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DESIGNING OF SKEW BRIDGES

& 2.

The designing of skew bridges by means of the exact theory recently
devélbpéd by American engineers is very 1engthy, and is very distasteful
1o average engineers. The simplest way to get out of this. difficult_y is
to build the bfidge with a nﬁmber of cidse}y spaced longitudinal girders,
then tﬁe stresses must fol__loW the girders to the abutments instead of
taking the shortest routes td the two obtuse corners. Another .way ig to
divide the bridge into two equal trapezoids.,—'ais shown in Fig 1. When
' the w1dth B of the bridge is comparatwely big, angle A may equal to

A 1 A

angle ﬁ Otherwme we may make b1 ==2bz or 3b2 After the bndge
bemg thus dlwded up, each half 1s ‘then desu;ned as a br1dge havmg a
Width ‘equal to by at one end and a w1dth equal to ‘a’ at the other end
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Dlmensmns of the brldge ——det thlc]mess at.the centre of the span,
at quarter pomts and at ends be to, 1lt,, ‘and ot respectxvely Let the |
thickness 4’ at any points be g.wﬁl':y

t=t, (I4PX2+qRS) romrerns (1)
Where x =distance from the center of the span. At quarter point and
| the ends, the volues of «’ are--— L and L respectively..Substituting these
values in equatlon (1), we have
(at, )3'=t3' (145 PL2 + L L)
(2to ) =t (1+-. PL2 +-qu)
Solving - these equatlons we obtain P-—-@_,4581 /L2 a= 1?’159/[,
Substituting these values in equation (1), we haye

t=to (1~ 44581 +1 9162 Ld) ---------------- (8)

The values of ‘t’ at-various points are calculated in table 1.

Table l Values of 4’ at varlous points.

lPoimts | x | oxz | ax3. 1+p_x2+_qx3 . f—» | Difference
o | o 0 0 -+ 1.000000 | 1,0000 |
- N R | SRS £ 0,0036
1 }An | —o.0nmm45 | 0.000240 | 0.989095 | 1.0086
- a0 N RS 0.0110
g | oL | —0.084581 | 0.001918 | 0.957335 | 1.0146
S SRR TR : - 0.8108
3 2% —0,100807°| 0.006467 |* 0.906160 |f1.0334| .
4 [.AL | —o:1783%4 | 0.015330 |- 0.837006 | 2.0611|
v s b T 000889
| gL | —0.910631 | 0.020941 ‘f0.751310 | 1,100 |
e e s b e \ oot e e e . 0.054,1



Designing of Skew Bridges 3
6 | SL | —o.401229 | 0.051787 | o.650508 | 1.1541 |
20" | 3 | 0.0169
T | L | —0.546117 | 0.082157 | 0.536040 | 1.2310
8 | 2L | —0.713996 | 0.199637 | o0.409341 | 1.3468
I A i SR 0.1969
9 .2.9__ —0.902%65.] 0,174617 | 0.271858 | 1.5487 |
v _ - 0.4563
to | 2L | ~1.114525 | 0.239525 | 0.125000 | 2.0000

From the last column of table 1, we see that the difference between

two successive values of ‘t’ is always increasing towards the end, the

ciurve of the lower side of the bridge has no point of inflection with the

lirhits of the bridge, so equation (2) is s_atiéfactory.
-IlluStrated'Example --—_-'We; sha]l assume thai; our bridge is 50 feet in

span length, 28 feet in width carrying a double track railroad  (Fig. 2).
We shall make by=3b3"If A=, we have—




' mxaax&m*xﬁﬁaam

=28
50X 2cot A /eb ST

or cos L= 298

_COS‘.I'S [ "
00 151

When A <81°51’, then > A. In our case, we have assumed A =59°. For
the. trapezoidal shaped slab- brtdge- ABCD, let I be the moment of inertia
at the centre~of span, .then the moments of inertia ‘I’ for other pomts

Mre given by
1 =1—4 458 +1 9162 3 Ld
I
ER )
(_H 1)

4 axoy X2 X3

(1+3‘-)I

=1—0, 0017832!:24-0 00001533%3

(1+0 02x Mo
= 1 . —_ 2..._5;37,:4__ R &
_T;(G.s‘re; 0-13748%+0.0007665%2 ¢ +0.02x) ()
p

