0°40 metre on each side of the joint), the quantity to be

added the mttre of plate would be O—:(—) =0-134; but we may reduce this figure to 0-11, in

consideration of the fact that the angle-irons of the flinge may reach lengths of more than 12
mitres, and, consequently, will cost less in joint-plates than the plates of the flanges. This addi-
tional quantity of 0-11 may be regarded as the highest limit of the cost of joint-plutes in the cuse
of flanges of inconsiderable section composed of a single horizontal plate.

But when the maximum moment of rupture requires a strong section of flange, they are com-
posed of scveral plates placed onc upon another, and in that case a single joint-plate may serve
for several joints placed after each other at intervals of 0°40 metre. For example, a joint-plate of
1°60 mitre may cover three joints, which will reduce the additional quantity to 0°089. If wo
consider us an hypothetical limit an extrecmely low girder, such that the number of flange-plates
shall be very great, the joint-plates would be as long as possible, and would have & tendency to
weigh, for cach joint covered, only the half of the weight of a distinet joint-plate of 0°50 mitre.
‘We may thus include the joint-plates in our calculations by applying to tho flanges & coeflicient
varying from 1°06 to 1-11, according as these latter are of great thickness (as if the height were
nul), or, on the contrary, reduced to the minimum scction that may practically be adopted without
dcpriving the girder of its necessary rigidity, having regard to its other dimcnsions. Theso
figures may be reduced a little in the case of plates 0°30 or 0°40 mitre broad, for example, which
would allow us to reckon upon lengths greater than 6 metres.

In heavy girders the number of plates diminishes towards the extremities, and it will be only
in the middle that the cocflicient may reach the limit 1-06 mctre. But, to compensate this, it
often happens that at the extremities the first joints of the first plates may be covered by increasing
slightly the length of the strengthening plates,

2. Lzcesses of Section.—The seetion of the flanges cannot be, throughout the length, reduced
strictly to the value required by calculation, chiefly on account of the facts that the variation
takes place by redans or gradations, and that at those points in which the moment of rupture
is inconsiderable, we canuot practically reduce the scction below a certain minimum. Instead of
8 small number of very thick plates, we shall find it a saving of material to employ a larger
number of less thickness. But to abstract these thicknesses, let us consider, as above, the limiting
cases. I, in the first place, the height were nul, the number of plates of ordinary thickness
would be very great, and the redans would be only an imperceptible fraction of the total weight.
If, on tho contrary, the height reaches a value H, such that the weakest section that we wish to
give to tho flanges shall be sufficient in the middle, the flange will be prismatic instead of forming
a parabolic volume, as the formule for the case of a continuous load suppose. To cstablish the
prism in its integrity, we must multiply the valuo of the formula by a coetlicient of 150, affccting
generally the joint-plates which inercase in the same proportion.

64, Thus the total cocfficient U to be applied to the flanges for joint-plates and excesses of
section may be taken equal to 1-06 for 4 = 0, and to 1°11 x 1:50 = 1-66 for the limiting height
H, which renders necessary a constant section in the flanges. We may, therefore, approximatively

edopt, for any valune of 4, U = 106 + 0-60 i

Usually the volume of the flanges is inversely proportional to %, so that the second term of U
will give a quantity independent of 4. Consequently, in seeking the most cconomical height, this
constant term will have no influence, and we shall have simply to substitute 1-06 for U.

65. When the lond is applied to certain intervals only, we may still admit the preceding
expression of U.  Yet, from the observation in 438, it will be more exact, if the bearing is divided

into N intervals, to multiply the theoretical weight by 1-50 NTN—_I , instead of 1-50, when thero

is occasion to return to the prismatic form in the case of the limiting height H. The coefficient
will then be expressed by the function U = 106 4 (I‘N?G Iil‘ - 1'06) I—hi

In simple lattice bridges, U has a tendeney to increase slightly on account of the vertical rods
scrving to fix the bars, for theso rods give a certain rigidity to the flanges which affects tho
resistance by easing the oblique barg, but at the same time by producing in the flanges deflecting
straing and an unequal distribution of pressure. The best way to take this into account is to
consider the two.flanges as forming a solid whole resisting by its summit of resistance.

In girders loaded in a discontinuous manner, theory itsclf requires that the flanges should vary
by sudden leaps from one section to another, but we cannot wholly get rid of the loss occasioned
by the redans, on account of the difficulty of making the extra thicknesses prescribed by calculation
coincide exactly with the usual thicknesses of plate iron.

(r+2HE

66. The limiting height I to be considered in calculating U, may be taken equal to S T
8,
being the minimum section that we wish to give, or that we may give, to the flanges. Consmfuently
the value of U. considering only the case of a continuous load, will be U = 1°06 4 4°80 (T-:L'.)—l‘ .
rg
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In a girder composed of triangles, we may regard as nearly constant the ratios hTa.nd fh‘;; or at

least if s, has a tendency to be proportionally a little stronger in small girders than in large ones,
so that U will decrease slightly when A, and consequently /, increases; on the other hand, small
girders cost loss in joint-plates, and we may, therefore, regard U as expressed by 1-06 + —c—,,
¢ being a constant independent of /. Pty

67. The preceding remarks concern straight girders. In bow-string girders, the joint-plates
will have the same proportional value, but if the lower flange be straight, it will have a constant
section, and there will be no loss for redans; besides, the section of the flanges is utilized quite
to the extremities, whilst in straight girders there is always an excess of section at the ends. On
the other hand, the bow and the chord, or stringer, in a bow-girder arc fixed together at the ends by
iron plates, which may be considered as forming an integral part of the flanges. When the height
iy inconsiderable, the strain between the bow and the chord will be great, and the gusset must be
very long, but its mean breadth will be less than in a girder having a versed sine or rise of great
llnaz%n‘i;tuldo; . The cocfficient U will vary but little in bow-string girders, and may be taken from

*25 to 1-35.

68. Cocfficsent of stiffness V.—The pieces subjcct to compression have a tondency to deviate
from the straight linc when they have a weak section and great length ; therefore, we are obliged
in such cases to give them an excess of scetion, that is, instead of calculating them for a pressure
of 6000000 kilos. the square motre, we shall calculate them for o less pressure R ; or having cal-
culated them for 6000000 kilos, we must multiply tho section so obtained by a coefficient
v = 000000

R
For {lat bars, simply abutting against others at their extremities, we may, from the rcsults of
expericnee, admit the following figures :(—

Ratio of the length to
}: 16 | 20 | 25 | 30 35 | 40 | 45 | 50 [ 55 | 60 | €6 | 70 | 75 | 80 | 90 | 100

the thickness %
millimetre .. . |

Cuefficient ofincreuse'V = (1'0()0‘1' 132(1 '263[] *412/1°5381 '690l1'846(2' 0002-222 2'400'2’609'2'857‘3'000 3333 4°000 5° 000
|

[ R e e e

dogix v q h 1
Resistunce the square 6.9 |5-30 |4-75 [4-25 [3-90 [3-65 '3-25 300 12:70 2°50 2°30 [2°10 12700 |1°80 |1°50 120

Lhe bars of lattice-girders being usually attached at their extremities by several rivets, may be
gigardcd us welded or shut on, and we shall obtain additional security by observing the preceding

ta.

But flat bars have precisely the worst possible form to resist a strain of compression. This
obliges us to increase the number and to place them near together, in order that each isolated part
may have the nceessary rigidity without giving to V too high a value. But the rivetings at the
points where the bars cross cach other are not all-sufficient, for the compressed bars are badly
supported by being fixed to other bars as flexible as themsclves; when the number of lattice-bars
becomes great and, in consequenco, the sections become very inconsiderable, the struts may yicld
by numcrous deflections, twisting the braces, some in one direetion, some in another, an effect
gimilar to the wrinkles which show themselves upon a thin membrane stretched in a frame, when
the angles of the frame are distorted. It follows, that we ought to employ flat bars only for girders
of small height and heuvily londed, unless, indeed, the rigidity of the vertical middle part of the
girder be sufficiently provided for by upright stays. If these stays serve no other purpose than to
stiffen the part in question, it will generally be better to suppress them and to strengthen directly
the resisting lattice-bars, cither by increasing the scction, or better, by adopting another form,
such as that of angle or T iron. The braces, if nothing prevents it, should be constructed in the
same way, because their rigidity, useless to themsclves, lends a support to the struts. Sometimes
theso upright picees are necded to fix tic-beams on one side only of the girder ; it will be sufficient,
in this casc, if they project upon this sume side, which will allow us to construct half of the oblique
bars of stiff iron, the mouldings of which shall be turned in the opposite direction, to avoid cutting
them away at the points where they cross cach other.

¢9. The influence of the form of the sections being established, it remains to be seen how we
can consider the rigidity in the various cascs which may present themselves.

Now the curve which a picce under the force of compression tends to assume is a real deflection,
which requires, not a ccrtain arca of section, but a sufticient moment of resistance. In plate iron
we may regard the thickness as being nothing but the ratio of the moment of resistance M expressed
by the cocfficient R = 6000000, to the section 8 expressed in square millimetres. Thus, to gene-

ralize the Table in the preceding section, it is sufficient in the ratio :l, applied to any section,

to substitute the ratio I\é for ¢, which we may call reduced thickness, or ¥maginary thickness, in the

direction in which deflection is to be fearcd, and in which the moment of resistance M is taken.
70. When compressed bars are unsupported throughout their length, as is the case, for example,
in girders formed of simple triangles, they should have a section possessing a rigidity equal in all
directions. Such would be the round form, but it offers practical difficultics.
The section in the form of a cross with four equul branches, muy be advantageously employed ;
it offers a moment of inertia constant in all directions. As to the moment of resistance, which
depends on the distance of the fibre subject to the greatest strain from the centre of gravity, it is



810 BRIDGE.

N2 times greater in the direction of the lines bisecting the angles than in the direction of the
arms ; but as deflection will always take place in the weakest tEert, we can reckon only upon a
reduced thickness, exceeding but little the dimension of one of the four arms, when these latter
have & constant thickness. Figs. 1659 to 1667 represent some sections in the form of & cross,

1659, 1660, 166L 1662, 1663. 16684 1666. 1686, 166%

I

7% 70
0

€0 &0

g

Sections in eq,
millimdtres, A130 4236 7630 677 10330 11620 18200
Reduced thick- {* o.082 0,085 s 0148 o169 007 Qe

composed of angle-iron and plate; this mode of construction causes irrogularitics of thickness,
and the moment of resistance is affected by it according as the material is accumulated towards
the centre or towards the extremities. Under cach of the scetions in the figures will be
found the reduced thickness, taken in the dircction of least stiffncss when the branches arc not
identical.  °

71. The smgle T is more convenient for fixing than the section in the form of a cross, and it
offers also a slight advantage from the point of view of resistance in the direction of the web., If

wo consider only the moment of inertin, it is ensy to make it rigorously cqual 1668,
in all direetions, To effect this, wo have merely to proportion the arms and \ )
the web so that the moment of inertia in their respeetive directions CD A/

and A B, Fig. 1668, shall remain the same. In fact, on account of the
symmetry, the dircetions at 45° M N and M’ N’ give equal moments of - %‘h
equal rectangular dinmeters, which is found only in the circle. But, as is /B
the case with the cross, the moment of resistance will be smaller in tho " /
oqual in these two directions, we shall reckon ouly upon the value which it will so possesy as
if it remained constant in all direetions.
would require flanges of excessive breadth.
72. For bars of small dimension we may employ single angle-iron. This form offers least

inertia: the central ellipse of incrtia will, therefore, offer two systems of
\\
principal dircetions than in the others; and if the reduced thickness is made M
The double T cannot be made to resist eaually in its two chief directions, beeause this condition
stiffness in the direction of the line bisecting the angle. If the angle-irou is thin and its branches
c
have a breadth ¢, we may regard the minimum reduced thickness as cqual to ﬁ or0-7¢. The

central ellipsc of inertia of such an angle-iron has 2its major axis double the minor; the minimum
moment of inertia, a quarter of the maximum, is 5 of the moment of incrtia in the direction of

one of the branches. .
As an application of the foregoing, suppose a bar compressed by a strain of 5 tons, upon a free
length of 3 métres. An angle-iron of 0-080 mitre broad will give o minimum reduced thickness

of about 0°056 métre, and the ratio of the length to this thickness will be 0—_';,,, 5= 53. This

value authorizes the adoption of R = 2%*8 per square millimétre, which lends to a scetion of 1790

square millimetres: this section will be obtained by giving to the angle-iron & mean thickness

l.;qr::(} tl;) 0°012 mitre, If this thickness did not suit, we should try an angle-iron of a different
th,

‘We must proceed thus tentatively for every question of the same kind, We may caleulate
in advance the compressions which a certain number of model scetions will bear, under various
lengths, and theso data will serve as a guide in determining, at sight, the modified sections which
will suit given cases.

‘When the lond is great and the length inconsiderable, we may adopt thicker sections and
s?ppreilss the coefficient of stiffness. It is advisable, however, in such enses, to preserve an excoss
of rigidity.

73. In multiple latticc-girders, a compressed bar is fixed, in the points where they cross, to
obher bars suhject to tension, but which generally act more effectually agninst a deflection in the
Bla.ne of the vertical beenuse they canmot resist a deviation normal {o this plane; in fact, if the

racos are flexible bars, they will resist perfeetly o strain of tension dirceted in the direction of
their longth, but very badly a transverse strain, which would bend them in a very marked manner,
Thus, with regard to defleetion in the planc of the vertieal, we may consider the compressed bar
a8 subdivided into shorter portions which may be stiffened separately; and as to doviation ot of
the plane of the vertical, it will be better not to reckon upon the tension of the braces, but only
upon their rigidity which will supply what is wanting to the strut. The conneetion at the points
where they cross each other may, therefore, improve the relation of the length to the reduced
thickness, in the plane of the vertical becuuse it reduces the length, and in tho direction normal to
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this plane because the rigidity of the braces assists that of the struts. However, this must not
induce us, from the point of view of rigidity, to multiply the lattice as much as possible, for so we
weaken each bar taken individually, and we should at length produce a girder the vertical portion
of which would be liable to crumple up like a thin sheet of iron.

74. Let us consider the case of a simple cross formed by two bars of the same 1ength and the
same section : the strain of deviation which tends to throw the centre of the cross out of the plane of
the vertical meets with an equal resistance from each of the two bars, omitting the special effect
due to the tension of the brace; consequently the strut will be required to furnish only a moment
of resistance or a reduced thickness, less by Lalf than in the case in which it is isolated. Although
its resisting section is not increased, it will be regarded as having the same reduced thickness as
@ single picce formed by the superposition of the two branches of the cross.

When the brace has less rigidity than the strut, the latter 1669,
must be more rigid in the direction normal to the vertical. D
We may give it a reduced thickness equal to the sum of its
own and that of the brace.

75. The vertical bars which are sometimes applied to a
Iattice to consolidate it, act in an analogous munner. Having

ance.
Suppose, for example, Fig. 1669, a flexible bar A B, held
m its middle C by a rigid vertical bar D E. If the latter were
absent, the bar A B could be subjected to a compression of
6 kilogrammes a square millimttre only under the condition that the ratio of its length A to its

reduced thickness % (see (9) did not excced 15; whicn is cquivalent to saying that it shoula

no longitudinal strain to bear, the area of their section is /‘.
of little consequence ; they act only by their moment of resist- y//
EY
; &

have a moment of resistance at least equal to —%S— (the section S being expressed in square milli-

mbtres), preeisely as if the point C were subjected to a transverse strain equal to ‘—il—g ; but as the
bl

bar is, of itself, incapable of resisting this strain, we may impose' it upon the vertical bar which

on this account should possess & moment of resistance equal to 5 the section S being, not its

own, but that of the bar to be strengthened. Thus, by its less length, the vertical bar may
fugnish & determinate rigidity with a less moment of resistance: it is, however, gencrally better to
increase the section itself of the bar and to suppress the vertical, for by that means we diminish
the pressurc per umity of surface, which requires less rigidity.

If the bar A B already possesses of itself a certain rigidity, it may take a portion z of the

3

strain of deflectign in C. It will then be deflected by a quantity 42 ;} i (E = modulus of elas-
ticity, I = moment of inertia) which, on account of their being fixed together, must be equal to
the versed sine of the arc assumed by the vertical bar; this condition gives the equation

3 '3 '3
x %+ %) = %, whence we deduce x. Consequently the vertical bar will be required to
furnish only a supplementary moment of resistance equal to (41—5S -z %

‘We might apply analogous considerations to the less simple case in which C is not the middle
either of the oblique or of the vertical bar.
For a cross formed of two bars of the same section and tho same free length A, we shall have

z = 21—5 , and each bar will furnish, as we have already scen, a moment of resistance equal fo the

half of that which the compression-bar ought to have, if it were deprived of all assistance,

76. In a multiple lattice with flexible braces, the struts must be capable of greater transverse
resistance in the direction normal to the vertical part of the girder than in the direction of the
vertical part, Figs. 1670 to 1684 give as examples various sections, with their reduced thicknesses
in the direction of greatest resistance; it will be seen that the forms in {J or double T are very
good, for they give reduced thicknesses which exceed by much the apparent dimension.

If, for instance, we have to construct a piece 8 metres long, capable of resisting a maximum
strain of compression of 10 tons only, the fifth scetion gives as the ratio of the length to the reduced

thickness O.; 5= 50. According to the Table in 68, the piece ought to bear a strain of only

8 kilogrammes a square millimétro, and it is capable of bearing 3500 x 8 = 10500 kilogrammes,
which is something more than sufficient. Adopting this section, the coefficient of stiffness would
be 2-10; but it would be more advantageous to adopt a {J iron of less weight.

77. The principle of increased section in the middle applied to the connecting-rods of
machines, may also be adopted for the struts of very important girders. This may be effected
by applying plates to the middle of the piece, precisely as in the case of girders loaded trans-
versely.

It yl:s always useful, in multiple lattices, to give to the tension-bars sections with projecting
mouldings, at least as much as possible without making the area of the section exceed the value
corresponding to a strain of 6 kilogrammes the square millimetre. When the length becomes so great
that this condition of area, applied to the struts and braces, does not allow us to realize a sufficient
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rigidity, we must have recourse to a coefficient of inereaso V, which may be exclusively applied
to the struts, or divided between these and tho braces when nothing prevents us from giving to the
latter continuous projecting mouldings.

Sometimes aceessory arrangements contribute to stiffen the vertical portion of girders ; such is the
case, for instance, Figs, 1580, 1585, where the eross-grirders are placed in the middle of the height.

These various considerations no doubt are not exhaustive, but they will be sufficient to enable
us to choose, in every case, the best forms; and when it may be done at a small cost, it will always
be prudent to have an excess of rigidity.

78. When we wish to find as near as possible, without going through a complete calculation,
the weight which a girder fulfilling certain given conditions would have, we may proceed as
follows to find the value of the mcean cocflicient V to be applied to the parts of the lattico under
compression.

. We calculate the strains Q, and Q, upon the strut which bears the least strain (in the middle),
and upon the one which bears the greatest strain (at the end); then, having regard to their length,
wo consider what scctions it would be necessary to give them, and we deduce tho coefficients of
stiffuess v, and vy, special for these two bars.  The total weight of the struts will then be nearly

proportional to the mcunli (Q, v, + Q; v,) whilst if the question of rigidity did not interfere, it

would be proportional to the mean -12- (Q + Q) of the limiting stminé; we may thence conclude

epproximatively V = Qo+ Q7

79. If some of the end struts could support & strain of G kilogrammes, the general coefficient
would be smaller still. We should then seek the lenst scetion under which a strut can bear
6 kilogrammes, having regard to its free Iength and other circumstances, and determine the load
Q, which it would carry with this section; then we should make approximatively

v+ Q=Q)
Qz!l — Q‘S‘

80. The mean coefficient V may also be expressed by means of the variable coefficient v appli-
cable to the successive bars, by making V = IZFFD. ‘Wo might obtain from section € the valuesof F
and 3 F; but to calculate X Fo, we should have to express the law of variation of v according to
that of the strains. Now this law would be too complicated or too arbitrary to lead by this
me:hod7go a satisfactory result, and it is preferable to trust to the approximative formuls in
section 78,

81, By increasing the height of a girder we wenken its middle, or vertical portion, and this
obliges us to raise the value of the coefficient V in order to preserve a sufficient rigidity.

To find the modc of variution of Vwith the heiyht  of the girder, we may remark in the first place that,

according to the values of the Table in 68, as long as the ratio -3 does not exceed 50 or 55, V will be

accurately enough represented by the function 057 + —133 —:— , with the condition, however, that it

cannot become less than unity. In this cxpression, the reduced thickness ¢ depends on the form
and arca of the section, and this area is a function of the load Q which the piece supports and of

the coefficient V ; it is expressed by c_zny
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If the section vary in such avway that on dividing it by the reduced thickness, the quotient b
is constant, we shall have ¢ = %._b’ and consequently V = 0:57 4 % _I:'\’;f , whenoe
Rabd
v=02+v0 082 + 5

For example, for girders composed of triangles or crosses, ex;ressing the length A of the bars and
their strain Q by means of the height 4 of the girder and the whole strain F, we shall have

S o
V=029 4 \/0'082 + dlﬁ%‘h For a multiple lattice of the i degree, we have only to change F
F

into

If the section varied while remaining similar to itself, the quotient of the square of the section

B}.{' t(lilc:1 reduced thickness would be constant, and V would be determined by an equation of the
ird degree.

Thus, keeping to the simplest case first considered, V will be expressed in terms of the height

by formule of the form a + 46+ ck. But as there is nothing absolute in the value of this
cocfficient, nor in the relation of the section to the reduced thickness, on account of the great
diversity of form, we may content ourselves, in the investigation of the most economical heights,
with replacing V by a rational function of the first degree a + b %, determined by means of two
particular values of this coefticient for heights differing not too widely, but including between them
the height sought.  This is equivalent to replacing an arc by its chord.

82. Circumstances other than the condition of rigidity may oblige ustoincrease the weight of the
vertical portion of a girder beyond the limits prescribed by theory. For exawmple, in & multiple
Iattice in which the bars are very numerous, their section isnot made to vary in a perfectly con-
tinuous manner, but only by successive groups; so that the greater portion of them will possess &
slight excess of weight. Then again in the parts in which the stress is inconsiderable, it often
happens that we cannot in practice make the bars so slender as they are required to be by caleu-
lation, Besides, when the section is inconsiderable, a single rivet-hole weakens it in a propor-
tionally great degree. This is another reason for increasing the dimensions. These several
augmentations might give oceasion for a new cocfficient applied to the whole of the vertical portiont
of the girder, but it will simplify the matter to include them in the coefficient V by raising its value
sufficiently high.

83. Supplementary term 0.—To complete the computation of the weight of a girder, we must
include certain accessory pieces the dimensions of which are nearly independent of the height of the
girder, and which may be represented by a constant additional term Q. Such are, for example,
in lattice-girders, the gussets at the points where the bars cross each other, joint-plates and other
contrivances for making the rivets offer a double section to the strain upon them, On the other
hand, these special picces are partly compensated by the fact of the lattice-bars ending at the edge
of the longitudinal angle-irons of the flanges, so that their length is slightly inferior to that
supposed in the formulee, Sometimes certain accessory pieces may be considered as increasing in
a certain proportion with the height; in these cases we may include them in the coefficients U or
V according as they belong to the flanges or to the vertical portion.

84, General form of the Formula giving the Weight of Girders, and the most advantageous Heights.—
The total weight of a girder is obtained by adding the terms referring respectively to the flanges,
to the vertical portion and to the accessories independent of the height. "Dividing by the length
of bearing, we shall have the mean weight of the lineal mttre.

In this mean weight, the flanges will appear as a quantity expressed by E;;—U , G denoting the

mean ordinato of the locus of the maximum moments of rupture (that is, Tlé (p + p') i in the case

of & single bay and s continuous load). As U is of the form a + b % (64), the flanges are divided
into a part inversely proportional to £, and a part which is constant.

In girders composed of simple triangles or crosses, & being constant, the inclination of the bars
is & function of the hecight, and the pieces of the vertical portion generally make, a metre of

G't A% 2
_(ll;_*'_) (h + 4%-‘) » G’ denoting the mean ordinate of the locus of

. .1 .
the maximum stress, the value of which ordinate is ;(p +oNI(1+ % ¢} in the case of a con-
tinuous load. Admitting that 1 + V is expressed by a + b4 (81), the weight in question will give
riso to terms in 2% in %, in % , and to a constant term.

length, a weight of the form

In multiple lattice-girders in which the inclination of the bars is 45°, or else keeps a certain
other constant value, as in the case of solid girders, the theoretical vertical position would have a
constant weight. But, in such cases, the rigidity is usually obtained by the addition of special
stays, vertical or inclined, the section and length of which increase with &, so that their weight
will be expressed under the form (x + «'4) A.

85. Thus, the weight of the lineal mdtre of girder will be generally given by formuls of the

following form ; IT’ = % + B+ 0k+ D73 The corresponding height at the minimum expense
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will be given by the equation of the third degree: A =(C + 2 D %) 23, whence we deduce the
real value:

3 y— 3 pe——— 3 pe——
1 o AC o AC|_ O
Y D ‘\/A- 5iD’+\/A2_27D’+\/A—54D’ -V a- 97D 6D

But as it is always enough to know this height within 1 décimbttre, it will be a saving of time
to solve the equation tentatively. As a function varies but little when near a minimum, we may
without much increasing the expense adopt heights less than those given by calculation, and we
find an additional reason for doing this in the fact that the ties or cross-pieces generally increase
with the height. We might, it is frue, seek directly the conditions of the minimum of weight for
the whole flooring, instead of a single girder.

86. Sometimes, for the sake of simplicity, we may regard V as a fixed coefficient which may
conveniently be forced a little; in this case, V being constant, we shall arrive for simple lattices

at formul® of the form Po AT + B+ Ch, and taking & = '\/g, weo shall have as the mini-

' c
mum value, IE =24s/AC + B. Iiis cvident that an alteration of height, even if considerable,
has but & small influence; for if, by way of example, instcad of '\/g ,wetake A=x" /-g , the
— . Al+e?
term 24/A C will be merely changed into 2 v G —;'T" .
3 1 2
Now k = 09 gives 13— = 1:0036 | And « = 11 gives < 3— = 1:0045
» 08 »  1:0250 | 12, 10167
» 07 » 1-0643 » 13 ” 1-0346
”» 06 , s - 1°1333 ” 14 » 10571
” 05 » 1-2500 ” 15 » 1-0833
04 o 14500 | 2:0 » 1-2500

”

An increase of height above \/g— produces & less loss than an equal diminution, but in clmost

every case it will be & diminution that we shall have to make. .

It will be well to make a verification afterwards to ascertain whether the height ‘/% , of at

least the reduced height adopted, does not require a value of V superior to that which we have
introduced into the calculation,

This method gives too great height, and, therefore, the reduction which it will be necessary to
make will be more considerable than when wo cmploy the more exact method of the precedying
section.

87. Girders of Simple Triangles.—Formule of the Weight a lineal métre, in the case of Bars of Equal
Inclination.—To find the total weight P of girders of simple triangles, formed by bars of equal
inclination, we have only to add together the weights of the flanges, the struts, and the braces,
given by the formulm p, for the particular cases in which « = 8. As the total length of the girder
exceeds its bearing, we shall give only the weight per lineal mttre, found by dividing P by the
bearing /, and it is understood that when the total weight, including the ends, is required, the
weight of the lineal metre is to be multiplied, not by the bearing, but by the total length, say by
1:045 or 1097 d, d being the free span, according to what was said in 37.

1. Loud on the lower side—1f ! = 2m 5 = N §, we shall have, & being an additional term for the
accessories independent of 4,

P_.1 , mt—=1 1\ (8 [ (4m:—=1)U 1+V]
r=grernt(1+ 52 (7 P +AA+V} 42,
2m 7
or
P_1 , Nz—¢ I r2 N2-—-1 U 14Vy, N2
=g+ 55 g5 T e t R [T A+ )+
14+ gwe ¢
a formula applicable when N is even.
When /= (2m + 1) 5 = N 3, we have
P _m(m41) , 1 \(5[2 U 1+ .
7-m“’“”(”§q){7[‘s“2m+l>°l i RN ELE
3
- P 1 N2-1 1 4 2U 14V A
T=1 N ‘“P’”(”Eq){m(;;fq”f—(f +7A+M}+o,
2

a formula applicable when N is odd.
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The flanges do not change whether N be even or odd; but the lattice decreases sligh
N is odd, ingt?zse proportion of N? — 1 fo N2, slightly when
2. Load on the upper side—For | = 2m & = N §, wo shall have -

;:-‘1—8%;(19+p')t[6(4m’—1)+(4m’—1+2-37n)q]
g (@2m*—=8m+3)U 14
5 [c(4m=_1)+(4m:_1+2_3)q+ P ]+ra+m)+a,
which amounts nearly to "

2
o formula identical with the last of the case in which the load is on the lower side, excopt that here

N is even.
And ifI=(@m+41)5 = N3, we have

P 1 , 4mt 4+ 6m—1
T=ptNifsentnr +m. Rl

{i’ 82m? 4 48m? + 16m + 3 +1+VJ+IL(1+V)}+O.
2218@2m+1pP+m@Em?* 4 6m—=1)¢q 2 2m+1 ’

or
P 1 , 1 1 r2 N2 -1
7-1‘“””(‘*3‘1){1?7:[5' N

1 Nk
I+ BV R a4 v,
1 4 !
1+ ]
a formula in which N is odd, and which is obviously the same as the first of case 1.

88. Ezamples.—Girder of 28 métres bearing, supporting, on the upper side, a load of 3500
kilogrammes to a metre, Figs. 1685 to 1689; p = 1100« (the girder itsclf weighing 400),
p' = 2400%, g = 0-686, m = 4, and, consequently, § = 8=-50, £ = 3=-30.

As the girder is lightly loaded, we must scek to diminish as much as possible the least
section of the flanges, without, however, reducing too much their breadth, which we will fix
at 0m°400. To dimninish the breadth of the vertical ribs, projecting gussets are placed at intervals,
to which the struts and braces may conveniently be attached. Those struts which are most
heavily loaded have a section in the form of a cross, favourable to rigidity in all directions; one
of the angle-irons passes behind the gusset to avoid the necessity of cutting it away at the
extremities; and, consequently, some of the rivets offer a double section. Instead of filling the
whole of the space above the gusset to make this angle-iron solid with the rest of the bar, it is
sufficient to fill it in part only The middle bars require fewer rivets, but it has been necessary
to increase their theoretical scetion to obtain the required rigidity.

The lower vertical rib is only 0m:300 broad - but the upper could not be reduced below
0™ 350, because the flange should be rigid to resist compression, because in the present case it
might be required to scrve as a minor longitudinal girder, and because we might have occasion
to affix to it a light corbel, in which case this breadth of 0m-35 is barcly sufficient. The brackets
may be placed in the middle of the intervals to be out of the way of the bars. It is solely for the
purpose of forming a minor longitudinal girder that the upper flange has been produced, and
the vertical supports added at the ends,

We find by caleulation the total weight of the girder to be 11200 kilogrammes, say 380
kilogrammes the lineal metre.

The flanges weigh together 8070 kilogrammes, including the gussets for fixing the bars; but
to determine the value of U, it is better to consider only the weight of 7400 kilogrammes, which
we obtain by deducting the projection of the gussets, and reckoning with the vertical rib only the
joint-plates which would be nceded if it were not interrupted at short intervals by the gussets.
Dividing by the whole length 29™-40, we find that the flanges make together 252 kilogrammes
the lineal métre. The formula would give 177°-3 U; we shall, therefore, have U = 778 = 142,
& value which includes the cxtensions at the ends.

However great the height of the girder might be, we could hardly compose the flanges of less
than two angle-irons of 100/100/12 millimétres, & vertical rib of 800/10, and a horizontal plate
of 350/8: this would form a sufficicnt section in the middle if the height were 550, and it
would remain constant throughout the bearing. By the formula of 64, we should find again
U= 1:0640-60 500 = 1-42.

The extra weight of 670 kilogrammes occasioned by the presence of the gussets, is reduced to
500 kilogrammes when diminished by the saving effected by the fact of the real length of the
bars being a little less than their theoretical length, since they terminate at the edge of the angle-

irons of the flanges. Hence we conclude that Q is here equal to %(;25 = 17 kilogrammes the

lineal mitre of girder, say the 0°047 of the total weight of the principal pieces. This is a great

deal, but we may reduce this value by giving the gussets a thickness of 8 millimetres only.
The oblique bars weigh 2600 kilogrammes, but the saving effected in their length. has just

been attributed to the term @, we must, therefore, suppose them to possess the weight 2770
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iflogrammes, which they would have with
their theoretical length, Comparing with
the formula, V = 1°84. .

If we wished to compute V approximsa-
tively, withont-going through a complete cal-
culation, we should have considered only one
extreme and one middle bar. The latter,
for & maximum strain of Q, = 9% tons, gives
V, = 2 26 with the section adopted; and
the other, for a strain Q, = 52°6 tons, gives
V, =107, including the filling. The formula

. Qg Vo4 W@y ¥ .
of 78 then gives V = =2 2 T_"1-1 =129,

s valuo which we must increase a little,
because in the formule one of the bars of
the middle triangle has been regarded as a
brace; and, on this account, exempted from
the coefficient V, whilst in reality both bars
of this triangle should be able to serve, each
in its turn, either as strut or as brace.

To discuss the height of the girder, we
must first seck an approximative expression
of V in terms of the height. To this end,
let us consider, by way of example, a height
of 5 mttres; we shall then have Q, = 48°6
tons and Q; = 8°7 tons, and the free length
of the bars between the gussets will be about
4 mitres. For the one which is the most
heavily loaded, a section in the form of a
cross with four arms of 150/10, held together
by four angle-irons of 70/70/10, will give
V, = about 1°40; and for the weakest bar,
a cross composed only of a bar of 140/6 and
cf two angle-irons of 70/70/10, will give
V, = 2°40, We thence conclude V = 155,
say 160 on account of the observation made
above. Knowing the values of V for two
different heights, it is evident that we may
adopt nearly 1 +V = 1-70 4 0-194,

Substituting this expression in the for-
mula of the preceding section (case 2 for
N even), we find that the minimum expense
is given by a height -of about 4™-40. In
fact, with this height, we should have
1+ V=254, U 1'54, and, consequently,
the weight of the lineal métre descends to
350 kilogrammes, Q included ; whereas with
% =3m30, 14V =233, U=1-42, the
formula gives 870 kilogrammes. These
weights should be increased o little to
tako sufficiently into account the end up-
right picces, which really form no portion
of the girder, but serve only to support the
rail upon the abutment. It is obvious that
if the height allowed permits, it may be of
some use to increase slightly the height of
the plan, to carry it to 3™-60, for instance,
but it would be useless to go beyond thaf,
for the cross-pieces would increase without
giving any sensible advantago to the girder.
We might, in a more general manner, have
sought the most advantageous height, by
considering the wholo of the flooring. and
expressing the cross-pieces themselves as a
function increasing with A.

89. Girder of 56 métres bearing, with a load
on the lower side of 7000 kilogrammes the métre,
Figs. 1690 to 1700; p = 3000% (the girder
itself weighing 1300¥), p’ = 4000%, ¢ = 0°572,
m=40rN=8,8=TmL="7m

The load supposes both lines loaded
simultancously; otherwise, for one line only.
p' would not exceed 3000 kilogrammes, and
we might reduce by about } the weight of
the ﬁder, allowing it a strain of 7 instead
of 6 kilogrammes in the exceptional case of
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" The interval 3 can be raised o 7 mdtres only on the supposition that there are two crose-girders
for each section or division of flange, which subjects the bottom flar.ze to & deflecting strain; but
this at:,iin may be neglected, having regard to the forrr of the section and to the other arrange-
ments adopted.

The following Table gives the strains upon the pieces:—

Upper Flange. Lower Flange. ' Struts or Braces.

Numbers of the divisions,
or of the bars.. .. ..} 1 2 8 ¢ 1 2 8 |41112/38 4
Mexin.um strain, in tons.. | 892 | 369 | 204 | 172 | 886 | 837 | 289 | 92 { 51 | 94 | 141 | 192

The flanges are hollow and have a double vertical rib, which allows the bars to be very firmly
fixed. The two triangles next the abutment are besides provided at their extremities w?t—i jointe
plates forming & kind of fork, which enables the rivets, or at least many of them, to offer & double
section. By this means we may place upon each rib thirty rivets, twenty-four of which offer a
double section. This gives for the foot of the end brace, for example, a total of 108 shearing
sections, capable of resisting a strain of 216 tons if the rivets have 0m-025. The thickness of the
double vertical ribs is 0m*012. In the last {riangle it is well to strengthen them to increase their
resistance to & shearing force; this is accomplished by adding broad gussets of 0m:012. At the
foot of tho end brace there is no projecting gusset; but the thickness of the rib is doubled by the
'rojecting of a joint-plate.
" For the intermediate triangles, it is useless to have recourse to double shearing sections.

The struts have a hollow form, very favourable to resistance to compression, as the moment of
resistance is rendered as great as possible in the two directions. The transverse plate of 400/8 is
not reckoned in the resisting section ; it has been added to connect the other pieces of the bar so as
to render them solid, and this plate or flat bar constitutes the principal element of the coefficient V.
Its cffect is completed by three triangles or rods placed on the other side, at equal intervals,

The braces are composed of two pieces left unconnected, except in the middle bar, which is as
much a strut as a brace, and which, for this reason, has been stiffened by a continuous strip of plate
iron connecting the two picces. It would have been somewhat more economical to have substituted
a light lattice for this continuous plate; but it has the advantage of giving more body to the pieces
and of diminishing the pressure on each unit of surface. :

The girder weighs 75 tons, say 1293 kilogrammes a lineal motre of length (58 mttres).

- Thazﬂangcs with their joint-plates weigh 50 tons, say 862 kilogrammes the metre, which gives
=129,

The plates or gussets added to the end bars to obtain a double section of rivet, are in part
covered by the saving resulting from the fact of the lengths of the bars being a little less than their
theoretical lengths. :

The excess, 2050 kilogrammes, increased by the angle-iron forming a hand-rail, becomes
2400 kilogrammes; say = 42 kilogrammes & lineal meétre, or the 0°032 of the whole weight.

The bars themselves make up a weight of 22600 kilogrammes, not including the accessories
reckoned in 8. Hence we deduce V = 125,

Here the form favourable to rigidity given to the struts, would allow of the height being
increased without much augmenting V.

It would be reckoning liberally to take, for example, 1 4+ V =155+ 0:10% when near a
height of 7 mttres. The best height is then theoretically given by the equation 42 (4 4 7-75) = 1346,
and is about 9 métres. Indeed, with this value we should have V= 1-43, U 1-36, and, consequently,
the weight = 1-250 kilogramme per metre, o included ; whereas with A =7,V =125, U =1-29,
and O = 42, the formula gives 1295 kilogrammes, which agrees with the direct calculation.

These two weights, however, differ but little, which iustifies the adoption of the height 7 motres.
a8 being the more convenicnt.

90. The object of formule of weight is to enable us to compute the cost of a girder subject to
given conditions, without making a plan and a calculation of it. But, if we wish to attain a certain
cxactness, it will be well to consider approximatively arrangements which may be adopted, and

hich affect Uand V.

By way of cxample, let us suppose it is required to find the weight of a girder of the same
form as that of 56 metres which we have been considering, but the load of which is reduced by one-
half (8500 kilogrammes instead of 7000). It will be advisable to retain the hollow form of the
struts and the double-ribbed flanges; but these ribs may be, for example, 0m-400 broad by 0=-012
thick, for only half the former number of rivets will be required. If the least section of flange com-
prises besides a horizontal plate of 550/8 and four angle-irons of 100/100/12, it will become
sufficient in the middle when the height of the girder rises to 12 metres; so that we may consider

U=1:064060 = = 141,

The strongest strut supporting 96 tons = Q,, will have sufficient ngidity if we give it the
hollow form composed of two side plates of 350/11, a back plate of 350/8, and four angle-irons of
100/100/12; this would give to the bar a coeflicient », = 1°22. The weakest strut, for the strain

Q, = 25} tons, may be formed of two side plates of 220/6 and back plate of 350/6, and four angle-
irons of 60/60/8; this will make v, = 1-96. Consequently we shall compute the general coeflicient

of stiffness at V = g’ﬁ-%lﬂ =1-88.
With the values thus found for U and V, the formula will give 680 kilogrammes a; the weight
3a
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of the lineal mttre of gir-
der, a value which must be
Increased a little to include
{, remarking, however, that
this additional term will be
considerably less than in
the case of the doublo load.

The values of U and V
are rather high, but they
mnay be reduced a little by
adopting a less height than
7 metres, which will be war-
ranted by a load reduced to
8500 kilogrammes.

91, Tubles of Weights—
The best height is an im-
plicit function of the load,
in virtue of V which di-
minishes when the load in-
crenses.

We must, therefore, dis-
tinguish the case of girders
lightly loaded, supporting
only one rail, for example,
and that of girders heavily
loaded, or supporting the
whole line. In the former
case, we will suppose & =
0-11!, and in the latter

k= % A
If in the formula of 66,
we suppose RT% = 20000,

we shall have for a girder
carrying 3500 kilogrammes,
and having a height 0+11
of the bearing, U =1-06 +

—

4-8 % 20000x 011
3500 =139,
say 1°40; and for a girder
carrying 7000 kilogrammes,
and having a height equal

to %1; U=1-28, say 1-30.

V will be taken equal to
135 for light girders, and
1-25 for girders heavily
loaded.

With these data we
form the Tubles IX. A and
1X.n, giving tho valucs of

TFE o not included
that is, the weight of the
lincal mitre of girder, for
the given values of N and
¢, will be obtained by mul-
tiplying the corresponding
number of the Table, by the
quantity (p + p') {, and
adding a certain sum for
0, as will be shown hcre-
after.

If the girder were
loaded on the upper side,
the weight would beslightly
diminished when N is even,
and increased when N is

Therc 18evidently an ad-
vantage in taking N small ;
because in that case the
flanges decrease in weight
with the bars which ap-

nroach the direction of 45°.

1690.
chness 36.

1691,
Transverse section,
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92, Inlarge bridges, we may usually give sufficient dimensions to the vertical ribs of the flanges
to enable us to reduce to a comparatively trifling matter, or to avoid altogether, the addition of special
gussets. Thus the additional term 0, occasioned by the accessories, for I métre of girder,will increase
less rapidly than the bearing, whilst the weight of the metre of girder increases as the bearing. It
follows from this that the ratio of Q fo the total weight diminishes when the bearing increases.
For light girders, we must add to the numbers of the first Table a sum varying, for example, from
5 to 2 per cent., according as the bearing varies from 20 fo 80 metres, and for the heavy girders of
the second Table, from 6 to 3 per cent.

In the case of spans of 20, 60, and 80 metres, we may allow the following loads for girders
carrying either one or two rails:—

1=20m. l=60m. l=80m.
Girders carrying Girders carrying Girders carrying
One Rail. | Two Rails. | One Rail. I Two Rails. | One Rail. | Two Rails,
Kkilos. kilos. Kkilos. kilos, kilos. kilos.
Exterior dead weight .. .. 700 1400 700 1400 700 1400
Weight of the girder itself .. 300 500 900 1400 1200 2100
Moving load p* .. .. .. .. 2500 5000 2000 4000 2000 4000
Total load a metre, p + p'.. 3500 6900 3600 ' 6800 3900 7500

Let us suppose besides N = 7 for bridges of 20 metres, 8 for those of 30 to 60 mttres, 9 for 70
métres, and 10 for 80 metres; and let us add the sums for @ indicated above. We shall have the
following approximative weights :—

‘Métres. Mbtres. | Motres, Mi-tres.%M‘etros. Métres. | Métres.

Spams .. .o e e o e e 20 30 40 5 ; 60 | 70 80
Weight a metre of a girder carrying one rail). kilos, | Kilos. | Kilos. | Kilos. | Kilos. | Kilos. | Kilos.
_’£=0.1] . [ 205 405 | 545 | 680 | 820 | 1000 | 1220

460 | 685 | 910 ! 1140 1365 | 1690 | 2090
|

!

Weight a metre of a girder carrying two mils}

These weights offer a saving of 0°20 to 0°40 upon those of solid girders satisfying the same
conditions, see 119 to 185. This saving is due to the fact that, by taking precautions to ensure
the rigidity of the struts, we may have girders of great height without having a too heavy vertical

riion.
P 98. (irders having Vertical Bars.—If we suppose B = 90°in the girder, Fig. 1657, with a load on
the lower side, and express the bearing by N & (N being even), we shall have u girder with vertical
braces, which will weigh for each metre )

Nt 2
TP=%{m[wumz—1)+6N*V+V<N2—4>q3

+ A+ V)[ON* + (N* —4) g) 4} + 2.

If, on the other hand, a be taken equal to 90° we shall have a girder with vertical struts,
weighing .

P TR
T=%{WL4NU(N'_D+6N2+(Nz—4)qj

+A+ VN + (N =)} + 2.

In one respect, this latter weight will be less than the preceding because the coefficient V
affects fower terms, but in another respect, & will be greator, for it must include the lengthening
of the lower flange, which,according to theory, would have a total length of only (N — 2) 3, whilst
in practice it is absolutely necessary that it reach the abutments, even if tho strain upon the
extreme seetions should be nul,

The other analogous cascs in which N would be odd, or those in which the load would be
applied to the upper part, will be easily calculated by the aid of the formule given, 39 to 62,
But, as these girders with vertical bars are less advantageous than those having bars at an equal
inclination, we shall not consider them further. .

94, Qirders of Crosses, or Double Lattice—Girders of simple crosses, with or without vertical
stays, should be considered as a double lattice, and may be calculated by imagining that they
result from the juxtaposition of two simple latticcs. Now in every multiple system in which
several pieces simultaneously combine to resist a certain distortion which may be prevented by &
single piece, there takes place a distribution of strains that it is not always easy to discover
exactly when the conditions are complex; it may be computed, however, with some degree of
certainty when we take care to render the conditions of strain equivalent or comparable, The
general rule ig that the various pieces should undergo equal proportional extensispns, 2and that,

G
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consequently, they distribute among each other the total strain proportionally to their sections;
the strain & unit of section will be equal upon the several bars, with the exception of slight
differences which may proceed from unequal tension given at the time of fixing. But in the case
in which the strain acts by compression, the area of the sections does not alone influence the
distribution, rigidity interferes, and if the forms of the sections are different, it is difficult to know
to what degree a certain bar will yield, and another, and stronger one, to concentrate the load
upon itself. The way to avoid these uncertainties is to make identical the multiple pieces which
replace a single piece, However, with regard to multiple lattice-girders, this equal distribution
must not be considered from bar to bar, but from system to system, because the pieccs brought
together being more or less distant from each other, the stress may vary from one to the other. If
the whole is composed of n simple lattices, each of them will be calculated as belonging to a

girder supporting only the ;l of the given load.

95, Girders of Crosses and Vertical Rods.—If we consider first a girder of crosses and vertical rods,
for a load applied to the lower part, Fig. 1701, it is obvious that it may bo resolved into two simple
girders, one with vertical braces, the other
with vertical struts, and the formule of
which for the case of N even are given in 93.
But the weight will be less than the arith- w
metical mean of these formule, for theso x \
vertical rods belonging at once to the two by
simple component lattices, are subject to a
compressive strain on one side and to a
tensile strain on the other; and the maxi- &
mum strain upon them will be a constant < 2 |nor >

tension % (p + ') 8. The two end vertical

=]

bars must be excepted, the strain upon them, which is one of compression, being i— N=D3(p+70);

g0 that these two bars alone make up the same thcoretical weight as all the others, or rather more,
for, resisting compression, they reccive the coefficient V. We have thus as the total weight of the

N + 1 vertical bars the value 7 (N=1DQA+V)(p+p)dthand the main weight of the lineal
mttre of girder will be

F=A DU [inver-n+a+v (33 + T2 )]

+a+M[sae+aN-9+ T2 i} 4.

If the load be placed above the girder, the intermediate vertical bars will still support a
maximum strain of % (p + #") 3, but it will be onc of compression which will neccssitate the appli-
cation of the coefficicnt of stiffness; and as to the two extreme bars, they, too, will be strengthened
a little, for they will have to support directly the weight % (p + ") 5 placed upright with the

abutment, a weight which we had not to consider when the load was below, because it rested
immediately upon the masonry without passing through the vertical bar. Consequently we shall
have, for the case of a load on the upper side, and N even,

2=££_+_£'_)_t{ 1] [4NU(N’-1)+(1+V)(3.N'+N2;4q)]

] 22N \N%% "
+(1+V)(3N’+ _4q)h+24NVh}+n.

When N is odd, we have for the case of a load on the lower side,

P (N—1 e (N 418
A
+(1+V)h[12+£'2*'—1(6+q)]}+n;

and the changing of the load from the lower side to the upper will occasion an increase of expense,
because the intermediate vertical bars will have to be stiffened, and the end bars will have the
additional strain of a partial weight resting thr.ugh them upon the abutment.

But we shall see presently that a saving may be effected by suppressing the intermediate
vertical bars or rods, when possible; and if their presence is necessary, it will be for the purpose
of affixing the cross-pieces, or for other purposes foreign to the resistance of the girdor, so that it
will be more logical to-consider them as an accessory addition, their section being supposed as
given according to the duty they have to fulfil (see 100).

96. The wovden girders of Howe’s system have the form of girders of crosses with vertical rods;
but an essential difference from the point of view of resistance is, that the wooden crosses, merely
abutting the bearing-blocks, cannot resist by tension: under a given load, there is only one of
the bars of each cross that resists, whilst the vertical rods, each composed of several smaller ones,

«
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slways take a tensile strain; the system resists as a simple yielding lattice, that is, its form
changes according as the strain comes upon one or the other piece of each cross.

97, Girders of Crosses without Vertical Rods.—If we consider a lattice of crosses without intermediate
vertical rods, loaded on the upper side, Fig. 1702, we sce that it may be resolved into two simple
systems given by Figs. 1703 and 1704. Now the system of Fig. 1703 corresponds fo the case

a = B in 53 by changing 3 into 2 3, m into -I;, and reducing the load by half. Besides this, we

must add the two end vertical bars, the strain upon which is nearly l; (p + p) 8; they will weigh

14V
2

1 .
together 1 1+V)( b4 + p") { k¢, if we apply to them, insteaa o. V, the coefficient , Which
1702. 1703,

2(pp) ot Vula dd

MIDDLe

N

2

will simplify a little the general for-
mule, and which is warranted by the
fact that the thcoretical resistance
being considerable, there is no nced of
8 large coefficient of stiffness; besides,
the end vertical bars have already been
taken into account by the fact that the
total weight of the girder is obtained
by multiplying the weight of the lineal
mitre by the whole length and not by
the bearing only.

The system of Fig. 1704 will come under the case of a = B of section 50, but only under the

conddtion that the extreme weight be made equal to the other weights, instead of being gonly. On

(m+n)y ,
4m ]'
s value which extends to brace No. 0, as well as to the nth strut, and which supposes that the
weights applied to the several summits arc equal to p & or to (p + p°) §, according to the case.
202 (p+ p)d¥'ht [1'+ 2m? 41 ]

N sinig 12m?
a formula in which &' will be changed into 2 3, m into T and in which the load will be divided

by 2. For the flanges of this figure, we must also, in the formuls of 50, take into account the
modification of the load in the extreme summit.

Adding together the weights of the two component lattices, and dividing by the bearing, we
shall obtain as the weight of the lineal metre of girder, Fig. 1702,

this hypouuesis, the strain upon the nth strut or the nth brace will be Eﬁ,s"' [n 4+
.a

The total weight of the oblique bars will conscquently be

T2+t {10 S vea w1+ 550
+3h(N+2)(1+V)(1+%3 )} +a.

This formula obviously remains the snme when the load is on the lower side instead of the upper.
1t supposes N even, but may also be applied approximatively for N odd ; however, in this latter
case, it is better to employ the formula in 99.

98. The point of view from which we have eonsidered the question in the preceding section
offers the difficulty of a certain complication in caleulating the strains upon the various pieces, and
a8 & multiplo system leaves the distribution of the londs arbitrary, we take advantage of it in this
case to adopt & more convenient process. In the preceding method a brace bore the same strain as
onc of the struts to which it was fixed at the extremities, but now we shall suppose that both bars

of a cross are subjeet to a strain , F being the stress in the interval occupied by the cross.

2sin.
1t follows from this that in the two flanges, the sections or divisions situate perpendicularly to
each other will support also the sume strain (on account of the condition of equilibrium relative to
the horizontal projections of the forces), which was not the case on the preceding hypothesis ; this
strain is caleulated by the moment of rupture with respect to the centre of the cross; the total
weight, however, of the two flanges together remains the same as before.  As to the lattice, not
. o h - .

including the end vertical bars, it is represented b, (-l—;;in#g = F, en exprossion in which ZF

SLa

denotes the sum of the absolute maxima strains in the successive intervals, for the whole bearing, the
value of which sum is given in 6 for the two cases of Neven orodd. Adding the end vertical bars, the
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strain upon which is } N +1)(p+p)3, including the weight they directly support, and which

N+1 , . : ;

i i —_— 1k, we obtain as the total weight of the lattice per
will, therefore, weigh together TN (p+ p)) tih, we obtai ' g pe
lineal métre, in the case in which N is evgn, tlﬁezfollgwing cxpresm&t;: s »

1 . - - .

A+ VM {(N+2g+ —go)h+ (14 T 1) N ,
which differs only by & slight increase of the end vertical bars, from the value which enters into the
formula of the preceding section. This difference procecds fromn the fact of our having, in 97,attributed
10 these bars & mean strain between the cases of a lond on the upper and a load on the under side.

99. For N odd, we obtain the following weight of the lincal metre of girder, the latter being
calculull‘;lczd in the manner welzhnve just alluded to: . Nl

P -1 , . q

7w (P! {NM'}UN"' a+m(s+ 2‘1)] +3A+V) (N—1+6)}+‘0'
This formula may be admitted for a load on the upper or on the under side, for the situation of the
load occasions but a slight differenco in the weight of the end vertical bars,

On comparing the formule of the lattice composed of crosses, with those of girders of simplo
triangles with bars at an cqual inclination, we see that the difference consists essentially in this
fact, namely, that with crosses the weight of the lattice is modified as if the Iength of the intervals
& had been doubled, and, consequently, their number reduced by one-half. We ought, in general,
to adopt that onc of the two systems which brings the inclination of tho bars nearcst to 45°

100. Vertical Rods considered as a supplementary term.~—On comparing girders of erosses without
intermedinte vertical rods with those which possess them, we find that these latter have an excess
of weight represented by these additional rods, which thus form, from the point of view of the
resistance of the girder, a superfluous addition. Their usc is, in fact, limited to distributing the
load among all the summits both at the top and at the bottom, instead of affecting directly only
one of the flanges; but there is no advantage in this, because the horizontal space between the
points of application of the strains remains the same,

But these rods are useful in certain cases, chiefly in girders loaded on the lower side, to stay
the vertical portion and maintain its perpendicularity. We are justificd, therefore, in considering
this kind of girder; only, as the reason for introducing intermediate vertical rods is foreign to the
theoretical resistance, we shall reckon them as a supplementary addition, represented for the

h
rlj , in which = denotes the weight of the lineal mitre of rod. Theso

rods, which usually need be placed upon ome side only of the vertical portion of the girderpmay
have the form of u single T composed of a projecting strip of plate iron and two angle-irons. If,
for instance, for heights of 2 to 5 metres, these scetions are composed in the following manner :—

metre of girder by the ferm

Height % of the girder .. .. .. .. 2m ‘ 3m 4m 5m
Mean section of a § Projecting plate of .. | 130/10™™ 200/10 260/10 260/10
vertical rod { Two angle-irons of .. | 80/80/10 | 80/80/10 | 110/70/10 | 130/75/12

we shall conclude that » may be represented by 8 (2 + %), and, consequently, the additional term

for vertical rods will be §M£-fi@- . The rest of the girder will be regarded as expressed by

the formulee for lattices composed of crosses without intermediate vertical rods.

101, Ezamples.—First Example.—~Girder of Crosses without intermediate Vertical Rods, Figs. 1705
to 1707.—Data: ! = 24m, § = 3™, N = 8, 4 = 2m+50, p = 1000 (the girder itself weighing 300),
P’ = 2400% (one rail), p + p’ = 3400, ¢ = 0°706. .

Following the method of calculation set forth in 98, the strains upon the successive divisions of
the flanges will be, reckoning from the middle, 949, 826, 58°2, 214 tons; those upon each of the
two bars forming the successive crosses will be 82, 14°1, 20°6, 279 tons; and that upon the end
vertical bars 23 tons.

The braces are, like the struts, made of double angle-irons, in order that the rigidity of the
compressed bar may be identificd with that of a cross composed of four angle-irons by joining the
sections of the brace and the strut. For a bar in the middle, for example, the reduced thickness
of a cross of four angle-irons of 70/70/8 millimetres will be 0=-08; the ratio of the free length to

this thickness is (2)—33 or 85, which requires a cocfficient of stiffness = 1-56, With tho section
adopted, this coefficient is 155, a value which is all the more sufficient because the rivetings at
the extremities of the bar amount to a joining of the motal.
The fixing of the extreme bars requires the application of joint-plates to give the rivets a double
resisting section: we obtain by this means twenty sections, which is amply sufficient.
Direct calculation gives for the whole girder :—
Angle-irons and vertical ribs with their joint-plates .. 2750 "
Flanges {Horizontal plates .. .. .. .. .. o . .. .. 2850 5600

?mcs and struts .. .. .. .. o' to tho hars ot the 1550 7500«
oint-plates and filling-plates affixed to the bars at the
Bars point where they cross .. .. .. .. . .. . 140 1900

Two end vertical bars .. .. .. .. . .. .. .. 210

Sany 300 kilogrammes per meétre of girder.
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Theflanges weighing 224 kilogrammes the metre of girder, whilst the formnla in 97 gives them
167U, we have U 1-34.
'he bars amount to 1900 kilogrammes, 140 of which are for the special pieces for fixing the end

bars and the plates which are aflixed to the bars at the points where they 706 1707,
cross each other ; but these 140 kilogrammes are nearly compensated by the ap, mm,.xe. ed, max.ses.

saving resulfing from the fact that the bars huve not quite their theorctical
length ; so that we may suppose Q nul, and take then V = 1°30, at which we

- ‘i

~300-;

arrive froma comparison of the weight l-ggg = 76 kilogrammes. resulting from

the calculation, with that of 33 (1 + V), furnished Ly tho formula.
If we admitted 1 4 V = 1-95 4+ 015 7, the best height would result from
the equation 120 = (2°65 + 0-408 2) /2, and would be about 5 mitres, a great
" value which proceeds from the extreme lightness of the lattice; but it is

prudent not fo exceed tho height of 450, near which we cannot practically ’ 3 ”:'“
reduce the section of the flanges. ;‘_M&
A greater diminution of the height is warranted by the small variation of WETais

the weight and by the advantage of diminishing the importance of the exterior tie-picces. Yet,
if the height allowed be unlimited, we shall do well to take a height of 8 mitres. instead of 2 -50
as in the plan.

1§ the load were doubled and made 6800 kilogrammes the metre, everything included, it would
be easy to reduce U to 1-25, and V to 1°15, even if the height were carried up to 3™ 50.

102. Second Example—Girder of Crosses and without Vertical Bods, for a Tubular Bridge of T2 métrcs
span, Figs. 1708 to 1717.—Data: i = 727, § =87, N =9, 1 = 97, p = 3000% (the girder itself
weighing 1700), p’ = $000%, p + p’ = 7000k, ¢ = 0°5714,

When one line of rails only isloaded, ' amounts to only 3000 kilogrammes, which will allow us to
reduce by } the weight of the girder if we do not object to raise R to 7 kilogrammes the square milli-
metre for the very exceptional case of two heavily-laden trains crossing the bridge at the same time.

The strains upon the portions of the flanges, reckoning from the middle to the ends, arc:—498,
473, 398, 274, and 100 tons; the strains upon each of the two bars of the crosses = 24, 52, 82, 115,
and 150 tons; the end vertical bar support 112 tons,

In the elevation of this girder and some others we have been obliged to exaggerate slightly the
thicknesls]es of the horizontal plates of the flanges in order to reuder the arrangement of them

nereeptible.
! The strats have a double ‘T scetlon, offering a great moment of resistance in the direction normal
to the vertical portion of the girder. In the plane of this vertical portion, the free length being
only half, the rigidity is sufficient with the scctions adopted. We might, if necessary, take the
sections of & hollow form, as in Figs. 1690 to 1700. .

The braces are composed of two « al and parallel pieces enclosing the strut, and are fixed
externally to the vertical ribs of the flanges; but wue two burs of the middle cross are identical and
in the form of a double T.

In fixing the end bars, the double rib allows us to place eighty rivets of 0m+025; so that it is
useless to double the shearing sections. The thickness of 0m*012 given to the ribs renders tearing
away impossible. )

The gussets at the point where the bars cross each other serve not only to cormect the brace and
the strut, but as joint-plates for these pieces. But for several bars at the end, composed of two
thicknesses of plate, this gusset can cover the joint of only one plate ; the joint of the second plate
is then made to fall in another place where it has special joint-plates. The angle-irons of the bars
may be continuous throughout the length.

The following is the result of the calculation :—

: rinei; e ee ee eeew .. 10505
Angle-irons {gordel?al Lo eess
Double vertical ribs ve e e e e .. 22380
Flanges { Special joint-plates for angle-irons, and so on .. 35560 ) 87840, say 879000%
Horizontal plates with their joint-plates .. .. 48120
Plates between the vertical ribs, at the ends of
each cross-girder .. .. .. .. .. .. .. 450 122500¢
. Struts and braces .. .. .. .. .. .. .. 27630
Bars ..{Two end vertical bars .. .. .. .. .. .. 4270 .. .. 34000
Plates at the point of crossing and joint-plates .. 2100
Hand-rails o0 o0 ov e er er er er en o er e e e . 600
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It followsfrom this
that the mean weight
of the lineal metre of

irder will be 1630
mmes, P
%Vr: might make S
up an additional term
2 by taking, in the
flanges, the border
angle-irons which do
not enter into the
theoretical resistance,
and the plates at the
ends of the cross-gir-
ders; and in the bars,
the plates at the
points of crossing and
the joint-plates; to
this might be added
tho hand-rails. But
we should have to
deduct tho saving in
the length of the
bars, which does not
reach the theoretical
length; and this sav-
ing more than com-
pensates the weight
of the light pieccs of
railing. The plates
upon the bars and
their joint-plates may
enter into V, for these
pieces aro a function
of % in this sense that
a less height would
allow us to suppress
tho joint-plates and
reduce the dimension
of the plates. The
accessories of the
flanges may be in-
troduced into the co-
efficient U. From this 3
point of view, we shall ~
regard O a8 nul, U

If we admit that
when near the most
economical height, 1
+V increases accord-
ing to the law 1 4
V =135+ 010 &
and that U isreckoned
as only 106, accord-
ing to the rule given
in 64, the best height
will result from the
equation 0°-807 A3 4
5°45 A2 = 2726, and
will be 13 mdtres.
Indeed we shall then
have V=165 U
=150, and the weight
of the girder & metre
will be brought down
to 1510 kilogrammes,
whilst for 2 =9, V
=1-25and U =1-36,
the formula gives
1626 kilogrammes.

103, Third Ezample.
—Girderof Crosses and
with Vertical Rods, of
40 métres span, Figs.
1718 to 1725.—Data :
I = 40m, 3§ =.4m

Transverse section G H.

Scale 0°005 for the elevation ana transverse section, 0020 for the detnils,
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826 BRIDGE.

N =01%6 h = 4m:50; p = 25005, p" = 3200 (one line of rails loaded), p + p’ = 5700%
g =095, ’

In the exceptional case in which both lines are simultaneously londed at the rate of 4300 kilo-
Eflaml:iles a metre each, the bridge will be subjected to a strain of about 7%-2, and this may be

owed.

Successive strains upon the portions of the flanges = 248, 228, 188, 127, and 46 tons;

Buccessive strains upon the bars = 16, 28, 41, 54, and 68 tons;

Strain upon the end vertical bars = 51 tons. )

In order to fix properly the struts in the double I form, whose greatest stiffness is in the
dircction normal to the vertical portion of the girder, double vertical ribs to each flange have
been adopted, as in the preceding example. The bruces are of flat, equal and parallel bars
enclosing the struts, except in the two middle crosses, in which the flat bars are replaced by two
angle-irons of 110/70/11 millimetres, because, in certain positions of the load, theso bracos may
have to bear slight compression.

The bars bearing the greatest strain are fixed without having rccourse to double shearing
sections, for 20 or 24 rivets may be placed upon each of the two ribs, and this is amply sufficicnt.

. Z‘Ihe mtgermediate vertical rods serve for affixing tho cross-girders. The following is the result

of calculation :—

Angle-irons and vertleal ribs with their joint-plates .. 13300 =
Two flanges { Horizontal plates and their joint-plates ! . P .« .. 10200 } 23500 34000%
Oblique bars (including 100 for plates) .. .. .. 7200 )
Lattice .. { Two end vertical bars with their gussets .. .. .. 1450 } 10500
Nine intermediate vertical rods .. .. .. 1850

Thus the girder weighs 815 kilogrammes per métre, its whole length being 41=-80.

The term Q will be nul, for the bar-plates amounting to only 100 kilogrammes, do not even
compensate the saving upon the length of the bars.

The flanges amount, according to calculation, to 563 a metre, and according to the formula
435U; honce U = 1°30.

The oblique bars = 207 according to calculation, and 90 (1 4+ V) according to the formula,
Therefore V = 1-30.

Supposing 1+ V =175 4+ —; h, and expressing the vertical rods by an additional term

M_{Z_ﬂ’ (100), the most economical helght will be 5@-90, which will allow us to con-

struct a tubular bridge, and to suppress the intermediate vertical rods. Thus for bridges of two
girders of morc than 40 mttres span, we may adopt the tubular system in preference to girders
Ioaded on the lower side, if we desire to obtain greater stability in the girders.

104. Tables of the Weights of Girders—The best height to adopt is an implicit function of the
load in virtue of the cocfficient V, so that the height of heavy girders may be inereased a little.

If for girders lightly loaded wo supposc 2 = 0°114, U =140, V = 135, and for girders

heavily loaded % = -é— !, U =185 and V = 1'30, these coefficients will allow us to suppose &
nul, and by applying the general formulm (97 and 99), we may construct the Tables on p. 827,

giving the values of W—-——p,—p—; that is, the weight of tho lineal mettre of girder will be found
by multiplying the numbers of the Tables by (p + p') L.

The least expense corresponds to N = 8 in the first Table, and to N = 7 in the second. These
values give, having regard to the heights adopted, directions to the bars a little less than 45°
upon the horizontal, since the Tables decrease with N.

If there be intermediate vertical rods, they must be added as we have scen in 100, which is

/ I/
equivalent to adding to the numbers in the Tables the quantity -S(I:)—;_QT)tEQ .

105. Supposing loads similar to those which were taken for girders of triangles (92), the weight
of the girders themselves only being slightly reduced in a few cases, and faking the same values
of N, namely, 7 for a span of 20 métres, 8 for spans of 30 to 60 metres inclusive, 9 for 70 mitres,
and 10 for 80 metres, we shall have the following approximative weights for girders without
intermediate vertical rods.

Matres, | Mdtres. | Mdtres. | Mtres.| Mtres. | Métres. | Motres,
Spans .. .. .. . o o e o . 20 30 40 50 60 70 80
Weight of tho linoal mitre of girder carrying Kil_os. Kilos. Ki‘los. Ki.lus. Kilos, | Kilos, | Kilos.
onorail (h=0-110) .. .. .. .. .j 260|385 | 520 | 650 780 | 940 | 1140
Weight of the lineal mttre of girder cmying}

oneﬁnedfmﬂs(h:%l) o 445 | 670 | 880 | 1100 | 1310 | 1590 | 1900

It will be seen that in large spans these girders of crosses without vertical rods offer a small
saving over those of simple triangles (92), because the supposed values of N allow of the bars
being placed nearer tho inclination of 45° and because in the double lattice the strains upon the
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struts and braces are less, and, thercfore, the several parts may be fixed without the addition of

supplemen ieces. .
p{’OG. Fﬂigders with vertical rods calculated as in 100, tho Table will become on the

hypothesis of the same heights, although there may be occasion to reduce them & little in
this case :—

|
Meétres. | Métres. | Métres. | Métres, | Motres. Mbh'es.lMé‘tres.
Bpans .. .. .. . o w20 30 40 50 60 70 80
Kilos. | Kilos, | Kilos, | Kilos. | Kilos. | Kilos. | Kilos.
Weight of the lineal fcarrying one rail .. .. | 285 | 420 | 565 | 700 | 840 | 1020 | 1235
metre of girder one line of rails | 475 | 720 | 940 | 1170 ' 1390 | 1690 | 2020

”

being weights differing but little from those of girders of simple triangles (92).
107. Double Crosses.—In cases of limited height, or in those of small girders, if we happen to

have 4 < J—a__ we may place two crosses in an interval & comprised between two successive points

of applioation of the load. In this case, the weight of the diagonals will be modified, sin.? a being
changed into 3 sin.? o, o' represonting the greater inclination obtained by the doubling of the

crosses. The flanges depend only on the dis-
tance apart of the loaded points; the vertical
rods, if there arc any, will be placed square
with the cross-girders, in every second cross,
Fig. 1726.

Confining ourselves to the case of N odd,
the weight of the metre of girder may be &

1726.

A

somputed by the formula
P -1+t _l'_[ ; 1 ]
T 28N {N’h 8NU+30+V) (H'Eq)

1

when the load is placed upon the lower part ; and by

_l’i-_-(N"‘?g(ﬁ""")‘{N—’:E [sNU+sa+m (1.,.%(1)]

+124 [;,{‘1+(1+V)(1+%q)]}+n.

if the load is on the upper part. The coefficient V is applied to the end vertical bars as well as to
the other bars under compression.

108. Multiple Lattice-girders—QGencral Observations—A multiple lattice may usually be con-
sidered as resulting from the superposition of several simple lattices, at least if we omit to consider
the connection at the points where they cross cach other.  The component simple lattices may be
of different systems, as it happened in the case of girders of crosses; sometimes, in such cases,
certain bars participate simultaneously in the composition of two clementary lattices; and if they
are acted upon on one side by a force of compression and on the other by a force of tension, their
resulting maximum strain may be limited to a small value, as in the case of vertical rods con-
sidered in section 95.

We are now about to consider exclusively another kind of multiple lattice, resulting from the
union of several simple lattices, identical in form, but placed one before another. Thus, in Fig.
1727, the system A lg CD is a simple lattice, but we shall form a double onc by superposing the
parallel lattice A’ B’ C', and this duplication will
enable us to distribute the load applie«f to the girder ,
over a double number of points, without subjecting A B ¢ D E
t(l:dportions of the flanges to a deflecting strain. The 3
load may be applied to all the summits or only to
some of them. But even if all the loaded summits
should belong exclusively to one of the elementary
lattices, all the bars will take part in the resistance, A B C D E’
for in virtue of the rigidity of the portions of the
flanges a parallelogram such as BCE D cannot be distorted by the lengthening or shortening of
the bars B C, D E, without producing a change in the intermediate bar ¢’ 1. Thus it is usual to
calculate first the strains in a simple system as A B C D, and then to divide them equally among
the whole of the bars. The flanges are regarded as loaded in a continuous manner,

The connection at the points of crossing enables a bar to receive variable strains at the same
instant in its several subdivisions, and the vertical portion of the girder thus possesses a certain
moment of resistance. But these secondary considerations are never taken into account.

The theoretical weight of a multiple lattice must, thercfore, be obviously the same as that of a
simple lattice the bars of which have the same inclination. But in practice each system has its
advantages and its disadvantages, and may modify the expense in one direction or in another.
By multiplying the bars we incur excesses of section, because the theoretical strains become very

1721,
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small and would require dimensions which the importanco of the glirder would not allow: the
Elates, too, on the points where the bars cross each other increaso in proportion. On the other

and, o multiple lattice may always be traced near 45° whatever the interval hetween the cross-
girders may be, whilst with simple bars we may bo obliged to have recourse to less advantageous
inclinations, From the point of view of rigidity, if the multiplicity of the points of crossing offers
the advantage of subdividing the bars into portions of inconsiderable length, on the other hand
the sections decrease, the vertical portion of tho girder acquires a tendency to twist like a thin
sheet of iron, and we are obliged to remedy this disadvantage by the addition of stiffening vertical
rods, At the ends of the girder, a certain number of the elementary lattices forminate by frag-
ments of bars which are fixed at different points in the height of the end vertical bar. Th
bar would, therefore, have a tendency to bend if the precaution were not taken of replacing it by
a broad piece of solid plate iron stiffened by projecting ribs,

1t secms, therefore, preferable not to multiply beyond a moderate degree the systems of lattice,
but to construct them of bars possessing the greatest possible rigidity. It is only in cases in
which the rivetings hecome difficult that we should have recourse to the multiple system,
for then the bars, being weakened, may be fixed by a very small number of rivets. Thisis the
principal consideration which should decide the degrec of multiplicity,

As to the comparative scourity of simple and multiple lattices, provided the joints and rivetings
are equally solid, they may be regarded from this point of view as cqual. If the bars were of cast
iron or of wood, it might be objected that a defect in a single piece would be sufficient to ruin &
simple system, whilst in & multiple system the resistance never falls upon a single piece. But in
bridges of malleable iron, this ohjection would be specious, for & bar should huve such a section
that it may be composed, in almost all cases, of several pieces riveted together; consequently, a
defect in one of the pieccs will be protected by the other sound parts, and it may happen that all
the elementary picces may be defective without the whole breaking, if the defective portions are
isolated bﬁ'nthe rivetings ; the only result in such a case being a greater strain upon the sound
portions than was anticipated. In those parts in which the strains are inconsiderable, & multiple
system will offer in general a great excess of resistance, buf it will be at the price of an excess of
material, and we might, if we chose, increase the sections in & simple system to obtain an equal
additional sccurity.

109. If the inclination of the bars remains constant when the height varies, the lattice will
have, theoretically, a nearly eonstant weight; in order that the flanges may be supported at the
same intervals, the multiplicity of the lattico must increase with the height, Indeed, even when
the general rigidity of the vertical portion of the girder resides chiefly in the addition of projecting
ribs, we must reckon upon a surplus cxpense for the local rigidity of the several portions of the
compressed bars, and for other conditions which must be fulfilled, principally not to reduce the
sections below & certain minimum, not to make a continuous variation from bar to bar, but only
by successive groups, to take into account in certain cases the weakening occasioned by the rivet-
holes, and so on.  We may affect the whole of the lattice with & coefficient V, but in analogy
with the notations cmployed for girders of triangles or crosses, in which V was specially applied

to tho struts, we will denote the general coefficient by 1 ; v s (82),

110. The stiffening vertical rods may serve also for affixing the cross-girders, and the vertical
cross-bracing, Their scetion increases with the height, but may be taken nearly constant with
the load in the ordinary cases of railway bridges, for they will thus'add, as they should do, a
relative increase of strength which will be the greater as the lattice becomes weaker and more
liable to distortion, For the same reason thoy may be made to vary but little in the several points
in the length of & given girder.

Instead of placing only one vertical rod in a line with each cross-girder, it may be advantageous,
if the distances 3 are great, to have two for each interval, placing them alternatively on cach side
of the vertical portion of the girder when nothing prevents. Or we may place principal rods in &
line with the cross-girders, and other weaker rods in the middle of the intervals,

lpafi us suppose adopted as a mean, for the case of one rod to the interval 3, the sections given
in Fig. 1728. .
Helght of the girder , am am 4™ s> 1B, o=  red o™ A

NS A W N |
" mae}

sl el maﬂ'r
-

L T
T
Wogitottelhml 1 if o o 75k of sk ok s
The weights given by this figure may be put into ﬂ:e formula 15 %, 8o that the weight of the

154
r0ds & lineal mdtre of girder will be represented by -

. 2 . N
111, Formule of Weight.—The flanges will make up & weight ﬂ;’%__‘_’ 8 lineal mitre

of girder, regarding the load as continuous. The bars at 45° give I-LX (r+r)E+9 it
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The end vertical bars transmit to the abutments the strains upon the bars which are fixed at
different points in their length; their section should theoretically increase from the top to the
bottom, and as their mean compression is equal to half the reaction of the abutment, that is to

}(p + p') i, their total weight will be %(p+p')tlh, say % (p+p")th per metre of girder.

But, in practice, this is insufficient, and, as we shall see by the examples hereafter, it is necessary
to add to each extreme bar two vertical stiffening rods similar to those described in the preceding
section; we thus obtain at once the necessary rigidity, and an increase such that the section will
be everywhere superior to the theoretical value, and will, therefore, not need to vary from tho
bottom upwards.

60 A2

This addition of four vertical rods will give, to a mitre of girder, a term -5 admitting the

sections of Figs. 1729 fo 1731; and if therc arc already intermediate rods to the number of % -1,
1—3%
4

the term including all these additions will be 15 2

To sum up, we shall have the weight of the lineal metre of a lattice-girder with vertical rods,
by the formula

P NEtU 14V 1 1+82
7=+ gt +P) 6+ it+ 5 (p+P)Eh+ 15K -I,-; +a

112, Suppose 1 4+ V = a + bk, this formula becomes
P lztU a , 1 »
7=+ G+ (P+N G+ Dlt+5 (P+)E

bl
[1+ﬁ(6+q)]k+15h=“;635+o.

h(l+389)
(r+p)ise

, and it would reduce the weight of

If the ratio d were regarded as constant, and we made = 6, the most advan-

)

U

3+%bl(6+q)+900
the metre of girder to the minimum value, U

tageous height would be %, = l\/

P 1 ]
7‘= (p+p’)lt{§ '\/U [3+%bl(6+q)+909 + 2%(6+q): + 0.
If, instead of #, we adopted a different height & = « A,, the term of the radical in the preceding
2

expression would be multiplied by d ;; -

But usually 8 is a fixed quantity, unconnected with %, and the most cconomical height is then
determined by an equation of the third degree.

113. When the lattice-bars have sufficiently rigid forms to allow the vertical rods to be
suppressed, the weight of the girder will be found by the formula

P 1 L [ur 1 60 %
T=a [y g+ VO DIFA]+ T+,

114, Ezamples,—First Example.—Flat-bar Lattice-girder with Vertical Rods, Figs. 1729 to 1731.—
Data: [ = 2750, 3 = 3™ 00, p = 1100%, p’ = 2400%, p + p’ = 3500k, ¢ = 0°686. ]

The flat form which the bars have in this case is the least favourable torigidity, but it enables
us to place the vertical rods in a projecting position upon cach side of the vertical portion of the
girder, without weakening in any part the scction of the bars. The lattice is multiplied eight
times ; the bars of which it is composed vary from 130/14 millimetres to 60/12, both for compression
and tension; for here, the bars being weak, it is well to give, even to thore subject to tension, an
excess of section on account of the loss occasioned by the rivet-holes. In a linc with the cross-
girders, at intervals of 3 mttres, the lattice is enclosed by vertical rods formed of two angle-irons
of 80/120/10 millimtres, one on each side; and in the middle of the intervals there are single
rods formed of one angle-iron, T'he weight of all these rods to each lineal mctre2 of girder is 42 kilo-

.15/ .
grammes; this result agrees with the formula which, for & =3, gives ~ = 45, the weight
42 kilogrammes, not including certain pieces used to fill up the hollows in fixing the rods. The

f the flanges and the lattice the former shows

figure contains plans or diagrams of the resistance o £ .

the arrangement of the horizontal plates and their joint-plates. In the diagram of the lattice the
ordinates of the curve represent the strain upon a bar to the scale of 24 millimttres a ton or the
necessary theoretical scetion, abstracting the rigidity to the scale of 1} millimttre a square
centimdfre ; the broken line is the locus of the sections really adopted, or the strains to which the
bars would be liable if they could be subjected to a stress of 6 kilogrammes a square millimetre,

The weight of a girder is made up of the following quantities:— .
Flanges, including joint-plates i e e e e e T600K) oqmg
Bars at 45° (including 270+ for plates) .. .. .. .. .. 3300 [ j13000i%%
Vertical rods (including 70 for filling) .. .. .. 121 0} 2070 | 4558 mdtre,
End vertical pieces .. .. .. 0 w0 e . 860
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The formula of 111 will be made to agree with the results by supposing U = 1:39, V = 2-16,
and 0 = 12 kilogrammes say the 0026 of the total weight., The term Q includes the plates upon
the bars at the points of crossing and the filling used in fixing tho vertical rods, The value of V
is high, because the tension-bars have been increased, as well as those subject to compression ; the
discontinuous variation of scetion by groups of bars is also a source of loss. Yet, notwithstanding
this high value of V, the rigidity of the lattice is o us less satisfactory than in the girders of the
following examples, in which the bars have a better form.  If the lond wero double, V could bo
reduced casily to 1-90. The vertical rods agree with the hypotheses of the formula by taking
3 = 8 motres, that is, by considering the single rods as borrowed from the double or prineipal rods,
which are to an equal extent weakened.

The end solid vertical picees are also conveniently represented by the formula, for the term

-;— (p +2")1th gives 188 kilogrammes, four rods give 60 42 or 540, and the 860 kilogrammes of the

enleulation will be completed by the fact that the total weight of the lattice proper is calculated
for the wholo length of girder instead of for the bearing ouly.

If we suppose V 4 1 = 285 4 0°27 h, the most advantageous beight will be obtained from the
equation 608 = (11°69 + 1327 &) 4%, wheneo & = about 330, Reckoning in this case U = 1°42,
the minimum weight will be 452 kilogrammes, including 12 kilogrammes for 2. L

Tt will be scen that the reduction of the Leight to 3 mitres Las not increased the weight in any
sensiblo degree.

115, Second FEzample.—~Girder with Riqid Struts and with TVertical Rods, Figs. 1732 to 1741.—
Data: I =64™, 5 = 4™ h=8™ p = 8000, p' = 3000k (for the case of a single line loaded with
2000%), p + p' = 6000%, ¢ = 0-50. .

Hero we adopt a mixed system, better than the preceding ; the verticel rods are placed upon
one side only of tho Iattice, which enables us to place on the other side oblique bars with pro-
jecting ribs, and arranged fo resist compression; in the middle only, a few braces are _ma.de of
angle-iron, boeause in certain cascs they may be subject to compression. These angle-irons are
then cut awny in & line with the vertical rods; but their resisting section remains intact in the
portions of their length where they have of themselves to xesist compression, producing a deflecting
strain,
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This system is of itself sufficiently rigid to allow the 1738,
tion of a more open lattice than in the case of flat bars; an Flanges.
in fact, notwithstanding the considerable height of the girder, Ca .o o
we have multiplied it only ten times. The vertical rods weigh " SECTION OF LOAST.INICKNESS] +

only 145 kilogrammes & métre of girder, instead of 240 kilo- ]
mmes, which the formula of 111 would allow. This gain is
ue to the rigidity which the struts already possess.
The following is the result of direct calculation :—
Angle-irons and vertical
- rilbs with their joint- ;20000%
anges plates .. .. .. .. 55500
Horizontal plates with | o~r
their joint-plates .. }35"00 9?232;':’

Bars at 45° including 1000% for S
plates and ’joint-plates PR }25200 34500 m;:;e of
Vertical rods, with their filling .. 9300 girder.

