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ployment of the steamer, might be taken at oE32,079 including all 
contingencies. Supposing the reef to have been within aboatingtli~- 
tanee, say 1~ mile and ~- mile from Suez, if the steamer had been 
equipped at Suez, and had been continuously employed, then, on thi~ 
supposition, the cost might have been £.12,082 The remaining ex- 
penditm'e, ~13,02!) was entirely exceptional, arising mainly from the 
steamer being equipped at Bombay. ~,,.oc. ~,~t. ci,il r:,,~., xov. lo, ~s(~:;. 

F o r  t h e  J m l r n a l  of  th(~ F r a n k l i n  I n s t i t u t e .  

Trussed Arch. 
~By DE VOLSON WOOD, Prof. of C. E. Uv.iversity of Michigan. 

THE problem which I propose to discuss may be stated as follows : 

.Let the arch of the Truss be a yarabola, or i f  it be polygonal, let the; 
vertices of the polygon be in a parabola ; the tie which j d ,  s the en&* gF 
the arch be horizontal; all the ])arts ~!f' the tr~.ss be reduced to mathe- 
matical lines, and the joints perfectlq flexible. Let the load over any 
part of the truss be uniibrm--or,  what is better, let the weigilts upou 
the joints equal each other. 

It  is well known that for an uniform load over the whole length of 
a parabolic arc, there are no strains in it but compression (or tension), 
and hence, if the load be above the arch there will t)c no str:fins upon 
the ties and braces ; and if the load he below, the ties will simply sus- 
tain the total load; hence the strains upon the several parts are 
easily computed. I will, therefore, proceed to the ease of a parti~dly 
loaded truss. Let  the horizontal tie be divided into equal parts by the 
trussing, and let each part be called a bay. 

Let  N = t o t a l  number of bays in the horizontal tie, 
n = t h e  number of a bay which corresponds to the number of 

brace or pair of braces, 
1~ = the force of compression in the arch at an)" point, 

F t=H~hor i zon t a l  force in the tie, 
1.'2= the strain on a brace or tie in the truss, 

= the inclination of the arch to the horizontal, 
0 ~ the inclination' of a brace, or tic, to the vertical, 
D = g r e a t e s t  depth of the truss - distance from the vertex of 

the parabol:~ to the horizontal tie, 
h = depth of the truss at any point, 
l =  length of bay, 

_,v= one of the equal weights which constitutes the load, 
v a n d v t - - v e r t i c a l  re-actlons of the supports, and let n be counted 

from the v support, 
x be horizontal and positive towards v, 
y be vertical and positive downwards, then if e is on the right o f / / i t  

will be positive; if on the left, negative. 
x~,y r be the co-ordinates of e, 
x ' , y "  be the co-ordinates of b, 
2pt the parameter of the parabola. 
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For  the equation of the arch we have, 
~:-'12 

x2--2p,y or {,N2/*-~--fptD .'. 2 p t =  4D which gives 

N ~ 1 z 4 D 
z ~ = - -  y or y . . . . .  .~'0 (1) 

It  can easily be shown ll~at if the truss be uniformly loaded from 
any brace to the remote end, the strain upon the brace will be greater 
t h a n i f  there be an additiomd uniform load between it and the near 
end. I shall therefore consider the ease of such all uniform load. 
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First, take the case of triangular trussing as shown in Fig. 1. Let  
equal weights rest upon the .joints e, d, e, J; g, and D, arid none upoll 
a and b. This will insure, as stated above, a greater strain on c2 tha~t 
if b or a, or both were loaded with the same weights. Suppose now 
that a vertic'tl section is made just at the right of c; said section will 
intersect cb, c2, and 3 2, and the strains in these bars must be ilt 
equilibrium widl the forces between the section and ~ ; in other words 
they must be in equilibrium with Vl, and since v acts vertically, wc 
have the vertical components in cb and c2 equal v, and the horizontal 
components in the same bars equal the strain on 3 2, or equal n. 
Itence using the notation given above, we readily have 

s sin ~'- i' F.. cos 0 = V  (2) 

r cos i +  r~ sin 0 = II (8) 

Multiply (2) by cos i, (3) by sin i, subtract and reduce gives 

\ -  I t  tang i (4) 
rz cos 0 --= 1 - tang 0 tang 7 

This formula is general, whatever be the curve of the arch. 
Calling a 1 b the first pair of braces (or ties) counting from B; let 

b 2 c be the n th pair ; then will 
2 1 be then  'h bay; 3 2 the ( n q l )  th bay, and 
~ - n = t h e  number of loaded joints, 
. '. ( ~ - n ) p = t h e  total load on the truss, 