S St el 4
4;> -~

Ao 3
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Let Fig. 3 represents the right half of the bridge. Let X.Y and Z
be respectively the horizontal thrust, the vertical shear and moment at
point A, the centre of the span. Let this hal_f of the bridge be under a
vertical load P and side pressures as éhown. Let Ay Ay and Dz be
respectively the horizontal, the 'verticé.l and the ang_lﬂar deflections of the
poixzt A in the directicus of X, Y and Z Taking origin at A, with y-axis

downwards, we have.

(4)----;--EA5;= C(XY+YX-+Z1Yds_P G(xﬁ—a)yd's__

Cf3w,y2 + 2. 3 '

L (QWIY +120 Wo ¥ )yds
T _

(5) EDy= f (Xy+Yx+Z)xds PLC(X-—a)xds._

1 I

f ( 3 W1 Y2+—wzy3)xd3'
(6) - BAz= I (Xy-i-Yx-l—Z)ds f [x-a)ds

L (-—w y2+mW3y3 )ds

The values of the mtegrals_ in the above expressions are eval_uated as

follows: —-—
B %, |
dS _ 2 5 374 d
L -t j 6 8740, 12748x40.,0007665% 1_"_4_-0_09;;) X

| | | 85
=L f6.314x Qa18748" +°-°°§"665"3-—268-“°g( t+0.0) }]
(. | T3 e

=7-{159.35—80. 888 43,9929 —108.95)}

= dxiesee
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: 95 |
Uxds __ 1 — — 2 o3t 268,77
=i L ( 268.1-+6.374x—0.12748x2 +0.0007605x3+58 +0‘02x)dx

| .. \
m..l_[{ 968 1x 4 8:3T4X% _ 0.19748x8" L 0.0007665%
I, ; . 2 =
L - 25
18,435 log (1+0.02x)} ]
. =)

-=il.—(—6:717.5+1,'991.9-—663.96 74,854 4+5,447.5)
| |
=ﬂ )_(132 .8

x2ds_ 1 (¥ ax - %4 0w S ol .
'-'i—'-=i— : ( 13,435—268,1x46,374x2—0 19748x34-0,0007665%x4 -

13.435 )d
T+v.0ex /]

268.7x? . 6.374x3  0.19748k¢ . 0 000T665X3

=1 -
L R ;

o . . - . . 25
—671,150 log (1+0.02xJ}]
_ s

=i ( 935,875 - 83,969-+83, 108 13,449+ 1, 497.1—979,374 )

=X T8
LB_ (x—glds =f | 189.84968.Ta—3.187a240,042408a% ~0.00019163a4
o 18,485 log (140,080)}
+11: { -4, 55@%6,3-‘14_#?]—0.063}483 +0,000955584
. :——sss.'_za _ﬁt’(i_-_l-p.ﬁ.osal)}
“II: { 1323-!-2541597-1-3 1s‘ra2 4.991947;3-5—0.0000533734-
aee t50+a1hst1+oosa)}
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f B’(x-:&lxd. 5 { 1,718.1—13, 43584134, 35a2 — 2,1247a3 +0.03187a

-0, 00015333.5-!-671 150 log (1:4+0.028) }

oy

+ { —132.82—268.7a2431,8785 —0, 0494934

O

+0.0001916385 +13,435a log( 14-0,02a) }

=£1- { 1,778,1—13,568a —134,35a241 .0623a3-0,010623a4
o]

+0.0000383325 +13, 435(50+4) logl( 140.02a) }
‘Let the thickness of the vertical walls be also 2t_, the width of the

wall BC is 1%‘ times the width of the bridge at the centre of the span. |
The evaluations of integrals along the wall BC are as follows:——

Cas (% “ay _ w0 s,
T ><1 o 121, 121, 8,

yds ydy - 400 o 50
T 121, 18I, X2 31,

}

T 1L, 2I,X38 9 1o
y3ds 0 yady _ 160,000 __10,000 .
121 BT "7 N

Lcy‘lds y4dy 3,200,000 _ - 160,000

Ec;vzds__ 20 y2dy 8,000 _ 2,000

o

I 121 121 X5 = 3 I3

Substztutmg the values of the intégrals .thus obtained in equations
(4)3 (5)» and (6), we ‘haye'

EI, Ax+25EI,,ct= 9’000 X 95 2 Y+ 50 Z —P(35- a)x 80.