End solid vertical pieces .. .. .. ..
These quantities correspond with U =125V =180, 2 = 15
(for plates on the bars), or 0°01 of the total weight.

For the end vertical pieces, the term —;— (p+p)Ikt gives

2000 kilogrammes, four vertical rods according to the formula
will amount to 3840; these two amounts added to the weight
furnished by the hypothesis that the lattice extends along the
bearing upon the abutments, will give more than the 6000
kilogrammes obtained by direct ealculation. ‘\.7

If the height be increased, and the same degree of multi~
plicity, and the same distance between the vertical rods re-
tained, the latter being suitably strengthened, V will vary
but slowly on account of the rigid form of the compres-
sion-bars, Suppose, for example, 1 4 V = 2-40 4 005 4,
U =106+ 00244 0 =15, and reduce to 10 4z T:‘ ® the
term for the rods, the weight of the mttre of girder with the
present data, but for an indeterminate height, will be

L]

% = 5645 % +10°66 % + 2:97 4 + 468,

The minimum is for & = about 9™30, and its value is 1430 ,’, iR
kilogrammes, whilst for the height of 8 mettres the same for- ¥moeaan- —~ 600 ......._.mw

mula gives 1450 kilogrammes., The height may, therefore, be 1738,
again slightly r:duced, without much disadvantage: taking
it at 7 metres, for example, the weight would not exceed 1495 kilogrammes a métre.

116. Third Ezample.— Rigid Lattice-girder without Vertical Rods, Figs. 1742 to 1747.—Data:
1 =40m h = 4m-50, p = 2200% (the girder itself weighing 900), p’ = 3800% (the contiguous line
only being loaded at the rate of 4300k a mitre), p + p’ = 6000, ¢ = 0°633.

The lattice isonly sixfold. All the bars are of a rigid form, and the connection at the points of
crossing utilize the rigidity of the braces in favour of the struts. The bars on one side of the
lattice keep the same direction throughout the length of the girder, so that no projection is cut
away. Calculation gives

Vertical ribs and angle-irons with their joint-plates 7500% 37200", sa;
Fl”'nges{Horimnta.l plates wi%h their joint-plates .. 16900 } 24400 890 a 7
Lattice-bars (including 300k for gussets at the points of crossing).. 10300 J métre of
End vertical pieces we er er e eseraeweee e 2000) girder.

These quantities correspond with U = 1:26, V =190, and &8 = 7%, say the 0:008 of the total
weight; V might be reduced if, instead of having only four series of sections for the bars, we varied
them in a continuous manner.

If, when £ varies, we suppose U = 106 + 0-046 4, and 1 + V = 1-55 4 0°30 4, the formula of

2205
113 will become with the other data of the present example, l;- = 2].—0 +29-8. %415 A% 4 236.

The minimum for a height of 6m°70 will be 831 kilogrammes a metre, instead of 890 as for the

girder in the plan.
117. Tables of Weights—We will suppose generally the following loads, which differ from those

of 92 only by a small increase in the weight of the girders :—

Girders carrying one rail, Girders carrying two rails,
= 20m 60™ 8™ .. . 20m 60™ 8om

p + p’ = 3600« 3600 4000« .. .. 7000% 6900« 7600%
g=0'695  0°556 0500 .. .. 0714 0580 0576

Let us suppose again far girders carrying one rail, 2 = 0°11/, U =140,V = 2:20, 2 = 10
and for girders londed with two rails, s = =/, U =180, V=190, and & = 15. The formula of

8
118 will give us the following Table. s
1
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‘BRIDGE. ’ 835
Weight a lineal métre of rigid multiple lattice-girders.

:MMm. Mitres. | Motres. | Mdtres, | Metres, | Matres. | Mbtres,
20 80 40 50 60 1

70 80

Bpm “w .o o .
Kilos, | Kitlos. | Kilos. | Kilos. | Kilos. | Kilos. | Kilos.

Girders carrying
only one mil..} 815 | 465 | 610 | 760 ; 910 | 1125 | 1335

Girders carrying '
il } 510 | 750 | 990 | 1280 | 1465 | 1800 | 2135

Geonerally girders carrying two rails may be relieved of a portion
of their load, if we allow a strain greater than 6 kilogrammes the
square millimitre for the accidental case of two heavily-laden trains
crossing the bridge at the same time.

The weights in this Table exceed those of girders with simple
crosses (105), but are considerably below those for girders with a solid
rib (129, 130, 133).

118. For lattice-girders of flat bars, with stiffening vertical rods,
V can receive hardly any reduction, and the weight will increase by
the addition of the rods. The latter form a rather arbitrary clement;
but on the hypotheses made in section 110, and by giving to & & value ~le 0ey
varying from 2 to 5 métres, according as the span varies from 20 to
80 metres, we may admit the following figures, which suppose the adoption of the same heights as
in the preceding section

Weight of the métre of a flat lattice-girder, stiffencd by vertical rods.

] . 1
Métres. | Matres. | Matres. , Matres. Métres.'Mhtrcs.lMétreL
Span .. .. . e e e 20 30 40 « 50 60 70 | 80

Kilos, !

. Kilos. | Kilos. Kilos | Kilos, ' Kilos. | Kilos.
Girders earrying onlyone rail .. oo o« .. | 850 | 530 710 | 890 | 1075 | 1320 . 1570
" » twomils. .. .. .. .. | 560 | 835 | 1115 1400 | 1675 | 2055 | 2435

‘We may, in the case of vertical rods, adopt heights a little less; but the weights will change
onlyein a very small degree.

When the vertical rods are on one side only of the lattice, as in Fig. 1732, we may make half
the bars at 45° rigid, and reduce in consequence the weight of the rods. The value of the girder
will then be between those of the Tables in 117 and 118.

119. Solid Girders.—Vertical Portion.—The sotid rib or web is exclusively employed for all kinds
of girders of small dimensions, such as cross-girders and minor longitudinal girders. We have
already given in 13 to 19 the rules applicable to these kinds of pieces.

We purpose now to cxamine girders of greater importance, for there is an appreciable interest,
in this case, in submitting the plates of the vertical portion and the pieces which give it rigidity
to a more minute discussion.

Denoting the height of the girder by %, and the variable thickness of the vertical portion by e,

the theoretical volume of the latter will be expressed by 4/ ed «, or by 1% / Fd z, according to the

value of ¢ given in section 1. Replacing the area fF dz of the locus of the stress by the value in
section 4, we shall have for the whole bearing: theoretical volume of the vertical portion

120. Comparing this cxpression with the theoretical volume of a multiple lattice at 45° without
1
vertical rods, namely, Z';T (p+2) (l + 5 q) (1 +V)i?, we see that if R, were equal to R,
1

the solid rib would have only a volume equal to that of the braces in a multiple lattice, or equal to
half the volume of this lattice, supposing V reduced to unity.

We may conceive this fact by imagining the solid rib split into a great number of strips at 45°,
placed so as to form the tension-bars of a multiple lattice: these bars in mutual contact will press
each other laterally, and these pressures will render useless the addition of struts; for a rod subject
to a tensile strain at the rate of R kilogrammes the unit of section, may also be compressed at the
same coefficient normally to its length without the resulting pressure exceeding R in any
direction,

But the coefficient R, of resistance to shearing force is usually taken equal to 4000000, whilst

R rises to 6000000, The vertical portion, or rib, will therefore already reach the % of the theore-

tical volume of a lattice at 45°. Besides this, the joint-plates and the pieces added to give rigidity,
joined to tho circumstance that the vertical portion itself cannot be strictly reduced everywhere
to the theoretical thickness, render it in reality more expensive than the lattice, at leasi when the
girder acquires a certain importance. Stiffening pieces, or the application of a sufficient coefficient
V,, are, it is true, necessary for a multiple lattice also; but if it be a very open one, and bars of &
proper form be adopted, a certain fraction of the required rigidity will be already furnished by the
theoretical volume, which will reduce in an equal degree the supplementary uddmogs. 2
3u



836 BRIDGE.

The continuity of the ¥ib, or vertical part, prevents it from rosisting exactly as & Inttice ; the
strains, too, vary in a continuous manner from one point to another, instead of remaining constant
throughout the {ength of the imaginary strips of which we have spoken. If the plu‘vte were very
thin, compression would produce corrugations, whilo tension would be concentrated in :iertum
points; the plate would wrinkle in directions near 45°, and the wrinkles thus formed vyoul show
the direction of the greatest tensile strains, or the positions of the bmc_es in the lattice offering
lth:;l greatost resistance, which might be cut out of the vertical plato, baving regard to the mode of
oading. .

Thigs continuity of the vertical portion allows it to be introduced into the calculation of the
moment of resistance; but generally it will raise it only by & very small value, especially as the
thickness is reduced to & minimum precisely in the middle, where the moment of resistance should
bo great. It is, thercfore, not necessary to compute exactly the part taken by the vertical portion
in the moment of resistance; it is well even to undervalue it slightly, on account of the influcnce
of the joints, which diminish the resistance a little. . . .

121. Flanges.—The varinble scction s of the flanges is given by the following equation, which

expresses the equality of the moment of rupture M to the moment of resistance: M=R 4 (s + 6E, ) ,

see section 14, Substituting for M and I the values given in section 4, we deduce
1 z (I —1x) 1—2.1') p'at
’“‘2'("“")( R% R, I2R,7

. _pt+pHr_ 'l
The maximum for z = —2—w111 be = gRA BE,

From this maximum value, the theoretical section s decreases as the ordinate of a parabola as
we approach the abutments; it becomes nul at the point where the vertical portion alone possesses
& sufficient moment of resistance to be in equilibrio with the moment of rupture, and beyond this
it becomes negative even, But it eannot in reality be thus: not only must s not become nul, it
must not even deseend below & certain minimum s, which may be fixed in each case. 1f z, is the
sbseissa (reckoned from the abutment) which gives to s this value s,, the total volume of the flanges

will be 2 I:ls2 + %(s, —5)( -2 .z')] .
122, But this formula would be inconvenient, and it is better to consider simply the volume
of the two flanges as equal to —;—l s,, that is, as if the scetion varied parabolically from s, in the

middle to 0 at the extremities, and the cocfficient U may serve to correct nearly the divergence
between the form thus conceived, and the one occurring in praclice. And, as the least thickness
of the vertical rib in the middle is never less than 0™+ 006, we may compute its moment of resist-
ance for this thickness, neglecting the surplus if the plate is stouter; s, will then have the

oy
valu +mlf 0001 %, and consequently, total weight of the two flanges

8R4 U 2
HU ((p+p) .
= o (25 000t ma).

123, Accessories—To complete the weight of the girder, there yet remain to be computed the
accessories of the vertical portion, namely, 1, the excess of material occasioned by the fact that
the thickness varics by redans or gradations and not in a continuous manuer, and also by the
fact that it cannot descend in any part below a certain minimum, 0=+ 006 for instance; 2, the
joint-plates of the rib; and 38, the pieces intended to give it rigidity.

In girders heavily loaded, we may suppose that the redans and the surplus thickness, indis-
pensable in the middle, are equivalent to an extra continuous thickness of about 00027 applied
to the whole vertical rib,

124, As to the joints, they may be placed widely apart when the height of the girder does not
exceed the breadth of the iron plates, angd this is one of the causes which make the solid rib
economical for small girders, But when the height becomes considerable, a case which we are
now discussing, we must not reckon upon distances greater than 0™ w80 between the successive
joints, In order that the rivets may offer a double shearing section, for the purpose of reducing
the breadth of the joint-plates, the latter are composed of double plates lncmf on cach side of the
vertical rib; these plates will nearly always be of 0™+006, for a less thickness is seldom employed
in the construction of bridges, and on the other hand that of 0m+006 is sufficient when the rib
consists of stout plate of 0m*012, The breadth of the joint-plates may, at least over & certain
portion of the girder, be limited to 0™*160, placing only one row of rivets upon each side of the
joint. But if the stress reachies a high value near the supports, it may be necessa.y to place a
double row of rivets, and to increase the breadth of the joint-plates to 0™ 800, o that there may

always pe on each side of the joint a number of rivets at least equal to SR 3! F being the stress,
1

R, the resstance to a shearing force, and o the section of a rivet. If, as a mean, we reckon
0™-200 for the breadth of the joint-plates, they will be equivalent to an extra continuous thick-
ness of: 0™+0027, which, added to that of the preceding section, gives 0=- 0054,

This amount may be retained for girders lightly loaded ; for if on the one hand the breadth of
all the joint-plates is reduced to 0160, which produces an extra thickness of only 0™*0022; on
{ih: 'tt)ther hand, in small girders especially, calculation will assign thicknesses too far below the

it.

125, The pieces added to give rigidity are usually vertical and are applied to the joint-plates;
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they thus form vertical rods, which are mede use of in fixing the oross-girders, or brackets. Their
‘section is not determined by rigorous laws, it is necessary only that their projecting ribs should
increase with the height, to ensure rigidity. It is often advantageous to increase those situate’
in & line with the cross-girders at the expense of the intermedinte ones, Let us, for example,
suppose adopted, for heights of 2 to 5 mctres, the arrangements shown by Figs. 1748 to 1751,

which gives the horizontal section of a certain length of vertical rib,

1748,
Cm———- 200 .800
2ox70 uox7o '
PR ’J”F L
3 ‘Y
. < 1800 R
20x20 & [ goxso 070
Ee e '+ - S — 1149,
Wo B
o '8—‘ \ 8
& [sgoxso upxzo uoxzo -
™" 0
- + 55%e% 1760,
2.700--~ >
|gg X100
5"" 19x100 R 1O x zg:+ 1P 7o+ - 131,
'!: o o 230

‘With these forms, the angle-irons and transverse plates, not including the joint-plates, will
weigh 12/ kilogrammes a square metre of vertical rib, and this is equivalent to a reduced thick-
ness equal to 0°001544 We will put it at 0:002 %, to be able to increase the rigidity of the
vertical rib again towards the ends. This value is considered as applicable to strong as well
as to weak girders; it will constitute for these latter an addition of strength relatively greater,
88, indeed, should be the case, for it is the weak vertical ribs which are most liable to twist. We
may, within certain limits, modify the distance of the vertical stiffening pieces apart by modifying
inverlely their section. Sometimes we shall do well to fix the transverse plates by means of &

single angle-iron, and to rivet to the exterior edge a second angle-iron.

The intermediate

stiffening pieces will have a |J form instead of a T, and the border angle-iron will give &

gratuitous increase of rigidity.

126. Formula and Table of Weights for Solid Girders.—Adding the weight of the theoretical
vertical rib (119) and that of the flanges (122), reduced to the lineal metre of girder, as well a8
the accessories equivalent to extra thicknesses of 0™:0054 (124) and of 0:002% (125), we obtain
the following formula as the expression of the weight of the girder a lineal mitre :

[}

P %(p+p')lt{l¥+%(6+q)} 44 (42°12 = 8000 ¢ U 4 15-6 4).

As ¢ has but a small influence, we may substitute for it the value 0:60 from which it will

generally not differ much, and we shall then have

5; = (p+p')l{0'0002167U-;; + 0-0005363} +h(42°12~10°4TU + 15:64).

Substituting for the coefficient U in this expression the value assigned to it in 64 and seeking the
condition of the minimum of expense, we find that the most advantageous height 4, must satisfy

the equation : 0°28 (p 4 ) 2 = (31510 + 31200 /) A2,

127; The loads p 4 p' do not vary much with the span, because the moving load p’ decreases,
while the dead weight of the girder increases. For spans of 20 and 55 mitres, we may adopt the

following loads, according as the girder is to carry one or two rails:—

Total load .. .. ..

Girders carrying
One Rail. Two Rails.
kilos. kilos.
%xterlilor (tl'etal:l weight .. .. Zgg 1400
20 metres o eight of the girder .. .. 600
P Mov%ng load p' .. .. 2500° 5000
Total load p + p' .. 8600 7000
Exterior dead weight .. .. 700 1400
55 mitres span .. { Weight of the girder 1300 2000
Moving load .. .. .. 2000 4000
4000 | 7400
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uation of the preceding section, we find that, for 20 mdtres
e 1m+90 if the girder supports only one rail, and 2w-45 if
n, we obtain respectively 4=-20 and 5™ 20.

Thus, for girders the least loaded, the ratio of the most advantageous height to the span would
vary from 0-095 in small spans, to 0°076 in long ones; and for heavy girders from 012 to 0095,
We may alter these heizhts a little without the weight changing .s(-nslbly, and it w_'lll often be
advantageous to reduce them, either to lessen the vertical cross }mncmg und cross-ties if the bridge
is loaded on the upper side, or to increase the stability if the girders are loaded on the lower side,

or again, to satisfy conditions of limited thickness. In the following Tables we give heights

1
reduced by about o

Substituting these quantities in the
span, the most economical height will
it supports two rails. For 55 metres 8

128. It remains to compute U, which, according to 66, may be expressed by 1:06+4-80 “~R_s% ,
1'10 R s, 2

or 106 + — -5 by replacing 7 by the value obtained from the equation which ends

section 126." From this U may be regarded as independent of the load; it diminishes when 4
increases, but only by the factor between parentheses, for fhf will be nearly constant, since it is
neeessary to adopt a minimum section of flange s, greater in proportion fo the dimension of the
irder.
& For example, if the girder is 1M-80 high (bridge of 20 metres), we may make s, of one plate of
3/508 mi'limetres and of two angle-irons of 80/80/10; for a girder of 4 métres high (/ = 55). we
may take a plate of 550/8 with four angle-irons of 100/100/12, two of which are plalctecd next the
1'10 R s,
h

vertical rib and two at the edges of the flange. In both cases this would give = about

(3
22000, and consequently U =1-31 for & =180, and 1-20 for & = 4. We shall, therefore, vary
this coefticient from 1-30 to 1-20, according as the span varies from 20 to 55 motres.
129. The several hypotheses made in the preceding sections lead to the following Table for the
weight of the lineal metre of solid girders, the heights adopted being a little under those which
would correspond rigorously with the minimum expcnse.

Motres, ' Motres. | Motres. | Matres.

Métres. | Motres.| Métres. | Métres,
Span .. .. . o o L 20 25 30 35 5 55

40 | 50

|
i 4
i -3
Girders carrying one rail ) Height .. .. | 1:70 | 2:00 | 2:30 | 260 | 2:90 | 3-20 | 3-50 | 3-80
(» + ' = 3600 to 4000 . |
kilogrammes, accord- Kilos. | Kilos. | Kilos. | Kilos. | Kilos, | Kilos. | Kilos. | Kilos.
ing to the span) .. ] Weightamttre | 370 | 485 | 610 | 735 | 870 ' 1000 | 1140 | 1285

Métres, | Métres. | Métres. | Métres, ' Métres, Métres. | Métres.: Metres,

Girders carrying one line | Height .. .. | 2:25 | 2:60 | 295 | 8:30 ; 365 : 4:00 | 4°85 | 4:70
of rails (p 4 p' = 7000 Kilos. | Kilos, | Kilos, | Kilos. | Kilos : Kilos. | Kilos, | Kilos.
to 7400) .. .. .. ) Weightamettre | 570 | 750 | 940 | 1125 | 1820 i 1525 | 1730 | 1940

We may compute by interpolation the weight of girders supporting intermediate loads. If, for
example, for a bridge of 55 metres span we had p + p’ = 6400 kilogrammes, we should find that by
adopting a height of 4m+45 the weight of the lineal metre would be about 1750 kilogrammes.
This weight would be substituted for that of 1940 kilogrammes for a girder earrying one line of
rails; if, instead of & load of 4000 kilogrammes, which supposes both lines loaded simultancously,
we considered a load of only about 3000 kilogrammes for the ordinary case of the passage of one
train, the strain a square millimttre would then exceed 6 kilogrammes in the exceptional case of
two heavily-laden trains crossing at the same time,

130. Uther Formule.—In the foregoing discussions we have distinetly stated that the thickness
of the vertical rib should not descend below a certain minimum, which may be fixed at 0m-006,
but this condition has not been positively expressed in the formula; we have contented oursclves
with providing for it by the aid of an approximative extra thickness. This condition is, however,
easily expressed, as we shall see; but to do this we must distinguish two cases, that in which this
minimum thickness of 0m*006 is sufficient throughout the length of the girder, and the contrary
case. The vertical rib being calculated for a strain of 4 kilogrammes a square millimitre, the
‘tlwo cw;e in question are equivaleut to those in which the quantity (p + p')/ is less or greater than

8000 A.

First Case: (p+ p') | < 48000 h.—The vertical rib has a constant thickness of 0= 006, and it
requires joint-plates with a single row of rivets on each side of the joint. We shall then have,
remarking that the joint-plates are equivalent to an extra thickness of 0™ 0022,

P N 2t
T =@+ 6—f+ h(64 41561 — 8000t ).

This formula may be applied to girders carrying only one rail, provided the height ve not too

small.  On the contrary, the formula of section 126 supposed tacitly that the height was not great,

in order that the vertical rib should not become too weak. With the new expression of T the most
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economical height will be a little less than hitherto: thus for the bridge of 20 mdtres loaded with
8600 kilogramgnes a metre, it will be only 1™+75 instead of 1:90 ; and for the bridge of 55 metres
loaded with 4000 kilogrammes, it will be 8+95 instead of 4:20. But retaining the same heighta,
loads, and values of U introduced into the Table in 129, the present formula gives the following
weights, which hardly differ from the preceding. This Table ends with 85 metres span, because
beyond this the condition of the present case would not be fulfilled. .

Meétres.| Métres.| Métres. | Matres,
BPAD we er e ee er ee e ee e e e e e .. | 20| 25| 8 | 85

Weight a mbtre of girder carrying only one rail (p + p" = 3600 kilo-

grammes for 20 metres span, to 3770 kilogrammes for 35 metres) ..

Kilos. | Kilos, | Kilos. | Kilos,
} 370 | 480 | 600 | 725

131. Second Case: (p + p’)#>48000 .—This will always be the case with girders carrying
one linoe of rails, it will also be the case with girders carrying only one rail, if their height is below
a certain value.

Fig. 1752 represents the planec of 1752, &
the theorctical vertical rib, through- sl y|
out half the bearing, the thicknesses & K
being exaggerated. If the plate had < -

everywhere only 0™+ 006, its volume for
the whole bearing would be 0:006 {4 ;
but we must add to it the triangular
prisms on'is‘ lnf which is Shl?wndi“ the A
figure. iese  prisms should have | _} 1) 4 480004 ] deommmcnen 24000
rigorously a curvilineal fuce, but we "‘P')[(p”) J# >
may neglect the influence of q, for it
is pereeptible only in the middle, upon
the locus of the stress. The muximum N
; . -~ _(p+OHl (2 + D1 . _

stress requires at the cnds a thickness ¢ = TR A OF (0000007 SUPPosing R, = 4000000.
p + p") ! — 48000 2}
16000000 ( p + p")

But as the thickness, instead of varying uniformly, decreases by redans or gradations of 0=-002,
we mst add a mean thickness of 0001 to the part over which the prisms extend ; it may be increased
to 0m°0012 cven, to take into account various circumstances, especially that of having neglected ¢,

and it will give a new supplementary volume equal to 01;0_(‘)_1}2',}‘ [(p + p") 1 — 48000 4],

We shall have besides :—
Joint-plater, and stiffening rods in the part) _ 48000 A .
where the vertical rib is only 0™+006 }"‘ P+ G+
Joint-plates and stiffening rods in the part) _ (p + p")! — 48000 4
where the vertical rib is strengthened }_ g G+ EDh
132. Collecting the various elements of the vertical portion, as they have been computed, addin
to them the flanges according to section 122, then transforming the volumes into weight, un:
dividing by the bearing, we shall have

%’;—I [(p + p)* — 0-008 R 47] (flanges).

Consequently, the volume of the two additional prisms will be K

0-0004875
' 46°8h f —— i1— 3 ical ri ine to Fie. .
P_ + + G+ [(p + p")§ — 48000 2J? (vertical rib according to Fig. 1752)
- 9:36 4 )
A o753 (P + ¥ = 480004] (rodsns in the strenthenod portions of vertical ib)
48000 A2 (p + p') 1 — 48000 & ..
bbbt ) IR L DAt N3 t-plates, and f
+(p+p)l(51+£'l ) + i G+ 8.0 (Jomtgeavﬁt&gg)?n,o

Making R = 6000000; ¢ = 0:0013;

Weight of the joint-plates a square metre of vertical
e e st s puie '

extreme strengthened portions .. .. .. } ¥3h =0m:0024 x 78004 = 18'72A"
et o e Pt i e s e i) gt 300 = 11,
U T P

& = 0m-0085 x 7800k = 27%-3,

the formula will become
P et (—13—95 + 0-0004875) + 5 (8666 —10-4 U + 18°724)
1 500007 +

3
- ———— (298560 h — 187200).
(p+p)¢ ( )
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188. The most economical height will here be given by the following equation of the fourth
degree (U being replaced by the expression in 64):

0-0002297 (p + ') 3= 25:64 (p + p') 1% + 8744 [(p + p) 1 + 10000] * — 895680 i,
which ought to give values a little greater than hitherto, since we have expressed the fact that,
in proportion as the height increnses, the lengths of the portions of vertical rib which need to be
strengthened are reduced. And, in fact, for { = 20 metres, and p 4 p’ = 7000 kilogrammes, we
obtain 2m+70, instead of 2m*45, found by the first formula; and for I = 55, and p + p' = 7400, we
find 5°45, instead of 5-20.

By increasing the heights, therefore, a little, we shall form by means of the last formula the
following Table, in which p 4 p’ varies from 7000 to 7400, and U from 130 to 1-20, in proportion
as the bearing increases from 20 to 55 moetres. These loads refer to girders carrying two rails,
8 test which in general is realized in a complete manner only when both lines are simultaneously

loaded.

. ! Matres. | Matres, | Méires, | Matres. | Matres, | Motres, | Motres.| Matres,
8PAN ~..= e e e e w .| 20 | 25 | 30 | 85 | 40 | 45 | 50 | 55
Height .. ST T 2:50 { 2°85 | 320 | 855 | 8390 | 4:25 { 4°60 | 5-00

Kilos. | Kilos. | Kilos, | Kilos, | Kilos, | Kilos. | Kilos. | Kilos

Weight of the mttre of girder .. .. | 535 | 710 | 890 | 1070 1265 | 1460 | 1670 l 1870

These weights aroe a little less than those obtained by the first method.

134. Ezample of Solid Girder, Figs. 1753 to 1757: | = 35 metres, p + p’ = 7000 kilogrammes.—
According to a direet calculation, this girder weighs only 1030 kilogrammes a lineal metre.  'The
arrangements shown in the plan for the joint-plates of the flanges allows us to reduce the co-
efficient U to the value 1-20.

135. Girders with Inclined Stays.—When vertical stays or rods are not deemed necessary for the
purpose of affixing cross-girders or brackets, they may be replaced by oblique pieces crossing the
flat joint-plates, which would remain vertical and would be interrupted in the line of these pieces.
The latter would be jnclined to 45° nearly normally to the wrinkles which would be produccd if
the plate were not stiftened. This arrangement is alluring, however, the cconomical advantage
of it appears doubtful, because for the same normal distance between the consceutive picees the
diminution of their number would be compensated by the incerease in their lengths or ruther the
distance between the oblique bars may be greater, but their scetion should be increased to an
equal degree, for these pieces, concentrating upon themselves by the effect of their rigidity the
strains of compression, may be considered as the struts of a lattice which would be completgd by
the tension of the plate in the direction of one of the diagonals of each panel., Now for one direc-
tion given to these diagonal tensions of the plate, we may
replace two vertical stays A B, C D, Fig. 1758, by a single
stay A D, which would be equivalent to them, for with the __
inclination of 45°, for example, it would have its strain and AN

its length multiplied by ~/2. Thus between the imaginary

lattice ABCD EF G, and the lattice A D E H, there would

be this essential differcnce only, namely, that in the second, =

the plate will be relicved of the diagonal tensions B C, F G, -~ ~ = -

in the rectangular panels occupied by the oblique bars. But there is small advantage in this, since
this plate must resist equal strains in other panels, and besides, these stays were not intended to
reduce these strains.

The adoption of oblique pieces will in no degree change the form of the formuls of weight
given, 119 to 135. It would be sufficient to introduce other values for the weight of the stays
& square metre of vertical rib, if it were thought a reduction might be made.

136. Formule applicuble to Bow Bridjes—Bow-girders are metallic frames consisting of two
curved flanges more or less distant from each other in the middle, and approaching each other
towards the extremities where thcy are bound together by strong wrought-iron plates. If we
consider any vertical section, the action of the flanges, having an inclined direction, will produce
a vertical force capable of resisting, in part at least, the stress upon the bridge. The lattice con-
necting the flanges at certain intervals may thus be greatly relieved.

If the lattice is a simple one, the bars, or at least some of them, must necessarily possess
sufficient rigidity to resist compression. This is doubtless a groat disadvantage, for the theore-
tical strains being small we shall obtain the rigidity only at the cost of a great increase of section.
This increase, however, is confined within rather narrow limits, even if we do not bring into play
the rigidity of the bow itself since the coefficient of stiffness, if it has a high value, is applied to
only a small fraction of the total weight. We may, therefore, not hesitate to adopt for this
coefficient & value of 2°50, for instance, which raises to 60 the ratio of the length to the reduced
thickness (68). But, by doubling the diagonals of the lattice, we may in certain cases entirely
suppress the compressions in the vertical portion, or at least render them unworthy of consider-
ation, as we shall see in 144 and 157. As an expenditure of material, this will amount to nearly
doubling the theoretical weight of simple diagonals not possessing rigidity; for we arrive at this
elimination of the compressions only by supposing, in any cross, that one of the diagonals of which
it is composed remains inactive at & given moment. The compression is always thrown upon the
vertical rods, where it is destroyed or very much reduced by a permanent tension due to the dead
wei%ht of the flooring.

hese considerations allow us to study bow bridges as simple articulate sfstems, which will
lead us to formule for the computation of their weight more precise and simple than the method
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igi f their section,
f introducing the ri of the bows themselves, and,.consequently., the form of th
gtmld do. W%en 8 sc%lgm is devised in which this rigidity plays an important part, it is because
something is to be gained by it, and then our computations will still be useful if we consider them
forced a little, .
" fﬁi g:n;ml(ley more convenient to make only the upper flauge or bow arched, the lower flange
or stringer being straight and provided with point; forhi‘i,;nn%:he cross-girders. We shall designate
m ially this particular form by the name of arched girder. .
OTS;?e;ara{olical ﬁrchcd Girder, divi{}cd into an odd number of intervals, Fig. 1759.——L9t I=2m+1)8
be the bearing and A the height in the middle. The bars, whether vertical or oblique, are num-

1159.
J
74 AN
A Y
I’ \\
l’ \ N, N,
/‘ \ “‘\ ‘\\\
\ \
/ \ \
/’I < \‘\ N\ N
e &) B
---_gn-n«u)d’.--.gf F-—>
| = (2 m + 1) ]
.

H [}

‘H
bered from the middle. The bow ix & polygon, having its summits upon & parabola with a vertical
axis, and the sides of which have a constant horizontal projection equal to 8.

The nth vertical rod has a length expressed by A [l - :—gﬂ—;—%
2 1k

2k .
of the lengths of the 2 m rods is T‘ ‘2m+ 1) or T The length of the nth section EF of the

, and the value of the sum

curved flange is 7;3%_-1—) A wE(m + 178 + 4 (n — 1) 4, and makes with the vertical an angle
2h(n—1)

m(m 4 1) 5

The length of the nth diagonal shown by the full line is

A2 (m 4 128 + [m(m+ 1) = n(n — DR,

v given by cotan. y =

o

1
m(m +'_1)
and makes with the horizon an angle a the sine of which is
Sin. e = ——,—-—l(lf_l_l-:~n_(fi:—2:
Mot 128 Fmm+ D =—n(n— DFR
The length of the ath diagonal shown by the dotted line is
1 ) .
m NMmEn 128 - [m@n 4 1) ~n(n —=1) (n = 2)J43,
and the sine of the angle of inclination is
Sina'= - - — _m (m+ ])'—, (1‘&_—:125" - 2)——-——- .
w4+ 12824 [m(m+1) = (n = D(n =27
138, 1.—Let us first suppose a simple lattice formed by the vertical rods and the diagonals
shown by the full lines.
If the framing is subjccted only to 8 permanent load uniformly distributed according to the
horizontal, in such & manner that a weight cqual to p 8 is applied to the foot of each vertical rod,

this weight will express the constant tension of all the rods, which act as simplo suspension-rods
to tx‘fnnsmit the load to the several summits of the polygonal arc. Their total theoretical weight will bo

2
=3 (2m 4 1) p 84t t denoting as before the ratio of the weight of the cubic mitre of iron to the

admitted resistance R.
The nth scction of the bow 18 subjeet to the following strain of compression :

;—)—:sz(m+ 1282 +4(n—1)2%%;

2
whence we deduce for the total weight of the bow the value U (2m +1)p 8¢ mm+ D& + %-,f] .

o
2
m (m ;:;lﬁ, which gives it a

+ The letter U still denoting the coefficient for joint-

The lower flange, or stringer, oears a constant tension equal to

plates and other accessories.
1t is useless to enlarge upon these formule, well known in the theory of suspension bridges,
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With the present mode of loading, the parabolic form given to the bow assimilates it to a funicular
polygon, that is, its several elements have precisely the directions which they would of themselves
assume if they were left free to turn about their summits. It is, indeed, easy to prove that the
action of any section has a vertical rmjection equal to the stress, so that the diagonal is inactive.

139. It will not be the same in the case of a moving load which, although distributed uniformly
in the proportion of p’ 8 a vertical rod, may exist on a certain portion only of the length.

To find the me.ximum strains upon the several sections of the flanges, the load must be extended
over the whole bridge; for these strains depend only upon the moments of rupture about certain
summits, and these moments increase always in proportion as we add new loads upon a certain
point in the bearing. The strains and weizht of the flanges will, therefore, be obtained by the
formulee of the preceding section by substituting p 4 p’ for p.

But the strains upon the bars are at once functions of the moment of rupture and the stress.

Tet T be the strain upon the diagonal E D, Fig. 1759, M the moment of rupture about the
point D, the abscissa of which is (n — n + 2) 5, and F the stress between C and D. The strain

upon the section EI of the bow will be equal to Dism s’ and, consequently, considering the por-

tion of the girder situate to the left of the line G H, the condition of equilibrium relative to the

. e . . M cotan. vy
vertical forces will give, supposing T to be a tension, T = e~ Disna’

This expression is of the form BF — AM, A and B being given quantities. Therefore, from
section 7, it will become a maximum when the load is applied to the point D and to all those
on the right. Taking this maximum value, and substituting the values of cotan. v, sin. « and D I
(the length of the (n = 1)th vertical rod), we find that the diagonal should be capable of resisting
a strain of tension, ,

. ' 8 . S S—
T= T(Z%-FT)T NoE o ¥ TP F [n(n + 1) —n(n — DFAL

We know that if we complete the load by adding weights p' 8 at the hottom of the vertical
rods situnte to the left of G 11, the dingonal will be relieved of its strain, Therefore, this comple-
mentary lond placed alone in its turn should produce a compression equal to the preceding tension.
Thus, applying a coeflicient of stiftuess V, the weight of the diagonal in question will be

p oty mE(m 12 [t 1) =0 J)Jm}
2m(m+l)(21n+l){b ( h m(m 1

To find the total weight of the 2m — 1 diagonal bars, we must sean the preceding expression
in which n takes the successive values 1, 2, ... m, double the result, and then subtract what the
above expression becomes for n = 1, in order not to reckon twice the middle diagonal. We shall
be induced, for the sake of symmetry, to divide this diagonal into two pieces to form a central
cross, but the strain will be distributed between the two bars of this cross, and there will be no
increase of weight.  We obtain :

Total weight of the (2 — 1) diagonals shown by the full lines,

p'&tv 3 k " . ]
SEmE D m@nm+1)2m=—1) 'y + 15 (1673 4 9m? 4+ m 4 4)

140. Analogous calculations may be applied to the nth vertical rod CE. Cutting it by a
section ' 1I', supposing it to be subject to a compression T, and calling M’ the moment of rupture
about a point C, the abscissa of which is (m — n + 1) 3, we shall have by the equation of equili-
M’ cotan. '

; o is the angle of

brium relative to the projections of the vertical forces, T' = F —

the (n 4 Dth section of the bow with the vertical, and E C the length of the nth rod.

This expression is also of the form BF — AM'. Treating it by the rule in section 7, we
. N . , _(m=n)(m+4n-1) ,
obtain for the maxima compression of the rod, T' = TEmt D P

Here F was the stress taken beyond the point to which the moment M’ is referred. Tt follows
that this maximum strain 1" is produced when the load is applied to the point D, and to those
following it us far as B. This compression will be wholly or partly neutralized by the perma-
nent tension due td the dead weight. .

When the load is completed, the vertieal rod, instead of being subject to a strain of compres-
sion 1", is, on the contrary, subject to a strain of tension p’8. Therefore the complementary load
placed ulone iu its turn should subject the rod to a tension

o :_(7n+n+l)(m—”+2) ’
T'=p8+T= T@m+ D) r's,
which always greatly exceeds the maxima compression, especially when we add the permanent

tens‘on p 8, duc to the dead weight. . .

It may happen that this latter tension is alwaﬁ:ssumcxent to destroy the compressions which
the lond may produce. We may, therefore, from this point of view dispense with a coefficient of
stiffuess, and calculate the rods by tension only. Adding the dead to the moving load, and
denoting the ratio d , by ¢, the weight of the nth rod will be

. ) [ (n + 1 —1) (m —n)
@+ poen [1 - 2EZ I 140 SEZDE=0],

8n expression which being doubled, then summed frow n = 1 fo n = m inclusive, leads to
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i -@2m-1
Total weight of the 2m vertical rods = ?—(-p—"'sL)ft—h [2m+ 1+49¢. ('”—)5(-'"——)]

141, Adding the weight of the flanges, of the diagonals and of the vertical rods, substituting
for 8 its value in /, and dividing by /, we obtuin for the mean weight of the lineal mitre of girder,

P _ , m(m+1)[ _2m-=1 ]1 (p+p)th
7=+ e IVt YV semr i T T8
I S 3 — m2(16 - - - X
{2(U+1)+m(2m+l), (16w (1 4+ V) = m? (16 = 9V) = m (4 V)+4(1+V)]}+n
The term 0 includes accessories independent of A,
Substituting N for 2m + 1, we may write also
P _ , Nz-1 N-2\1_ (p+p)tk
7=+ Sy (Ve o) i+

7{2(U+1)+ﬁ [BN*(1+ V) — 5N 8+43V) + 8N (6+V)+15V]}+n.

Such is the formula applicable, N being odd, to a bow-girder with simple rigid diagonals, If
the height is great, the vertical rods may with advantage possess rigidity, because they may fur-
nish resting points for fixing the vertical cross-bracing which is needed to maintain the verticality
of the girder. In such cases we may either subject them to a coefficient V, or retain the preceding

2
formula, by adding to it a term % Noa for the addition, to each rod, above the theoretical section,

i
of a projecting rib weighing 6/ a lineal mttre.
The first method would have the advantage of simplifying the formula by reducing it to
P o (N2—1 P2 N-2\ & qV 3 . ]
7= (p+p)t{4—Nz- . (U +qV. W) +3 [2 U1+ 516 N—B5 2456 N +15) }+n.
142, 2.—If the diagonals shown by the full lines of Fig. 1759 are now suppressed and replaced
by the diagonals shown by the dotted lines, we shall have another system of simple lattice, which
will give occasion to analogous calculations. The value of the strain either by tension or by com-
pression upon the nth diagonal is

)
-2—(27{1—_‘_—1—)—7‘ N F 1+ m(m+ 1) = (n=1) (n = 2)F 22,

and consequently we have: '
Total weight of the 2m — 1 diagonals shown by the dotted lines =
P8tV m(@m41)(2m ~1)8 h 4 f— P
2(2m+1){ A +15(m+1)(16m + 55 m3 4 T0m 8.)m+4)}.

The vertical rods are subject to the same strains, and make up the same total weight as with
the first systcm of dingonals.

143, 3.—Generally a single system of diagonals will not be sufficient, and a girder of complete
crosses will be adopted. The strains are then indeterminate, and we are free to calculate the
pieces from one or the other of the two following points of view.

We may, in the first place, consider the complex system as resulting from the superposition of
two simple lattices, each comprising a certain portion of the section of the flanges and vertical rods,
plus one of the systems of diagonals, to the exclusion of the other. It is natural toattribute a half
of the load to cach of these two constituent parts; and, consequently, the diagonals will have their
strains and their weights given by the same formulw as if they were simple, by chunging p' into

% P'. The flanges retain the same weight; as to the vertical rods, the present hypothesis divides

them into two portions, one of which is subject to a strain of compression and the other to a strain
of tension, under the action of a determinate load extending over a part only of the flooring. For
example, if the load be applied only to the rod under consideration and to all those to the right, it

prd
f@nep @ TIn-had D, wd
. '8
on the other hand a compression 4—(2—1;71—)(# =n*=3m~n—2), The resultant is a tension

%’:—21;"—” ++—1)2 p' 8, the maximum of which is p' for n = m. Now this maximum is required of all

the vertical rods when the bridge is completely loaded. They must, therefore, be all calculated for
& tension equal fo (p -+ p") 3, without taking into account their mode of participating in the
resistance of the two component simple lattices,

‘We therefore give:

Total weight of the 2m vertical rods = ; Cm4+D)(p+p)8¢tk

The total weight of the mitre of girder is then
P_(p+p)t 7V 1.2
7= e+ 0P (U4 )i+ g [T nam sy
4m* 4+ 10m3 4 10m? —10m + 1
+eV. 5m+1) ]h}"'n’

will produce upon this rod on the one hand a tension
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or, if 7 is expressed by N 3 (N being odd),

Eo oo D)o+ (e k- 2] 4o

o formula o which we shall generally have to add (141) a term 32—1 N 0 42, allowing us to enlarge

the vertical rods by means of projecting ribs or gussets for the purpose of maintaining the verti-
cality of the girder.

144. But the diagonals being very long and subject to small strains, can be stiffened only by
means of a high value of V. Now, considering them as very flexible rods, unable to resist an
compression, they will of themselves elude this kind of strain by yielding, and the lattice will
assume another mode of resistance, in virtue of which the strains of compression will always be
thrown upon the vertical rods. Choosing diagonals which at any instant are prepared for a tensile
strain, the whole framing will offer a constant resistance. From this point of view, the two systems
of diagonals will be calculated each for the whole load, which is equivalent to making V = 2, in the
formula of the preceding section. It is true that in this case the vertical rods may be required to
resist compression, but it will be to a very small coefficient, for the permanent tension p & neutralizes
in a great measure, if not altogether, the strains in the opposite direction. The real strain of

p's .
T@mT l)(m n)(m 4 n — 1) — p 3, whilst under
a ciomplete load the maximum tension reaches (p + p’)8. If, therefore, p be not less than
m(m—1)
2(2m+1)
remarkable result, that all the lattice-bars have to resist tensile strains only, which obviates the
necessity for rigidity. This allows us to adopt great heights for girders, and to make the arched
form more advantageous than the straight. Thesce favourable conditions still exist when the
maxima compression of the vertical rods, without being always nul, remains at least within certain
limits; and if there is occasion for applying to these rods a coefficient V, as we are about to do,
it is much less on account of the possible compression, than for the purpose of maintaining the
vertical position of the girder by menns of suitable arrangements ; such, for instance, as the vertical
crosg-bracing fixed to the rods in Fig. 1762, which rods must furnish sufficicntly firm points. By

adding this coefficient V applied to the vertical rods (but no longer affecting the dingonal bars),
2

o, . . .
as in the preceding case, is rendered superfluous. It is the same

compression, if such be produced, is limited to

p' the vertical rods can never be subject to compression, in which case we obtain this

the addition of & term ; ‘:
addiéion expressed under another form.

It is cvident that there will be an advantage in bringing the pieces of the vertical portion of the
girder into accordance with the second hypothesis rather than with the first, whenever the latter
would require for the rigidity of the diagonals the application of a coefficient V greater than 2.
But it is scarcely necessary to remark that, although freed from all compression according to the
second hypothes.s, the dingonals will offer greater security if we give them all the rigidity which,
with a convenicnt form, the area of their theorctical section admits, for we shall thus render them
capable of resisting at pleasure in two different ways; the mode of effective resistance will be a
kind of mean which will limit the real strains to a figure smaller than the admitted limits,

145. From the considerations in the preceding section, the weight of the lineal metre of arched
girder with complete crosses may be represented by

P_(p+0)t q 1 2i
T‘(_'—_2m+1')5{"'("""1)’1(U+2—m+1)1 +3

[w+rmensirs

2q
5m+1)

or, if ¢ is expressed by N 5 (N being odd),

1;=(p+p')z{§};}ﬂ(U+{I)%+2§"[U+V+—§—(N+%-%%:ﬁ-))]}+“-

146, Parabolic Bow-girder divided into an even number of intervals,—We will now suppose that the
besring [ is expressed by 2m 5, and we shall consider the general case of a bow both flanges cf
which are curved, as in Fig. 1760.

The total height in the middle is the sum of the versed sines & and A’ of the curve above and
below the horizontal A B, drawn through the points of meeting at the ends. The various pieces
are, as before, numbered from the middle.

If the flooring were placed according to the tangent to the lower flange, we should have to
lengthen the vertical rods to this tangent and to add a horizontal longitudinal girder. But nothing
prevents us from placing the flooring at the height of the line A B, and saving, if not the longi-
tudinal girder, at least the lengthening of the vertical rods; unless the upper bow be, as in the
bridge at Saltash, formed of a single tubular section projecting over the space occupied by the
flooring, an arrangement which requires the extremities A and B to be kept at a sufficient height
above the rails. But two distinct framings well tied and braced together, leaving, of course, a free
passage for the trains, mayvonstitute a sufficiently rigid whole; and we shall, conse_zqnqntliv con-
sider only the pieces represented in the figure, except the casual addition of s longitudina beam
tying together the vertical rods at the height of the flooring, this piece being ed as included
in the term Q independent of the height.

(4mt 4 1073 4 10m*—10m 4 1)]} +0;
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Wo have as geometrical data :
. m?— (n—1)? ,
Length of the nth vertical rod = —7 (h+1);

@m =1
3m

Sum of the lengths of the 2 m — 1 vertical rods = (& + A"

Length of the nth section of upper flange = :—12&/ mAB 4 (2 — 1) 4

Length of the nth diagonal shown by a full line = 1;1,1 N A8 4 [t =n?) (h+ ) + @n =1 X'

This diagonal is inclined upon the horizon at an angle a given by

22 , Ty
Sina= @ =m)(+ )+ @n-DF

N8 £ [(m? = n?) (h+ K) + (20 —1) AP

@n-=1)4
m2y "
‘We shall obtain the analogous quantities, relative to the lower flange and to the dingonals shown

by the dotted lines, by simply changing 4 into ', and 4’ into .

117, The flanges should always be caleulated under a full load, whatever the diagonals adopted
may be. The value of the strain upon the nth section of the upper flange is

(R D LN oy Sty
2+ 1) mi 8% 4 (20 = 1) 1%
and that upon the nth lower section is found by the same formnla modified by interchanging % and 7,

which only alters the second term under the radieal. If we cut these two corresponding
sections according to the radical, their action will furnish a vertical resultant projection equal to

(p+p)3
2

The nth section of upper flange makes with the vertical an angle y such that cotan. y =

(2n = 1), which is exactly in equilibrio with the stress; thus, when the load is com-

plete throulghout the length of the bridge, the diagonals do not resist.
The weight of the nth section of the upper flange being expressed by

(p+p)st _ ., L
. 2mE(h + k') [m$8* + (2n = 1227),
' 2
we conclude that the total weight of this flngo will b S22 [aget o4 ]
adding the coefficient U, the two flanges together will weigh -
ME (’L2+ hlg)
h4 Cym

148. The load still extending over the whole bearing, the strain upon theé vertical rods will
be found by remarking that, for the equilibrium of the point I, the rod DI must destroy the
resultant of the strains from the two sections LIand EI, abutting at this point, the diagonals being
inactive, as we have just scen. We have:

Lmdd 4 (4m? - 1)

. h
Tension of the nth rod = (p + p') & h_-;-T’ a constant value whatever » may be.-

In the case in which the maximum strain is always limited to this vasue, the total weight of

2
the 2m — 1 rods will be independent of ', and will have as its expression (p + »" 3¢ 4 ! m3 - !

This supposes that the load is applied to the bottom of the vertical rods. 1If, on the contrary;
the flooring is on a level with the line A B, the upper portion of each rod will have the same
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tensile strain as before, but the lower portion will bear a compression (p + »") 3 ’_._::_'Z,, and if we
R

give different sections to the two portions, the total weight will be expressed by

\ 4mt—1 M4 Vi?
(PAp)8t =g

V being a coefficient of stiffncss applied to tho compressed portions, and which may be extended
to the upper portions for the purpose of adding rigidity to the bridge considered as a whole.

149, If the diagonals shown by the full lines alone existed, wa should find the strain T upon
the nth diagonal X D, Fig. 1760, by cutting it by a plane G H, and expressing the nullity of the
sum of the vertical projections of the forces applied to the portion of the framing comprised
between A and the section ¢ H.

But the nth section of the upper flange, cut by the line G I, is subject to a strain of com-

pression = . M being the moment of rupture about the point D. The section CD is

ID x sin,

subjcet, on the contrary, 1o a tensile strain = » M’ being the moment of rupture at the

EC x sin.y'
point E or C. Consequently, if F = the stress in the interval C D, we shall have

Teing=F — M cotan, y _ M’ cotan. o’

This expression being of the form F — A M — A’ M’, will be a maximum when the load goes
from D (inclusive) to the abutment B, according to the observation made in section 7. Applying
the gencral rule, and replacing cotan. v, cotan. 4, and the lengths ID, E C, of the ath and
(n + 1)th vertical 1;0(13 by their values, we arrive at the maximum tensile strain upon the diagonal,

6 — — ——— —
namely, T = 477(?/._41’/7) Nmd o8 4 [ —n?) (h+ K) + (21 —1) RP. The weight of this bar is
Pt ,
=TT {m'& 4 [(m? =)+ 4) + (2n~ 1) 1],

Summing this expression, in which 7 takes the successive values 1,2, . . . m — 1, then doubling
that the result may include the whole bearing, we obtain as the total weight of the 2(m — 1)
diagonals in full lincs,

Pt fahs 2 ‘ 3 2
QO GT ) {.SOm (m—=1) 4+ (16m* = 15m3 ~1)4

+ (16 mi4 15m3 =120 m 4 119 — ;?) W24 8 (4mb = 5m? 4 1) hh’}-

In a simple lattice, we must multiply this weight by a coefficient of stiffness: for the bars are
subjcet, under a partial complementary load, to compressions as great as the tensions T.

A load extending from one abutment to any point in the flooring, causes a strain of compression
upon all the diagonals (full lines) in the half-bay contiguous to this abutment, and one of tension
upon all those of the opposite half-bay.

150. Having still only the diagonals shown by the full lines, a partial Joad upon the right side
will cause upon the nth vertical rod a strain of compression, the value of which will be found by
considering a section such as G’ H', Fig. 1760, and writing again the equation of the vertical pro-
jections of the forces. Into this equation will enter the stress after the point D, and the moment of
rupture about this point, a moment upon which depend the strains upon the divisions EI, D 8,
crossed by the scction G H.  We shall find as the maximum of the compression sought, due to

the load p’, po(ntn-—2 [(m = n) (& 4+ &) + 2 &'}, & formula which does not apply to the middle

4571—(11—-{-_175—
bar, for which 2 = 1.
The efiective compression which may be produced will be only the difference between the above

A
value and that of the permanent tension hp——: ;1’ .
. . . . (p+p)3h,
The maxima tension will exceed the compression by the whole value ok for the
special effect of a partial load upon the left side, complementary of the preceding, should be to
annul, in the first place, the compression produced by the load on the right, and then besides this
to raise the tension to the value which it possesses when the weights p’ 5 are applied to all the ver-
tical rods. Thus this complementary load, acting above, will produce, adding the permanent
r f, — 2

(pk*_'!_ph? 2 (b4 D ey (b 1) 4 2 ¥} according to which the
weight of the vertical rods should be calculated, if the diagonals shown by the full lines exist alone,
and the load be applied to the bottom of the rods,

151. But if the load be placed at the height of the line A B, passing through the points of
junction of the flanges, the lower portion of the vertical rod will be subject to less tension and to
greater compression, for the stress will not be the same when the line G’ H' cuts the rod above or
below the points where the flooring is affixed. When the weights p'5 are applied only to the nth
vertical rods and to all those on the right, the lower portion of this nth rod will be subject to & strain

. yamtn (m=n)(A+r)+ 2K  p3N
of compresgion = p'8 — —«*—— -,  — + -

strain, a tension
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152. The middle vertical bar is an exoens)tion to the preceding formule, because a secant plane
cannot cross it without cutting a diagonal also. But the strain upon this rod is determined by the
condition of being in equilibrio with the resultant, always vertical, of the compressions borne by
the two sections of the upper flange. When the bridge is completely loaded, the rod supports a

maxima tension of (ptr)3h in its upper portion; and below the point where it receives the

h4 N
NS . . . . (p+p)3N,
cross-girder, it is at the same time subject to a strain of compression of Thaw but the

compression will be greater if we unload the bridge entirely, with the ex;:,eption o(f thelr;ali‘ddle
I _— . (p+p)8K . (m =
rod under consideration, and in this case it reaches the value s +7 Bm ) or

- .
( IT _: z’li k [1 + (m n: hl ) hq] . If, on the contrary, the load were over the whole of the bridge,
. . . P&k  p(m=1)3h
except upon the middle rod, the lower portion of this rod would support only S R m GF I——‘,)

which may be changed into tension if the sign becomes negative.

153. If now we exclude the diagonals shown by the full lines and adopt those shown by the
dotted ones, it is easy to see that we shall obtain the strains and the weights of the latter by the
formulie found for the former in 149, by merely changing % into %’ and 4’ into %, as if the girder
were turned upside down,

As to the vertical rods, the nth one will bear, at least in its upper portion, a maxima tension
= hp :];‘,+P'8(-I-'i+ ") (’Z;(Z)-l(-l‘h-"; M+ 2h; and if the load be applied to a certain point
in the height of the rod, the portion below this point may be compressed by a force equal to
g2 (A m Gt h) -2k BN i i roduced when the rod in question
e o Yy +h+h,,wh1chwxllbep ed w. questio
and those on the left support alone weights p' .

It is easy to see @ priori that this last strain may be deduced from the last formula of 150 b
simply changing 4 into 4’ and &’ into & The maxima compression of 151 is also connected wit
the maxima tension of the present scetion by virtue of the same symmetry. Indeed,if we turn the
bow upside down, the lower portion of tho vertical rod will become the upper, the system of
diagonals will have changed, » and 4’ will have intcrchanged, and the signs of all tho forces will
also have changed. The middle rod is subject to the same considerations.

154. The preceding formul® enable us to find easily the net cost of a simple lattice, but we
shall stop to consider only the case in which the diagonals are doubled and form complete crosees.

On account of the indeterminateness of the strains in a multiple lattice, we may consider the
resistance in either manner explained in 143 and 144 (rigid or flexible crosscs). But, without
omitting to give to the diagonals the rigidity which their theoretical scction allows, by way of an
additional precaution we shall follow the sccond method which consists in throwing the strains of
compression npon the vertical rods. They will, indeed, nced to be stiffened on account of their
theoretical strains being more considerable than those of the diagonals, and the necessity which
will nearly always exist of giving them a surplus section for the sake of the general effect of the
flooring. It is obvious that if we suppose the flooring placed towards the middle of the vertical
rods, the lntter must possess rigidity ; thus they will be able to resist compression, whether they
be required to do so throughout their length or not. The dingonals, on the contrary, will require
a cocflicient of stiffness greater than 2; it is not too much, therefore, to double them, reckoning at
each instant onlly upon those which resist by tension ; and as additional security, those subject to
compression will not remain quite useless, for they may be stiffened.

155. Before establishing formul® of the total weight, we must point out exactly the strains
which the vertical rods have to resist.

We must remark, in the first place, that under the action of a partial load moving from one of
the abutments to a given point, the diagonals subjected to a tensile strain, which alone are con-
sidered as acting, will all be inclined in the same direction, from one end of the framing to the
other, they will be those the feet of which are inclined towards the abutment affected by the
{:nrtml load. It follows from this that, under such a mode of loading, any vertical rod may be cut

y a plane which docs not cross any active diagonals, and its strain will be determined as if the
lattice were a simple one. The migdle bar itself will come into the general formulse, for there will
no longer be in this point the forced inversion of resisting diagonals which was produced in the
simple lattices with the forms adopted,

The upper portion of the rods will be calculated generally for a constant strain (p+p") }':_:T;' y Which

is no other than thg stension produced under a complete load. A partial load might produce a com-
pression equal to p—z(;?(;:-—_:_‘-——;)m [((n—ny(h+2)+21] - : _: ’;, (see 150); but in order that
this strain may exceed the preceding, ' must become great and % small. For h = ¥, the first

formula, is sufficient so long as m does not exceed the limit % (3 +4 ;2, + '\/(3 + 4 %)’+ l): for

example, for ¢ = 060 or f;’ = 92,’ m may reach the value 5. For 4’ nul,it is sufficient if m be less

than 6 4 8:23, » which is always the case, and even then it may happen that no compression is
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manifested, if the permanent tension always predominates over the compressions which the load
may produce. Usually m is less than 5; if it excceded this slightly, a few of the rods would be
subject to a strain of compression a little greater than the tensile strain, but this small difference
might be neglected on account of the surplus section which will be given in every case. We shall
affect the weight of the vertical rod with a coefficient V, designed to give the rigidity necessary to
resist compression and to add to the transverse stability of the structure.

If now we pass on to the lower portion of the rods, situate be}ow the point where the load is
applied to them, the strain of compression would be (ih-l-{ z,a—h considering only the complete
load. But under a partial load, this strain will reach the greater value (153)

3K vy m=n+2 (ntn)(h4E)—24

It+h'+p8. 4m ) A4 A !
sccording to which the piece should be calculated. We obtain the weight of the lower portion of
the nth rod, by multiplying by the length and by the quantity ¢ V; and as the formula subsists
for the middle rod, it will be sufficient to sum, supposing » to take the successive values 1,2, . . , m,
then to double and subtract the value relative to n = 1, in order not to reckon the middle bar

twice. Wo thus find the value given in the following section for the total weight of the lower
portions of the 2m — 1 rods,

156. Adding to the rods thus caleulated the total weight of the flanges (147) and that of the
two systems of diagonals (149 and 153), we shall have the total weight of the bow-girder

’ 2 X
Weight of the flanges = (r+ 7?_)8’LU [2 "38 4 (dm—1) G + 7 ’] .
At A 3m

Weight of the dingonals
p ot , . N 15 s
= 30m2 (A4 A7) [30 m3(in=1) §24(A2+1'%) (16 mt =60 m+5H9— '"7) + 81K (mt=5m? + 1)] ;
L @2 =1 (p4pHEtRv,
j Upper portion = - B (h + 4 :
(w2 =1)(p +pH51ITV
3m(h+ 1)

AL ’ ’ r_ K (16 m# — 40 m* + 20m? 4+ 10m — 6
G 4 77y (116 1807 — 200 — 150 4 4) + 1 (16! — 40" 4 20 )
Mean weight of the bow-girder & lineal metre

_ (p+)t 2 _ 2 12 q 5m? (m — 1)1

= fonrer g 7‘,){3m’Ul’ +2(U+ V) (4t = 1)(# + ) + (15 m? (m— 1)

4 2 (R241'%) (16 M5~ 60 m?4-59 m—15) +16 m A k' (4 m4=5m?+1) + m VA L' (16 mé

+15m8 — 20m8 = 15m 4 4) + 2m V i3 (Bmt — 20 m® 4 10m? + 5m — a)]} +a.

For the caso in which 4 = #, this formula becomes, representing the total height by H:

Mean weight a meétre of bow-girder with flanges of an equal curve

_(p+p')t{3m’Ul2 . s q

=g \m o T UV -DH A5

[1"?@3(;{”:!)1’ + H (32 m5— 20 mb— 60 n+ 63m —15) + "‘-—Pi (32 mi— 25m3— 5m— 2)]}+ a:

Weight of the vertical rods
[Lower portion =

or making 2 m = N: Weight a mttre
, e U+VI(N*’-1HH q
~=(p+p)f{'41i'+_ TaNe T TéoN
2 NVH . oRN3
[15N2(N = ) 4@ NS—5 NI-BON*4 G3N=50)4 = = (16N‘~25N—20N~16) | +0.

Tho important part played by the vertical rods, which serve in several ways, will require a high

value of V. ) . .
157. Paraholic Arched Girder, divided into an even number of intervals—The particular case in

which " = 0 gives:
Weight a metre of arched girder

N UB (U VYEm =Dh g [=DE b o o, o _15'] o
=(p+p)t{74—H+-”—A 6m: o 84 +60m’(16m 60m*+59m ). }+
or, N being even : Weight a mttre

(0 N -2 2% 7 s an e a0 ] o
=+t {f (U+ 552 0)+ 2 [T+ OP-D) + g avo— 30N+ 59N —30) [} +

The observations in 144 apply here. No rod will be subject to compression if we have

r >(m4_ L0 ', and even when this condition is not fulfilled, the compressions may be neglected,
for they 1:1-9 always much less than the tensions. The coefficient V is, therefore, really retained

to give to the rods a rigidity which mey enable us to utilize them in connecting the girders ; but its

value may be considerably less then in the case in which 4 = ¥, of the preceding sect;icg:.l
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158, The strains upon the piecos are easily deduced from the general formule, We have:

2 3 52
Constant maximum strain upon the lower flange = ’-n—(’-’;Tp—)—,

") &
Moximum strain upon the nth section of the upper flange = (—%’?—)— Nmis 4 (20 — 1)142;
L R ——
Maximum strain upon the nth diagonal (full lines) = Z%z_h Nmi 8?2 4 (m® — n?2)? R

S —
Maximum strain upon the nth diagonal (dotted lines) = 21':;7. N mA 8 4 [mt = (v — 1?2 A%;

tension + ( + 2 8; )
Maximum strain upon the nth vertical rod { ;,mpression (if any) = (m —n) (m4+ n—2)p'8
m

;159. Bow Bridges continued.— Ezamples.—The great height which bow bridges attain renders
the bow subject to compression liable to distortion in the middle of the bearing: but this height
will generally enable us to use ties on the upper part without 1mpeq.i13§ the passage of the trains.
The lower and upper ties, with the vertical rods, will constitute a rigid frame, binding the whole
together, If the height is very great, simple gusscts will be insufficient at the corners of these
frames, and recourse should be had to vertical 8t. Andrew crosses, similar to those shown in Fig.
1770. This is the case in which it is especially necessary to give the vertical rods an excess of
section, to prevent their yielding at the points to which the vertical cross-bracing is fixed.

At the end, the decrease of height allows the suppression of the upper ties without compromising
the stability. In the intermediate parts, it will be prudent to place vertical rods with broad e({n-o-
j«ﬁcting ribs, firmly fixed to the horizontal portion of the bridge, as in the case of girders loaded on
the lower side.

The rigidity of the whole is completed by the lower horizontal cross-bracing, and a cylindrical
upper cross-bracing extending over that portion of the bridge where the height is sufficient. In this
way distortion, or the strain of torsion, will be better prevented or overcome than in girders loaded
on the lower side, and it may be done at a Jess expense than in a straight tubular bridge, in which
the upper tying must extend throughout the length.

T{:e framing, or bow-girder, should terminate at its two extremities in solid wrought-iron plates
binding the two flanges together; great strength is here required, but it may be obtained without
much expense, because the height is inconsiderable. .

160, Rigidity of the Bows.—If the form of a Low-girder with a straight lower flange, or stringer,
be preferred, we saw (144 and 157) that it is easy, whatever the height may be, to clude com-

letely the compressions upon the diagonals, and almost wholly also upon the vertical rods, which,
sides, are always provided with considerable rigidity. It is, therefore, uscless in this case to
make the bow rigid ; perhaps it is wise to allow the flanges a certain flexibility, in order that the
spandrils may have to maintain the form of the Low; for if the rigidity of the latter usurped this
duty in too marked a manner, there would result moments of rupture in virtue of which the distri-
bution of the pressures would be made in an unequal manner among the several sections.

In a certain degree this will always be the case, and it should be taken into account by slightly
increasing the coeflicient U. This remark applies also to straight girders which are not strictly
articulate or jointed pieces, though caleulated as such. It is advantageous to regard the two
flanges as solid with cach other, and furnishing a moment of resistance in virtue of which the
ﬁ;essure is greater upon certain fibres than upon others. The cross and the vertical bars will
laneﬁt by this circumstance, and will bear strains a little less than those given in the calcu-

tions.

It is when the moving load is great with respect to the dead weight that it is especially neces-
sary to consider the bow-girder as an articulate syst.m,  On the contrary, if we place the resistunce
to distortion in the rigidity of the bow, we are obliged to increase the permanent load by means of a
thick layer of ballast. The bow may then be calculated by the formulse of the flexion of the eurved
pieces; the diagonals are, however, retained, but they are reduced to very slender rods; the flanges, on
the contrary, are strengthencd, and their section should have a considerable height. Under these
conditions, the principal purt will be played by rigidity; for when scveral pieces act together, the
strain will concentrate itself upon those which are best able to resist it.

161. Comparison between Straight and Arched Girders~—When the height allowed is unlimited, a
bridge of straight girders loaded on the upper side will have, over bow-girders, the advantage of
diminishing the cube of masonry by requiring a lower bed. But if the height is limited, we have
only, in making choice of & system, to compare the metallic portions.

If the bridge had to carry only the pcrmanent load p, uniformly distributed throughout the
length, the comparison would be exceedingly simple, Indeed, an arched girder may, in this case,
be deprived of diagonals, and by giving it the most advantageous height, its weight a lineal metre
will be expressed by the following value, supposing ! = 2m 5: ’

P, _pit m?—1 . mi -3
'I———m—\/—s—— (for height = -2—'\/m___1 ;

Neglecting all coefficients, a girder of triangles, Fig. 1657, would give for the theoretical
minimum expense (a being equal to B),

¥ 2.8

Py _plta/ Tms? e IV
-I—’.. -27\/," [m+§ @m? - l)] with helght:m\/1+3_m @mt —1),
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Orform= o .. .. 1 2 3 4 5 6 7 8
We have ;—’ B . oo [0°866 | 1°094 | 1298 | 1°480 | 1638 } 1790 | 1-920 | 2:046
1

Thus for m = 8, the straight girder would weigh more than twice as much as the arched
r; but this supposes that the rise of the latter is not less than 043 of the bearing, whilst
the height of the former would not exceed 0°148.

The effect of a moving load will be to render necessary the addition of diagonals to this latter
girder; but for the straight girder also the strains upon the bars will be greater than with a per-
manent load. Rigidity requires another increase, but more especially upon the struts of the
straight girder. The arched girder will generally have & great advantage in respect to the
lattice, even with heights which are not the most economical; but in order that there may be
nothing to lose upon the flanges, it must have a rise x 7 greater than the height x’/ which would
be given to the straight girder. The weights of the flanges will be equal in the two systems when.
we have between x and «’ the following relation, the coefficient U being supposed the same in

L, 2xk(Nr—1) )
bothsystems.u_mﬁq"mthemeofNodd,or
« 2e N —1) if N is even. -

TEINT 8 (N = D’
N has, however, but a sma\lll influence; if for the straight girder we take x' = 0,10, we shall
have x'= about 0°16; for if «’= 3 the rise would be 0-21 of the bearing,

In general, with the rise allowed in practice, we ought not to reckon upon saving in the
flanges, but the advantage of the arched form will be essentially in relieving the vertical portion
(Bee 168).

162, First Example.— Arched Girder with Simple Rigid Diagomals, Figs. 1761 to 1765.—
Il?ata: 1 = 86%, p = 2000, p' = 3300, p + p’ = 5300k, ¢ = 0:623; 8 =4m, N=9, or m = 4,

= 6= 50,
The lower flange su}}ports, under a load, a constant strain of 130} tons. It is composed of

. 100/100 ... . . . - . .
three .angle—xrons of 1 millimetres, a vertical rib of 550/10, to which the vertical bars are

fixed by twelve rivets of 0=-025, and two horizontal plates of 600/10 each,
") o

“7_';'_]:';)_,\/,,‘2 (m+ 178 + 4(n — 1) 43,

which vary from 130} tons in the middle (n = 1), to 155-6 tons in the cxtreme section (» = 5).

The vertical rods have a maximum tension which varies from 30 to 21°2 tons. The first
may, besides, be compressed by & force equal to §(T]r)nﬁ+—13 (m—=n)(m+n=1) =~ p8 =800 only,
and for the others the strain is always one of tension. The vertical rods are therefore strengthened
only with a view fo the stability of the whole flooring. The two girders, or framings, are bound
firmly together in two places towards the middle of the bearing by tie-beams so arranged as to
form a rectangular figure enclosing the whole bridge.

The strain upon the diagonals (139) varies from 17+2 tons for the first (middle) to 10.8 tona
for the last (» = 4). 'The first is divided into two portions to form a cross, each arm of which
supports only 8°6 tons. The sections adopted have sufficient rigidity, regard being had to their
strain a unit of section, which strain is very small,

The upper flange supports strains expressed by

Calculation gives:

Angle-irons and vertical ribs, with their joint-plates and solid ends 10500%
Fl"'nges{l:forizonta.l plates with their joint-plates e e 4w .. .. 8300 18800%
Verticalrods .. .. .. . . o .o . 2130
Diagonals T T O T ST ST 1800 ) 4200
Two horizontal pieces of railing and central gusset e e e 270

Total .. .. .. e e .. .. 23000%

Say 612 kilogrammes a lineal métre (of the whole length 37='60).

The formula of 141 becomes, with the data of the present example, and adding a special term
for the addition to the vertical rods,

17) =3860U + 226V 4 385 4 7-040 + 0.
00 N 0
The flanges weighing —;22—67 = 500% a metre, we shall have U = ng = 1°85, including the

plates at the ends. These latter having an excoss of strength, the value of U may be reduced
@ little.

. — 50 — 0
For the diagonals, V = 36" 2:2L
3:2
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The vertical rods weigh, acsording to
the calculation, about 60 kilogrammes
e lineal metre of girder; the theore-
tical weight being only 885, we have
to cover 21* 5 by mesans of a term 6
requiring 6 = 3; in other words, the
excess of section given to the rods is
equivalent to the addition of a pro-
Jjecting piece weighing 64 = 195 a
metre (of its own length).

Q is here only ?gg = 8 kilogrammes

(say 0°013 of the total weight).

163. If double diasgonals were
adopted, we might leave the vertical
rods unchanged, since they are deter-
mined by other conditions than the
theoretical strain; and the double dia-
gonals, calculated for tension only,
would give a weight of 58 kilogrammes
a meétre. Thus, in this example, the
single diagonals, though V is a little
greater than 2, give a small advan-
tage, which is due to the fact of their
having been chosen short, and exposed
to the least strain. The saving ‘is,
however, so trifling that it would have
been quite as advantageous, and per-
haps more so, to adopt the cross.
This will be done in the following
example.

164, Second FErample—Arched Gir-
der of Tension-crosses, Figs. 1770 to
1787.—Data: I = 66™, p = 2500%, p’
= 3000%, p + p’ = 5500%, ¢ = 0'545,
=6 N=11, orm =5, A = 11.

As in the preceding cxample, we
ghall adopt a moderate load, for the
value p' = 4000 corresponds with the

urely fortuitous ease of two heavily-
}:xden trains crossing the bridge at the
same time.

The lower flange bears, under a
complete load, a constant tension of
270 tons; the upper, 270 in the middle
10 3165 tons at the end; or more cor-
rectly, this last strain will be less, for
towards the ends the bow ceases to bo
parabolic and terminates by tangents,
for the purpose of lengthening sufli-
ciently the bearing upon the rollers.
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Regarding the diagonals as resisting only by tension, so that one arm only of each cross acts
under a given load, the strains will be: '

Short diagonals .. .. | No. 1 (middle) 2 3 4 5
Long diagonals .. .. Nos. 1 and 2 3 4 5 6
Strain .. .. .. .. 27° 860 26510 23-764 19-904 15-690

The scctions adopted havo a form possessing considerable rigidity. If they had been made to
resist compression for the half of the load, the maximum strains would have buen the half of the
above, so that the sections adopted would give at least V = 2, which would warrant us in increas-
ing to 50 the ratio of the length to the reduced thickness, a condition which is not far from being
fulfilled. The spandrils aro thus susceptible of two modes of resistance; the one which will be
produced will be an intermediate mode, in virtue of which the strains will be less than those

rovided for,
P The vertical rods bear 83 tous under a full load. They always resist by tension, except the
first towards the middle, which may be subject to a strain of compression of 1345 ton only. Their
scetions are, however, increased to give rigidity to the rectangular figurc formed by the tie-beams
already alluded to, to which the vertical eross-bracing is fixed.

Direet calculation gives the following results :—

[ Angle-irons with vertieal ribs with their joint-plates and the end plates 27550

Horizontal plates with their joint-plates .. .. .. .. .. .. 37400 "

Flanges Gussets between the vertical rib and the horizontal plate, angle-iron on 67000
[ the edge of upper flange ..

Vertieal rods (including 330k for joint-plntcs. and other nccessorices r.oalluil.'(;(l h‘\'ﬁxi.ﬁg) .. 8100
Dingonals (including 1100% for joint-plates, filling-plates at the points of crossing).. .. 7250
Railing v .0 ov oo o o e e e e e e e 650

Total .. .. .. .. .. . . . .. 83000%

Say 1208 kilogrammes a métre of the total length 69 metres,
The formula of 145 becomes in the present case Il) =754'5U+525V 497+ 0. The

5000 . N . . .
flanges weigh (EW'F = 942 kilogrammes o lincal mitre of girder, which gives U = 1:25. For the

vertical rods we have V = about 2:25. These quantitics do not include the accessorics inde-
pendent of 4, the details of which are as follows :—

Accessories forming & part of the flanges .. .. 2050
. » ' vertical rods .. 830 3880%
" » ” crosses .. .. 850 j )
Railing O 11311

which gives & = 57 kilogrammes a muttre of the total length, or 0°0475 of the total weight.

T'o discuss the height 4, suppose that with the present data we have to adopt V = 0-205 % (for
o height above 5 metres), and that the value U is regarded as nearly constant. The weight of the
girder (145) may be put in the form 17 =715 (]—?—z +1-624 % + 0137 m) +57% It becomes
then a minimum for 2 = 15™* 50, which brings it down to 1115 kilogrammes, instead of 1208 kilo-
grammes, which the same formula gives for the height adopted of 11 metres.

165. To compare the arched girder with the bow properly so called, having an equal height in
the middle, let us take for example the data: /= 60™, N = 10, p 4 p' = 5500%, ¢ = 0°55, total
maximum height = 10m, U = 125, V = 2 for the arched girder.

We must first ascertain what value of V will be required for the bow-girder having flanges of
an equal curve. Now the upper portion of the vertical rods has as a constant maximum strain
16} tons, whilst the lower portion may be subjeet to strains of compression varying from 30 t021-9
tons. The vertical rods of the arched girder will have to resist loads less than 33 tons, but in the
present case the rigidity to resist compression is nceessarily in the Jower portion; but it is not
this condition even which fixes the limit, the rods must be stronger than theory requires on
account of the duty they have to perform as mediums between the girder and the flooring. We
shall, therefore, give them a section at least equal to that adopted for the arched girder, which
Icads to a coeflicient V’ equal to about 8.

The term Q has also a more disadvantageous value in the case in which both flanges are
curved, on account of the longitudinal girder which will always be required on a level with the
flooring, though it is not strictly indispensable. Let us take, for ecxample, & = 55 for the arched
gu-('lc‘ar, and Q = 120 for the girder with both flanges curved.

hew the formulm of 156 (for A = 4') and 157 (k = 0) give respectively for the example under

m
Weight of the mitre of bow-girder with both flanges curved = 1137 kilogrammes,
Weight of the metre of arched girder with a straight lower flange = 1092 »
Thus, with an equal total height, the simple arched form, which is the more convenient, is to

be preferred. . Yet it is possible that the double curve form may become the more advantageous in
certain cases in which it may be regarded as warranting a greater total height, on account of the
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triple tying on three different levels, provided this additional tying do not consume all the saving
effected in the girder itself.

166. The last plan, Fig. 1770, gives us U smaller and 0 greater than the first example. But
wo may, to make the matter more simple, bring them to about the same values: to do this we may
include in U the accessories forming part of the flanges, so that the latter will amount to 67000 kilo-
grammes (164); consequently, U will be equal fo 1°29, instead of 1-25,and Q to 0°022 of the total
weight, instead of 0-0475. Already, in section 102, we have similarly attributed to U the angle-
irons upon the cdge of the flanges and the plates at the ends of the cross-girders, although strictly
speaking these accessories do not depend upon the height, but rather upon the particular form of
the flanges.

167.bAdmitting generally 4 =018/, U =130, V = 2-50, and Q@ = 0°025 of the weight, we

may form Table X. of the quantitics (7:—})1;)11 for various values of N and ¢, and for arched

girders with crosses. The numbers of this Table, being multiplicd by (p 4+ p'){, will give the
mean weight of the lineal metre. They have been ealeulated by means of the formuls in sections
145 and 157, which, with the data admitted, become respectively

P 00024 [ N1 _1_30(.\:_.1)]
G yE = 00080185 — T 4 [0-00185 =5 + 0-000032 (N+y5 NZ(N+1)) o
for I odd; and 0-0006 N2 30 (N* 4+ 1) — 59N
=0 - : . 5 — . - o + — )]
s = 070080185 - 2 + [o 00185~ + 0000032 (N - ¢

for N even. 0 is included in the numerical quantities, which have been multiplied by 1-025.
168. For girders carrying a whole line of rails, we may allow :—

Andq = .. | 072 0-60 055

H . |
Meétres, Métres. | Metres. I

Fori= .. 20 60 | 80
Kilos. | Kilos. |  Kilos. ’
pH+py= .. 6900 | 6700 . 7300 !
i |
| I

Supposing besides, as in 92, N = 7 for bridges of 20 mutres, 8 for those of 30 to 60 mutres, 9 for
70 metres, and 10 for 80 metres, we may draw up the following Table :—

L]
Metres, | Métres, | Métres, | Mctres, | Metres, | Métres. | Métres,

l= e e e e e e e 20 30 40 50 60 70 80

Kilos, | Kilos. | Kilos. | Kilos | Kilox. | Kilos. | Kilos,

Weight of the mttre of girder carrying a wholc} 160 | ¢s0 | svo | 1100 | 1310 | 1600 | 1900

line of rails .. ..

These weights differ but little from those of girders of simple triangles (92), or of crosses without
vertical rods (105); so that the advantage of the arched form is not in the girder itself, but consists
merely in diminishing the length over which the upper tying and cross-bracing cxtends. Over
other systems of girders the advantage in weight will be moro sensible; but it may happen that
the builder asks a higher price the kilogramme for structures with curved flanges than for those
with straight girders. In this case the pricc must be taken into consideration in comparing the
relative merits of the several systems.

As the arched forin allows the rigidity of the vertical portion to be relegated to the rank of
secondary questions (144 and 157), an arched girder carrying only one rail will weigh but little
more than half of the weights given above for girders loaded with a whole line. Therefore, in the
case of a small load, the advantage of the arched form becomes more decided.

We will repeat once more a remark already made several times: it is that, in general, in order
that a girder may support wholly the load of one line of rails, we must consider the case of two
heavy trains crossing at the same time; if, therefore, for this fortuitous case we are willing to
raise slightly the value of R, we may reduce the weights given above.

181. Weight of the Lincal Métre of Raitway Bridges carrying Two Lines of Rails.—Case of Limited
Height.—When the depth between the level of the rails and the lower side of the girders is limited,
the system of loading the girders upon the lower side is resorted to, which for long spans is
developed into the tubular system.

A.— Threc-girder Bridges loaded on the lower side.—If tho depth allowed, though limited, is yet
sufficient to enable us to give to the cross-girders a height of 0m+70 or 0m-80; these, added to
the minor longitudinal girders will make up a weight of about 640 kilogrammes the lincal metre
qf ﬂo;)ring under two lines of rails, the distance apart being included between 3 and 5 metres. In
detail :—

With a distance apart of 3 metres and}Cross-girders = 875%; minor longitudinal girders = 265,
8 height of 0m+70, we should have ..f Total = 640k,

And with a distance apart of 5 métres}Cross-girders = 250 ; minor longitudinal girders = 385k,
and s height of 080, we should have) Total = 635%.

For spans of 80 mutres and above, a horizontal cross-bracing is added, weighing from 80 to 100

kilogrammes the metre of flooring ; and in that case the total of the pieces and the chief girders
will increase to 720 or 740 kilogra‘mmes.
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If the height of the girders exceeds 5 mdtres, we shall adopt the tub:lar system by adding tie-
beams at the top reckoned at 90 or 100 kilogrammes, Fig. 1719, and an upper oross-bracing
reckoned at 70 or 90 kilo mes. The total will be from 880 to 930, according to the span. The
upper tie-beams increase but little with the span; for if, in a large bridge, they are inoreased in
gize, they may be placed farther apart. . .

The outside girders carry only one rail, and should never be subjected to a strain greater
than 6 kilogrammes the square millimitre; but the middle girder may support a whole line
in the case of two trains crossing the bridge at the same time, an_exceptional circumstance
when the strain may without injury be raiscd to 7%-50, especially as the londs supposed (34) are
for very heavy trains. In the ordinary case of the passage of one train, the middle girder will
not be subject to a strain of 6 kilogrammes, In virtue of this incrense of R, the weight of

4 .
the girder, or at least the part which is a function of ¢, will be reduced to 50 which amounts to

the same thing, ¢ will have the value 000104, instead of 0-0013. If the height be not changed,
gomething will yet be gained by the fact that the lightening of the girder diminishes to an equal
amount the load which it bears. . .
Girders loaded on the lower side are badly supported if their height is great without being
sufficient to allow an upper tying. The heights between 850 and 5 mitres should, therefore, be
avoided. For example, if the height theoretically the most favourable were 4 mitres or under, it
should be reduced to about 8m-30; if it were above 4 motres, it should be increased to 5'"'39. in
order to adopt the tubular system. However, if the depth allowed will permit, we may sometimes
raisc the cross-girders as shown in Fig. 1718, in a two-girder bridge, and in that case we may
without inconvenience retain the height calculated. .
182, Table X1II. A gives the weights of three-girder bridges caleulated according to the preceding

indications. An addition of T]6 has been made to include unforeseen necessities. Multiplying the

weight of the lineal mdtre of total length by 1:045, we obtain the weight a lincal mttre of
bearing (37), given in the last column. Multiplying this last by 1:0., or immediatcly those
of the preceding column by 10973, we obtain the weight a mitre of clear span between the
abutments. .