~ l = a  ~ --=-total length of truss, 
½(~T-n)/: :distance from the centre of the load to a~ 
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Then by the print:pie of the lever we ha;,'e 

( .x-, ,7 ... v =  e,~ 2~" (,5) 

We ~lso have from the figure, 

J) 
Z ' = E I ;  .... (½ ~ -n -½)g  .'. By (1)we have y' . . . .  -5=- (x -2n-1 )  ~ 

x " = Z L = : ( ½  x-n-}  ~)! Y"--= :7a (x--2n-[ 1)* 

t angi=~j"~?/' 4I) a - - ~ ,  ( a -z , , )  (6) 

l /  ls~ 
tang o = i - , ?  .... ~ [~<-(,,~= e ; ;=~?]  (7) 

To find the tension in the bar a 2, we take the origin of moments 
at e, and we readily have 

S 2 I V  
" H - :  . . . . . . . . .  (8) 

• " 2D(2~--2n--1)  

Substitute (5), (6), (7), and (8) in (4), gives 

4,,.'-I ] 
F e cos o- - 2 - , x - - L4~ , x  Z4;i~--l_l 

( x - n ~ t ~  I-- ,x-2n -I  - e .  (9) 

We see in (9) that when n is less than ~ .~ the fraction in the pa- 
renthesis is negative; but when it exceeds ½ ~, it becomes positive, 
and observing that when it is gre:,ter than .1, x, less than one-half 
the bridge is loaded, we have this peculiar result : the strain upon ~ 
tie or brace, is greatest when the tru:~s is loaded between it and the 
nearer end. W e m a v  also observe, that in practical cases the omis- 
sion of" the fi'action in the l)arenthe,,is, will not give an error of more 
than one-fifth the true value, and generally the error will be mucll 
less• t lence we have approximately 

(~-~3 *'2 F 2 c o s  0 = . . . . .  2 *- z.~ (to) 

I f  (10) were true we observe that the strains on any brace will be 
the same if' the load extend from it to either end. 

I t  is easy to show, geometrically, that" the vertleal components of 
the strains on each ot the brakes which constitute a pair, as has beret 
designated, are equal. To give a further application of the analysis, 
I will prove it by equation (4). INow le~ a vertical section be made, 
just  at the left, but infinitely near b. The section will cut 5 2, be, and 

~ B o w  in his  exee l l en t  T r e a t i s e  on B r a c i n g ,  g ives  th is  as t h e  exact f o r m u l a .  
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1 2. Tang  i and v, will remain the sam% but tang 6 is negative 

~l 
,~nd equal i,2:~' ; (lO9 
and to find H we have H (D--y") = V  (n - ~) 1. 

' "  II ~--~ (2 n 7 -1)/V . (11) D--ytl 
These in (4) give 

1 2 n - 1  2D o 

]?., cos 0 = v  - v - y "  " ~ ( x - . n )  
" 2 D (N--2~,) which reduced gives 

O--(x-n) =p F- 4n 2-1 7 r.,. cos 2 N [ _ 4 ~ - 4 ~ , 2 - 1  j the same as before. 

But  the strains on the braces of a pair will not be equal, for they are 
unequal ly inclined. To find F2, we find o from (7) and use it in {9). 

Example.--Let x = 8 and D : 1. 
To show more clearly the value of the fractioff in the parenthesis,  

Eq.  (9), I will keep it separate in the following table:  

i 
I No. of the Yertieal component 

pair of of the strains on the 
braces, o r  ,l~th l,air ; or 

~t = r., COS 0, E( 1. (0.) 

Inclination ] 
of the [ Values of 

braces; or I 
0, Eq.  (7.)I c o s <  

! 

0 0 ~ s p :=4-0002) .  Jig, 61°5V 0"4245 
{al, 64°54'I 0'4245 

1 : ( , ~ - G )  p - - 0 " 3 4 0 3 p ,  bt, 39°°"< 0'7731 

2 ( ~ _ a )  p = 0 " 7 1 8 9 p .  {~,2, 39°2". "~ c2, 50°ll/] 0"7731 0 8644 
3 I , 5_ ,~ - -  60" ~c3, 30011 / ] 0"8644 

[(,~ ~ )  p - 0 , ~ 0 p .  (33, 2~%:/i 0.8916 
4 I / ) = l ' 0 0 0 0 p . ,  {d4' 26°55"t o.8916 e4, 26055" I 0"8!)16 
5 o.6% ,1 

a '  1 " ] 30°11"[ 0"8644 
6 (a~,~a) p=0"7606p. [{ f6, 30°IV[ 0"8644 

' l .(t6, 39°22 z] 0"773 l 
• 39°:2 , 7 i(,~-I , ' , )  p :=0"4514  p. { q7, 0'773t 
h7, 04°54 " 0'4246 

s . . . .  , . . . . . .  p : : p : p 0  o , .  = _ . . . . .  . . . . . . . . .  