) __)(10 000 Xlﬁ%-—i—-—mo - 4-:._%3{7), |
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EI, Oy=95X 3 X+(17731+2h2><—)Y+(132 8+2a>< L)z

—P {1,778;1'—13,5683.— 134.3:ia2+ 1.06233.3—0.01062384 +0.00003833a5
2, 000

+13, 435(50+a)log(1+0 023)—!—(2;1—&))(23)(_}——_ X 25X

—--—X25>< 10, 000

=416, 6’?X+2,819 8Y+174.47Z —P {2,819.8 —13,610a—134 3522
+1.0623a3 —0,010623a4 4-0,00003833a5 +13,43a (to0+a)
log{1+0.02a) } —8,333.3 w;—92, 085 3 Wy (8}

FI, 85z=30 X+(137 84252 ) Y+(14 554+ )Z —P {132.84254.162

43.187a2--0.021247a3 +o 0000638784 —268, 7( 50 4+a )log(140.024 )

____3_ -aOOn 1..,.10,000
+(2_z_:la)>.<;-:‘}—} 2_)( w1 4_0X :

=16.667X +174.47Y +16.221Z — P {174.47 +252.482 +3,187a2
- —0,021247a3 40,00006387a4 —268.7 {5042 log (140.02a)}
_._333 33W1 —83. 333“7, ............. -...-rg)
The term 25 EI, ¢t in equation ("{) ig ‘ificrease in span length on this
half of the brldge due to increase in temperature multlphed by EI..
- Fig. 4 represents the left half of the br1dge with loadings as shown.
‘With X measured towards left, we have, on this half of the bridge -

9

w2
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oy oy’ -

1 1-—0,0017832%24-0,00001533x3

— T

I (1—0.02x I,
=,1_{ 9.0508355% — g A BH8 1
10_2.54184-0_.090839:: 0,0007665% =505 (10)_

The width of left wall FG is only one third of that of the right wall,
so the side pressure is reduced accordingly. The deflection equations are

- (G G . pyoo
EAx —9:Ect= f (—Xy+¥x—Z)yds | q E (——-x_ti}yds

A 1
G(-LW1Y2+ -LW.->Y3) Yds o
+f 9 120 - Avessanirraigres (11)
F.’ I -
' G(—-Xy‘-I-X;:—Z') {—x)ds G{X--b) (—x)ds
A T . E 1
G Lo w2 4 1 3) (—=x)
+I (ng 5, _+120 wzly ) ( x)d.s...............:('lg)
F 1 '
Edz = (—Xy +Yx .7} ds +Q (x -b) ds
Ja b
Gl <o s > ¥3 }ds
L ( w1y A+112 w2y ) SR (13)

The intégrals in the above ‘expres'sidns“’a"’i'e%valuated as follows: —

F o5
[ ds ___l (2 54]8-!-0 030835!{——0 0007665}:2 11 .5418 )dx

. 20
=-.‘r- 5418x+° “593835" 0. 000166“3+‘r7 0910g(1—0 02::)}]

0
= r{ 63. 54-5+ 15 .'886---—3.__992? —53.435)

T—XBB 004

F 25,
xds _ 2. s 11,09
._jA . i'f (77.09+2 5418x-+0.050835% 0000?665:: e Jax

[m 09x+ 2. ’?18 x2+0 0"383%3 0. 00117665

-HLSM 5 los (1—-0 o2x)};l
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=-x289.83
Fx2ds 1 25 . _ )
T T, (8,854.5-+77.00x-+2. 5416%2 40.,050835x5 ~0.0007665%4
A L
3, 854, s)
T 1—0.0%x ax
[{3;394 5x+77 ngz 4 2.5418 3+0 QK085 x4 - 0. 00“766#

o8 =3 5
| ' 2
+192,725 log (1_0.02::)}] ;
. o )
=-I:L-(96,-36_3+24,091 $13.93944,964.4~1,497.1—133,587)