In the case of multiple lattices, we suppose that the outside girders have single vertical rods
placed upon the inside of the girder, and that they may be computed by a mcan between the
weights of 117 and 118, at least when the height does not differ too widely from that of 0°117,
which was supposed in the scetions referred to.  The middle girder will have double vertical rods
aud o flat lattice if there is no upper tying; if the bridge is tubular, it will, on the contrary, have
a rigid lattice and no vertical rods.

In arched girders, the upper tying extends only over those portions where the height is suffl-
cient; so that its mcan weight is less than in straight bridges. But in long spans this economy
diminishes, and is compensated by tho necessity of placing struts or $t. Andrew crosses forming &
vertical cross-bracing,  The weights given in the Tuble include these circumstances.

183, If the depth allowed be very limited, we shall not be able to give the cross-girders the
height supposed in 181. 1f, for example, we are obliged to restriet this height to 0m* 35, as shown
in Fig, 1502, tho weight of the lower cross-girders and longitudinal girders will be increased to
960 kilogrammes the mitre of flooring, instead of 640. We must, therefore, increase by 320 kilo-
grammes the numbers of the fifth column of Table XII. 4, by 350 those of the following, and by
870 those of the seventh or last column,

The limit in height may be still less, and may require more expensive arrangements, such as
those of Fig. 1501. In these cases we must of necessity adopt the three-girder system; for that
of two girders, which we are about to consider, docs not allow the height of the cross-girders to be
decreased to such an extent,

184. B.—Two-girder Bridges loaded on the lower side—When the cross-girders can be of a good
height we may reckon as a mean for their weight, joined to that of the longitudinal girders, upon
750 kilogrammes the mttre of flooring. In detail :—

With a distance apart of 8 mttres and|Cross-girders = 530%; minor longitudinal girders = 240,
a height of 1 metre, wo have Total = 770%,

With a distance apart of 4 mitres and|Cross-girders = 410%; minor longitudinal girders == 820k,
a height of 1 mitre, we have } Total = 730%, Fig. 1600.

With a distance apart of 4 mitres and)Cross-girders = 425%; minor longitudinal girders = 320k,
a height of 0= 80, we Lave Total = 745, Fig. 1708,

With o distance apart of 5 mdtres and}Cross-grirders = 840%; minor longitudinal girders = 860k,
a hoight of 1 métre, we have * Totul = 700%,

Above 30 metres span, & horizontal cross-bracing must be added, estimated at 60 or 80 kilogrammes,
Totul 810 to 830, aceording to the span.

When the bridge becomes tubular, 170 kilogrammes must he added for upper tie-beams, and
70 kilogrammes for upper horizontal cross-bracing, in long spans these pieces are strengthened,
end, in & caso of necessity, vertical cross-bracings would be added ; but, at the same time, the distance
of the cross-pieces apart mny be increased. We shall reckon, for all the pieces, as well as for the
principal girders, 1050 to 1100 kilogrnmmes, according as the span varies from 40 to 80 mitres,

In arched girders the upper tying extends only over a fraction of the length, but this fraction
increases with the span, whilo the vertical cross-bracing scquires at the same time more import-
ance: thercfore in long spans the secondary picces weigh as much as in straight girders.

When there is but one train upon the bridge, the girder subjected to the greatest strain will sup-



- BRIDGE. 867

port only about g of the load of a whole line, and under these circumstances we may subject it to

a strain of 6 kilogrammes, since on the exceptional hypothesis of two heavy trains being on the
bridge at the same time, the maximum strain will still be less than 7 +50. The weight of girders
may, in general, be rapidly calculated by interpolation. For example, for a solid girder of
20 metres span, we may reckon p = 1800 kilogrammes (including 500 kilogrammes for the girder

itself); p’ = 2 of a line of rails = 3750; total, p 4+ p' = 5550 kilogrammes. Now the Table of

129 gives 870 kilogrammes for a girder carrying one rail, and the load of which was valued at
8600 kilogrammes, and 570 kilogrammes as the weight of a girder carrying two rails, and for
which we had supposed p + p’ = 7000. Interpolation will give for the present case

5550 — 3600
' 7000 — 3600

The neight, interpolated between 1™:70 and 2m:25, would be about 2 metres. In these cases,
in which the height thus found would have to be modified considerably to prevent its fulling
betwoen 8™*60 and 5™+ 60, for rensons already stated, the weight would be caleulated directly by
the formuls, with suitable values of U and V.

Table XIL» gives approximative weights for two-girder bridges constructed according to the
hypotheses which have just been made.  The multiple lattices are supposed to be with single
vertical rt}wds, which allows one of the systems of bars at 45° to be constructed of pieces with pro-
jecting ribs,

! 185. In the ease in which it is required to decrease to 0™* 60, for example, the height of the
cross-girders, in consequence of the limited depth, we shall have to increase by a constant equal to
about 300 kilogrammes the numbers of the third column of Table XILB. The following column,

— avv naa

370+ =

including an addition of 110, will increase by 330 kilogrammes; and the weights of the last column

will be augmented by 345 kilogrammes.

186. Cuse of Unlimited Heiyht—When the height allowed is unlimited, we are none the less
free to adopt one of the preceding systems, but we have the ndvantage of placing the girders
entirely below the level of the rails, which will give rise to other systems: these systems we are
about to consider. They may be preferred, if they are found to be more economical, and it may
be at once remarked that they possess an advantage in requiring a lower bed of masonry. The
fact of the bed being far removed from the plane of vibration may appear detrimental to the
stabidity of the structure; but this may be remedied by means of vertical cross-bracing, especially
that which is placed above the supports. .

187. C.—Four-girder Bridges under Rails—According to Figs. 1612, 1614, supposing a distance
of 3 muitres between the cruss-girders, we may reckon from 260 to 345 kilogrammes a metre of
flooring for the pieccs other thun the principal girders, and the horizontal cross-bracing, according
as the height of the girders varies from 1-50 to 4 métres; say 300 to 400 kilogrammes, including
the horizontal cross-biacing. . .

The girders carry each one rail, and their weight is found ready caleulated, uccording to their
mode of construction, in the Tables of sections 92, 103, 106, 117, 118, 129, 133. R

Table XIL o gives the weight a motre of four-girder bridges for spans of 20 to 50 métres, for
this system will never be adopted for very long spans. . .

188, D.—T'hree girder Bridges under Rails.—According to Figs. 1605 and 1618, 1619, the pieces
other than the principal girders and the horizontal cross-bracing will weigh from 460 to 620 kilo-
grammes, according as the height of the girders varics from 2 to 5 metres. As in the preceding
cuse, the resisting breadth of the flooring hardly excceding 5 mitres, it is necessary to have
recourse to horizont i1 cross-bracing beyond 20 motres span; reckoning it at 40 to 60 kilogrammes,
wo shall have a total of 500 to 680 kilogrammes for heights of 2 to 5 metres. .

Beyond 50 metres span, it is preferable to inerense the distance between the outside girders by
adopting the second arrangement, Fig. 1619: we may then reckon upon 830 + 70 = 900 kilo-
grammes for a span of 50 metres to 1100 kilogrammes for a span of 80 metres. . .

Each girder will be calculated for a permanent load p equal to its own weight a mttre, increased

by 700 to 900 kilogrammes. As to p', it may be estimated at % of & rail, for an outside girder, if

the distance apart is 5 mbtres, and at % of a rail if the girders are arranged as in Fig. 1619 (second
. 6

arrangement).  For the middle girder, p’ will be, in the same cases, respectively equal to 50r to

g of & rail, both lines being loaded simultancously by heavy trains. For this exceptional case we

ise R to 7%-50, or reduce ¢ to 0-00104, for then the maximum strain will always be less

3:11:;)1,1 r?ilhifilogrgmmes 'a square millimttre in 'the ordine: ry case of one line loaded, m which p

1d be reduced by one-half, .
wouIt is G;xl;:silll)le to)z,:ive different heights to the middle and to the outside girders, but the advan- .
tage of this complication is too small to render it worthy of adoption. . . .

Table XIL D gives approximative weights for bridges constructed according to this sys\ltirm. .

189. E.— Two-girder Bridges under Rai/s.—-Fig.l 13-15 vg%ui{qlglvo 560 k}logzileﬁg:i :0 !111t1;1 g, or
the pieces other than the principal girders, including ilogrammes for 1 cross-
braclgig, the height of the girders being 2=°50. With a height of 8 mdtres, and taking the
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arrangement of Fig. 1606, we may reckon 600 kilogrammes: Fig. 1742 would give 660 kilo-
grammes, the height of the %’rders being 4™-50. . .

With the first kind, in which the distance between the girders is 5 mttres, we shall take from
550 to 700 kilogrammes, according as the height varies from 2 to 5 metres.

Beyond a span of 40 mbtres, it is better to widen the flooring by adopting the arrangement
shown in Fig. 1580. We may then reckon, for the pieces other than the principal girders, from
800 to 1000 kilogrammes, including the horizontal cross-bracing, according as the height varies
from 4 to 9 metres. . .

Each girder is calculated for a strain R = 6 kilogrammes a square millimétre, taking for p
the weight of the girder itself increased by 1000 to 1200 kilogrammes, according to the span, ‘and
for p' the load of 1-70 or 1+55 of a rail, according as the distance between the girders is 5 or 640
mutres. These values relate to the ease of only one line loaded ; but in the case of two heavy trains
passing each other upon the bridge, R will not exceed 7 kilogrammes.

1
Table XIL & gives weights for two-girder bridges, a motre, increased by 10

In all the systems of girders loaded on the upper side, vertical rods will be quite unnecessary.

190. Comparison of the several Systems.—On comparing Tables XII. A, XII. B, XIL ¢, XIL p, and
XII.E, we see immedintely the advantage of reducing the number of girders to two, especially in the
case of long spans. But when the depth allowed is limited to the absolute minimum, the system
of three girders (Table XII. A) becomes the only possible onc.  When the height is unlimited, the
two-girder bridge loaded on the upper side (Table XIIL k) is preferable to the two-girder bridge
loaded on the lower side (Table XII.B); but in long spans, this latter system will be generally
more advantageous than those of four or of three girders (Tables XII. ¢ and XIL ).

As to the mode of constructing girders considered by themselves, the solid form is the most
cxpensive: then come multiple, triangular, and cross lattice-girders, and last, cross-lattice arched
girders. However, in two-girder bridges loaded on the lower side (Table XII. B), the arched form
offers but a trifling advantage in weight over the straight form with eross-lattice, and it is besides
more complicated in construction. Compared with a straight girder with multiple lattice, it has
again a certain advantage : for example, for a two-girder bridge of 60 mitres span, it would offer a
total saving of about 44 tons; but if there were a difference in priee, and the arched-girder bridge
were paid for at the rate of 0470 frane, for example, a kilogramme, whilst the straight-girder
bridge cost 0° 60 frane, the saving would be reduced to 4000 franes.

To make the comparisons more cvident and palpable, we might represent graphically the
weights given by the Tables.

191 a. Obscrvation.—In using the Tables, eare must be taken not to lose sight of the hypotheses
on which the calculations are based. 'I'hus, there will be no ground for surprise that the Lridge
represented by Fig. 1708 weighs 4335 kilogrammes a motre, whilst Table X1I. would give a less
weight: this apparent anomaly proceeds from the fact of our having caleulated that structure for
a heavier load, on the supposition that R should never excecd 6 kilogrammes, even in the exeep-
tional case of both lines londed simultaneously. 8o in the two-girder tubular bridge, Fig. 1690,
caleulated for p 4+ p' = 7000, the span being 56 metres, the weight of a girder reached 1300 kilo-
grammes a métre, whilst by interpolating in Table XIL B we should compute it at 1050 kilogrammes
only ; but this is because, according to the hypotheses of this Table, the loud considered for a strain

3 . . .
of ¢ kilogrammes 18 only hy of a line of rails, and, besides this, the pecrmanent lond, reduced to its

Jjust value by taking into account the lightening of the girder, is, by 400 or 500 kilogrammes,
smaller than the value liberully computed in section 89. . And, indeed, if we multiply 1300 kilo-
5550
7000’
is not quite so much as the Table gives. In the same bridge, calenlation had given also a slightly
greater weight for the flooring, because the cross-girders had been reduced to a height of 0m-70.

191 B. Bridges of 10 mitres span and less are always of solid girders, this form being simpler
and more advaniageous for an inconsiderable height. The best arrangements in these small
structures are, in general, easily discovered, and ready-made plans exist in abundance. In the
case of very limited depth, we may adopt the hollow form of girder, if the bearing does not exceed
5 or 6 metres. Beyond that, the three-girder system, with minor longitudinal girders of the hollow
or of the double T form, will be the best.  And when the height permits, we may take the bridge
of four girders, one under each rail, with very light tie-bcams.

If the depth is unlimited, it is suflicient to 1eckon from 600 to 1200 kilogrammes (including
parapet) as the weight of a flooring under two lines of rails, & metre of bearing, according as
the latter varies from 3 to 10 metres. In the case of very limited depth, these figures must
{esln«rtﬁveiy be inereased to 1000 and 2000 kilogrammes, if a gencral notion, ouly, of the expense
is required.

192. Weight of Rond Dridyes.—When there are inclined struts, ag in Figs. 1607 to 1611, and 1625,
carc must be had to take into account the increase of weight which they oceasion when the height in-
crenses. For instance, in the last of these three figures, we may suppose that the weight of the pieces
other than the principal girders is represented by 720 + 50 4, 4 being the height of the girders.

. For the kinds shown by Figs. 1625 and 1788, 1789, which are applicable to small spans, solid
girders from 0°70 to 1 metre high should be adopted ; the joints in the vertical rib should be far
apart, indecd there should be only one in spans of 10 métres; the vertical stays or stiffening rods
should consist of single angle-irons, scrving to fix the cross-girders and brackets. For other kinds,
it will be advantageous to employ multiple lattice-girders, or, better still, cross lattice-girders; these
girders should in general be provided with vertical rods for the purpose of affixing the cross-girders
and brackets, but often it will be sufficient to give them a small scctional area: it was seen in

grammes by the ratio of the loads supposed, say about we obtain 1030 kilogrammes, which
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108 10118, that in multiple lattice-girders it is advantageous to use single vertical rods, that is, rods
upon (::pe si@g only of the lattice, in order that one at least of the systems of oblique bars may have
projecting ribs.

In three-girder bridges, tho middle girder is more heavily loaded than the outside ones, and,
when nothing prevents, it will be well to give it greater height ; this is easily done in the case of
girders loaded on the lower side; when the height is unlimited, as in Fig. 1609 for example, the
bed-plate of the middle girder may be placed at a lower level than those of the outside girders.
It is in_tho kind of bridge represented in Fig. 1626 that the difference in the load upon the
girders is especially great; when the bridge is tubular, the upper tie-beams may be arched, and
the middle girder raised.

1788,
Load Brid.je.
Roadway, 7m; footways, 1m* 50, ]
Small span.  Scale, 0-02,

1789,
Road Brudye,
Roadway, 10™; footways, 2m,
Small span. Scale, 0°02,
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Table XIIT. gives some general values of weights for roads of 6, 10, and 14 metres broad, and
for spans of 10 to 50 mitres.

In Jong spuns o considerable saving may be effeeted by suppressing the ballasting, which will
diminish the permanent load. This may be done without danger, because vibration is much less
to be feared than in railway bridges, where the moving load is driven at greater velocities, and
the ratio ¢ usually possesses a value near 0°60; whilst in a road bridge where the ballast would
have a mean thickness of 0m+20 (35), ¢ would be about 0:40. In any case, if the ballasting is
retained, it is evident that the cross-bracing will be much less important in a road bridge than in
a ruilway bridge.

193. Bridyes of several Bays.—When a continuous girder rests upon several supports, and carriesa
load uniformly distributed throughout a bay, \
but linble to vary from one bay to another, 3
the locus of the moments of rupture, in any 1
bay in which the load is p, & motre, will
always be a parabola with n vertical axis,

1790-

having as p parameter 1 , and the position of

:
2
P N
which will bo detcrmined by the condition AA W B‘ \/ Ac
e :
|
|

of passing through the summits of the ordi-
nates which, raised upon the supports limit-
ing the bay under consideration, will represent
the moments of rupture in a line with these
supports. Thus for the bay A B of Fig. 1790,
the length being /, the load a metre p,, the moments of rupture upon the supports A and B
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being pn — 1 and puu, we shall have as the variable moment in the point M, the abscissa of which

is  reckoning from A, the expression
=B (p—'—u'l'llu'-l‘u x)-w—-l-h-l'
p=="3 2 - % !
and the stress in the same point will be the derivative
Prbs  fn= a1

F=—pot=5+—p

194. The moments of rupture upon the supports depend upon the circumstances in which the
other bays are placed, and are calculated by Clapeyron’s formula, the demonstration of which is
found in the works of MM. Bélanger and Bresse, and to which we can merely allude: it is the
following relation connecting the moments of rupture s -1, pin, ua + 1, upon three consecutive
supports, Fig. 1790,

1
I‘u-lln+2ﬁln(ln+ln+l)+l"n+lln+l+;(Pllns+Pn+I’sn+1)=0-

Applying this relation to each group of two consecutive bays, we have m — 1 equations (m
being the number of bays in the bridge) between the m — 1 moments of rupture upon the piers,
those upon the abutments being nul. “These cquations may be immediately written under a
numerical form with the given bearings and loads, and the resolution effected ; then the moments
upon the supports being all known and represented by ordinates to a given scale, we have only to
apply a parabolic model corresponding to cach bay, kecping their axes vertical, We thus construct
the geometrical locus of the moments of rupture over all the bridge, not only for a particular mode
of loading, but for all which are capable of producing s maximum strain upon certain portions of
the girder. For a determinate plan, two parabolic modcls are sufficient, one for the dead weight
only, which is supposed to be constant throughout the bridge, at least when the length of the
bays do not differ too much; and the other for the maximum total load, including the dead and
the rolling weights.

The scveral loci thus traced cut each other in certain points, and we make use only of the
envelope, that is, of the portions of the curves giving the maxima ordinates in absolute value. In
calculations for bridges of several bays, the cases in which the load would affect only portions of a
bay are not considercd.

Clapeyron’s formula is established on the hypothesis that the moment of inertia of the girder
remains constant throughout the length. This condition is hardly ever fulfilled, becuuse the
thickness of the flanges is made to vary for the purposo of economizing material. Ye} we
generally regard calculations made on the hypothesis of & constant section as applying with
sufficient approximation to & case in which the scetion varies, It is then prudent not to reduce
too much the maximum thickness of the flanges, which, in the computation of weight, will amount
to forcing  little the coeflicient U.

195. In the particular casc of two bays cach equal to Z, and loaded respectively with p, and p,

2
a mttre, the moment of rupture upon the pier will be — n Tg—*—)—l—

In the case of three bays, 7, 4, I, the respective loads of which are p,, p,, ps, we have for the

moments u, and u, upon the first and second pier

13, + 1. 0 03 (T, + 2103) = py 1,13
py= =200+ Pl B+ 20D = bl g

16 [1, G+ +1, (g I, + z,)]

In a bridee in which the bays are numerous, the lond upon one of them has a considerablo
effeet upon those which are contiguous to it, but very little upon the others. Thus we may, with
sufficient approximation, study successively each bay by taking into account the two next and
{Jojecting the others; the calculations will in this way be made similar to those for bridges of two

ays.

196. According to the remark made in scetion 84, the weight of the flanges of a girder is pro-
portional to the mean ordinate G of the locus of the maximum moments of rupture in absolute
value, and the vertical portion depends generally upon the mean ordinate G’ of the locus of the
stress. We will, therefore, give the values of G and G, applicable to bridges of several bays, and
by the aid of which the computation of the weight of the girders may be effected without
difficulty, as in the case of a single hay.

Let us consider, in the first place, n bridge of unlimited length, consisting of an infinite
number of equal bays. Let ! be the length of ench bay, p the permunent load a mitre, and p' the
moving load.

The load p will by itself produce, in & given bay, moments of rupture represented by the para-

2

—p 7l -
bola u = —2~p (6— —lx +x’); the supports (# = 0 and z = 7) the moment is —- I-L, it is

T’zlzj‘"]’a =4l

B+ &

)
. 12
nul at the abscissa 0°211/, and takes with the contrary sign the value ]éi in the middle of the

bearing. This parabola is identical in form with that which we should have for a bridge of
a single bay, but it is raised in such a manner that the segment which remains below the axis
of the 2’s is equivalent to the sum of the two segments situate above this axis, and having the
from of triangles, one side of which is curvilineal. This circumstance, due to the continuity of
the girder beyond the supports, affects only the flanges, the weight of which is diminished by it,
but it has no influence whatever upon the vertical portion.
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As to the load p', if, in the first place, it be applied exclusively to the bay under consideration,
A B, Fig. 1791, it will give upon the supports A and B moments of rupture equal to — 00528 p’ 1%,

1191
7/
\"\-« /, /
\'\ fe -
~~ /4 ﬁB
7 *‘wg
v
w
~. J _/,/ 7
i -~
—/
L N Z
e ) I3

which we caa,rry1 above the axis of the 2s, and which will determine the position of the parabola of
the parameter P having for equation u'= 1—%‘ (0 — ) — 0:0528 p' 2,

If now we apply the load p', not upon A B, but only upon the contiguous bay to the left of A,
the moment upon A will retain the same value, that in a line with the support B will take the
value + 0°0141 p' /2, and a right line joining the summits of the ordinates to the supports, and
having for equation p” = 0°0669 p'lx — 0°0528 p' 2, will represent the moments of rupture pro-
duced in the bay under consideration. If we consider again the case in which the bay A B and
the preceding one are simultaneously loaded, to the exclusion of all the others, the moments upon
A and B will be respectively — 01056 p' 2 and — 0-0387 2’ % and the locus of the intermediate
moments due to p’ will be the parabola p"’ = — 11-;—2 + 0°5669 p' [ x — 0°1056 p' 2. The maxi-
mum moments in absolute value will be given by the portions of the curves traced in full lines
upon the figure; that is, by u"”” between the limits # = 0 and « = 0°127, by " between x = 0-121
and 0°235/, and beyond as far as the middle by 4. Upon the other half of the bay the same
branches of the curves may be symmetrically reproduced.

If we add the moment due to the dead weight p, as it changes its sign at the abscissa 0-2111,
it will be in a point ¢ smprised between z = 0°211/ and x = 0-235/, values which differ but little,
so that the resulting positive moment will begin to exceed the negative, and when u” should be
abandoned for p'. .

. The area comprised between the axis of the 2% and the locus of the absolute maximum moments

is equal to ##(0-0160p 4 0-0296 p") for the half-bay, and dividing by % wo obtain the reduced

ordinate G = 2 (0:082 p + 0-059 p’) = 0-032 (p + p') (1 + 0-844¢).
The maximum stress corresponds throughout the bay to u’/, which gives by differentiation

"

F" = %"‘-;— = —p 2+ 05669 p'l. Adding the stress due to the permanent load p, we find the

value of the reduced ordinate of the limiting stress to be
G’ =1(0'25p+ 0°3169p") = 025 (p + p) I (1 + 0-268¢).

197. Intheordinary cases in which the mean weight of the lineal metre of girder may be expressed
by formuls of the form A G + B G’ 4 C, the values found above will be substituted for G and G’,
and for A, B, C, the quantities applicable to the system of girder adopted and detcrmined as in
bridges of a single bay.

But for simple approximative computations it may be more convenient to profit by the ready-
found results which we have given for bridges of a single bay; and to do this, we must know the
sgan of a single-bay bridge the mean weight of which per lineal mitre would be equivalent to
that of the bridge of several bays under consideration.

Now, in the case of a single bay of a span /, the mean ordinate of the limiting moments of

rupture is G, = 1—12- (p+ ') 1% and that of the stress G/, = % (p+H0 (1 + :-; q) . Thus for the

bridge of unlimited length considered in the preceding section, we may make, supposing that the
term C, which is always small, remains constant,
0°032A72(1+0'844g) +025BI(1+ 0:268¢) = i12 A'l”+‘—1B’ r (1 + %
1\B , . Ar ) Bl _
or 1748(1450) gi- ¥ — 0386 (1+ 0:84.) 1 — 1+ 0-2089) 3, =0,
en equation whence we may deduce the span I’ of the auxiliary bridge.
198. Suppose the case of multiple lattice-girders at 45, stiffened by special vertical rods. We

ghall have A = 20 % and B=B' = 2t. If’wetakeh=i%andU:l-%,andretainthesemlues
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for the auxiliary bridge, so that we have A=A’; and if we take g=060, s value which will be
generally near enough, we shall obtain =0:803 I. Thus, under these conditions, the weight a
mdtre of a bridge of numerous bays will be evidently the same as that of & single bay equal in
{fngth t0 0°8 of ono of the bays of the bridge under consideration, and having girders of the same
eight,

gFor example. if the bridge of unlimited length consists of bays of 40 metres, we shall have
U'=82 mitres. Now, by interpolating in the Tables given for the caso of onc bay, we may esti-
mate at 2300 kilogrammes the weight a métre of a bridge of 32 mbtres, composed of two girders
of 3m+85 high and placed bencath the rails, if we suppose the depth allowed unlimited (Tablo XIL ).
As this height of 385 differs but little from that of 4 matres, supposed by the preceding calcula-
tion, we may admit that the weight of 2300 kilogrammes a métre of bearing is applicable to the
unlimited bridge under consideration. .

199. In a bridge of two bays each equas to ¢, if we go from one abutment taken as the begin-
ning of the z’s, the maximum moment in absolute value will be first given by the hypothesis
that the bay under consideration bears alone the full load p 4 p’ & metre, whilst the second is
reduced to the permanent load p. This moment is then expressed by the equation

l 12 . 1_ 4 2
'u_»]é(ﬁp+7p)l.t g (p+p)=

From z = g I, we must, on the contrary, load only the second bay, and we have the equation
n= %(— 6p+p)ilz+ %pz’. And from z = %ltox =1 we bave, both bays being loaded,
u= % (» +p) 4z = 81) . Squaring the area of the locus of the limiting moments and dividing

the result by /, we obtain the reduced ordinate of the moments,
G =1?(0-0495p 4 0-0702p") = 0 0495 (p + p") I (1 4- 0°418.9).

For the stress, the reduced ordinate will be

G’ =1 (02656 p + 0-2910 /) = 0-2656 (p + ') /(1 + 0°096.¢).

With the hypotheses of the preceding scction, we should find as the bearing of the auxiliary
bridge of the same weight a metre ' = 0°883/, a value which should be increased to 0:90/ for
example, because in a bridge of two bays we should increase G’ if, instead of confining oursclves
to hypotheses of complete loads for each bay. wo considered besides loads cxtending over any
gortion of the girder. This consideration loses its importance as the number of the bays increhses,

ecause then the several hypothetical loads becoming more numerous offer more varied eircum-
stances. In certain cases two independent bays of bow-girders may be more advantageous than

two continuous bays of straight girders.
200. In a bridge of three equal bays, if / is the length of bay, haif the length of the bridge

will be L = g- 1, and we shall have

G = L?(0-0201 p + 0-0319 ") = 00201 (p + ") L2 (1 4 0°589.¢)=0452 (p + p') 2 (1+0-589.¢) ;
and G = 01711 (p + p)L(1 +0+188.9) = 02567 (p + p') I (L + 0°188.q).
With the same data as for the preceding cases, we find ' = 0°881./.
,.
201, In a bridge of three bays, if we suppose the middle one equal to 2 of one of the end ones,

a small saving will be effected over the arrangement of three cqual bays, for, L still denoting half
the length of the bridge (= 1625 times an end bay), we shall have
G = L2 (0-0188 p 4+ 0'0308 p) and G’ = 0°1749 (p + p’) L (1 + 0°180.¢).
202. For a bridge of four equal bays, ! being the length of one bay, we shall have
G =12 (0-0415  + 070693 p') = 040415 (p+ p') 2 (1 + 0°67.9);
and G’ =1(0:256p +0°81,") = 0256 (p + ) (1 + 0-22.9).
with the data already adopted (198) for multiple lattice-girders, we should have here
=0 8651
203a. For bridges of more than four bays, the weight a motre will be the same as for a
bridge of a single bay having a bearing between the values of /' caleulated for the case of four
bays, and for that of an unlimited number of bays. For example, for five bays, with the same
hypotheses as before, we might take I = 0851,

. 203 8. In computations which are required to be as exact as Kossible, the weight of the
girders should be calculated directly by formule in which G and G’ havo the values given above
according to the number of bays. In gencral, girders resting upon several supports will be either
of multiple lattice or of crosses or cross-lattice. In the former case, we shall have as the mean
weight of the metre of girder without vertieal rods,

2
If there are vertical rods placed at a distance 3 from each other, a term -lish— must be added,

supposing the sections of Fig. 1728 o be adopted.
For & girder of crosses or cross-lattice, without vertical rods, we shall have the following
approximative formula, more general than those of sections 97 and 99
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P _2:tU_ 1 N L1
720640 +V (74 )0+ 1A+ DG+ 40,

N denoting the number of crosses in a bay /. If there are vertical rods, they must be taken into
account by a term 1%{-’-' as in section 100,  being the weight of the rod a métre.

The continuity of the girders from one bay to another having the effect of lightening the
flanges, whilst it tends to increase slightly the vertical portion, a less height should be adopted
than in bridges of o single bay. In gencral the ratio of the height of the girders fo the length of

a bay will not exceed 0"

Figs. 1792 to 1801 are of the principal details of the Chelsea Suspension Bridge,

The abutments of this bridge consist of a mass of brickwork and concrete, measuring at the
base 112 ft. in length by 56 ft. broad, and at the top 100 ft. by 46 ft., and 40 ft. deep.

Tho face of the abutment adjoining the river is composed of cast-iron piles and plates, some-
what similar to those of tho picr, with the exception that the ironwork is mot brought above
the level of low water,

CCNCRETE

CONCRETE

BEO OF RIVER

The portion of the abutment on which the 1796
land saddles and cradles bear, for changing
the direction of the chains, rests upon tim-
ber piles, 14 in. square, driven deep into the
bed of the river, and are from 3 ft. 2 in.
to 4 ft. from centre to centre: these piles are
cut off at the level of low water, 16 ft. below
Trinity high-water mark, and the spaces be-
tween filled up with hydraulic concrete: the
cast-iron and timber piles are ticd together
with wrought-iron ties 3 in. x  in. On the
top is bedded a series of landings forming o °
table at the level of low water 53 ft. 6 in.
X 27 ft. % 6 in., upon which a mass of brick-
work is ereeted, up to & mcan level of 3 ft.
below the level of the roadway ; upon this,
12 in. landings are bedded for the reception
of the cradles which carry the saddles on
rollers: the cradles are bedded in asphalted
felt, and firmly secured by wrought-iron
holding-down bolts, brought up through the
masonry from below. An invert, springing
from beneath each saddle, is bLuilt in the
brickwork below, o as to distribute equally
the pressure from the cradles over the wholo
area of the foundation.

The mooring chains are carried down
tunnels to the moorings, the tunnels forming
an angle of 155° with a horizontal line. The
chains are secured to massive cast-iron moor-
ing plates, resting against three courses of
12 in. landings, respectively 12 ft. x 8 ft.
9in, 16 ft. x 12 ft. 6in., and 20 ft. x 16 ft. | __
8 in. The tunnels are contracted at the 79y, 17905
bottom by elliptical brick domes, thus afford:
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ing a complete bearing 1800. 1801

for that portion of the !
landings at the end \
of the tunnel. These ;

landings rest against i — ] I T
& mass of brickwork,
with inverts, to distri- D q

bute the pressure over
the whole area of the
abutment.

This mass of brick-
work rests on a series
of timber piles, driven
at an angle of 65°
with a horizontal line;
the tops of the piles
coming up above the

level of the concrete, E

)

(—)
246.0.

and having a good
bond with the brick-
work, by which means
the tendency to slide
is greatly diminished,
the whole spaces be-
tween the masses of

brickwork being filled 1
up solid with concrete.

The Pier Foundations,
Figs. 1792, 1793.—The
construction of the
foundations of the piers ]
combincs all the advan-
tages of foundations on
bearing-piles, made by
means of cofferdams,
without the c¢xpense \
and obstruction to the |
waterway which they - + =
involve, and which ' &\v() @ |
\\l'lould have rendered Nl ‘
their use at Westmin- \ :
ster Bridge all but im- i N A ‘ XZ&(X&QYd
practicable. -

The foundations of the piers consist of timber bearing-piles 14 in. square, driven deep into the
bed of the river at intervals of 3 ft. over the whole ares of the pier, varying in depth from 40 ft. 6 in.
1o 25 ft. below the level of low water, according to the resistance offered by the bed of the river.

The face or external surface of the piers consists of a cast-iron casing of piles and plates
driven alternately ; the main piles are 12in. in dinmecter and 27 ft. long, with longitudinal grooves
on each side for the reception of the plates. These piles arc driven to a uniform depth of 25 ft.
below the level of low water, and between them are driven cast-iron plates or sheeting 7 ft. 2 in.
wide, 80 that the pier is entirely cased from the foundations to the top, which is 7 ft. 6 in. above
Trinity datum, The space enclosed by this casing is then dredged to the hard gravel above the
clay, and filled in solid with concrete up to the level of the top of the timber piles. On this
foundation a flooring of stone landings is bedded, and on this the cast-iron plates, frames, &c.,
forming the base of the towers, are placed.

The portion of the caisson situated ahove low water is hollow, being so formed to avoid
throwing useless weight on the foundation, und is merely lined with brickwork, strengthened by
cross-walls and iron ties.

The whole of the ironwork below the water was covered when hot with a protecting coating of
tar. The thickness of metal in the caisson is 1 in,

The towers, Figs. 1800, 1801, which support the chains are entirely independent of the orna-
mental cast-iron casing surrounding them, and consist of a cast-iron columnar framing strongly
braced both horizontally and vertically, carried to a height of 57 ft. above high water.

The columns are cast in pairs and have a diameter of 10 in., and thickness of metal of 1 in.
They are arm_nged in clusters of fours, and the whole are connected with six horizontal frames,
occwrring at intervals. The columns are not vertical, but incline towards each other upwards
from either side of the picr, the columnar framing being 13 ft. 6 in. at the base, and 9 ft. 9 in. at
the top. In the direction of the piers the columns are 4 ft. 3 in. apart, and rise parallel to each
other.  There are two towers on each pier, 32 ft. from centre to centre. The pressure from the
chains coming directly from their centre, each tower carries therefore one-fourth of the whole
woight of the bridge, or about 875 tons, or about 670 tons when the bridge is completely londed ;
the sectional area of the columns is 284 sq. in., and there is, therefore, a pressure upon them,
when the bridge is loaded, of 2°36 tons per sq. in. of scetion. The weight of the towers, exclusive
of the ornamental cast-iron casing, is 350 tons.

Ou the towers are fixed massive cast-iron cradles upon which the saddles rest.
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TasLr IL—DovBLF-FLANGED WROUGHT-IRON (IRDERS WITH ANGLE-TRON,
Moment Moment
Weight Weight
Vertieal | Four A Two |Of Besist- " Vertical | Four Angle- | Two |Of Beslit-
Bt | YRR | PR | ranges o e or | pincy || Bt | V! | Feprivele | Do et |00
6000000, Mbtre. 6000000,
m, miill. mill. mill, kilos. m. mill. mill. mill. kilos,
0200 | 200/6 | 60/60/9 | .." | 1890 | 40 | 0350 | 290/10 | 100/100/12 | 800/80 | 20964 | 234
., | 20078 | 70770710 | .. | 2320 | 50
w | 200710 70770710 ( .. | 2478 | 56 | 0-400 | 4008 | 707010 .. | 6020 o
. | 20078 | so/so/10| .. | 2630| 60 || ,, |400/6 | 80/80/10| .. | 6663| e
. |20078 | sozgoyan| i | 2820 | e4 || .. |400/8 | 110770710 | .. | si65| 78
o | 200710 | 110770710 | .. | 8146 | 69 || .. |400/10 | 100/200/12 | .. | 9730 10
o | 200710 | 110770711 | oo | 8598 | 74 | .. [400/10 | 100/65/14| .. |10085| ‘o7
|| B e BB K| B WA e i
1 . | 380710 | 80/80/1 10 | 11022 | 107
» | 180710 | 11077011 | 230710 | 5288 | 108 | .. 380;10 70?70?10 250510 T3¢ | 100
v | 160710 | 100770710 | 250720 | 6710 | 185 || .. gso;m o 80;]0 goo;io ﬁ}g(lnls 128
0220 | 200/8 | 60/60/10 | 150/10 | 8763 | 70 || +» | 380/10 1 100/100/12 | 250/10 »
.| 880710 | 1007100712 | 800/10 | 15452 | 147
o | 180712 | 110720711 | 300730 | 10888 | 210 | - | 2800 | OOHINIR) 000 | 1200 | T
0250 | 250/6 | 60/60/10 2830 | 46 | .. | 360/10 | 100/100/12 | 250/20 | 18398 | 177
o | B8 | T0T0/10 8175 | 52 | . | 860/10 | 80/80/10 | 300720 | 18680 | 169
” /6 | 80/80/10 8500 | 59 | ,, | 340710 | 80/80/10 | 250/30 | 20378 | 190
Dlm e, | B8 B R B A
It 2'30410 éO/SO;lO ! 200?10 S0 | 06 1 0 | a0 }gg/}ggﬁz 330/20 | 22758 | 308
" lety10 | 70770710 | 150720 | 6055 | 104 | 340?10‘ 86 80/10 soofso 23460 | 214
” gggﬁg lzgﬁgﬁg 200/30 | 8754 }43 +v | 340710 | 100/100/12 ggg/gg 25108 237
. | mem| el . | 340710 | 100/100/12 8195 | 261
+ | 210710 | 110770711 | 300720 | 10864 | 168 / o /
v | 190710 | 110/70/11 | 300/30 | 13063 | 213 | 0-450 | 458/6 | 703 62
.| 450/6 | 80/80 . 79,
0-300 | 300/6 70/70/7 . 3126 | 43 . 450;10 80580510 . 8605 | 82
» | 300/ | 60/60/9 | . | 3365| 45 | ., |450/10 110/70/10| .. | 9125| 88
5 | 800/6 | 60/60/10 | .| 8630 | 48 | ,, |450/10 | 100/100/12 | .. | 1435 | 106
v | 800/6 | T0/70/10 | I | 4036 | 55 | ., |480/10 | 70/70/10 ; 200/10 | 12198 | 105
| 30076 | 80780710 4513 | 61 | . | 430710 | 80780/10 | 200710 | 12882 | 112
s ) ) Q) el SR B e
. ggg;lg ;873;10 156';10 6382 sg | 430710 ' 100/100/12 350;10 19316 | 159
1 70/10 | 250/10 | 7970 | 102 | .. | 390710 | 70/70/10 | 200/30 | 19704 | 175
v Bl | e moo) | dw | sl ) s e s
" 250/10 103%38?'3 20020 | 9724 | 130 o | 390710 | 100/100/15 | 850/30 | 34338 | 281
. 1 12 | 300710 | 10530 | 140 || .
| 260710 | 80780710 | 250720 | 11205 | 145 || 0480 | 480/8 | 80/80/10 | .. | 8952 77
v | 240710 | 70770710 | 200730 | 11370 | 153 I 0-500 | 500/6 | 70/70/8 6889 | 57
v | 260710 | 80/80/10 | 300720 | 12866 | 161 | ., | 500/6 | 70/70/10 8088 | 64
+» | 260710 | 100/100/12 | 300720 | 14000 | 185 || .. |500/8 | 70/70/10 8592 | 72
v | 240710 | 80/80/10 | 300/30 | 16006 | 206 | .. |500/10 | 80/80/10 2 s
] |0 1500/10 | 110770710 1397 | 92
0 35:‘0 8%0/8 | 90/50/1L) .. ) €288 Oy sading | 100/10012 | 13240 | 110
0350 | 850/6 | 507507 | .. | 3240 | 36 || .. |480/10| 70/70/10 ' 200710 | “3004 | 109
. |850/6 | c0/6o/l0| | 4470 | 51 || ., |480/10 | 80/80/10 ' 200/10 | .4800 | 115
.. |8s0/6 | 707708 | .. | 4261 | 50 || .. |480/8 | 80/80/10 ' 250/10 | 15798 | 116
+ | 8%0/6 | To/70/10| | 5034 | 57 | .. |480/8 | 80/80/10 800/10 | 17681 | 181
| 3506 | 80780710 5568 | 63 | .. |480/8 | 100/100/12 ' 250/10 | 19222 | 140
. 850/6 | 110770710 | . | 6G18 | 70 .. |480/8 |100/100/12 300/10 | 20663 | 147
L350 | wogioots | 7| Gant | a8 | 1 | e o0jtoons  sutan | atves | 1o
' | '330710 | 70/70710 | 200710 | s760 | 98 | | 440710 | 70770710 - 200/30 | 22620 | 168
. | 830710 | 80780710 | 200710 | 9222 | 10¢ | .. | 460/10 | 100/100/12 = 250/20 | 24695 | 185
»» | 880710 | 80780710 | 300/10 | 11205 | 119 | .. | 460710 | 80/80/10 - 800/20 | 24761 | 176
o | B0/60 | T0/70/10 | 250715 | 11268 14 , w | 4on0] s0/e0/10 ! 250730 | 27248 o8
't | 550780 | 10010012 | 3060 | 12050 | 145 | 1 | 46010 | Too/ion/ta | shoran | 30208 | v
v | 81010 |~ 80/80/10 | 250/20 | 13867 | 149 || ., | 440710 |  80/80710 | 300/30 | 31229 | 223
. | 810/8 | 100/100/12 | 250720 | 15365 | 168 || .. | 440710 | 100/100/12 | 300730 | 33662 | %5
. | 810/8 | 70770710 | 300/20 | 15716  15¢ | ., | 420710 | 100/100/12 | 250/40 | 84208 | 259
' | 810/8 | 100/100/12 | 80020 | 17234 | 183 | . | 440/10 | 100/100/12 | 350/30 | 37644 | 268
v | 81078 | 100/100/12 | 850/20 | 19108 | 189 || ., | 440/10 | 100/100/15 | 350/30 9873 | 288
s 1200710 | 80/80/10 | 800/30 | 19692 | 210- | .. | 440/10 | 100/100/15‘ 400/30 | 43363 | 808




868 BRIDGE.
Tagix IL—DorBLE-FLANGED WROTGHT-1RON GIRDEBS WITH ANGLE-TRON—conlinued.
' Moment‘ | M
| Weigh oment | yyo1ght
Vertical | Four Angle- | Two |0of Besiat- Caove for
Helght. | VR | PRt | Panges of| 0% T | pipeut | 0 i gl PR L L
_ o= | e, 8000000 | M
m, mill mil, i, kils | m mill it il o
0-500 l420/10 100/100/12 | 850/40 | 4485 | 322 | 0'800 | 740710 70/70/10 300/30 41280 | 192
ova50 | sa0 | s ., | 780710 | 1007100715 | 400/10 | 46326 | 210
550'6 | 70/70/10 10_7,4 6 | 740/10 | 80/80/10 | 250/30 | 49278 | 226
v | 550/8 | 80/80/10|  : 76t 1 81 i 245
v S0 | S0 | 20070 | 1588 | ms | v | TS SHB0/H o | 200 | 32
B0 | Tormoio | 2050 | aaso | g || v | TAO/LO I00/I00715 4O/ TIIEL) S
v | 530710 | 8oz80/10 | 200710 | 18860 | 127 | 0-850 | 850/8 | 70/70/10 .. 17784 | 04
v | 490710 | 80ys0y10| 250780 | 30774 | 202 ||, 850/8 | 80/80/10 | .. | 1M70 | 100
" 490710 80/80/10 :"300/30 ??202 225 ' 830/10 70/70/10 200710 | 2810k | 147
v | 530/10 | 10010015 | 350710 | 27378 | 183 |\ ,, | 830710 | 80/80/10 | 250/10 ) 85000 | 151
" | 490710 | 1007100715 | 400/30 | 48336 812 ||, 830/10 |  80/80/10 | 300710 | 81692 | 158
ooon | sorre | 70710 ~li0m6 e | v 830/10 | 1007100715 | 400/10 | 49962 | 214
G0 | mmoo| o(msss.oms | oo | TUACH SE0ne) SV S | 5
v | 600/6 90,/90/10 12460 * 81 " 00/15 30 | 83742 | 335
| 600710 sofsofm 12834 94 1 0:900 | 900/8 | 70/70/10 19260 | 97
w | 600710 | 100/100/12 | - T | 10983 T | ., | 900/8 | 80/80/10 ~ | 21066 | 103
188076 | 80/80/10 | 200/10 | 17497 + 105 |, 850/10 | 70/70/10 | 200/10 | 30324 | 110
. ‘?30/10 70/70/10 | 200/10 17773‘1 117 . 880/10 80/80/10 2:')l)710 3“'-;(3 154
|| welo ) mun0 s X1 T | Eoo | rojuto | 200/ | 7ok | 2o
. ggg//l() 100/100/12 | 230/10 | 21380 }35 " 880/10 103/{60?15 400.4'18 ?,Z;ﬂ;f, g?g
:: 540//118 ]O%}ggﬂg ggg%g Z;gg(l) 120 " 840/10 | 100/100/15 | 400/30 | 89748 | 340
., | 580710 | 100/100/15 | 830710 | 30588 ]ég o950 S00/8 ) T0/II0N . BT 00
1540710 80/s0/10 | 250730 | 31308 | 208 | rr | a0 90| SYEUI0N s | 1
. | 540710 i 80/80/10 | 800/30 | 80246 | 229 1| T i | aeoa | o
v | 540710 100,100/15 | 850/30 | 49704 | 293 || ** B | LnotO/I0 | ao/n0 | Sa00 | 208
v | 540710 ' 1007100/15 | 400/30 | 54582 | 816 || 200/10 | 100r100/15 | 400730 [*oosos | ot
0650 | 650/8 | 70/70/10 12282 | 81 | . JAoinadnd Bl boviod
v | 650/6 | 80/80/10 12659 | 78 || 1000 | 100076, 70/70/10 Sines | 199
Y les0/10 | 80/80710 1118 | 95 | o | 1000/8 | su/so/lo) . ) 2| 123
L6010 100100712 | o | 1sos7 | 121 | v | 10007 1100/100/121 .o | SIS 129
v | 630710 1 70770710 | 200710 | 19740 | 121 | 980710 | 70/70/10 200/10 | B | 148
» | 60y10 | 80/80/10 | 20010 | 22764 | 135 |+ | 98010 | /80710 2io/lo | AWIT 13
| 630710 | 80/80/10 | 800/10 | 2654 | 143 | | 98010 | 80/80/10 s0usio | S0 a0
v 5o0/10 | 70770710 | 200730 | B1704 | 180 || v+ | SHO/101 70770710 | 20780 | SITSG 08
% ggg 5{3 “’2{,}2%3 350/10 | 33838 | 190 | 940,10 | 100/100/15 | 400/30 [Lo1yz2 | 847
R : 300/30 | 43338 | 233 || 1+ i 7
v | 590710 | 100/100/15 400;30 60294 | 820 1,],00 igggﬁg mg%ggﬁg gggﬁg éﬁ%% ;33
0 700 | ;gg;g ; Zg%gﬁg . 13584 84 i 1040/10 | 100/100/15 | 400/30 (114312 | 3533
"o .« | 14938 90 |1- :
DI | MM | e s, | £
| 680710 : 80/80510 250/10 i }ég 1 130710 | 100300715 | 300780 1acs0n | aes
o[G0 Sysolo | o0 2wt 1 ) 1140/10 | 1007100715 | 400/30 [126906 | 363
©* | 680710 | 10040015 | 400/10 | 89216 | 20 | 1'230 | 1280/10 | 80/80/10 | 300/10 | 57204 | 190
v | 640710 | 80/80/10 | 300/30 | 47478 237 ||+ | 1280/101100/100/15 | 330/10 | 77220 | 237
»+ 1640710 : 100/100/15 | 400/30 | 66072 | 24 | o+ | 12807301 100/100/15 | 400/10 | 80910 215
o708 | romomo | o |vuore | g8 | Lo 1190710 | 100/100/15 | 400/30 [133284 | 367
v |Tss | ossoi0 | T s | s 1:300 | 1300/10 | 100/100/12 | .. | 49059 | 172
| 70710 | 10/70/10 | 200710 | oawg | 199 | v+ | 1280710 | 100710012 | 800710 | 72460 | 2i
" 17010 | 80/80/10 | 25010 | 27378 143 || v+ | 1280/10 | 100/100/15 | 330/10 | 81168 | 241
o L7so/10 | so/s0/0 | 300710 | 20568 | 150 | v+ | 1280710 | 100/100/15 | 400710 | 85008 | o4
- 338 ﬁg | 10(7)%7)3 7%2 0 U30 | 38040 | 188 | ++ | 1180/10 | 100/100/12 | 800/60 183460 pis
" i 0/1 Y *
e A BRI P
. « . N " 2
- 690/1 80/80710 | 800/30 | 51690 | 241 | ,, | 1380710 | 100/100/15 | 350/10 | 89220 %
/10 100/100/15 | 400/30 | 71904 | 328 | .. | 1380/10 | 100/100/15 | 400/10 | 93360 gu;
0 .800 ggg;g ; 38 /Zg 5}8 iaggg ?,1 ” ' | 1280710 | 1007100/12 | 300760 [205660 | 460
" 7 | 1:500 | 1500/10 | 100/100/12
| 800710 [ 100100012 | . |s116 | 133 | oo | a6 | oo | 257
.. | 7180710 | 70/70/10 | 200/10 2506 | 103 | 530/10 100100713 | 20030 | onioy | oea
. ;ggﬁg S0/60/10.| 250710 | 20766 1| 1420/}:; iggﬁg%g :ggﬁg 101916 | 308
. 80/10 | 80! 50 0 : g | 20
. /80/ 0/10 | 82106 | 134 | 1, | 138010 | 100/100/12 | 400/60 i27sloo 46;




.BRIDGE,

- 869

Tasie II. (14).—MouENT or Resisrance o Fovr Awarr-1RoNs (Two To Eac FLANGE) For

Height. | Anple-iron of | Axgle-iron of | Height. Angle-ironof | Angle-iron of
N m. ™m. |
0-400 5703 8131 0°960 15662 { 23007
0-410 5757 8389 0-970 15841 i 23276
0-420 6053 8649 0-980 16020 | 23544
0°430 6229 8909 0-990 16200 i 23813
0°440 6405 9169 1000 16380 } 24082
0°450 6580 9430 1:010 16559 i 24350
0-460 6756 9692 1-020 16738 . 24620
0-470 6933 9953 1-030 16917 ; 24888
0-480 7109 10216 1-040 17096 ! 25157
0-490 7285 10479 1-050 17275 ! 25426
0°500 7462 10741 1-060 17454 25695
0-510 7639 11004 1:070 17633 25965
0°520 7816 11267 1-080 17813 26234
0-530 7993 11531 1-090 17992 26503
0°540 8170 11795 1-100 18171 26772
0°550 8347 12059 1110 18351 27041
0-560 8524 12323 1-120 18530 27310
0570 8702 12588 1-150 18710 7579
0-580 8879 12853 1 140 18889 27848
0-590 9057 13118 1:150 19068 28117
0°600 9235 13383 1-160 19247 28386
0:610 9412 13648 1170 19427 28655
0620 9590 13914 1-180 19606 28925
0-630 768 14180 1-190 19785 29195
0%640 9946 14446 1:200 19965 20464
0650 10124 14712 1-210 20144 29733
0660 10302 14978 1:220 20324 30003
0670 10480 15244 1-230 20503 | 30272
0680 1,658 15510 1-240 | 20683 | 30542
0690 10836 15777 1250 20862 30811
0:700 11014 16044 1-260 21041 31081
0710 11192 16311 1:270 21220 31350
0-720 11370 16578 1-280 21400 31620
0-730 11549 16845 1-290 21580 31889
0740 11727 17112 1-300 21760 32159
04750 11906 17379 1:310 ! 32428
0-760 12085 17646 1-320 { 82698
0°770 12264 17914 1-330 . 82968
0-780 12443 18182 1:340 . 33237
0790 12622 18450 1+350 . 33507
0-800 12800 18717 1-360 e 83776
0-810 12973 18985 1-370 34046
0-820 13157 19253 1:380 84315
0-830 13336 19520 1.890 84585
0°840 13515 19788 1+400 . 81855
0850 13694 20056 1:410 . 85125
0-860 13873 20324 1°420 . 85395
0°870 14052 20592 1°430 . 85665
0-880 14280 20860 1:440 v 385935
0890 14409 21128 1:450 | . 36206
0°900 14588 21397 1-460 . . 86475
0-910 14767 21665 1470 | . 36745
0+920 14946 21933 1-480 v 87015
0930 15125 22202 1490 | . 37285
0-940 15304 22470 1-500 . 87555
0+950 15488 22738 i |
|




870 BRIDGE.
TasLe IV, (20)—TABLE oF SEoTIONS FOBR
h = 0m-200. h = 0m*250, h = Om-300. h = Om* 350,
Vertical xib,, .. 200/10 250/8 I
{=1™-500
Auble_lrons 80/80/10 70/70/8 .
M = 2765) . 57 45
Vertieal rib ., 200/12 250/8 .
7 =1m750
; o Ang,lc-n-ons 110/70/10 70/70/10
(M = 3255) { P . 66 59
7= 2m-000 Xerticnl rib.. 200/10 2-/")0/10 3(/)0/}
n"le-lrons 110/70/11 80/80/10 70/70/8
(M = 3750) . o i 46
( Vertical rib.. 180/10 250/8 300/8
! = 2m-250 | Angle-irons.. 60/60/10 110/70/10 70/70/10
(M = 4255) | Flanges 230/10 . * .
P. . . 79 65 57
Vertical rib.. 176/10 250,12 200/10 350/6
7= 2m-500 | Angle-irons.. 60/60,/10 110/70/11 30/30/10 70/70/10
(M = 4930) Flanges . 250/12 . .. .
( o 90 78 66 5¢
Vertical rib .. 230/10 300/6 350/8
7 = 2m-750 | Angle-irons.. 80,/80/10 110/70/11 80/80/10
(M = 5825) I*langes . 200/10 . .
P 90 68 66
[ Vertieal rib.. 226/8 280/7 350/8
! = 3m+000 | Angle-irons.. 70/70/10 70/70/10 110/70/10
M = 6735) { Flanges 250/12 200/10 ..
P.o. . 97 82 70
Vertical rib.. 220/10 234/10 334/7
1 = gm-950 | Angle-irons.. - 70/70/10 80/80/10 % 7/0/70/10
= 9z 1st plate 950,17 250/8 & 2 G0 0/8 & 2+ 50
(M = 7670) | Flanges {2nd plato 250/8 & 2m+60 VeE .
P, 104 91 5
Vertical rib.. 280/8 334/6
1 = 8m+500 | Angle-irons.. 70/70/10 70/70,/10
(M = 8605) ) Flanges 300/10 250/8 8" 2m- 80
o e 100 80
Vertical rib.. .. ! e 260/8 324/8
I = 8m.750 Angle-ironls ks . 70/70/10 70/70/10
= 81 plate . 210/10 200/13 & 310
(ML = 8570) | Flanges { 50 plate 210710 2270 .
P. . . . 109 93
= amegp | Yerticel rib.. 280/10 830/8
= 0 0 | Angle-irons.. 100/100/12 80/80/10
(M =10530) | Flanges 300/10 " 3=-10 | 270/10 & 3™'10
P. . . 126 08
Vertical rib.. . . 272/6 320/7
1 = 4m.950 Angle-uonls;‘. i . . 80/80/10 80/80/10
=115 8 plaf . . 300/14 250/7
(M=11515) | Flanges { mdplatel .. . 4 250/8 s 300
. 120 l 111
Verﬁcﬂ_l rb., .. . 250,10 310/8
1 = 4m.50 | Angle-irons.. ., . 80/80/10 70/70/10
(M =18500) Flanges{ It plate - . 250/12 250/10
P 2nd plnte 250,18 e* 8=+30 | 260,10 g 320
oo - 147 124
Vertical rib., .. . . . 314/7
7 = 5m-00g | Angle-irons., .- .- o 80/80/10

(M =14500) ( Flanges { ;:fip;f:;

o o

.

300/9
800/9 &° =40
181




BRIDGE. 871
DovBLE-FLANGED MINOR LONGITUDINAL GIRDERS.
A = 0m-400. A= 0m:450. h = 0m-500, A = 0m 550, A =0m-g00. | h=0m-650. | A=0m-700
q . . .
400/6 . . - . . .-
70/70/10 - . . .
56 . . - . .
400/7 450/6 . . . .
80/80/10 70/70/10 . . " .
66 60 . - . .
400/10 450/6 . . " . .-
80/80/11 80/80/10 “ . - v .-
80 65 . . . . .
400/8 450/10 500/8 .- . " .
110/70/11 80/80/10 70/70/10 - . " .
80 80 70 . . . .
400/8 450/12 500/8 . . . .
100/100/12 80/80/11 80/80/10 . . . .
93 92 76 . . . .
880/10 450/6 500/8 550/8 600/7 " .
70/70/10 100/100/12 110/70/10 80/80/10 70/70/10 . .
200/10 & 3= 00 . . . .. . .
92 89 83 80 72 . .
384/8 432/8 500/8 550/10 600/7 . .
80/80/10 70/70/10 110/70/11 80/80/10 80/80/10 i .
280/8 & 8m+20 ' 200/9 & 3™ 10 . . . . .-
95 87 90 88 73 . .
380/7 434/8 484/8 538/8 600/10 650/6 .-
80/80/10 80/80/10 70/70/10 70/70/8 80/80/10 | 80/80/10 .
800/10 ¢* 3=:70 250/8 ¥ 8- 20 | 200/8 &* 3=-10 | 180/6 &* 2=-70 . . .
105 94 87 76 92 76 .
874/8 426/8 /8 532/8 600/6 650/10 700/8
80/80/10 80/80/10 { 70/70/10 100/100/12 | 80/80/10 | 80/80/10
800/13 &' 4™°20 240/6 s* 4™-00 | 250/8 &' 8=*50 | 200/9 &* 3=-50 . - .
246/6 gt 2= 80 . . . .
120 94 97 92 96 96 90



872 " BRIDGE.
TaBLE V. (28).—CROss-GIRDERS ¥OR THREE-GIRDER BRIDGES.
Section, Welght
belz::ﬁgo:he n?ig":t 1 Flanges. Ofs | e
i et | G2 | e G, | b
| G| V| g, | | 255
dmenres | Seoond Plate, Third Plate. | S0 0% | Vo of
long. ' Ru_il:.
m, mill. mill. kilos. kilos,
1m:500 | 0:300 | 260/10 80/80/10 | 280/10 | 280/10 s* 3™*000 . 670 895
(M = 12090) 0-350 310/8 70/70/10 | 240/10 | 240/10 " 3™-000 v GOQ 800
0-400 | 380/10 |  80/80/10 | 250/10 - . 70 | 1760
0500 | 500/6 | 100/100/12 e . 495 660
2m+000 ' 0-300 l 248/10 80/80/10 | 300/13 |300/13 s 3000 780 780
(M =14950) 0350 | 310/10 |  80/80/10 | 300/10 |300/10 &* 3+000 680 | 680
0400 | 376/10 80/80/10 | 290/12 630 630
0500 | 480/10 |  80/80/10 | 200/10 580 | 580
0°600 | 600/6 | 100/100/12 . 530 530
2m-500 | 0-300 | 240/12 |  80/80/10 | 800/10 | 300/10 & 3m-400 | 300/10 & 2600 | 840 | 670
(M = 16500), 0-400 | 360/10 | 80/80/10 | 250/10 | 250/10 & 2m- 800 670 | 540
0500 | 480710 |  80/80/10 | 260/10 620 | 500
0600 | 600/10 [ 100/100/12 . . 610 490
3m:000 | 0°400 | 380/10 | 100/100/12 | 850/10 . 730, | 490
(M = 17800), 0500 | 484/8 | 100/100/12 | 250/8 650 | 485
0-600 | 580/10 70/70/10 | 200/10 600 400
0:700 | 700/6 | 100/100/12 | .. 560 | 875
8m-500 | 0-400 | 360/10 |  80/80/10 | 300/10 |300/11 & 2m-800 740 | 425
(M =19240)] 0+500 | 480/8 | 100/100/12 | 250/10 680 | 390
0-600 | 580/6 80/80/10 | 250/10 580 | 870
0-700 | 700/7 | 100/100/12 580 370
0-800 | 800/8 | 80/80/11 570 | 825
4m-000 | 0-400 | 360/10 | 100/100/12 | 300/10 |300/10 & 2m700 820 410
(M = 20540); 0-500 | 480/8 | 100/100/12 | 800/10 710 355
0-600 | 580/10 |  80/80/10 | 250/10 . 660 | 830
0-700 | 700/10 | 100/100/12 655 330
0-800 | 800/10 |  80/80/11 620 | 310
0850 | 850/8 80/80/11 590 295
4m-500 | 0-500 | 460/10 80/80/10 | 250/10 |250/10 & 2™-700 715 320
(M = 21700)| 0-600 | 580/8 80/80/10 | 300/10 .- . 650 | 290
0700 | 700/10 | 100/100,/12 . " 655 | 290
0900 | 900/8 80/80/11 610 270
5m:000 | 0°600 | 580/8 | 80/80/10 | 340/10 . 615 | 270
(M = 22750) 0:700 | 680/8 80/80/10 | 220/10 . . 645 260
0+800 | 800/7 | 100/100/12 . . . 620 250
0900 | 900/8 | 80/80/12 | 625 | 250




BRIDGE. 878
Tasre VI. (24).—Cross-GIRDERS FOR TWO-GIRDER BRIpGES,
Distan Section. 'W tht of
betmeen the | Helght o i Ith;lgro-
rdeg; of the ! girders
and Moments g&&?; Verplcd Angle-irons, Flanges t}I:& {..ri:?‘l
of Ruptare, kib. FirstPlate. |  Secopd Plate. Third Plate, | Flooring,
] . kilos.
20000 | 0-600 | 540/10 |  80/80/10 310/10 310/10 & 6300 | 310/10 & 5™-000| 870
(M =40250) 0-700 | 640/10 |  80/80/10 250/10 250/10 & 67000 | 250/10 s¥ 5-000 | 840
0-800 | 740/10 |  70/70/10 200/10 200/10 & 5=-800 , 200/10 &* 4=-800 | 820
0900 | 880,10 |  80/80/10 320/10 785
8=:000 | 0°600 | 540/10 | 100/100/15 350/10 350/10 & 6™-200 | 350/10 s* 5"--200: 740
(M =47950)| 0-800 | 740/10 |  80/80/10 250/10 250/10 & 6m+000 | 250/10 & 4™+800; 600
1:000 | 974/10 |  80/80/10 | 300/13 s* 6m*000 530
4m-000 | 0-800 | 740/10 |  80/80/10 300/10 300/10 & 6200 | 300/10 s¥ 5000 | 490
(M = 55300)' 1:000 | 1000/8 | 100/100/12 | 220/9 s* 5800 ; 220/9 & 4m-500 410
1-000 | 1000/8 |  80/80/10 250/10 250710 & 4800 400
| !
5m-00 | 1000 | 1000/8 | 100/100/12 250/10 & 6™-000 , 250/10 &° 4m°600 340
(M=6l250)}
TapLE VII. (81).—Cross-GIRDERS ForR Roap BRIDGES.
Section. 'Weight of
Height | Distance the Cross-
TGy | gt b e M P— ST
girder. girder. !ulrdclr,; Rupture. Vfg‘ll)m Angle-irons, v . M%m?f
: First Plate. Second Plate. Flooring.
métres, m. m. mill. mill. kilos.
3-000 | 0-250 | 8400 | 3600 | 250/8 | 80/80/10 120
;| 0800 ,» | 800/6 | 60/60/10 100
4°000 |0-300 | 4'400 | 5910 | 300/7 | 110/70/11 190
by 10350 |, ., | 830/6 | 110/70/10 . 180
5:000 | 0-300 | 5:400 | 10625 | 274/10 80/80/10 { 300/‘1:315;;:'300 } 350
., |o0400| ., | 380/8| 80/80/10 | 200/10 & 3m-600 | 275
6:000 | 0°350 | 6°400 | 13500 | 810/8 | 80/80/10 { mff,?,{i‘i gm_ }250/10 gr4m-000! 460
., |os00] ., |374/8 | 80/80/10 | 25018 g 5m+000 | 895
7:000 | 0-400 | 7-400 | 16625 | 356/8 | 80/80/10 { a0 }250/11 o am500| 565
,, |o0s00| ,, |476/8 | 80/80/10 | 240/12 & 5m400 | 455
8:000 | 0-500 | 8:400 | 20000 | 476/8 | 100/100/12 ; 220/12 &* 5500 600
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Case or Livitep Heenr (Grepees LoaDED oN THE Lowkr SioE, oR THE TUBULAR BYeTEM).

BRIDGE.

Tasie XII, o.—Four-girder Bridges.

Solid girders .. 23;;

Multiple lattice- | = 27
girders without 40 .

vertical rods. 50
1=20 ..

Triangular 30 ..
lattice-girders. 40 ..
50 ..

Cross Inttice- | I= gg B
girders without 40
vertical rods. 50

‘Weight the Matre of Total Length Total the
Height of the Lineal Métre
F the other | Total with the
Girders. of (}ih:i ¥ r::.ur OfPI ec:' ' .:dmon of of Bearing.
metres. kilos. Kilos. kilos. kilos. °
17 1480 810 1970 2060
2:30 2440 330 8050 3190
2:90 3480 360 4220 4410
3:50 4560 380 5430 5680
2:20 1260 830 1750 1830
3:30 1860 870 2450 2560
4-40 2440 420 8150 3290
550 3040 460 3850 4020
2:20 1060 330 1530 1600
3-30 1620 370 2190 2290
4-40 2180 420 2860 2990
550 2720 460 3500 3660
2:20 1040 330 1510 1580
3:30 1540 370 2100 2200
440 20350 420 2750 2870
550 2600 460 ° 3370 3520

Case oF UsLmmiTED HEIGRT (GIRDERS UNDER RAILS).

TapLE XII p.—Three-girder Bridges.

TasLE XII. E.~Two-girder Bridges.

) [
cight the Mvtrecf Total 'Weight the Métr
Weig] T engin Tfht:l eig| Lt‘"Kme ofd'otal ,Il.;m
e | oftme | [ Total | Thor o e Total L
'of : 6
Girders,| T De | ?:lmz ?’a}l’: with the '5}” Girders, (.)lt:‘f_l(',e ?){t:r: wn‘l; thel Moefm
’(?1 ':é‘:g:l Girder. Pieces.‘ ag?li(:;?nlBeurlng. Glrdcra.’ Pieces, agg?‘,:nlwnﬁ
| métres, kilos. | kilos. | kilos. | kilos. | kilos, | métres. kilos. | kilos.  Kkilos, | Kkilos.
I= 20 First ) 1.c0| 860 | 350 ' 500 | 1880 | 1970 | 215 | 980 | 550 | 1680 | 1780
Solid “:nf‘;’r‘]:e' 240 | 1430 | 570 | 530 | 2780 | 2910 | 2:70 | 1600 | 580 | 2400 | 2500
girders, Second | 3-00 | 2000 | 800 ' 560 | 3700 ! 3860 | 3-40 | 2260 | 630 | 3180 | 3320
arrange-3 $-00 | 1860 | 950 ; 850 ; 4030 4210 | 340 | 2200 | 780 | 3280 | 3430
mcnt 3-60 J 2500 | 1250 f 900 ; 5120 5350 | 4:00 2900 | 800 ' 4070 | 4250
= 20 Plrst 2'20 J 740 | 280 : 520 | 1700 ; 1770 | 2-40 70 | 560 | 1570 | 1640
lattice- ment 4'-10 i 1440 | 530 . 650 | 2880 ; 8010 | 4'80 | 1680 | 700 | 2620 | 2740
girders 4-40 | 1300 | 630 i 850 | 8060 : 3200 | 4-70 ' 1600 | 830 | 2670 | 2800
without Second | 550 1660 | 800 | 900 | 370C | 8860 | 6:00 i 2000 | 830 | 3170 | 3310
vertical 60 arrange-{; 6°70 { 2020 | 960 | 960 | 4330 ; 4530 | 7-00 2470 | 920 | 3730 | 3900
Tods. ment, | e | e | e ] e | o | 8050 18060 | 980 | 4440 | 4640
\ | . . . . .o ] 9°50 , 3660 | 1020 | 5150 | 5380
'—20 First )’ 2°20 | 650 ' 230 . 520 1540 ' 1610 [ 2:40 | 780 | 560 | 1470 | 1540
30 armnwe- 330 i 980 | 350 1 580 2100 . 2200 | 3-60 | 1160 G30 | 1970 | 2060
Triangular 40 ment, 4 40 1 1300 | 460 © 650 2650 | 2770 | 4-80 | 1540 | 700 | 2460 | 2580
Inttice- 40 1 4:40 ]]80 560 1 850 | 2850 | 2980 [ 4-70 | 1450 | 830 | 2510 | 2620
girders 50 Second | 550 | 1500 | 710 | 900 | 8420 @ 3570 | 6:00 ; 1870 | 880 | 3030 | 3160
. a.rmnl'e- 1 6:70 | 1820 | 860 | 960 | 4000 | 4180 | 7-00 : 2280 | 920 | 8520 | 3680
70 | ment. || e | e | e | e | e | .. | 850 2000 | 980 | 4270 | 4460
\ - - . . . .. |1 9:50 | 3500 | 1020 | 4970 | 5200
First ' 220 | 640 | 230 | 520 | 1530 | 1600 | 2:40 | 750 | 560 | 1440 1500
Cross arrange-» 8780 | 940 | 840 | 580 | 2050 | 2140 | 3+60 | 1120 [ 630 | 1930 | 2010
lattice- ment 4 40 | 1240 | 440 | 650 | 2560 | 2630 | 4°80 | 1480 | 700 | 2400 | 2510
girders "4:40 | 1120 | 540 | 850 | 2760 | 2880 | 4-70 | 1400 | 830 | 2450 | 2560
without 50 Second | 5°50 | 1430 | 680 | 900 : 3310 | 3460 [ 6-00 | 1800 | 880 | 2950 | 8080
vertical 6') arrange-(: 6°70 | 1740 | 820 | 960 | 3870 | 4050 | 7°00 | 2200 | 920 | 3430 | 8590
rods. ment. || - . . o . .. | 8501|2700 | 980 | 4050 | 4230
: L ‘ . . o - o | 9°50 | 8200 | 1020 | 4640 | 4359
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See AqUEpUOT. AmoH. DAWBRIDGE. EwpankuENts, MaTERIALS oF ConsTRUOTION,
strength of.° OBLIQUE ARcH. PrEes, PontooN. RErarnive WaLLs. Vunv‘c'r. Wmexnmmn;

Works on Bridges :—Perronet, « (Buvres, folio and 4to, 1788, Gauthey, ‘ Traité 905,1,1)’]0“%
8 vols,, 4to, 1816. Ware, ‘On Vaults and Bridges, 8vo, 1822, Hann and Hoskin sB Theory,
Practics, and Architecture of Bridges,’ 5 vols,, royal 8vo, 1843-50. E. Clark, ‘On the l;mgm&
and Conway Bridges,’ 2 vols., 8vo, plates, folio, 1850, Bow, *On Bracing,’ 8vo, 18,51 f:‘ll sot,
‘Des Ponts Suspendus, 4to, Paris, 1853, Humber, ¢On Iron Bridges and Glrd‘ers, imperial 4to,
1857. Roy, * Des Ponts et Vinducts en Magonnerie,’ 8vo, 1857. J. H. Latham, On the Constr uc~
tion of Iron Bridges,’ 8vo, 1858. L. von Klein, ‘Sammlung eiserner Briicken copstructlonen
Stuttgart, 1868. Humber, ‘ On Iron Bridge Construction,’ 2 vols., imperial 4t(3, 1864, J. Gaudard,
‘ De Divers Systtmes dc Ponts en Fer,’ 8vo, Paris, B, Lacroix, 1865. Haupt's * Theory of Bndge
Construction,” 8vo, New York, 1865. Stoney, ¢ On Strains in Girders,’ 2 yols,., royal 8vo, 1866-69.
W. Friinkel, ¢ Berechnung eiserner Bogenbriicken,’ Hanover, 1867. Shield’s ‘ Theory of _Str:uns
in Girders,’ royal 8vo, 1867. Baker, ‘On Long-Span Railway Bridges,” 12mo, 1867. Unwin, ‘On
‘Wrought-Iron Bridges and Roofs,” 8vo, 1869." J. A. Rocbling, ‘ Long and ?hort Span Rallwa,y
Bridges,’ folio, Van Nostrand, New York, 1869. Humber, ‘Strains in Girders,” 12mo, !86?. Breq 8
¢ Railway Practice,” 4 vols., 4to. Byrne’s ¢ Essential Elements of Practical Mechanics. Sggum
Ainé, ¢ Des Ponts en Fil de Fer” Also varions Papers in ¢ Annales des Ponts ct Chaussées,” and
the ‘ Transactions Inst. C. E.,’ the ‘ Inst. Mechanical Engineers,” ¢ Society of Engineers.

BRIDGE-HEAD. Fr., ZTéte de pont; GER., Brickenkopf; ITAL., Iista di ponte, Testata;
8raN., Cabeza del puento.

See FORTIFICATION. L

BRITANNIA-METAL. Fg., Mdtal britannique, Métal anglais * GER,, Britannia Metall; ITAL,,
Lega Britunnic,

See AvrLoys, p. 49.

BRONZE. ¥R, Bronze; GER., Bronze; ITAL., Bronzo; SPAN., Bronce.

See Avvminem.,  Bronze. Copper. Tin.  Zixc.

BUDDLE. Fr., Baquet @ rincer, lavoir; GER., Waschtroj, Waschwerk* ITAL., Lavatoio della
maniera; SPAN., Mesa de larar,

The apparatus shown in Figs, 1802, 1803, was invented
by Hundt, & Prussian enginecr. Its introduction in the
gold mines of Victoria has been attended with success.
The arrangement of this buddle possesses the advantage
of affording a large working area at the head, and at the
same time effects a better separation of the waste than can
be produced by round buddles of the ordinary construc-
tion. And when the lighter portions of tho tailings have
become separated from
the heavier near the pe-
riphery of the circle, the
arca over which they are
distributed gradually di-
minishes, which, by in-
creasing the rapidity of
the flow, enables them to
be more rcadily carried
off. Tn Australia this
apparatus is employed
for concentrating tailings
from which a large pro-
portion of gold has been
previously extracted by
the usualappliances, A
is the spout which con-
ducts the mixture of
water and sand to the
buddle: B, the outlet for
carrying off the carthy
impurities or final tail-
ings; C, shaft commu-
nicating motion to the
buddle arms d; e, distri-
buting launders; and ¢/,

ipes attached to them.
The pipe f supplies clean
water to the annular cis-
tern g, from whence it
passes by the pipcs ¢,
with rose apertures at
the ends, and serves to
dilute the mixture of
water and tailings dis-
charged by the launders
¢, on the annular incline
at the periphery. The whole of this arrangement revolves on the shaft D. The final tailings fall

1802.

1803.




BUFFER. ) 881

into the ciroular pit ¢, previous to being carried off by the channel B. To the wooden bars % are
attached pieces of canvas, which sweep over the surface of the stuff deposited in the buddle, and
keep it even and free from ruts. The tailings, entering the receiver 4, are distributed at the peri-
phery of the buddle through the four launders ¢, which at_their extremities are turned at right
angles to the direction of their motion when in action; and at the same time clean water is dis-
tributed by the epertures pierced in the terminations of the pipes g'. The speed given to this
arrangement of arms, launders, and pipes, revolving on the shaft D, varies in proportion to the state
of divisions of the sands to be treated. When these are rather coarse, the machine may make from
six to eight revolutions & minute ; but when very fine stuff has to be operated upon, the speed is
considerably increased. The influx of tailings and water must be regulated in accordance with the
speed of the arms and the density of the material operated upon; and although no very definite
instructions can be given with regard to this subject, a chart of the apparatus will enable any
intelligent workman to make the necessary adjustments. The bed may be from 12 to 18 ft. in
diameter, and it may have an inclination of from 6 to 9 in. from the edge to the centre. At the
Port Phillip works the tailings cleaned by machines of this description are subsequently roasted,
and passed through Chilian mills; but where, as in California, the enriched pyrites have to be
transported to considerable distances, it would require to be more than once passed through the
machine, or, after being once buddled, the heads might be further enriched, either in the rocker,
or by a hand-buddle or shaking-table. A buddle of this kind can be filled in about four hours,
and it will be found an excellent apparatus for enriching ores with but little waste. If it be
intended to dress sulphides directly from the riffics, so as to render them almost entirely free from
siliceous matter, the first heads will require to be re-washed once at least, and the second heads
twice; but when this is done, it is necessary to be provided with other buddles besides those
which first receive the tailings direct from the riffles, and which will be constantly in use for that
08e, .

pur%Vhon the failings to be washed are not conducted direetly from the blanket boards, but are
taken either from tyes or the hends of other buddles, they are charged with a shovel into a
hopper connected with a circular sicve, working in water, which discharges into the spout A.

See GoLD AND GoLp MINING.

BUFFER. FRr., Tampon, Appareil de choc; GER., Buffer; ITAL., Respingente,

A buffer is a cushion, or apparatus with strong springs, employed to deaden the concussion
between a moving body and one, in motion or at rest, on which it strikes, as at the end of a rail-
way carriage. A buffer is sometimes called a buffing apparatus, when it is composed of two or
more parts or of two or more springy substances, as of steel, india-rubber, gutta-percha.

The central buffing and drawing apparatus, designed by E. D. Chattaway. is shown in Figs.
1804 to 1806.

1804,
Side elevation,

L] L 1805, oA
Plan,

Fig. 1804 is a side elevation, and Fig. _805 a plan of the new coupling, working in connection
with an ordinary draw-hook; and Fig. 1806 is an end view of the buffer-hcad. The buffer and
draw-hook are constructed in one piece, and the buffer-head A, instead of being circular, is made
of the peculiar form shown in Fig. 1806. The lower portion only is curvilinear, and the upper
pert is made narrow, and while presenting a buffing surfaco in front, it is shaped on its inner side
similar to a draw-hook, for the purpose of receiving the coupling-link B, which works upon it as
upon an ordinary draw-hook, and thus forms a complete hook and link connection. The draw-rod

is screwed near the end just within the buffer-head. Upon this screwed part gs fitted the
T



882 BUTFFER.

adjusting nut and eollar D with projection arms F, Fig. 1805, carrying the large coupling-link B.
The coupling can thus be drawn hard up or slackencd off by means of the pendulous lever F.

The ordinary coupling and buffing arrangements as applied to railway wagons are open to
several objections. As there is no means of tightening up the couplings, there is always a con-
siderable amount of play between the adjacent vehicles of a train, frequently as much as 18 in. with
wagons, The effect of this is, in the first place, to lengthen the train, thereby causing a greater
expenditure of motive power, owing to increased effect of the wind and pressure of the flanges of the
wheels against the rails, when the train is running through sharp curves; and, in the second place,
to render the couplings liable to break or to become detached from the draw-hooks, in consequence
of the train being started and stopped in detail by a series of sudden and violent jerks: & jerking
action also enuses a severe strain upon the draw-springs and often breaks them; besides, it acts
injuriously upon the permanent way, and increases the risk of conveying goods of a fragile
nature. As regards corner buffers, they are objectionable from the circumstance of the two buffers
being seldom struck at the same instant or with the same degrec of force, even on a perfectly
straight line; while on curves the buffing action is mainly confined to one side of the train,
severely straining the framing of the vehicles, and having a tendency to force the tenons out of
the mortices. Besides tending to damage the rolling-stock, this action also tends to injure the
permanent way, and to incrense the cost of maintenance of both. It is also to be remarked that
the ordinary buffers and couplings arc always opposed to instead of being in harmony with each
other, the couplings being slackened as the bufters are brought into play, and vice versd ; and the
reaction of the butters has sometimes fractured the couplings.

A further objection to the ordinary couplings is the difticulty and delay frequently experienced
in attaching and detaching wagons, since, unless the couplings be slack, it requires a violent
shunting together of the train to allow the coupling-link to be slipped over the draw-hook ; and if
the draw-hooks be close to each other before the coupling has been lifted up, the train has to be
drawn apart to admit of the link being raised, and then shunted together again in order to be
attached. Independent of extra expenditure of enginc-power and wear and tear of rolling-stock,
this shunting is also a source of accident.

The most complete and effoctive bufling apparatus now in use is that of L. Sterne, shown in
Figs. 1807 to 1811.

The buffers or springs, Figs. 1807, 1808, are built up of soft india-rubber rings and circular
steel plates; the terminal plates of cach of the springs being complete disces, some are formed with
a hole through the centre. During the process of vulcanization the buffer-rings become inscparably
united with the plates, and cach spring thus becomesa perfectly air-tight chamber. When the pres-
sure is brought to bear on the springs, the air within them becomes compressed, and offers a resistance
proportionate to the amount of such eompression and to the area of the discs upon which the

pressure of the air is exerted. The india-rubber rings not only
perform the office of securcly retaining the air within them, but
they completely resist sudden concussions. c

In order to avoid friction upon the rubber, by which it would ;
be quickly destroyed, the circular plates are extended beyond the
rings to a distance proportioned to the depth of these rubber rings.
The india-rubber, therefore, cannot be injured, or come in con-
tact with the inner surface of the eylindrieal cover.

These bufters can be made of any desirable form, and air-
tight chambers, constructed in the manner just deseribed, can be
built up to any length required in practice.” It will be scen that
no mechanical fittings are required to make a perfectly air-tight
chamber. The union of the rubber to the metal being of a solid
and not merely adhesive character, the Jjuncture is impervious.