N umbers in 
the second 

column divi- 
ded by thos~, 

An the fotlrth: 
or~ ]?2" 

9"422p 
0 8O2 p 
0"440 p 
0 928p 
083l p 
1"072p 
1"038p 
1'121 t , 
l '121p 
1"057 p 
1"090p 
0"879p 
0 998 p 
0"583p 
1"0601) 

We may readily conceive these strains to be produced by an uni- 
form load moving without shock over the truss from B to A; and the 
same strains in a reverse order may be produced by a movement in 
the opposite direction. 

Wi~en N is even we may have n =:  ~ x, which in (9) gives •., cos 0 
= ~,-p. 

Next  suppose the load on the horizontal  tie. This is the more ha- 
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rural place fl,r tile surcharge. In this case the vertical force sustain- 
cd by each pair when they ~re all equally loaded, is p. But if only a. 
portion of the truss be loaded, equation (9) will not apply, as may be 
seen from the following statements. To produce the greatest strain on 
e3, we unload joints 1 and 2, and load 3, 4, 5, 6, and 7 ; and calling 
the bay 2 - 1 ,  the n th, the load will be (N'-- n)p; and the centre of the 
loading will be ½ (,~- n + 1) 1 from A ; hence, to find v we have 

v .  s l  =- ~ (N - n) ( x -  n ~ 1)l. 

.'. V =  (N--n)(N--n @1)/ 
2x " (1')) 

I f  joint 2 be loaded, the vertical force on c2 will not be the s'tme as 
on b2, but we may find it on b2 by making a section just to the left 
of b; and substitute in (4) the values of (6), (10'), and (12). But we 
observe that these w}lues are all the same as those before used, ex- 
cept v;  hence we have at once, for the strain on the first of the n fh 
pan', 

(x - n) (N - n -! 1) [-- 4n=-1 7] (13) 
r., cos 0 = - 2 , .  . . . .  2 zi . . . . . . . .  P L~;~-:4£'2~ LI 

Next consMer panel trussing as shown in Fig. "2, and let tlm load 
be upon the lower chord, and let the bays in the lower chord be of 
equal lengths. I t  will make some difference in the strains whether 
they be resisted by ties or braces. 

F/£2.  

A 

y 

:First consider braces. 
Let x'  and y'  be the co-ordinates of e. 

x ~p y'~ be the co-ordinates of 5. 
3 2 be the n th bay, and call c2 the n th brace, and 
e8 the nth  tie. Suppose the load is on from A to 3, and off from 

J~ to 2, including 2; then the load is (N--n)p; and v the same as (12). 
The equation of.the curve is given by (1), hence we have 

y t =  D ~ '=  (½ ~ - n ) t  , ~ 2  ( x -  -%)~ 

(½x-n ~- 1)/ ,  y,1~ _D (S-2n-t-  2)~ Xtt~ 
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, " - y '  4D ( X - g n - ~ - I )  (13a) t a n g l  - ' y  l - - l ~  * 

1 I.~ ~ 
tan~ (~ . . . . .  ~ - = _  ~ ....... ,- (14) 

INow conceive a section made jus t  at the r ight ,  but infinitely near  c, 
so as to cut eb, e2, and 3 2;  then wi'l equation (4) be applicable.  I t  
cuts/ ,3 ,  but it is not in action when c2 is. To find ~[, we have by an 
e(iuation of moments,  

n (D-y ' ) - - - -vM 
l.x 2 

4I) (,x - ~ )  

These in (4) give by reduction 
~ ~ N ~ ~ N ~ n ~1~ ~ ~ ~ n ~ ~ p 

. . . .  ( 1 . ; )  i% cos 0 - - - - -  na~x-_nZ_i  2 n 2 i  - ' 2 N - -  2N - 

This is a max imum for n = ½ i %  for which it equals ~ x p ;  hence, if  
there are less than ~ bays  the central  brace will not be strained as 
much as for half  the truss loaded as for the whole truss loaded;  if x 
= 8 ,  it will be strained the same;  if grea ter  it will be s trained more 
for ha l f  the truss loaded than for the whole loaded. We also see tha t  
for the part ial  load the central  ones are s trained more than the end 
ones. The  formula does not give the vertical  strain on ]in; for it is 