=1-X3,573.3,
. [=]

j (x-——:.l%-)—d};=ilf { 939, 83—77.08b~-1,2709b2—0,016945b3 40.00019163b4
E S R N :

LA

——3,854'.5101;61--—0.‘021))}
+%{—-22.004}5 4—2‘.54131:2 +0.025418b3—0.0002555b4 -
S S HURET

+17,08b log (10,0901}

-1 {239.83—99.094b+1]é?:'}§152 +0.008473b3—0.00006387b4
A4

T 09(50 ~b) log. £1—0. Oﬂb)}

L (b )de L { 3;573.3-—3,854.5b-3s;5_45b2-;o,34797}:3—-_0.0127091:4

+0.0001533_b5'-'- 1953-'. 195 log (1—-0.025) }

| +i’*: {—-23.9'.8354-..'.{7.99112 +1 ;_ﬁ‘zo_gbs +0 0T6945b4
N ?—o 00019163155'-1-3 851:.’;5_163 (1—0 0gb) }

' 11-[ 3,673. 3—4,094.85338. 545b2 +o. 42363b3+0 004236b

—o0, 00003833b5—3,854 a( 50-b)log (1-—0 sz)}
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Gds___ 20 dy _E,
F T’ o —Io
o1 o I -Iu
y2ds=f2 y2dv 2,900
Ft T o Ho
ﬁG 3ds gf20v3dy 10,000
1 o I, |
y4ds jgoy‘!dy 160 00N
I

Substltutmg the values of the integrals in equations (11),(12) and_
(18), we have
El, Ax—25E1, et=—666.67X +9%50Y-50z +Q(25—b)50

+— w1 XlO 600 +-—— 5¢160,000 W SRRV € 7))

EIL, AY'_—20X_50X-—(3,573.3+232X9)Y+(239._83+95X5 )Z
—Q {3,513.3—1,098.3b 438, 54502 40, 42363b8 +-0.00123604
—0.00003833b3—3,854.5( 50—b Jlog( 1—0 02b)+(25—b)X25X5)

-4 W1><2"><2 , 000 _31__“, 2525 Xao 000

=1,2 oOX-—B 698, 3Y+§64: 83Z—Q {6, 698. 3-—; 219.3b+38, 545b2
+0.42363b_3+0.004236b4—o.oooossaabé~3 854.5 (50—-b)
xlog(1—0, 0215)-}
—8,333, 3W1.-.g 034 3W2 (15)

F1,82= —50X +(939.83+35X5)Y.—(22.00445)Z
+Q {239.83—99.094b+1, 2709b2 40, 008473b3 —0. 0000638 7Tb4
=17 09(50—-b)log( 1-0. 02b)4(25—b) X5}

+—w ><53 1000, -1- ngm,ooo
==-~50X+364; 33-27 oo4z+Q{364.33Y—1o4 09bg-1,2700b2

+o 008473b3—0 oooosss‘:b& —17. 09{50-—-b}‘log(1—~0 osh)}
+333 -*sswl + 83 333W2 e L eI I L) R asawRan (‘16)_
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P - i P S,

Eliminating Ox, Dy, and Sz among equa.tions (7),_(8),[9),(14),(15)'
and (16), we qbtain
' 888,89X--833.33Y +66.667Z —16,667R(25—2) —50Q(25—b)
—10,000W1—2,666, TWa—50EI ct=0,

--833,38X 49,518.1Y —~190,8%Z
—P{2,819.8 13, 610a—154,35a% 410623230010 62344
' | 40.00003833a% +13;435('50 +a }103'(14-;0.023,)} |
+Q{ 6,698.3—4,919. 3b+38 54:b2 4-0,42363b340.004236b4
—0 00003833bo—3 854.5(50'-b) log (1—o0,0rb}}=0

6. 667X-—--]90 36Y 443 aznz
-—P{ 174 AT +2:}2 .48a+3 .187a2~0.021247a340.00006387a4
—268.7(50+a) log (i+o 02a)}
-—Q{364 83 —104, 09b+1 2709b"+0 008473b3 —0.00006387b4
—17. 09(50-—1)) log {1—ao. ozb) }—666.67w1—166. 67wz =0.