These buffers are eapable of resisting great compressive foree,
while at the same time they possess preat sensitivencss as springs.
Unlike a steel spring, which, if madec to resist great foree, is rigid
unt_il a'eonsid‘eyable weight is brought to bear upon it, this buffer-
spring is sensitive to a very slight pressure, and yet absorbs a power
of 15 tons, being 100 per cent. more than the resisting power of §
any steel springs used for this purpose. In most cascs, where
the action of buffers is required, the upparatus of Sterne, without IL
altc;aﬁon of pﬁnciple, may be applied.

fig. 1807 shows & cast-iron case, with a solid -1 i
steel Liates, y wrought-iron plunger, four rubber rings, and five

b d

<
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Fig. 1808 is of & cast-iron case, containing a cast-iron cylinder-vlunger, pneumatie spring power,
five rubber rings, and six steel plates.

Fig. 1809 represents a pneumatic rubber draw-spring. It has four rubber rings and three oval
steel plates.

Stgrne's buffer is in use on many railways. The arrangement, Fig. 1810, is that adapted to the
carriages of the Metropolitan Railway.

o
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Each buffer-rod carries a kind of shoe embracing the ends of a compensating travelling beam,
which extends from one spindle to the other. This transmits the pressure fairly to the springs, at
the same time enabling the buffer-rods to accommodate themselves freely to the position of the
carriages passing round curves. The buffing spring occupies a length of 13} in. when uncom-
pressed, and is capable of being compressed 9in. The light spiral springs at the end of the buffer-
spindles are merely placed there to prevent chattering. The draw-spring is formed by a pair of
pneumatic springs composed of four rings of rubber each, inseparably united to three oval steel
plates through which the draw-bar, Figs. 1810, 1811, passes. See LocOMOTIVES.

BUILDING. F&r., Construction, bitiment ; GER., Bauen; ITAL., Costruzione.

See Bonp. BRIDGE. Founparions. JoiNts. MasoNRY. Raiway ENGINEERING. Roors,
ScarroLpING.

BULLET-MAKING MACHINE. FR., Mackine a faire des balles ; GER., Kugel-Giessmachine.

In the manufacture of ordinary bullets for small arms the lead is first melted in an ordinary
cast-iron vessel, fitted with a spout and movable plug at the bottom. By means of a removable
spout, the liquid lead is conveyed to the cylinder A in Fig. 1813, where it remains until it is a solid,

" but not any longer, as the nearer it is to the fluid state, the easier it is shaped, 8o as to form a rod.
The lead, being pushed up by hydraulic pressure, asin the lead-pipe machine of Cornell, flows out
at the orifice in the die B, which may be made with different shaped orifices.

To convert the rod into bullets, it has first to be cut into portions, then each portion has to be
compressed in ventilated dies, care being taken to prevent metallic contact, which is done by
lubrication. 812

L
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Such conditions may beattained by a great variety of mechanical arrangements: Figs. 1811,1814,
illustrate John Anderson’s Bullet-making Machine, which was extensively employed at Woolwich,

By referring to Fig. 1812, it may be seen that the rod of lead from the lead-pipe or lead-rod
machine, after being coiled upon a portable reel,
is wound upon the reels C, C, which are fixed upon
the framing of the bullet machine, Fig. 1812.

The lead rod is then conducted by a pair of
small rollers D, through the cutting-off lever E,
into the clips F, Fig. 1814, in which it is gripped
while being sheared off; when the lever is raised
up to perform this operation by the cam (G Fig.
1812) the length of lead rod thus cut off is deter-
mined by the adjustable stop.

To prevent tixe lead rod from slipping out of
the die, it must be thoroughly clean and free from
grease; it is therefore passed through a roll of tow
or cotton waste I saturated with turpentine.

After the block of lead of the required length
is cut off, the clips E, F, Figs. 1812, 1814, are
opened, and the block is allowed to fall by gravi-
tation to the bottom of the clips, and from thence
is pushed into the forming-die J, Fig. 1812, by
the punch K (the point of which is Jubricated at
each stroke) ; the finished bullet is then knocked
out by the small punch L, into a shoot, by which
it is conveyed to suitable boxes.

In order to ensure a clean and perfectly-formed
bullet, it is necessary to ventilate the die; in this
case the air cscapes through the small punch L,
which is bored out for that purpose.

When the portion of lead within the die has
been compressed, the superfluous metal is squeczed
out at the junction, thus forming a sort of frill, to
remove which clips, Figs. 1812, 1814, are em-
ployed. These clips are pieces of steel contain-
ing a kole the size of the bullet; they rise in front
of the die so soon as the punch has retired;
at the next instant

the bullet is pushed 1814,
through the hole, thus
leaving the frill behind. ©

When indentures
have to be given to
bullets, this is accom-
plished by passing F F
them between a revol-

ving disc and & corres-
ponding fixed scgment,
the acting surfaces
being of the required

shape, and so placed
with regard to each
other that the entrance
of the indenting chan-
nel shall be wider than
the opening at the

-

point of exit, The revolving surface imparts a circular motion to the bullets, in & manner similar
to that of milling coin. . .

J. D. Custar’s Bullet Machine, Fig. 1815, has an arrangement of devices for cutting off the
blank from & rod or thick wire, and depositing it in a radial groove u in the flat face of & turn-
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table which carries it in front of a cylindrical die. A piston or male die fitting the said eylinder
forces the blank therein and against & female die. When the male die is_retracted, and the
female die thrust forward, it forces the blank out of the cylinder and upon the carrier 8, which
during the operation of the dies remains at rest. The bullet is then carried around the lathe,
where it is again seized between the sliding mandrel and centre of the lathe, and trimmed off
to the proper shape by a tool which is fed to the work by means of a lever operated by a cam
attached to the driving machinery C.

BUNG-CUTTING MACHINE. Fr., Machine & couper le tampon de bois ; GER., Spundzapfen-
Schneidmaschine ; ITAL., Mucchina da cocchivmi.

See CASE-MAKING MACHINERY.

BUOY. Fr, Boude, Amarque, Balisc; GER., Buje, Boje, Ankerboje; ITAL., Gavitello; SraN.,
Doya.

JSee LigoTrorses; BEAcons; and Buoys.

BURNISHER. F&., Brunissoir; GER., Polirstakl; ITAL., Brunitoio.

See Hanp-TooLs.

BUSH. FRg., Coussinet ; GER,, Mctallfutter ; ITAL,, Bronzina ; BpaN., Cogincte.

A bush is a perforated piece of metal, as hard brass, let into ccrtain parts of machinery, to
receive the wear of pivots, journals, and the like, as in the pivot-holes of a clock, the hub of a
cart-wheel, and 80 on, © Any similar lining of a hole with mectal, as the vent of a gun, is termed
the bush. Sce DETAILS OF ENGINES; ORDNANCE; and SMALL ARMS.

BUTTERFLY-VALVE. Fg., Robinct papillon; GER., Schincttcrlings-Ventil; ITAL., Valvola a
Sfarfalla,

Sce VaLvEs.

BUTTRESS. Fr., Contre-fort, e€peron, arc boutant; GER., Strebepfeiler; Itavn. Contraforte;
8paN., O machon.

A buttress is a projecting support to the exterior of a wall, most commonly applied to churches
in the Gothic style, but also to other buildings, and sometimes to mere walls. A prop, a shore, or
support, is also called a buttress. Seo CoasT DEFENCES. CONSTRUCTION. FORTIFICATION.

BUTT-WELD. Fg,, Soudure par rapprochement ; GER., Stumpfe Schweissfuge ; ITAL., Bollitura
affrontata.

See ForeIinG.

CABLE. Fg., Ciblc; GER., Tau ; ITAL,, Canapo, Cavo; SPAN., Cable.

A cable is a large, strong rope or chain, cmployed to retain a vessel at anchor, and for other
purposcs. It is commonly made of hemp or iron, but sometimes of iron or copper wire, as in the
case of the cable of a suspension bridye, or of a submarine connection in the electrical teleyraph.
Practical information, however limited, upon the strength of rope and chain, is of great valve and
importance to the scaman, since there is scarccly an operation connected with his duties that can
be performed without the use of a chain or a rope.

William Maedonald, Superintendent of the Liverpool Chain-testing Works, in 1860, before a
committee of the House of Commons, gave the following tabulated statcments, which show the
total number of fathoms of chain proved by him from 1855 to 1859.

Strp CuAIN,

Total Number ! Number of Number of Number of | Percentage
Date. of Fathoms Fathoms Fathoms | of defective
| Fathoms proved.’  defective. not defective. condemned. Chains,
1855 .. .. .. . . .. | 10717 8862 1855 576 823
185 .. .. .. . . . 11336 9575 1761 438 844
1857 .. v ov oh e e 12826 10393 2433 316 81
1858 .. .. .. .. . . 9387 8278 1109 383 88
1859 (to August 2nd) o 5711 4038 1673 329 71
Total .. .. 49977 41146 | 8831 2042 82}

CLoSE LINK.

Total Number Number of Number of Number of | Percentage
Date. o Futhoms Fathoms Fathoms of defective
Fathoms proved.|  defective. not defective. | condemned. Chains.
1855 .. .. .. . . . 3799 1918 1881 278 -50%
1856 .. .. .. . . . 8752 4636 4116 37 52§
1857 .. .. .. .. . . 10190 7398 2792 955 72
1858 .. .. .. .. . . 8731 5469 3262 44 624
1859 (to August 2nd) .. .. 5412 2066 3346 227 38
Total .. .. | 36884 21487 l 15397 1541 I 583

Deductions and rules respecting the strength of materials, based on the experiments of Tred-
8old, Barlow, Fairbairn, and Hodgkinson, are not reliable, for these and other experimentalists
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employed incomplete testing apparatus; and in general they operated upon fragments of materials

small to warrant their conclusions with regard to large and complicated structures. This
remark does not apply to David Kirkaldy, who, from his skill and the accuracy and great range
of his testing machinery, furnishes results in every respect reliable. We add a tabulated state-
ment respecting the relative strength of welded joints, taken from Kirkaldy’s work, ¢ Results of
an Experimental Inquiry into the Tensile Strength and other Properties of various kinds of
‘Wrought Iron and Steel.

In the experiments made by Kirkaldy to ascertain the strength o{ welded joints, the pieces
were cut through the middle, and then scarfed and welded in the ordinary manner by the same
smith who prepared the bolts for his other experiments, and a few were prepared by & chain-
maker, for comparison. The results varied greatly,—fourteen, operated on by the smith, show a
loss, compared with the original whole bar, from 4°1 to 43'8 per cent., the mean loss being 20-8
ger cent.; four by the chain-maker, from 2+6 to 37-4; mean, 151 per cent. Of the former, four

roke solid, away from the weld : eight, partly through solid portion and partly at the weld; two
separated at the weld. Of the latter, two broke solid; one broke partly solid and partly at the
weld; and one gave way at the weld. It may be noticed that different sizes and also different
qualities were used, but the results were alike uncertain, and are further proof of the correctness
of the following obscrvations by James Nasmyth, which appeared in ¢ The Engineer,” 8th March,
1861, a censiderable time after the experiments of Kirkaldy were made :—

“Of all the processes connccted with the working of malleable iron there is none that has a
more intimate relation to the security of life and property than that of welding, or the process by
which we are enabled to unite togcther, in one mass, the several portions of malleable iron,
of which the generality of works in that material are formed. Every single link in a chain eable,
every wheel-tire in a railway train, directly owes its trustworthiness to the manner in which the
process of welding has been performed, in so far as that any imperfection in any one single
member of the set of cable links or railway wheel-tires may involve a most fearful loss of life, of
which, of late years especially, we have had such distressing and mclancholy experience.

“In order to render clear the following remarks as to the cause of, and mcans that should be
employed to prevent, defective welding, it is nceessary to explain the nature of the process of
welding, which consists in inducing upon malleable iron, by means of a very high heat, a certain
degree of adhesiveness, so that any two pieces of malleable iron, when heated to the requisite
degree, will, if brought into close contact, adhere or stick together with a greater or less tenacity,
according to the amount of force applied to urge them into close contact. . . . .

“Tt is, therefore, to the means of thoroughly cxpelling this vitrified oxide from between the
surfacgs of the iron where the welded junction is to take place that we must direct our attention;
for so long as any portion of this adhesive viscid substance is permitted to exist and interpose
itsclf between the surfaces we desire to unite, no sound junction can take place, and once it has
made a lodgment no after-heating or hammering, be it ever so scvere, will eause its thorough
expulsion. It is, therefore, to the thorough expulsion of the vitreous oxide in the first stage of the
welding that we must direct the most careful attention; and it would, in no small degree, tend to
prevent those fearful accidents of which defectively-welded ironwork is the principal cause.

“8ince the chicf cause of defective welding arises from portions of the vitreous oxide of the
iron being shut up between the surfaces at the part presumed to have been welded, and that,
besides the impossibility of ascertaining, in the majority of cases, after the process of welding has
been gone through, whether or not this vitreous oxide has been thoroughly expelled, and the sur-
faces at the welding brought into perfect mectallic union, and that no after-heating or hammering
can dislodge the vitreous oxide when once it has cffected a lodgment, our best security is to form
the surfaces of the iron at the part where the welding is desired to take place, so that when
upplied to each other, at the welding heat, their first contact with each other shall be in the centre of
cach.”

Kirkaldy tested two steel bars welded at the makers’ works, the result still more unsatisfactory
than with iron—one showing a loss of 45'0, the other 59-6 per cent.; whilst other two parted at
the weld during the operation of forming the heads, previous to testing. At the commencement
of theso experiments scveral attempts were made to form heads on the steel specimens, in the
same manner a8 on the iron, by welding on rings; but as they either failed at the weld, or the
steel was found to be burned, that method was abandoned.

With the view of ascertaining the effect of heating iran to the welding point, and then allowing
it to cool slowly without being hammered, an experiment was made by Kirkaldy with a bar of
Glasgow B. Best, the results of which are stated in his table N, 1095. Although its breaking
strain was nearly tho same as that borne by another piece, 1094, off the same bar, in the ordinary
condition, yet it will be found that the ductility of the iron had been injured by the high tempe-
rature and want of hammering; for it was found that instead of 42°2 per cent. it only contracted
278, or 34 per cent. less than the latter.

Figs. 1816 to 1829 exhibit mooring and other chains, with the articles required to be appenaed
to such chains, and the proportions of iron chain cables, as supplied to the English Royal Navy.

Fig. 1816 shows the pin and lead pellet, through forelock, and part of the ring or shackle on
the anchor-shunk. Figs. 1816 to 1821 present two views of each part of a cable where connections
are made.

The dimensions given on the links, &c., signify so many diameters of the iron of the common
links of the cable, thus forming the senle for all sizes. In the mooring chains and gear, the unit
is the thickness of the iron of the link.

Referring to Figs. 1816 to 1821, and large shackle for connecting any length of cable of
12} fathoms: B, end links, without stay-pins; C, enlarged links, with stay-pins; D, common links,
hickness put = 1; E, swivel in the middle of cvery other length of 124 fathoms; F, joining
hackle for connecting aither end of any length with any other length of the same size.
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WrLoep
inal Breaking Strain,
Oﬂfl____ Weight €
lg!d:.x Names of Mak’elr;se::e‘\l’v ‘orks, and how s t.:; .
Diam,| Area. | Y8 | Total on Specimens. Welded,
i Wel | B | 500 | 25000 | 56415 )
1491 | Govan B. Best. Welded by smith . 76 | *4536 ! 55 !
14921 " " y,, 76 | +4536 | 569 | 25002 [ goro | 55119 ( pooen
1493 | " " " 75 | 4417 | 407 | 20466 46335
1494 ” . ” ” 76 | 4536 421 20858 45983
Govan Ex. B. Best. Welded by} . . -
1495{ oven, Ex. B. Best. - Welded by}, .76 | 4536 | 605 | 26010 57341
1496 » ” " ” *76 | 4536 | 598 25814 ) 21411 (| 56909 ) 48984
w7 . 76 | +4536 | 420 | 20830 45921
1498 ” » » » ‘68 | *3632 | 140 | 12990 85765

>
B G S
53

(-—/.5-;( ‘ \,
WA

1817.
1 = pin and lead pellet through the bolt and forelocs,

-3, mmmdom e 56" X
U L NP
‘

[-. - i
-« :,J " L] i

o i -~
“ i

JO ot

1818,

Figs. 1822, 1823, George Elliott's splicing shackle.

Figs. 1824, 1825, Hardy’s mooring swivel; 1826, splicing tails; 1827, 1828, swivel and shackle
for mooring chain; and 1829, links for pendant, or bridle chains.

Before 1842 no positive information on the strength of hempen cables was established, How-
ever, some experiments on the smaller kinds had been made, and the strength of a good 10§-in.
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JorNTs,
E?:I};"“' Elongation, Fracture.
Breaking Strain Diffe » bet Welded and
e " Gawaed Bers. DT | Original Length of
Bag l?n- gmﬂ.pm't.IlllgxtCo(l]us:tr‘n'gfcm‘l Crye. Where,
welded.
Ibs. Ibs. per cent, in. in. in. 'per cent. '
61106 ) 4(1391 [ 77 80 * 0 | Solid.
59316 | xor 4197 | . Ty r | o .68/, ) 1] solid,
58886 }59"48 12551 8"85[ 91-3(14'5 | 07011} . 1g:-47 | 8:0 | 591 15 | goliq and weld.
58884 l 12901 219 20 i 65 | Solid and weld.
59070 I 1729 29 125 | 0| Solid.
58452 ) 57591 ( 1543 ) 8607 2:6;15°1 | 0683 l 1:26}°84 | 80 | 10°5{|] 0 | Solid.
55653 9732 175 0°46 ! 45 | Solid and weld.
57190 | 21425 874 008 ’ 0 | Weld.

cable or 10-in. hawser-laid rope was
considered to be about 20 tons; these
formed a scale by which the strength
of other sizes was calculated, but
there was no satisfactory evidence in
proof of this scale with regard to any
size. It was therefore ordered that a
series of experiments should be made
in Woolwich Dockyard to ascertain
by positive proof the strength of all ..
cables, both hempen and chain, of  -==--- 56y

various sizes, from the smaller kind |
up to the largest then in use. The 2
experiments were accurately recorded T

by Nicholas Tinmouth ; but the test-
ing machine used by Tinmouth was
far inferior to the one employed at
present by David Kirkaldy. The
sizes of hemp selected for experiment,
Table 1., were 25 in. circum-
ference, 223 in., 20 in., and so
on. The sizes of the chain
cables were, a8 shown in
Table IL, from 2} to § of
an inch.

It is necessary to state
that the 2}-in. chain was
not tested, on account of the
probability that the testing
machine would be scriously
injured in the cvent of this
chain breaking under a
heavy strain, There were
six experiments upon each
of the other nine sizes of
chain cable, amounting in
the whole to fifty-four; and
eight experiments upon each
of the nine hcmp cables,
making together seventy-

1823,

two.

These experiments are casily distinguished in the Table by their extending through all the
columns from side to side. The strength of all the intermediate sizes, both of hemp and chein,
was cnleulated by the following rule:—Divide the difference of the two strains by the difference of
the squares of the diametors, or circumference, for a constant multiplier. This multiplier into the
difference of the squares of any two sizes will give tho number of tons to be added to the strain
upon the smaller. As the actual strength of any instrument can only, as & whole, be considered
equal to its weakest part, the minimum column of strength in the Tables must be considered the
safest. The right-hand column has been calculated from the weakest of all the experiments, and
may be serviceable where risk is apprehended and great caution necessary. With reference to the
strength of the hawser-laid rope, and rigging or crane chain, in Tables IIL. and IV., the experi-
ments were made at various times for isolated purposes: and although not in the same progressive
order as in the case of the cables, yet the strength was ascertained by the same machine with the
same degree of accuracy and embracing & sufficiently numerous class of sizes to render the caloula-
tion of all intermediate kinds equally correct. '
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TapLg I—FoR ASCERTAINING THE STEENGTH OF CHAIN CABLES,
Breaking Wei, in Tons.
Sige, | No-of wm: b Al ! : Mean. l c“c]:;d
Yars. | pothoms, | Maxi- Intermediate Strains. Mini- weskeat,
in. 1bs. l I |
26 | 3528 | 14112 | 1222 | .. . o . .. 1059|1116 :101'5
25} | 8393 | 18572 | 117°5 | .. . | - . .. 101-9 | 1073 | 97'6
+25 | 8267 | 13068 | 113* (107 (1065 102- ;1015 99+ |99- |98 | 1032 | 938
243 | 3122 | 12488 | 114-4 | . .. 1944|1025 |901
24 | 3006 | 12024 | 115°7 . | . 91- | 101-9 | 865
23} | 2880 | 11520 | 117 S . 87:6 | 101°3 | 82'9
23 | 2763 | 11052 | 118°3 | .. . . . . .. | 8421007 |79-4
+22} | 2646 | 10584 | 119°5 (1095 :101-7 99-5 | 99+ | 96'5 ' 94+ |81+ | 100°1 | 76
22 | 2529 | 10116 | 111°4 . . N . (719 95 |[726
213 | 2412 | 9648 | 103'5 . .. |749] 901 |694
21 |2304| 9216 | 958 | .. . . . . |72+ | 853 | 662
20} | 2196 | 8784 | 883 | .. . . . . .. |69-2| 806 |631
+20 | 2088 | 8352 | 81+ |785:78:2 |78 |77 |755!74'2|665| 76°1 | 60°
193 | 1980 | 7920 | 767 . . . .. |621]| 713 | 571
19 | 1881 | 752¢ | 726 . . . 579 | 66°6 | 542
183 | 1782 | 7128 | 686 " . .- 53-8 | 62'1 |51°4
18 | 1692 | 6768 | 647 | .. . . . . .. |49'8 | 57°7 | 486
4174 | 1597 | 6388 | 61+ | 59-7 i 54-7 | 54'5 | 52- | 50 | 49-2 | 46-* | 53-4 | 46-*
17 | 1512 | co48 | 57'3 | .. . 44-9 1 51 | 434
16} | 1422 | 5688 | 539 43-8 | 487 |40'8
16 p1332 | 5328 | 505 . .. | 428 465 | 884
153 | 1251 | 5004 | 47-3 | .. .. . . . .. |419| 443 | 36
+15 | 1179 | 4716 | 44°2 |43 | 42-7 | 42'5 | 42- |41-7 | 41-5|41- | 42°3 | 837
143 | 1098 | 4392 | 41-6 . - . .. |384]| 399 | 815
14 | 1026 | 4104 | 891 | .. . 36 | 87'6 | 294
134 | 95¢ | 8816, | 86°7 . . 33-6| 354 |27'3
13 | 882 | 3528 | 344 | . | .. . - . .. |81-3| 838 | 258
+123 | 810 | 3240 | 322 |32-.2)|32 |32 |[81-2|81:2|81- |2°2| 81-3 !234¢
12 | 756 | 8024 | 298 . 26:6 | 286 216
113 | 693 | 2772 | 276 | .. . . 242 | 261 198
11 | 630 | 2520 | 255 21-8 | 237 ‘181
104 | 576 | 2304 | 234 | .. . . . . . 196 214 516'5
$10 | 522 | 2088 | 21'5 |21 |19-7 | 177|177 | .. .. |17°5| 192 |15
op | 468 | 1872 | 19- y 57| 17'1 | 135
9 | 432 | 1728 | 167 | .. . .. |14 | 1502 121
8k | 396 | 1584 | 146 124 . 134 !10'8
8 | 815 1260 | 126 | . | . | o | o | . | .. 109! 1147 | 96
t73 | 288 | 1152 | 107 |10'5!10-5|10°8|10:3|10-8|10- | 95 102 | 84
7 | 252 | 1008 93 82| 88 | 738
63| 216| 8o4 81 | .. . . . . 7- 75 | 68
6 | 189 | 756 7- o |y .. | 58 63| 54
53| 162 | 648 59 | .. .. . .. . . | 48] 53 ) 45
t5 | 185 | 540 5- 49| 46| 42| 4 | 4 | 4 | 89| 43 ! 37
43 | 108 | 432 4 . 31| 84 8
4 90 | 860 32 | . - . . W | 25| 27| 24
34| 69| 216 2:4 . 19| 211 1'8
3 5¢ | 216 18 14| 15 13
| .

The lines marked () contain the results given ca{ experiments, and the intermediate lines those
C

found by

ulation,
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TapLe IL—FoR ASCERTAINING THE STRENGTH OF CHAIN CABLE.

* Breaking Strain, in Tons. Calcu-

i
Testing | worene, |
Sige. | Strain, R ! Mean. (lated from
in Tons. [100F ll""‘“‘"‘| Maximum, Intermediate Strains, Mintmum. * weakest.
in, 1bs.
2% 91} 27216 130°3 . . . . 1218 125+9 | 1074
2} 81} 24276 116-2 . . . . 108°6 112-3 95°8
12 72 21504 103 102:5 (101 975 | 97 9625 | 99'5 .
11 63} 18900 99 9775 | 935 | 90 89- 88 92°8 .
11 551 16464 85-25 | 81'5 | 80°5 | 67° 65°5 65° 74-1 65
1% 473 14196 75° . 595 66:5 | 56°

$13 | 403 | 12096 | 655 | 655 |59-25 | 57-75 | 55+ | 545 | 595 | ..
13 | 8¢ | 10164 | 536 | .. | .. || 4k | 485 | 4001
85-3 | 38'5| 331

13 | 284 | 8400 | 428 | .. . . .
$14 | 22§ | esos | 33 |81-75[20° |29 275 | 27 29:5 | 26
17 | 18 5376 | 27252 | 24'75 |23 |22:75| 22 24-3 | 21-2
t1 | 133 | 4116 | 225 | 215 | 21-1 |20°7 |[205 | 20-3 | 21-1) 162
$+4 | 105 | 302¢ | 15- |14-25(14- [12:75 [12-62| 12'5 | 135 119
| s | 2541 | 128 | .. . . . | 108 | 11-4] 10
ty | 7 2100 | 9:87| 975| 95 |95 | 95 | 9:37| 95| 82
& | 5 | 1701 . . " . . . . .
Y| 4 | 1384 | 63 | .. - . . 59 | 6 53

The lines marked (}) contain the results of cxperiments, and the intermediate lines those derived
from calculation.

TaABLE II[.—FoR ASCERTAINING THE STRENGTH OF HAWSER-LAID ROPE.

Weight, Strain, in Tons.
Bize. No. of Yarns. 100 Fathoms. - - Mecan,
Maximum. l Intermediate Strains, Minimum.
in, Ibs,
$12 1173 2940 455 405 39- 35- 40-
113 1077 . 417 . . 32+ 367
11 987 - 38-2 . . 29-3 33:6
103 900 . 34-9 . . 267 30°7
10 816 2136 317 . . 24-2 279
93 738 . 286 . . 218 25+2
9 660 1712 257 . v 196 22-6
8} 591 . 23 . . 17+5 20-2
8 522 1379 20-4 . . 155 18-
73 459 .. 18- . . 136 15-8
7 399 . 15-8 . . 11-8 13-8
6} 345 . 13-7 . . 10-2 12+
16 294 834 113 103 10+ 87 10-3
5} 249 712 98 . . 73 87
5 204 .. 82 7 6 72
43 168 413 67 5 5 59
4 132 .. 53 . . 4 4-7
33 102 . 41 . . 32 37
3 75 203 3-1 25 2:4 2:8
23 54 . 22 .. 1-8 21
2 33 . 15 . 17 1-3 14
113 27 - 1-28 1-28 1:23 1-13 1-23
113 21 . 90 -89 *88 -86 *88
113 15 . 60 56 *55 53 56
1 12 -58 *51 *49 46 -51
t3 9 *51 46 46 -2 46
ti 6 -28 -28 28 -28 -28

The lines marked (1) contain the results of experiments, and the intermediate lines those derived
from calculation,
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TapLE IV.—FoR ASCERTAINING THE STRENGTH OP ROUND-LINE CrANE CHAIN.

Strain, in Tons.
sie. | “Fatboma Mewn | oo
Maximum. Intermediate Strains. Minimum.

in. 1bs, l

1§ 15569 75 747 74°5 68* 78 | 816
13 .. 64 . . 582 62'3 27
10 . 59- . . 53-8 574 ‘ 247
13 . 54-2 . . 19-6 52-8 22.6
1 . 49+7 . . 45'5 484 | 206
13 . 45°3 . . 417 441 . 188
13 . 41-2 . . 38 401 | 17
i 7481 37°3 . . 345 33 | 153
1% .. 336 . . 81-2 827 | 136
1 6490 30-1 . . 28-1 29-3 12-
1 5600 268 . . 25-2 261 10°5
) 4500 23-7 . 225 23-1 91

2 4000 209 203 20- 20-4 7-9
3 3449 17°8 . . 166 17:3 68
N 2000 149 . 135 146 56
i 2538 12°3 . : 10-8 12- 46
4 2001 10- . 87 97 3-8
! 1583 7-9 : . 69 77 3-
& 1060 6 . 52 59 23
y 827 44 . . 3-8 43 16
& 581 3- . . 2.7 3 1'1
! 392 19 . . 17 19 5
H .. 11 . 97 1 42

The lines marked () contain the results of experiments, and the intermediate lines those derived
from calculation.

Ezxperiments and Caleulations, made by Nickolas Tinmouth, to Determine the Curvature of Chain
Cables—Given the length of a chain cable, the vertical distance between its extremities, the
tension on the upper end, and its weight 100 fathoms; to find the angle between the upper part
of the cable and a vertical line, and that between the lower part of the cable and a herizontal line.
Suppose the length of chain cable 100 fathoms; vertical distance between its extremities 11
fathoms ; strain on the upper end 40} tons; size of cable 14 in., whose weight the 100 fathoms is
108 cwt. or 5°4 tons. Since 100 fathoms weigh & 4 tons, 750 fathoms will weigh 40} tons, or
750 fathoms attached to the upper end and hanging freely, will have the same effect as the strain
of 40} tons. Take uny vertical line A Q, Fig. 1830, cqual to 100 fathoms; from A as a centre,
and with a radius equal to 750 fathoms describe the arc ab. From Q as a centre, and with e
radius equal to 750 minus 11 or 739 fathoms, 11 fathoms being the vertical distance between the

1830. -~
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extremities, describe an arc ¢ d intersecting the arc ab in some point P. Join PA,PQ. OnPA
describe a semicircle. The point Q will in this case be found to lie within the semicircle,
Produce A Q to cut the semicircle in R. Join PR. From P as a centre with the radii PQ, PR,
describe the arcs Q z, Q y, intersecting A P in  and y. Then P A Q is the angle which the upper
part of the cable will make witha vertical line; as P A z = 79° 52/, Fig. 1831, and Q PR the
angle which the lower part of the cable makes with a horizontal line, as L Q z, Fig. 1831, = 2° 28,
A z, Figs. 1830, 1831, is the vertical distance between the extremities of the cable. As the length
A Q, Fig. 1830, of the cable is increased, the point Q approaches the point R, and the engle QP R
which the lower part makes with a horizontal line, diminishes. When the point Q coincides with
R or A Q is equal to A R, the angle Q P R vanishes, and & horizontal line forms a tangent to the
cable at its lowest part. Thus, in Fig. 1831, A QR is the cable regresented by A R, Fig. 1830,
= 18189 fathoms, and is a semi-catcnary, the horizontal line Ry, Fig, 1831, being &, tangent to
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Tasre V.—Resorts oF CALCULATIONS OX THE CATENARY CURVE OF A CHAIN CABLE,

Testing Strain, 404 Tons on the Cable,
Depth.
Length of Cable, 100 Fathoms. 11 Fathoms. 7 Fathoms,
. S ded Correction for | o ed i Correctiqu for
pended in ¥ pended in I
Air. m;f Water. Afr. ¢ %fWa 4
Angle between the upper end of the cable and & 11am. ron. rEOn ' Q.
vortical line.. .. P! N } 79°52'16"+66 | 80°21'26"55 | 82°9' 50 82°38'28"+3
Horizontal pull on the ahlp and anchor .. 39-927 tons . 40°166 tons
Xcrhmll)gome toldeprcss thefbovs;J - . 678 tons . 5-187 tons
ngle between lower end of cable and a honzontal P ' EQH. 1op. r1QM.
line .. . } 2°28'25"09 | 2°57'59”-37 | 0°10'26"+15 | 0°89'19"-07
Vertical force to lift the anchor .. . 2067 tons .- 0459 ton
Length of soiibeatenury, of which tio 100 f““‘m} 131°895 faths.| 143-88 faths. | 10216 foths. | 109-71 faths.
The forces on the bow, and honzfgntal f(l)lrce on anchor . a8 above . as above
Depth of the semx-catcnary of which length 100 . . . .
oo i s angmant 6t 1001 1168 foths. | 12136 fuths.| 70034 faths. | 7055 faths.
Lower part hangs honzonts.lly, henee force to hft} 0 0
anchor ., ..
Length of sem1~catenary ot the depth speclﬁed in the
Yespective colums, or the greatest length of eablel) 107,98 41 |137-03 faths, | 102-23 faths. | 109-29 faths.

that. can be e gloyed, 80 that no part of it shall
lie on the groun

Anglo betwoen tho upper er end of ‘h‘f.“e".‘_‘“ff“a’y} 80°10'29"-88 | 80°49'15™3 | 82°9' 56”94 |82°40'12"+38
Horizontal pull on ship and anchor .. “ 30-98 tons - 401688 tons
Vertical force to depress the bow .. . 646 tons . 5°167 tons
Lower part hangs honzonts.lly, hence fores to lift the} 0 0

anchor .. .. e

it at its lowest point R ; the vertical dlstance between its extremitics being DR or Ay = 1168

fathoms, which corrcsponds with A y, Fig. 1830, measured on its proper scale.

A Q, Figs. 1830,

1831, is & segment of the semi-catenary AR. Hencen dingram being constructed as above, if the
pomt Q, Fig. 1830, should be found to lie within the scmlclrcle, the cable forms a segment of &
semi-catenary, and its lower part makes an angle with a horizontal line; if the point A O, Fig,
1831, lie in the circumference of the semieircle, “the cable forms a mmp]etc semi-catenary, to the
lowest point of which & horizontal line forms & tangent. If the point Q be found to lie without the
semicircle as ¢, Fig. 1830, the length A R will form a semi-catenary; and the remaining portion
R g, which is beyond the ‘semicircle will rest on the ground, as B g, Fig. 1831
1831,

£arnous

Lo a0 390 00 %0

If it be reg uired to ascertain what length of chain cable will form a complete semi-catenary, at
the proposed depth A z, or 11 fathoms; let the are » Q, Fig, 1830, be continued until it intersects
the semicircle in some point 8; join A8, P8, then A8 is the length required; which is the
greatest length of cable that can 'be employe(l with a depth of 11 fathoms, so that no part of it
shall rest on the ground, as A S, Fig. 1831. The angle P A Q, Fig. 1830, or P A z, Fig. 1831,
which the upper part of the cable makes with a vertical line, may bo found from the followmg
(PAY +(AQ7 - (PQY
expression: cos. PAQ = SXPAXAQ Substituting for P A, 750 fathoms; for
P Q, 789 fathoms; and for A Q, 100 fathoms:
_ (T50)* 4 (100) = (739 _
cs. PAQ = 24750 x 100 = 0+17586 to rad. 1.

And from a table of cosines we have angle P A Q, or P A z, Fig. 1831, = 79°52' 16”66,

The angle Q P R, Fig, 1830, or L Q «, Fig. 1831, which the lower pnrt of the cable makes with
a horizontal line, mey be found from the followmg expressmn

. _(PAP—(PQyF~(AQY
sin. QPR == 2xAQx PQ ’
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100 FaTHOMS IN LENGTH AND 1}-IN. IN DIAMETER, UNDER GIVEN STRAINS AND DEPTHS OF WATER,

Minimum Breaking Strain, 544 Tons on the Cable, Mean Breaking Strain, 59§ Tons on the Cable,
Depth. Depth,
11 Fathoms, 7 Fathoms. 11 Fathoms. 7 Fathoms,
9 Correction for . Correction for Correction for Correct|
buspqued in the Buoyancy Suspfxlg_ed n the Buoyancy Suspmsed In the Buoyancy Slmpz!;ded in the" lgﬁ(:;’;x{g;
* of Water. : of Water. of Water, . of Water,

80°51' 16”28 81°12'45"°12| 83°8'54"-17 | 83°29'9"-55| 81°5'35"+25 |81°25' 13"+31'83°2314"61:83° 42'25'+46

5386 tons . 54148 tons - 58834 tons . 5914 tons
. 8°326 tons . 617 tons . 8876 tons . 6°52 tons
3028'10"-54 | 3°49'52"-29 | 1°9'59”-26 |1°31'54"-18| 3°42'38"+55 | 4°2'27"-78 | 1°24'25"-45|1°43'43" 1Y
. 36 tons . 1+448 ton . 4°156 tons . 1784 ton
160°41 faths,| 17643 faths. | 120403 faths.| 130°32 faths.| 170598 faths.| 188°06 faths. 126°88 faths.: 137°67 faths.
a8 above as above as above . a8 above

12°83 faths.| 1355 faths. | 7:207 faths, | 7-43 faths. | 13:286 faths.| 14106 faths.! 7°33 faths, | 7°568 faths.

0 . 0 .- 0 . 0

148+6 faths, | 159018 faths.| 11856 faths. | 126+74 faths.) 155-35 faths. | 166°16 faths, 124°00 faths.| 13242 faths,

81°32'0" | 82°5'9"-08 |83°14’'52"+96|83°40'41"°5] 81°53'41"5 (82°25'32"-74 83°32'18"-14; 83°56' 235

53+981 tons . 54168 tons . 58°98 tons . 594166 tons
75 tons . 6°00 tons . 7842 tons . 6°27 tons
0 . 0 . 0 - 0

Substituting, as before, the proper values of P A, P Q, and AQ,

And from  table of sines we have angle " = 2°28'25":09

The greatest length of eable that can be employed with & depth of 11 fathoms so that no part

of it may rest on the grxuéld iI?"A S,S :‘vhich is equal to &/ (A P)* = (P S)2 Substituting for A P
and P8 their values o 4 g Fig } 85(1)} =W/ (750)7 = (739)? = 127*9 fathoms,

‘The angle P A 8, which this length of cable makes with a vertical line may be found from the

8

expression sin, PAS = P Now P8 = PQ =739 fathoms, and P A = 750 fathoms. Hence,
39

by substitution, sin, PAS = ,;% = 0°9853 to radius 1; and from a fable of sines we have

angle P A 8, Fig. 1830} — R0 90+
or angle P Az, Fig. 1831f — 80°10 29-88. .
The position which a chain cable would assume under any given circumstances may also be
obtained experimentally, by the suspension of & small chain of any convenient length.
Let it be required to find by experiment on a chain £; of an in. in diameter and 25 ft. long, the
sition whioh & 1}-in. chain cable would take, whose length is 100 fathoms, vertical distance
etwoen the extremities 11 fathoms, and strain on the upper end 40} tons:
The weight of 100 fathoms of 1}-in. chain cable is 108 cwt.
" » . -in. » . 15cwt. 0 qr. 21 1bs.
The proportionate strain to be applied to the F-in. chain may be found from the following

expression :
_ Weight of chain the 100 fathoms " length of chain rai
~ Weight of cable the 100 fathoms ~ length of cable X sirain

cwt. qr.Ibs.  ft.  tons. cwt. qra. lbs.

L. 15021 2 _ .
= (by substitution) S X 0 x 40} = ¢ 2 27-552,

The length of the cxperimental chain being 4% the length of the cable, the vertical distance
between the extremitics of the chain should be taken ;% of 11 fathoms, or 2 ft. 9 in. .
The curve formed by the cable suspended under these circumstances was similar to that derived
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from calculation for a 13-in. chain cable of 100 fathoms on & ¢ scale. The deflection at the middle
of the length from & straight line joining the extremitics of the chain measured 5 in. This
deflection, multiplied by 24, gives the deflection on the full scale 10 ft., agreeing with the result

of calculation. .
Let one end of a chain cable be made fast, and & given strain act on the other end; both extre-

mities being in the same horizontal line, to find by construction the depth of the lowest part of
the chain ; et the size of the cable be 1} in., length 100 fathoms, strain 40} tons. Take & vertical
line A R, Fig. 1830, equal to one-half the length of the cable, or 50 fathoms; from R draw the
line R P at right angles to AR; from A as a centre, with a radius eq_ual to 750 fathomg, or the
number of fathoms of a 13-in. chain cable due to 40} tons strain, describe an arc ab cutting R P
in P; join P A; from P as a centre, with & radius PR describe the arc Ry cutting AP in y.
A y is the required depth of the lowest part of the chain.

The same may also be found from the expression

Depth of lowest point of cable = T — &/ T8 —5*;
where T is equal to P A, the tengion at A in fathoms of chain, or 750 fathoms- and s is equal to
A R the half-length of cable, or 50 fathoms. Hence, by substitution,

Depth of lowest point of cable = 750 — 4/(750)® = (50),
= 750 — 748331 = 1-668 fath.
6

10-008 ft.

The deflection of a cable from a horizontal line may also be found experimentally, by the sus-
pension of a small chain of any assumed length.
Let the size of the experimental chain be 1%, length 25 ft., weight the 100 fathoms, 15 ewt. 0 qr.

21 1bs.
The proportionate weight to be attached
_ Weight of chain the 100 fathoms x length of chain
~ Weight of cable the 100 fathoms ~ length of cable
cwt. qr. Ths,  ft.  tons, cwt. qrs. Ibs,

15 0 21 25
= ituti —_— X — 1 - 552,
(by substitution) 08 % oo = 40} =4 2 27-55

The length of the chain in this experiment being . the length of the chain cable, the curve
observed is the curve on a 35 scale, which the cable will form.

The deflection was found to be 415, which being multiplied by 24 gives the deflection, or
depth of the lowest point of the cable of 100 fathoms with 403 tons strain, equal to 9 ft. 104 in.
Let the same be tried with 12} ft. of 2-in. chain, weighing 7-96 cwt. to the 100 fathoms.

Proportionate weight to be attached

_ Weight of chain the 100 fathoms _ length of chain
~ Weight of cable the 100 fathoms ~ length of cable

96 1’2tl tons. cwt. qr. Ibs, oz,
R 3 .
108 x600x40§_1 0 27 4'7.

The length of chain in this experiment being J; of the length of enble, the curve observed is
that on a -li)sca.le, which the cable will form. The deflection was found to be 2% of an in., which
multiplie(f y 48 18 9 ft. 3 in., the depth of the lowest point of the cable.

Let the size of the cable be as before 1} in., and the strain 40} tons, but the length 12}
fathoms. Take a vertical line A R, Fig. 1831, equal to one-half the length of the eable, or G}
fathoms; from R draw the line R P at right angles to AR ; from A with the radius 750 fathoms,
being the number of fathoms of a 13-in. chain cable due to a strain of 40} tons, describe an arc a b
cutting RP in P; join P A; from P with the radius P R describe the arc Ry cutting A P in y.
A y is the required depth of the lowest point of the chain.

The same may also be found from the expression

Depth of lowest point of cable = T — /T? = s?;

where T is equal to P A, the tension of A in fathoms of chain, or 750 fathoms; end s = AR, the
half-length of the cable, or 6-25 fathoms. Hence, by substitutior
Depth of lowest point of cable = 750 — A/(750)% — (6-25)?
= 750 — 749+974 = 0026 fath
6

X strain

= (by substitution)

0-156 ft.
12

1-872 in,
= 1} in. nearly.

The deflection may also be found by experiment. Suppose & length of 25 ft. of & chain,
weighing 15 cwt. 0 gr. 21 lbs. to the 100 fathoms, be taken for the experiment.
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Then the proportionate weight to be attached is

Weight of chain the 100 fathoms  length of chain

= Weight of cablo the 100 fathoms ** length of cablo = strain

cwt, qr. Ibs, fo.  tons. ton. cwt. qrs. lbs.

= (by substitution) 1—-5—1&—%1 X %Z x40 =1 17 3 24}
The length of the chain in this experiment being 1 the length of the chain cable, the curve
obscrved is that which the eable will form on a seale of 1.

The deflection was found to be 12 of an in., which, multiplied by 3, is equal fo 2{1,,- in. On the
addition of # ewt. to tho above weight, the deflection was & of an in., which, multiplied by 3 = 1z,
agreeing with the caleulation.  As the nip on the roller where the weight was attached was consi-
derable, it is probable that the chain was not sufficicntly free,

2 ’I;hc] cxperiment was also tried with a 3-in. ehain, weighing 7:96 cwt. the 100 fathoms, and
21 ft. long.
The proportionate weight to he attached
_ Weight of chain the 100 fathoms _ length of chain

= - DS S X ———F s 3
Weight of cable the 100 fathoms ~ length of cable X strain

ft. tons. ton.  cwt.qrs. Ibs.
= (by substitution) % X !72?* X 403 =0°49766 =9 3 22-32

The length of the chain in this experiment being 3 of the length of the cable, the curve observed
is that, on a seale of 1, which the cable will form,

The deflection was found to be +%;, which, multiplied by 6, is equal to 32 = 1} in,, which agrees
with the caleulation,

The weight attached was 13 Ib. more than should have been employed.

‘Where the result of the experiment does not exaetly agree with that of caleulation, it is owing

an imperfeetion in the experiment. See Ancuor. Fousping, CASTING, AND FORGING, MATERIALS
OF CONSTRUCTION, Stremyth of. ROPE-MAKING MACHINERY.

CAGE, SAFETY. Fgr., Cuffat des mines de houille; GER., Kiibcl, Fahrstuhl; ITAL., Gobbia di
Sicurezzd,

Tho safety-cage of J. P. Harper with conducting ropes of iron wire is represented and the
mechanieal arrangements illustrated in Figs. 1832 to 1835. Fig. 1832 is of this cage in working
order; Fig. 1833, sectional elevation of compressors when not in action; Fig. 1834, sectional
clevatton of the compressors when first brought into action; and Fig. 1835, elevation of com-
pressors when in extreme action, showing the conducting 1ron-wire rope in a compressed state,

1832,

!
E
ol

Harper’s safety-cage differs both in principle and detail from any that have preceded it, and
certaizliggstands Honeg?n this respect, that it is specially designed, constructed, and adapted for
the ordinary wire-rope conductors. Q~
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Safoty-cages have hitherto been brougnt out more particularly for adaptation to the wooden
guides, but, as these are becoming superseded by the iron-wire ones on account of their durability
and cheapness—if safety-cages are to be universally adopted, they must bo made applicable to
wire-rope conductors. . . . .

Safety-cages can be used to greater advantage in connection with the iron-wire than with
the wooden guides, for, with the wooden ones, sharp-pointed or toothed instruments are usually
brought to clutch or dig into the conductor; and if it so happens that the length of guide-rods on
which the apparatus is brought to play be rotten, unsound, infirmly fixed, or in any way defective,
the safcty apparatus is of no avail; indeed sometimes, be the rods ever so sound and in good
repair, we hear of accidents occurring, owing to the guide-rods being split and ripped down by
the apparatus brought to bear on themn.

Accidents of this deseription are less lisble to occur with the iron-wire guides. It has been
found that it would not do to cinploy an instrument with a sharp point, a toothed or wneven
surface, to bear on the conduetors, for, as the circumference of a wire rope is uncven, they would
cut and injure the more prominent parts.

This safety-cage acts effectunlly without damaging or depreciating in the least the wire con-
ductors, of whatever description they may be. The apparatus is extremely simple, substuntial,
inexpensive in its construction, is not easily deranged, and can be applied to eages and hoists, of
whatever deseription or size, whether conducted at the ends, corners, or sides, and enrrying any
weight, The principle by which the apparatus, on the severance of the winding-rope from the
eage, is brought to bear on the conductors is by compression; and ils operation is (of its own
accord) to bring the cage to an immediate stand by means of catches or compressors, which fasten
on, encircle, and compress not only the sides but tho whole circumfercnce of the conductor. When the
winding-rope is readjusted by the tension of the rope, the compressors at the same instant release
their grasp of the conductors, and the whole is again in working order.

The general features of the cage will be readily scen on examining Fig. 1832, The catches,
or more properly the compressors, are of peculiar shape: Figs. 1833 to 1835 show their positions
when out of play and held from the guides by the tension of the rope, the position they assume
when first brought into play, and the iron-wire guide in extreme compression, This will, of coursc,
vary in proportion to the weight on the cage at the time they are brought into requisition.

Fig. 1832 is a design for double cages in a 13-ft. shaft, fitted with wire-rope conductors, each
cage having two, three, or four guides as may be required, and single or double tiered to carry
either two or four wagons.

The cage, Fig. 1832, though conducted by four guides, the apparatus is brought to bear on two
only, that is, across the corners, The compressors, A, Fig. 1835, made of malleable iron and
case-hardened, arc of peculiar construction, made in a fork-like shape, and of any proportionate
elevational depth: see Fig. 1834, They work on each side of the conductors on axles B attached
to the cage, and when not in play are held by the tension of the winding-rope ot an acute angle ;
and, when brought into play, slide into each other, and encircle the conductor, agsuming a nearly
horizontal position, and forming, both in plan and clevation, a circular hole the full depth of the
compressors, but less in diameter than the conduetor, so that as the angle is made to increase in
prog:)rtion to the weight on the cage, so will the compression also increase on the conductors,

he compressors A are constructed with lever ends, and when the cage hangs freely on tho
winding-rope they are held away from the conductors by side rods D, attached on each side of
the eage to main vertical and shouldered rods E working through guide-boxes ¥, in which are
ingerted spiral springs (werely to give impetus to the compressors) bearing on the inside shoulders
of the main vertical rods E, which are connceted on each side of the cage by a cross-bar G,
working over the top or cover of the eage H, and attached to the winding-rope.  To prevent the
compressors A wrenching apart, they arc connected by a front tie-plate C. K represents ordinary
cast-iron guide-boxes through which the conductors slide.

It will be seen that when the cage hangs freely on the rope the shoulders on the main vertical
rods E are brought up by means of the cross-bar G to the under-sides of the gnide-boxes F, and
the compressors, now being held away from the conductors, are allowed to pass frecly between the
forks of the catches; but immediately on the rope becoming disconneeted from the cross-bar G
the concealed spiral springs, hitherto held in subjection, are released, give impetus to and assist
in bringing the compressors A into instantaneous play, which, then sliding into one another, go
close round and compress the conductor into a circular hole, less in diameter than the conductor
:.tt:elfl' through. which it is impossible for it to pass; hence the eage is brought to an immediato
stand.

In the arrangements by which the compressors are connected to the winding-rope, it will bo
3crcclve{rll that both sets must work simultaneously on the guides, and are such as eannot be easily

eranged.

CAISSON. Fr,, Caisson; GER., Versenkhasten ; ITAL., Cassone a cilindro; SPAN., Cujon.

Floating bodics, constructed of sheet iron, designed to open or close the cntrances of a docks or
bas}lgs, are termed caissons,

The engravings, Figs. 1836, 1837, rcpresent one of the cnissons for closing dock or basin
entrances at Haulbowline Navy Yard, Cork, constructed by A. Clarke. It is ono of the class
termed sliding caissons, and is drawn into a recess formed for its reception at right angles to the
:;litsr:;!l;e :fetlaliesgock &)r bt),s;an(i when fthe entrance is opened to allow ships to pass in or out. Such

used as roadways g ing
of tho dock op buatn. ys for the traffic, usually very heavy, passing across the entrance

Tpe object sought is to ,{)rcgerve the roadway or deck of the caisson level with the wharf on
9tne side of the entrance and with the cover of the recess on the other side when the caisson is in
lfr?) plage and being used as 8 roadway ; likewise to keep the sides of the entrance level and freo

m obstruction when the caisson is drawn into its rocess, and the operation of taking ships into
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or out of the dock or basin is in progress. These objects have hitherto been accomplished by
making the deck of the eaisson capable of being lowered, when it is necessary to draw the caisson
into and undor the cover of the recess, or by lowering tho caisson bodily by siuking it to a
sufficicnt depth to admit of its passing below the cover.

In the present instance s third method has been adopted, that of raising and lowering a part
of the cover of the recess sufficicntly to allow the caisson to pass down a scries of slopes at the
bottom of the recess and entrance; these slopes being so adjusted that when the caisson is drawn
completely into its recess it has become lowered to a very small extent, and at the same time so
thrown out of the level as to fit under the cover, which for this purpose is formed with a slight
inclination towards the entrance. The part of the cover which was raised to allow the caisson to
pass is then lowered, and the wharf is elear for docking operations,

The flotation of the caisson is 8o adjusted that the portion of its weight borne by the masonry
of the entrance is small, being only sufficient to keep the eaisson steady when moving., The
power, therefore, required to force it up the slopes on which it slides is but trifling, and meaus
are provided by which it can be made 1o flout completely if necessary.

The machinery for lifting the cover of the recess, and that for moving the caisson, will he
worked by a small steam-engine. A pair of endless chains on either side of the upper part of the

reeess supply the moving power for the caisson.
Referring to tho drawing, A is the caisson in its place across the entrance, B is the recess into
which it is drawn, C is the cover of the recess, and D the portion of the cover which is raised, as

§ e

shown by the dotted line, o allow the cnisson {o pass into the recess; EE E
are the slopes on which the caisson slides, and the dotted line F shows
the position of the caisson when drawn into the recess, after which the S\
cover D is lowered into its former position. G G are the endless chains
which are attached to the swivelling cross-head H connected to the
caisson. I I, 1, are rubbing-pieces: K is a trap for mud; and L the skids

on which the eaisson slides, which are so formed us to clear the sliding
ways E of any mud which may have accumulated.

The caisson can be used as an ordinary floating caisson when diseon-
nected from the cross-head H; and by temporarily placing one of these
caissons on either side of the basin entrance, and pumping the water out
from between them, access to the caisson recess can be obtained for cleaning
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and repairs. N

Many chest-like vessels, in both civil and military engincering, are R
termed caissons. In military engineering a chest that contains ammu- N
nition, and also the wagon or tumbril which conveys military stores, is N

called a caisson. A chest filled with explosive materials to be laid in the
way of an cnemy, as under some work at the possession of which he is - :
aiming, and to be fired when the enemy is exposed to its effect : a wooden box or frame of strong
timbers, used for laying the foundations of a 6ridye in situations where the coffer-dam cannot be
employed ; and other structures, receive the appellation caisson.

Sce BRmMGE. Docks. ForRTIFICATION. LoOCKS. ORDNANCE.

CALENDER. Fg., Calundre ; GER., Calender ; ITAL., Sopressa; BpAN., Calandria,

Culender, Five-roller, by Thomson Brothers and Co., of Jundec—The arrangement of this ealender
is illustrated in Fig. 1838. It may be modified to finish either linen or cotton goods. This
machine may be employed to effect :— Plain calendering, by passing the cloth through the rollers;
Chesting, or rolling cloth on the top roller under heavy pressure, either without or after passing it
through the other rollers; and Mungling, or rolling the cloth on the second roller from the top; to
effect this ohject, the end of the piece being sewed to the body of the cloth, the ealender is kept
revolving under heavy pressure backwards and forwards. A drag or slip is made between the
centre driving-roller and the lower cast-iron roller when the machine is employed for Glazing ; the
centre driving-roller may be heated either by steam or by hot bolts, the latter being necessary for
high glaze. The top and bottom rollers A E, Fig. 1838, are of cast iron, 20 in, in diameter, with
wrought-iron journals to sustain the pressure to which thoy may be subjected. The eentre roller
C, 11 in. diameter, is made hollow. and fitted at the ends with stuffing-boxes for the admission
of steam. The two paper rollers, B D, 24 in. diameter with 54 in. width of paper, have wrought-
iron journals and end-plates. Tho two upper rollers have small pivots set into the ends of the
journals for the purpose of suspending them by rods from top-blocks while the cloth is being drawn
off by the stripping motion, after the operation of chesting or mangling. The machine, Fig. 1838,
is driven by o shaft connected by a whecl and pinion to tho centre roller. This shaft carries two
pulleys 11, for open and for cross belts, cach pullcy being 34 in. diameter, and the be})ts 8 ;n. broad ;

3 M
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a double friction clutch is placed between the pulleys, for tho purposes ?f startlgllg‘:. :i\;g{‘sm{;fi‘ l?;
stopping the machine—the handle 4 being retained in a central 1ms1tmn )y l: spring o wu i
calender does not require to be attached to side walls; a foundation (_mpnblc 0 :inrrtj_r a'n[fl s
sufficient. The crane motion for lifting the levers and top rollers is fixed to the ru‘l;nc], nd tho
top rollers are held in position, when suspended, by a friction strap which also seryex;n t(;.l 0\;}( r th

rollers. The blocks for the journals of the rollers are not attached to the framing, the brasscs

1838.
z

being set forward by side screws when they wear in the blocks, thus keeping the rollers in the
centre ; the upper part of the block being made hollow, 8o ibat the journal may be lubrieated.
Pressure is applied by weights suspended by the chain at Z, which is coiled on the serew pulley,
and is equal to about 22 tons, which includes the weight of the rollers, By reversing the chain
on the serew pulley, the weights, when a light pressure is required, may be made to counterbalance
the weight of the levers and top rollers, A

Culender with Five Rollers ; designed and constructed by A, More.—Fig. 1839 is an end view;
Fig. 1840, a side elevation. The same letters of reference denote the same parts in cach view.
A, A, A, three eylinders or rollers made of paper, the construction of which will be noticed after-
wards. B DB, two cast-iron cylinders, made hollow to allow of the introduction of hot bolts within
them; or of steam when it is required. CC, the two side frames into which are fitted the several
brass bushes for the eylinders o turn upon. DD, top guides into which the cross-head G- and
elevating screws HH work. EE, top-pressure levers connected by a strong rod of iron with the
under-pressure Jever F. This system of levers is connected with the cross-head G by two strong
links of iron. The elevating sercws H H pass through the eross-head, and rest upon a strong
cast-iron block, into which is fitted the brass bush of the top paperroller. By means of the serews,
the cross-head and levers can be raised or depressed as required, and when the ealender is working
warm and requires to be stopped, the clevating screws are serewed up for the purpose of lifting the
paper rollers off the hot eylinders, to prevent their being injured by the heat.

The construction of the puper rollers or cylinders is as follows :—Upon cach c¢nd of a journal
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of malleablo iron, of sufficient strength to withstand the nccessary pressure without yielding, is
fastened a strong plate of cast iron, of the same diamecter as the roller to be made ; the platt; is
sccured in its proper place by & ring of iron, cut in two, and let into & groove or check turned in
the journal. When the roller is finished, the annular pieces are kept in their groove by a hot hoop
put ‘upon the outside of them and allowed to cool. A plate is fitted on the other end, of exactly
tho same size, and in the same manner. In building tho rollers, one of the plates is taken off the
journal, but the other is allowed to remain in its place. The paper sheets of which the rollers are

1839. 1840.
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to be made have each a circular hole cut in the centre of it, of exactly the same diameter as the
journal. The shects are then put upon the journal, aud pressed hard against the fixed plate,
'When the journal is filled with paper, it is put into a strong hydraulic press and pressed together,
always adding more paper to make up the deficiency eanused by compression, until the mass will
press no harder. The half rings are then put in their place, to prevent the plate from being
pressed back by the casticity of the paper. The roller is now to be dried sufliciently in a stove,
the heat of which enuses the paper to contract so as to be quite loose.  The roller is then again
taken to the press, and the unfixed plate being removed, more paper is added, and the whole
again compressed until the roller is hard enough for the purpose to which it is to be applied. It
is next turned truly in a lathe $ill it acquires o very smooth surface. The woodeut, Fig. 1841,
shows the manner in which the calender is geared to make it a glazing calender. In this cut,
a marks the top eylinder of the ealender, upon which is keyed a
spur-wheel b; and ¢ is the under eylinder, upon which is also
keyed a spur-wheel d. The intermediate or earrier wheel ¢ e,
when drawn into gear, reduces the speed of the under eylinder ¢
one-fourth. Now, the eylinder a being the one that gives motion

to all the rollers, and revolving always at the same speed, the o
cloth, in its passage through all the rollers below the cylinder

a, is carried through at a speed one-fourth less than if it passed

only below the eylinder @; consequently, when it comes into
contact with g, it is rubbed and thereby géiezed, in consequence

of the cylinder @ moving one-fourth quicker than the cloth, as
above sfated. The woodeut, Fig. 1842, shows the manner in
whieh the rollers are lifted clear of each other when the machine —
is stopped. In this, ¢ ¢ are two rods of iron attached to the block ’
or scat of the top roller; bfy, three bridges of malleable iron,
capable of sliding upon the rods ¢e, but held fast upon the
rods when once they arc adjusted to their proper places by pinching-screws. The bridge b is
placed 3 an in. clear of the bearing of the eylinder a, when all the rollers arc resting upon e
other; the bridge f is placed 1 in. below the bearing of the paper roller A; and the bridge g is placed
1} in. below the bearing of the eylinder ¢ 'When the pressure-scrows of the enlender are lifted,
the Dlocks of the top roller being attached to them, the rods ce are lifted also, and along with
{Jh(-m the different rollers, as the bridges successively come into contact with their respective

carings,

Tho manner of passing the cloth through the calender varies very much according to the
amount of finish required upon it. The various methods are accomplished by different arrange-
ments of the gearing, so that a calender ealeulated to doall the different kinds of finishing becomes
o vory complicated machine, on account of the quantity of gearing required. For common finishing

141
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der is aa follows :—The cloth is passed alternately
the mothod of passing the ddhptlgcrggﬁg :"rl:nctagﬂhzrx:xwhino, 50 a8 to romove any croases that may

over and under a serios of rails o, 50 88 0 TuINCY0 By oreees that ma
in i i introduced between the lower roller A and oy : °
;)(fv:; ltt.-.’y%i]::lel: %e:nl(]il trhe centre roller A ; passes again betwoen the central A and the upper B,

and again returns between the top pair A B, where it is wound off on a small roller (hid in the

i i i i ce of the top roller A. When
rings uming of the machine), pressing agninst the surface of :
;lll;‘iis“ gllrt;:llbi»tllll&f{:nili‘llll;d with cloth it is removed, and its place supplicd by another, to be in

succession filled as the motion of the machine progresses.
rMangle, with Tico Copper and Thrce Wouden Bollers
—This machine,

desimed and constructed by A, More,

Figs. 1843, 1844, differs nothing in priociple and little in general construetion

1843 1844,

;

]
— e e

JO0E

from the five-rollered ealender above described, except in this, that it is intended for wet goods,
it is drawn on a scale slightly less, but the views given and the lettering of the parts correspond
to those of the preceding figures. A, A, A, threc wooden rollers, and B B the two copper rollers of
the mangle. These last consist of & copper cover upon a cast-iron body, through which passcs a
wrought-iron journal, differing from those of the wooden rollers in being round, whercas these aro
squarce between the bearings. The smaller of the two copper rollers, namely, the third in order, is
in this arrangement the driver, the mangle being driven like the culender, by a system of reversing
gear not shown in the drawings,

The pressure in the mangle is brought on by a system of levers, which differs slightly from

that described. 1In this indeed there are strictly two distinet pressures: that brought on the axis
of the middle roller by tho lever K, which is conneeted by a link with the weighted lever F; and
that transmitted through the whole system of rollers by the single-weighted lever D, The weight
of this last is regulated by means of it set-serew which turns in a nut in the jaws of the lever D),
and bears upon the sct-block which rests upon the journal of the top roller.  This pressure is thus
transmitted downwards from the top roller throughout the whole set, and at the middle roller B
is added to the pressure obtained by the lever E. By this arrangement the pressure between
the three under rollers is greater by the pressure of E than it is between the upper pair; but for
very high pressure the lever D may be locked by set-pins, and the set-serews turned down by the
hand-wheel G, until the requisite degree of pressure is obtained.
. The manner of passing the cloth through this machine is the same as that already deseribed
in the calender, with this single exception, that before the cloth enters between the lower roller A
and the smull eylinder B, jets of water from a pipe, perforated with small holes, extending the
whole width of the machine, arc allowed to play upon the cloth, so as to impart to it sufficient
moisture for causing it to reecive the requisite degree of smoothness preparatory to the starching
process, and at the same time allow the eylinder I3 to free it from any impurities that may be
remaining in it, by forcing them back with the expressed water.

Calender.—Description.—A, two cast-iron frames: BC D, three cylinders, Figs. 1845, 1846;
EF G, three cog-whecls; H I, two forco-screws : K I, two fly-wheels with handles. The eylinder
B, which is in cast iron and hollow, is heated by another iron cylinder heated red hot. Tho
material of the cylinder C is pasteboard; its axle is of wrought iron. These three cylinders
mus'f‘l})e perfecgyfmund limd parallel.

o wheel F forms the communication between E and G, which rest upon the eylinders B and
D. The relation of ¥ to the circumference of the cylinders is such that \I:;wn they;nachine is sot
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to work these cylinders elide, causing friction, and thus give a gloss to the cloth, The friction is
variable according to the nafure of the cloth or tissue,

In order to sct the machine in motion, tho fly-
wheels K and L being turned in order to press
the serews H and I against the pillows of the first
cylinder B, the cloth is placed between the rollers - —
in the direction indicated by the arrows. —— i —

CALIPERS. Fu., Compus, Compas d'épaisseur; GER., Taster; ITaL., Compasso da grossezze;
Sraw., Compas curvo,

See CoMPASsES.

CALKING. Fr., Calfater; GeR., Kalfatern; ItaL, Calfatare; Srax., Calafateo.

The process of copying or transferring a drawing by covering the obverse side of a design
with black lead, or red chalk, and tracing lines through on a waxed plate, or wall, by pressing
lightly over each stroke of the design with a_point, which leaves an impressior of the colour on
the plate, paper or wall, is termed calking, which is ~ften spelled calquing.

CALKING IRON. Fg,, Cufat; GER., Das Kalfatcisen ; SPAN., Hicrro 1847,
de Calufateador ¢ Estepero,

An instrument, like a chiscl, used in calking ships, boilers, caissons, e 13
and so on, These little implements are of various forms, fashioned to suit
different sorts of work : onc form is shown in Fig. 1847 ; « the joint of the
plates, b the tool driven by a hand-hammer. Sce Hanp-TooLs.

CALORIMETER. FR., Calorimétrc; GER., Wirmemesser ; Irav., Calorimetro; Seax., Calort-
metro,

The apparatus invented by Lavoisier and Laplace for measuring the amount of heat contained
in certain bodies is often designated as a calorimeter ; this apparatus Laplace operates by the
melting of ice around the body to be tested. Sce PYRoMETER.

CAM. Fr,, Cunc, ou caming ; GER., Zuhn-Daumen ; Itav., Palmola, Dente ; SPAN., Escéntrico,

A projecting part of a wheel or other moving piece, so shaped as to give an alternating or
variable motion of any desired velocity, extent or direction, to another piece pressing against it, by
sliding or rolling contact. Cams are much used in machines that involve complicated and irregular
movements, as in the sewing and pin-making machines,

The cun-wheel A, Fig. 1848, revolving on its axis C, raises and lets fall the beam D the
heart-cam B, revolving on ifs axis E, gives an irregular motion to the rod 8: and the cam G,
revolving ou its axis F, moves H, and may be made to operate an alarm bell. " The cam and the
foggle-joint should be considered two of the mechanical powers ; then we should have, 1, the lever 3
2, inclined plane; 3, wheel and axle; 4, screw; 5, pulley ; 6, wedge ; 1, cam; 8, toggle-joint, When
valves are employed instead of slides, for altering the flow of steam to the steam-cylinder, it is usual
to move them by cams, In the rough sketeh, Fig. 1849, P is a pipe conneeted with the boiler, Q
a port to tho eylinder, and V a valve, which is here represented ‘single, but it is usunlly of the
double-beat kind, shown in Fig. 1850. Tho valve V, Fig. 1549, closes the passage from P to Q,
the valve-rod R V, passing through a stuffing-box in the cover of the valve-box, terminates in &
roller R, which bears upon & cam 8, fixed on a shatt T, caused to rotato by the engine. This cam
is n dise, partly circular, with part of it, S, projecting to a greater distance from the centre. As
long as the roller R bears upon the circular portion, the valve V remains down upon its seat; but
as the projecting part of the cam is brought by the revolution of the shaft under the roller, the
valvo-rod is pushed up, and the valve lifted to allow the passage of the steam. When it is
desirable that the valve should bo kept open during a greater or less portion of the revolution of
T, the cam is sometimes made with sths of various extent, on any of which the roller may be
= %= *1 bear at pleasure, a8 shown in plan and section, Fig. 1851. To prevent the valve being




904 CAM.

damaged from repeated blows against its seat, & dash-pot is employed, which is a small cylinder
y filled withpaid, and ha%oosely—ﬁtﬁn piston to caso the blow of the falling weight,

o stationary under-part of the

falls with the valve-stem. See Dasa-Por. In Fig. 1852 is represented the gearing for operating

-pot is usually filled with water, and the plunfer rises and
o
the

the steam and exhaust valves of the Ridgwood pumping engines, belonging to
Water Works, New York.

wor'll;il;eg f:ﬁligmggﬁgescnggon will show tho different functions which cams have to perform in
various parts ff rrig g.m be.stel:]xxn-plstqn is shown at half-stroke on its downward movement, the
upper stoars and low%r poly elntg lawn in exact accordance with that position and direction, the
Bt o and r exhaust valves boing open. The frame or yoke a, with the inclines b and b,

8, receives its motion from the beam, and moves in the same direction as thoe steam-
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piston, and is for the go of closing the steam and exhaust valves; two levers ¢, with tne
rollers on the upper ends, transmit the motion from the inclines through the rod d, arms ¢ and ¥,
rod g, and arm 4, to the exhausi-valve rock-shaft; the exhaust-valve being closed when the
lever ¢ has made half its movement, or on reaching its vertical position. The steam-valves are
closed by the same cam-yoke a, through the rod i, lever J, arm K, rods /, /, and rock-arm or cam m,
communicating motion to the closing-arm A of the steam-valve. The closing-arm A is in the form
of a segment; the face being made of two curves, the difference in their radii being equal to the
lift of the steam-valve: this segment or cam is adjustable by hand, that is, the closing-face can be
brought sooner or later under the toe of the lever B or upper steam-valve, performing the closing
or “cut off” at the point required. The water-cylinder C is used exclusively for opening the stcam
and exhaust valves, and is furnished with a piston, admission and exhaust ports, valves, &c., like
any steam-cylinder. The piston-rod is attached to a cross-head, and connected to the levers ¢, by
the rod D. The admission and exhaust valve are operated from the-double-curved arm or cam E,
on the rock-shaft E. The slot in the arm E is composed of two curves joined together in the
vertical centre by an inclined slot; the diffcrence in the radii of the curves being equal to the
movement of the valve, and the length of the incline determines the time of action. On the end of
the lever G is a roller revolving frecly on & journal, and fitting the slot on the arm E, the vibra-
ting motion of the arm raising or depressing the roller from one curve to the other, imparting a
like motion to the other end of the lcver (&, and through the rod H and right-angled arm I to the
valve-rod K. It will be observed that this valve motion is intermittent. There is another valve
in the water-cylinder chest which we call the supply-valve; as it opens and closes the communica-
tion between the water-chest and the rising main, and is opcrated from the roll-lever ¢, through
the connecting-rod L and lever M, attached to the valve-rod; this motion to the supply-valve is
also intermittent, and made by the slot in the rod L and lever M. The ends of the lower levers
B, B, of the steam-valves are connected to weighted plungers N, N'; working in small open
cylinders, or dash-pots R', R', ono for each valve; the gravitation of the weighted plungers opens
the stcam-valves through the rods O and lever P, attached to the valve-stems, and the time taken
to open the valve wide being regulated by the velocity of the water forced out of the dash-pots, a
small cock being fitted to each for this special adjustment. This completes the deseription of the
various parts of the gearing and their separatc duties; we shall now show the combined action of
the whole in relation to the steam-piston.

The steam-piston having reached midway on its downward stroke, of course the frame or yoke
a is also at mid-position in the same direction, aud the upper steam-valve open—its weighted
plunger unlatched and at the bottom of the cylinder; the lower exhaust-valve is also open, leaving
free communication between the under-side of the steam-piston and the condenser. These are
positions of the parts as illustrated in Fig. 1852. Now, as the cut off usually takes place at
or about half-stroke in this engine, it will be seen, by reference to the figure, that the closing part
on the periphery of the arm A is just entering under the toe or cam Q of the lower lever or upper
steam-valve; and very little more movement of the arm A will close the valve—that is, the lower
will be lifted by the action of the arm, transferring its . tion through the rod O and lever P to the
valve-stem, forcing it downward and closing the valve, at the same time the lowoer lever B on its
lift is carried with its veighted plunger ‘to the top of its dash-pot R. The latch-bolt s, shown in
the tigure as withdrawn, enters a socket in the plunger by the action of a spring on its back, and
holds the plunger there until it is time to open the upper steam-valve again on its next downward
stroke; the closing-arm A moves on without producing any further motion to the lower lever B,
its toe simply resting on the curve of the arm as it passes under it. The stcam-valve being now
closed, the balance of the down-stroke is made by the exhaust steam; the frame or yoke a is
descending, and the water-eylinder piston C is at full stroke 1owards the steam-eylinder; the
adission-valve K of the former has just accomplished its half-movement, that is, it is square
over its eylinder ports. When tho frame or yoke a has deseended so that the lower end of the
upper incline b comes in contact with the roller #,-on the lever ¢, the water-cylinder valve K has
completed its movement, opening the back port to the exhaust passage, and removing the water
on the back of the piston, and leaving the front port open ready for the admission of pressure on
the front side of the piston. The motion of this admission-valve ceases now, or at least until the
frame a has arrived at the same position on the up-stroke, when a similar but a reverse motion
takes place. This cessation of motion to the admission-valve is accomplished by the rock-arm
E laving moved its curved slot or cam over the roller, the movements to the valve attach-
ments being produced while the inclined part of the slot is passing under the roller of the
lever G. The frame or yoke a is still descending under the operation of the expanding steam;
the upper incline b has forced the lever ¢ over its vertienl position or half-movement, closing
gradually the lower exhaust-valve through the various conncctions, rock-aurms, and toes. The
duty of the upper inclinc b ends here for the down-stroke : at the same instant the admission-
valve covering tho supply port between the water-cylinder chest and rising main is opened by tho
action of the rod L and lever M, and water under pressure admitted to enter the already open port
of the wator-cylinder, carrying the water-piston to the end of its stroke, and with the lever ¢,
through the connecting-rod D, which movement opens the upper exhaust-valve, and permits the
steam that has just expended its power on the down-stroke to escape to the condenser; by this
game movement the short arm V comes in contact with the end of the slot in the lateh-bolt of the
lower steam-valve, withdrawing it, and allowing tho lower steam-valve to be opencd by the
gravitation of the weighted plunger N, through similar rods, levers, and so on, as described for
the upper steam-valve. The engine is now reversed and commencing its upward stroke ; but the
dircetion reversed, tho lower incline b, on the frame «, performing & similar duty on the upper
stroke as the upper one did on the down-stroke, and so ou continually. In such movements cams
perform important operations.  Sco BANK-NOTE Puxming MacuiNg. Barrery. Brick-MAKING

CHINES, MECHANICAL MOVEMENTS, PIN-MAKING MACUINES. DPress. SewiNG MACLINES.
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/ AMERA LUCIDA.

g‘he camera lucids is & little bit of peculim'ly-shaped glass, placod on & p and it enables
any person, slthough that person be ignorant of the rules of perspective and but little accus-
tomed to make drawings, to take with a poncil or pen on paper the lines and shades of any
1835,
[

machine or other object with ease and 1853, 1854,
accuracy. K
This useful little instrument, con- X

veniently mounted for use by _Elliott
Brothers, 449, Strand, is shown in Figs.
1853, 1854; the small four-gided glass

prism is set at K. .

Fig. 1856 is an enlarged section of D
this prism at right angles to the edges.
A is & right angle, and B an angle of
135°. The angle at the eye and the
one opposite are equal ; each of those
angles must therefore be equal to 673°:

135=9o+%’,nnds7;=45+—é-. !

The bit of glass, or glass prism, S
which isnot much larger than a thumb-
nail of ordinary size, is held in a brass
frame K, Fig. 1855, which is attached
to an upright rod, having at its lower
end a screw clamp, to fix it to the edge
of a drawing-board or table, Figs. 1853,
1854, The prism K is fixed at the
height of about 10 or 12 in. from the
table, and has its upper face, A, Fig.
1856, that is K, 1855, nearly hori-
zontal. Rays coming from an object,
R 8, Fig. 1856, and falling nesrly per-
pendicular on the first surface, cnter
the glass prism, and undergo tofal re-
flection from the contiguous surface,
then they fall at the same angle on the
next surface, and arc totally reflected
again; lastly, they emerge nearly per-
pendicular to the horizontal surfacc, as
represented in Fig, 1856, The eye re-
ceives the emergent rays, and perceives
the image r s, with all the shades,

L J

lines, and colours of R 8, on a shect of paper upon a drawing-board or table to which the instru-
went is made fust. If the lines of the imege are truced with o pencil, & very correct design
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is obtained; but there is some difficulty in seeing both the  image and the point of the pencil,
for the rays from the object give an image which is farther from the eye than the pencil. This
difficulty is readily surmounted by a little practice, and by placing between the eye and the
prism a lens, which gives to the rays from the pencil and those from the object the same diver-
gence. In this case, however, it is necessary to place the eye very near the edge of the prism, so
that the aperture of the pupil is divided into two parts, one of which sees the image, and the other
the poncil. The arrangement of the horizontal face, Fig. 1855, effects this object to the greatest
nicety. Amici’s camers lucida, represented in Fig. 1857, is preferable to that of Wollaston,
Fig. 1856, inasmuch as it allows the eye to change its condition to a considerable extent, without
ceasing to see the image and the pencil at the same time. It consists of a triangular glass prism,
B D r, right angled at B, baving one of its perpendicular faces BD turned towards the object P Q
that has to be drawn at p g; the other side of the prism B r is placed at right angles to an inclined
plate of glass, nm. The rays P Q A, proceeding from the object, and, entering the prism, are
totally reflected from the base at C, and emerge in the direction st. They are then partially
reflected from the glass plate mn at ¢, and form a vertical image of the object P Q, which is seen
by the eye in the direction ¢pg. The eye, at the same time, sees through the glass m =, the point
of a pencil applied to the paper, and the outline of the object may be traced : when straight lines
have to be traced, a ruler can be applied.

CANAL. FRr., Canal, GER., hanal; ITAL, Canale; SPAN., Acéquia, Canal.

1. Canals differ in this regard from rivers, that they have a regular bed, having throughout the
same inclination and the same profile ; and they carry down the same volume of water throughout
their length. In case one of thesc conditions is not fulfilled, where, for instance, after a certain
slope, another is assumed, there will result two canals, the one succeeding the other.

If from the point o, Fig. 1858, at the bottom of the eanal, a horizontal line o p is drawn, its cor-
responding vertical ¢ p will be the slope of the canal for the length og. It is called the absolute
slope, if 0 and q arc the extremities of the bed of the canal ; 1858,
and the relutive slope, or the slope per foot, if o g is 1 ft.
long. Calling the slope p, if L is taken for any length of
a canal, D being the diffcrence of level between the ex-
tremities of this portion, we have p = % 3 or, if @ repre-
sents the angle of inclination p = sin. e.

The section of a canal, or any water-course, is the area
of the scetion made by a plane perperdicular to the axis
of the gurrent; in a rectangular canal, if { = breadth and
& = depth, s, or arca of section, is s = (A ; if it is trape-
goidal, / = breadth at bottom, and = the slope of the sides,
or the ratio of the basc to the height, then s = ((4 2 4)
Ioor s = (! 4+ cos. f.k) h, whero f is the inclination of the
sides to the horizon,

That part of the cortour of the fluid section in contact with the bed or bottom, as well as sides
or berms, is called the wetted perimeter of the section. Designating it by e for rectangular canals,

we have ¢ =14 2 1; for trapezoidal,c = [ 4+ 2AW/ W2+ 1 = I 4 _2’L
s,
Dubuat gives the name of mean radius of the section, for the ratio of the arca to that of the wetted
perimeter, or ; .

Let us now examine the nature of the motion of water in canals, that is fo say, the nature and
expression of the forces which produce it; thus establish the formule of this motion, with their
various applications; and, finally, ascertain the quantity of water which canals can receive at their
heads or inlets.

2. Nuturc of Motion in Canals—Gravity is the sole force that acts upon a mass of water left to
itgelf, in a bed of any form; it produces all the motion which takes place.

Whenever its action upon each fluid particle (whether it be that which it exerts directly down-
wards, or that indirectly produced by the lateral pressurc of the adjoining particles) is destroyed,
go that the fluid mass is brought to o state of rest, its surface will be liorizontal. = Reciprocally,
when the surfuce of a fluid is horizontal, exception being made for any impulse before impressed
upon it, all action of gravity will be destroyed, and no motion can take place. But as soon as this
surface is inelined, motion takes place, and continues, even if the bottom of the bed is Lorizontg},
and even if it should have a counter-slope for some distance. Whence the principle, admitted in
hydraulics, that the motion of particles in a watcr-course is duc wholly to the slope at the surface ; this
slope it is which is the immediate cause of motion, and enables gravity to act,

3. Lot us examine the mode of action of this force, and what is its measure in the different
cases that may occur, which are represented in Fig. 1858,

Supposoe, then, a canal, in which the surface of water is parallel to the bottom of the bed, and
consider the very small section A. The fluid particles which are on the bottom a’ ¢, will descend by
the direct action of gravity, us down an inclined plane. Those which are above, up to the surfaceo
ab, forming, as it were, threads laid upon the first, will descend in the same manner. The effective
portion of gravity, that which is not destroyed by the resistance of the bed, and which causes the
motion, will be represented by the height a ¢, and this height will be g sin. +; ¢ being the inclina-
tion of the surface a b to the horizontal bc. The indirect action of gravity, or the lateral pressure
expericnced by each particle, being the same in all directions, by reason of the parallelism of ab
and o' ¥, will not occagion any motion.

Let us admit, now, a current with a surface more inclined than its bed, and represent a small
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section of it by B, Take, then, into consuderation, any particle, m, traversing the _Wt,"’n in the
direction mn. ~This particle, or mther the linear system of particles m n, .wﬂ(ll ei\pcrlence : lla)t.
The direct action of gravity, which-we represent by the height m of the inclined p Ml\(; m "1{‘“’ Y
its equal ¢ d,md being taken cqual to nb. 2nd. The indircet action due to the mcq}m i 1{5&; 0t pl;(;s-
surc upon the two extremes of the system m and n; ot tht.a upper cxtropnty m, con m:mr; )t ly i) 'le
rules of hydrostatics, the pressure is represented by the height of the fluid column m a : ot | 10 :}\er
extremity it is represented by n b ; the resultant of these two pressures, that which produces motion,
will equal then ma — nb = ad: as for the pressures which each particle of the system experiences
at its sides, perpendicular to mn, they will be equal to each other, nud reciprocally destroy each
other, and huve no effect. Thus the system mn will be urged downwards by the two forees ad
and ¢ d, or by their sum ac, which is ¢ sin. i, ¢ being the inclination of the surface. .