N - 1  
real ly  v = ½ ( N - 1 ) p ;  but  for n = 1 ,  (15) gives ~ - p .  The reason of 

this failure will be found by observing tha t  in making  the reduction 
of (15), a factor ( n - l )  is cancelled in both terms of the fraction, which 

0 
factor  is 0 for n ~- 1, which would make the fract ion - .  

0 
.Example.--Let ~ 8. D has d isappeared in the reduction, but  it 

must be known to get  0. :Let I)---~21. We have 

~o. of the brace, or 

Vertical corn- i: 
ponent of the I Inclination ! Values 
strain on the of the of 

i na~ brace, or br'~ces, J 

iF, COS 0;eq.(15) or0 ,eq . (14)  cos 0. 

1 or 7 ;  o r g 6  

2 o r 6 ; o r b l o r f 5  

3 o r  5 ;  o r c 2 o r e 4  

4 ; or d3 

12 1 g~9 
75 

l p  

48048 ' 0"6587 

33041 ' 0"8321 

:26034 ' 

Strain~lon 
[ho ~t th  ' co~j 

)ri~eq.(15)', 

0"6641 p 

0"9013 p 

1"0624 p 

1.1182 p I 

Al though  the braces which we have considered, at the rea r  end of 
he load incline towards the load, ye t  they  must incline both ~ a y s  as 
n the figure to comp]etely brace the truss.  For  this par t ia l  load, tile 

vert ical  s train on al~ is the same as on bl  ; and if the load extends  
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from 8 to A, the vertical forces on c2 and b2 are equal. Similarly for 
the other pairs ; hence, observing the numbers in the second column 
of tlle preceding table, and we have for the actual strains on the ver- 
tical ties taken in their order from either end, when the load extends 
from the tie to the other end : ] ~.'p, ~ 5 ~ ~ ~e~P,P, I~P, ] P , ~ P .  

:Now suppose there are ties instead of braces, in the panels. Mak- 
ing the section at b and it will cut the acting bars cb, b3, and 3 2. 
When it is loaded from 3 to A, c2 will not act. 

tang o' 1 • (16) 
D - y "  

andH . ( D - y ' t ) = V ( n - 1 ) l  
v (n - 1) ! __ vlN ~ 

. ' .  t I - -  
D - y "  4D (I~ --n-~--1) 

= : + 

v is given in (12) and tang i in (13a) ; these substituted in (4) give 

1 
D -y '~ 

F 2 c o s  0 ~ V 
t 4 D (N-- 2n + 1) 

1-t  D_y, t  . :~i 

, - 1  _ n + 1) (n - 1) 
-----v _ ~  - -  2N . (17) 

This formula also fails, for n ---- N, because, in making the final re- 

duction, we dropped a factor, ~N-n---~' which for n = ~ b e c o m e s  O'0 but it 

should-~- 0. I t  is true for all the other ties. 
I f  in (17) we write n-t-1 for , ,  we will have (N-n)n, which is the 

same as (15) ; hence, the vertical component of the strain on a brace, 
when braces are used, is the same as on the tie in the next panel, 
when ties are used; and as the inclinations, c2 and c4, for instance, 
are the same, the actual strains will be the same. Hence, referring to 
the preceding table, we have ~g p for the vertical strain on the second 

12 t~e (or a2); ~ p on the thirdtie (or b3), &c. 
The general principles of the methods here used are applicable to 

these cases in which the bays of the lower chord are not equal; but in 
such cases we cannot obtain as symmetrical expressions as those here 
found. 

Railroad Cuttings and _Embankments,--Side Deloths and Side 
•takes. :By OLIVER BYXNE, C.E. 

From the Lond. Cir. Eng. and Arch. Jour. 9 Feb.~ 1864. 
( C o n t i n u e d  from page 1 5 2 )  

In an embankment (Fig. 7), given the breadth of the roadway 
.~B- 32 feet;  the height CF=18 feet; the side slopes as 1 to 

(BI : ID : : 1 : ~); the fall of the surface F to a t z l  in 26~ 
(FN : N.~X : 26½ : 1); the rise of the surface from ~' to L: to be 
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