When the bed is horizontal, as in the scction C, the dircet action of gravity upon the particles
in contact with the bottom will, it is true, be entirely destroyed by tho resistance of the bottom
but the indirect action, or the inequalities of pressure, will amount to a '—b¥'=ac = g sin. i. For
all ather particles m, the moving force will be as above,m f + (ma —nb) =cd 4 da=ac = gsin. i

Finally, if the bottom has o counter-slope, s in D, the particles upon it will be urged back or
up stream, by its relative gravity, k¢’ = ¢ d; but, on the other hand, they will be urged downward
by the difference of the pressing columns a o’ and b ¥, or by ad. Henee it follows that they will
be impelled in this last direction by ed — ¢d = ac = g sin. 1. L

4, It follows, from these different facts, that, in a water-course of any form, each particle, in
traversing a section having an inclination of surface ¢qual to 7, receives from gravity an impulse
represented by g sin. i; that is to say, that if the impulse continues during one sccond, it will
produce a velocity equal to ¢ sin. 4; this, then, is the expression of the accclerating foree, and is
dependent solely upon the indieation of the surface. .

T'his slope, so to speak, may vary at every step, or it may be constant for a long space, in which
ease a longitudinal section of thoe surface of the current forms a right line. This is frequently the
case in eanals, properly so called, of a constant slope and profile ; the surface lines and the bottom
lines e4n neither converge nor diverge, and must be parallel; the surface will then have the samo
{)l](‘li]latioll as the bottom, and the sin, 7 will be = sin. ¢, or = p (2),and the accelcrating foree will

¢ =g .

5. ¥'rom what has been said, water running in a canal is constantly subject to the action of
an accclerating force; so that, if it encounter no other opposing foree, it will descend with an
aceclernted motion, and its veloeity would never be uniform. Nevertheless, it often attains this
uniformity in a very short space of time, after which the acccleration is inappreciable.  Experienee
proves this to be a fact ; it is to be seen in most canals, even those of great slope. Thus Bossut,
causing water to run in o wooden eanal 656 ft. long, with a slope of 1 in 10, and having divided
the canal into spaces of 108 ft. each, has found that each division, excepting the first, has been
traversed in the same time. There must then be, after a certain period of time, o retarding foree,
which destroys at each instant the cffect of the accelerating force, and which is equal to it. Thus,
water will move along with a velocity acquired in the first moments of its running ; a phenomenon
similar to that produced in nearly all motion ; in that of machines, for example,

But in canals there ean be no retarding force but that which comes from the resistance of the
bed. This resistance eannot be called in question ; from experiments made with a tube 2°06 ft.
long, there was a discharge of 5-22 cubic ft. in 100”; and when its length was doubled to 412 ft.,
dimensions in other respeets the same, it took 117" to discharge the same volume. Thus the
veloeity in the tube was diminished in the ratio of 117 to 100; and it can only be that the canal,
by reason of its incroased length, offered a greater resistance to the veloeity ; it therefore resisted
motion.

6. Let us examine the nature of this resistance.

When water passes over the surface of a body, there being no repulsion or negative affinity
hetween the two substances, it wets this surface; that is to say, a thin lamina of fluid is applied -
to it, penetrating its pores, aud it is retained there, both by this engagement of its particles, and
by the mutual attraction of the particles for each other.

It is over such a revetment or watery covering, fixed against the sides of the canal, that the
water which it conducts must pass. The thin sheet of this mass, immediately in contnet with this
covering, by sliding along and rubbing against it, mingles its particles with those of tho covering
—it adheres, and its veloeity is retarded.  In consequence of the mutual adhesion of the particles,
this stoppnge, gradually diminishing, is communicated from one to another of the adjacent layers,
1ill it is felt by the most distant fillets. The mass, in eonscquence, receives a mean velocity less
éban would take place without the action of the sides and the viscosity of the fluid.

The cause of this diminution of veloeity has often been attributed to the friction of the water
against the sides of its bed. Such o frietion, if it occurs at all, is of & nature cntircly different
from that of solid bodics against each other; it depends neither upon the pressure nor the nature
of the rubbing-surfuces. Dubuat is convineed, by dircet experiments, that the resistance of waler
18 independent of its pressure, Ho has never yet found any variation in the friction of water upon
glass, lead, pewter, iron, woods, and different kinds of curth,

This last fact might be accounted for by observing that In all cases the friction can only take
place upon the aqueous layer which covers the sides of the bed. DBut a friction independent of
pressure? It would secm quite natural to admit that the resistance could proceed from no other
source but the adhesion of the particles of water in motion, both among themsclves and with those
of the fluid-covering of the sides of the bed.

This adhesion has been meagured by weights. Dubuat found that, to detach tin plates from
tranquil watcr with which they had beén brought in contact, there was needed, beside their own
weight, an effort of 096 1b. avoirdupois to 103 1b. the square foot of surfaco.

Venturi, by means of a remarkable experiment, affords a direet evidence of the effeet of adhesion,
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which enables the particles of water in motion to catch up and carry in their train those which
are contiguous to them in a fluid mass at rest. To a reservoir A, Fig. 1859, kept constantly full
was fastened e box filled with water, in which was placed a trough C D, open at its ends, and its
bottom resting on the edge D. A small tube was placed in the rescrvoir, with its end at 0. As
soon as this was opened, the jet which issued, passing through 1859

the water which had found its way into the trough, drew with 3

it the part adjacent ; this was replaced by that immediately %
next it, which in its turn was replaced by the water in the
box ; so that, in o short time, the water fell from the level
of gD togh.

7. Since the resistance is from the action of the sides of
the bed, the greater the extent of these sides, that is to say,
the greater tho wetted perimeter for any unit of length, the
greater the amount of resistance,

But this resistance of the perimeter will be shared among
all the particles of the scetion, since their motion is eon-
nected by a mutual adhesion; thus, the greater the number
of particles, or the greater the section, the less will the veloeity of each, and consequently their
mean velocity, be changed. The efteet of resistance will be in the inverse ratio of the section.

On the other hand, the resistance will incrcase with the velocity. The greater this is, the
greater will be the number of particles drawn at the same time from their adhesion to the sides;
and, further, it must draw them more promptly, and consequently expend more force ; so that tho
resistance will be in the double ratio of the veloeity. The viscosity of the fluid occasions still
another resistance, which beeomes more sensible, compared to the first, as the velocity is smaller.
Dubuat has observed this important fact, und Coulomb, through a serics of experiments, found
that it is simply proportional to the veloeity. Thus the expression of ratio between the resistance
and velocity involves two terms; in one, the veloeity is as the sccond power; in the other, as the
first ; this last, which is but a small fraction of the veloeity, will disappear in great velocities; it
is always inferior to the other, when the veloeity execeds 023 ft., but below this it preponderates.
In short, the resistance experienced hy water from its motion in a eanal, is proportional to the
wetted perimeter, to the square of the velocity, plus a fraction of velocity, and 1s in the inverse
ratio of its section. Experienee proves that this is very near the truth.

With the symbols already adopted, in calling b v the fraction of the velocity in question, and o'

a constant multiplier, the expression of resistance will be a’ g (¥® + bo).

8. After what has just been snid upon the resistance of the bed and its offects, the different
fillets of a fluid in motion in a canal will have a velocity the greater as they are removed from the
sides of the bed ; thus they will have different velocities,  Nevertheless, in estimating the discharge
of o canal, we may admit that the whole mass of water in motion is endowed with a mean veloeity ;
which will be such as, being multiplied by the scetion of the canal, will give the volume of water
passed in one scecond.  So that if Q represents this volume, s being the section and » the mean
veloeity, we have Q =. so.

9. From what has been stated above, it follows that the greatest velocity of a current will be
at its surfnee—in its middle, if the transverse profile is regular—if it is not, then in portions very
nearly corresponding with the greatest depths; it is there that is gencrally found the thread of
waler, or fillet of the greatest veloeity.

This velocity of the surface, being that most easily determined by experiment, the knowledge
of its ratio with the mean velocity is a subjeet of great interest in practice; it will enable us to
determine this Inst veloeity so as easily to caleulate the discharge. The investigation of this ratio
has been the objeet of many hydraulic observers, as we shall sce in the article on Rivers; we confine
oursclves here to what concerns canals.

Dubuat has made precise experiments upon this subjeet. They are in number thirty-eight.
They were made with two wooden canals 141 ft. in length; the one of a rectangular form 1-6 ft,
wide—the seetion of the other a trapezium whose small base was } ft., with its sides inclined 36° 20
to the horizon (making n = 1°3G) - the depth of water varicd from 0°17 ft. to 0-895 ft., and the
velocity from 0+524 ft. to 4-26 ft.  Dubuat concludes, from these experiments, that the ratio of
veloeity at the surface, to that of the bottom, is greater according as the velocity is less, and that
this ratio is entirely independent of the depth: that to the same veloeity of surface corresponds
the same veloeity of bottom.  Ile has observed also that the mean velocity is a mean proportional
between that of the surface and that of the bottom.  Calling » the veloeity of the bottom, V that
of the surface, and v the mean veloeity, he gives the results of his observations by the formula

w

7 +208868)? and v = 1 = (WV — -140434) + -022332

2
Prony, after discussing tho experiments of Dubuat, has thought this the more convenient
V 4 778188
formu]u, v=V ey V.

Here is n small Table of some values of v corresponding to values of mitres.  feet.

V, ag given by this formula. Prony, taking a mean term, has thought  g.95°  .ge02 077V
that, in practice, we may take » = 0°8V: that isto say, in order to .50 1-6404 0-79V
havo the mean velocity of a current of water, we may diminish that 5. 3:9809 081V
of the surface one-fifth. - . . . 1-50 4°9213 0°83V

10. Formule of Motion.—We have two kinds of motion fo consider.  o. 6°5618 085V

Most froquently, the surfuce of a current in a long and regular canal
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assumes & oconstant slope, which is the same as that of the bottom of the bed, and this surface
becomes ;uallel to tm’f bed. Then all transverse seotions arc equal; the mean velooity is the
e in each, and the motion s uniform. . . .

mmBut it often happens that the éfurfaoe varies from point to point, and is not the same with that
of the bottom; so that, at different points of the canal, the scctions, n.nd consoquently t!ne_u- volo-
cities, are no longer equal. Ktill, the quantity of water admitted in the canal remaining the
same, upon each isolated point, the section of the fluid mass will be constantly the same, u'nl the
velocity then will always have an equal value: all, then, is coustant, and the motion, without
being unifi (Il be permanent, .

01:;% Un‘;fl;?mwjl[otﬁ;{—vve have already remarked that, when the water in a canal boeomes
uniform, the retarding force cquals the accelerating force; and that the expression for this last, in

. a
such kind of motion, is gp; so that we have gp = o' 5 (4 b0); or. mnkmgb = a, we have
p=a§(v'~'+bv).

If, at o portion of the canal where the motion is uniform, we take two points upon the surfaco
of the fluid, whose distance apart we represent by L', and difference of level or absolute slope by

D, we have p = ]-)-,, and D=a CT (v* + bv). If we take the canal throughout its entire length,

which we called L, and H being the difference between the head and foot of the same; from this
difference H, we must take a height due to the velocity v of uniform motion, and it will be pre-

v? cL
sently shown (27) that H — 2g =a— CEXTHN

12. It remains to determine the two constant coefficients a and b, .

Prony, in combining the results of thirty experiments made by Dubuat, has undertaken and
executed this determination. Some yenrs afterwards, Eytelwein following the steps of Prony, but
estending his observations upon ninety-ono canals or rivers, in which the velocity varied from
0-407 ft. to 7-94 ft,, and the fluid section from -151 sq. ft. to 28-030 sq. ft., found ¢" = 0035855,
or ¢ = 000111413, and b = -217785, the English foot being the unit.

Thus, putting for g its value = 8218 fi,, the fundamental equation for the motion of water in

canals will be p = -000111415 g v* 4+ *0000242647 _u;z_:; or, observing that r = % (8), Q being the

discharge, ps® = ‘000111415 ¢ Q* + -0000242647cQs. Of the four quantities, Q, p, 5, apd ¢, or,
remembering that s = ({ 4+ nk), & and ¢ = 7+ 2% (W22 4 1) (1), of the four quantities, Q, p, A,
and /, three being given, this equation cnables us to ascertain the fourth. As for n, the slope to
be given to the banks, it will be indicated by the nature of the soil in which the canal is dug.

13. It is scldom that the velocity is found among the list of problems to be resolved ; still, for
any case Where its direct expression is required, the first of the two cquations above gives

v = — 01088946 + '\/8970'414 P8 L 01185803;

4

or, more simply, and with sufficient accuracy, v = \/8975-414 }? — 0-1088946.
14. Consequently, we have from Q = sv,

=s <_ 0-1088946 + v/ 8975-414 ”?s + -onsssos), or

Q=s (\/8975-414 Fc—s - -1088946)-

. 15. In great velocities, those of 3:2809 ft., for instaace, or any above this, where the resistance
is simply proportional to their square, we have

v=904738 \/1_:, and Q = 94-738s \/].5

Let there be, for example, a canal, whose scction is & trapezium 13°124 ft. wide at top,
3:2809 fi. at bottom, and 4-92 ft. deep; with a slope of 0°001. Required, the quantity of water
which it will convey.

We have p = 0:001; 7 = 3°2800 ft.; 2 = 4-9214 ft. With regard to u, or ratio of base to
height of banks, the height is that of the trapezium, and the basc is one-half the difference
13-124 ft. — 32809 ft. .
a4l — = 1. From this, s=(( +nk) 2 =
(3-2809 + 4°9214) 4:9214 = 40°366 sq. ft.; and c = I 4+ 22 A/ 0% + 1 = 17°2ft. Conscquently,
Q, the quantity sought, is

between the two bases; so that n =

4036 x -
1 01185805 — -108895) = 180°87 cub. ft.

Q = 40 366 (\/ 8975 414

. If we neglect the term *01185805 under the radical, we have for Q = 180843, which only
differs from the above by +027.
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The formula above for great velocities would give

Q = 94-788 x 40-366 Zﬂi’%"'s““ = 18065 cub. ft,
" 1116.(1'1(‘111;) slope is directly given by the fundamental equation which we have already esta-
elisho. .
The Canal de ’Ourcq furnishes both an example of the mode of its determination, and some
remarks worthy of attention.
o There were 106:61 cub. ft. of water a second to be disposed of; the projected navigation
requircd thero a depth of 4:9214 ft.; and in order that the water should always be at hand for the
service of the fountains in Paris, it was necessary that it should have at least a velocity of 1-1483
ft.; the soil was such as to admit of a slope of 1} base to 1 of height.
We have, then, Q = 10661 cub. ft.; v = 11483 ft.; h = 4°9214 ft.; and n = 1-50. More-

= .E:n_h’ _92-843 — 1-50 x 4-9214?
- - 4-9214
consoquently, we have ¢ = I 4+ 24 &/ %% + 1 = 29227 ft.; whence the general equation,

2
p = *0001114155 ”Tf + +000024265 "{;

:ubstlilicuting the numerical quantities, gives p = 000005502 : such is the slope indicated by the
ormulsm,

Girard, the engineer who planned the canay, arrived at very nearly the same result. But he
has observed, with reason, that aquatic plants, growing always upon the bottom and berms of the
canal, sugment very much the wetted perimeter, and consequently the resistance; he remembered
that Dubuat, having measured the velocity of water in the canal (du Jard) before and after the
cutting of the reeds with which it was stocked, has found a result much less before the clearing.
Conscquently, he has nearly doubled the slope given by calculation, and has carried it up fo
0°0001056 ; the length of the cnual being 814966 ft., this gives 83260 ft. of absolute inclination.

17. If the dimensions / and / were the one unknown, and the other one of the given quantities
of the problem to be solved, w - take the values of ¢ and s as functions of these two dimensions, and
substitute them in the fundumnental equation (12); ¢ would then be deduced by the resolution of
an equation of the third degree, and % by that of an equation of the fifth degree.

Let us determine, for example, the width to be given at the bottom of a canal, appointed to
conduet 12360 cub. ft. of water, with a depth of 4:9213 ft., the slope being 0:0001, and the soil
of such a character as to require for slope the base to be twice the height. Thus, Q = 12360 cub. ft.;
p=00001; 2 = 42649 ft.; and n = 2,

We substitute these two last quantities in the expressions of s and ¢ (1), which in their turn are
substituted in the general equation. This will involve, then, only the unknowp term I; and,
making all reductions, and arranging according to the powers of /, we have *

342394312 — 46°578 1 — 3832 = 0.

Substituting for I, we find, on trial, 7 = 11-138 ft.

18. Most gencrally / and 4 are not given terms of the problem; we have only Q and p, or the
volume of water which the eanal ought to conduet, and the slope which it should have, leaving the
engineer to determine the width and depth. To obtain these two unknown quantities, there is but
one equation; the problem, thercfore, is indeterminate. The engineer then supplies the gap, in
giving such a figure as he deems best adapted to the profile of the projected canal; this figure,
indict\m(ging the relation betwcen the two dimensions, furnishes the equation which was hitherto
needed.

In the choice of this fizure, regard must be had to the object most important to be fulfilled, a.d
that that is adopted which fulfils it with least expense of construction and of maintenance. When
it is desired to convey the greatest possible quantity of water to the point where the canal empties,
according to the formula of discharge (14 and 15), the volume of water brought down is so much
the greater, as the scetion of the fluid mass is greater, and as the wetted perimeter is smaller ; con-
sequently, we must take a figure which, with the same perimeter, presents the greatest surface.

19. Geometry informs us that the cirele has this property. The semicirele, and therefore a semi-
circular canal, has the samo property, the ratio between the semicirele and semicircumference being
the same as that between the circle and entire circumference.,

Then follow the regular demi-polygons, and with the less advantage, as the number of their
sidesisless; and so among the most practicable forms we have the regular demi-hexagon, the demi-
pentagon, and finally the half-square. ] )

But these figures are not admissible for canals in earth excavations; their berms, not having
sufficient slope, would cave in.

Inorder tk ¥ they should be sustained without revetment, they should have a slope of from 150
to 2 of base t¢ height, as there is more or less consisténey in the soil ; in the regular semi-hexagon,
where the slope is larger than the other named polygons, it is only 0-58. A slope of 1 is only
adopted in cxcavations of small importance or for temporary use; but for canals, the slope of 2 to 1
is usually adopted, and somctimes 2} ; such was the slope adopted at the canal of Languedoe.

20. As theusual profiles of canals arc trapezoidal, the question of figure of greatest discharge is
reduced to taking, among all the trapeziums with sides of a determinato slope, that which yields the
greatest sceticz for the same wotted perimeter.

= 11-483 ft.;
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Since the section s, or (7 4 1 %) &, should be a mazimum, its differential will be zero, and we have
hdl+4i1dh+2nhdh =0, i . . .

Since the perimeter remains constant, the cxpressionc = I + 24 M E (_1 ) being dlﬂ'm:entmtefl,
givesus 0 =d 74 2dh Vw34 1. The value of d/, derived from this equation and substituted in
the preceding, gives ! = 24 (Wni + 1 —n). ) ‘ )

With this ’\mlue of 7, we have s = 4% (24/%F + 1 = n) = n' %%, by making 2 NiEFl=n=n
ande=2h 2 F 1 —n)=22"h, i . .

Putting lghesc cquivalents of s and c in the fundamental equation of motion (12), it becomes

"2 15
”_"éi = 0-0001114155 Q2 4 0-0000242651 Q u’ 1.

This and the preceding equation give for 7 and 4 the maximum sought.
Let us tuk{:, for cxgmglc, Q =g70'6632 cub. ft., p = -0012, » = 1-75, The socond of the above
equations is reduced to A% — 1-2522 /% — 178°0% = 0.
Making, by a first approximation,
h = 2-82 ft., we have v e ee e ee =0°6393 =0,
h =285 ft. e e e e ee e e = 001821 =0,
h = 2850567 ft. e e e e ee S+ 000002 = 0.

So that the true valuo of % will be 2-850567 ft. This will give for /, which is 24 Writl- n),
= 1-5107 ft.

These dimensions are those of the stream. But the depth of the excavation should be greater.
It would be well to increase itto .. .. o oo . ee .o e .. .. $COHT AL

The breadth at bottom remains the same .. .. .. .. .. .. .. 1-5105ft.

The breadth at level of earth willbe .. .. .. .. .. . . .. 15:20ft

There will then be, a running foot of cut, an excavation of we oo .. 33°1cub.ft.

In homogenous earth, so long as the depth of excavation does not exceed 64 ft., and the upper
width 16} ft., the expense of digging will be proportional to the volume of excavation, and the
figure of least section will therefore be the most economical. .

21. As for those canals where there is no fear of caving in, such as those excavated in rock, or
protected with masonry, which are more particularly termed Aqueducts, as well as those in wood
and mill courses, they most always have o rectangular form. Still, as we have seen, the regular
demi-hexagon of the same section will conduct more water; but simplicity, facility, and economy
of construction have prevailed. We must remember that the dimensions of the reetangle should
have a width nearly gouble the depth of the fluid mass it is destined to carry, and consequently it

should be V/ fvl‘-

22. Permanent Motion—We have seen (10) that permanent motion differs essentially from
uniform in this, that the mean velocity in each section, remaining constant, is not the same as in the
adjacent sections ; consequently, the sections of water are no longer equal to each other, their depth
is not the same, the surface of the fluid is not parallel to that of the bgg of the stream, and its inclina-
tion varies from one point to another. We have examples of such motion in canals too short for
the velocity to acquire a uniformity, at the head and foot of long canals, and in thosc whose bottom
is horizontal,

23. Let there be a current endowed with permanent motion, and let us regard that part of it
compriged between A and M, Fig. 1860. Through these two points of the surface, and through N
infinitely near to M, imagine transverse sections AO M P,
and N p, made perpendicular to the axis of the current. From
the points A and M we draw the horizontal lines A E and
M¢; EM will be the fall of the surface from A to M, which
we designate by p'; tN, or the elcmentary inercment of the
slope, will be d p’ or M N sin. 4, ¢ being always the angle
tMN of inclination of the surface to the horizon. Let us
consider upon the section A O, taken up stream for the point
of departure, the particle having the mean velocity of the
section, whatever else may be its position, and let mm’ be
the path which it describes as far as M P. Call z the Iength
of this path, ¢ the time employed in traversing it, and » the
velocity of the particle on arriving at m. We have then
m'n’ =dz; dt will be the time in passing dz, and dv the increment of velocity during this
passage (which will be — d» when motion is retarded).

The forces which act upon the particle m while traversing m m'n’ are: lst, on one side,
gravity, which tends to aceclerate its motion, and whose whole action, according to what we have
said in (3), is g sin.4; 2nd, on the other side, the resistance of the bed, which tends to retard its

motion, and whose expression is (7) a’% (* + bo).

These two forecs acting opposite to euch other, their resultant, or the effective accelerating force,
will be equal to their difference. But in all variable motion, the accelerating force is also

expressed by the increment of the velocity, divided by that of the time, or by %: wo have then

g_”_ - . . c
at
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Multiplying all the terms by d = (remarking that :—: = v, the space, divided by the time, equal-

ling the velocity ; remarking, further, that d z sin. s = dp’, since for d 2 or m’ #' we may take M N,
which will not differ from it save in extreme cases, but by an infinitely small quantity of the second

order, and that M N sin. § = ¢ N = p’), we have vdv =gdp’-—a'§ (P +bv)dz.

Such is the equation established by Poncelet.
_ Integrating, determining the constant for the section A, when p’ = 0, 2 = 0, and » = »,, we have
[ ]

E——zﬂzgp'—f ';(v’-{-bv)dz.
But (8) v = % ; and if we designate by s the area of the section at the final point M, and by s,

’
that at the initial point A, which let us divide by g, and remembering that;l = a = 0°000024265

(12), and that b = 0:000111415, we have finally
_Qr/1 1 . cQ? . cQ
_2—g(a - s—g) +f(0 0001114155? + 0 000024265 F) d!:
a formula which gives directly the slope of the surface from A to M.

In the application, the quantity under the sign / may be integrated by approximation. For
this purpose, divide the arc A M or z into tll5»{01'1&0115, A B, BC, CD, and so0 on, whose lengths are
such that the divisions of the arc may be taken, without sensible error, for right lines. Designate
these lengths by z-), 232" . . . . 2',, and the areas of the sectionsat A, B,C . . . . M, by s,, 5,, 8,
S35 ....8x,8nd by ¢, ¢, ¢, . ... ca, their respective wetted perimeters. We measure or take
immediately these lengths, sections and perimeters upon the given stream, and all will be known
in the integral, which will become

. 10 4 T2l Zaln) g2 .40 P10 4 F2 Znon

0 0001114155( 1y Dy T )Q +0 000024265( b SR )Q.
Let us represent by M the multiplicator of Q2 and by N that of Q; let us make also
§l‘—q (% - ;1;) = D, the equation will then be p'= (D 4+ M) Q*+ NQ. '
» 0
N v _rF N ?
so+m T D+M+(2(D+M))'

In our article on Rivers we shall have occasion to apply this formula, with its details, to
streams whose form and delivery were otherwise known, and we shall see that its deductions are
not far from the truth.

In canals where the elope of the bed and the profiles are constant, the caleulations are much
simplified; the depth of water at any one station will be sufficient to know its section and wetted
perimeter; moreover, the depths, with the inclination of the bed, will give that of the surface.

As an example, let us determine the volume of water which a rectangular mill-course, 8°202 ft.
wide, with a horizontal bed, will conduct to a mill. At four points, distant 328-1 ft. apart, we

24. From this we deduce Q =

. A e sc
No. ] c s 3 ?
feet. feet. || feet. 8q. ft.
0 0 5-052 18-306 41-44 0 0
1 328-09 4901 18-004 40-20 8655 +0909
2 32809 4-845 17-892 3974 8-717 *0935 d
3 32809 4-573 17-348 8751 4-045 +1078
P | -479 11°417 | 2922
1

take four depths, noted in column % of Table. Since the canal is rectangular, and ! = 8-202 ft.,
then s = 8-202h ft., and ¢ = 8:202 4 24 ft. We calculate these values for the different stations,

and then, through these, those of % and %9 . All are in the above Table.
The canal being horizontal, p’ = 5:052 ~ 4-573 = ‘479 ft. We have

1 1 1 .
b =64-364(37.51 - 41.44,)— e e e . .. 0-000001995
M = sum of -’-; x 0°0001114155 =.. .. .. .. .. .. 0-00003255
N = sum of f;-,‘-’ « 0000024265 = .. .. .. .. .. .. 0°0002770
_ N _ 40002, P = 1386 (___N_=_ T3 £
T = £ = 6 (zmran) =1 0742 ft.

So that @ = — 4-0092 + +/ 15866 + 16°0472 = 113°81 oub. ft.



914 CANAL.
between the extreme heights,

With the formula for uniform motion in taking a mean height A,

and for a slope per foot, 479 divided by 98427 ft., the sum of the ',
= — 4299 + A/ T5072 + 18-478 = 118-54 cub. ft.

i ich gi ) face of the current knowing some of the
25. The equation (23) which gives the slope of the :’1:;}30 O wco. in its progress the curve

sections, will further, by the taking of one depth only, 1

describe’d by a ﬂuid' point of the surface of & watez’scourse in a canal, whose slope, profile and
i ise k X

discharge are otherwise known. it will b ensy to cstablish

For the place, when the depth of water is given by the aid of the profile, :
its section and wetted perimeter; let us designate them by s, and ¢, Take a second station, at &
distance z from the first, so small, that in this distance there shall be but little variation in s, and
¢,, and so0 that they r;my be regarded as cor;stant in the expression of the resistance of the bed,
and wehavep’:% ;1—2 - ;; +ac, %——g z.

. 1

‘We may neglect the first pg.rt of the second member at the first trial, which amounts to sup-
posing a uniform motion throughout the whole length z*, and we shall have the first approximate
value of p’. This will enable us, knowing the slope of the bed, to assign very nearly the depth of
the strcam at the second station, and consequently gives us s,. All will then be known in the
above equation, and we have a second and more approximate value of p' than the first. If it is
thought best, we are able from this to calculate a third, which shall be still more exact. In the
same manner, we may determine the depth at the third and fourth stations, and so arrive at all
the ordinates of the curve required to be constructed.

26. But this method involves much uncertainty, and many suppositions, and often leaves us much
embarragsed. We can avoid, in part, these inconveniences, and go directly to the solution of the pro-
blem, by introducing the slope of the bed in the problem, according to the method of Bélanger.

For this purpose let us take in hand the first differential equation of (23); and we remark that
the angle i, or t M N, or M N s, Fig. 1860, is composed of two other angles: first, MN r, which
measures the inclination of the surface upon N 7, parallel to the bottom of the bed P p; designate
this by j: second, the angle r N's, which this bottom makes with the horizon, and which we have
already called ¢; so thati = j 4 ¢, and consequently, sin. ¢ = sin. j cos. ¢ + sin. ¢ cos. . But
sin. ¢ = p (1), co8. ¢ = &/ 1 — p?, and cos. j = 1, considering the smallness of the amgle j; thus

sin, i = sin. j ¥ T — p? + p, and the equation becomes
dv .. S ,
m:gsm.;#1—1r+gp—a;(v’+bv). [A]

1
The term Z—: may take a finite form, which will depend upon the figure of the bed. When

ihe canal is of small extent, we usually consider the slope as uniform, with a mean width 2. From
\ ldh
this supposition results s =lhandec =174 2%; sothatv = (sg = l%’ anddv = — -(%-/‘—,‘—‘; nore-
dz dv Qldr Q1 , . . dh Mr
over (23), v = T dt = . Q then Ji=Fmds = pjs B Jr since -

dz = MN =-
tan. i or — sin. j.
Substituting this value in the equation [A7, neglecting p?, which will always be small compared
to 1, substituting for g, «’ and & their numcrical values (12), and evolving sin. j, we have
P A5~ { 00001114155 ¢+ 210 Q +0-0000242651 (4 21) 14 Q }

in. j =
Bl j «N21NMO 14N\2 11 1R

We have taken for the curve of a fluid thread of the surface of the stream, & polygon, each of
whose sides has a finite length MN = 2+, and whose inclination rclative to the bed is j: the
differcnce M r between the depths of the two extremities of a side will be its slope compared to

this bottom ; designating it by p”, we have sin. j = — };— , and consequently,

= pBAE —10°000111415 (7 4+ 2 2) Q% 4 -0000242651 (14 21)12Q } =
B3 = 031073 Q2 )
The series of values of p” will enable us to trace the polygon, or required curve.

Instead of comparing the slopes to the bed, we might compare them with the horizon, and thus
have their value ', in observing that p’ = »” + p.

Anlets—Cunals, with the exception of those for navigation, at their points of departure receive
their water from reservoirs or retaining busins placed at their heads, and which most frequently
are portions of the river whose level has been raised for this purpose by dams.

.. The head of the canal, at the point for receiving water, is either entirely open, or furnished
with gates. Let us examine these two cases.

_21. Canals of Open ]L'nt.ran(:.c’.~Water, on its entrance into an open canal, forms a fall, its level
being lowered for o cortain distance; then it is elevated a little by slight undulations, beyond
which the surface takes and maintains & form very nearly plane and parallel with the bed, its
slope and profile being always considered as constant. The velocity is aceclerated from the top to
the foot df the fall ; it then _diminishes during the elevation of its surface, and, soon after, its motion
continues in & manner sensibly uniform. Dubuat, who has made a particular study of the circum-
stances of motion at the entrance of canals, and throughout their course, has found such an order
of things established, that when the motion has become regular and uniform, the velocity of the

is very nearly that due fo the entire height of the fall, and that the Aead duc to the mean
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velocity is equal to the difference between the height of the reservoir and that of the uniform section. So.
that if H represent the height of water in tho reservoir above the sill of entry into the canal, £ the
height of the uniform section, that is to say, the constant depth of the current after it has attained
a uniform motion, and v the velocity of this motion, we have H — 4 = 0-015536 v*; or rather,

2
0-015536 ;2—“; m being the coefficient of contraction which the fluid mass experiences at its entrance
v

into the canal, a contraction which oceasions a greater fall.

Dubuat, from scveral experiments made with wooden canals (9), with heights of reservoir IT
from -394 ft. to 2-887 ft., has found that m varies from 0-73 to 0-91; but he remarks that, in great
canals, where the height due to the velocity is small compared to the depth, the contraction will
be less, and he thinks there would be no sensible crror in taking m = 0°97. Eytelwein assumes
0-95 for large canalg, and 086 for the narrow, such as is adopted for most mill-courses. He, as
well as Dubuat, supposes, for theso coeflicients, that the bottom of the canal is ut the same level
with the bottom of tho reservoir, and that it is but a prolongation of it. If this were not the case,
there would be a contraction at tho bottom, and the valuc of m would be a very little smaller.

28. The fall which takes place at the entrance of a canal, by diminishing the depth A, lessens
the discharge Q, of which this depth is an element. So that, in order that the canal should receive
all the water which it can afterwards convey, we must prevent the fall.

Theoretically, to a.owmplzish this end we must cnlarge the upper part of the canal for a length

somewhat beyond *015536 Z ft., so that the mean widths of the new profile should increase as

they approach the reservoir, with an inverse ratio to the velocity of the strcam at each of these
widths, beginning with 0, its value in the reservoir, till, by the uniform acceleration of its descent,
it reaches v ft. at the foot of the cnlarged part. According to this law, the width at the reservoir
should be infinite, since the velocity is zero.  Such a case would be impracticable, and any approach
to it would involve much labour and expense.

Consequently, the engineer who, without involving himsclf in unnecessary expense, desires to
obtain for the canal all the water that can reasonably be expeeted, will be content to widen the
approach, and in doing this must be governed by local circumstances. For instance, if the head
is to be laid in masonry, he will give to the approach the form of the contracted vein; that is to
say, taking the width of the canal as a unit, we shall have for length of the enlarged part 0°7,and
1-4 for width at the mouth, as comprising the full sweep to be given to the angles.  But it is not
worth while to exaggerate the advantages from these widenings, as the discharge by them will
hardly be increased by more than some hundredths.

29. Dubuat also concludes, from his observations, that the velocity and section are uniformly
established at a certain distunce from the reservoir, just as if wniformity commenced at the origin of the
canal. In this case we may suppose the fall to be made suddenly on its entrance to the canal, and
thence the fluid surface maintains a uniform slope. Its value is obtained (1 and 11) by dividing
the differcnee of level of the two points by their distance npart; one may be taken at the origin
of the canal, and according to our supposition its level will be less than that of the reservoir, by a
quantity equal tothe b :ight of the fall H — A, Consequently, if D is the difference of level between
the reservoir and any point of the surface at the distance I, from the reservoir, but where the motion
has acquired its uniformity, p being always the effective slope, we have

_D—H-»_D=-00155812
p= L= i

30. With these given quantitics we can resolve the various questions pertaining to a canal
from a rescrvoir, supposing always that the motion becomes uniform, which will not be the case
unless the canal has a certain length, or should it have no inelination, or approach 90°, and so on.

Let us resume tho equation, H — 2 = 0°015536 ‘2; , and in place of v substitute its value, given

0-015
in (13), and wo have H — 5 = __":,._"25?.’9 (\/ 8975414 25 _ -108895)2.

o
Morcover, we have Q = s ('\/8975'41425 - -108895) .

By means of thesc two equations, in giving to s and ¢ their expression, as functions of the
dimensions of the canal, and substituting the preceding value of p, when p is not directly given
we can determine either the discharge, or the slope, or one of the dimensions ; the other quantitics
being known. We give an cxample.

Suppose we purchase the site where it is intended to locate the entrance to the canal, with the
condition that it shall be rectangular in form, open to the height of the dam, with a width of
13-124 ft., and whose sill is to be 6°562 ft. below the ordinary low-water line. We wishi to conduct
this water to a mill distant 869438 ft., so that the surface of the stream, on its arrival there, shall
not be over 1°4436 ft. below the low-water mark of the rescrvoir above. 'What will be the quantity
of water conducted to the mill ?

The cutting being made in the dam, the rectangular canal 13124 ft. by 6-562 ft. dccp is fitted
in; the clause of the grant forbids any attempt to enlarge the approach; and every alteration
within the appointed limits would diminish the discharge.

Since the canal is rectangular,and 13124 ft. wide, we have s=13'124 & ft. and c=13"124 ft.4+ 24;

1-4436 — (H — h) _ h—5'1184 o ]
moreover, p = 3601384 = “59-1381 ft., H being 6-562 ft. Although t;he3 ca.m;l is large,
. X
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i i mbly be above 0-85, vet, to be prad .
s0 that the coefficient of contraction would ’pml ably i  yel prudent, we will
take a mean between these indieated by Eytelwein, and eall it m = 0305, With these valygy
the first of the two equations above will be . )
0013336 13-124 4 (A = 5 1184)

01N e (Al
6562 = b = =45 (V ST G BT I 2 )

108895 )’.

V1 TRt
Reducing 6562 — 4 = *015969 ( WA S T
To obtain it, put suecessively for this unknown q\mnﬁity in the second tpomln'r. soveral numbery
first, 6+ 244 gives h = 3-¥80ft.; which in its turn gives 6114, In this manner we obtain sue.
cessively 5968, 6:053, G-001, 6-040, 6014, 6434, G020, G027, 6 ‘0237 . Thus the true value
of & falls between these two lnst numbers ; et us take the sminllest, A = 6°0237 R, Then

GO = SIS R
PE s )

All the quantities required to ascertain the discharge being knawn, we intrducoe them into
the second equation, and so obtain Q = 417-700 cub. ft. Bueh is the volume of water per second
which the canal will lead to the mill. . .

When the veloeity of the enrrent is required to be 5-28 ft.or mare, we substitute the expression
for velocity given in (15) and the two ojuntions to be used will be

du- ¥ ) s
Hoi= Y 0 Q-0 VY,
”"e S ¢

- lOSS:‘i.’») Kives us the valucof A,

or, supposing & mean width 7, and taking always m = 0005,
84 - D4
L nn.lu.,—.:w,:;,,'.\/ e
2 424

D-H=-2

H-i=10

The slope p will be given either dircetly, or Ly the exprossinn p -

In the above example, the values of T, Uand jopnt in the fint of these equations, which is of
the sceond degree, Will give readily & = 6027 4 alsy po= 00104d und Q . 418586 cub. ft. :
results nearly identical with the preceding. '

81, Among the questions relating to the admission of water in eanals, there is one of too much
interest to millwrights for us to pass it by without a notice in this werk,

The force of a current to move machinery depends not only upen the quantity of water which
it conveys, but also upon the height from which it falls: so that this foree will be mensured by
the product of the quantity with the height of the fall of watcr. The grenter the slope given to
the eanal, the greater will be the amount of water brought, and this is one of the factors of the
product ; but, at the same time, the fall (the other factor - is diminished, and it will be found that
the produet having been at first augmented with the slope, will after that be diminished, and then
continue to decrease.  There is then a wearinou of power, which it is essentinl to determine and
put in use. Without employing analytical formula, this determination ean be arrived at in a
simple manner, as will be seen in the following example.

Let us resume that given in the lnst number, and let us suppose the height of fall there to be
14-764 ft. The water taken by the canal has arrived at the mill with a loas of level of 1-447 ft.;
consequently, the effective fall will only be 13-317 ft. In multiplying this by the quantity of
water brought down, 41886 cub. ft., we have for the product 55779 cub. ft.; the corresponding
slope was 0001045, Let us increase this slope successively to 0°0015, 002, 0025, and -003; the

respeetive products of the quantity by the fall will be 1859-42, 1931-12, 193994, and 190745
cub, ft. The slope of -003 has already occasioned a diminution; in trying that of -0026, the
product will be 1938-18 cub. ft.; whence we conclude that the maximum of effeet lies between
the slopes of 000025 and *0026. Finally, as the variations of the product are very small between
0-002 and 0°003, we adopt, between these limits, those best suited to the loeality and nature of
the machinery used ; there may be some for which a great fall will be preferred.

We will remark that the given solutions of all the probleins in question can be regarded only as
simple approximations; for in order that they should be exact, the bases on which they rest, that
is to say, the conclusions which Dubuat has drawn from experiments, should be explicitly con-
firmed by observations made upon great canals; and it would, moreover, be necessary to be quite
sure that the water, hefore it reaches the extremity of the canal, has attained a uniform motion,
and we have but limited means of coming to a positive assurance,

If water which is in the reservoir of a river to which a canal has been adapted, should arrivo
there directly, with an acquired velocity, the height of fall which takes place at the entrance will
be less than that indicated (27) by a quantity equal to the height due to this velocity.

Canals with Gates—When a canal receives its water through openings of a system of gates,
established at its head, which is generally the case with mill-courses, either the upper edge of the
oriﬁclel wiLl be completely and permancntly covered by the water already passed into the canal, or
it will not.

32. If the head above the centre of the orifice is great, so as to exceed two or three times the
height of the orifice, its upper edge will not be covered by the water below, and the discharge will
be the same as if there had been no caual.  Experiments with orifices in thin sides and furnished
with additional canals, leave no doubt upon this subject; they justify an assertion, long since made
by Bossut, the exactness of which has been questioned.

. Bossut fitted to an orifice 0886 ft. high and -4429 ft. wide, made at the bottom of a reservoir,

a horizontal canal of the same width, and 11155 ft. in length; he produced in it currents under



33. When the water, impelled beyond the gates by a great head, falls into the canal, it meets
& resistance which diminishes gradvual.ly its first velocity, and so increases the section of its
current. If the width of the canal is constant and equal to the opening of the gate, it will be the
depth which receives the graduul increase; so that the surface of the fluid below the orifice,
or rather below the point of greatest contraction, up to that where the increase of depth ceases,
will present a counter-slope. Frequently masses of water will be detached from the summit,
and will, rolling back, return fowards the orifice ; usually they will be retained, being as it were
repelled by the velocity of the stream; though sometimes they will return even to the gate, and
re-cover the orifice, though but for a moment. Even in this case the discharge will be the same
as if there were no canal, and it will be calculated by the formula of the preceding number.

34. These phenomena do not occur when the head is small.  'Water, on issuing from the gates,
is in contact with the sides of the canal; it expericnces a retarding foree, which is communicated
to the fluid at the instant of its passage through the orifice ; the discharge, and therefore its coetti-
cient, is lessened ; but we have no further guide for its determination. There may be some cases
where, with a very small head, the gate is without sensible influence ; thus Eytelwein has found
thdc same discharge, whether the gate was wholly raised, or slightly dipped on the down-strcam
side.

But in case it is immersed any considerable depth, and the fluid vein at its issue is entircly
coveredsover with still water, the heighit due to the veloeity of issue will be the difference between
the elevation (above any given point) of the surface above th gate and of that below the gate. For
the clevation below the gate we take the height or depth of water in the canal, when its motion has
become regular ; as that ilmmediately at the gate would be found too small. Consequently, if 4 is the
height in the canal, H' t! ¢ height up stream above the sill of the inlet, the discharge of the orifice

of the gate, and consequently that of the canal, will be expressed by m I’ 2’ o/2 g (H'—£). But the dis-

charge of the canal, the motion having become uniform, is also (14) s (\/8975 414 ‘Z—’- - 108895)

We Lavethen m 2 1’ &/2g(H' —4) =5 ('\/8975'41-1]—,:- - 108895) , an equation which cnub.lcs

us to solve the various questions relative to canals furnished with gates at their heads.

Supposc, for instance, we would determine the quantity 4'; we must raise the gate, at the
entrance of a long rectangular canal of 4-265 ft. width and -001 slope, in order that the water may
have o depth of 2-625 ft.; the width of the gato is 3-609 ft., and the height of the reservoir
3-937 ft. Wo take m = 0-70 (82). Wehave then /= 3-0091t.; H'=3"937: 4 = 2:625; ! = 4-265;
» =0'001; s =4-265 xX 2°625 = 11-195 sq. ft.; ¢ = 4°265 4+ 2 x 2:625 = 9'515 ft. These
numcrical quantities, substituted in the equation above, give us 23-209 /' = 35-180; whence /' =
1-514 ft.

The Suez Canal.—The plans and sections of the Suez Canal given in Figs. 1861 to 1867, are,
with some trifling additions, the same as those compiled by Rir W. T, Denison from ¢ Compagnie
Universelle du Canal Maritime de Suez : Carte gencrale de 'Isthme, ete., 1866, and the plans of
Port Said and of the Port of Suez, from * Percement de PIsthine de Suez: Actes constitutifs de la
Compagnie Universelle du Canal Maritime de Suez, avec cartes et plans;’ documents publiés par
F. do Lesseps, the enginecr of this great work. Our additions arc taken from ‘Histoire de
YIsthme de Sucz,’ par Olivier Ritt, 1869. Sir W. T'. Denison’s paper *On the Suez Canal” was read
in the Institution of Civil Engincers, 16th April, 1867, and afterwards published in pamphlet
form, edited by James Forrest, the secretary of the Institution. The thick black line in the plan,
Fig. 1861, indicates the course, and Fig. 1862 is a vertical longitudinal section, of the canal; the
horizontal lines in Figs. 1861, 1862, are to a scale of *00 in. to a mile, and the ordinates, Fig. 1862,
<01 in. to a foot. Fig. 1864 is a cross-section at Port Said, and Fig. 1863 a cross or lateral of the
canal at Sucz ; the scalo of these sections is 008 in. to & foot. Fig. 1865 is a plan of Port Said and
the harbour on the Mediterrunean ; Fig. 1866 is a plan of the port of Suez, on the Red Sea: the
plans of these placos are given to a scale of 1000 yds. to an inch. The motions and actions of the
water of the canal may bo caleulatod, by the rules just established, from the levels, inclinations, and
dimensions registered on Figs. 1867, 1863, and 1864,

Col. Denison, in his notes, as the work was being cnn::pleted, observed :—The s{:h.eme pf the Sucz
Canal may be said to comprise two distinet undertakings. The first, and principal, is the con-
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struction and maintenance of a broad and deep salt-water channel on one level between Port Said
on the Mediterranean, and Suez on the Red Sca. The second, preliminary in point of time, and
indeed essential to the construction, as well a8 to the beneficial use of the canal, is the maintenance
of 2 supply of fresh water sufficient for the wants of the population congregated along the line of
canal, and specially at its two extremities,

1863.
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The arrangements for the second of these undertakings have been completed. A canal, com-
mencing at a place called Zaguzig, to Which water is brought from the Nile by one of the many
branches from the main stream, has becn carried to Suez, passing within about a mile or two of
Tsmailia, the central point of tho main canal, and the Lead-quarters of the establishment of the
Company, It is navigable for the whole distance, the fall from Zagazig to Suez being overcomo
by locks. From the point where the canal turns southward to Suez, a branch is carried first to
Ismailia, where it provides a supply for the inhabitants, and for some hydraulic machinery, by
which water is forced into a double line of 9-in. pipes, through which fresh water is carried along
the side of the canal, supplying the various establishments along the line of about 50 miles in length,
and a population at Port Said already numbering upwards of 10,000; and secondly, for & distance
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of about a mile to the cast of Ismailia, within which distance it is made to drop by two detached
locks to the level of the Mediterranean. At the Suez extremity the fresh-water canal torminates
in @ lock, by which vessels drop info the creek which brings goods and passengers from the
anchorage to the fown. L

In the immediate vicinity of the anchorage a dry dock, capable of taking in the largest
steamer, is constructed. .

The salt-water canal commences to the south-cast of outer port, the ground being dredged
out to the necessary depth, and to o width sufficient to give ample space for the exit and cntrance
of vessels, The canal sweeps away in a curved line towards the north, passing to the eastward of
the fresh-water canal through the lowest portion of the land, which is, in point of fact, very little
above the level of the Red Sea. Figs. 1861, 1862.

At a distance of 113 miles from the sea, the line crosses a spur from some nills to tho westward,
at & placo called Chalouf: the cutting here consisted partly of o bed of hard eonglomerate, 8 or
10 ft. in thickness, below which were strata of sand and clay. The surfuce of the soil at this cut-
ting was about 12 ft. above the salt-water level, so that the total depth of excavation is 40 ft. The
slope of the side was 2 to 1, and there was left a bench of about 12 ff. in width, 3 ft. above the
surface of the water; while another beneh, 12 ft. below the water, and 9 ft. wide, formed & base
for tho stonework employcd to face the upper part of the slopes. Tho stone was procured in part
from the cxcavation itsclf, and in part from quarries on the west shore of the Red Sea, a few miles
south of Sucz. The work here was carried on with a good deal of method. Inclined plancs were
cut in each bank, up which the wagons filled with spoil were hauled by steam-engines, and then
drawn to spoil-banks at convenient distances. Pumps discharged the drainago water into a portion
of an old salt-water canal, said to have becn excavated by oue of the Pharaohs.

24
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Soon after leaving this cutting the canal had to pnss through the Bitter Lakes, the surface of
the water, or soil, in which is nearly on & level with the Red Sea. Here the cutting did not exceed
the ordinary section of the canal. .

The distauce between Sucz and Ismailia is about 50 miles,

A little east of Ismailia the branch from the fresh-water canal comes to an end, and passenger
boats drop by two single detached locks o the level of the Mediterranean, into a salt-water canal
about the same size as the other, For some distance this was only a branch, but at about 2 miles
from Ismailia the branch enters the line of the main canal, which turns sharp to the left or north-
wards, and passes through a heavy sand-bank from 40 ff. to 60 ft. above the level of the surfaco
wadter in the canal.

The works. hg,re were well excented: the contractor cut down the face of the excavation, and
loaded the spoil into wagons; trains of these wagons were constantly in motion, being drawn by
locomotives obliguely up the slope of the hill, and thenee to spoil-banks at some distance on the
wost side of the canal. Some dredging machinos were also employed to decpen the channel; the
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slide into the canal; as the trifling load of an
cmbankment, sufficiently high to cover the fresh-
water pipes, had forced the bank out, in spite of
some piles and sheeting, which had been driven
and fixed to support it. This sort of work extended
the greater part of the remainder of the distance to
Yort Said, about 10 miles from which the canal
entered Lake Menzaleh, a shallow sheet of salt
water, through which the line was marked by
slight embankments, distant apart the full width
of the canal. At several points between the deep-
sand cutting and the shore of Lake Menzaleh, the
canal was opened to its full width. Dredging ma-
chines were employed both to widen and deepen
it, and a great amount of activity and much skill
were developed at this place.

The dredging machines were well put toge-
ther. They were worked by powerful engines, and
a variety of cxpedients had to be devised for the
purpose of adapting themn to the work they had to
perform in lifting the spoil from a great depth,
and discharging it at a point above the engine.

The main work at Port Said, Fig. 1865, was
the jetty, or breakwater, which protects the port
against the action of the north-westerly or pre-
vailing winds. This jetty is formed of blocks of
concrete, rectangular in form, and weighing 20
tons. Experience has shown that a block of this
size (10 cubic metres) and of this weight is suffi-
ciently® massive to withstand the action of the
heaviest sca. The concrete is composed of sea-
sand, dredged from the harbour, and of good hy-
draulic lime procured from Marseilles, the propor-
tion of limo to sand being about 350 1bs. of the
former to a cubic mitre of the latter, or about 1 to
13. Sca-water is used to mix the ingredients,
which are well worked and amalgamated in mills,
ten of which were driven by one steam-engine.
The mixture was pourcd into cases, or frames, of
wood, where it was allowed to remain four days;
the cases wére then removed, and the blocks sub-
jected to the influence of an Egyptian sun for two
months, by which time they became solid enough
to withstand the action of tho sea. Each mill
turned out three blocks a day.

The contractor engaged to furnish the blocks,
and to deposit them at appointed spots, for 400
francs a block. -

The mass will, of course, stand at & much /
steeper slope than it would were the blocks of
smaller dimensions, and there will be a large
boetween the blocks, which will eventually -
with sand drifted in by the sea.

The Sucz Canal was officially opened an the
17th of November, 1869. At that time fifty ships
had passed from the Mediterranean to the Red Sea,
or vice versd. From the 1st to the 17th of February,
1870, nincteen vesscls, or a little over a vesscl a
day, went through from one sea to the other. The
successful completion of this great work places its
engineer, M. do Lesseps, high among tho engineers
of our time. In France he holds a position similar
to that held in America by W. J. McAlpine, or to
the one that John Scott Russell should hold in
England. Sece BARRAGE. CONCRETE MACHINE,
DrepeiNg Macuines, Looks aND LooK-GATES.
RiveRs. ' .

Works relating to Canals :—Belidor, ¢ Architeo-
turc Hydraulique, 4 vols., 4to, Paris, 1737-53.
Lalande, ¢ Des Canaux de Navigation,” folio, Paris,
1778. Fulton, ‘On Canal Navigation,” 4to, 1796.

soil thus raised was discharged into wagons and . 2. .4.8
hauled up the bank. The amount of work done 22 § 3%;"
here was very great, as tho sand-bank or ridge ex- ﬁ I
tended about 5 miles. = iz il 2"
To the north of the sand-bank the canal en- & . 3% §§
tered the beds of some lakes—the soil of which was E J ;E,g H l ,!EE
but a few inches above the Mediterranean. Here, § =@ FL Y
in places, the soil had evidently a disposition to § i i i"
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Chapman, ¢ On Canal Navigation,’ 4to, 1797. C.L. Ducrest, ¢ Traité I'Hydraulique,’ 8vo, Paris, 1809,
Gauthey, ¢ (Buvres,” edited by Navier, 4to, vol. iii., Paris, 1816, J. Cordicr’s Works, published in
Lille and Paris, 1819-28. 1’’Aubuisson de Voisins, ‘ Traité d’Hydraulique,’ 8vo, Strasburg, 1840.
Minard (C. J.), ¢ Cours de Construction des Canaux,” 4to, Paris, 1841. D. Stevenson, ¢ Canal and
River Enginecring,” 8vo, 1858. 8ir P. T. Cautley’s ‘ Report on the Ganges Canal,’ 1860. Buysing,
¢ Handleiding tot de Kennis der Waterbouwkunde,” 2 vols., 8vo; and Atlas, folio, Buda, 1864,
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CANDLES. FR., Chandelles, Bougics ; GER., Kerze ; ITAL., Candele ; SpAN., Velas,

In its natural state, fat of animals is always associated with cellular tissue and other foreign
matters, which must be separated before it can be used as candle stock,

In the process called dry melting, much practised by small manufacturers, the rough suet is cut
into coarse pieces and exposed to the action of a moderate heat. By the more recent processes,
the fat is not exposed to heat till it has been subjected to certain mechanical and chemical
appliances, for the purposc of destroying the tissucs. The first-named method possesses this
decided advantage, namely, that the residue or cracklings can be profitably used as food for hogs,
fowls, and so on. There is, morcover, an economy in fuel, while the simplicity of the process
commends itself to the notice of inexperienced manufacturers. Disadvantages, on the other hand,
arise: an obnoxious smell emanates from the heating of rough tallow which has been collected
and suffered to remain till it has become rancid, and the cellular tissues, blood, or other portions
advanced towards putrefaction. Fat from animals recently slaughtered does not, however, yield
any very unpleasant effluvia. Another and more important disadvantago, in an cconomical point
of view, is found in the smaller amount of fat obtained, as portions always remain with the crack-
lings when heated in this manner. The first care of the chandler should be to impress on the
mind of his tallow merchant the importance of & more careful treatment of the rough suet than is
generally observed by the butcher. The fat ought to be freed from the membranous and muscular
parts, then cut into thin slices and hung up in a cool place, not heaped up while yet warm. By
operating thus, the disagreenble odour existing beforo melting, and increased during the process to
an unbearable degree, can, at least, be delayed for several days.

First, the fat is chopped, for which purpose cutting machines are often used similar to the
straw-cutting tuble ; somctimes a thin, sharp-edged mince-hatchet is employed, about 2} ft. in
Iength. This is held with both hands, and the fat, spread out on a beech block, is chopped into
small picces in all directions, A third instrument is & kind of stamp trough with muller, having
o sharp blade in the form of an 8, a contrivance frequently adopted for cutting beets. A more
desirable and valuable instrument, however, is the ordinary rotary sausage-cutter. The fat is
then placed in melting ealdrons (hemispherical in form, and in this country made of east iron),
which are heated Ly open fire. These caldrons are covered with movable tin-plate hoods, so
adjusted that, by means of pulleys, ropes, and counter-weights, they can be easily raised or
lowered, whilst at the same time they serve to carry off the offensive vapours arising from the
heated fat.  Water is sometimes mixed with the fat in the caldrons, and this addition is specially
beneficial when the fat has been long kept during the summer months, and thereby lost its natural
moisture by evaporation. By gradually raising the temperature in the pan, the fut runs from the
cells, and the whole is kept boiling from 1 to 13 hour. The mixture of water with the fat-bubbles
imparts to the liquid a milky appearance, but as soon as the water is volatilized the fat becomes
clear. During the whole operation of melting and boiling, the ingredients must be constantly and
thoroughly stirred in order to keep the fat and cracklings in incessant agitation, otherwise picces
of unmelted suct, coming in contact with the sides or bottom, would become scorched and acquire
8 brownish tint, of which the whole melting would necessarily partake. Scorched tallow is not
very rendily whitened.  For separating tho melted fat from the cracklings, it is ladled off from
the caldron into a fine willow busket, or a copper box perforated at the bottom with innumerable
small holes, set over large copper coolers, and allowed to remain undisturbed till all foreign
matters have settled down. Before it congeals, it should be transferred into small wooden pails,

This operation is continued so long as the cracklings yield any fat; and during the process
the heat must be maintained at a moderate temperature, to avoid scorching the materials, When
the cracklings begin to harden they acquire a darkish tint, and hence are said to be browning.
They are then pressed, and the fat thus obtain sses somewhat of the brown colour of tho
cracklings, but not so much as to render it unfi use as soap stock; it may, consequently, be
mixed with that which has spontaneously separal hile heating.

New Methods of Rendering.—The complaints of partics residing in the neighbourhood of candle
and soap works, in consequence of the offensive efluvia disseminated by these establishments, have
led to the invention of new apparatus, as well as to the introduction of new processes of rendering,
until an entire reformation has resulted in the melting process, which we propose briefly to describe,
long experience having demonstrated their utility.

No doubt the apparatus invented by d’Arcet, ot Paris, in 1834, and introduced by the board of
health of that city, has been tested in other places, where it did not interfere too much with the
workmen’s freedom of action, and the ready supervision of the melting process. As it is, more-
over, applicable and may prove serviceable in other branches of manufacture, we here offer a fow
remarks relative to this invention.

One essential and valuable feature in his invention is his suggestion for conducting the rising
vapours, consisting chiefly of hydrogen and carbon, through channels under the grate of the
rendering pan, and using them as fuel. The pan is also covered with a_strong iron plate, the
front third of which can be lifted by means of a knuckle whenever it is necessary for stirring, filling,
or emptying the kettle. D’Arcet was likewise the first who employed certain chemicals for the
purpose of neutralizing or destroying the noisome effluvia arising from the pans. His propositions
are found to be, as yet, the most valuable in use. In the process reccommended by him, 50 parts,
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by weight, of diluted acid (oil of vitriol) are first put into the kettle, then 1000 parts, in weight,
of chopped fat are gradually added in four o% al portions; and lastly, 150 parts of water, to which
5 parts, in weight, of sulphuric acid of 66° B. have boen previously added. The whole is next
heated. Under the influence of the acid, which partly destroys, partly solves the membranes, the
rendering of even greater amounts of fat is effected in 1} to 24 hours; two hours, however, aro
seldom required. The inventor’s proposition of using acids was made when pans were heated by
the dircet action of the fire; but now, for various substantial reasons, steam is more generally
employed. This, however, does not prevent the gases arising from the pans being thrown into
the furnace and theroby aiding combustion. It is obvious, morcover, that in the boiler of d’Arcet,
- stirring, as well as filling or emptying the contents of the pan, cannot bo accomplished so readily
as in an open pan; nor can these processes be performed without opening the covers, when the
noisome vapours escape into the room, to the annoyance of the operators. To obviate this, a con-
trivance similar to that used by distillers in the mashing process could be introduced with decided
advantage of comfort, as well as of certainty, for keeping up the neccssary motion, to prevent
adbesions to the sides or bottom of the vesscl, and consequent ineidental scorching.
The same may bo said in regard to the pan for boiling fats lately patented in this country by
W. H. Pinner, who yet claims the conducting of the noxious vapours into the fire as a novelty.
Wilson’s Process has first been described by Morfit in his ¢ Treatise on tho Manufacture of Soap
and Candles” The chief feature of this process is to steamn the rough suct for ten or fifteen hours
in & perfectly tight tank, under a pressure of 50 1bs. to the square inch, or more when lard is being
rendered. A higher pressure, according to Morfit, is not profitable, for, though expediting the
process, it produces an inferior quality of fat. No chemicals are used. The apparatus consists of
an upright cylindrical vessel, made of strong boiler-plates, tightly riveted together. Its diameter
is about two and a half times less than its height, and its capacity amounts to 1200 to 1500 gallons.
It has a false bottom or diaphragm, below this a pipe entcrs, which is connected with an ordinary
stcam-boiler. There is a man-hole at the top, through which the vessel is filled with the rough
suet or lard to within about 1868,
23 ft. of the top. By a safety- ’
valve, the pressure can be P
regulated. There arc also R
some try-cocks, by which the - b
state of the contents can be 0 R
examined; if the quantity
of condensed stcam in the E C
tank be too great, it will be B ©
indicated by the ejection of X H 5
the fatty contents at the top
one. There is, moreover, a re-
gulating cock at the bottom
for drawing off the con- @
densed steam, as well as
cocks in the side of the di-
gester, by which the fatty
materials can be drawn off,
Through a hole made in the
diaphragm, which can be
shut and opencd at will, the
residual matters can be let
out. M K
Fouche’s Process is one of
the most perfect. Fig. 1868
represents o vertical, and
Fig. 1869 a horizontal see-
tion of the apparatus, as
used by the inventor, after 1869,
the line 1—2 in Fig. 1868. =
Fig. 1870 is a transverse sec-
tion after the line 3—4 in
the same figure. The vessel
has a copper dome B, fas-
tened by rivets. In this
domo is a hole C for intro-
ducing fat, having a cover,
which may be lifted by a
chain going over a pulley,
and the margin of the cover
may be fastened to the vessel
by clamps. This cover has
& hole for observing tho in-
side, which can be shut by
a valve fastened fo the lever
D. Eis s cap on the dome
with the eduction-pipe for
vapours, and P P is a safety- .
valve, with a counter-weight R. There is, morcover, an outer valve for the passago of air, either when.
filling or cmptying the vessel, as well as a box for a thermometer. The vapours escaping through I
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which may be opened by the faucet O), pass into U for the purpose of being condensed there, or,
Svhen not gondcn%ed, foryesca.ping through X. F is a worm, which fastened to the stays G, Fig.
1869, lies on the bottom of the vessel. Through L L steam is introduced from a boiler, and
through M passcs back into the same boiler. H H is a small pipe entering into tho vessel A,
through which steam also passes into tho vessel, mainly for the purpose of keeping the melted fat
in agitation. J isa tube, having a sieve at its upper cnd, and a movable crank below, by which it
is fastencd to the faucet Y. If the vessel is being emptied, the tube J is gradually let down until
its upper part, with the sieve, reaches the bottom. The fat is then passed through J and Y, and
through s fine sieve outside the vessel, which acts as a filter, In this, 1000 Ibs. are first introduced
with 80 Ibs, of water; 2#; Ibs. of sulphuric acid of 66°, previously mixed with 16 Ibs. of water, are.
then added. Steam is next turned on, which, ag deseribed, passes from the gencrator through the
worm, and must have a tension of three atmospheres, or a temperature of 255°F. In the vesscl,
however, a tension of 1} atmogphere is sufficient, and when this is reached, the safety-valve is no
longer charged with weights. The vapours formed in the vessel are conducted through X into tho
henrth of the steam-boiler furnace, so that all the noxious odours (which, however, by the action
of tho sulphuric acid, are diminished, but not destroyed) are thus conveyed from the working-
TOOmS,

Fvrard’s Process.—In its features, the apparatus used by this inventor very much resembles that
of Wilson. The process, however, is basced on the applieation of caustic lyc, in the proportion of
25 gallons (each containing 5 to § 1b. of solid caustic soda) to every 250 to 350 1bs. of rough tallow.
It is the object of the application of the lye, as in d’Arcet’s process, to dissolve the membranous
parts, so that no preliminary mineing be necessary. For boiling the fat, stenm is employed. As
the alkaline lye is heavier than water, it will also, after the boiling is eompleted, more easily sub-
side. It isthen drawn off, and the fut left in the tank is again boiled with suecessive portions of
fresh watcr, for the better separation of which, this compound is left for twenty-four hours in a warm
liquid state before being drawn off into the coolers,

Stein’s Process.—A mixture of slacked lime and small picces of fresh-burnt charcoal is prepared,
and spread upon a conrse cloth stretehed over a hoop, of 2 in. in depth, and the cireumfercence corre-
sponding with the size of the pan. During the process of rendering, it is sccurely adjusted by
suitable catches above the pan. The rising vapours from the latter, in necessarily passing this
chemico-mechanical arrangement, are said to be entirely absorbed, so that thus all causc of com-
plaint agninst tallow fuctories as health-destroying nuisauces would be cffectually removed.

Clarifying Tullow.—By mere melting and straining we do not obtain a fat entirely free from
admixture of fine, undissolved substances. For scparating these substances, therefore, it must bo
clarificd. This is done by remelting it in water, either on free fire or by steam. Gencrally, no
more water than 5 per cent. is taken, and stirred well with the fat till the mixture becomes emul-
sive. The whole is then allowed to rest, without further heating, till the water has scparated,
when the fat may be drawn off, or dipped off.  Sometimes, in order to conceal the yellowish tint,
a very little blue colour is added to the clear fat, consisting of indigo rubbed finely with some oil,
o{lwhich a few drops are suflicient even for large quantitics. The process of clarifying is oceasion-
ally repeated.

At the line of demareation between the water and fat, a grey slimy substance is often percep-
tible, and the liquid itself is turbid. Instcad of purc water, some tallow-melters tuke brine or
solutions of alum, saltpetre, ehloride of ammonium, or other sults. According to Dr, Orazio Lugo,
those agents have no chemieal action upon the fats, but simply induce a more rapid settling of
the impuritics and water, principally when strong agitation is used.

Lardening of Tallow by Capaccion’s Process.—1In 1000 parts of melted tallow, 7 parts of sugar of
lead, proviously dissolved in water, are stirred, during which process the mass must be constantly
agitated. After a few minutes the heat is diminished, and 15 parts of powdered incense, with
1 part of turpentine added, under constant stirring of the mixture. 1t is then left warm for
scveral hours, or until the insoluble substances of the incensc settle to the bottom. The hardening
is produced by thoe sugar of lead, yiclding a material similar to the stearic acid, while the incense
is improving its odour; it is also said that by this treatment the guttering or running of the candles
is entircly prevented.

Cussyrand's Process for Bleaching Waz.—By this process, the bleaching of the wax by the sun
and air is not prevented, but much time saved. The inventor first melts the wax with steam,
which together pass through long pipes, so that a large surface becomes exposed to the steam,
After traversing the pipes, it is received into a pan with a double bottom, heated by steam; it is
therein trented by water, loft quict for some time until its impuritics arc scttled. It is then forced
anew through the pipe together with the stcam, washed a second time, and, if nceessary, this process
is repented a third time.  Probably water is absorbed by the wax, thus rendering it more easily
bleached. The following is the arrangement of a bleachery :—

Stakos or posts are driven into the ground, and 2 ft. from the ground bag-clothes are stretched
over them, or table-like frames are made from strips, and cloth stretched over the frames in the
same manner as a sacking-bottom is stretched over a bedstead, eare being taken to fasten the ends
of tho cords to the posts sufficiently firm as to prevent them loosening by the wind. This done,
the wax ribbons are spread upon the cloth in a thin layer. It is important that the place selected
for this arrangement be so that the sun’s rays may have full play upon the cxposed wax, but at
the same time protected from the prevalent winds. The ribboned wax is daily turned over, in
order that fresh portions of it may be affected by the sun; and should it not be sutficiently moist-
ened by the dew or rain, soft water is pourcd over it. When it is not gradually becoming whiter,
but still continues yellow upon the fracture, it is remclted, ribboned, and aguin bleached. The
continuance of the blenching process necessarily varies, depending, os it does, upon the weather;
often one cxposure to the sun and air suftices to bleach it, and no remelting is requisite. Four
woeks are gencrally sufficient. The bleached wax is finally fused into cekes or square blocks,
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previously moistening the moulds. As fast as the wax congeals, the cakes are thrown into a tub
of clean, cold watcr, and then taken out and spread upon a pack-thread sieve for draining. Event-
ually, they are dried and packed in boxes for the market, the loss being from 2 to 8 per cent.

Wicks.—In the present day we designate the wicks as twisted and plaited ; the former, loosely
twisted, and the fibre presents the appearance of a spiral similar to the separate strands of a rope;
the latter, now generally adopted for most kinds of candles, is made by interlacing and crossing
the strands of tho wicks in the same manner as plaiting straw of bonnets. Common wicks are
simply an aggregation of several loosely-twisted threads forming one general cord of many fibres.
This 18 effected by the ball winding machine, an apparatus of a very simple construetion.

For cutting wicks, Sykes’s Apparatus is in very general usc, especially for tallow-candle wicks,
which must be sonked with tallow at one cnd,

Fig. 1871 represents a vertienl, and Fig. 1872 a horizontal view of it. ¢ ¢ are spools on which
ihe wicks arec wound. b is a roller with grooves cut around it, by means of which the wicks are
conveyed into the clamp ¢, represeuted in Fig. 1873 on o larger scale, and as seen from the side.
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1t consists of two wooden frames, which are made tapering from the middle fowards the end. On
each side there is o feather of steel attached, for the purpose of holding the frames, with a space
between them, which may be diminished by sliding the feathered elamps ¢ ¢ towards the middle,
or increased by drawing them towards the end.  Immediately behind tho elamp there is a cutting
apparatus, consisting of an immovable 1’ unfl 0 mov.al!]u‘blmlc f, with a handle. ¢ is a small vessel
filled with liquid fat (which may be kept from solidifying by steam), and a board i lying on the
lathe A.

The use of the apparatus is as follows :—The ends of the wicks, wound upon the spools ¢ c ¢, are
passed through the frame d, properly tightened by the clamps ee, so that all the wicks are kept

" firm. 'The knife fof the cutting apparatus is then lifted out of the way; the frame, with the

wicks enclosed, is drawn backwards to the vessel g, and the ends of the wicks dipped in the
melted fat; this done, the fat-souked ends are drawn farther back and placed under the weight I,
which holds them firmly while the clamps are looscued on the frame, and this returned to its first-
deseribed position and again tightened.  The knife is next used, cutting all the wicks off at a
stroke, then elevated, and the process repeated till a sufticient number of wicks are cut.

The thickness of the wicks, we may hcre remark, varies according to the dinmecter of the
candles and the material of which they are made. The number of the cotton threads requisite to
form a wick also varics according to their firmness. Scarcely two chandlers, however, observe the
same rules in these respects. The yarn is:composed of a slpck—twistcd cotton thread, No. 16
generally for plaited, and smaller, such as 8-12, for common wicks, .

Bolley has published the appended index relative to the thickness of wicks. The yarn
employed is No. 16.

For tallow candles, 8 per 1b,, the wick contains 42 threads.
7

45
” ” ”
” 6 ” 50 ”»
” 5 ” 5.5 ”
" 4 ” 60 ”»

These wicks, composed of ten, twelve, or even sixtecn cords, are very loosely twisted, and form

a kind of hollow tube. . . .
For stearic candles, three-corded plaited wicks are generally uscd, smaller in size and of finer

varn, As, for instance—
Stearic candles, 4 per b, the wicks consist of 108 threads.
5

” ” 9%

6 87
) 8 . G
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ring Wicks.—This is done by the so-called wick-mordants, by means of which they aro less
combustible, especially those for stearic acid, and composito candles prepared. For this purpose,
-compounds composed of solutions of ammoniac salts, of bismuth, of horates, or boracic acid, are
use£o Some of the receipts given in the journals and books devoted to technology are good as far
as the quality of the substances is concerned, but not as regards the quantity. The rccommended
solutions are generally too strong. This may be said most assuredly of tho following (Smitt's)
preparations for wax-candle wicks. He recommends 2 oz. of borax, 1 oz. of chloride of caleium,
1 oz. of nitrate of potash, 1 oz. of chloride of ammonium, to be dissolved in § gallon of water, and
afterwards dried.

A simple and cheap mordant for wicks consists in a sal-ammoniac solution of 2° to 3° B.
This concentration is strong enough, and if a weaker one be used, a spark will remain on the wick
after the eandle has been blown out, and burning down to the fat, make relighting more difficult.
Before moulding is performed, the wicks, having been saturated, are thoroughly dried in a tin
box, surrounded by a jacket, in which steam is introduced. Instead of the sal-ummonine, phos-

hate of ammonia is used in some factories. A very good mordant is also a solution of 2; oz.

oracic acid in 10 1bs. of water, with } of an ounce of strong alcohol, and a few drops of sulphuric
acid. Some mordants, we are uwnre,%nve become unpopular. The fault is in the nature of tho
crude cotton, which docs not always readily become moistened; conscquently, from not having
completely imbibed the mordant, portions of the thread remain unsaturated, and are not equally
combustible with the others. An admixture of aleohol will possibly remedy this defeet, innsmuch
as cotton is easier moistened in diluted spirit than in pure water.

Dips.—These candles are made by stringing a ccrtain number of wicks upon a rod, and dipping
them in melfed tallow repeatedly. Though made in large quantities, they arc only manufactured
in comparatively small establishments. The process is very simple; it is as follows :—The clari-
fied and remelted tallow is pourcd into a tightly-joined walnut or cherry trough, 8 ft. long by 2 ft.
wide, and 10 to 12 in. wide at the top, gradually diminishing to 8 or 4 in. at the bottom. A
handle is fixed on cach end for its casy removal, and when not in use it is closed with a cover. Tho
operator commences by stringing sixteen to eighteen wicks at equal intervals on a thin wooden rod,
about 2} ft. long, and sharpened at the ends.  He then takes ten or twelve such rods and dips tho
wicks rapidly into the fluid suet in a vertical direction. This suet should be very liquid, in order
that the wicks be sonked as uniformly as possible, after which the several rods are rested on tho
ledges of the trough, whon, if any of the wicks be matted together, they are scparated, and tho
rods so placed on a frame, having several cross-pieces, that the uncongealed tallow from the wicks
may drop down, and while this is going on, which continues till the tallow is cooled and solidified,
the operator is engaged in preparing another bateh of rods. The fat in the trough, meapwhile,
is 8o far cooled that in immersing the first dip again a thicker layer will adhere to the wicks, It
is considered, we may observe, that when the suet solidifies at the sides of the vesscl, the tempera-
ture is the most convenicent for the objeet in view. It is, moreover, sometimes necessary to stir the
ingredients to produce a uniform admixture, and in such cases much eare should be taken so that
no sottlings be mingled with the nass, whilst by the addition of hot tallow any desired tempern-
ture may be obtained. The tallow on the wicks between each dipping becomes so gradually
hardened, that at the third or fourth immersion new layers nceessarily solidify; as a natural con-
sequence of the method of dipping, the lower ends of the wicks become thicker than the upper, to
remedy which the lower ends are again put into the melted fat for a few minutes, when the heat,
as a matter of course, diminishes their dimensions. The process of dipping is continued until the
candles acquiro the requisito thickness. The conical spire at the upper end is formed by
immersing decper ot the lust dip, and if, eventually, the candles are too thick at the lower end,
they gre held over & slightly-heated folded copper sheet, so that the fat may melt, but not be
wastod.

For the purpose of saving time, many mechanieal arrangements have been devised and com-
pleted, onc of the most uscful and used of which, involving the least outlay and requiring ouly ono
operator, is the Evinpuran CANDLE-WHEEL, Fig. 1874.

The following is a description of it:—A 1874,
strong vertical post A is mounted on pivots,
resting on a block T, and attached at tﬁe top
in a beam PP, so that it can revolve freely
on its centre. In the upright post A, six
mortices are cut at short distances from each
other, and crossing one another at an angle of
60°, Each of these six mortices reccives o bar
D, which swings freely on a pin G, run through,
the centre of the bar B and post A. At the
extremity of each bar is suspended a frame E,
containing six rods, on each of which are hung
cighteen wicks, making in all 1296 wicks on
the wheel. As the bars B are all of the
same length, and londed with nearly the same
weight, it is obvious that they will all natu-
rally assume & horizontal position, In order,
however, to prevent any oscillation of the
machine when turning round, the levers are
kept in a horizontal position by means of small &
chains R R, one end being fixed to the top of
the upright shaft, and the other in a small block of wood M, which ecxactly fills the notch F.
Notwithstanding its appearanco, the machine is very easily turned roud, and, when in motion, each

)
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Dort, as if successively passes over the tallow-kettle H, in its water-bath, mounted on a furnace K, is
cntly prossed downwards by the handle 8. By these means the wicks are regularly immersed
the tallow, and the square picce M (when the handle 8 is pressed down) is thrown out of the
notch by the small.lever O, inserted in the bar B. In order that, when the operator raises the
port, the piece M may return to its proper position, a cord is attached to it, passing over the
pulleys V V, and rogulated by the weights WW. 1In the bars D several holes are bored, by means
of which they may be heightened and lowercd at will.

It may be readily perceived, therefore, with what expedition the whole operation is performed
(and that too by one operator), the ports being not unnceessarily removed after each dip, and the
process of congealing being much accelerated, as the candles are kept in constant motion through
the air. In moderately cool weather not more than two hours are necessary for a single person to
finish one wheol of candles of & common size, and that if six whecls are completed in one day, 7776
candles will be manufactured in that space of time by one workman,

Moulds.—For moulding, besides the common metal moulds (a mixture of tin and lead), moulds
of glags are sometimes used. The former are slightly tapering tubes, varying in length and dimen-
sions according to the size of the candle to be manufactured, and, when required, are arranged
in regularly perforated wooden frames or stands, with the smaller end downwards, forming the
upper or pointed part of the candle. At this smaller end, the wick, previously saturated in melted
fat, is inscrted, filling the aperture, and, passing up the centre, is fastened perpendicularly at the
opposite, that is, the upper end of the tube, to which is attached a movable cover. The melted fat
is then poured in, gencrally with a small can, but a tinned iron syphon is better. It is requisite
that the tallow should completely fill the mould, that it should remain uneracked on eooling, and
should be casily removable from the moulds. This can, however, only be obtained when the fat at
the sides cools more quickly than that in the interior, and when the whole eandle is rapidly cooled.
A cool scason is, for this reason, far better; but a certain condition of the tallow, namely, that
which it possesses at a temperature very near its melting-point, is absolutely necessary., According
to Knapp, candle-makers rccognize the proper consistence of the tallow for moulding by the
appearance of a scum upon the surface, which forms in hot weather between 111° and 119° ¥, in
mild weather at 108°, and in cold about 104°. The tallow is usually melted by itself, sometimes,
however, over a solution of alum. The candles are most easily removed from the mould the day
after casting, to be cut and trimmed at the bLase.

Moulding.—Moulding by hand is a very tedious operation, and only practised in the smaller
factories ; in more extensive establishments, where economy of time and labour is o consideration,
machinery is employed.

Kendall’s Moulding Apparatus—TFig. 1875 represents a vertical transverse seetion through one of
the motild-frames, exhibiting the candles drawn from tho moulds, Fig. 1876 represents a top view
of a row of moulds, showing the clamp in place ready
to centre the wicks. The moulds are mounted upon 1815,
cars, for being carried from place to place as required, i
cach capable of conveying several dozens, which are
heated to about the temperature of the melted fat by
running the car into an oven. The moulds thus heated
are carricd by cars to a caldron containing the melted
fat, with which they are filled. The car is then attached
to one of the empty trucks and allowed to remain till
tho candles are cooled, when it is moved to an appa-
ratus, by means of which the candles arc drawn and
gllf r;mu.lds re-wicked, and again ready to be heated and

ed.

To facilitate tho transference of the moulds to dif-
ferent parts of the room, the cars on which they are
mounted are carried about on trucks fitted with rails at
right angles to the track on which they run; so that
the car with the moulds can be carried forward or back
by the truck, and run to the right or left on its own
wheels upon lateral tracks at will.

In Fig. 1875, m m represent moulds mounted on two
horizontal boards a and b (in which round holes are
cut) and tightly screwed at the upper end, around
which a thin wooden frame is attached, three-fourths of
which is firmly fastened, whilst tho other one-fourth
forms a slide. The lower end of the moulds rests o

ieces of vulcanized india-rubber o, let into the cross
gnr ¢; each piece of india-rubber being picrced with
a hole somewhat smaller than the wick, and as the
wick is passed through this hole, the latter compresses
it so tightly as to prevent the fat from leaking out, |
In like manner, the leakage is prevented between the (T 1
bottom or tip n by the pressure of the mould upon the .
india-rubber. The spools K hold the wicks firmly and centrically secured by clamps, as seen in
Fig. 1876. On the ledge c, moreover, of the bottom a there are four pins i, which tighten the
clamps j, Fig. 1876, by means of small holes g .. On one side F' of the clamp there are also
toothed jaws, in which the wicks fit exactly, that is, they are thus kept vertical and in the
centre of the moulds, .

The construction of the clamp, Fig, 187G, is such that the arm working upon a joint at ¢, and
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being brought against the arm F, falls into a groove madein its length, 8088 to press and kink the
wicks in said groove, and fasten them firmly there by means of the spring catch K. The object of
this is, that in raising the candles from the moulds by this clamp they shall not slip nor move. As
the candles are lifted out of the moulds (as in Fig. 1875), the wicks are drawn after them from the
spools K, and are then clamped in position in the manner described. The wicks are next cut off
agove the lower clamp, the candles with the clamps removed, when, by sliding off the spring cateh
K, the spring 8, between the jaws £ ¢, causes the arm j F to scparate and release the wicks.

Composite Candles.—Cérophane.—The mode for manufacturing this block is the following :—Melt
together, over a water-bath, 100 parts of stenric acid, and 10 to 11 parts of bleached beeswax; but,
to ensure success, the mixture must remain over the bath from 20 to 30 minutes, and without being
stirred or agitated. At the end of that time, the fire is to be extinguished, and the fluid allowed to
cool until a slight pellicle is formed on the surface, when it is cast direct into the moulds, previously
heated to the snme temperature, but with the precaution of avoiding stirring the mixture, as a dis-
regard of it would cause opaquencss of the mixture, instead of transparency

Transparent Bastard Bougie, by Debitte, of Paris,—For 100 1bs. of stock take 90 1bs. of sperma-
ceti, 5 1bs. purified suct of mutton, and 5 Ibs, wax ; melt cach separately over a water-bath, and to
the whole, when mixed together, add 2 oz. of alum and 2 oz. of bitartrate of potassu in fine powder,
and while stirring constantly, raise the heat to 176° F., then withdraw the firc and allow the mixture
to cool to the temperature of 140°F. When the impurities subside, the clear liquid must be drawn
off into clenn pans. For quality and good appearance, candles made of this eooled block are more
than proportional to its cost. Morfit recommends to substituto plaited wicks for the forcgoing
mixture to the wicks generally used for composite candles, and to prepare them by previously
sonking in a solution of 4 oz. borax, 1 oz. chlorate of potassa, 1 0z. nitrate of potassa, and 1 oz. sal
ammoniac, in 3 quarts of water. After being thoroughly dried, thoy are ready for moulding.

1876.

O}
on

1818,

Diaphanc—T4 is, like the block for eérophane, an invention of Boilot, and made by melting
together, in a steam-jacket, from 24 t0 174 Ibs. of vegetable wax, 13 to 10} of pressed mutton tallow,
and 22 to 46 Tbs. of stearic acid. Both the latter and the vegetable wax are the hardening ingre-
dients. By changing the proportions hetween the above limits, a moro or less consistent mixture
maz'i ]be formed. As concerns the moulding, it is performed in the same manner as for stearic-acid
candles.

Farlour Bougies, similar to Judd's “ Patent Candles.”—Although not bougies, 2 name which, pro-
perly speaking, is only applicable to candles of wax alone, the similarity of these candles to those

of wax has induced tho aforenamed titlo for them. According to Morfit, their mode of manufac-’

ture is as follows:—Melt slowly, over & moderate fire, in o well-tinned copper kettle, 70 Ibs. of
ure spermaceti, and to it add pieccmeal, and during constant stirring, 30 lﬁs. of best white wax.
y inereasing the proportion of wax to 50 Ibs,, the resulting product is much more diaphanous;
however, the bougies moulded of this mixture are not as durable as candles made exclusively of
wax. They are tinted in different colours. For red, carmine or Brazil-wood, together with alum,
are used. Yellow is given with gamboge, blue with indigo, and green with a mixture of yellow
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and blue. Sometimes the bougies are perfumed with essences, so that in burning they mav
diffuse an agreeable aroma. '

A still more transparent and elegant bougie is made by adding only 63 Ibs, of wax to 100 Ibs,
of pure, dry sperm, and the candles made of the block formed in these proportions resemble very
much the * patent candles” of Judd.

Composite Candles—The block for these candles is made by adding a portion of hot-pressed
cocoa-stearine to stearic acid of tallow. It is an excellent and economioal mixture, in which the
red, carbonaceous flame of the latter ingredient is improved in illuminating power by the white
and more hydrogenated flame of the stearine,

* Belmont Sperm.”—It cousists merely of a mixed stock of hot-pressed stearic acid, from palm
and cocoa-butters. Palmitic acid coloured by gambogo is called Belmont waz.

Harrison Gamho's Machine for munufacturing Cuwdles, Figs. 1877, 1878.—B, Fig. 1878, is the
receiving-chamber, surrounded by a steam-jacket B B, Fig. 1877, m M B’, Fig. 1878. The tallow
is forced from this recciving-chamber into supply-cylinders 1/, Fig. 1877, M Q 8, Fig. 1878, where
it is acted upon by a plunger N, which forces the tallow into the space in front of a tubular plunger.
"This tubular plunger contains the candle-presser and the wick-tube a. The tallow is pressed into
the mould R, then ejected from the mould, and the wick-tube drawn back; the wick being held
by a clamp d, is scvered by the drawn shears W. The levers pp and the reacting springs repeat
the motion. Upon leaving the mould R the eandle enters a mould Y, which is surrounded by ice
or cold water. From mould Y the eandle is forced on to arms 4%, A", which are operated by
levers A, and conveyed to an endless carrier y. The reels TT are used in combination with the
dog U for the purpose of limiting the let-off motion of the wick. P?is a fixed support; E bevel
gear; and C C’ feed-screw.

CAOUTCHOUC. Fr., Caoutchouc ; GER., Kautschuk; ITAL., Gomma elastica; SPAN., Cautcnuc.

See GUTTA-PERCHA. INDIA-RUBBLR.

CAI'STAN. FR., Cabestan; GER., Spill (Schiffswinde); ITAL., Argano; SPAN., Cubrestante

Sec MecuaNIcAL Powrrs, Wheel and A.cle.

CARDBOARD-CUTTING MACHINE. FR., Machine & couper les cartons; GER., Karten-
schncidmuschine ; ITAL., Macchina da tagliare cartoncini ; SPAN., Guillotina.

See PAPER MacCHINERY.

CARDING ENGINE. FRr., Machine & carder ; GER., Krimpelmaschine; ITAL., Muacchina da
cardare ; SPAN., Curdu.

See CorToN MACHINERY.

CARPET-BEATING MACHINE. TFRr., Machine & bottre des tapis; GER., Teppichreiniqunys
Machine ; ITAL., Macchina da battcre s tuppeti ; SPAN., Mdquina para apalear.,

The*Carpet Beating and Cleaning .

Machine of G. I’. Mitchell, Fig. 1879, v 1879,

is constructed with a shaft K that (o) G

drives a number of counter-shafts I, Sl
upon which endless ropes e are ar- .
ranged. &

The carpet, carried and moved by n
the ropes ¢, meets with the whips #, N2 !
worked by rock-shafts 8,V, and thus N :
the earpet is beaten; it is then passed Sl T e
between eylindrical brushes Q Q, which 77, =y 7
effect the cleaning and brushing. 97,

The machine is fixed in a frame- Z
work J,G,F, and may be temporarily I D
placed in a field or an inclosure. "

CARRIER. Fr, Moteur; GER., '—_______——-——____—’—__—g,
Mitnchmer,

See LaThE,

CARTRIDGE. Fr., Curtoucne; Grk., 'utrone; ITaL,, Cartuccia; SPAN., Curtucho,

See ORDNANCE. SMALL ARMS,

CARVING MACHINERY. Fr., Machine & tailler en bois; GER., Halzschnitzmaschine; ITAL.,
Mucching du intagliure ; SPAN., Miquina para tullar.

See LATHE,

CASE-HARDENING. FRr., Tremper & la volee; GER., Hiirten, Hartjuss; ITAL., Temperare a
pacchetto ; SPAN., Acerado por fucra,

See ANVIL. AUGER, p. 201. IroN. STEEL.

CASEMATE. FRr., C te; GER., C tte ; Irar., Cusamattu ; SPAN., Casamata.

See FORTIFICATION.

CASK MACHINERY. FRr., Machine & monter les futailles; GER., Maschine zum binden der
Fasser ; ITAL., Macchina da far barili ; SraN., Maquinaria para hacer barriles,

See STAVE-MAKING AND (CASK MACHINERY.

CASTING AND FOUNDING. FRr., Fondre; GER., Gicssen ; ITAL., Arte del fonditore ; SPAN,,
Fundicion.

See Fouxning AND CasTING.

CATAPULT. FR., Catapulte; GER., Katapulte, Wurfmaschine ; ITAL., Catapulta ; SPAN., Cataprilta,

The engine used by the ancients, Fig. 1880, termed a Catapuit, posscsses several mechanical
properties which deserve particular attention.

is engine, says Ramellus, writing in 1620, which we have borrow from the ancients, 1s of
great service in defending a town from assault. Its use is to throw large quantities of stones,
iron, balls filled with fire, and other noxious substances upon the enemy. The following is its
mode of construction. 8o
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Upon a base or platform A B, Fig. 1880, are placed, in a vertical position, seven stout sup-
rts CD EF G H I; these supports are joined together and strengthened by horizontal pieces
rmly fitted to them in the middle. The arrangement of the several smaller parts, such as wheels,
screws, bolts, and so on, will be better understood from the ficure, Lo the tops of the four sup-
ports F G H I are aflixed, in the munncr shown in the figure, threc pieces K L M, connected
at one extremity by a cross-bar and terminated at the other extremity by e kind of trough or
spoon, of & sufficient capucity to contain a considerable quantity of stones or other matter which it
is required to throw upon the enemy; the opposito end of ench of thesc picces is weighted to
counterbalance the load of missiles. The picees themselves being suspended by means of several
double cords, great force muy be eommuunicated to them by twisting the cords; the force thus
obtained is considerally increased by the pressure of the part N O, which is affixed to the three
front supports C D K in the snme mauncr ns the pieces we have been considering. The part
N O is also connected with the lever P by means of a cord attached to its lower extremity, This
lever I’ is designed to throw balls or pots filled with fire, or other similar missiles.

The mode of preparing the engine for action may be thus described :—A rope is nitached by a
hook to u ring on the middle receptacle, the vthier end of which rope is passed round a drum 8§;
this drum is made to revolve by means of the perpetual serew T, The three receptacles are in
this way brought down, and the lever P is rais d; the operation, by tightening the twisted cords,
incrcasing the recoil,  They are then fixed in this position by a bolt Z. The recepiacles are now
filled with missiles, und the engine is ready for action. When the bolt Z is withdrawn, each of
the picees acted upon by the twisted eords. being liberated, recoils with great foree. The ends of
the levers carrying the missiles are brought violently against the ropes Q and 12, and the iorce of
the coucussion hurls the churge to a great distance,

The engine is removed from place to place by means of perpciual serews and toothed wheels
fixed to the spindles of the serews and working into eavitics in the two wheels 5 and 6, upon
which the ¢ngine rests. T'wo men are thus sutlicient to move anl guide it.  The five feet upon
which the engine rests when stationary are firmiy fixed into the ground with iron eramps; during
its removal from one place to another these are turned up.

The cords should be made of the same material and in the rame mauner as the counter-bass
strings of a violoncello. Seo ANGULAR MoTIoN. 1Ngiria. PesniitM. ProsecTILES, REACTION.

ELOCITY.
CATHETOMETER. FRr., Cathetométre; Gk, Cathclometer; ITAL., Catetometro; SPaAN.,
Catetomelro.
Bve MaTeriaLs oF CoNstrvetioN; Elasticity of Traction; Elasticity of Tortion; Elasticity of
Flerure; Tenacity ; and Ductility.
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CEMENT, Fg., Cimont ; GER., Cement ; ITAL., Cimento ; SPAN., Cimento.

As the many varieties of cement which have during the last seventy years been more or less
used for building purposes are now nearly superseded by the more valuable and better understood
Portland and Roman ccments, it is deemed unnecessary to describe them, more especially as they
are now becoming, if not already, obsolete.

Portland and Roman cements, although frequently used for similar purposes, vary materially
in their qualities. The former, rapidly superseding the latter, is an artificial preparation pos-
sessing many valuable properties which recent engincering works have been instrumental in

developing. =

Portland cement is made from an intimate and perfect admixture of chalk and clay, in varying
roportions, according to iheir respective values—that is to sny, the relative proportions of car-
nate of lime in the chalk, and silica and alumina in the clay—the other chemical constituents
being too insignificant for consideration when the suitable kinds of chalk and clay are selected.
Generally speaking, a proportion of 20 per cent. of clay may be considered the right quantity,
provided it does not contain more than 15 per cent. of ferruginous matter in iron oxides. The best
selected materials used in making this cement in England contain the following ingredicnts :—

Chalk, Clay.
Lime .. .. .. .. .. 565 Silieca .. .. .. .. .. 6845
Carbonic acid . 430 Alumina .. .. .. .. 11'64
Water . 0-5 Ca. lime B | R3]
Oxide ofiron .. .. .. 1480

| Sodaand kali .. .. .. 140

The method of preparation usually adopted is to combine these two materials in the most inti-
mate and perfect manner. 'To effect this satisfactorily the whole is reduced to a soluble condition
by the aid of water through the ageney of different mechanical arrangements, and on the perfec-
tion of this process the future success of the manufacture depends: imperfect or irregular propor-
tions of clay or chalk resulting in a cement disastrous to the manufacturer, and dangerous if used ¢

in works of construction by the engineer or architect. The mixture is passed into reservoirs, and”-

the water of solution drained off by decantation. After the necessary interval of time has elapsed, ™
the raw material, as it may now be called, is desiccated, and immediately thereafter placed in
suitable kilus, where it is decarbonized, and then becomes what is technically termed clinker,
From the kilus it is removed to the grinding and pulverizing mills, where the final process of
reduction is effccted, and the cement then becomes suitable for all the varicd purposes to which it
may be ppplied.

The system of manufacture thus briefly described is simple in character, and on due and intel-
lizent watchfulness being exercised by the manufacturer satisfactory results are easily obtained.
The process is necessarily & dilatory one, and considerable time must clapse before the raw mate-
rial can be converted into a marketable commodity. Under ordinary circumstances, a period of
from two to three months is required to make Portland cement. 'This difficulty has led some
manufucturers to a consideration of the question of superseding the tedious operation of washing
or mixing by that of the dry process. Hitherto all our attempts at improvement in that direction
have not been attended with mruch suceess.  Some progress has, however, been attained in Germany
by the manufacture of Portland cement without the necessity of using large quantities of water
for the mixture of the raw materinls. Should this improvement be capuble of adaptation in
England, o considerable reduction iun the price of the cement will necessurily follow,

By any system of cement manufacture the primary object is the thorough amalgamation, in the
minutest form, of the raw materials, so as to realize to the fullest extent the maximum value of
the combination in subsequent stages of the process. For even the most accurate proportions of
chalk and clay will not nccomplish the desired end unless the comminution of the various par-
ticles is perfect and complete. The wet system, as the English method may be called, aims at and
indeed accomplishes the required desideratum in the simplest and least expensive manner. The
dry, or German system, as it may be distineily named, likewise suceeeds in thoroughly amalga-
mating the raw materials (chalk and clay). While the application of the wet system is limited to
the manipulation of chalk or soft caleareous earths, the dry system may embrace the manufacture
of Portlund cement wherever materials exist containing the required proportions of carbonate of
lime and clay. Indeed, it may almost be considered as capable of unlimited or universal appli-
cation, as there are but few localities deficient in the necessary quantities of these materials in one
form or other.

An accurate complinnce with the simple conditions as above described, invariably results in
the production of a Portland cement possessing all the essential qualities desired by the engineer
and architect. Much attention is now being pointedly directed to the question of & good Portland
cement supply, and the necessary tests are of so scarching a character as to preclude the possi-
bility of any but the best cements being used where due vigilance is exercised by those entrusted
with works of construction. The questionable reputation which has for so long a time been
attached to Portland cement was due as much to the professional indifference of the engineer or
architect as the carelcssness of the manufacturer; the one, probably impressed with a ‘belief in
the insignificance of the subject itself, and the other carcless of the character attnined by his
commodity, so long as it brought profit to himself. Fortunately, the insistance of the engineers
entrusted with the great drainage and embankment works of the metropolis, upon being supplied
with Portland cement of undenisble quality, has resulted in the institution of tests, rendering the
supply of faulty cement absolutely impossible where due and necessary vigilance is exercised.
Experience acquired in those works has established beyond cavil that the most desirable cement
is that which reaches or exceeds the following standard :—

1st. In weight not less than 110 1bs. an imperial bushel. 502
o

I

)]
A

;

A
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2nd. Exceeding fineness of powder, capable of being passed through a sieve of from 1600 to
3000 meshes to the square inch. X L.

3rd. Equal to resist a tensile strain of 200 1bs. to the square inch, after being immersed for a
period of seven days in water. : X o us

When these three conditions have been serupulously complied with, there need be no hesitation
in using Portland cement for any purpose of construction in water or the air. .

Portland cement posscsses in an eminent degree the valuable property of hydraulicity, or capa-
city of setting and bardening under water; and its many applications in the construction of
harbours, docks, and brenkwaters, have long since established its reputation for such purposes. It
is now (1870) upwards of forty years since its first introduction, and during that period of time
foreign engincers especially have devoted much attention to its properties and uses. Its appre-
cintion in this country has not been so marked; but an awakening interest in tho construction
of concrete buildings is gradually leading to the question of its quality and supply.

When Portland cement is earcfully und accurately manufactured, it should, on setting, be of a Jight
grey colour, resembling Portland stone in appearance; and very probably this peculiarity had some
influcnce on giving it the name it now bears. Any departure from thiseolour indicates a faulty cement,
and proves that either the proportions of the materials are irregular, or that its decarbonization
was incomplete. It does not deteriorate by exposure to the air, and may be stored even for years
if kept in a dry place. Various proportions of sand may be mixed with it for mortar; sometimes
as much as 8 parts of sand to 1 part of cement may be used if the eement is good in quality. Such
a proportion, however, is not generally reenmmended ; but one of 3 purts of sand to 1 part of cement
will be found a good mixture for general building purposes. The ecement when required for archi-
tectural embellishment should be worked neat, and for this purpose a quick-setting quality should
be employed. The plasterer should, before using it, make a sample test in. the shape of & small
brick, or circular pats, which must be put in water as soon as possible after it is worked up by the
trowel. If after twenty-four hours’ immersion there are no faulty indieations developed in the
shape of eracks, the cement may be used with safety.  For conerete purposes, the proportions are
sometimes 1 part of cement to 8 parts of shingle or gravel. Large conerete-blocks, weighing
330 tons, have been suceessfully made near Dublin with proportions of 1 part of cement to 6 parts
of Liffey gravel. This is probubly the most striking example of the application of concrete in
enginecring work,

Reeent experiments have proved that Portland cement continues to harden or erystallize for a
lengthened period.  Briquettes made of nent cement (weighing 121 1bs, o bushel), after seven
days’ immersion in water, bore a tensile strain of nearly 400 1hs, to the square inch; and duplicate
briquettes, after five months’ similar treatment, sustained a weight of nearly 600 Ibs. to the square
inely, showing thereby an improvement of 50 per cent. in that time. Further experiments with
cement brieks, to prove their enpacity of resistance to compression, resulted as follows.

Bricks three months’ old, 9" 4 417 x 23" resisted fracture until a pressure of 65 tons was
exerted by the ageney of the hydraulie press. The weight was applied to the brick on its bed,
baving a surfuce of 38} sq. in.  Similar bricks, under like eonditions, at six months old, withstood
a pressure of 92 tons. The third experiment, with a brick nine months old, resulted in 102 tons,
showing upwards of 50 per cent. improved resistive value in a period of six months,

In the same serics of experiments other building materials of acknowledged execllence were
operated upon, and the following values were obtained :—

Avcrage Crushing
Exposed Surfacn, Weight.
Oldham red bricks.. .. .. .. .. .. 89-33sq.in. 40 tons,
Medway gault elay bricks .. .. .. .. 40°50 17,

" yressed 5 e e e .o 40050 48
Stafford blue brick e e e e 27700, 50 ,,
Fireclay . B - < 381 T, 65 ,,
Wortley blue , T 3 [ 72,
Portland stone e e en e e . 30004, 47
Bromley Fall stone .. .. .. .. .. 3094 91 ,,
Yorkshire Landing .. .. .. .. .. 3828 9% ,,

Showing therchy that at nine months old a neat Portland cement brick exceeded in resistive value
the best-known building materials of this country. It is quite possible also that a greater age mny
yet indieate an increase of strength, an advantage our expericnee does not lead us to expect from
bricks or stones, Induration continues in the casc of Portland cement to an extent beyond the
limits of our present knowledge.

In another series of experiments it was found that cement, weighing 106 1bs. a bushel, resisted
a tensile strain of 210 1bs, to the square inch, and when the weight of the ccment was 150 1hs, o
bushel it required an excrtion of 406 1bs. an inch to eause rupture—showing that by an increase
in weight of 24 1bs. a hushel the strength of the cement was nearly doubled.

'I'Ien,vy cement is neeessarily slow-setting in character : but these experiments and the most
e:mn:irtnlt1 engineering practice indisputably prove that without weight you cannot obtain great
streng

The analysis of a good average sample of Portland eement should be—

Caleium .. .. .. .. @2 Alumina .. .. .. .. 8
Siliea .. .. .. .. .. 23 Oxido of iron .. .. .. 4

_To give full cffect to the required conditions necessary to obtain a good Portland cement for
building purposcs, the use of a testing machine is indispensable ; and on works of ordinary extent
:ﬁe englkt;eer or architect should insist on its being applied to every delivery of cement sent on to

e works,
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About ten years ago, and indeed since then, many attempts have been made to introduce what
were ostentatiously termed natural Portland cements, obtained from the blue lias lime formation
of the West of England, Their indiscriminate use led to much dissatisfaction and loss, from their
unfitness as a substitute for Portland cement, properly so called. Thu charm of cheapness for a
time obtained for them a place amongst cements, and the comparative ignorance which then
Prevailcd as to the essential qualitics of a good cement enabled the manufacturers of these lias

imes to hold a position in the market which a more advanced knowledge of the subject wonld now
revent.
P The Boulngne-sur-Mer natural Portland eement differs eonsiderably from the ahove, being made
from a deposit of argillo-calearcous earth eontaining from 19 to 25 per cent. of clay; the silica and
alumina of which is variable. When more than one-twenticth of sand is present in its composition
it has to he rejected as unsuitable. This clay or earth is found in the inferior cretaceous formation.

The objection to all kinds of natural eccments is the uncertainty in the value of their constituent
parts. Their ever-varying ingredients render them unsuitable for building purposes when any
degree of cxcellence or strength is required.  No such obstacle exists in the use of sound Dortland
cement, and that is the reason why it Iays elaim to and maintains its superiority over all other kinds
of cements, The manufacturers can, when duly impressed with the neeessity of accuracy in manipu-
Iating the materinls from which the cement is made, unerringly ensure the required results in
quality and strength; the moderate limitation of which is only controlled by the cost.

In the above remarks it is not intended to convey the impression that there is any difficulty in
making Portland cement of light specific gravity and colour, FPortland cement can be made from
90 to 140 lbs. weight a bushel ; but the value of the one is of course much less than the other; so
algo is its strength and quality—the licht cement setting more speedily than the heavy cement.
The eolour also varies from a light buff to the deepest grey,

Notwithstanding tho point of excellence to which Portland cement has attained, especially
under the uceurate and intclligent manipulation of Henry Licid, there is still much room for
improvement in its manufacture. Its continually incrensing application for all kinds and forms
of construction points it out as a valuable agent for substituting conerete houses for the worthless
brick buildings of this country. It is to be hoped that changes in the processes of manufacture will
eventually result in reducing the price of an article which at present bears a very disproportionate
relation to the value of the simple and inexpensive materials from which it is prepared.

Lomun Cement—'L'his cement, although gradually giving way to itsmore encrgetic rival Portland
cement, possesses nevertheless many good qualities, 1t differs from Portland, being a natural -
cement; and in eonsequence of there being great varicties of stones from which it is made, much
enre is necessary in ascertaining their exact quality belore using it for building purposes. The
origin bf the name arose probably from its resemblance in colour and general characteristies to the
mortar found in Roman remaing in England. It was first introduced by Parker in 1796, who
obtained a patent for manufacturing cement—named by him Roman—from the septaria nodules
of the London clay found along the shores of the Isle of Sheppy, in Kent. Subsequently, Frost
and other makers introdnced Jloman cement made from similar materinls fonnd in the elay forma-
tions of other distriets in England. The terin Roman is now gencrally applicd to all natural
cements of a dark brownish colour, and it is this distinguishing peculinrity which so markedly
geparates it from the Portland cement, which is of a grey eolour. The Roman cewent stone is
found in many parts of Lngland, North Wales, the Isle of Wizht, and in Scotland. Several
districts in France also furnish considerable quantities both from the eclay and argillacecus
limestone formations. There are very extensive deposits in the United States of America, from
which is manufactured a cement resembling that of this country both in eolour and other peculi-
arities. There can be no doubt that in many districts of England and Scotland this cement stone
abounds; and-it is only by rcason of the apathy and indifterence of engincers and architects on
the subject that so little progress has been made towards its greater development,

The Roman cements generally sold in London are the Harwich, Isle of Sheppy, Southend,
Isle of Wight, and Medina; in the North of England, the Yorkshire, Atkinson, or Mulgrave; in
Liverpool, the Holywell, Flintshire, North Wales: and in Scotland, the Calderwood. In America
it is extensively made in the states of Illinois, Ohio, Maryland, Virginin, and New York, Some
vears ago large quantities of these Ameriean cements were shipped to Australia and other places,
and called Portland cements; but they differed so much from that article that their manufacturers
finally abandoned their pretensions, after great loss had been incurred by the merchants who had
shipped them.

lIln general, these cement stones contain about 60 per cent. of carbonate of lime, or magnesia,
with from 30 to 40 per cent. of clay. The oxides of iron und magnesia which thiey contain are vari-
able. Few of thiem have alumina or soda, and it is doubtless from the absenceof these ingredients
that they are so inferior to the artificial Portland. The clay is highly ferruginous in character,
which to a great extent accounts for the rapidity with which they set: und to this cause also may
be due their want of permancntly indurative capacity.

The following analysis of well-known Roman cement stones will better explain the relative
quantities of the ingredients: —

Clay. Carbonate of Lime,
Parker’s cement .. .. 45'0 e e 550
Yorkshire ,, . . 30 e e 62°0
Sheppy ” . 8270 e e 66-0
Harwich ,, v .. 470 e 490

Oxide of Iron.  Silica. Alumina, Carb. Lime.  Mag.
Southend cement .. .. 9-0 120 384 640 15

Protoxide of Iron. Silica. Alumina. Carb. Lime. Ma;
Calderwood ,, ... 1002 88 3-4 64 2:6
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The American cement stones have more alumina and less carbonate of lime than those of this
country. It is a curious circumstance that, notwithstanding their excellence and abundance, Roman
cement 18 still sent from London to New York.

A remarkable difference between the Roman and Portland cement is the necessity for applying
opposite tests in selecting the best sorts when manufactured. Portland is best when heaviest: up
to 140 1bs. weight a bushel if possible. On the other hand, Roman is judged by its lightness; and
when it weighs about 75 lbs. o bushel it is best. These two different properties tell, however, in’
& most marked manner when we come to consider which is the better cement to keep for a length-
ened perind without deterioration. Portlaud cement possesses this valuable property in a high
degree, and Roman cement can lay but little claim to this excellent quality. .

The stone principally used in London is that obtained from the coast ncar llarwich, and is
delivered in London by barges at a cost, according to quality, of from 6s. to 8s. a ton.

The process of manufacture is most simple, and the only care required is to prevent its being
vitrified when burnt.  The great aim is to have the cements of the lowest weight; this ean only
be attained by a maximum amount of decurbonization in the kiln. The stones lose in weight by
this process about 80 per cent. without any apprecinble loss in bulk. The form of kiln used does
not differ much from the commonest kind of lime-kiln. It is usually from 20 to 25 ft. high, from 9 to
12 ft. wide at top, and from 7 to 8 ft. wide at the bottom. Iach kiln has four eyes, or drawing-holes, to
take away the stone when burnt; it is seldom necessary to have them all in use at the same time.
The stone is broken to a uniform size¢ of from 2 to 3 in., and placed in the kilns in layers; each
layer having the necessary amount of fine coal placed on it, for the purpose of decarbonizing or
burning the stone. The fuel required for this purpose varies, as the stone or coal is scldom
regular in quality. The experienced burner will easily regulate the necessary quantity. When a
kiln is once lighted up, it may be kept burning for many months without any attention beyond the
regular daily withdrawal of the burnt stone and the addition of the fresh materials so that the
kiln may always be kept full. The best and most profitable kiln is one with a 70 or 80 tons
capacity. Smaller kilns, however, may be uscd in localitics where the demand for eement is
limited. It is advisable to adjust the size of the kiln so that it may always be burning ; such an
arrangement is the most economiceal, as you thereby save the waste incurred in relighting after each
charge has been drawn. The burnt stone may be kept for a considerable time before being ground,
and it is better, therefore, if necessary, to allow it to remain in this state than to keep the powder,
as in that condition it speedily and permanently deteriorates.

The grinding or pulverization of the cement should be carcfully attended to. The point of
reduction is seldom, in this country at least, earried beyond the No. 80 gauge; but in America the
engineers insist on having it ground so that only 8 per cent. will be rejected by an 80-gauge sieve
(6000 meshes to the square inch). English engineers and architects have not been so exatting in
their stipulations for fine grinding, and o No. 40 (1600) gauge may be considered as the maximum
of pulverization of English Roman ecment.

There can be no doubt that progress in the use of Portland cement was much retarded by
interested Roman eement manufacturers, in consequence of the ease with which the latter could be
made. Indecd, it was and is so simple in character that the most ignorant are almost capable of
preparing it for the market. The selection of the stone itself is not diffienlt; and when the most
ordinary carc was bestowed on the processes of burning and grinding, the makers run but little risk
in carrying on what doubtless was, until very lately, o very profitable trade. Roman ccment can
be prepared for the market in a few days, That advantage, from a manufacturer’s point of view
at least, was considernble; whereas the conversion of the raw materials into Portland cement oceu-
pied a period excceding two months, aceording to the seasons. Again, the manufacture of Roman
cement requires but little, if any, scientific or advanced technical knowledge.  On the other hand,
Portland cement making is attended with much risk and anxiety, and cannot be suceessfully eon-
ducted without a perfeet knowledge of the raw materials and their accurnte manipulation. For
these cogent reasous, therefore, the ascendeney of Roman cement was maintained for a much longer
time than its merits really deserved. It was not until the professional mind was thoroughly
awakened to its shortcomings and failings that it was, in important works at least, superseded by
Portland cement, with good reason, as the following tests will prove.

It should be premised, to account for the variahility of the resultsin the following Tables, that
Roman cement, as already observed, is prejudicially influenced when in contact with the air and
the moisture which it contains. Its highest value, therefore, can only be realized when fresh burnt
and finely ground. The cement submitted to experiments was obtained from four makers of esta-
blished reputation.

Acr or Brices.
Tensile Strain per sq. in. in Ibs.

7 Days. 1 Month. 6 Months, 1 Year.
No.1 Maker.. .. .. .. 89 . 108 . 167 . 144
w 2 o e e e 89 .. 116 . 209 . 286

w 8 4 e e e BY . 160 .. 112 .. 120
w e e . 60 L 9 .. 19¢ .. 212
Meding .. .. .. .. .. 41 .. 13 .. 18 . 212

Attempts were made during the time these experiments were being tried to extend their useful-
ness by asceriaining the valuc of the cement when mixed with various proportions of sand. The
results, however, were found to be so low and unsatisfactory that the further scarch for information
in that direction was abandoned, as not being likely to lead to any useful result.

Notwithstanding the many disadvantages attending the use of Roman cement, it must be

»in mind that it i8 to be found in many countries and localities where it might be readily used
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quently used.in protecting the joints of Portland cement, while setting, from the injurious action
of the sea or running water in harbour and similar works. Smeaton, when building the Eddystone
Lighthouse, long before the introduction of Roman cement, used plaster of Paris, in protecting the
jt;lints of his composite mortar, made from puzzolana aud blue lias lime, from the violent action of
the sea,

Roman cement cannot bear a greater admixturo of sand than 1401, For concrete, however,
in foundations at least, it may be used up to 5 or 6 of gravel to 1 of cement. Inthe Thames Tunnel
neat cement was used for the arches, 1 of sund to 1 of cement for the foundations, and 4 sand to 1 of
cemont for the piers. When used for internal plastering, it requires painting to hide the unsightly
reticulated appearance of its surface after having been exposed for some time to atmospherio action.
Much unsightly plastering is cxceuted in London, from a supposed economical application of Roman
and Portland ecments. T'he wall to be plastered is first conted with a lnyer of Roman cement, which,
when dricd, is covered with a thin conting of Portland to give a finish and appearance to the whole.
This mode of using the two cements is highly objectionable, and ean only proceed from a want of
knowledge of the peculiarities of the cements, which differ so materialiy in their propertics. It is
difficult to put two Inyers of the same cement on each other. The joints between two coats of
cement are scldom perfect,

Cement manufacturing is an important branch of our industry. Some years ago, and hefore
Tortland cement hnd established its position, the English Government had their attention ealled
to the searcity of Harwich cement stone eaused by its being dredged and taken away in Jarge quan-
tities by forcigners,  The matter appeared of suflicient imnportance to attract the consideration of
the late Sir Robert Deel, who intended levying a tax on the stone taken out of the country. On
representation being made to him, however, that this country contained inexhaustible bheds of raw
materinls whicl, when operated upon, produced an artiticial eement much superior to the Rowan,
he abandoned his intended taxation.

It is remarkable that the three perhaps most celebrated engineering works of modern times led
fo improvements in mortars and cements.  Smeaton, while (1756) experimenting on mortars for
the Liddystone Lighthouse, discovered the value of puzzolana in combinntion with blue lias lime
in imparting great sctting energy to the misture, Indeed, at that time he established the value of
clay in eonjunction with the earbonate of lime, which more than eivily years afterwards led to
the investigation which ultimately resulted in the discovery of Portland eccment. The constraetion
of the Menai Bridee by T'elford set at rest all doubts as to the value of Aberthaw lime for hydraulio
purposes. The Thames Tunnel, again, furnished eonclusive evidenee of the great value of Roman
cement, which was almost entirely used in its construction by the Brunels,

Lortlund Cemento—Duarticulars specitivd by the War Office, £ngland —TPortland eement is to be of
the be8t quality, ground extremecly fine, weighing not less than 100 Ibs. a striked bushel (filled
into a bushel measure as lightly as possible), and capuble of maintaining a breaking weight of
450 1bs. seven days after being made into a mould of the form and dimensions given in Figs. 1881
to 1883; the specimen being immersed in water as soon a3 it has set, and so left during the interval
of seven days.

Cement placed in the testing-mould, Fig. 1883, 1881 1882.
to be experimented upon, must be in good con-
dition, and thoroughly mixed on a clean floor, und
applied as soon ay mixed.

The ecement and sand have to be carefully
meansured in propcer meusures, which are kept for
the purpose.

Hydraulic Cements, natural and artificial—The
term hydraulic cement is generally used in dis-
tinetion to hydraulie Zime. The former, contain-
ing a larger proportion of silica and alumina and J.
& smaller proportion of carbonate of lime than the -
latter, does not slake, and sets generally in o few
minutes even under water.  Hydraulie limes,
on the other hand, slake thoroughly aud harden
slowly under water. Some limestones exist which,
when completely caleined, yicld hydraulie lime;

but when imperfectly caleined, yield cement. !
Other limestones, such as chalk, when imperfectly
calcined, or too much enleined, yicld fairly hy- ‘*—E

draulic limes; while, if they be euleined merely
up to the point when all the earbonic acid is
driven off, and no further, they yield a lime which
never solidifies under water.  Other limestcnes

icld on ealcination a result which can ne'ther

termed lime nor cement, owing to its slaking
very imperfectly, and not retaining the hardness which it quickly takes when first placed under
water,

The natural hydraulic coment best knewn in England, of which we have spoken, is that which
is most absurdly termed Roman cement, or, more sensibly, Parker’s cement., The stone is found in
the form of nodules in the island of Xheppy. The composition of these nodules is almost the
same as that of the Boulogne pebbles, from which a simiiar cement is made. Before being burnt,
the stone is of a fine close grain, of a rather pesty appearance: the surfaces of fractures being
greasy to the touch. It sticks easily to the tongue: its dust, when scraped with the point of
8 knife, is & greyish white. During the caleination the stone loses about one-third of its weight,
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and the colour becomes of a brown tinge, differing with the stones from which the cement is made.
It becomes soft to the touch, and leaves upon the ﬁn%ers a very fine dust ; it sticks very decidedly
to the tongue. When taken out of the kiln it absorbs water with much difficulty. 1t is usually
burnt in conical kilus, and pulverized by the manufacturer, and then sold in well-closed casks.
In Russia, America, India, and elsewhere, similar natural cements have been met with; but, as
they are comparatively rare and expensive, much attention has been bestowed on finding or
inventing e substitute for them. Carbonatc of magnesia alone has been found to yield, on calei-
nation, an excellent hydraulic cement. When mixed with 1} times its bulk of sand, it makes
a beautiful hard plaster or stucco.

Vicat was the first to point out the method of forming an artificial hydraulic cement by the
mixture of lime and unburnt clay; and General Pasley afterwards, in a most elaborate series of
expcriments, proved that a hydraulic cement might be formed equal to the best obtained from
natural sources L.

Pasley’s experiments were made prineipally with chalk lime and the blue alluvial clay of the
river Medway, near Chatham, The result be arrived at was, that a mixture of 4 parts by weight of
pure chalk, perfectly dry, with 5-5 parts, also by weight, of alluvial clay, fresh from the Medway,
or of 10 parts of the former with 13§ of the latter, would produce the strongest artificial cement
that could be made by any combination of these two ingredients,

From the experiments of Vicat and Paslelv) on making artificial cements, it would appear that
the best mixture for making cement consists, before burning, of

Two ingredients of earbonate of lime .. .. .. .. .. 505 x 2=101°0
One ingredient of clay, of which the probable composition is—
One equivalent of alumina T I X 3
Bix ditto silica .. .. . . o e e e e e .. 9370 = 144-4
245-4
So that the composition in 100 parts is :—
Carbonate of lime .. .. .. .. 41
Cley .. .. . .+ .« . . 8
. 100
The weight of the bluo clay he found to be 90 lbs., and of the dry chalk powder 40 lbs. a
cubie foot. .

His meunod of proceeding was as follows :—The clay was weighed when fresh from the river
(taken from about 18 in. below the surfacc), and was never dug unless required at once ; it being
found that even twenty-four hours’ exposure to the atmosphere injured it. The chalk was not
weighed until well dried and pounded, owing to its extraordinary retentiveness of moisture. The
chalk was then mixed with water into a thick paste. The chalk and clay were then cach sepa-
rately divided into portions or lumps as nearly as possible equal, and put alternately into a pug
mill of the ordinary description, Figs. 1884 to 1888, where they were most thoroughly and inti-

1884.
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mefely mixed. The raw cement thus formed was then made up into balls of about 2} in. in
diameter, and placed in the kiln altcrnately with about equal layers of fuel—a layer of fuel
always being at the top and bottom. The fuel used was coke, in preference to coal; and, in the
small furnace or kiln used by Pasley, three hours was found to be about the average time required
for burning the cement. As the calcined cement was drawn from the bottom of the kiln, fresh
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cement could }-e aﬁ in at the top. The balls, on being raked out, could be tested by applying to
them diluted hydrochloric acid. If sufficiently burned, no effervescence ensued ; but if they effer-
vesced, they were put into the top of the kiln again to be reburnt. The calcined cement balls,
since they would not slake like ordinary lime, were then ground to impalpable powder, and stored
for use, so that they should not be cxposed to the atmosphere. The average out-turn was about
9% measures of calcined out of 10 measures of raw cement.
The proportions just named formed the best artificial cements. 1885.

Pasley, after due investigation, found that any given weight of

well-burned chalk lime, and consequently of any other pure

quick-lime, fresh from the kiln, combined with #wice its own

weight of DLlue clay, fresh from the river, will form an excellent
water cemcnt; observing, however, that the quick-lime, after
being weighed, must be slaked with cxcess of water into a thin-

nish paste, and allowed to remain in that state about twenty-
four hours before it is mixed with the clay.

These proportions by weight are nearly equivalent to a mix-
ture of 5 measurcs chalk powder to 2} measures of blue clay.
Since 555 grains of quick-lime are the produce of 1000 grains
dry chalk, which, in & state of powder, will fill 5 measures; of
which 1110 graing of clay will fill 21 mcasures,

Portland cement is formed very much from the ingredients e
used by Pasley, but with different proportions. It takes its name
from its likeness in colour to Portland stone; but it is in no way
connected with it. The ingredients are chalk and the mud of
the river Medway, in the neighbourhood of which it is chiefly
manufactured. The process is as follows :—The chalk used con-
tains ahbout 73 per cent. of clay. 'The mud eontains about 70 per
cent. of alumina and iron to 30 per cent. silica. Eight or nine
parts of chalk with two parts of mud are passed through a crush-
ing mill, into which is let a supply of water, which, running off
at the side opposite that at which it enters, carries off the erushed
particles into a large vat, 60’ x 40’ X 3. Here the sediment
settles down, and becomes tolerably solid, while the surface water
is run off or cvaporates. The mixture is now spread out on a
drying floor to a depth of about ¢ in., and is dried by coking
ovens Below it. These ovens, at the same time as they dry the
raw cement, are converting coal into coke; and this being accom-
plished, both cement and coke are taken to the kiln, where they
are spread in alternate layers, and burnt at a very high tempe-
rature. The cement, when burnt, is in a state of incipient vitri-
fication: indeed, it should be over-burnt; as the particles should
be just beginning to run together. This excessive burning is a
distinctive feature of its manufacture. It is now crushed between
two iron wheels revolving on ono another, and ground between 1886.
two sandstone millstones; and then the cement is complete, and
is carefully packed in 3-bushel casks. The danger of the use of this cement is that it is apt to
swell in the joints of masonry after being applied; but it is admirably adapted for buildings
exposed to the action of water, and for external plastering, as it sets very fast and attains great
hardness, and does not allow of the formation of vegetation, as the natural cements do.

Coignet’s agglomerated concrete consists of a proportion of sand, a smaller quantity, perhaps },
of lime, and a minimum quantity of Portland cement, say &, -, or 2%,. Instead of mixing these
ingredicnts with mortar, so as to form a mortar of ordinary consistency, a very small quantity
only of water is added, and the mass is made to undergo a trituration of greater or less duration
by means of special apparatus. By this trituration, notwithstanding the feeble quantity of water,
a pulverulent mass is obtained, which acquires by a more prolonged trituration the consistency of
a firm plastic paste. It is then ready for the mould, into which it is introduced in successive and
very thin layers, which are submitted to a powerful ramming process. This operation of compres-
gion cffects such a complete agglomeration, that each cubic metre and a-half of sand and lime is
made to occupy the space of only 1 metre: and the lime, whose particles are thus mechanically
brought into contact, becomes indurated with astonishing rapidity and intensity. A few days, in
some cases hours, suffice for the mass to acquire the character of hard stone,

As the work of one day, with this concrete, unites perfectly with that of the preceding, it is
plain that a mass of this species of masonry can be augmented indefinitely, so that a house, bridge,
reservoir, or any other construction, can be made to form a monolith,

The most important building executed in agglomerated concrete is the church of Vesinet,
situated in & park of the same name, near Paris. It is of Gothio style, and the entire masonry
forms a single block. The division of the naves is formed by piers of grouped colonnettes in cast
iron; these, together with the cast-iron responds against the lateral walls, support the weight of
the roof, which is of wrought iron. The concrete of which the walling is composed contains: river-
gand, 3 parts; earthy and ferruginous sand, from Vesinet, 1 part; slacked lime, in powder, from
Argm;teuil, 1 part; heavy cement (ciment lourde), from Paris, } part; cement forming 4 part of
the whole.

Another advantage arising from the suppression of water, the energetic trituration, and the
forced aggregation of the particles of lime, in these concretes, is, that & slight difference in quality
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It obtained ; therefore the nearest hydraulio lime at hand wij
rel:gr czncretes, the best lime must be o!ghined. in order to ncur:
a good mortar, In fact, M. Coignet presented to the Socie:{ of {Jw'd Englpeen, in Pui‘n, #pecimens
capable of receiving a high polish, composed of the worst deseription of lime, even m-dmn, quick-

i Y in impalpable powder unfit for common mortar,
lime, bad and marly sands, fine sca sand i paly ,aacmwn»tvs. o el mmgear.

i he fact that, in masonry, mortars an \ [ le, ar
m’velvgl:ll:;e c%‘:lrgntltx’ntlly becominé barder, while cements do not fmlulu.-o an 'uln)ctm1lng Induration
proportional to the cuergy of their ongnml lmrdepmg or setting ‘..—tlu‘s um)l 0 expluined by'oon.
sidering that ccments contain very little freo lime or oxide of en c:um. wing almost ontirely
composed of silicates formed by torrifieation at a bigh degree of temperature.  Now, as pure lime -
has the property of absorbing, in order to puss into the state of earbonate, o quantity, nenrly equal

in weight to its own, of carbonie acid, it 1s pluin that ﬂu‘ more ]_x-rf«-ct n (.‘vm«nt |s—~1§s perfection
consisting in having but a trace of froe lime—the less it \nl} have the power of absorhing earbonio
acid gas; whilst on the other hand the more a mortar e mtains of free lime, the more powerful and
energetic will be the absorption, and the more the weight will be inereased —that is to say, a cubio
mtre of mortar eontaining 400 Ihs. to 600 Ihs, of free lime can absorb nearly 400 Ibs. to 600 1bs, of
carbonic acid, while a ecement will absorb little or none.

This action of the carbonic ncid of the air has a more striking effect upon agelomerated mortars
and coneretes than upon ordinary oues, It is easily understood that it to a compressed concrete
like Coignet's, so dense that a cubic metre contains 15 heetolitres of ingredients, with the particleg
go intimately blended by trituration, we add a new substance, curlx‘miv acid, of equal weight with
that of the pure lime, the increase of density of the \vhule'nmss w:ﬁll be great, Thus, t{w betons
agelomarated, composed of 5 parts of lime in ;mm_h:r,.wei:_'hmg ")5 lfllngrnnmu-s the h('('.tnlltl‘e, and
3 part or % of cement, yicld in a few days an artificial stone resisting more than 20 kilogrammes

of erushing force per square eentimitre; while substances, cqmposed of 1 part of the best cement
and 2 parts of sand, cannot withstand 10 kilogrammes of the sume applied foree.  For lime mortars
or concretes to harden into the state of artificial stone it requires mach time.

Among the latest theories put forth by Freneh engineers as to the cause of the setting of
hydraulic cements, we may mention those lnid before the Academy of Seiences, in Paris, by
M. Fremy, last June. Vieat established that the hydraulicity of a cement is due to & composition
formed when limestone is caleined in presence of argil.  He states that this composition is a double
silicate of alumina and lime, which, in hydrating, causes the setting of hydraulic cements, MM.
Rivot and Chatonay, in their importaut work on Cements, state that the caleination of an argilla-
ceous limestone produces aluminate of lime, the formula for which is AI?03%, 3 Ca0), and also a
silicate of lime, represented by 8i0% CaO; thesc two salts, in contact with water, produce the two

L]

hydrates AI?0%, 3 Ca0, 6 HO, Si0? 3 CaO, 6 HO,

which become the cause of the hardening in question.
In both these two theories the hydraulicity of the cements is aseribed to o simple action of

hydration, like the sctting of plaster of Paris; but by M. Fremy another eause is assigned. He
made extensive experimental rescarches on the properties nnd mutual action of four substances
which, according to Vieat, Rivot, and Chatonay, constitute hydraulic cements:—1, silicate of lime;
2, silicate of alumina and lime; 3, aluminate of lime : 4, caustic lime, or oxide of calcium. The
experiments are detailed in the memoir, which eoncludes with the following stutement :—That the
hardening of hydraulic cements is not due to the hydration of the siliente of lime, or that of the double
silicate of alumina and lime ; these salts donot form any combination with the water : that the setting of
hydraulic cement is the result of two different chemienl aetions,— 1, the hydration of the aluminates
of lime; 2, the reaction of the hydrate of lime upon the silicate of lime, and upon the silicate of
alumina and lime, which act in this ease as puzzolana. The caleination of an argillnceous limestono
cannot yield n good cement except when the proportions of argil and lime are such that these can
be formed. In the first place, an aluminate of lime represented by one of these formule,—A1203,
Ca0; AIPOY 2 Ca0; AI*0? 3Ca0: in the second pluce, n simple or multiple silicate of lime,
represented approximately by one of these formule,—S8i03 2 CaO; 8i0% 3 Ca0; and in the third
place, pure lime eapable of acting on the preceding puzzolanie silicates.

In the course of the memoir, M. Fremy sintes that when aluminates of lime represented by
Al?03% Ca0; APO3 2 Ca0; APO3 3 Ca0), are reduced to a fine powder, and slightly wetted, they
solidify almost instantancously, and produce hydrates which acquire in water a considerable degree
of hardness. They have, moreover, the property of agglomerating inert substances, such as quartz,
sand, and so on.

M. Fremy mixed aluminate A1203, 2CaO, with 50, 60, and even 80 per cent. of sand, and
obtained & pulverulent mass which in water acquired the hardness and solidity of the best stone.
The interest attached to these mixtures of aluminates of lime und siliccous substances is the more
important in a practical point of view when we consider that blocks are required to be produced
capable of resisting atmospheric influences and the powerful effects of sea-water. M. Fremy con-
siders that the solution of the problem of constructions resisting the ravages of the sen lies probably
in the employment of concretes which are formed nearly wholly of siliceous substances united
together by a feeble proportion of aluminate of lime.  On this point M. Fremy cites the indications
given by M. Coignet on the subject of agglomeration of cements, saying that he has observed their
importance himself.

Portland cements, aceording to M. Fremy, have no good quality unless they are produced at a
velx high temperature. The aluminates of lime have this character, alsn, of not being able to solidify
under water unless they have been exposed to an intense heat ; thus thoy seem to be the principal
agents in hydraulic cements of rapid setting.

Perhaps the inferiority of some of the Portland cements of commerce may be traced to want of
sufficient intensity of heat in burning. M. Fremy made the aluminates of lime, for his experiments,
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of the lime affects but little the
serve the purpose; wheress, in of
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with a blast furnace. See AsPHALTE. CoNCRETE MAoHINE. FouNpaTioNs, Kiixs, LmMe awp
MozrTAR. OVENS. .

Recapitulation.—Roman Cement.—Parger’s Analysis.—One part of common clay to 2} parts of
chalk, set very quick. ‘

Concrete.~Eight parts of pebble, or esieﬂes of brick, about the size of an exg, to 4 parts of
scrap river-sand, and 1 part of lime, mixed with water and grouted in, makes a good concrete.

Lime Mortar—One part of river-sand to 2 parts of powdered lime mixed with fresh water.

Hydraulic Mortar.—One part of pounded brick powder to 2 parts of powdered lime mixed with
fresh water, This mortar must be laid very thick between the bricks, and the latter well soaked
in water before laid.

Hydraulic Concrete, by Treussart—Thirty parts of hydraulic lime, measured in bulk before
slaked ; 30 parts of sand, 20 parts of gravel, aud 40 parts broken stone—a hard lime-stone. This
concrete diminishes about one-fifth in volume after manipulation.

Asphalte Composition for Street Pavement, by (vlonel Lmy.—2% pints (wine measure) of pure
mineral pitch, 111bs. of bitumen, 17 pints of powdered stoncdust, wood-ashes, or minion.

Cement for Stone and Brick Work.—Two parts ashes, 3 of clay, and 1 of sand, when mixed with
oil, will resist the weather equal to marble,

Brown Mortar—One part lime, 2 of sand, and a small quantity of hair,

Hydraulic Mortar.—Three parts of lime, 4 puzzolana, 1 smithey ashes, 2 of sand, and 4 parts of
rolled stone or shingle.

Cements for Cust /ron—Two oz. sal-ammoniac, 1 oz. sulphur, and 16 oz. of borings or filings of
cast iron, to be mixed well in & mortar, and kept dry. When required for use, take 1 part of this
powder to 20 parts of clear iron borings or filings, mixed thoroughly in a mortar; make the mix-
ture into a stiff paste with a littlo water, and then it is rcady for use. A little fine grindstone
sand improves the cement.

Or, 1 oz. of sal-ammoniac to 1 ewt. of iron borings. No heat allowed to it.

The cubic contents of the joint in inches, divided by five, is the weight of dry borings in pounds
(avoirdupois) required to make cement to fill the joint nearly.

Works on Cements :—B. Higgins, ‘ On Caleareous Cements and Quick Lime,” 8vo, 1780. Treus-
sart, ‘Mémoire sur les Mortiers Hydrauliques,” 4to, Paris, 1829, I.. J. Vieat, ¢On Calearcous
Mortars and Cements,” 8vo, 1837. Pasley, ‘On Limes, Calcarcous Cements, and Mortars,” 8vo,
1847. W. A. Becker, ¢ Pratische Anlcitung zur anwendung der Cemente,’ folio, Berlin, 1861-68.
J. G. Austin, * On Limes and Cements,” post 8vo, cloth, 1862,  Gillmore (Q. A.), * Practical Trea-
tise on Limes, Cements, and Mortars,” 8vo, New York, 1864. Burnell, * On Limes, Cements, and
Mortars,” post 8vo, 1868. H. Reid, ¢ Practical Treatisc on the Manufacture of Portland Cement,’
8vo, 1868, Dr. W. Michaelis, ¢ Die Hydraulischen Mdrtel,” 8vo, Leipzig, 1869. R. D. Charleville,
* Traitc sur I’Art de faire de bons Mortiers,” 8vo, Paris.

CENTRE-BIT. Fr., Méche anglaise ; GER., Centrumbohrer ; ITAL., Sactia a centro ; SPAN., Berbigut,

See Aveers. MHaxp-TooLs.

CENTRE OF GRAVITY. Fg,, Centre de gracit¢; GER., Schwerpunct ; ITAL., Centro di gravita.
SraN., Centro de gravedad.

See Guavity. Cautre of Oscillation, see OSCILLATION. Centre of Percussion, sec PERCUSSION,
Centre of Gyration, sce ANCUTAR MoTIoN, p. 103,

CENTRIFUGAL I'UMP. Fu., Fompe a force centrifuge; GER., Centrifugalpumpe; ITAL.,
Tromba centrifuge ; SPAN., Bomba centrifuga.

See Pumps.

CHAFF-CUTTER  FR., Coupe-paille, Hachoir ; GER., Hicksellade ; ITAL., Trinciapaglia; SpAX.,
Mdquina para cortar paju, §c.

The cutting device in F. B. Hunt’s chaff or straw cutter, Figs. 1889 and 1890, deserves parti-
cular attention. The machine in which this device is employed consists of a spirally-arranged

1890. 1889,

knife secured to two arms upon a shaft in front -
of n feed-box, so that as the shaft is rotated the m}:
knife works closely over the outer edge of a €
metallic bed-plate attached to the feed-box.
The upper roller is so arranged as to adjust
itself to the varying thickness of the layer of
straw or other substance pressed under it, the
roller raising or falling in the arc of a circle, so )
as to be always at tho same distance from the shaft of the cutter, and the substance to be cut will
be retained in a proper position on the bed of the machine. Attached to the frame of the upper
feed-roller is a guard-board or plate, which is caused to rise or fall with the upper feed-roller, so
a8 to prevent the substance being cut from passing over the top of the roller. .

In referring to Figs. 1889, 1890, it will be obscrved that the combination, of the cutting-bar or
plate E of the single knife D and the arms ¢, ¢, attached to the driving-shaft C, operate to etlect an

AN
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is so attnched to its shaft C that the wheel is admitteq
cuttor is arrested by any foreign substance, thus the
knife or cutter is preserved, The bar ¢b is connected directly to the shaft n, shown in section, Fig,
1890 : n is the shaft of the lower feed-roller G, which is connected to the shpft p qf the upper feog.
roller H by an arm 5. The bar ¢ b, Fig. 1889, has pinions b d ‘tgttn«'-lml t'n it, wl'noh AT with the
pinions o' ¢’ of the feed-roller shafts n, p, exhibited in seetion, Fiw. 1890 The guide-hoard or wuide-
late u is attached to the plate ¢ of the frame of the upper feed-roller H; u extends down at the
ck of H to & level with p the shaft of H. .

CHAIN PUMP, FR., Pompe a chapeict; GER., Kettenpumpe ; ITAL., Noria ; SPAN., Domba de cadena,

See Pvars, ) '
CHECK-VALVE. FR., Soupape d'arrét; GER., Absperreentl.

See VALVES. ] -
CHEESE PRESS. Fg., Mackine & comprimer le fromage, GER., Kiscpresse; ITAL., Torchio da

formagyio; SPAN., Prensa de qucso, . .

Dicl’s Anti-friction Cheese Press—In Fig. 1891 is represented the method of applying Dick’s
anti-friction power to the pressing of cheese. By the use of I 9m 1891
this press the whey is entirely removed, and half the labour
usually required in the manufacture of cheese is saved, it
being ready for market or transportation as it comes from
the press, without risk or loss to the purchaser and the con-
sequent vexation so frequent in the ease of the method ori-
ginally pursucd. The pressing may be carried to any extent [ — "
deemed requisite without danger to the press, the working
portions of the press being made of iron, and capable of sus-
taining the force that may be applied.

Attached to this press is the platform-seale, so that the
cheese can be accurately weighed before it is removed from
the press—a matter of great convenience and importance to
the manufacturer and vendor of these articles, as well as to I
the purchaser, who can depend upon the weight marked upon
it ag strictly accurate. In fact, the advantages of this press,
above others, must be at first view apparent, and the power
such that it will come into, general use.

CHEESE VAT. F=r., Eclisse & fromage ; GER., Kisenapf ;
ITAL., Tino da formaggio; SPAN., Quesera. !

The objeets to be attained by the use of a cheese vat are:
a separation of the easeous or cheesy particles from the whey W\
or watery particles of the milk, and the proper comminution \
of the latter preparatory to pressing. P. Colvin’s cheese vat,
Figs. 1892 to 1895, is intended to produce these results cffec-
tually, rapidly, and economicully.

Fig. 1892 is a front view of the machine in perspective:
Fig. 1893, an cnd view; Fig. 1804, a stirring-frame; and
Fig. 1895, a cutting-frame; hoth these last operated by a
crank. The vat A is semi-cylindrical and double-walied,

oblique or drawing eut. The fly-wheel E’
to slip on the shaft in case the motion of the

1892,

%\\\i\‘\‘\“ \m‘\\

4

A
\ .

water being contained between the shells. Under the vat ‘ is a furnace
heating the water, the smoke from which escapes by :h?ﬁiﬁzg &ttwhed thereto, isa f B for
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The degree of heat admitted to the water is regulated by s sliding damper D, Fi

coil of circulating pipes is affixed o the outer shell of the vat, Zonnectedgwith &ee wajtgzsg];nlc?agzi tlﬁa

centre and endsof the vat, thus equalizing the heat in the water-space. Convenient spouts or cocks

are attached for drawing off the whey, the water from the water-space, and discharging the curd.
To aid in this, one end of the machine

is set on eccentrics E. For keeping the 1894.

curd separate during the operations of

scalding, salting, and cooling, a stirring-

frame, Fig. 1894, turned by a crank, is
oused. This stirring-frame consists of
curved paddles, and does the work usu-
ally performed by hand with a paddle; it

is seen placed in the vat in Fig. 1892,

The cutting-frame, Fig. 1895, scen in

place in the machine, Fig. 1893, cuts the

curds into small blocks by the longitudi-
nal and transverse cutters on the rotating
frame. This not only cuts the curd, but
by its sweep clenns it from the inner sur-
face of the vat. Kither of these revolving
frames may be lifted instantancously from

the vat, as the shafts bear at one end on a

fixed pin, and at the other rest in an open

box. = At the discharge end of the vat,

Fig. 1893, is a semicircular recess sepa-

rated from the vat proper by a strainer-

plate sliding in vertical grooves in the
inner shell of the vat, and can be with- ' - = ==

drawn vertieally when the curd isto be 1895

discharged into the boop of the

press.

W. Ralph’s cheese vat, Fig.
1896, has a fulse bottom D, so
constructed that the water
heated by the furnace E does
not come in contact with - the
bottom of the inner vat B until
the water has been in contact
with the ends and sides of the
vat and imparted a portion of
its heat to the same. Hollow
pipes F, arranged witb a valven
and damper P, extend from the
ﬁﬁlsc bottom to the heated water below, and open at the top under hollow supports ¢ upon which
the vat rests.

CHEVAUX DE FRISE. TFr., Chevaur de frisc; GER., Spanische oder fricsische Reiter ; ITAL.,

Cavalletto di frisa; SPAN., Caballo de frisa.

See FORTIFICATION,

CHIMNEY. ¥«x., Cheminée ; GFER., Schornstein ; ITAL., Camino; SpAN., Chimenea.

The appellation Chimney Stalk is usually applied to a lofty chimney ; such stalks are erected for
steam-engines, or cmployed to create a draught of air through furnaces. :

Y

|

i

1. Heating apparatus vary in form and arrangement with the nature of the effect to be
roduced, but in general they all consist of three distinet parts: the furnace or place in which the
{;ont is generated, the place in which the heat is utilized, and the chimney.

The function of chimneys is twofold :— =y

1st. To discharge at o great height in the atmosphere, the heated air often charged with
smoke, which would be noisome to animal life if ejected at a small altitude.

ond. To cause n sufficient flow of air through the furnace to maintain combustion.

9. Motion of Heated Air in Vertical Tubes—When a mass of air is at a temperature above that
of the surrounding air, it has a tendency to rise in virtue of a force equal to the excess of the
weight of the air displaced over its own weight. This is a particular case of the principle of ,
Archimedes. S

The same thing happens when the heated air is contninew in a vertical tube A B, Fig. 1897,
open at both ends.  If we represent by P the pressure of the atmosphere in kilogrammes at the
height of the point A, upon & surface equal to the section of the tube. and by p and p’, the weight
of two columns of air having the volume of the tube under the atmospheric pressure, one at the
temperature of the external air, the other at that of the heated air, it is evident that the pressure
at the point B, exerted in an upward direction, will be P -+ p, and that the pressure at the same

int, exerted in the contrary direction, will be P 4 p'. Therefore the column of heated air \Ylll
ﬁ?we a tendeney to rise in virtue of the pressure p — p'. It follows from this, that if the pipe
A B be fixed at the bottom to o horizontal pipe B C, heated externally, Fig. 1898, the external
air will enter constantly through the orifice C, and will escape through the orifice A. This flow
of air takes place in virtue of the excess of the atmospheric pressure at the point C over the in-

ternal pressure at the bottom of the pipe A B. . ) ) .
3. To determine the velocity of ingress of the external air at the point C, supposing the section
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"of the tube constant, we must remember that the flow of & liquid or of a gns, the resistance
depending on the form and the dimensions of the tube apart, is represented, from the point of

view of velocity, by the formula v =4/ 2¢P, in which P 1ggq 1898,
denotes the height of a column of fluid subjected to the
ressure, and which would hold this pressure in equili-
{;rin, however it might be produced. In the case in
question, I is evidently the height of a column of ex-
ternal air, and its valuc is readily found. A
~— Denoting the height of the chimney from the centre
of the section C, Fig. 1898, by H. the external tempe-
rature by 6, that of the air inside the chimney by ¢, and
the pressure of the atmosphere at the point A, in air
at 6°, by M, tho pressure of the point C, from the out-
side inwards, measured by a column of air at 6°, will
be M + H, and the pressure in the contrary direction,
measured in the same way, will be
M+H(I+a0)+1+ab.
Consequently, we shall have as the excess of the former
pressure over the latter, -
H(1+a0)\_ Ha(t—0)
M"'H'(M+ 1+at ) I+at ° :
and therefore, . 8
24T . Cloe
v=\/2yna_(t-e)_ (A] : -
1 + at B . -
4, Tt may be useful to remark that the pressure at I §
\

any height in the column.of heated air is equal to that
at the point C. If we consider a horizonial section of
the chimney at a height H' from the top, the upward

pressure which it will support, reckoned in air at 6, will be M+ H — (H - H") i_i—z—j : the

1
+—Q; and subtracting one from the other

pressure in the contrary direction wiil be M 4 H' 1at

(t—0)
we find, as before, 11 a T
5. For the rate of flow of the bot air, as the velocities are in inverse proportion to the
densities, we shall have

o ldat a6 (A Fad)
v_v——1+ao,whcncev_.\/ a0y . (B8]

6. The formulo [A] and [B] may be put into a more convenient form for practice, by snbsti-

tuting for the term &/ 2 ¢ a its value ; we shall then have
. H (¢t —0) , 0268 oo
v=20 268\/ 1qat and v _1+a0A/H(t—8)(l+at).

_The formula [A] is alone important, for the useful effect of chimneys always consists in their
ability to create a draught.

7. We have supposed that the density of the air depended only upon its temperature. This is
not strictly truae, for the density of the air at the same temperature decreases with the increase of
altitude: but it is obvious that in the highest chimneys, the varintions of density resulting from
variations of hcight are quite imperceptible.  For the altitude 0™-76 of the barometer, the pres-
sure of the atmospherc is represented by a column of water of 076 x 136 = 10m-336, and by a
column of air at 0% under the same pressure, equal 10 10™-336 + 0-0013 = 7950™, Thus, the
density of the air at a height of 20 mitres, for example, would be to that of the air at the surface
of hthte earth in the ratio of 7930 to 7950, that is,in that of 1 to 1-0025, a variation of no importance
whatever,

. 8. We have supposed the vertical tube cylindrical and completely open at the ends; but it is
evident that the position and form of the pipe have no influence on the forco produced by the
ingress of cxternal air, when the temperature of the pipe is everywhere equal to ¢, H representing
the d}ﬂerence of level ‘_bet_wecn the two ends of the column of heated air. ~If the air, in ascending
the pipe, met with variations of temperature, we should have to take for ¢ the mean temperature.

9. The formula [A] gives the velocity or rate of ingress of the external air, all resistance apart;
!mt there is glwuys a ]ogs of force attributable to friction and the form of the tube. If the chimney,
mstgud of being cy]mdngal, varied in section and direction, the weight or force which would cause
the mv_mrd. flow of cold air would be still the same ; but the actual rate of ingress would be found
by taking into account the resistance, by means of the general formula given. We will return to
this question later.

10. To determine how the rate of ingress V of the external air varies with the increase of ,

according to the formula [A], suppose 6 = 0; this formula becomes » = 4/2 g H \/1—-tl—t—2 . The
a
first factor of the value of v represents the velocity pcquired by a body falling from the height
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H: and, as the second factor is always less than unity, the rate of ingress is never more than a
fraction of this velocity. Taking successively for ¢ 507, 100°, 150°, 200°, 250°, 300°, 850°, 400°, 500°,
1000°, 15007, 2000°, we find as the values of the second factor, 0-39, 051, 0-57, 0° 64, 0-68, 071,
0:74,0°76, 0-80, 0°88, 0:91, 0-93. These numbers divided by the first, 0-39, give the ratios;
1,1-31, 1-51, 1:65, 1-76, 183, 1-90, 1-96, 2:06, 2-25, 2-34, 2°38. Thus the rate of ingress of the
cold air increases constantly with ¢, but this increase has a limit; for as ¢ increases, the ratio
a

at P s
Tiae which is equal to i
. The
of the cold air, from ¢ = 50” to ¢ = o, varies in the ratio of 0°39 to 1, or in that of 1 to 2-56.
It follows from this that the rate of ingress of the cold air increasing very slowly with the
temperature, the usetul effect of the chimney costs in fuel an amount proportionate to the tempera-
ture within the chimmney.

The maximum rate of ingress of the outside air being 4/2 ¢ H, for chimneys of 5™, 10™, 20m,
30m, 40™, it is cqual to 9 -9, 14m-0, T9m -8, 24m -3 28m-(), and for an excess of temperature of 300°,
the rate would be only 0°71 of the maximum. The velocity is besides considerably reduced by the
resistance expericnced by the heated air when in motion, as we shall see later.

11. We have supposed that the air, entering the vertical pipe, underwent, while being heatea,
no other change of density than that resulting from the change of temperature. DBut usually the
heat is eaused by combustion, the nature of the gas is changed, and it is necessary to see what the
formllxlm [A] and [B] become when the tabular density of the gas is equal to §, instead of being
equal to unity.

In this case, the height of the inner column, reduced to 6°, and to the density of the outer air,

Hé(14a0)

, constantly approaches unity, and consequently, the rate of ingress

will be Txat and the difference of the two columns, or the force, will become
g BP0+ H-3+at—80)] ~HA-3+a))
14wt  — 14uat o 14+at

by rejecting the term 8a 0.

If, for example, the whole of the oxygen were transformed into carbonic acid, the density of
this latter gas being 1-529, und that of ozote 0-976, the density of the mixture would be

0:21 x 1°529 4+ 0:79 x 0:976 = 1-091;

if only balf the oxygen were transformed into carbonic acid, which is the ordinary case, the density
would be only 1-0+. Negleeting 0 in the expression of the foree, it would become in the two cases,
Mlt_’-!-‘t(t) t&’—l—)‘, an e ;t:*:”()t_()i) : und these would be the same if the values of ¢ were dimi-
nished by 25° in the first case, and by 117 in the second, These variations are of small import-
ance, especially when ¢ is considerable.  Desides, as the gases which are evolved in the furnaces
always contain a certain quantity of steam obtained from the water held by the enmbustibles, and
as the density of steam is equal to 0°G21, its pressure diminishes the effeet of the carbonie acid.
Thus we may admit, as an approximation amply suffieient in practice, that the effeet produced
by a columm composed of air and gases, resulting from combustion, is the same as if the column
were of pure air.

12. llotion of Heated Air in a Pipe consistng of scveral Vertical Tubes successively passed through.—If
the heated air traverses successively, ascending and descending, several vertical tubes in which the
temperature is not the same, the foree or pressure at the beginning of the
pipe will depend at once on the beights of the tubes and the temperatures
of the heated air.  We will endeavour to determine it in a general manner.,

13, Let us, in the first place, consider a chimney A B, Fig, 1809, extend-
ing harizontally in the direetion B ¢, and descending again vertically in tho
direction C 1), so as to form a syphon.

If we represent by £ and ¢’ the temperatures of the air in the portions
A B and CD, by ¢ that of the external air, by p and p the pressures of the
atmosphere at the points A and D reckoned in air at 6%, under the normal
pressure, and by m and »' the heights of the columns of air at 6%, equivalent
to the columms of lheated air AD and CD, the foree in air at 6° which
will produce the rush of cold air at the point A, will evidently be equal to
p—m 4w’ —p'; and asthe pressure of the external air at the point D
exceeds that at the point A by a column of externsal air equal to H' -~ H,
wo shall Lave as the foree in air at 69, at the point A,

’ 8 — ’ y__

_H4a0) W40 o g Ha(t=0) Ha@—)

14at 14at 1+4at 1+4at
Thus the foree is equal to the difference of the corresponding forces at the
two branches supposed alone. The flow will evidently take place in the
direction A B, as we had supposed, if the preceding expression be positive. - | |
Taking the external air at 6°, and rejecting the terms Ha® ¢ ¢’ and 11'a?¢ ¢, f

1899,

| N |

which are always small, secing that a? = 0:000134, the value of the force
. . a(Ht—1't)
in external air beccm'\es-—1 +adT+ D

Ht is greater than H'#, a circumstance which may always be obtained, whatever H' may be,
by diminishing #. This may be effected by cooling the air in the tubes BC and CD. Thusthe

, an expression that is positive when



944 CHIMNEY.

gnses evolved in the furnace may always be discharged at any height, even beneath the level of
the furnace, o . Y
14. If there were n third column ETF, Fig. 1900, denoting its height b\y 1", and t}Le mean
temperature of the nir in it by ¢*, by m” the licight of a column of uir at 6" producing the same
pressure, and retaining the preceding notation, the force at the point A would be p —m +m
—m" -—’p’: but we have ' + H” — H' + H = p, and thercfore the force at the point A in air
at 6° will be .
HA +a0)+H'(1 +a)_ H"(1+ab)
P oyt 14at T+at"
Ha(t—6 Ha@' -0  H'a@" -0

1+at 1+at T 1+4at”

The flow will take place in the direction A F, when this expression is positive. Rejecting, as
before, the terms eontaining o?, and « fortiori ¢, and supposing 8 = 0, the preceding expression is
duced to © I HE 112
rodueed o) FaGH + )

than H'¢",
It would be easy from this to find the formula for any number of tubes. .
15. Let us now suppose the pipe to have the form of a syphon reversed', Flg. 1901 ; retaining
the same notation, the force at the point A, in air at 6°, will be p 4+ m — w’ 4 p'; or

H1+a6) H A+a0) Ha(t—6)  Ha(t—0)
1¥at ~ 1+at 14+at 14at
1900. 1901, 1902,

~p- (' -H +H)

, an expression which will be positive when H¢ 4 H"¢" is greater

-p+HW-H=-

B c

B c
o} E

As in the preceding cnse, the effect produced is equal to the difference of the effects which the

two branches would produce alone. Rejecting the terms containing «?, and muking 6 = 0, the
15— H¥

value of the force is reduced to — %iil—i ( t%—l-t’)) , 8 value which will be positive when H'#' is
greater than H¢; this condition may always be satisfied by increasing H', and by preventing the
cooling of the air in the horizontal portion B C.

16. If the pipe were formed of three tubes, Fig. 1902, the force at the point A, in air at 6°,
would evidently be p + m — m' 4 w” - p’; or

pp EOEe) HQ4an) H'd+a0)

-(p+H-H +H"

1%at 1+at 1+at”
Ha(t-0)  Ha(t'—6) H'a(t" -0
- 14 at 1+at 1+at"

a(~Ht+ W't —H"t")

T+a(t+¢+1t)

The force for any number of tubes mny be rendily calculated in the same way.

In general, the effect produced is equal to the sum of the effects produced se arntely by the
tubes in which the heated air rises, diminished by the sum of the effects produced {»y the tubes in
which the heated air descends. .

17. 1t is of importance to remark that in the case in which the heated gas begins by descending,
supposing the expression of the force to be positive, motion will not take place until the system of
syphons has been put into action by heating some of the branches in which the air ascend};. It is

or on the hypothesis 8 = 0°,
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E:identl that this precaution will not be needed in the case in which the heated air ascends in the
st column.

18. Motion of Heated Air in a Pipe consisting, throughout a certain length, of several Vertical Tubes
traversed simultancously.—Let us consider, in the first place, a vertical pipe, Fig. 1903, consisting,
throughout a certain length, of two equal and parallel branches. If both contain air at an equal
temperature, everything else being equal in the two branches, the ascending heated air will {ra-
verse them with the same velocity ; but however little difference there may be in the diameters,
the resistance, or the causes of oooling, this equality of velocity, should there be any difference, will
not exist; and if the section of cach of them is equal to the section of the end tubes, the motion
-will take place through one only, that one which offers the least resistance, This phenomenon will
evidently occur, whatever the number of the tubes may be.

19. If the pipe were only enlarged throughout a portion of its length, Fig. 1904, the current of
heated air could not necessarily fill the enlarged portion of the pipe; if it filled it at first, the cooling
of the sides would soon cause & decrease of temperature from the centre to the circumference ; there
would occur, in the elementary veins and in the same direction, variations of velocity which would
go on increasing, so that the vein of heated air would soon traverse the enlarged space, without
much increasing in section.

1903, 1904. 1005, 1906.

° N o

° - o

° o

e ] — o o ]
R — —
. ° ||
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20. Suppose now that the heated air drawn by the chimney descends a pipe consisting of two
prrallel branches, Fig. 1905. In this case, the heated air will separate itself equally in the two
branches, and the equality of velocity will be maintained in spite of the inequalities of cooling
which the air may undergo. Indeed, in each branch, the force which produces the motion is equal
to the difference of the pressures in the chimney and in the pipe under consideration, supposing
them isolated ; and, consequently, if in one of the branches the cooling was greater than in the
other, the velocity there would become greater, The same thing would occur in the case of any
number of parallel tubes,

21. If the pipe through which the heated air descends were enlarged, Fig. 1906, the elementary
veins in the enlarged portion would assume and retain the same temperature, for the same reason as
in the preceding case.

These facts, which have been many times proved by experience, are of great importance in the
construction of heating apparatuses, as we shall sce later.

22, It must be remarked that in all the preceding considerations relative to the velocity of the
gases in chimneys, we have left out of the question the resistance experienced by the air when in
motion. But as this resistance is always considerable, there will be a greater or less reduction of the
velocity. When the descending pipe is single, friction takes place against the surface; therefore,
on this account alone, the velocity would there be less than in the other points of the section: but
the cooling which the heated air there undergoes tends to diminish the difference of velocity which
would naturally arisc in the veins, and this difference will be still more diminished by the gradunal
transmission of the resistance and the temperature. If the descending pipes were formed of
several tubes having the same section and the same length, the same phenomena would occur, and
the heated air would have the same velocity in each of them. But if the tubes have difterent
sections, the velocity will be modified by the cooling which tends to increase it and by the friction
which tends to diminish it. The friction varies in proportion to the square of the velocity, whilst
the cooling is proportional to the diameter and depends also upon the velocity ; it is, tge;efore, not
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easy to foresee and to caleulate in a general manner what will happen. The cooling is, however,
small in general, and the influence of friction will in almost all cases excee«} 1.t, so that the actual
velocity will decrease with the diameter of the pipes, a theoretical result that is in perfect accordance
with the results of experience. The difference of the velocities will cvidently decrease with the
velocities themselves, . . .

28, Former Theory with respect to the Drawing of Chimneys.— Hitherto it has been admitted that
the force in air at 6°, Ha (¢t — 8) + (1 + a ) was applied directly to the hented air, and the result
of this was, that the force in air at °being H a (¢ — 6) =+ (14 « 6), the velocity of the heated air was

v, = ’\/29 Ili:-(ifo— o); and the rate of ingress of the cold air was
,14+a0 2gHa(t—0)(1+ab
v‘1+ut=\/g ((1+a)t()2 )’
formulse which differ widely from the formulsa [A] and [B], for we have evidently
v _ A/ 1+ab. _ . A/1Fae,
v, =9 1+at,andv,_v TTas’

which give for v, and v, velocities less than " and ». Besides this, the value of v, offers a circum-
stance that is not found in the value of v. If 6 remaining constant, the value of ¢ be progressively

7 =

. 1
increased, v, increases at first, reaches & maximum for ¢ = = + 260 = 274 + 2 6, and afterwards

decrenses indefinitely.

24. But the force in air at 0 acts directly upon the cold air which is entering the echimney and
not upon the heated air, and it is the velocity of the cold air that is ufterwards transmitted to
the heated air. Thus the formule which we have just given, for a considerable time admitted
by all who have studied the question and by Péclet in the sceond edition of his work, do not re-
present the phenomena as they actually are.  This discovery, due to Péclet, resulted from a more
careful examination of the facts and from several experiments which we here relate, taken from
Péclet’s * Traité de la Chaleur.

25. Taking the case of a horizontal pipe through which air coming from a gasometer flows,
let L and D denote the length and the diameter of the pipe; P the excess of pressure in the
gasometer over the pressure of the atmosphere ; p the force corresponding to the veloeity of flow at
the end of the pipe, both expressed in air at the external temperature 6°; and A the coefficient of
the loss of force ut the orifice. The pipe being at the external temperature, we shall bave

P-p= (A+K—DL)p, and V= \/———2{’—P—K—L )]
1+A+5
Suppose now the pipe heated so as to raise its temperature to ¢°; admitting that the flow of
heated air takes place by the force in heated air, this force will be P(; I ‘: :) ., and the velocity
[¢
of flow v, of the cold air from the gasometer will be
_14a6, /29PA+apy ~— 1T .
”"1+at\/" 14+a0 “l Ag EL(THary’ (8]
+ D \1+4a6
and as, by placing the whole under the radienl sign, the first factor becomes 2P :—I—:—f, we see
that the ratio of V to v, is greater than the square root of 11 +aa9 .
In the new theory, we have as the velocity v of the eold air,
29P
v= - ; ]
14+ A4 EL(1+aty
D \14a6

and the ratio of V to » decreases but slowly, i;dproportion a8 ¢ increases, and only by the increase
of registance due to friction, and which is caused by the elevation of the temperature.

26. To determine the influence of the heating of the air in the pipe A B, Péclet had recourse to
thearrangement shown in Fig. 1907. A B is u copper pipe 1 mitre in length and 0m+01 in diameter,
communicating with a gasome- 1007,
ter; throughout a portion of its — d
length it was enclosed by ano-
ther concentric tube CD: the B

D

- A 1
space between the two tubes r‘
‘ H:

was closed at the ends by cocks,

and steam introduced by the

ipe a, and let out by the pipe b.
hen the pipe A B was not Leated, a certain volume of air flowed through in 612”; and when the

ipe was heated, the same volume of ai :
o e o 1 air, under the same pressure and at the same temperature,
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27. To obtain a higher temperature, Péclet adopted the arrangement shown in Fig, 1908. AB
is a glass tube of Om*322 in length and 0™+0047 in diameter, fixed to the end of an ix:;i tube B C of

1908,
s

0m-90 in length and 0™-011 in diameter; bencath the iron tube was placed a stove D E of nearly
the same length, for the purpose of holding burning charcoal. For this arrangement, the equations
[a], [¢], and [c] were replaced by the following:

v=v 2'(;{1)1 KL & (]
1+A_B+7+—D—'ﬁ4
14a04/20PQbaty T T T
"'=1‘$'(';‘t‘/‘i'1"(4-:ea)' KllKL @ irary O3
1+A"B+"“d'+'1')—'1)—4('1Ta_9)
oV _ %P (]
Ki KL & 1+4at
1+A‘B+7.r+—n"ﬁrm>

in which V represents the velocity of flow in the small tube when the air is not heated ; v, and v,
the velocities of the cold air when the air is heated in the large tube, for the old and new theories;
I, 1., d, D, are the lengths and the dinmeters of the tubes AB and BC; A and B are the coefficients
of the variations of force at the orifice, and at the point in which the tube is suddenly enlarged.

In this'case, as in the preceding, the ratio of V to v, is greater than the square root of %_}__“;‘

73
whilst the ratio of V to » differs but little from unity.

The iron tube being at the external temperature, a certain volume of air flowed through in 620”;
and when it wns heated to a dark red, the same voluge of air, in the same circumstances, flowed
through in 650”. The iron tube having been replaced by another of 0=-013 in diameterand 1=°16
in length. the same volume of cold air flowel through in 615”; and when the tube was heated red
hot, the time of the flow, in the same circumstances, rose to 648", The external temperature was
at 14°.

These experiments do not enable us to determine exactly to which of the two formule [¢] and
(<] or ('] and [¢") they conform most, beeause it was impossible to measure the temperature of the
air on issuing, and because the incrense of temperature took place successively, which prevented
the calenlation of the resistance in the tube A B. It is, however, plainly seen that the equations
[] and ["] are incompatible with the equations [a] and [a").

28. In the first experiment, the ratio of the velocities of the cold air, when the second tube is

. . 618
cold and when it is heated, is equal to 2= 1:0099; and, according to the formule [a] and [},
supposing the air at 100", this ratio should be greater than the sq\inre root of % , which is

equal to 1-1471. Neglecting the increase of resistance in the tube A B, which increase angments
the ratio in question, we should have to admit for formula [0], in order to make it agree with ex-
perience, t = 15°*7; but this is impossible, for the temperature must bave been near 100°, Inthe

15
second experiment, the ratio of the velocitics in question was equal to ((':'3—3 = 1-0483; and,accord-
ing to formula [b'), supposing only the air at 400°, this ratio should exceed the square root of

17—65—?—22 , which is equal to 1:53. Neglecting the increase of resistance in the tube A B, to make

formula [b'] agree with experience, we should have to suppose ¢ = 42°-4. But this is impossible,
for we find in the register of the experiments these words: The wir issuing is burning ; « thermometer held
in it rapidly rises to 150°.  And it could not have been otherwise, for the iron tube was red hot. In

the third experiment, the ratio of the velocities was g%; = 1'0536 ; and, according to formula [¥'],
3-196

, Which is equal

supposing only the air at 600, this ratio should exceed the square root of 0513

101743, Neglocting as before the increase of resistance in the tube A B, to make formula [47]
agree with experienco, we should have to suppose ¢ = 45°°5. This again is impossible, for the
air issued hotter than in the preceding exgeriment.
The disorepancies which we have found between the results of the formulw [b] an% 3] 2:md those
P
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of experience, are too great to be attributed to crrors of obse;m_honh thr en;n;ge, for the first
experiment, neglecting the resistance due to the incrense of friction, the time of the flow should
have been 612 x 11471 = 900", instead of 618”; that is, greater by 900 — 618 = 282”; and this
difference should have been much greater for the others; now, each experiment was repeated twice

i e result each time. ,
mtg;hftsgrl’lows evidently from all these experiments that the formula [¢] and ["i’ cannot be
admitted ; that is, when air flows in a horizontal tube in virtue of a pressure, and the air at a
certain distance is heated, the velocity of the cold air cannot be deduced from that of the heated
air by taking as the force of this flow of cold air, the force in heated air.  But if we suppose that
the external force is applied to the cold air, the velocity will undergo only o small diminution
resulting from the incrensed resistance of the heated air, and this ngrees with the experiments.

That which we have just afirmed must evidently be true, whatever the nature of the pressure
exerted on the cold air on its entrance into the tube may be: therefore, if it is vertical and heated
externally, the pressure resulting from the two columns of air of the same height, one at the
external temperature 6°, and the other at the mean temperature ¢, is the force which acts dircetly
on the cold air entering the chimney; this. force should be measured in air at 6°, and it is this
velocity which is afterwards transmitted to the heated air, as we have already explained (3).

80. Former Experiments on the Flow of Air in Chimneys—Many years ago Péclet made a long
series of experiments on the flow of air in chimneys. 1ie employed pipes of sheet iron, cast iron,
and earthenware, of various heights and seetions. The apparatus was arranged in the following
manner: the stove was large and partly covered with charcoal for the purpose of rendering the
resistance of the fire-place nearly nul; the chimney was above the stove. The temperature of
the air in the chimney was shown by two thermometers placed, one at the bottom, the other at the
top. As anemometers were unknown in those days, Péelet determined the veloeity of the air by
introducing rapidly through the opening in the ash-pan under the stove, a piece of burning tow
which had been previously dipped in turpentine and fixed to the end of an iron rod. With-
drawing immediately the burning tow, a small quantity of smoke was produced in the fire-place
and carried upwards by the heated air. By observing the time when the smoke was produced
and the time when it appeared at the top of the chimney, the veloeity of the current of air in the
chimney was ascertained.  The experiments were repeated with the ehimmey more or less closed
at the top, and at the bottom by diaphragms formed of a sheet of iron picreed with a cirenlar
orifice. The method of observation was too imperfect to give exact results, yet these experiments
enabled the experimenter to ascertain some important facts of which we will speak later.

3L, General Considerations on Fuctory Chinneys—In order to study in a complete manner the
phenomena which oceur in chimneys, it is necessary to have a clear notion of the general arrange-
ment of heating apparatuses. As we have said already, they consist of the furnace,'the space
in which the heat is utilized, and the chimney. Furnaces are usually formed of east-iron bars
placed in a horizontal plane, or slightly inciined, separated from ench other by small intervals,
and upon which the fucl is placed. Deneath is a space communicating frecly with the air, and
known by the name of the “ash-pit.”

The space comprised between the furnace and the chimney, and where a portion of the heat
produced passes into the body which it is wished to heat, has forms and dimensions varying with
the nature of the effect to be produced.

Chimneys are always vertical tubes or channels, construeted of brick or sheet iron, and
designed to discharge the burned air, and fo ereate a draught through the furnace, which draught
is necessary to support combustion,

32. The inward rush of external air caused by the temperature of the burned air and by the
height of the chimney is called the draught. The draught of a chimucy, as we have calculated
it, is always diminished, in a very large proportion, by the resistance of the bars, and so on, of
the furnace, the sudden or continuous changes of section and dircetion, and by friction.

The phenomena which occur in heating apparatuses are very complicated and very varying,
chiefly with the condition of the furnace; but we may determine the influence of the various
circumstances which modify the draught. We will suppose, in the first place, that the circuit has
everywhere the same section, from the opening of the ash-pit to the top of the chimney, This
hypothesis differs but little from ordinary facts; even to the sum of the free orifices of the
furnace-bars a surface is given differing but little from the horizontal section of the chimney.
Denoting, then, the section of the air-channel which conducts the air under the furnace-bars by
8, the rate of ingress of the cold air by v, §v will represent the volume of cold air eutering per
second. Putting G for the resistance of the furnace, C for that of the circuit preceding the
chimney, and H and D for the height and dinmeter of the chimney, the friction in the chimney
will be KL (1 + at)? + D (1 +a6)? and would be exactly the sume if the scetion of the chimney
were the square circumsceribed about the circle.  Applying here the laws relative to the motion
of compressed gascs, we shall have, supposing the temperature outside equal to 0°

P—p=G+0)p+ S A tatyp;

v= '\/ I 2”}1-&1}_ "
A +at) [1 +Gc+-‘D—(1+at)2]
83. The examination of this formula leads to several consequences of great importance in

practice.
1. When the values of G and C are very great relatively to the friction in the chimney, which

is almost always the case, tho draught is proportional to the square root of the height.

whence
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2, If we supposed G and C nul, which would happen only in the case in which the f; i
placed at the bottom of the chimney, the grating occupying only a small portion of thmm;’
and the air experiencing no resistance on entering the chimney, the draught would vary very’
little with the height of the chimney ; it would be nearly independent of it when KH = is
very great relatively to 1. These are circumstances which occur rarely in practice, but they were

resent in the experiments to which we have alluded (30). The height of the chimuey had
Kudly any influence upon the draught, because the air experienced hardly any resistance.

8. Buppose again that, nothing being changed in the dimensions of the apparatus, the tem-
perature ¢ varics. 1f G aud C be supposed constant, the friction in the chimney being in general
very small relatively to G + C, the draught, will vary nearly proportionally to the square root of

ﬁiﬁ , that is, in the same ratio as the theoretical draught. Thus, in the supposition which we

have made, the ratio of the actual to the theoretical draught would be a constant number, depending
only on the dimensions of the apparatus. But, in an apparatus in operation, ¢ can rise only by
the increase of the velocity of the current, and this inerease can take place only by the diminution
of the resistance, which, in the case supposed, can result only from the condition of the furnace or
from the raising of the register ; the draught in that cuse increases in a greater ratio than in the
supposition of G and C constant, only there is at the same time a certain increase in the value of
G, resulting from the increased velocity. In like manner, the value of ¢ could decrcase only by
the increase of resistance in the grating, or by the lowering of the register, and the diminution of
draught would then be more rapid than if the resistance did not vary.

34. Let us now sce what would happen if the circuit were interrupted by a diaphragm. This
is a circumstance that occurs in every heating apparatus, for all are provided with registers for
the purpose of regulating the draught or of stopping it altogether during the interruptions of
work, We will first supposc that the diaphragin is placed in that portion of the air-channcl which

conducts the external air bencath the grating. Denoting the orifice in the diaphragm by d its
diameter, we shall have

P"P=(G’+C)P+5D—H(l+at)"p+(§:—l)p;

whence v =V 21”-:{2 \/ N g Hl_____, D
at

i 1+G+C+—Dv (A +aty —d;‘-l
neglecting the loss at the entrance into and the gain at the issue from the orifice, which are both
very small relatively to the denominator of the second radical in the valuc of ».

It follows from this formula that the influence of the diaphragm becomes smaller as the total
resistance of the circuit becomes greater. In large stenm generators, the actual rate of ingress is
less than a fifth of the theoretical rate. Supposing it equal to this fraction, we shall have nearly

=VIHEY —5
2+, -1

2

If we suppose that the ratio of the sections of the chimney and of the orifice ];_ becomes succes-

sively, 2, 4, 6, 8, 10, 20, 40, 60, 80, 100; the values of the second radical will be 0-189, 0-158,
0-130, 0°1066, 0-09, 0°048, 0-025, 0-0166, 0-0125, 0:01. The value of the radical without the
diaphragm is 0°20, and by tho influence of the diaphragm it is reduced in the proportion, 0-945,
0-75, 0-64, 0-53, 0°45, 0°24, 0°12, 0:083, 0:062, 0-059. Thus, as it was casy to see by inspection
from the formula, diaphragins diminish the draught in a proportion much smaller than the ratio
of the sections; a diaphragm which reduces the section to a tenth reduces the draught by only the
half, This small influence is due to the retardation of the velocity by the diaphragms, and, con-
scquently, the diminution of resistance in the rest of the circuit. .

85. The diaphragm reducing the rate of flow in a proportion less than the ratio of its section
to that of the chimney, it follows that the velocity of the air in the orifice of the diaphragm must
increase in proportion as its surfaco decreases. In the gencral case, the velocity of the air in the
diaphragm is :

o Gt . P’ ‘ \/ - B SE—
14+at a2

o ———pi— s
1+G+C+K—I)}—I(1+at)=+d7-1.

and in the particular case which we have examined, we have

\/ D
u,=\/2gHat @ i
14at D4

Taking as the ratio of the sections % the same numbers as before, we find as the value of the
second radical, 0378, 0-632, 0-77, 085, 0-90, 0+97, 0-992, 0996, 0-998, 0999 and as the value
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of this radical without the diaphragm is 0-20, the velocities in the diaphragm with respect to the
velocity in the circuit are, 1-89, 3-16, 8187, 4°26, 4°49, 4-85, 496, 4°98, 4:99,4:99.
Thus this ratio approaches 5 as the diameter decreases, becausc the actual velocity without the

diaphragm is 0°2 = % of the velocity due to the force, and, the diaphragm retarding the velocity
in the chimney, diminishes the friction. It is evident that if the velocity of the current of air were

a fraction 1 of the velocity V due to the force, the ratio in question would continually approach
m

m as the diameter of the diaphragm diminished. . . '

36, If there were in that portion of the air-channel which conduets the air o the ash-pit several

diaphragms at a suflicient distance apart to allow the vein of air, after having traversed each of

them, to fill the spuce in which they are placed before meeting with the next, the velocity would

become A
b= ,\/25]Hut,\/ . 1 o
1+at 14640+~ +at)°+m(37_ )
. 2
and if _]dZ; were very great relatively to the terms which precede, for the same value of % the value

of v would vary in an inverse proportion to the square root of m.

37. We have supposcd that the diaphragms were placed in the current of cold air before it
reached the grating of the furnace; let us now suppose them placed in that portion of the circuit
traversed by the heated air. As the velocities arc inversely as the densities, we shall huve in general

KH , D ; .
Pep=(@+Op+-gp Qtatfptn(s—1)0+atrp;

whence v = \/?ly}i;att \/ - T kH SN B e—
T 1+G+C+—D—(1+at)"+m(d—*—1>(1+at)'z

Thus diaphragms placed in the current of heated air reduce the draught more than when they
are placed before the ash-pit, because the velocity of the heated air is greater than that of the
cold air. .

38. Experiments made by M. Combes confirm the. consequences which we havo drawn from the
genera] formula., It was found that by. closing the orifice for the ingress of the air into the ash-pit
of a gencrator, by means of a shect of iron p].l:',l'[‘,cll w1tp holes, the velocity of the air traversing the
aperture, measured by an anemomcter, continued to increase with the deerease of the size of the
holes. The following are the details of this experiment.

The chimney was 20 metres in height; its section at the bottom being 0-383 square mitre, and
at the top 0° 196 square metre. The surfuce of the furnace-grating wus 06525, and the sum of the
spaces betwecen the bars 0165 square metre. The mout}:x of the ash-pit was covered with & sheet
of iron picreed with six square holes of 0™*167, and having a surfacc of 0°028 square mitre euch,
and altozether a surface equal to the whole open surface between the bars,

The velocity was first ascertained by means of'_ an ancmometer with all the holes open, imme-
diately after the fire had been made up, and again after it had been stirred.  'I'wo experiments
made in succession gave as the velocities 0™+5275, 1m-68, 0™ 86, 1"-15; mean, 1*17. With
two of the holes closed, under the same circumstances, the velocities were 1:607,1°99,1°89, 2:05;
mean, 1™ 88.

When four of the Loles were closed, the velocities under the same circumstances were 3°51,
4:05, 2°68, 3:46; mean 3742,

In these three series of experiments, the surfaces for the ingress of the air were 0:168 x 0°65 =
0:1092; 0:0728 and 0°0364 square metre ; and the mean velocities 1°17, 188, and 3m°42, Thus
the velocities incrcuse rapidly with the decrease of the sections of the orifices; for orifices in the
proportion of 3, 2, and 1, the velocitics increased 1-26, 1-65, 3. .

39. Lateral Pressure in Chimneys.—Suppose a chimney placed beyond a furnace of any form, and
an opening made in it at a certain height; it is evident that the external air will enter with a
velocity greater in proportion to the nearness eof the aperture to the ground. At the top, this velo-
city is nul. 'T'his rush of external air would occur if the aperture were in any part of the heating
apparatus. Therefore care should always be taken in building to avoid an ingress of external air
through fissures in the masonry, because they always occasion a loss of draught and often diminish
the useful effect of the fuel,

40. It follows necessarily from what we have said, that inside the furnace and chimney there is
a negative pressure, that i, gmaller than that of the stmosphere, and that this negative pressure
continues to increase from ghe ash-pit to the bottom of the chimney, and decreases in like manner
to the top of the chimney where it is nul. .
thatl' j"ffzds fT"','"l""‘“f by the Mceling of Currents—When several pipes enter the same channel
b iﬁ“‘fwn S t" ‘1‘“ project themselves beyond the orifices. and in certain circumstances they may

Yt :&r "tl]‘lllf{l action, modify the velocities of the air in the pipes. If, for example, two pipes
zﬁr?;ntsa l{d l(ixa.ct]y opposite ench other, the third pipe being perpendicular, the influence of the
Curronts g::‘l;ed e nul tlf they had the same velocity ; for the effect would be the same as if the
the current b 'agal?s 8 fixed plane placed Letween them. But if the velocitics were unequal,
the orific thrtvmg the greater velocity would diminish that of the other, and close more or less,

e ugh which it flowed. A vast number of plienomena leave no doubt on this fact ;
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besides, these currents must act upon each other in nearly the same manner as currents of water,
and it is known, from the experiments of Savart, that when two currents of the same section act
in contrary directions and one of them has a very small excess of velocity over the other, the latter
is driven back to the mouth of the vase, and the flow ceases completely. The effects resulting
from this collision may be prevented by placing in the pipe a diaphragm P, as shown in Fig. 1909.

42. Phenomena of the same kind would occur if the two pipes were at right angles to each
other, Fig. 1910, with the additional complication caused by the effect of the lateral pressure.
But these effects may be wholly avoided by means of the diaphragm P,

. 1909, 1910. TSN
B
1 1
n
-/
A (o

If the pipe were enlarged, as in Fig. 1911, the narrowing of the pipe in front of mouth of the
lateml pipe would have the efiect of a diaphragm: the influence of the eollision of the currents
might be neglected, but that of the diminution of pressure, due to the enlurgement of the pipe,
might be very great.

43. In the ease of a current of heated air flowing korizontally into a vertical chimney, it may
happen that the draught is completely stopped, though the scetion of the chimney is larger than that
of the current of heated air, when the veloeity of the latter is very great, because in that ease it will
close the chinmey like a plug.  This is a fact which Pdelet has had oceasion to remark several
times, and espeeinlly in the case of a chimney which he had built in a soda manufactory, and
which formed a portion of a condensing apparatus.  This chimney was 13- 30 in height, and had
a section of about 0°75 square metre; the smoke-channel entered it horizontully, Fig. 1912. When
the fire in the furnacc 1912,
was kindled, the draught
oxisted : it inereased for
some time, and then
gradually decrcased, till
finnlly it ceased. Péclet
goon discovered the cause
of this singular phenome-
non, and removed it b
a vertical partition
placed in the chimney so
that the heated air did
not come in contact with
the gases of the chimmey
until it had taken the
same upward direction.

Thus, it is necessary
to take the greatest care,
in all draught chimneys
which receive currents
of nir perpendicularly or
variously inelined, to di-
reet them secording to
the axis of the chimney
before they come 1 con-
tact.

44, Loss of Heat occa-
sioned by Climneys—The =
quantity of heat lost by )
chunneys is very considerable, because the burned air is allowed to escape at very high tempera-
tures, always higher than that of the heated body This quantity varies with the temperature
of the air which escapes, with the volume of cold air entering the furnace, and with the weight
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of water contained by the fucl, or produced by its combustion, for the gases are almost always
evolved at too high a temperature to allow the condensation of the steam. This loss may be com-
puted approximatively, however, by comparing the temperature of the burned air in the chimney
with that which it would have if all the heat produced were employed to heat it. In this calcula-
tion it may be assumecd that the burned gases posscss the calorific capacity of air.

For example, in stcam generators the burned air is discharged at about 800° and on an
average 18 cubic mitres of air is employed per kilogramme of coal, or 18 x 13 = 23%:4; taking
0-24 as the calorific capacity of the gases produced, the temperature to which the gases would be
raised by the 8000 calories or units of heat, resulting from combustion, would be equal to 8000
+ (234 x 0-24) = 1425°; counsequently, the loss is equal to 300 + 1425 = 0-21. This loss'
would evidently be doubled or trebled if twice or three times the quantity of air were employed,
and it would be reduced to 0-1 if only that volume of air were employed which is rigorously
necessary to combustion. Under ordinary circumstances, the loss must be reckoned at not less
than 0°25, on account of the steam produced.

In furnaces for mclting metals and for the production of coal-gas, the burned air is allowed to
escape at a much higher temperature, on account of the high temperature of the substances heated,
and the loss of heat is much greater. The loss often amounts to 0°80 or 0°90, cven when the
volume of air which escapes combustion is very small; but the heat thus lost may, in general, be
utilized, at least in a great measurc. The utilization of this lost heat is & question of the highest
importance in factories, for the cost of fuel is nearly always a considerable item in the cost of the
productions. We will return to this subject later., -

45, Arrangements for wtilizing the whole of the Heat produced by a Furnace.—~In the apparatus
generally employed, the chimney is placed beyond the furnacc, which cuu.cs, as we have scen, &
loss of lient that may be avoided by certain arrangements.

Let us suppose that above or beyond a furnace, well enclosed, there is o chimney of 3 or 4
metres in height, of considerable thickness, and constructed of badly-conducting materinl. The
burncd air in this chimney will have a very high temperature, and will acquire an ascending
velocity much greater than that neeessary to support combustion.  Suppose, again, that above this
chimney, in its continuation or at the side of it, is the boiler or body to be heated: the course of
the smoke may be lengthened, so as to cool it completely or almost completely ; and on leaving
the heating surfaces it may be allowed to eseanpe immediately into the air, or conducted o a
chimney, the use of which is merely to discharge it at & conveunient height in the atmosphere.

A similar arrangement is adopted in certain kinds of glass-works; the height of the drought
chimney is equal {o the distunce from the furnace-grating to the roof of the furnace, and the
burned air may give up all its heat in the arch if the latter is of suflicient length, .

46. At first sight, this method scems applicable only when the bodics to be heated are to be
raised to a temperature exceeding but little the ordinary temperature, sinee the burned air cannot
be cjected at & temperature lower than that of these bodies. But by moving the bodies to be
heated in a direction contrary to the motion of the heated air, it is evident that, in almost nll cases,
nearly the whole of the heat of this air may be utilized, and the temperature reduced to that of the
atmosphere.

47.p This method, which consists in placing the chimney in front of the heating surface, has a
disadvantage which we ought to point out. The henting surface must be larger than in the ordi-
nary arrangement, beeause it is not heated directly by the radiation of the fucl ; notwithstanding
this disadvantage, however, there are many cases, as we shall see later, in which this method may
be adopted with profit.

48. The apparatus may be arranged so as to produce the draught through the heating surface.
The arrangement consists in placing the body to be heated in the chimney, If the channels of
circulation are narrow, and the heating surface large, the burned air will reach the top of the
chimney at a temperature but little above that of the heated body, although the draught be very
strong, because the ascending veloeity will depend on the mean temperature of the burned air in
the channels of circulation, and the temperature at the bottom will be that of the furnace. This
arrangement is secn in lime-kilns,

49. Dimensions of Factory Chimneys.—The work of a chimney consists, as we have said, in draw-
ing into the furnace the volume of air necessary to combustion. The weight of fuel to be burned
an hour is always given; the height of the ehimney is, in general, determined by particular con-
ditions, but the scction depends on the volume of air employed in consuming each kilogramme of
fuel, on the mean temperature which the air will have in the chimney, on the loss of force occasioned
by friction, on the changes of scetion and direction, and on the resistance of the furnace-grating.
The phenomena occurring in the draught of a heating apparatus are so complicated, that we cannot
hop(;, by means of simple theoretical considerations, to calculate exactly and for every case the
section which should be given to a chimney to produce a given effect. These calculations would
be rendered more incxact by the facts that we do not know beforehand the temperature of the air
in the chimney, the mean temperature of the air which ecirculates around the body to be heated,
nor the resistance of tho grating, and that these three elements, which it would be necessary to
kn_ow before calculating anything, vary with the condition of the fucl in the furnace, and with its
thickness upon tho grating. Thus, in every ease, we must consider the resulis of experience to
ascertain what section should be given to o chimney; but it is important to remark that there will
always be an advantage in giving to chimneys an excess of scction, because this produces au excess
of‘ draugh: which may be necessary in certain cnses, and which may alweys be regulated by means
of a register.

50. For fixed steam generators, arranged in the usual way, Péclet discovered, by bringing
together 8 large amopqt of {nformation, and by some experiments, that for chimneys having 10, 20,
and 30 metres, containing air at 300°, witn gratings, the open spaces of which are equal to the
section of the chimney, and upon which iy burned 1 kilogramme of coal an hour per square deci-
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mitre, circumstances of ordinary occurrence, the rate of ingress of the cold air is about 0-18s,
017 v, 0° ¥ v, v being the theoretical rate.

For the heights of 10, 20, and 30 mttres, which we have supposed, and for a mean tem-
perature of 300~ in the chimney, the rates of ingress of the cold air, deduced from the formula

of 300°
v=v/ ﬁli’%t_t, aro 10-13, 14-33, 17-55 mitres, and, consequently, the actusl rates are

0°18 x 1013 =1-82, 017 x 14°33 = 244, 0°16 x 1755 = 2°80. The volumes of air drawn an
hour per square decimitre of section being v x 0-01 x 3600, will be for the three heights, 65°52,
87-84, 1008 cubic metres; and assuming that only the half of the air is transformed into carbonio
acid, and, consequently, that the volume of air required to burn 1 kilogramme of coal is equal to
18 cubic mitres, the weight of coal an hour per square decimetre of section will be represented by
the preceding numbers divided by 18, that is equal to 3:42, 4°71, 5:50 kilogrammes. These
numbers ditfer but little from those adopted by the most experienced engineers; by employing
them we may be sure of having a considerable excess of draught, but no disadvantage can result
from this, as we have shown above.

The proportion of the section of the chimney to the consumption of fucl necessarily supposes
that the resistance remains constant, an hypothesis that may be admitted ; for the resistance caused
by the grating and by changes in the dircetion of the current, undergoes but little variation, and
that occasioned by friction has, in general, but little influence on the total resistance.

51. According to the foregoing, denoting the sum of the resistances experienced by the air in
its course by I}, we have in the three cascs considered,

- 1 1
v=018V=1yv v T T v=0 17V—V’\/1+R, v=0 16V_V\/, —
and the values of R are 29-98, 3349, 38-29. Thesc numbers represent the sum of the resistances
due to friction, to changes of direction, and to the grating.

Comparing the dimeusions of u lurge number of gencrators, we find that, for the three heights
of chimuey given above, the values of —p- 8re equal to 1°5, 257, 3°57: as there are usually
eight changes of direction at right angles, assuming that these changes take place in a continuous
manner, the corresponding losses would bo represented by 4; and considering the velocity in the
chimuey as double that of ingress, which is not far from the truth, the sum of these two kinds of
resistances would be 5°5 x 4, 6°37 X 4, 757 x 4, or 22°0, 25-48, 30°25; the resistanco of the
furnace would then be represcnted by 8. But these calculations must be considered as only
rough approximations, suflicicnt to give an idea of the value of the difterent kinds of resistance
which take place.

52, Sections of the Chimneys of Generators for different kinds of Fuel—Let us consider two gene-
rators having the sume formn and dimensions, the furnaces of which are supplied with different
kinds of fuel, containing only carbon and fixed matter. It is evident that, it for each of them the
same portion of air escaped combustion, the phenomena would be the same; the only difference
would be that resulting from the unequal quantities of radiated heat, and from the unequal resist-
ance of the furnace; but these differenees would be of small importunce, and could oecasion but
little in the weight of carbon burnt a square decimetre of ehimmey. But if one of the kinds
contain water or produce it, the scctions of the chimmeys, for the same weight of fuel, will no
longer be the same. 1n this case, we may admit, as an approximation sufficient for practice, that
the sections of the chimmeys are proportional to the volumes of the gases to which they are to
give a passago for the combustion of the same weight of the different kinds of fuel. If we denote
by 8 the section of chimney necessary o consume a weight P of coal, by 8’ the seetion of chimney
corresponding to the combustion of a weight P of another kind of fuel, by V and V' the volumes
of the gases which are evolved by the combustion of a kilogramme of the two kinds, we shall

have 8' = E—’-\(’—v ; from this we obtain the following results:
, 10°08 _
Drywood .. .. .. . . .. B _an—_zs-o 59>$S.
, 742
Wood with 0°20 of water. .. .. .. 8 =8x ]j7—,_,—8=0'43x S.
i s 12-01 .
Dry turf with 0:05 of ashes .. .. 8 =8x 1598 = 0:69 x S,
(°28
. P_ay B8
Turf with 0°20 of water .. .. .. 8'=8x 728 = 0-51 x 8.
PR -1
Charcoal S ) —bxmg_o 88 x 8.
17°40
g i .02 ' = g ) 3
(oke with 0°02 of ashes .. .. .. 8'=8x 1728 1:00 X 8.
15°10
Coke with 0°15 of ashes .. .. .. S'=Sx1—7—_ﬁ=0's7xs.

. . N inds
These numbers necessarily suppose that the resistance of the gratings is the same for all kin
of fuel; this is not strictly t¥ue, for all kinds of fucl do not encrust the bars so much as most
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kinds of coal; but, as we shall see later, smaller surfaces of grating are employed fc'u: coke, wood,
charcoal, and turf, so that the resistance of the gratings ought not to differ much. They suppose
also that the other resstances do not change with the section, for it is on this condition that the
volumes of air are proportional to the sections; but when the forms of the generators are alike,
there is the same number of changes of direction, and the differences of section have only a small
influence on the total resistance. But these numbers must be considered as approximative values,
representing. however, sections producing an cxcess of drfx_ught. .

53. Tt is important to examine what would happen if the chimney only or the whole of the
circuit had a section greater than that resulting from the preceding considerations.

Suppose, in the first place, that a larger scetion is given to the chimney alone; the draught
will increase on account of the cxpansion which the heated air will undergo on entering it, and
on accqunt of the diminution of friction. But in general this increase of draught will be small,
and, if the chimney is too large, the velocity of the heated air may be diminished to such a dggree,
that the draught will be modificd by the iniluence of the wind. It might even happen, if the
section of the chimney were much too large, that the current of heated air did not completely fill
1t, and 1n that case downward currents of air would be caused which would greatly diminish the
draught. To remecdy this, it would be neccssary to reduce the section of the chimuey by a register
placed in the upper portion. L .

Lf, on the contrary, the section of the chimney were diminished go as to make it ouch smaller
than that of the gatherings, there would be a loss of force which could be compensated only by an
increase ot temperature of the heated air.  Even this compensation could not be cffeeied without
difficulty. and would be confined within narrow limits.

54, If the gatherings, the furnace-grating, and the chimmney had a section much larger than
those we have mdicated, it is evident that, for u constant consumption of fuel obtained by closing
the register in n greater or less degree, the resistance would diminish in proportion as the section
increased, and finally we should obtain as the rates of ingress and egress of the gases the theo-
retical rates. To effect this, it would not be necessary to make the diameter of the air-channel
very large ; for if it were ouly five times the diamecter ealeulated, the velocities would be twenty-
five times smaller, and every kind of resistance 25 X 25 = 625 times less. This would be, there
fore, a certain means of suppressing every kind of resistance; but in that case, to protect the
draught from the influence of the wind, the register would have to be placed at the top of the
chimney, This arrangement would largely increase the cost of construction and the loss of heat;
for this reason it is never adopted.

55 Varwus Methods that have been proposed to determine the Section of Chimncys—Montgolfier was
the first who endeavoured to determine the section of a chimmney, taking as starting-points its
height, the volume of air necessary to combustion, and the temperature of the burned air. But he
did not consider either the friction of the air against the sides or the resistance of the grating.
The section thus determined was much too small.

Clement, in his lectures ut the Conservatoire, gave Montgolfier's method ; but he took only the
fifth of the velocity caleulated, which gave too large a scetion. Tredgold, in his *I'reatise on
the Steam Engine,’ gives a complicnted method founded upon singular suppositions. He starts
from the theoretical veloeity, on the supposition that for boilers the temperature of the smoke is
equal to that of the steam, and he maultiplics the velocity obtained by 0°65, which represents the
flow of air through orifices in a thin material.

According to M. Darcet, chimneys should be 10 mitres in height, and have a scetion such that
each square decimitre may correspond to a consumption of 3 to 8 3 kilogrammes of coal an hour;
the surface of the furnace-grating should be three times greater than the section of the chimney.
These results differ but little from those we have indicated:

56. Inplucnce of the cooling of the outer surface of Chimncys upon the Dranght.—It might be thought
that m isolated chimneys, traversed by air at a temperature of about 800°, the quantity of heat
emitted by the surface being considerable, the air undergoes a great lowering of temperature,
which must diminish the draught; but this is not the case. The quantity of heat carried away
by the heated air is always very great relatively to that lost through the surface of the chimney,
and the cooling of the air has no appreciable cffect. Let us, by way of example, consider a
chimney of 20 mitres in height, 0™5 in diameter, and 0°196 square metre in scetion, containing
air at 300°. The theoretical rate of ingress of the cold air through a channel having the section
of the chimney will be 11m-93, the actual rate 1193 x 0165 = 1m-968, the velume of sir catering
an hour, 1-968 x 8600 = 7084 cubic mutres, the weight of which is 7084 x 1%-3 9209 kilo-
grammes and the quantity of heat carried away an hour about 9209 x 800 = 4 - 553175 units
of heat Now, according to the formule of the cooling, which we shall see later, the quantity of
heat emitted an hour, a lincal métre, under these conditions, is 1587 @ for the 20 mitres, therefore,
the loss will be 1587 x 20 = 31740. The ratio of 81740 to 558175 is 0:057. Thus the loss of
heat ttirough the chimney is not 15 of the heat carried away by the air: consequently, the tem-
perature of the air will not be fowered by 0-06—that is, it will remain above 282°, and the
draught will not be affected in an appreciable degree.

57. For an iron chimney of the same dimensions, the quantity of heat emitted would be,
according to the formule, 8037 a lincal mitre, and 160740 for the 20 metres. The ratio of the
heat lust to the heat carried away by the air would then be 160740 + 553175 = 0-29. Thus, the
temperature would be reduced by 87° and the heated air would escape at about 213°, which
corresponds (10) 1o & diminution of 01, nearly, in the draught

58. .Calculauo'n of the Dicmcter of Chimneys in the general case.~—All that we have said respecting
the section of chimneys, designed to produce the combustion of a given weight of fucl, is applicable
ouly to chimneys of fixed generators in ordinary conditions, when the temperature of the air is
about 300°, and when about 1 kilogramme of coal is burned an hour and on a square decimétre of
surface of grating. But, if the circumstances were different, the sections rccommended would not
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be suitable, As it is of great importance to be able to calculate them, at lenst within & certam
degroee of approximation, in every case that may occur, Péclet has endeavoured to find a simple
method of accomplishing it.

59. We will supposo that the consumption of coal a square decimitre of grating is always about
1 kilogramme an hour. We have scen (51) that, for generators having chimneys of 10, 20, and 30
metres in height, the resistance is about equal to 8.

.. Bupposing the scction of the air-channel constant and square, and denoting its length by L, the
side by I, the number of changes in direction at right angles by N, we shall have as the zate of
ingress of the cold air, )

_2g9Hat 1
T 1+at’ KL ’
+ l+8+(-})—+N)(1+at)’
But_denoting by V the volume of cold air required a second, which volume may be easily

deduced from the weight and nature of the fuel to be consumed in the same time, and by 8
section of the conduit, We shall have ec 1o 1he 00 by 8 the

(13

V=S8uv; andv’:—l‘g. [2]
Equating the values of ¢? in the equations [1] and [2),
vi= 29Hut D+
T 1+4at 9D+ (KL +ND) A +at)?’
3‘ t ;vere known, putting in the place of V, g, H, a, N, their valucs, the last equation would assume
1€ 1011
Dé= A+ BD, ()

an equation that may be solved approximatively, by neglecting at first A or B, substituting the
value of D, thus found, for D in the second member of equation {3), and successively for D
the lnst value obtained, until two consccutive values differ only by a quan.ity smaller than the
approximation required.

If the temperature ¢ were not known, we should have to assign to it a ccrtain value found by
experiments on similur apparatus,  We will remark here that great accurney in the value of ¢ is
of no_importance ; for, as we have seen (10), the draught varies only in the ratio of 57 to 71, for
t =159 and ¢ = 800°, "

60. As an example of these caleulations, suppose it be required to burn 50 kilogrammes of coal
an hour; let I = 40 metres, ¢ 1507, and let there be ten changes of direction at right angles, we
shall have V=50 x 18 + 3600 = 025; 2y Hat =161"40; 14t =155: KL = 0-96; and
the formula [3] becomes D3 = 0:00057 4+ 0:0114 D.  Neglecting, at first. the first term, and ope-
rating by successive approximations, we find for D the values 0°325, 0535, 0°337, 0-338, 0-838.
"Thus the second substitution gives the value of D within a centimttre. The section being about
13 square decimitres, the econswnption of fuel the square decimitre would be about 3 kilogrammes.

61. We have supposcd that the resistance of the furnace-grating was constant and equal to 8;
this will be the case when the consumption of conl the square decimitre and by the hour, is 1 kilo-
gramme. If this cousumption were less, the veloeity of the air traversing the grating would be
smaller, as well as tho resistance, and consequently the section of the chimmey calculated in
the manner described would be too large. In the contrary ecasc, it would of course be too small.
In cvery ense, it may be admitted that the resistance of the grating is proportional to the square
of the velocity of the air traversing it; thus, denoting by n the number of kilogrammes of coal
burned an hour the square decimetre, the resistance would be equal to 8us.

62. The results of these caleulations must be considered as only approximative, because they
rest upon hypotheses relative to the resistance of the grating and to the temperature of the air in
the chimney, and because the numbers admitted may therefore be considerably from the truth.

63. The preceding remarks suppose not only that the air-channel retains its section throughout,
but that it is not divided into sevcral branches traversed simulianeously by the gases from the
furnace. For if it were so, the sum of the reststances in the partinl channels would be greater
than that which the air would meet with in a single channel having the same section. When the
air traverses simultaneously a large number of equal pipes. as in locomotive engines, the resistance
is represented by K/ 8% = d 82, or by K /D4 =+ 2245, 8 denoting the section of the whole channel,
8, that of the tubes, D the dinmeter of the channcl, d that of the tubes, and » the number of the
tubes.

64. If in a long circuit, from a generator or any other apparatus, there happened to be a number
of tubes, we could not, without modification, employ the method indicated (59), to caleulate the
dinmeter of the chimncy, becauso this method supposes the channel single throughout its length
and constant in section. It might, however, be used tentatively. In fact, the resistance of a
number of tubes is equivalent to that of a single pipe of a dismeter D, the L of which is given by

the equation
K!D¢ KL T

ing first a certain approximative value of D, we deduce from it the value of L by means of the
g‘t;};ltign fa]; the equatxi,c?n (8] (59) will give a new value of D, which will enable us to find & new
value of L, and so on, till & constant value of L is found, and consequently of D. Besides, as in
goneral we need only & rough approximation, and as in generators with tubes the course of the
smoke is always very short, the increase of resistance in the tubes is nearly compensated by the
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diminution of length of circuit, and by the increase of the sum of the sections of the tubes, so that
we may take as the section of the chimney that indicated in (59). .

65." Chimneys common to several Furnaces.—In most large factories there is only one chimney for
all the furnaces. Two advantages are derived from this arrangement—1, a saving in the cost of
construction; 2, uniformity of draught, which does not exist in a chimney communicating with
only one furnace. The saving is obvious, for one chimney costs less to build than several, supposing
the section of the single chimney equal to the sum of the sections of the others. With regard to
the second advantage, it must be remarked that, in a furnace having a special chimney, the draught
is very variable; it is small immediately after the fire is made up, and increases in proportion as
combustion becomes more active. It is diminished in a high degree by opening the furnace-doors.
But if several furnaces communicate with & common chimney, and care be taken to make up the
fires successively, a mean draught will exist in the chimney, which will increase in regularity with
the number of the furnaces.

A common chimney has usually a section equal to the sum of the sections of the partial chim-
neys that would correspond with each furnace. The scction thus obtnined is certainly too great,
because the resistance is much smaller thun the sum of the resistances in the partial chimneys
which it replaces. But this excess of draught, which may be modified at will, offers no incon-
venience,

66. Chimneys in which the Smoke, or the Gases soluble in Water, are precipitated or absorbed by
Tnjections of Water.—It has been proposed to precipitate the smoke and to dissolve tho soluble gases,
which, in certain circumstances, are found mingled with the gases from the furnace, by dropping
water under the form of very fine rain into horizontal pipes traversed by the gases before reaching
the chimney; but the gases being almost completely cooled, it becane necessary to reheat them to
produce the draught.

Hedley, an ironmaster at Neweastle-on-T'yne, invented the plan of making the smoke pass
through a series of vertical pipes, ascending and deseending, and into each of the pipes in which the
smoke descended he dropped a small quantity of water. In spite of the cooling caused thereby,
the draught was very strong, cven in pipes of 3 or 4 metres in height. DBy this means, all the
matters carried off by the gases may be stopped, and especially the soot which floats upon the
heated air. This arrangement has been successfully applied to a locomotive of the Sunderland and
Durham Railway. Although this mode of condensation has long been known, it has never been
generally adopted, beeause it is complicated and nccessitates a certain amount of labour to raise
the water required for the purpose of condensation, and beeause this water, if not clean, would
often be a source of embarrassinent. But this arrangement would possess great advantages when
in the gases which eseape from the furnace there are, independently of those involved by combus-
tion, noisome gases and vapours, such as those evolved in the manufacture of soda, or solid matters
carried oft by the current and which it is profitable to arrest, as in the case of lead or zine works.

67. Drauyht Chimneys—All chimneys are, strietly speaking, draught chimneys; but we denote
in a more special manner by this name echimncys constructed for the purpose of rendering certain
situations wholesomne by ventilation. In these, the phenomena that happen are much more simple
than in factory chimneys. Indeed, the air drawn through them, Leing usually only slightly
heated, is not all found to pass through the furnance-grating, which occupies only a small portion
of the scction of the chimney. Somctimes even the furnace is placed lnterally, so that the seetion
of the chimney is not sensibly changed in the vicinity of the grating: the resistance of the latter
may, in this case, be wholly ncglected, and the results of calculation are then very accurate.
When a grating is wholly covered with fuel, and the whole of the air drawn by the chimney is
forced to pass through it, if there is no appreciable loss of heat by radiation, the tempcruture of the
air beyond the grating is about 1200° and the volume of air drawn per kilogramme of counl is
18 cubic motres. For dranght chimneys, on the contrary, the air is rarely heated above 20°; the
heat which it absorbs the cubic mitre is 1%+ 8 x 20 x 025 = 6-5, and, consequently, the volume of
air drawn by 1 kilogramme of coal is 8000 = 65 = 1230 cubic mutres.

68. To begin with the simplest case, let us consider a draught chimney of a height H and a
diameter D, communicating in its lower portion with a eylindrical channel of a length ! and a dia-
meter d smaller than D ; denoting the temperatures of the air in the chimney and the air in
tho channel or pipe by ¢ and 6, the negative pressure at the bottom of the chimney will be
Hoa(t — 6) + 1at; denoting it by P,and culling p the force corresponding to the effective velocity,

K¢ KH a&
we shall have P — p = 5P +--I-)— P +p»+ (A—B)p. The first two terms of the second

equation represent the resistance oceasioned by friction in the pipe and in the chimney: the third,
the loss of force due to the sudden change of direction ; the last, the loss of foree at the entrance of the
pipe and the increase of force ut the cntrance of the chimney. But in general the conducting-pipes
are long enough to render their resistance very great relatively to the value of A — B. Thus
the second member of the equation may be reduced to the first three terms, which gives as the

rate of ingress,
o V29HaC—0) 4/ 1 . [
14at K/ KH [
dTDh Db

69. Suppose, for cxample, a square chimney communicating with a pipe having also a square
section ; taking H = 80 mctres, D = 1 mitre, d = 0=+5, ! = 500 metres, 6 = 15° ¢ = 85°, the for-
mula becomes -

/19- . : - o
’=V1962x30x0‘00366x20‘/ 1
1+ 000366 x 35 21407242

=618 x 0°193 = 1=-19,
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The section of the pipe being 0:25 square mitre, the volume of air drawn per second will be
119 x 0°25 = 0297 cubic mitre; the expenditure of heat will be about 1069 x 1k-3 x 20 x
0°24 = G670 an hour, a quantity of heat only slightly less than thut produced by the combustion
of 1 kilogramme of coal.

70. Tet us now consider the most general case.  Suppose a chimney, still prismatic, communi-
cating with a pipe turning in all directions, the several parts of which are at different temperatures.
The variations of temperature will act in two ways: 1st, by modifying the force which ocensions
tho flow; 2und, by causing varintions of velocity, and, consequently, variations in the resistance
due to friction. But, as the influence of the variations of temperature upon the veloeity, and, con-
sequently, upon the friction is very small, we may suppose that the velocity varics only inversely
as the soctions. Then, denoting the force and the totnl sum of the resistunces by P and R, the

24
velocity of flow will be given by the formula » = \/ 1——‘):—}1%-

The value of R may be found by the methods indicated when treating of the flow of com-
pressed gases.

71. Construction of Chimneys~As the height and the section of chimneys may be determined
by the preceding considerations, we have now only to examine the nature of the materials, the
thickness, and the general arrangements to be adopted.

72. Fuactory Climneys—NFactory chimneys always stand alone; they are constructed of bricks
or of iron, and with either of these materials they produce the same effects, because the cooling
which the air undergoes in iron chimneys has no appreciable influence upon the draught (57).

73. The best form of seetion, from the point of view of diminishing tho resistance, is that which,
for a given surface, has the least perimeter or cireumference.  This is, of course, the circular form,
and next the polygonal with a large number of sides. Iron chimneys have always tho circular
form. In brick chimneys, the seetion is circular, square, or octagonal. Round chimneys are
generally preferred ; they require, for an equal section, less material.

74. Let us now examine the form of the vertieal section passing through the axis. When
chimneys are of small height, they are made prismatie internally, and the walls have a greater
thickness at the base than at the summit, Iixs. 1913, 1914, But when they are of great height,
they have always the form of the pyramid inside and
outside, Figs, 1915, 1916, to increase the base on which 1913, 1914,
they stand, while reducing, «s much as possible, the i
cube of the masonry. It is impossible to caleulate the
interior and exterior diminution of section, because
the ealeulation would depend upon too large a number
of unknown elements. We shall confine ourselves
to giving that which has been found suflicient in
practice.

75. In large factory chimneys, the internal dimi-
nution, a lineal motre, is about 0m-012 to 0m-018;
and the external diminution varies from 0-025 to
0-035. "The thickness of the masonry at the top is
from 0+ 11 to 0-22, the breadth or length of an ordinary
brick. Thus, if we denote the interior diameter at the
top of & chimmey by o, its exterior diameter by «', and
the interior and exterior diameters at the bottom of
the chimney by D and D', we shall have d'= d 4 0-22,
or d=d+ 0+, D=d- 2Hm, D'=d"+2Hw', m
being included between 00012 and 0°018, and »’ be-
tween 00025 and 0-035.

Suppose, for example, a chimney of 20 mttres in
height and 0-60 in interior dinmeter at the top; the
interior dinmeter D at the bottom will be, taking
m = 0°014, 1™"16: the exterior diameter ' at the
top will be 0°G0 4 0-22 — 0-82; and the exterior
dinmeter D’ at the bottom, taking m = 0-03, will be
2102,

The chimney of the tobacco manufactory at Paris,
which is construeted to burn 700 kilogrammes of conl
an hour, which corresponds to more than 150 horse-
power, is 29 mitres in height; internally it is 1™-03
in diameter at the top, 2715 at the base; and ex-
ternally, at the top, 1™-30, and at the base 3m-45,
The diminution is, in this case, both externally and
internally, too great.

76. If it were required to construct conical surfaces g
internally and externally, the execution of tho work
would be rather dificult, and we should be obliged to §\§?\ o
cut a large number of the bricks, which would entail NN
considerable expense; besides, bricks do not resist so
well when they are broken as when they are whole,
because their external crust has much greater tenacity than their inner portions, . .

Conical or prismatic chimneys may be constructed by a series of cylinders or prisms, which
would occasion sudden retreats, both on the inside and on the outside; but the arrangement shown
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in Fig. 1916 is genernlly preferred.  The chimney is conical or pyramidal on the outside, and the
thickness of the masoury varies by sudden leaps on the inside; the retreats occur every 11 centi
métres, the breadth of a brick. !

77. Brick chimneys are usually from 20 to 30 métres in height; somelimes, but rarely, 40 metres,
M. Grouvelle mentions a chimney at Manchester that is 123 mutres in height, 7-50 in exterior
diameter at the base, and 2-70 at the top; 4,000,000 bricks were employed in its construction.

78. Brick clumneys are usually placed upon pris- 1916,
1015, matic socles, pierced on opposite sides with two aper- -
* tures; one is designed to receive the channel which ‘
conducts the smoke to the chimney; the other, which
is usually closed up by a thin brick wall, serves to
admit the workman when the chimney needs swcep-
ing or repairs. To facilitate this labour, the chimney
iy furnished with horizontal bars placed 0™+ 50 apart,
torming a kind of ladder.

79. It is of the highest importance that a chimney
should stund upon a firm foundation, for the sinking
often takes place unequally: and, when this is the
case, the chimney either falls, or stands very inse-
curcly. This is a point to which builders do not pay
sufficient attention,

80. In chimneys intended to reccive air at a very
high temperature, as those of reverberatory furnaces,
fire-bricks must be employed, and the interstices
between them filled with brick clay, In chimneys
which aro intended to reccive vapours at a tempera-
ture rarely exceeding 8007 as in the ease of steam-
boilers, ordinary bricks may be used, bound together
by mortar containing siliccous sand ; it would be well,
however, to employ firc-bricks for the casing of the
inner portion at the bottom of the chimmey. Plaster
should never be used when the temperature of the
heated air exceeds 1007, beeause at this temperature
it begins to lose the hygrometric water which it con-
tains, and, consequently, its tenacity.

81. Tall chimneys, when standing alone, may be
built without exterior scaftolding, if their diameter
is considerable; the workman in this case raises
himself upon supports fixed on the inside of the

chimney, A good workman accustomed to this kind
of wark, assisted by a boy, may, in this way, in
about a fortnight, raise a pyramidal chimney of 13 or
14 metres in height, 2 metres and 1 metre in exte-
riorand interior dinmeter at the base, and 0-80 and
0°60 in exterior and interior diameter at the top.

82, Chimneys usually terminate in a portion
having a greater dinmeter, and resembling the
chapiter of & column; this portion of the chimney is
designed only as ornament. The chapter is often of
bricks like the rest of the chimuey; sometimes it is
of cut stone,

83. Brick chapiters, if they were not protected,
would allow the rain to penetrate the masonry ; to
prevent this they are covered with plate iron, which
extends over the outside and inside by 0°10 to
LT 0°15 motre.

f 84, Fig. 1917 represents & section of the arrange-
ment adopted for large iron chimneys. The chimney
itself is bolted to an iron socle
LT or base, fized upon a mass of
— masonry by four stout bolts =
assing through the masonry.
i cn these ehimneys are very
— high, they are tied externally
to the ground or to some neigh-
bouring buildings. To prevent 8 : :

the rusting of the metal, the bk

chimney is covered with col-tar, which will bear a high temperature without alteration.

85. Tall factory chimneys attract the lightning, both by their great height and by the great
conducting power of the soot which covers their inner surface; it is, therefore, necessary to protect
them by means of a conductor. Figs. 1918 and 1919 show the usual arrangements in such cases.
In the first, four rods, riveted to the iron plate at the top of the chimney, support the conductor;
one of the rods is produced horizontally and fixed at its extremity to the conducting-wire. The
second represents a lightning conductor upon an iron chimney, The conductor is supported by
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three rods riveted to the edge of the chimney, which serves instead of & condueting-wire, and the
chain which establishes communication with the ground is fixed to its lower portion,

1917, 1818,
ANLS -ﬂ

= _—
1920,
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86. When single chimneys are very high,
and are designed to receive air at a high tem-
perature, it is necessary to strengthen them.
We see an instance of this strengthening in
the square section chimneys of puddling fur-
naces. When chimneys are conical, iron hoops
are built into the masonry.

In the rectangular chimneys of steam- =
boilers, flat iron bars having a kind of hook at
each end of sufficient dimensions to take in two
or three rows of bricks are built into the ma-
sonry in altcrnate directions, as shown in Fig.
1920. ;
87. Figs. 1921 to 1923 represent a large fac- = o
tory chimney of a circular section, built accord- =
ing to the plans of MM. Thomas and Laurens, This chimney is 40 m2tres in height; the diameter
is at the base 3:35 and at the top 2m:02; therefore the diminution of scction is on the inside
0:016 & mbtre; the exterior dinmeter at the basc is 565, and at the top 2:52; consequentl
the external diminution is 0+030 & mitre. The chimney is formed of five cylinders having enc]
a height of about 8 mttres, and conical both on the inside and on the outside. The thick-
ness of the masonry is 8 bricke for the first portion, and is successively reduced to 23 bricks, 3
bricks, 1} and 1, for the other portions. Thirty-eight iron hoops 44 s, are built into the
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masonry. The first portion of the chimney has an inner casing of fire-bricks. The top is covered
with an iron plate a b, composed of four picces bolted toghether.

The engineers above alluded to, often place in their chimneys at the points ¢/, dd'yed, ff,99,
the base of each of the eylinders, bands of coloured bricks; and the spaces between those bands
are filled with bricks of several colours, worked into various patterns for ornamental purposes.

88, Registers.—In every heating apparatus, whatever its dimensions and purpose may be, it is
requisite to place, cither at the top or at the bottom of the chimncy, an iron plate, by means of
which the draught may be diminished, and the chimney closed entirely during the suspension
of work in the furnace. ~Registers are of great service in apparatuses which are only occasionally
in operation, because, the current of air being intercepted, the furnace cools very slowly.

89, They may be arranged in a great variety of ways. In apparatuses of small dimensions,
having iron chimneys, the opening in the chimney is regulated by a dise, Fig. 1924, turning about
an axis traversing the opposite sides of the pipe, and worked from the outside. .

90. This arrangement might with equal advantage be adopted for larger chimneys; but as the
friction of the axis in its bearings would not alone be sufficient to keep the dise in its position, we
should have to affix to it, on the outside of the chimney, a rod or }flandle erpendicular to its
direction, by which it might be fixed ns shown in Fig. 1925. The disc shouls be of cast iron, as
wrought iron is more liable to rust, and should have considerable thickness to prevent warping.
When the air-channel is horizontal, the arrangement shown in Fig. 1926 may be adopted. The
register, in this case, is a cast-iron plate 4, turning about an axis upon a pivot ¢, and which is
moved in an iron frame by means of a crank «. )

1924,
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91. Horizontal, sliding trap-doors are sometimes employed; but in large chimneys it is more
usual to employ those which move vertically, and which are held by a counterpoise. Fig. 1927
is a section of this arrangement through the length of the air-channel. R is a cast-iron plate
sliding in grooves, also of cast iron, fixed in the masonry. It is held by a chain which passes over
a pulley P, and is attached to a weight M.

92. This last arrangement is the one generally adopted ; it has, however, one great objection,
namely, a considerable space between the edges of the plate and the grooves of the iron frame in
which it moves; this allows a rush of cold air into the chimney, whereby the draught is considerably
diminished in the furnace. This rush of cold air may be prevented when the register is lowered
by constructing it with projecting arms at the top, mede to fall into a groove filled with sand.

93. When the temperature of the heated air exceeds 500° or 600°, the contrivances which we
!x‘a,ve been considering cannot be employed, because the iron would be quickly warped or rusted.
The best method of regulating the draught of a chimney in such cases, is to place the register
at the top of the chimney, where the disc, or plate, being always exposed on one side to the air,
becomes heated in a very much smaller degree. This arrangement is shown in Fig. 1928; cisa
cast-iron disc affixed to a vertical rod, connected by a joint to the end of the lever ab turning
about the point ¢; a chain g is attached to the extremity a, by means of which the distance of
the disc from the top of the chimney is regulated. This arrangement has the disadvantage of
requiring & workman to ascend to the top of the chimney when the apparatus is got out of order.
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See ANEMOMFTER. DBAROMETER. Bornrk. Fuen, Pyromerer, THERMOMETER. VENTILATION,

CHISEL. ¥x., Ciseau, Burin; GER., Meissel ; ITAL., Scarpello ; SPAN., Escoplo.

Sco Hanp-Toors.

CHOCOLA'TYE, MACHINE. Fu., Moulin & chocolut ; GER., Chocoladenmiihle ; ITAL., Macchina
du cioceolata ; SPAN., Molino de chocolute.

Sce MILLs.

CHRONOGRAPH. FRr., Chronograph; GER., Kronograph ; ITAL., Cronografo.

See GUNPOWDER,

CHUCK. ¥n., Mandrin; GER., Futtcr, Patrone; ITAL., Coppaia.

A chuck is contrived to fit the mandrel of a turning-lathe, and to hold the material to be turned.
See LaTirs,

CHURN. FRr, Daratte; GFR., Buttcrfasz; ITAL., Zangola ; SPAN., Mantequera,

L. Bacon’s churn, Figs. 1929, 1930, has two reciprocating dashers ¥, H, with fingers 4 7, 7,
these dashers being worked by a double-throw erank ). The dasher-rods ¢ ¢ have two guides b,
one throngh the cover of the churn and the other through the upper end ; and eonnecting-rods a, q,
attach the dasher-rods to the erank, The machine is enclosed in the case A, C, B.

1929,
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In J. Harrison Doolittle’s ehurn, Figs. 1931, 1932, the dasher B C is turned by a driving journal
Dd. The dasher is removable, and when replaced in the ehurn rests in the grooved recess a, where
it is sceured by a tapering dove-tail key E.

A movable horizontal brake L/, Fig. 1982, resting in & eavity M and on a ledge N, thoroughly
agitates the cream, the brake being fastened with the pin O,

JUDER MILL. Fr., Moulin & powmes; GER., Apfelpresse; 1TAL,, Torchio da sidro; SpAN.,
Molino y prensa pura hacer sidra.

Sce MiLLs. '

CIRCULAR SAW. T, Scic circuluire ; GER., Kreissage ; ITAL., Seqa circoiare ; SPAN., Sierra
circular.

Sce SAwa.

CIRCUMFERENTELR. Fr., Graphométre; GER., Graphomcter; ITAL., Grafometro a bussola;
SPAN., Grafometro.

Sco SurveYING.

CLACK-VALVE. Fr., Soupapc & charniére ; GER., Ventilklappe; ITAL., Valvola a ganghero;
Sran., Vilvula de cucro,

Sce Pumes,

CLAMP. Fr., Emboiture ; GER., Hirnleiste; ITAL., Tuirluppo ; SraAN., Cepo.

Sce MECHANICAL MOVEMENTS.

CLEAT. Fgr., Taquct ; GER., Klampe ; ITAL., Rinforzo.

A cleat is a narrow strip of wood or of metal, fixed to something for the purpose of affording
strength or of securing a piece of work in its proper position.

CLIP-DRUM. Fr., Tambour & tenailles ; Grg., Scherentrommel.

See BrAKE, pp. 586 and 619. MECHANICAL MOVEMENTS,

CLOTH-WORKING MACHINERY. Fr.,, Machinc & faire les draps; GER., Tuchmaschino;
ITAL., Mucchina da panni; SPAN., Muquinaria para fabricar pafios.

See CALENDER, h 3

Q
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CLUTCH. Fw., Cief d'arrét; GER., Ausriick Kuppelung ; ITAL., Connessione a dents, i

A cluteh is aprojecting tooth or piece of machinery for connecting shafts with cach other or with
wheels 80 as to be disengaged at pleasure. See GEARING,

COAL-CUTTING MACHINE. FRr,, Machine a tuiller des howilles ; GER., K ohlenbreck Maschine ;
TraL., Macchina da spezzare litantrace ; SPAN., Miquina para cortar carbon de piedra.

The objects, says John Fernie, of Leeds, to be gained by the application of machinery to conl
cutting are, firstly, the cheapening of the work ; secondly, the saving of & large quantity of coal,
which, in the ordinary process of holing or undergoing by hand labour with the pick, is broken up
into slack and dust; thirdly, the removal of the danger attendant upon undergoing by hand Iabour;
fourthly, the getting of a larger quantity of conl out of the pit with the same length of working ¢
faces opened ; and fifthly, in the case of machines worked by compressed air, the collateral advan-
tage of better ventilation and a cooler atmosphere in the mine, owing to the discharge of the com-
pressed air after cach stroke of the tool. The difticulties attending the application of machinery
to work previously performed by hand are greatly incrensed in the case of coal-cutting machines,
by their having to work at great depths below ground, and in the very confined passages of a
mine.

Fornie, in the ‘Institute of M. ., described two conl-cutting machines driven by compressed
air, one having a pick worked by a bell-crank lever, with an action like that of the ordinary pick
used in band work, and the other working a straight-action tool somewhat in the manner of a
horizontal traversing slotting machine. Both these machines had been successfully employed in
regular work for a length of time at collicries in the neighbourhood of Leeds.

The coal-cutting machine of W, and 8. Frith, shown in Figs. 1933 to 1935, is constructed for
working a pick by means of a bell-crank lever, so as fo give an action similar to that of the ordinary
pick employed in hand work. .

The pick A is fixed in a socket in one of the arms of the bell-crank lever B, the other arm of which
is worked dircet by the piston-rod of the horizontal eylinder C. The slide-valve D, Fig, 1936, for
the admijssion and discharge of the compressed air by which the machine is driven, is an ordinary
slide, worked by a tappet-roller Il upon the piston-rod; the machine is thus sclf-acting as regards
the strokes of the pick, which is started to work as soon as the compressed air is turned on by the
stop-cock F in the supply-pipe G. The machine is mounted upon four wheels running upon the
ordinary rafls of tho collicry, and is advanced the requisite distance between each blow of the pick
by a hand-wheel H conneeted by gearing with the hind pair of carrying-wheels. The two pairs of
wheels are coupled together, in order to render the full adhesion available for the forward motion
of the machine ; and by this means it is found that sufficient adhesion is obtained without the
necessity of lnying down a specinl rack-rail for the feed motion.

As the return of the pick after cach blow is made by means of the self-acting tappet-motion
working the slide-valve, it is nceessary that the tool should go to the full extent of its stroke
at ench blow, before it can bo withdrawn again. The amount of feed between each blow has there-
fore to be regulated by the attendant, according 1o the hardness of the seam of coal in which the
machine is cutting, so that the pick shall complete an entirc cut at each blow. In the event, how-
ever, of the pick being advanced too far at any blow, so as to put too much work upon it and stop
it before the stroke is eompleted, it is only necessary to draw the machine back again by means of
the hand-wheel H, until the pick is rcleased from the cut ; the unfinished stroke is then eompleted,
and the pick goes ou working agnin the same as before the stoppage. Inorder to allow of altering
the height at which the pick performs the holing in the coal, the socket K carrying the pick is
made to slide vertically upon the shaft of the bell-crank lever B, the height of the socket being
adjusted by the forked arm J controlled by the screwed rod and handle L.

One of these pick machines worked the whole of the nndercutting in the West Yorkshire Coal
and Iron Co.’s Colliery at Tingley, near Leeds, holing a scam of coal 3 ft. 8 in, thick ; and the com-
pressed air for driving it was supplied by an air-compressing engine at the surface, with steam-
cylinder of 20 in. diameter and 3 ft. stroke, working an air-cylinder of 18 in. diamcter and the samo
stroke, and compressing the air to about 50 1bs. the square in. pressure. The depth of the pit is
170 yds., and the air is conveyed down the shaft and along the mine in 2}-in. cast-iron pipes, with
8 1}-in, wrought-iron pipe laid up the bords to the working faces, and then a 1}-in. flexible tube to
the coal-cutting machine. Small air-vessels arc placed at intervals of 500 yds. along the air-main,
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for the purpose of maintaining the pressure of the air at tho machine when working at & consi-
derable ?lista.nce in the mine: the machine is worked at a distance of as much as a mile from the
shaft. . .

uIn a trial of this machine, it was found that a pick of 75 1bs. weight, cutting a groove to a depth
of 24 in. in from the face, gave about 74 blows a minute. At the colliery the conl wus got by the
Tong-wall system of working, as shown in Fig. 1937, in which the machine is indieated at M work-
ing along the straight face of 50 yds. at one of the banks. The time occupied by the machine in

1937,
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undereutting o length of 56 ft. was twenty-five minutes, including all stoppages for clearing the
rubhish out of the hole und for backing the machine when the pick oceasionally made an incomplete
stroke. The machine was then run back to the sturting-point, and set to work again with a longer
pick of 90 1bs, weight, completing the previous cut to the final depth of 3 ft. 9 in. from the face. With
this pick the blows were about sixty » minute, and the half-length of 28 ft. was undercut in seventeen
minutes, ineluding all stoppages.  The time occupicd in running the machine back and changing
the pick wag sixteen minutes. The machine in this ease was working ai a distance of about a
mile from the bottom of the shaft.

From this trinl it appears that in undercutting to the depth of 24 in. in a single course, the
work done by the machine was at the rate of about 30 square yds. an hour; and in undercutting
in two courses to the total depth of 3 ft. 9 in., the work was done at the mcan rate of abou
i)a squnl:e yds. an hour, including the time required for running the machine back and changing

16 pick.

The width or height of the groove cut out by the pick is 2 in. at the inner extremity, widening
out slightly towards the face of the coul. It is necessary to stop the machine at intervals, in order
to elear out the rubbish left in the hole; and the rails in front of the machine have also to bo
clearcd of the material thrown out by cach return stroke of the pick, Two men are required to
attend to the machine, one working the hand-wheel for the advance of the machine, and the other
clearing awny the stuff.

A good criterion of the actual rate of working that may be safely reckoned upon with this
machine in regular practice is afforded by its performance upon an occasion when it was kept con-
tinuously at work for twenty-four hours congecutively, on 21st and 22nd of May, 1868. During this
time the machine was employed upon five different hanks of coal successively, requiring accord-
ingly to be shifted four times for the purpose. The average depth of holing was 3 ft. 6 in., and the
total length of work completed to that depth during the twenty-four hours amounied to 257 yds.
This gives the practical rate of holing by the machine at rather more than 12 squarc yds. an hour,
including all stoppages for clearing the pick in working and for shifting the wachine on the com-
pletion of each sepurate length of bank.
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The other coal-cutting machine, before alluded to, shown in Figs. 1937 to 1939, is the inven
tion of G. E. Donisthorpe, and may be described as & horizontul traversing slotting machine, the

1938,

Cut Excavaled
5_1/ Hand Werk

work remaining stationary, while the machine traverses along the working face of the coal and
cuts out a horizontal slot or groove along the bottom of the seam of coal or along s parting in the
thickness of the seam itsclf.
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The cutter-bar A carrying the cutting tools is fixed upon the upper side of the working cylin-
der C, which moves horizontally forwardsand backwards at each stroke, the piston and piston-rod
remaining stationary. This arrangement has the advantage of economizing space, and giving

eater stiffness and & better attachment of the cutter-bar; and the whole is guided steadily
etween the guides B B by means of four sets of stcel rollers DD attached to the cylinder and
steadying it both vertically and Iaterally, as shown in the sectional plan of the cylinder, Fig.
1940, The piston-rod E is made hollow, as shown in Figs. 1940 and 1942, having two passages

1941,

1940,
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communieating with the opposite sides of the piston; and the alternate admission and exhaustion
of the compressed air is regulated by a cylindrical slide-valve F, Figs. 1937 and 1943, worked by
the hand-lever G. The ports in the piston are circular, and at each end of the cylinder a pro-
jecting plug J is fixed on the inside of the cover, opposite to the port, as shown in Figs. 1940,
1941; this plug entering the port at the end of the stroke prevents the complete escape of the
whole of the air in exhausting; and the air thus retained in the cylinder forms an air-cushion at
the end of the stroke, whereby the piston is prevented from striking the cylinder-cover at either
end. A subsidiary port I, Fig. 1841, alongside the main port, and provided with a valve opening
outwards, affords a passage for the admission of the compressed air at the commencement of the
next stroke, until the main port is unstopped by the withdrawal of the plug J.

The working eylinder C is 6 in. dinmeter with 12 in. stroke; and the frame B in which it is
carried is itself slung upon horizontal trunnions H, Fig. 1938, in another frame K sliding verti-
cally upon the pillars L L, which arc fixed on the basc-plate M of the machine; and by means of
a screw N and worm-wheel, Fig. 1937, the working eylinder can thus be raised or lowered bodily
to any height at which the cutter is required to work. The trunuions and the curved slot H,
Fig. 1938, also allow of the cutter being adjusted by means of the hand-wheel and screw X to work
at an inclination to the horizoutal, between the limits shown by the two dotted positions in
Fig. 1938.

bThe cutter-bar A, Figs. 1938, 1939, is of cast steel, having six sockets for carrying the cutting
tools. The tools are made of flat bar steel, with one-quarter twist in the shank, by which means
the cuttings are thrown away from the face of the cut at each stroke of the bar A. The cutters
are placed about 7 in. apart longitudinally along the length of the bar A, the average depth of the
cut being about 3 ft. 4 in. in from the face of the coal; and the length of stroke being 12 in., the
tool does no work during the first 5 inches of the stroke, but uires a rapid motion whereby it
strikes upon the coal with the percussive action of a blow, instead of cutting by a uniform steady
pressure like an ordinary slotting tool. Previous to the adoption of this principle of working, the
present pressure of air of 60 to 70 Ibs. a square inch was found insufficient to work the machine;
but with the percussive action now obtained this pressure is found completely cffective, and the
diameter of tho working cylinder being 6 in., the blow is given with a total force of 1700 Ibs. or
4 ton upon the tool. The cutters arc stepped 23 in. successively in advance of one another, as
shown in the plan, Fig. 1939; and the bar is fixed upon the working cylinder by a centre pin O
and set-screws 11’ allowing it to be sct obliquely in plan at an inclination to the line of the
stroke, as shown by the dotted lines in Fig. 1939. By this arrangement the inclination of the
cutters to the work can be slightly increased or diminished, according as may be required by the
quality of the coal, 50 as to obtain under all circumstances the most effective action of the cutters.
The width of their cutting edges ranges from 1% in. in the cutter at the outer extremity of the bar
to 3 in. in the cutter nearest the working cylinder; and the slot cut out by the machine is there-
fore of the slightly tapcred form shown in Fig. 1938.

The machine is mounted on four double-flanged wheels, Fig. 1939, running on rails laid for the
purpose. The rail on one side is & plain wrought-iron bar Q placed on edge; and the other rail R
18 made of two bars placed 2 in. apart, with a series of cross-pins at 13 in, pitch, forming an open
rack-rail, into which gears a pinion § worked by a hand-wheel T, whereby the machine is advanced
for each cut, the ordinary amount of feed being 1} in. a cut. As the advance is given by hand by
the man working the machine, any number of strokes can be given by the tool before the machine
is moved forwards, in case the coal is too hard for the cutters to accomplish the full depth of cut
ot a single blow. The traversing pinion 8 gearing into the rack-rail is mounted in a slide on the
base-plate M of the machine, whereby it can be raised out of gear with the rack when the machine
has to be drawn away from one part of the mine to another.

The pressure of the air working the machine is also employed for steadying it against the
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blows of the tool, so as to ensure the full effect of the blow being expended upon the coal at each
stroke; otherwise the tool would be liable to be bent or broken, and the work would be irregular.
This is accomplished by means of two vertical cylinders U U, each 84 in. diameter, the piston-rods
of which stand up towards the roof of the mine, and are connected together at the top by a hori-
zontal frame V carrying a grooved wheel at each end. A loose iron rail on a wood batten W is
placed above the grooved wheels; and the compressed air being admitted on the under-side of the
pistons in the cylinders U, the rail is pressed up against the roof of the mine, as shown in Figs.
1937, 1938. 'The totul pressure exerted by the pair of cylinders U U amounts to 6800 lbs., or up-
wards of 3 tons, which is found amply sufticient to resist the blow of the tool. When the machine
in its forward traverse has arrived at the end of the roof-rail W, the pressure is shut off from the
cylinders U, and the air is let out from them through cocks opened hand, thus lowering the
frame V as shown by the dotted lines in Fig. 1937; the roof-rail is tZen shifted forwards to the
extent of its length, and the pressure being readmitted to the cylinders U, the machine is again
ready for continuing its forward traverse as before. The pressure exerted against the roof being
elustic allows the top rail to accommodate itself to any irregularities in the level of the roof.

In working this coal-cutting machinc at the West Riding Colliery of Pope and Pearson, at
Normanton, it was observed that the number of strokes made by the tool was from 75 to 80 &
minute, the pressure of air at the machine being from 65 to 70 lbs. & square inch at the time.
The average depth of the cut during the time of observation was about 2 ft. 9 in., as there was a
clearance space of more than 1 ft. left between the side of the machine and the face of the coal,
the rails not having been laid close enough to the face of the coal. The width of the cut was
about 2 in. at the inner end, widening to about 3 in. at the face of the coal; and as the cut was in
this case being made in a parting of dirt of about the same thickness, no waste of coal was pro-
duced by cutting the groove. One man is required to work the machine, working the air-valve F
by the hand-lever (3, Fig. 1937, and also giving the feed of the tool by the hand-wheel T advancing
the machine; and from three to five strokes were given by the tool between each advance of the
machine, for completing the cut to the full depth of the groove; about three turns were then given
to the traversing hand-wheel, advancing the machine about 1} in., after which the same number of
strokes were again given with the tool. The cuttings are cleared out of the groove by & man
following the machine with a narrow curved rake; and the height of the cutting tool in the
machine is regulated occasionally, according to the slight variations in the level of the parting in
whieh the groove is made, so as to keep the tool always working in the parting.

The width of the groove cut by this machine is shown in Fig. 1938, the width at the face of
the coal being not more than about 34 in. in holing to the full depth to which the machine can
work. In undergoing by hand to the same depth, the size of the cut is as shown in Fig. 1938,
having a width of at least 13 in. at the fuce of the coal, making the whole size of the cut nbout
three times that of the narrow groove excavated by the machine, which is shown by the dotted
line in Fig. 1938. Supposing the machine to be holing in the solid coal, the waste produced by
the undergoing in a seam of 5 ft. thickness, such as is being worked at the West Riding Colliery,
would amount to only about 4 per cent., as comparud with about 12 per cent. waste with hand
work. An estimate of the absolute quantity of waste made by hand work in good seams of coal
amounts to as much .5 12 per cent., the whole of which is rendered nearly worthless; and taking
the whole quantity of coal raised per annum in this country at 100,000,000 tons, the waste pro-
duced in undergoing by hand labour amounts consequently to as much as 14,000,000 tons a year.

The compressed air for working the machine is supplied by an air-compressing pump of 18 in.
diameter and 2 ft. 10 in, stroke, worked by an engine that is employed for winding coals up an
incline at the bottom of the pit. The compressed air is delivered by the pump into a large air-
vessel, 3 ft. diameter and 30 ft. long, from which it is conveyed along the mine by a wrought-iron
pipe 2} in. dianmoter and } in. thick, put together with ordinary screwed sockets, and terminating
in a portion of 1}-in. pipe and a long length of flexible tubing of the same size, which is coiled on
the floor and drawn out by the machine as it advances along the face of the conl. Great difficulty
was originally experienced in maintaining the pressure of the air at the machine when working at
considernble distances from the compressing pump; but this has been completely obviated by the
introduetion of a sccond smaller air-vessel at the working face where the machine is in operation.
This smaller air-vessel is 2 ft. diameter and 6 ft. long, and is mounted on wheels for t_he conve-
nience of being quickly removed to any part of the mine. The air-compressing pump is capable
of supplying air enough for working three of the coal-cutting machines.

By the adoption of compressed air as the medium for transmitting the power to work these,
coal-cutting machines, the important collateral advantage is obtained of improved ventilation at,
the working faces, The discharge of the exhaust air from the machines delivers a supply of fresh
air, free from noxious gas, during the whole time that the machine is working: and the coldness
of the discharged air, consequent upon its expansion at the moment of lll_)cmtion, 1}ﬂs a highly
beneficial effect in reducing the temperature at the working faces. During the trial made by
Fernic at the Tingley Collicry, a shot was fired at & short distance from the machine, for breaking
down a mass of coal; and although the smoke at first completely obscured the working face and
the machive, the whole of it was cleared away in so short a time as two minutes, having been
carricd off by the current of exhaust air discharged from the machine. 1In the case of any danger
arising from accumulation of gas in the goaf or clsewhere, the means of safety is at hand, as it 18
only necessary to detach the indin-rubber supply-pipe from the machine, and discharge a con-
tinuous jet of fresh air in tho required direction, whereby the gas is speedily dispersed, and the
dangerous place rendered safe.  Also, us the undercutting of the coal is done so much quicker by
the machines than by hand labour, the employment of the machines requires n smaller extent of
working faces to be kept open for gotting the same quantity of conl in the samo time; the air has
therefore o shorter distance to travel and becomes less londed with gas, and is conscquently safer
and more wholesome for the colliers.
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In reference to the greater quantity of coal that is got by the use of the machine from a given
a dny, including under-

fength of working face in a given time, the quantity got by one man in
cut%iﬁlig, breakingcdown, and gf‘illing the coal, is 3 tons when undercut‘tmg by hand labour, assum-
ing a yield of 1 ton a cubic yard; and taking a working _fuc(} of 48 yds. ‘lcngth, t.he four men
working on that length of face would therefore get 96 tons in eight days. The machine, however,
will undercut 96 yds. in one day, and this quantity would then be broken down and filled in by
four men in two days, making only three days for getting the 96 tons with the machine, in com-
parison with the eight days required for hand Inbour. Hence, with the machine, as much conl
can be got from 18 yds. length of face as from 48 yds. by hand in the same time. .

In regard to the dauger to which the collier is exposed in holing by hand labour, from the risk
of the coal falling down and crushing him while lying with his body inserted purtly within the
groove which ho is excavating, it is evident that this danger is entirely removed by the employ-
ment of a machine for performing the holing, as the men are altogether clear of the working face,
and the tool alone enters the groove in process of excavation,

Hydraulic Coul-cutting Machine, employed ut Kippax Colliery, mear Leeds.—This machine,
Figs. 1944 to 1948, is intended to take the place of manual labour in nicking, or kuving, or, as it
is ealled in Yorkshire, baring the coal. The scam of coal worked at Kippax Colliery is the well-
known Haigh Moor seam. .

1ts depth from the surface is 120 yds., and its section is as follows:—

Ft. In.

Coal .. .. .. .. . . . . . 88
Band of hard shale, with pyrites .. .. .. 0 2
Coal .. .. .. .. . . . . . 18
Total thickness .. .. .. 5 €

The roof is soft shale, containing thin beds of coul. In the Kippax and surrounding districts
this conl is worked in its cntire thicknoss, the band of shale having thinned out to 2 in., as above
mentioned ; but at Horbury, three miles west of Wakefield, the Haigh Moor is worked in two
distinet beds, the upper and lower divisions being at that place 12 or 13 yds. apart.

T. W. Embleton, speaking in 1865, observed that “the band at Kippax was the only part of
the seam that was removed by this sclf-acting coal-cutting machine. The direction of the work-
ings was towards the rise of the conl, or north end, as it is locally ealled.”

‘While the machine proceeds with the baring, completing the work at onee going over it, square
pieces of wood and wedges are inserted loosely into the baring, at intervals of 4 or 5 ft,, to keep
the coal in position till the colliers come to remove it.  This slight support, however, does not
prevent the coal so bared from detaching itself from the unbared part of the bed. The line of
tracture was, in the caso referred to, a fow inches beyond the extremity or back of the baring, and
in one ¢ven straight line.

The quantity of coal obtained for every yard of face was 2 tons, and the yield of small conl
produced by breaking up the detached coal and the bottom conl was about 8 per cent.

The lower division of the coal was blasted with gunpowder in the usual way.

Water was the medium employed to actuate this coul-cutting machine, and water being for all
practical purposes incompressible, its full power, diminished only by the friction of its passago
through the pipes, can, therefore, be transmitted and applied at any distance from its source.

This sclf-acting machine consists of a hydraulic reeiproeating engine, having a cylinder of
4% in. diameter and 18 in. stroke, working horizontally, or at any angle to suit the inclination of
the conl, or at any required height above the floor, The piston-rod is a hollow trunk or ram,
into which is fitted a cutter-bar casily removed, carrying three or more cutting tools.  The cutting
tools can be adjusted so as to enter the coal at any angle with the line of the face. The position
of the cutting tools will be most readily understood by refercnce to Fig. 1944, Although the
length of the stroke of each of the eutting tools is 18 in., the practical cutting length of the stroke
into the coal is about 16 in., and, consequently, the three cutters jointly give o total depth of 4 ft.
at each stroke. The cutting eylinder has a valve-motion, which is self-acting ; and the length of
stroke of the tools ean be varied, or any number of strokes can he given at any part of the entire
length of the stroke. The cutting action of the tools being a stendy push or ihrust without any
pereussion, it is necessary that the maehine should be firmly held upon the rails during the
cutting stroke, and be released so as to traverse forward at the end of the return or back stroke,
and this rigid fixing of the machine upon the rails is effected by means of a vertical self-acting
holder-on, which is a prolongation of the piston-rod of another eylinder, mounted upon and
becoming part of the machine itself, Tig, 1948.

The piston of this eylinder is actuated by means of the same sclf-acting valve-motion as that
of the cutting cylinder, and the holder-on is retained in its dead-fast position by means of a small
keep-valve, which retains the water during the cutting stroke. At the return or back stroke the
valve-motion opens the keep-valve and releases the water, thus enabling the holder-on T to
descend and to slacken its pressure against the roof, and thus the machine is free to traverse upon
the rails the requisite distance for the next cut. This traversing or progressive motion is also
sclf-acting. For this purpose a chain is made fast ahead, close upon the floor, and passes over a
grooved pulley on the machine, which gets the nceessary bite upon the chain, This pulley makes
part of a revolution, to suit any length of traverse, at the moment when the cutter-bar is complet-
ing its back-stroke.

. The amount of feed or distance of cut is easily adjusted, and the self-acting traversing power
:shilggcxent to move the machine upon skids, where they are found to be more convenient than

. Unless the cutting tools complete a full stroke, the traverse-motion docs not ecome into opora-
tion, but the tool will continue tocut in the same place until the full stroke is completed, and then
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only will the traverse-motion come into action; thus the back of tho baring is always parallel
with the rail upon which the machine travels, thereby cousing the coal to break off in one
oniform line, .

The cutting tools, Fig. 1946, are of a form ensy of construction, and are very strong, and
capable of penetrating hard material with little risk of breaking. The cutting edge is nearly a
3 in. thick, and any or all of the cutters can be removed and replaced in a fow moments, ]

The machine can be adapted to any gauge in use for the roads of the mine, and is easily
moved from place to place on its four wheels, The supplementary wheels ot each end are used
only when in operation, in order to sccure & greater base. .

The water pressure by which the machine is actuated is produccd, in this instance, by an
engine placed at the bottom of the shaft.

The eylinder of this engine is 14 in. diameter ; stroke, 2 ft. 3 in. Attached to the engine are

o double-action pumps of 43 in. diameter, and 12 in. stroke. These are capable of maintaining
o pressure of 360 1bs. & square inch.

1947,

When the machine is not working, the engine regulates its own speed accordingly, and is
further used for foreing watcr out of the mine to the surface. When convenient, the water pres-
sure may be obtained from any pumping engine on the mine, by connecting the supply-pipes with
the ordinary pumps, thus obviating any special outlay of capital for the moving power. The
nnml‘nne when working makes 25 strokes per minute, and uses 40 gallons of water.

The water is conveyed from the engine to the machine chiefly by 2-in. wrought-iron pipes, the
rcm,n.‘mdcr being 13-in. bore. The total length of these pipes is about 600 yds.

To allow the machine to traverse on the rails, it is conneeted to the 13-in. pipes by mcans of
an indis-rubber tube of the same diametcr. This tube will bear a pressure of 500 Ibs. to tho
square inch. The wrought-iron pipes are the ordinary butt-welded steam-tubes, tested to a pres-
suro of 500 Ibs. to the square inch.  They are used in preference to cast-iron pipes, because they
occupy little space, are easily scrowed together and bent, and will accommodate themselves readily
to the varying floor of the mine, with no risk of breskage or leakage.

The exhausted or waste water is conveyed away from the machine by 2}-in. india-rubber hose,
and by 2-in. ordinary gas-tubes, to the place whence it was forced, and thus s very small quantity
of water is :equired to work the machine, namely, as much as is necessary to fill the circuit of
the pipes. The water may be used over and over again as in the ordinary hydraulic press,
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The pressure at the engine is 80 Ibs. in excess of that at the machine when working at
20 strokes per minute, Whenever the cutting tools meet with any cxtra registance, the retarded
§ allows this pressure to equalize iteelf, and thus overcome any obstacle.

The amount of pressure used for working the machine varies from 150 1bs. to 300 lbs. an inch,
according to the hardness of the material to be ent.

Fig. 1944 is a ground plan when in working position, angle ana neignt adjustable. F holder-
on or feeder, I traverse chain. D, self-actings valve-motion. X ZH, self-acting traverse movement.
N, guide-bar and roller. A A A, total depth cut at each stroke; stroke of each cutting tool
1 ft. 6 in. ; total stroke 4 ft. B, stem of cutters.

Fig. 1946, details of cutters.

D C, Fig. 1945, section through valve-chest.

DK, Fig. 1948, sectional end view taken through W W, Fig. 1944. Y, clevating scrow.

Fig. 1947, end view in working condition, cutting at an angle.

COAL MINING. F=r., Ezploitation de houillére; GER., Bergbau; ITAL., Arte del cavatore di
litantrace ; SPAN., Extraccion de carbon de picdra.

Tarkin Jeffeock, in a paper published in the ‘Proceedings of the Inst. of M. E.” 1862, ably
examined this subjeet, and applied his reasoning to the general features of the South Yorkshire
district with reference to the circumstances affecting mining engineering.

"The accompsnying general plan, Fig. 1919, given by Jeffeock, represents that portion of the

1949,
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Yorkshire coal-field which is more particularly called the South Yorkshire district; extending
from Sheffield on the south to Waketicld on the north about 25 miles, and from west o east about
20 miles altogether, on either side
of Barnsley. The plan shows the
general extent of the coal-ficld,
indicated by the shaded portion;
the outerops of two of the prin-
cipal seams of coal, the Silkstono
and the Parkgate scams; the posi-
tions of the principal faults; the
localities of the more important
‘collieries and iron-works; and the
lines of railway and water con-
veyance,

The horizontal section, Fig.
1950, which is reduced from
Thorpe’s published seetion, is taken
through Barnslcy along the dotted
line W E upon the plan, Fig. 1949,
extending from the millstone grit
on the borders of Derbyshire on
the west to the eastern boundary
of the coal-field at E.

The vertical scction, Fig. 1951,
represents the position and thick-
ness of the prineipal beds of coal
and mines of ironstone, as they
were proved by borings at Wath
Wood, near Lundhill Colliery, on
the plan, Fig. 1919. Five beds
of coal, between the Woodmoor
scam and the Kent’'s Thin seam,
do not occur at this place; a
seoond vertical seclion, Fig. 1952,
is  thercforc placed  alongside,
showing these beds in their eor-
responding position as they wero
proved in sinking at the Ouks
‘olliery, mnear Barusley, Fig.
1949,

The South Yorkshire coal-field
i8 a continuation northwards of
the Derbyshire coni-ficld. On the
enst it is Dbounded by the over-
lying and unconformable magne-
sian limestone and Permian strata,
and the extent of the conl-men-
sures in this direetion is yet un-
proved.  On the west the millstone
grit rocks erop out, forming the
bleak moors of North Derbyshire;
and the ecoal-measures extend
northwards and constitute the
North Yorkshire coul-field. 'Tho
general dip of the conl strata is
from west to cast at an
avernge angle of 1 in 9;
this, however, is much
modified in many locali-
ties by main faults, the
principal of which are
shown on the plan, Fig.
1949, by the strong black
lines. The total num-
.ber of coal seams is very
ereat, as shown in the
vertical section, Fig. 1951,
and many of them have
been worked in various
localities.

The following are the
principal seams of coal
in their geological order,
with their average thiok-
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1. Wath Wood or Muck seam .. .. .. .. .. .. 4fi6in,thick,
2. Conl,nONAME «v .. .. sv 0 s 4 e e 3 8 »
3. Woodmoor seam .. .. .. . s o e .. 3 0
4, Winterseam .. .. . . & o . . .. O 4 »
5. Upper Beamshaw geam .. .. .. .. . .. .. 4 8
6. Lower Benmshaw geam .. .. .. . . o . 2 2
7. Kent’s Thinseam .. .. .. . . . . . 2 7T
8. Kent’s Thick or High Hazelgeam .. .. .. .. 5 0
9. Barnsley Thick scam . e .. 8ft.6into9 0
10. Swallow Wood geam .. .. .. .. . . . 5 O .
11. Howard or Flocktonscam .. .. . . . .. &5 0
12, Yenton’s Thin scam e e e e e e 23,
13. Parkgate or Chapcltownseam .. .. .. .. .. 6 9 ”
14. Thorneliffo Thin seam .. .. .. .. . . . 2 6
15, Four-foot seam, variablo P T
16. Silkstone or Sheffield seam .. .. .. .. . .. 5 0
17. Charlton Brook or Mortomly seam .. .. . .. 8 0

The most important seam of the scries is the Barnsley Thick coal, which, under the name of
the Main, or Top Hard coal, has been very extensively worked in Derbyshire, In the South
Yorkshire district its average thickness is about 8 ft. 6 in., but the thickness varies exceedingly

f1951. 1952, at different places.
Name and Thickne th Seul i -
Cu:l.:::d lr‘t‘::u:)‘::.o be! owl ‘ul:o Name of Coal, 1t is ITNBSt fully -de
f. in, Surfuce. Yards. veloped in the neigh-
ol 2 OE FvEp bourhood of Barnsley,
Newhillconl 2 0 21 - but extends through
conl 6 b o - the greater part of the
Wathwood coll 4 0 G = Wathwood conl, d;qtn?t, and has been
Coul 10 R principally  worked
7] at Woolley, Gawber,
— 2 eq. Ty )
Woodmoor conl 2 6 N | =0 Woodmoor ccal, %lhc_z Oaks, ;thn\m.d 8
z e Coal, ain,  Wombwell
i Nl coal. Main, Darley Main,
. . | Conls. Elsecar, Warren Vale,
Kent's Thincoa) 2 7 e = = '““’"l‘“"' coal. Rawmarsh, Hoyland,
Keat's Thi : - Y Kenes Thin coul. 1y qill, Monnt Os-
ent's Thick coal 5 © 199 m R
: —]200 borne, Thryburgh,
v - Darficld, and Car House. Tho hard coal from this scam
Coals : - is in great repute for steam purposes, and stood high
Bamsley Thick conl 0 L - at the irinls made at Woolwich in 1851 relative to the
Coutsf ) § - value of stcam coals. North of Woolley the Barnsley
ot "2 01 7 seam is subdivided into two or three others, which are
s Tronstone 0 R 300 worked in the ncighbourhood of Normanton under dif-
wallow Wond{ B ¢ ! PR
ot N ferent names.  In Derbyshire it appears to the best ad-

vantage at the large works of Mr. Barrow, at Staveley,
where it is known as the Staveley Hard coal, which
has been extensively used for steam purposes and in
the manufucture of iron.

400 The Swallow Wood seam occurs about 60 yds.

Coal
Coul

Conl

o -

. 9 helow the Barnsley Thick coul, its thickness varying

Tankersey ironsione { o from 3 ft. 4 in. to 6 ft. It has been worked only to a

Flochnions 4 E:'. very limited extent, principally at Swallow Wood, and

Coal e is known in Derbyshire as the Dunsil or Oldgreaves

Shule with ironaune 50 8 - conl, lying there about 80 yds. below, the Top Hard
; o

Coul 2 500 Cam. .

The Parkgate or Thorneliffe Thick seam oceurs at
an average depth of 219 yds. below the Swallow Wood,
and has been chiefly worked at Parkgate, Thorncliffe,
and Pilley. Its average thickness is 5 ft. 6 in., but
tho thickness varies considerably, from 4 ft. 10 in. to

so0 about 6 ft. It is known as the Bottom Soft coal in
Derbyshire, where it has been very extensively worked.

The Thorneliffe Thin seam, ealled the Bottom Hard

in Derbyshire, is found 2% yds, below the preceding;

its thickness is from 2 ft. 6 in. to 3 ft., and it has been
principally worked at Thorncliffe, Pilley, &e.

The Silkstone or Shefficld seam lics about 61 yds.

below the Thorneliffe Thin, and has an avernge thick-

ness of about 5 ft. It is a very well defined scam, and muy be taken as a sort of datum line in

identifying the position of the other beds. It has been principally worked in the neighbourhood

of Shefficld, and at Chapeltown, Thorneliffe, Pilley, Mortomly, and Silkstone, and is identical with

the Black Shale or Clod coal of Derbyshire. The coal is of great value for housc fire purposes,

competing with the celebrated Hetton Wallsend. .

By far the most important and valuable of the seams of coal are the Barnsley Thick and Silk-
stono scams, At the Woolwich trials, made by the Admiralty in 1851, relative to the strength
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and value for steam purposes of the Barnsley Thick coal from Darley Main, West Hartley coal
from Newecastle, and &’elsh conl from Merthyr Tydvil, the total weight of water ovapom’fed‘m each
case was 24,960 Ibs., and the evaporation a Ib. of conl was 810 1bs. by the Bamnsley Thick and
West Hartley coals, and 8°25 1bs, by the Merthyr coal. Trials were also made of the Barnsley
Thick conl in 1858 at Doncaster, on’ the Great Northern Railway, when the evaporation obtained
was 7°64 1bs. of water a Ib, of coal, the total weight of water evaporated being 44§,28} 1bs., and
the coal used being a mixture of steam coal and house fire coal, consumed under Cornish boilers,
working at a pressure of 45 1bs. The Barnsley Thick coal lights ensily, burns freely,.a.pd raises
steam rapidly. It produces only & very small quantity of white ashes and cinders, giving little
trouble to the stokers, and the less it is disturbed the better; it does not clog or adhere to the .
bars, and makes no slag, maintaining a good clear fire with little sulphur. It is a most econo-
mical coal for marine engines, and in using it a light thin firc is particularly recommended.

The mines of ironstone occur between the Barnsley Thick coal and the Silkstone coal, as
shown in the vertical section, Fig. 1951.

The first mine of importance is the Swallow Wood, about 60 yds. below the Barnsley Thick
conl, which has been principally worked at Milton for the isuppli'l of the furnaces there. It consists
of three measures of ironstone ; and an analysis of a sample of the ore by Spiller, of the Geological
Museum, gave 2679 as the percentage of metallie iron,

The Lidgate mine, next below the Swallow Wood, has been extensively worked at Milton,
Tankersley, and Thorneliffe.

The Tankersley mine is usually found about 50 yds. below the Iidgate, and is called also the
Musselband ironstone, from the number of fossil shells it contains. It has been worked chicfly at
Tankersley, and yields about 1500 tons of ironstonc an acre.

The Thorneliffe Black mine lies about 70 yds. below the Tankersley; it is worked principally
at Parkeate, and used in the furnaces at Milton and Elsecar; and an analysis by Spiller gave
31:16 per cent. of metallie iron.

The Thorneliffe White mine lies immediately below the Parkgate seam of coal, and consists of
three measures, containing about 32 per cent. of metallic iron, and yielding about 1500 tons of ore
to the acre, 1t has been worked principally at Parkgate and Thorneliffe, and was formerly worked
extensively at the Holmes,

Thoe lowest mine is the Clay Wood or Black mine, consisting of three measures, containing
about 32 per cent. of iron and yielding about 1600 tons of ore the acre. It has been got to a great
extent at Thorneliffe, and is identical with the Black Shale or Stripe Rake of Derbyshire, which is
80 much prized by the ironmasters of that county.

The principal iron-works of the South Yorkshire district are at Parkgate, Iolmes, Milton,
Elscear, and Thorneliffe, in blast; and at Chapeltown and Worsborough, out of blast.

The modes of working the coal in the South Yorkshire district may be considered as modifiea-
tions of the long-wall system, 8o cxtensively and successfully practised in the Midland counties.
The pillar-and-stall mode of working adopted in the North of England has not heen much used in
South Yorkshire; and the long-wall system being prineipally eonfined to the Midland counties,
the South Yorkshire system of working may be regarded as a combination of the two, Where the
circumstances arc favourable, the long- wall system is being extended in the Yorkshire coal-field ;
and wherever it can be adopted, it is to be recommended, on account of the simplicity of arrange-
ment both for working and ventilation, and also as being the most economical method of getting
the coal.

The principal modes of working the coal adopted in Yorkshire are the Narrow Work, Long
Work, Bords and Long Work, Wide Work, and Bank Work. These are shown in the ideal dia-
grams, Figs, 1949 to 1968. They can be represented only by ideal plans, because none of them
are carried out in their integrity at any collieries in the South Yorkshire distriet; and in some
instances onc mode is adopted in one part of the workings, and another elsewhere in the same
collicry. These different systems of working, some of which, however, are falling into disuse, have
been rendered necessary by the variable nature of the roofs and floors of the coal scams in the
South Yorkshire district. The same reference letters are used throughout all the diagrams.

Fig. 1958 is a plan of the mode of working by Narrow Work, on the end of the conl. P is the
downeast pit, and B the main bord (road cut transversely to the grain of the coal, against the face
of the conl), from which pairs of headings or endings X E (roads cut against the end of the conl,
Iengthways of the grain) are driven at intervals of about 30 yds. When these endings have been
carried to the requisite distance on either side of the main bord B, a communication is made
between their extremitios, and the coal is worked by short faces homewards, as shown at W W.
The whole of the coal being thus got out, the roof is allowed to come down in the gonf as the
working progressics, being temporarily kept up immediately behind the working faces by props or
puncheons, which are afterwards withdrawn successively and shifted forwards. U is the upeast
slmf't. and F the ventilating furnace. The main current of fresh air from the downeast pit P is
cam{’d up the main bord B and along the farthest pairs of endings E, as shown by the arrows,
and is then passed through the face of the workings W. The course of the air is determined by
stoppings 8 built to block up the various crossgates between the bords and endings ; and by doors
D, through which the coal is brought down to the shaft from the workings W, and from the
endmgs_E that are in process of being driven. At C is an air-crossing, where the current of foul air
prmeqdmg from the workings to the upeast shaft U crosses over the current of fresh air entering
the mine from the downcast pit P. AtRT are regulators to control the quantity of air passing
through each portion of the mine; when these are closed, the whole of the fresh air has to pass
through the workings before reaching the upeast shaft; but when they are opened, gportion of the
air finds a shorter course through the regulators direct to the upcast shaft, and a smaller quantity
of air therefore passes through the workings, This mode of working is falling into disuse in

Yorkshire, and is seldom adopted except under special circumstances, where the coal is of a soft
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or friable nature and where the roof is not strong, the coal being therefore got in. very short
lengths, as shown at W W, with only a very narrow face in process of working at a time, whence
the name of this mode of working.
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There are two modes of Long Work, the first of which is shown in Fig. 1954. This and all
the subsequent modes of working arc on the face of the coal, the workings W being carried
forwards transversely to the grain of the coal, against the face of the coal, instend of against the
end of the coal as in the previous narrow work. In Fig. 1954 it will be seen that there is a long
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face of work in progress at once in each portion of the mine: the workings are started from the
main headings or endings E, and the coal from the working faces is brought down through the
gonf by means of packed roads G, shown by the strong black lines, the walls of which are built
up of rock nnd shale; the packed ronds are carried forwards continuously as the working faces
advance. The fresh air from the downeast shaft passes along the endings E and the packed
roads G up to the working faces W, and thence by the bords B to the upeast shaft U, as shown
by the arrows, the regulators R R controlling the ventilation in each portion of the workings.
At HH arc doors or stoppings with apertures to allow of passing some of the air through the
packed roads G in tho goaf, according as may be required to keep them clear of gas.

In the second mode of Long Work, shown in Fig. 1955, the workings are subdivided into
separate lengths of face by the pillars I being left between them at first, about 30 yds. thick;
but when the workings have been carried forwards as far as intended, the intervening pillars are
then also worked, beginning from the farther end and working backwards, as ceen at A, whereby
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the current of air is always kept up against the pillar face A until the whole pillar is removed.
The packed roads G areyrequli)redpfor bringing out the coal through the goaf in this plan of
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working, the same as in the first mode of long work; the strong dotted lines through the gonf in
the neighbourhood of the pillar working A show packed ronds that are no longer required to be
maintained, and have been abandoned.  The course of the air is shown by the arrows.

The made of working by Bords and Long Work is shown in Fig. 1956, " Here pairs of bords B B
are driven from the main heading or ending B, at intervals of about 20 yards; and when they have
reached the extreme distance intended, the whole of the intervening coal is worked homewards,
downhill, and is brought out from the working face W thirough the bords B.  Ini bords and Jong
work, therefore, the bords form o marked feature in the system, being driven to the extreme extent
in the first instance, as shown in the right-hand half of the plan, Fig. 1956, before the working of
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the whole coal is commenced ; and when this has been begun, as shown in the left-hand half of the
plan, no packed roads are required in the goaf for bringing out the conl from the working face, but
the c_(m] is brought down through the bords themselves, which are thus not obliterated till all the
coal is won, but remain of service to the last. In the previous modes of long work, on the contrary,
shown in Figs. 1954, 1955, the progress of the work is in the.opposite dircetion, uphill, and the face
of work is opened without driving bords; and accordingly packed roads are required to be maintained
through the goaf for bringing down the coal from the working face. The course of the air is shown
by the arrows in Fig. 1956, and the air regulator is placed at R: but in bords and long work
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:here is 1}3 need of any arrangement for coursing part of the air through the goaf, as is required in
ong work,

In the Wide Work method, shown in Fig. 1957, the coal is got in banks W about 60 yds. lonf,
each subdivided into bords 7 or 8 yds. wide, separated by pillars of an average thickness of 1 yd.,
as shown by the thick black lines in the goaf. Crossgates K are made to the main roads B at
suitable intervals, according to the state of the atmosphere in the mine and the ventilation. For

Ly

ventilating the workings the current of air is passed up the farthest bord B, across the face of the
work in the first bank W, and out at the other end of the bank ; it is then carried forwards up the
intervening pillar bord B to the next bank, and across the working face in the same manner, as
shown by the arrows. This method of working is now being abandoned where possible for the
long-wall system.

In the Bank Work, shown in Fig. 1958, the coal is got in banks W about 60 yds. long, as in the
last mode, but ench bank is worked all in one length without any intermediate pillars being left in
each bank. The method of ventilation is the same as in wide work, as shown by the arrows, The
mode of working by single bords B, as in both bank work and wide work, instead of by pairs of
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bords, is, however, to be condemned on account of the difficulty and expense of maintaining packed
roads through the goaf for the winning of the pillars B B at the last; or if _they have not been
maintained, of making new packed roads for ventilation : and again, these pillars being liable to
a heavy pressure, tho conl in the pillar working is rendered of little value, .

The plan of the Long Wall system of working, Fig. 1959, shows the difference of this system
from any of the ordinary Yorkshire methods of working described above. This is not an ideal plan,
but a plan of the actusl long-wall workings of the Parkgate seam at the Wharncliffe Silkstone
Colliery near Barnsley, Fig. 1949. There is here no loss in getting out pillars, a8 ag ;he coal is
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excavated at oneoperation. The ventilation of the mine is at the sume time considerably simplified,
the current of air having altogether a shorter and less tortuous course to follow from the downcast
shafts P to the upeast U, as shown by the arrows. The thick dotted line M M shows the position
of a fault in one portion of the mine, and the workings are therefore laid out at that part conform-
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ably with the course of the fault. By the long-wall system a working face of 430 yds. is here
obtuined in a single length without interruption, as shown at W; and in the Jower portion of the
workings along the fault M M another face has been opened of the same total length, but divided
into two shorter faces by a pillar bord, for safety and convenience of working in the neighbourhood
of the fanlt, the intervening pillar being removed before that portion of the mine is abandoned.

Various supports for the roof are used in the Yorkshire scams: wooden props or puncheons are
adopted in some cases; in others, piles of wooden blocks called chocks or clogs; and in others, packs
of rock and shale. Cast-iron puncheons also are now being extensively introduced, one of which
is shown in Figs. 1965, 1966.
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Two of the greatest diffienltics that have 10 be eontended with in mining are Water and Gas.
With regard to Water, the mines in the South Yorkshire district are not in general heavily watered
in comparison with other mining districts; the workings nearer the outerops or bassets of the seams
are generally more watered than the rest. Except in some special instances there are few collieries
where large pumping engines are required : 1ift pumps are used exclusively, and even tubbing has
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scarccly ever been resorted to. A remarkable inundation occurred in 1861 at the Woolley Colliery
at Darton, near Barnsley, Fig. 1949, which is working the Barnsley Thick coal : the coal is drawn
up a long inclined planc extending from the outcrop of the Barnsley Thick seam and following the
dip of the senm ; and the water is raised by means of flat pumps. On the 13th April, 1861, a sudden
irruption of water into the workings took place, to such an extent that they were almost entirely
filled. The water ontered through a fissure in the overlying rock, which is of eongiderable thickness
and is full of cracks and fissures towards its outcrop. It is probable that a large amount of head
or drinage water had accumulated in these fissures while they remained closed, and that they
afterwards became opened by subsidence of the strata in consequence of the working of the coal:
Jhe water was found to be drawn away from a well in the rock at the surface, 170 yds. above the
coal. The accumulation of water must have been very great, as it continued rising in the day drift
a fortnight after the inundation had oceurred, at the rate of moré than 1 ft. an hour, although a
double 10-in. pump had been kept continuously at work ; but its risc was subsequently stopped
by additional pumping power.

In the amount of Gas gencrated by the different seams of coal there are great variations. The
most terrible explosions have taken place in the Barnsley Thick eoal, especially at the Darley Main
Collicery, the Oaks, Warren Vale, and Lundhill; the Barnsley Thick and Silkstone seams being
specially liable to sudden and powerful emissions of gas, The ventilation is produced by a furnace,
shown in Figs. 1960 to 1963, situated at I in the dingrams, Figs. 1954 to 1958, at the bottom of the
upenst shaft U, by which a fresh current of air is kept continuously flowing through the mine, so
that any gas issuing from the coal is speedily diluted and rendered harmless. For distributing the
air through the workings, the stoppings 8, doors D, and regulators R are arranged in proper places.
The division of the air into separate splits, each of which ventilates a distinet portion of the workings
by mcans of the crossings or overcasts C, and the “ seale doors” or regulators R, may be considered,
if properly carried out, one of the best preventives of explosions in these very fiery South Yorkshire
mines. All the return air should be eonducted into the upeast shaft by a dumb drift N, Figs. 1960
to 1963, 8o as not to pass through the fire of the furmace; and the underground furnaces, whether
closed or otherwise, should be fed with nothing but fresh air direct from the downeast shaft.

At some of the mines in the district, belonging to Fitzwilliam, large fans driven by steam power
have been substituted for the furnace generally used elsewhere; they are a simple and efficient
means of mechanieal ventilation, well worth the eonsideration of all interested in mining, and have
now been continuously working with complete success for several years. In the early periods of
mining the only ventilation was the natural ventilation, the current of air through the workings
being produced simply by the colder and denscr air from the downeast shaft displacing the hotter
and rarer atmosphere of the mine. Sometimes rarefaction was increased by putting a pan of coals
in the upeast shaft; but the consequence of such imperfeet ventilation was that the workings wero
sometimes stopped for many days together. Natural ventilation could, of course, be adopted only
when the shafts were of moderate depth and the workings on a limited scale,

In the South Yorkshire district, safety-lamps were first used exclusively at the Oaks Colliery,
in the workings of the Barnsley Thick coal, where Stephenson lamps are used in preference to
Davy’s: and the use of safety-lamps has since extended to many other collierics. At the Wharn-
cliffe Silkstone Collicry, near Barnsley, working the Silkstone seam, Stephenson and Davy lamps
are used exclusively ; and as the coal-field is very much cut up with faults, the gas cannot be bled
away, but as each fault is cut through the greatest caution is required in dealing with the gas in
the solid coal heyond, in bye, In addition to the use of safety-lamps, an abundance of air should
be taken into the working places of fiery mines.  Since the explosion at Lundhill in 1857, safety-
lamps have been exelusively adopted there. The importance of their use in fiery workings was
strongly shown at the Onks Colliery in 1857, when an outburst of gas took place in the workings
down the engine plane, so violent that it was compared to the roar of a draught in the furnace. All
the Stephenson lamps were put out, and the Davy lamps were ignited internally, the gauze be-
coming red hot. As the outburst of gas occurred within a hundred yards of the main intake to the
upeast shaft, and a large quantity of air was passing this part at the time, the gas was soon diluted
and carried away : and in less than an hour the only traces that remained were found at one or two

laces where the floor had been upheaved. Thus no doubt a terrible explosion had been averted
Ey the use of safety-lamps ; but if any one of the lamps had been out of order, or the gauze smeared
with oil or conl dust, or if any naked light had been in this part of the workings, an explosion
would inevitably have occurred,

COAL-WASHING MACHINE. ¥F&g., Machine & laver les houilles ; GER., Kohlenwaschmaschine ;
ITAL., Macchina da lavar litantrace ; SPAN., Mdgquina para limpiar curhon de piedra.

We give, Figs. 1969 to 1973, a sot of coal-washing apparatus and coke ovens at one of the esta-
blishments of the Wigan Coal and Iron Company. The washing machinery, which is contained in
a building 48 ft. long by 24 ft. wide, consists of four iron chambers, each of which is in free com-
munication with a eylinder placed at one end of it, as shown in tho plan, Figs. 1970 to 1972. These
cylinders are cach 3 ft. in diameter, and the pistons working in them have a stroke of 3% in., and
are driven at 150 strokes a minute, so as to keep the water within the chambers in a state of con-
stant agitation. .

The coal to be washed is discharged from the railway wagons into a large hopper outside the
building, and it is lifted from this hopper, Figs. 1969, 1970, by the elevator shown in the section,
Fig. 1970, this clevator delivering it to the crushing rollers, by which it is reduced to a uniform
size. After passing the crushing rollers, it is taken up by a second sct of elevators, and delivered
to the washing chambers, or bashes, down a trough laid at an easy gradient, this trough having
four compartments, down which the coal is washed by a small stream of water. The coal, d.unng
the process of washing, is placed on perforated copper screens or sieves slightly submergcd in the
water contained in the bashes, and the pulsation of the water, occasioned by the action of the
pistons, causcs the good coal, which is the lightest, to be washed over into the shoo't;sl:v:l)‘th which
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the chambers are provided. The pyrites, on the other hand, being heavier, fall down and lie on
the perforated sievgs; and at regul}zrintervals the sluices are opened, and the pyrites al!owe'd
to fall into the chamber below. At the bottom of each chamber there is another slul.ce, yvhwh is
opened occasionally to allow the refuse to be discharged into wagons placed to receive it. The
good coal from the shoots of the bashes is also delivered directly into wagons. . ind
The washing machinery, elevations, and go on, are driven by a beam engine, with 14-in, cylinder
and 2 ft. 6 in. stroke, arranged as shown in Figs. 1969, 1970. " The loss by washing is about 10 per

1969,

M

cent., by weight, of the gross quantity of coal passed through the machine. Several machines of
the kind we have described are in use at the Wigan Conl and Iron Compeny’s works; and they
turn out from 300 to 350 tons of small coal a day.

The general arrangement of the coal-washing machinery and coke ovens will be understood
from the general plan and section, Figs. 1971 to 1973. ¥rom this it may be observed that the
ovens, which are each 11 ft. in diameter and 8 ft. 6 in. high, are arranged in two {mml]e.l double
rows, a chimney being provided for every eight ovens. The charging is performed by the aid of a
tramway laid over the tops of the ovens, Fig. 1973, the coal dust being brought from the washing
apparatus in 25-cwt. hopper wagons along this tramway, and dropped through holes left in the
crown of the ovens for this purpose. The charge of ench oven is 8 tons, and this charge is
allowed to burn five days or 120 hours. This, when bhurnt,.is cooled by the aid of a water-pipe
inserted in the oven, and is afterwards drawn out by rakes.

One-of the most successful of recent coal-washing machines is that constructed by M. Evrard for



COAL-WASHING MACHINE. 981

the mines of La Chazotte, in France, Figs. 1974 to 1976. Figs. 1974 and 1976 are vertical sections
through the machine in two directions af right angles to each other, and Fig. 1975 is a plan of the
whole. The special object in view in this construction is the washing of very large quantities of
conl of comparatively unequal size, and the separation of these different sizes by the aid of the
washing process. This large washing machine is thereby enabled to combine the advantages of
machine labour with the superior ~uality of work performed by hand-washing. The coals are
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own into & hopper A, Fig. 1974, with a revolving base upon a larger revolving screen, where
:ﬁ; mgesto pieocsg,?: froed fr%)m stones by hand, two workmen being placed upon the screen B,and
carried round by the lattor in its revolution, There are two screens with narrow openings below
this first, and they deliver the smaller coal by means of two elevators C, to the top of the washing
machine. Each kind of coal is brought up separately, and thrown upon a circular table D, which
revolves slowly round a large fixed cylinder E, containing the flonting piston F. The two elevators
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i it i ) d in different
bring the coal up to the circular table, and it is levelled there by two serapers fixed .
h:li]:g ts (m n in glan, Fig. 1975), so that & stratum of small coal is spread over a layer of la;z_;c_r
coal below. The central part of the machine is filled with water, and the floating pl'in‘tﬁm_ is
moved up and down in the water by means of a lever L, Fig. 1975, worked by a cam, ©

[~ 1975.

e i)
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is counterbalanced by a float G, immersed in water, and its movement causes an alternating up and
down current of water through the sereens in the revolving table D, by which the different mnate-
rials mixed together in the unwashed eoal slack scparate themsclves in parallel horizontal Inyers,
according to their difference of speeific gravity, and also according to their size of grain. There is,
however, one thing of great importance required for a successful operation, 1.111}11(513". (l‘m agitation
of the water must commence with great power, and must successively diminish in force as the
washing proceeds, since the first action cifects the settlement of the very largest picces of stone at the
bottom, and of the large-
sized conl in a stratum 1976.
immediately above that.
This being done, it re-
quires & more gentle agi-
tation, so as to leave
the lowest layers undis-
turbed, while operating
through these upon the
superposed  strata  of
small-grained materials,
80 as to give the small
pieces of stono and other :
heavy matters an oppor- ERREY S s - !
tunity to pass through the
coarse-grained coal down
to the lowest stratum of
stones. With a uniform
action of the machine, M.
Evrard obtains this im-
portant result, by inclin-
ing the table against the
water lever, as shown in
Fig. 1976. He thereby
obtains a greater immer-
sion of the table, and, con-
se?uently, a more power-
ful rush of water through
its sieves at the one part
of each revolution, and
a less powerful action at §
the opposite side where e
the coal is partly raised N
above the water-level.

_ The body of this machine is eonstructed in masonry, in the shape of an inverted cone, with a
diameter of 33 ft. 6 in., and a height of 82 ft. 10in. Its bottom opens into a drain-pipc for removing
the mud collected there. The floating piston is 17 ft. 4} in. in diamecter. The table D is 32 ft.
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10 in. in diameter, and 6 ft. 63 in. wide. It is perforated with holes of - in. in diameter. The
inclination of this table amounts to one foot for the whole length of the diameter of the table , the
depth of layer of coal is 6 in., and the water-level 8 in. over the lowest point of the revolving table.
The coal is removed from the table after having passed through one entire revolution by means of four
scrapers placed at different heights, so as to remove each another of the superposed strata of coal
ranged according to tho size, the smallest coal being raked off from the top, while the lower layers
give coarser-sized coal in proportion to the depth. The lowest stratum is formed by the stones and
other heuvy impurities of the coal, and this is removed whenever it has reached a certain height.
The washing process, as carried on with this machine at Chazotto, reduces the contents of ashes of
the coal slack from 15 to 17 per cent. on the unwashed slack down to 8 or 9 per cent.  The pro-
duction of one of these machines iy 138 bushels for cach revolution, and, taking the speed at the
average adopted at Chazotte, namely, one revolation in five minutes, with 100 strokes of the piston
during that time, the total production is 1650 bushels an hour. The total power requircd for the
complete machine, with its revolving screen and elevator, is 10 horse-power.

A very simple mode of washing the impurities out of small eoal has been at work at South
Tyne Collicry, Haltwhistle. The machinery employed consists of an arrangement of boxes or
troughs, info the upper scries of which, A 1, A 2, A 8, Fig. 1977, the water for washing is conducted
by a pipe P. At the end of A3 is a x
small sercen, formed of 3-in. round iron 1ot
rods, placed about 4 of an ineh apart;
immediately below this sereen another
series of troughs, B1, B 2, B8, is simi-
larly arranged, terminating with a perfo-
rated zine plate placed in a sloping posie
tion like the sercen in the upper series,
The upper troughs are 2 ft. 4 in. wide
and 13 in. deep; the lower ones are 2 ft.
Sin. wide and 61in. decp.

At ¢, d, aund ¢, Fig. 1977, grooves are
placed, into which slips of wood are in-
scrted, one above another, at different
stages of the washing; these partially
check the current of water, and assist in
collecting the stones, pyrites, and so on.
W, Fig. 1978, is the wagon-way, by
which the coal is brought to the washer.

It will be observed that the pipe P
is bent so that the water poars against
the end of the trough; this has been
found to act better than when the water
is poured in the contrary direction. The
mode of working is ay parent: an opera- 5
tor shovels the eoal into the trough, and
another with a rake spreads it and keeps s
it under the action of the eurrent. The E\\
water that passes through the screen
carries much of the smaller coal with it; 1978.
to obvinte this the lower series of troughs were erected, along which the water i
is condueted, and finally pussed over the perforated zine plate. The veloeity of —f| ——"—f——
the current is regulated, when required, by raising or lowering the troughs, their
arrangement being such that this i casily effeeted.  With this apparatus two ||
operators enn wash three wagons of coal an hour, —f—q—
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COAST DEFENCE. Fu., Fortification Muritime ; GER., b ustenbefestiyuny 5 ITAL., Dijesa delle
coste 3 SPAN., Defensa de la costa, .

Coast Defences—The defences of coasts and harbours, especinlly those of an island like England,
where if attacked the assault must be delivered more or less immediatcly from the sea, forms an
important branch of the general technienl art of fortification: with this considerable difference,
however, that while the works of an inland fortress or strong place are gencrally constructed with a
striet regard to certain rules laid down for the different systems of ¢elebrated engineers, the
acknowledged heads of their profession, the defences of a const must in a great degree depend on
local circumstances, and, if secure from an attack on the land side, do not require to be furnished
with the appliances for a protracted sicge. The struggle with an epemy uﬂn'nt_ and -unsupported
with land forces would then be short, sharp, and decisive, the viglory remaining to the hardest
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hitter, the biggest gun, or, perhaps, to the craftiest-laid torpedo. In like manner, the proper
placing and construction of coast defences emancipates, as it were, the officer of engineers from
the more mechanical operations of permanent fortification, and, if he possesscs geniug, enables
him to take advantage of every natural feature, both above and below the water-level. either for
defence or offence, and make the most of them. .

Their History.—Although in the very dawn of Jewish, Greek, and Roman history wo read of
the walls and other fortifications of towns, we do not find any mention made of impediments
to prevent invaders landing on their coasts, except occasionally a free fight on the beach, such
as the Greeks appear to have expericnced when they reached the shores of Troy. When Julius
Cumsar landed on the Kentish strand, he had, it is true, to break through a bulwark of half-naked
blue-stained Britons, which his heavy-armed legionaries soon proved too strong for, William of
Normandy met with considerable opposition when he disembarked as an invader ; but he eventually
conquered. In most eases we find the invaders sceuring themselves a safe haven or téte-de-pont
for return in case the fortune of war should declare against them. Thus the Greeks fortified their
ships on the shores of Troy, and the Romans created the germs of the future fortifieations and
defences of Dover and Portsmouth, and perhaps the Thames, DBut in the first few centuries after
the Conquest the constant wars between England and France exposcd both nations to the visits of
hostile flects, and subjected the unfortunate inhabitants of our sen-board to much misery, especially
on the south and east coasts. We can yet sce in the Isle of Wight the existing outline of a town
(Newtown) burned by the French fleet in the time of the second Edward, and which remains, with
its houscless streets and market-places, & desolation to the present day. Even localities so remoto
ag the Welsh coasts were not safe, as we read that in 1405 the French landed at Milford Haven
and plundered Carmarthen and other towns, safely reguining their ships; while as late as 1758 we
retaliated by sacking the now impregnable Cherbourg, and levying a tribute on its Monts du
Piété and other public institutions.

As the invention of artillery, however, grew in importance, the attention of our rulers scemed
turned to the necessity, on certain points of our coasts at least, of securing the cities and towns
situated near them from being burnt or plundered with impunity; and the sequestrations of the
rich monasterics in Hampshire and the Isle of Wight furnished the eighth Henry with funds
sufficicnt to crect the castles of Southsea, Hurst, Sandown, Yarmouth, and Calshot, as well as to
fortify the narrow entrances into the harbour of Portsmouth, which was then, as now, considered
the first naval arsenal of England. Besides these, we owe to Henry VIIL the defences of
Falmouth, Plymouth, Pembroke, Deal, and other important points on the coast. In Queen
Elizabeth’s time the defences of Milford Haven, the Thames, and Plymouth, as well as minor
works on the Kentish and eastern shores, were not neglected by her shrewd and far-secing
ministers, and the many existing traces of the reign of the Stuarts in the old fortifications of
Portsmouth, Devonport, Sheerness, Gravesend, and other places along the coasts, although
erected more probably from dread of & Dutch than a French invasion, show that ncither Charles
nor James neglected the defence of England on its then weakest and most aceessible points,
During the reign of Anne and the first two Georges the eonstant dread of descents from the
partisang of the Pretender, or his French and Spanish allics, caused further extensions of our
coast defences; and when the Freuch fleet rode triumphant in the Mediterranean, after the fall
of Minoren and execution of Byng, we deemed it necessary to strengthen the land defences of
Portsmouth by the first fortifying of the old Hilsca lines. It is a curious thing that onc of our
ancient northern const defences, namely, the Old Fort on the Bass Rock, was the last spot in
Great Britain that held out for the Stuarts. The long wars of the French Revolution, although
our flects finally swept the seas of our enemies, still demanded econstant attention to various ex-
posed and unprotceted points of our coast; but it was not till France again had a navy, and the
defences of Cherbourg, Cronstadt, and Sebastopol created, as it were, a new era, and the due
progress of things produced the Crimean and Amerienn wars, that the subject was really taken
up in a comprchensive and extended manner; our eyes seemed suddenly opened to the utter
worthlessness of many of our existing works, and an honest effort made to cffeet all the improved
modes of fortification now absolutely necessary by the monstrous strides that modern science has
made in the weapons both of offence and defence. The Report of the Commissioners appointed
to consider the defences of the United Kingdom, dated the 7th February, 1860, entered fully into
the details of their existing state, and gave their recommendations for their augmentation or
renewal; and until the present time immense works, costing an aggregate sum of at least nine
millions both in coast and inland defences to our harbours und arsenals, have been carried on,
subject however to the disadvantaze of the ever-changing increase in the weapons of attack and a
corresponding increase ever forced on them in those of defence, causing works which might have
been decmed perfect a few years ago to be now nearly useless or obsolete.

Reconnaissance of a Sea Fronticr—In addition to the general descriptions necessary in making
a reconnaissance, that of a sca-board line should clearly describe the nature of the coast; whether
it is bordered by dunes or sand hills, or edged with flat rocks in shallow water which would
render access to it more or less dangerous, or by cliffs which would render it altogether in-
accessible; the points on which descents could be casily made, the rentrant angles affording
sl)eltgrcd crecks and anchorages; the high lands and eapes affording eligible sites for the
erection of forts and battcries should be clearly pointed ont, with the height of each above the
ordinary high-water level, also all islets and rooks capable of being made available for advanced
works, such a8 towers, and so on; the shoals, ereeks, roads, and ports, with their soundings, the
nature of the winds necessary for entering and gailing out of these ports, of which it will be requisite
to note the local peculiarities the state, garrison, and armament of the different batteries
established for the defence of the anchoring grounds: the field-works, if any, formed on points
where descents might be practicable ; the camps, fortified towns, and other gtrong places which
cover or protect the principal maritime establishments or military arsenals; finally, to analyse
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carefully the existing system of defence, and to consider the best mode of forcing it. If rivers
have their mouths on these coasts it is necessary to consider very carefully the influence of the
tides on their entrances, It is mot less essential to indicate the hours of high water at all the

incipal points and ports, and the period of tide more or less favourable to the approach to the

ifferent points of disembarkation. To these general remarks, taken from the French ¢Aide
Mémoire,” wo may add that in modern warfare it will be very necessary to take into consideration
the various lines of railway by which forees from the interior may be suddenly concentrated so ag
to crush any inferior or isolated body of men who may seck a hostile landing on a coast, and also
the fucilities which may exist for the placing of obstructions either floanting or hidden,

General Principles of Coast Defence—Betore entering into this subject it must be premised that,
while we write, some of the most important points of coast defence are involved in much doubt, and
must be considered as subject to important changes, according as the experiments on our guns, our
ammunition, our armour, and our obstructions, floating or otherwise, present from day to day new
phases. We can thercfore only offer a few useful general prineiples on the subject from the hest
modern authorities, simply reminding our readers that the great question of ships versus forts and
iron versus carth yet remains to be solved, when the giants of the carth again do battle.

Von Wurmbs, in his ‘Lehrbuch der Kricgs Baukunst,” remarks that the defence of a sea-
surrounded country, or an extended line of coast, requires in the first instance movable bodies
of troops eantoned near the most important points, and acting in co-operation with divisions of the
fleet, flotillas of gunboats, and war steamers. Well-arranged lines of railway and telegraph will
be here of great importance. Fortresses are, however, necessary at the prineipal arsenals, dock-
yards, and other sources of supply, as well as at those points where the landing of a large body
of an enemy’s troops might take place, and so enable them to attack us on the land side.

The fortification of the principal important points of a coast line, such as our war havens
of Portsmouth, Sheerness, Plymouth, Milford Haven, and Cork Harbour, also demand an enceinte
on the land side capable of withstanding a sudden assault, and outworks which are strong
enough to defy a regular attack, to resist the operations of a hostile fleet, and finally to keep the
encmy at such a distance as to prevent a hombardment of the place and its establishments. This
has been the principle adopted in the modern land defenees of our naval arsenals, which are now
surrounded with substantinl forts as well towards the Iand as the sea, so as to hold an enemy
at bay until our forees could be hurried up from all sides, On other points, const batteries or
forts of a minor magnitude become nceessary to defend roads, havens, or anchorages, to protect
the interests of commerce, or to hinder the landing of an enemy; due preeautions should in all
cases be taken to sccure the rear of these batteries from surprise by proper gorge walls, and
8O on.

As, nevertheless, fortresses cannot defend every point, or be placed close enough to hinder
the passage of a powerful fleet, we must therefore in such cases take advantage of floating and
hi(ll«lon obstacles of every kind, such as torpedoes, floating Latteries, booms, chains, rope nets,
and 8o on,

Const fortifications, it must always be considered, are opposed against the power of a most
formidable encmy. ln the present day we must consider the enormous and still increasing
armaments, both in ramber and weight, of modern ships, and their armour creeping up from
4 in. to 15 in, in thickness. LEven frigates which a few years ago were scldom equipped with
anything heavier than an 18-pounder, now carry 12-ton guns, discharging a 300-1b. holt. ~ Also, in
a proper depth of water, ships ean change their position casily and quickly, and by the help of
stenn can tack in the face of contrary winds and luy their broadsides full on against the opposing
forts, unless these are situnted high enough above the water-level,

But, on the other hand, many circumstances favour the defence of fortresses against ships
when unsupported by land forees. The most formidable position of ships in attacking a coast
defence is no doubt with broadside on, and, theorctically at least, as close as possible: but in
taking up this position, if the ship, not of course a turret, allow itself to be raked by the fire of
the fort, it is in the first place quite powerless to return a gun, and its sudden destruetion may
in many eases take place. If the wind suddenly changes, the keel touchies a shoal, or a shot
knocks the machinery out of gear so as to hinder its withdrawal from an encmy’s fire, then
it may be destroyed by the guus of the fortress, if they are heavy enough to penetrate her
iron plating; for in modern warfure we must consider all fighting ships as thus protected. This
fate very nearly met our fine 90-gun linc-of-battle ship the ‘ Albion’ and 30-gun frigate ¢ Arcthusa,’
by the fire of two or three guns ouly of the little Wasp and Telegraph batteries, on the heights of
Sebastopol Harbour, on the 17th October, 1854, In modern times, many brilliant examples of
this have been given. One large shot striking o line-of-battle ship near the water-line may sink
her, or a shell bursting through her decks explode her magazines. .

Fig. 1979 shows the defences of the entrance to Sebastopol Harbour, and position of the cliff
batterios and attacking ships. The figures show the height in feet above high-water mark.

We tuay here remark the circumstance that const batteries have generally a very large object
to aim at,—a line-of-battly ship, for instance, from 200 to 300 ft. in length, and, with her sails and
rigging, 60 to 80 ft. in height; while the ship may have no target to tire at but an open const
battery, covered with a strong earthen shicld, and with the muzzles of its guns not rising mare
than 14 ft. above the crest. i .

T4 is desirable to have the guns of a small battery as much ag possible of the same calibre, if
not of the same nature. It must be also considered that a ship chuuging its position at the rate
of 8 knots an hour moves 600 yds. in 23 minutes; therefore to mect this, not a single gun, but a
number on each battery, will be found necessary and most efficient to injuro a passing flect.

Previous to 1861 not less than twenty-three varieties of guns were mounted on our coast
batteries, after which period the number was restricted to five varietics, namely, the 10-in. guu.of
86 cwt., 68-pounder of 95 cwt., 8-in. of 65 cwt., 32-pounder of 56 cwt., and 13-in. mortars; but with
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the late imagined improvements in artillery our batteries will be soon generally armed with the
12-ton 300-pounder, and on important points with 25-ton 600-pounders. ’

Batteries for mortars, flanked, how-
ever, by a few heavy guns, are requisite 1979,
on certain important points. That of
Puckpool, commanding one of tho
eastern entrances to Spithead, is a
formidable battery of this artillery
arm, mounting thirty 13-in. mortars.

Fach description of gun should
have a separate expense magazine for
its ammunition.

Low barbette batteries should
never be used when the work is at
less elevation than 100 ft. above the
sea-level, and then only they are safe
from enfilade. |

Barbette batteries have the advan-
tage of a more extended range of fire
than those with embrasures,

If a battery be less elevated, the
parapet must be heightened, and the
gun then fires through an embrasure,
or it must be raised, when great range
is required, to fire over a parapet of
7 ft. protected by bonnettes.

In earthen batterics the distance
between the guns must not be less
than 35 ft. when mounted on travers-
ing platforms, and traverses should
be provided for every two guns. In
casemated and iron-plated batteries
the guns are generally spaced 24 ft.
from centre to centre, = to a 12-ft.
pier and a 12-ft. shield.

Casemated batteries are necessary
when it is required to place a work
close to deep water, and more than one
tier of guns is necessary to defeund tho
position,

All const batteries, whether casemated or not, should be retired ng much as possible from deep
water, unless by doing so the object of the battery might not be attained.

We in many cases utilize our casemates both in const and land batteries by using them as
barracks for the garrison, but all partitions and rear walls should be made movable and as slight
as possible. Continental coast batteries, when casemated, are generally open in the rear: in
double-tier casemated batteries the magazines and stores are usually placed in the basement story,
which is faced with solid walls of great strength, and covered with bomb-proof arches.

It is almost useless to discuss here the question of embrasures. Modern science, however,
plainly points to the adoption of wrought-iron shiclds both for casemated and earthen batterics
when the Moucricff system of gun-carriage is not used. ‘The thickness of the shields mny vary
acc(;;‘ldiug to exposure from 9 to 15 in., with the aperture for the gun’s mouth as smull as prac-
ticable.

Red-hot shot or shells filled with molten iron requiring a supply of furnaces and fuel to heat
same, were until lately part of the equipment of every coust battery of importance.  The universal
adoption of iron-clad vesscls has however diminished very much the importance of this mode of
defence, and our best modern coast forts have no appliances of any kind for heating shot or
melting iron cxeept in very peculiar circumstances; an encmy, however, attempting a landing
with « flotilla of wooden boats, might suffer severely from the use of heated shot. !

The following additional obscrvations are principally founded on Sir J. Burgoyne’s ¢ Notes on
the Coast Defences of Great Britain.’

In all arched vaults, such as cnsemates liable to be battered, the covering arches shoukl be
brought endways to the front, so as to form a revetment en décharge,

. Battcries or brigades of guus to he brought up with troops to parts of a coast threatencd,
will be worthy of heing organized in time of war in central sceure stations.

The most effective fire against ships is doubtless from guns placed but little above the level of
the water, but so placed they would be subjected to an overwhelming fire from ships in return,

In proportion as batteries arce clevated they lose in the best effet of their own fire, but become
far less exposed to suffer from that of ships.

There is also from elevated hatterics, if close to the water, a certain space near them which
they cannot command at all, and where vesscls and boats would be consequently safe from them.

Sir J Burgoyne considers an elevation of not less than 50 ft. as a good medium elevation: at
that height the shot may he made tostrike the water at a distance of 200 yds., and will ricochet well,
and at the same time the guns would be but little expored to dircet fire from shipping.

Rockets may be of great service in closc quarters with ships. With reference to the exposure
of guns and gunucrs, he remarks hat in military operations the first aiin is to oblain success;
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to save life is a socondary consideration, excepting so far as may not impede the first, when of
course it becomes an anxious and imperative dl:xty.

He recommends the construction of packets and mercantile stcamboats to carry guns in case of
needl; sé::ldﬁthe organization of the population of the coast, the constguard and dockyard men to man
our batteries.

The experiences taught in the last American war have thrown quite a new light on what we, a
few years ago, learned in the Baltic and the Black Seas. Von Scheliha, in his work on * Coast
Defences,” lays down some gencral rules, which we here give, being worthy of consideration, and
supporting his propositions by examples of different conflicts on the consts and rivers of America,
premising that he considers the Confedcrates in the first place committed a great mistake in
attempting to fortify so many points as they did both on their coasts and rivers.

a. That railway communication with different poiuts is preferable to fortifying places of
secondary importance.
artlil That cxposed masonry or brickwork is not capable of withstanding the effect of modern

illery.

c. That earth, especially sand works properly constructed constitute a better protection against
modern artillery than permanent fortifications built on the old plan.

d. That guns mounted en barbette, even when protected by properly-built traverses, may be
silenced by a concentrated fire from ships.

e. No fort now built ean keep out o large fleet unless the channel be obstructed.

J. A merc partial obstruction of a channel not sufticicnt to keep out a large flect.

g. No flect can force a passage if kept under the fire of heavy batteries by properly-placed
obstructions.

These views of Von Scheliha are on the whole satisfactory to us with a few exceptions, when
we consider the vast outlay we have made within the last few years on our const defences,  With
torpedoes and other hidden obstructions, backed by the fire of our modern forts, no fleet could
possibly pass narrow channels like that between Hurst Castle and Sconce Point, or the winding
sinuogities of deep water between the Spithead Forts, the Thames, Medway, entrance to Plymouth
Sound, and other similar localities leading to our prineipal arscnals and dockyards, as well as the
river entrances to our great comunereial emporiums, as Liverpool, Hull, Bristol, &e.

The vast alterations in the armaments even of our older defences have rendered a great number
of additions to our magazine and store accommodation necessury ; increased provision must be
made for shells, apparatus for largze guns, and so on.  In the larzer earthen coast batteries the
magazines are gencrally in the rear of the work (which should have its gorge closed by a defen-
gible loop-holed wall), and constructed with bomb-proof arched brickwork, with & covering of earth
varying from 4 to 6 ft.; smaller expense maguzines are formed in the various traverses, and other
secure places in the carth-works, There is considerable difficulty in this climate in preserving
these magazines free from damp, principally arising from condensation of saturated air on the
walls. If deeply seated in or covered with earth, the ventilation is often defective, and whero
wooden floors are used considerable ravages have been made by dry rot, the warm and damp
air within the magazines appearing to favour the growth of fungi in the timber. Floors of
asphalte laid pure without grit are now used in magazines with advantage, and the application
of steam in drying the internal air of magazines is a subjeet worthy of consideration.

The views of Rear-Admiral Porter, US.N., on coast and river defences, as ecnumerated in his
report, 1865, arc these, namely :—

) a. il‘oo much importance canuot be attached to the employment of torpedoes and other hidden
obstacles.

b. Considers that no forts can withstand the united fire of monitors and iron-clad vessels.

¢. Recommends the combination of military with naval attacks. "Thesc formed an important
featurc too much overlooked, perhaps, in the attack and defence of coast forts during the
Ameriean war, as at Charlestown Harbour, Vieksburg, &e.

d. Little difticulty occurs in running past the strongest forts if no obstructions natural or
artificial exist, but on forts only no safe reliance can be placed,

e. He knows no instance in which troops and ships properly combined have atiacked a fort
but they have taken it.

f- One gun on shore being considered equal to ten afloat is o principle not at all to be
depended on.

g. Even if guns in a land battery are protected by traverses they are not safe from vertical
fire.

k. It must, however, be allowed that there are certain points on every coast where forts can he
built unassailable by ships, and that Federal Point, Wilmington River, where Fort Fisher stands,
is one of them; alsoif the engineer who built the latter had placed it one mile inside of where it
now stands it would have been inaccessible both by sea and land.

i. Guns placed in a land battery should not be less than from 60 to 100 ft. apart.

j. Our frowning stone walls with their guns standing en barbette, or looking through small
ports in the easemates, look strong, while both arrangements are serious defects.

k. Latterly the rebels revetted the stone walls of their forts, external as well as internal, with
sand bags,

(. Fort Fisher.was the key to all the immense system of defences to Wilmington Harbour,
and will furnish food for study to our military enginecrs for years to come; and in many cases the
system inaugurated by the rebels will be adopted by us. .

m. Never erect a fort without consulting the hydrography of its approaches. In Wilmington
River a chain of the strongest works ever erected was lost beeause Fort Fisher, the key to them
all, was placed within reach of ships. ) ) .

». The shells of navy guns most effective against land batteries.
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o. He recommends that all our works shall be of earthwork, or that those now built should be
covered with earth; the guns to be mounted on monitor turrets ; iron to any thickness and guns
of any measure may be thus used, and so far have an advantage against a floating enemy, in
which the use must be limited.

p. The value of land
fortifications is, he con- : 1980,
siders, not in the least \
diminished by the late
results; their import-
ance is greater than
ever, but they must be
properly built.

Fig. 1980 shows the
position of Fort Fisher
at entrance to Wil-
mington River,

Fig. 1981, plan of
the defences of Fort
Fisher,

(lassification of Coast
Defences.—The sea de-
fences of our naval
arsenals,  commercial
harbours, and most ag-
cessible landing points
on our coasts, may be
clagsified as follows :—

1. Existing old
castles  erected origi-
nally in the times of
the Tudors and Stuarts,
many of them still
formmmg the nuclei of
our present works.

2. Coast towers,
martello towers, &e., of
more modern construe-
tion, dating principally
from the period of the
earlier  wars of thoe
French Revolution.

3. Simple carthen
batteries firing through
cmbrasures or en bar-
bette, in many cases
open or undefended at
gorge. .

4, Earthen batteries
of improved formation, \
with closed defensible i
gorge, provided with
iron shields to cmbra-
sures, and permanent
accommodation for
gunners, magnzines &e.

5. Double or single
tier casemated compo-
site  batteries, with
granite facings, iron
shields, and defensible
keeps and other works
at rear.

6. Iron-plated sea
forts, in many eases iso-
lated, but covered with
iron wherever exposed
to shot from direct fire
of floating armaments,

In this clusmﬁcatiyn wo have not included numerous coast forts similar to class No. 5, con-
structed on the old principles of unprotected embrasurcs, with walls of brick or similar materials,
in some cases faced insufficiently with stone. Such is Fort Victoria and Cliff End Fort, on the
right-hand side of the Solent passnge, the batteries at the entrance to Portsmouth Harbour, snd
mmerous other old though costly forts of the same construction, which must be considered to all
intents and purposes obsolete, and should be reconstructed sooner or later, in one of the classes
wo bave given above. This applies to defences constructed by Russia, France, Anmerica, Spain
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Holland, and other Powers, a3 well as by our own Government, during the last couple of centurfes,
when the principles of Vauban and Coehorn were perhaps more considered in theory than the ad-
vantages of site, local marine diffienltics, &c., which to-day afford room for the display of the
peculiar talents in coast defence by our modern officers of engineers.

Class 1.—Previous o Henry VIIL’s time we had, on many points of our coast, castles in the
feudal style, such as at Dover, Scarborough, Bumborough in Northumberland, and many others,
erceted, however, befors the invention of artillery. Many of them were allowed to fall to decay
when that important clement began to come into operation, and the ecarliest improved form of
coast defonce appears in the many castles erected by Henry VIIL in dread of an invasion by
the Catholic Powers of Europe after his quarrel with the Pope. They consisted generally of a
central keep, with curved casemated batteries at a lower clevation, and were constructed of strong
and substantial masonry or brickwork, available for store aud barrack purposes to the present day.
The castles of Southsea, Hurst, Yarmouth, and those of Falmouth and Dartmouth Harbours, Deal,
and Walmer, are of this period.

Fig. 1982 shows Southsea Castle as originally built.

1982, 1983.

Scale, 123" to a mile.

A, Keep. B, B, Batteries, D,D, Ditch,

Fig. 1983 shows Hurst Castle, once the prison of the first Charles. It is now a place of much
strength, large cascmated granite batteries, same as class No. 5, mounting sixty-one heavy guns,
being erected in front and on each flank of the original castle, and showing that the engineers of
Henry VIIL had a gond eye for a site for defence. Besides these heavy guns, it will probably be

eventually equipped with an armament of three turrets on the upper platform, mounting six
additional guns, certainly not less than 600-pounders each.

Fig. 1984 shows the modern extensions to the old Hurst Castle.

1984,
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Fig. 1985 shows the old castle of Yarmouth, still mounting half a dozen light guns, and
affording accommodation for a few stores and gunners. This is a curious relic of medisval
times, although as a work of defence it is now obsolete and rendered useless by the more modern
works in its immediate neighbourhood at Fort Victoria and Cliff End.

The old works at Dover and Shecrness of this period are quite absorbed by the modern works
of defence surrounding them. The still-cxisting important coast work at Landguard Point,
mounting twenty heavy guns, has been a good deal modernized, but dates from the time of
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JamesI. The old defences of the sea entrance to Portsmouth and Plymouth Harbours are prin-
cipally of the Stuart period.
Flé 1986 shows spﬁird's-eye view of the defences of Plymouth, land and ses, anno 1643,
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Class 2.—1In the early part of the revolutionary war the damage inflicted on one of our ships
of the line and a frigate by a single-gun tower in Martcllo Bay, in Corsica, caused rather an
exaggerated idea to be formed of its power of defence, and numbers of them were erected on our
southern and eastern coasts, as well as on the weakest points of the Channel Tslands, on the const
of Ireland, in the vieinity of Dublin, Cork, and Lough Swilly, &c. Rear-Admiral Porter, in ‘ Von
Scheliha,’ reports a similar case where a one-gun, 24-pounder tower, cut up and repulsed a 20-gun
frigate that he scrved in.

Sir J. Burgoyne considers towers may be usefully applied in detached positions, and no doubt,
if properly covered by an carthen envelope, would still be found of advantage in defending our
coasts in minor operations, or in groups of four fo six opposing the landing of an enemy during a
period of war, on many points of the 800 miles of shore aceessible for landing troops of the 800
miles extending from the Humber to Penzance.

Martello towers were nearly all built on the same modecl, ir England of brick, and in Ireland
and the Channel Islands of granite. 'They generally mount a 24-pounder gun on top, are loop-
holed more or less, and accommodate a garrison of from six to twelve gunners. In some cases
they are surronnded by a ditch with small bridge, and covered by a glacis; in other cases are
merely accessible by a ladder, movable and defended by a machicoulis. Few of those towers
are now equipped, and they are generally occupied by a few coastguard men.

Figs. 1987 to 1989, from ‘ Von Wurmbs,” show the plans and section of a martello tower, the
stores and ammunition being kept in the basement. The outer walls are generally from 6 to 8 ft.
in thickness.

Figs. 1990 to 1992 show one of the series of towers of the same nature approved by the first
Napoleon for coast defence purposes. They are generally square instead of round, and accom-
modate a larger garrison and mount more guns. They were intended for the same purposes as our
smaller fowers.  On many land frontiers where a small garrison has to hold out against numerous
assailants unprovided with heavy guns, such as those of New Zealand and the Cape, these towers
would be found very useful, and on the frontiers of the latter colony several of them have becn
crected. They should, however, he carefully furnished in this case with tanks or wells.

Class 8.— Liarthen Datteries undefended at Rear or open at Gorge—~On many points of the coast
clevated from 100 to 300 ft. above high-water mark these batteries will be found economieal in
construction, and cffective. Our cxperience in the Crimea, which we have already alluded to,
where, on the 17th October, 1854, the Allied fleets attacked the outer defences of Sebastopol
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Harbour, and the warm reception our heavy-armed ships met from the guns of the little Wasp and
Telegraph oliff batteries, which inflicted more damage on them than all the guns of the granite
oasemated forts lput; together, will render even iron-clads cautious how they approach those elevated
batteries, capable as they are now of being armed with guns of the heaviest calibre. Batteries of
this nature in time of war would be supported and supplied by magazines and depdts situated
inland, and easily accessible by tram-roads or otherwise. .

Earthen batteries may, at an emergency, be easily thrown up, and by tho use of strong timber-
framing and earth even mount a second tier of guns. Many of the Confederate batteries durms
the late American war were of this construction; but the materials they are composed of shoul
be always at hand, and therefore they are inapplicable on rocky cliffs, shingly beaches, and
similar sites. -

Fig. 1993 shows a cheap earthen battery open at rear for seven guns of any calibre up to
8001bs., the cost of which with bomb-proof magazines, traverses, &c., will not exceed 800/ a gun.
It ﬁ: siﬂxlilarft% 3 1Zery excellent battery lately constructed on Hatherwood Cliff, near the Needles,
in the Isle of Wight.

1993,

Scale, -

a, Terre-plein. b, Magazine. ¢, Arm-shed, d, Gunners’ quarters. ¢, ¢, Traverses.

Figs. 1994, 1995, show sections of an earthen batte i t ood framing, formi
s ), Bl 2 ry covering a strong w raming, formin,
casemate below, similar to many erected by the Confederates during the American war. 8

1994, 1995,

j2%i0

IR, TP N PPl Transverse Section.

Longitudinal Section. Scale, 24 ft. to an in,

Figs. 1996, 1997, plan and section of Fort Powell, in Mobile Harbour, a combination of earth-
work and timber.

L.—Earthon Batleries, with Aocommodation in Rear for Troops and Stores, dec., with closed Loop-
holed Gorge and enfiladed Ditches in Front and on Flanks—Mounted with heavy guns, batteries of
this nature are a most useful element of defence for our commercial harbours, and the rivers
leading to onr principel maritime emporiums, &. They are constructed generally on the most com-
manding positions and have ample acco mmodation, in low flat-roofed buildings, for their garrison
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in the rear, sm!well-ptoteoted bomb-proofs. for magazines and stores, wells and water-tanks,

utobeTel:x;’.bledtoresiﬁmnaomMam' if the enemy should land & foroe in their neighbum.
whio]

may be of the heaviest

cn.hybre, fire either en bare
bette or through earthen
embrasures protected with
iron shields, The ditch

*in front and on flanks is
often further defended b
a loop-holed Carnot- wall
and flanking caponnitre
chambers, Of this class
are batteries lately erected
to protect the channel of
the Humber, the entrance
to the Orwell and Stour
rivers near Harwich, the
new batteries on each flank
of Southsea Castle, and
various other points on the
coast. Moncrieff gun-pits
will be equally applicable
to batteries of this con-
struction asthe last; ample
shelter for gunners is pro-
vided in the interior of
traverses, passages to ma-
gazines, &c. These bat-
teries in connection with
floating or hidden obstruc-
tions would make the ap-
proach to our principal
maritime towns, situated a
fow miles inland, nearly
impossible; the gunners
also enjoying good quar-
ters, not subject to the in-
convenience or dangers of
casemated batteries, 1907,

Section on line A B.

In the construction of batteries of this deseription the immensely increased penetrating power
of modern artillery on earth-works must be taken into consideration. The penetration of a 600-Ib.
shot fired from & 13-in. gun at 200 yards is esti-
mated at 50 ft., and a 150-lb. 9-in. shot at the 1998.
same distance, 30 ft. \

Fig. 1998 shows Southsea Castle, with aux-
iliary earthen batterics and defensible gorge-wall
in rear,

Figs. 1999 to 2001 show a 2-gun battery
similar to those on the Humber and near Har-
wich, with Carnot-wall in ditch, soldiers’ quarters,
and stores in rear., The unit for such batterics
may be considered the distance from centre to
centre of each gun mounted, or generally from
35 to 40 ft. American engineers consider this
distance ought to be enlarged.

Earthen batterics are sometimes armed with

mortars which will make, where they are Scale, 6” to a mile.
mounted, a differcnt arrangement necessary. A, Old Central Work. B, New West Battery.
Figs. 2002, 2003, show & unit of & mortar e N:;“Em Battery 7

battery containing platforms of from four to six
mortars in a group. These may be placed in the most eligible positions for vertical fire, and the
remeainder of the battery armed with heavy guns.

Class 5.—8ingle or Double Tier Casemated Batterses, faced with Granite and provided with Iron
Shields to Embrasures—When the Defence Commission of 1860 made their report, gra.mte-fach
casemated batteries, from the experience the then unarmoured ships had received in the Baltic
and the Crimea, were in high favour; it was then a question of granite versus oak, not as now

granite versus iron; and in the representations in the pictorial papers of the day, the gr:nite forts
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A, Magazine. B, Traverses.
C, Mortar beds.

2003.

Section on line A’B', Figures show height above high water,

of Cronstadt and Sebastopol presented & most threatening and formidable appearance. Those of
Cronstadt had defied our attacks, because, as military critics say, they were never made; and in
the little tussle between the Allied fleets and the Sebastopol batteries it must be confessed that
we stood in considerable awe of them, and kept, with one or two exceptions, at a most respectful
distance, and when we did approach nearer got the worst of it. The destruction of the Bomarsund
defences would naturally be attributed to their unfinished state, as well as to the co-operation
of a land attack; therefore the Defence Commission were rather inclined to look with favour
on granite walls and embrasures, even when unprovided with iron shields or platings; and we
find our most important and expensive works were proposed to be executed in that material, and,
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with the (in the course of time) necessary alterations and additions for iron shields to em
have been so constructed. We may instance—the Garrison Point and Isle of Grain defences, near
Sheerness; the Thames and Medway forts; the important position of Gillkicker and Hurstséastle
in the Bpithead and Solent defences of Portsmouth Harbour; many works also in the Plymouth
and Milford Haven defences. But more recent experience has shown us, in batteries at the water-
level, or only moderately elevated above the same, even when furnished with iron shields to
embrasures, that solid stone piers offer but a poor resistance to the heavy guns of modern
warfare. Unfortunately, many of our forts were already thus built before the ‘experience of the
late American war was acquired; and to plate them with iron now would cost nearly as much as
their original construetion; and, indeed, in many cases when they are retired from the water's edge
would not be necessary. It is, however, probable that for the future granite will enter much less
into our coast defences as an clement of resistance than it has hitherto done. An inspection of the
diagram we give, of a granite-faced iron-embrasured cosst battery, Figs, 2014, 2015, shows & rather
defective construction, for if the intermediate piers be battered down, the abutments of the groined
arches necessary for the movement of the guns within will be destroyed, and the whole of the
bomb-proof masonry and guns on terre-plein above will become & heap of ruins, The attention
of our engineers is now directed to & simpler mode of construction, in which wrought-iron girders
and iron-buckled plates covered with concrete and earth will probably supersede brick arches
altogether, unless in cases wlere the end of the arch itself goes through the external walls, and
direct fire will not affect its stability. Batterics of this nature are composed of units, the unit
being a casemate for one gun; a battery of any number of guns therefore consists of as many units
arranged in as many tiers as may seem desirable. The store and magazine accommodation is
enerally in the basement, where the external walls are solid, and of great thickness, and it will
%c necessary to provide for at least 200 rounds of shot and shell for each gun, besides all necessary
tramways, lifts, &c., for the easy conveyance of the heavy missiles we now use, and the fall of one
of which might endanger the safety of the whole battery. These magazines are lighted by oil
lamps, with thick plate-glass fronts and reflectors, and fixed through apertures in the external
walls. In many cases during the late American war it was found necessary to revet stone-faced
batteries with sand-bags.
Figs. 2004 to 2006 are & plan and sections of Fort Sumter, which after a long resistance was
finally destroyed by the Fedcral American fleet. 1t is not a favourable example of a casemated
battery, as the cascmates are small and confined, and the thickness of the walls appears insufficient.

2004

2006,

Q SHOT FURNACE SHOT FUFNACEO

=]
WINGH

BARBETTE TIERAND PARADE

Section on line C D,

"Figs. 2007, 2008, show plan and scetions of the unit of & single-tier casemated battery.
Turret guns or heavy guns en barbettc may be mounted on top. In this case the magazines are
detached and not in basement.

Figs. 2009 to 2011 are a coast battery, with a small keep in rear, mounting thirtcen guns in
casemates and eight heavy rifled guns on terre-plein, from Von Wurmbs' ¢ Lehrbuch der Kriegs
Baukunst.’

Figs. 2012, 2013, show two casemates of the old Blockhouse Battery at the entrance to Ports-
mouth Harbour, and section through same. The limited dimensions of the casemates are n great
contrast to those of the present day, alunough with the old guns this battery was considered g
most efficient one, ‘ .

Figs. 2014, 2015, show an example of one of the most approved single or double tier casemated
battery, with magazine and storcs beneath, and casemates fitted to accommodate troops, with
verandah behind.  Before the adoption of iron external plating, these batteries were probably the
strongest construction used. Their cost, including the shields, buildings, and wall in rear, would
be about 8500/. a gun. This construction is applicable to any portion of a curved surface, or to
the entire circle.

Many of the batteries of the Russian arsenals, and those of France and the United Btates, are
formed on this principle, which we are beginning reluctantly to consider obsolete. Russia and
other countries Eave already commenced plating their granite batteries with ir%n. 2We fear,

8
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however, that total reconstruction will be.in many cases found necessary, as it was with our
men-of-war a few years ago. .

Class 6,— Iron~clad ssolated Forts plated on Stone Walls, or independent Iron Constructions.—There
are in progress now the stone bases of four marine forts, 200 ft. diameter, at Spithead, and one
of an elliptical shape, but nearly of the same mean dimensions, on the Shovel Rock, behind the
Plymouth Breakwater. Recent experiments at Shoeburyness would seem to point out that the
resisting face or iron construction of these forts should be quite unconnected with, and indepen-
dent of, the internal arrangements of masonry or brickwork, forming, as it were, an external shell
round same. The plating of granite walls with iron plates, connected by heavy bolts and screws,
we have always considered to be a mistake, as the elasticity and continuity of material which might
Eermit it on the wooden sides of ships are much wanting either on walls of granite or brick. The

usgians are attempting a sort of plating on their Cronstadt forts; but practical men doubt of its
ever being effective, and the expense of plating walls with railway iron and such small material
in the American war led to no satisfactory results when opposed to heavy guns. The internal
arrangements of forts of this nature will differ little from those of the casemated granite forts
shown in Figs. 2014, 2015.

2014,

|
) > e Pt /'.,///’
r ’43- A m\

PASEMENT FLOOR SHEWING
DISTRIBUTION OF. mAGZING

TUN.CASIMAIE .ELODR

SOLDIERS & OFFICERS qnsi

Plan, Scale, 80 ft. to an in,

References :—a, a, Powder lifts. b, b, Shell lifts. ¢, ¢, Light boxes. d, d, Iron shields. e, ¢, Venti-
lating and light apertures, M, Stone picrs. P, M, Powder magazines, S, S, Shot and shell store,
L, Laboratory, N, Terre-plein,

Sir J. F. Burgoyne, in his letters to the Secretary
of State with reference to the defence works, dated
20th February, 1867, observes:—* The circumstances
under which it is most requisite to apply iron defences
on the fullest scale are where batteries are necessarily
placed in very exposed and isolated situations, and
where the area of the site on which guns can be placed
is unavoidably restricted ; such as in the sca or in a
very few analogous positions on shore, where founda-
tions are costly and where the works are subject to a
concentrated fire from a large number of powerful iron-
plated men-of-war.

“ On the shore where the space is not limited and " So
where guns are more or less dispersed, or in channels NI S AN
where there is no probability of ships being able to  Section on line A B. Scale, 32 ft. to an in.
engage batteries for a lengthened period, it is only
requisite to apply iron in the form of shields for strengthening that part of the work about the
embrasures, which in batteries of an earthen or granite construction would otherwise be very weak.
In cases where batterics are at a considerable height above tho sea, no embrasures are necessary,
and iron shields are not required.”

General Notes on the Practical Construction of Coast Batterics—When stone is used in the facing
of batteries it should be of the hardest and most compact nature, in as large blocks as possible,
and set on its natural bed; even in granites this should be re ed, although they are often
erroneously supposed to have none, If intended to be afterwards iron-plated, all the necessary
holes for bolts, chases, sinkings, &o., should be previously made. Granite or other stone facing
may be backed with brickwork, and the same may be used in all revetments, walls of magazines,
&c., not exposed to direct fire.

"The greatest care should be taken to ensure ventilation to all floors and other woodwork in
earth-covered buildings. '

cLatanene

,I//.
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In throwing up earthen batteries of any size, the engincer sbou_ld study the geologioal pecnli.
arities of the :ite? nature of the formations, &. Many serious failures in our earth-works have
occurred by the neglect of this precaution, especially near the junction of the chalk and tertiary
formations, and in the various drift deposits on our southern coasts,

When earth-works are to be thrown up, the proper drainage of the natural surface beneath
them should be considered, so as to prevent the accumulation of water in the earth formed as s
rampart. This should be a preliminary step, and is too often overlooked, causing constant slips in
the slopes formed.

Earth-works should be formed in layers not more than 13 in. in thickneas, and well rammed
Oceasional thin beds of burnt ballast or shingle should be used, and agricultural drnin'pipe.'
80 laid as to conduct off all superfluous water as quickly as possible,

Slopes stecper than 45° ean hardly be formed without the employment of built sedwork, which
experience proves is very liable to deeay. Flat slopes may be either covered with flat sods or
soiled with fine mould and sown with sclected grass seeds, with roots caleulated to form a fibrous
network.
dmCOnduct all rainfall off’ your works as rapidly as possible, by means of surface, pipe, or other

inage.

Give your guns plenty of room, and let their platforms or racordilo-ds be firmly bedded,

If iron plating be used, let its form be simple and with as fow bolts as possible, and et all
ironwork of embrasures be painted the same tint as the surrounding material, whether grasswork
or granite, so as not to present a distinguishing mark at a distunce.

Earth-works should be formed as free from shingle or loose stone ou the external covering as
possible, although in sowe cases & core of such material may be found convenient to use; ono of

chalk forms an excellent nucleus for a battery. ] . ) ) )

The comparative cost of carth, concrete, granite, and iron, in relation to their comparative
strength, may be estimated, taking earth as the unit, as 1, 3, 10, 50.  Coucrete costs 10 times as
much as earth, but offers 3 times the resistance; granite 100 times as much, but 10 times the

resistance; aud iron 40 times as much, but from 2000 to 3000 times the resistance.

ivery battery, no matter how small, should be provided with a well or tauk for the supply of
watcr.

The position of the flag-staff of a const battery should be such as to draw off the fire of an
enemy to a point where it will do as little harm as possible, as it is often the only target for an
enemy to fire at.
Let all artificial lights in magazines, &ec., be so placed that no concussion can displace them.
No ventilating shaft or passage should be made which could admit of the direct entrance of
any missile into & magazine or passage of same.

And finally, gunners should be made to feel perfect confidence in the stability of the batteries

they are appointed to defend, and in the sufficiencv of shelter and means of supplying sgnmuni-

tion to the guns, and cover for the wounded.

TABLE I.—SHOWING PROBABLE MAXIMUM PENETRATION OF PROJECTILES IN VARIOUS MATERIALS.
(Appendix to Report of Committce on Fortifications, 1868.)

Maximum Penetration in
Nature of Gun, ] | N v’;bl;]—e_ - [ 1 n— Remarks.
Earth. | Concrete. |Brickwork. | 3¢ onry. Granite. (n)i P]ntin(;;. ()
. | ft. ft, ft. in.

12-in. 50 , 15 15 10 . 15 (®) The destructive
10, .. 45 . 14 14 9 . 14 effect of a shot in frac-

9, 40 | 12 12 8 2 11 turing granite, extends

8, 3% | n 11 7 10 far beyond the limits of

70 .. .| 30 [ 9 9 6 9 | actual penetration.

110-pounder .. 28 | 8 8 5 . 6 () The thickness

70, - 24 | 7 7 4 5 givenarothose of single
40 . 16 | 5 5 3 . 44 | plates, which are just
2 .- 12 | 4 4 2 . 4 capable of keeping out
12, . 5 i 2 2 1 . 3 a shot.

TaBLE II.—SHOWING PROBABLE MAXIMUM PENETRATION OF SPHERICAL MORTAR-SHELLS
IMPINGING WITH THE GREATEST VELOCITY WHICH THEY CAN ACQUIRE IN AIR.

Nature of Maximum Penetration in
Shell. .

€ Earth, Concrete. ! Brickwork. Rubble Masonry.)

. ft. in. | ft. in. fi. in. in.
13-in. 6 0 1 6 1 6 8
10 ,, 40 10 10 7

” 3 0 1 0 8 0 8 | 6

|
- . — 1 ——
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TasLe ITI.—BHowING COVERING YOR BoMB-PROOF CONSTRUCTIONS, SEMICIROULAR ARCHES, AND

Arores or 120°, (Report, 1869.)
COVERING FOR BOMB-PROOF CASEMATE,
Span, Semicircular Arches. Acrches of 136°. Remarka,
Block Stone. | Brick. :Rnbbls Stone.| Block Stone.! Brick, iRubble Stone.
ft. ft. in. No. ft. in. fi. in, No. ft. in.
5 09 1 011 010 1 10 The thicknesses given in
6 010 1 10 011 1} 1 2 this Table for arches are
8 10 13 1 2 1 2 14 1 4 not in themselves adequate
10 1 2 1% 1 4 1 3 1% 1 6 to resist the concussion
12 1 3 13 16 1 44 2 1 8 of the fall or explosion of
14 1 4 13 1 8 16 2 110 the charge of 13-in. shells,
16 15 2 19 17 2} 2 1 They are calculated in all
18 16 2 110 1 8 23 2 2 cases to be protected by &
20 17 23 111 19 3 2 4 further covering of from 2
22 1 8 3% 2 2 110 34 2 6 to 3 ft. of concrete, or from
24 19 3% 2 4 20 4 30 4 to 6 ft. of earth.

TABLE IV.—SHOWING WEIGHT AND ENERGY OF GUNS AND PROJECTILES.

Weight of Initial E;er" e Pu}.ﬁc}:m
eight o nitia OWer per ANC OF Ipota) Energy
Description of Gun. Velﬁcilgtg ;:uh Shot's circumference. |~ ¢ Projectile
Highest Charge. At At at 1000 yds.
Gun.  {Projectile. Charge. Muzzle. | 1000 yds.
Cast-iron Smooth Bore, tons. cwt.| lba. 1bs. ft. foot-tons. | foot-tons. |  foot-tons.
32-pounder 2 18 32 10 1690 . .
8-in, shell .. 3 5 493 10 1488 . . .
68-pounder 4 15 68 16 1579 46 18 452
Wrought-iron Muzzle-loading
Rifles.
7-in 6 10| 115 22 1430 75 52 1143
8 ,, . 9 0 180 30 1330 88 66 1659
9, . 12 0] 250 43 1340 111 85 2403
10 ,, . 18 0| 400 60 1290 148 123 3863
11 ,, . 25 0 600 70 1212 163 137 5165
12 ,, . 30 19 600 100 . . . -

The following statements will show the financial position of our defence works from the period
of the first report of the committeo until 1869.

TABLE A.—ORIGINAL ESTIMATE OF THE DEFENCE CoMMISSION OF 1860,

Recommendation of Royal Commission. Already
Place, authorized, but Total.
Purchase of Land. | Erection of Works. not voted.
£ ‘| £. £, £

Portsmouth .. 330,000 ! 2,070,000 400,000 2,800,000
Plymouth 755,000 | 1,915,000 350,000 3,020,000
Pembroke o 150,000 450,000 165,000 765,000
Portland 100,000 150,000 380,000 630,000
Thames.. .. .. .. 50. 000 {180,000 . 180,000
Medway and Sheerness ! 400,000 - 450,000
Chatham . 180,000 1,170,000 1,850,000
Woolwich . 300,000 400,000 . 700,000
Dover e 20,000 150,000 165,000 335,000
Cork .. .. v 0 o o 120,000 . 120,000
Armament of works .. .. . 500,000
Floating defences .. .. 1,000,000
Totals .. .. 1,885,000 7,005,000 1,460,000 11,850,000
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When the report of the commission was considered by Government, it was determined to raise
the money for works and lands by loan, and to provide for the armaments and floating defences in

the annual estimates.
Omitting, therefore, these last two sums (1,500,000.), the commissioners’ estimate may be

divided thus:—

£,
For completion of works authorized previous to 1860 .. .. .. 1,610,000
For new works recommended by the commission, mcludmg} 8,740,000
1,885,000 forland .. .. .. .. .. . o . P

Total .. .. . . .. . .. £10,350,000

This amount was, however, in the first instance reduced by Government,
by the omission of several important items, namely :—

Two Spithead forts and two advanced forts
Gosport position .- ' 460,000
funer line, N.E. defences, omlttcd, and reduc- 400.000
tion in Breskwater Fort ’

Portsmouth .. {
Plymouth .. {

Pembroke ., Reduction in number of land-woriis .. 150,000
Medway .. .. GrainSpitFort .. .. .. .. .. . . 100,000
Woolwich .,  Total amount e e e e e e 700,000
8,540,000
sovernment added, however, N
Dover, additional .. e e .. 30,000
Central Arsenal (aftcrwards omxtted) ee eeae .. 150,000
180,000
First reduced estimate .. .. .. £8,720,000

In proposing, however, the first vote to Parliament, further works were omitted, namely :—

£, 2.
Amount proposed by Government e e ee e we e .. 8,720,000
Portsmouth Connecting lines .. .. .. .. 20,000
1'QrL OL AN, 1Y, uereuces u.uu bl.llﬂ WIJ.UR:

Plymouth .. { of the Saltash v e J\ 1,800,000
Chatham., .. W.defences .. . 700,000
Pembroke Fl::el'cl; :fl}:.l(’tlon m numbcr of 250,000

2,150,000

And a further reduction for works prov1ded for m} 390,000

A Estimates, 1860-61 .
2,540,000

Remaining to be provided by loan .. £6,180,000

TABLE B.—EsTIMATED EXPENDITURE FOR COMPLETION.

L. s
outer line .. .. 550,000
;‘“‘:‘; dzfe;“’fes {inncr line .. .. 320,000
pithead defences .. .. .. .. 1,387,0