Solving the last three equatxons, we obtam

X= P{O 49265 — 1.5724& —0. 01647'13.2 +0. 0(!)12368.3—0 000000985494
- 40,0000000031674a5 +1. 5631(50+a) log {14-0, 023)}

+Q{o. 49265 +0. 4576:b--0 0003274132—4) .000049289b3 —0 .0000002424b 4
+0, 00000000316741:5 +0 44346f 50——b)log( 1~—0 ogb)}
+18.166W1+3.262TW2+0, 06844 1T ehimivermmrrniviiintss e - (17)
Y=P{0.44§462 ~1.5377a8 —0, 01438&24-1' 1929a3(10™4—1,253824X1076
+4. 6129a5><10"‘9+1 5081( 504-a)log (140, 02a)}

+Q{ -0 5"5984—0 461751:-»0 0041272b2-4 7572133 ><10'5~—-5 3554bt
N ><10‘7+4 6129b5X10'9+0 43284(50#b)log(1--o ozb)}
+1 0947w; +0. 28743ws + o.oo«uazEI [ rersvas --(18)
Z=P{5 saz-l-‘I 4944a+o.03358332-—1.5682418)(10-4-—9 5197a4>(10"‘5
$1,54385X1078 1, 9829(50-!—3) log- (1 +o .08a)}
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+Q{5.232—1.0805b+0,019443b2 +6.254b'°f><1_0*5 —3.4622b4 X105
+1,543b4X1078—0,56897(50 —b)log( 1—0,02b) }

+1,481W1 +0,0895W2—0, 08427EL ¢t

The valus~ef- t504a) log ( 1_-|-0_02a), X, Y and Z for unit load at

various points are evaluated in Tables 2, 3, 4 and 5.

The valus of X’, Y’ and Z’ are ebtained from the corresponding values
of X, Y and Z by multiplying the latter values by (14-0.024) for the
right half span, and by (1—0,02b) for the left.half span. This is done

to agree with the. actual condition, since at a definite distance from the

right or left abutment, thé .trapezoid ha\figlg a greater width should éarry

a greater portioh of the load fhat comes updn the bridge, that is to say,

the load that may come over any point of either of the trapezoid-shaped

bridges is proportional to ‘the width of the bridge at that point,

T_ab'le,g, Evaluation of (50+a) log (1+0,02a)

Points &~ | 50+a |140,02a log(140.02a) |( 50+a)log{140 _025)
—10 | 95 | S5« 0.5 —0.69315 | —117.329
=8| —20 | 8 | 0.6 | —0.51083 —15755
~6 | —15 35 | 01 | —o.668 | —12.484
~ | —10/ | 40 | 0.8 | —o.oes14 | —8.996
—9 —5 | 45_' - 0.9 = 0,10586 .. 4—4_;741_' ' "
o] o 0 | 1.0] o 0
ﬁ"_gﬁ 5| s5 | <11 | . o0.0081 | ._ 5.242
4] 10| e | 1a] 0.18933 10,989
'6_' '_-'15.-5 65 1.3 | 0.26936 17,053
_' 8 %0 | 0. : 1.4 [ 0.336470 23.553
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Table 3. Evaluation of Values of X.
Right Half Span
Bod o |—1.5134—0.0164 1.986 |—o.85e9) 3.1674 | LONTN ¢ | 5
N o -4 - ol s
nts a 753J X10=4a4X10 713'5)(10 9(1+0.093) .
ol ol o 0 1 0 0 0 0 |0.498 0.493
2! 5| —7.862 —0.412§ 0.0i5 1°~0.001, — 8.194 | 0.427 0.4%0
4110 |—15.724) —1.648 0.124 | —0.0100 —— | 17.099 |.0.334] 0.403
6 | 15 | ~23.586/ —3.707] 0,417 | —0.050| 0.002 | 26,656 | 0.295| 0,293
-8 | 20 | -81.448] —6.590| 0.989 | ~0.158 0.010| 26.816 |0.112| 0.157
10 | 95 | ~89.310[—10.297 1.981 | -0.385 0.081| 47.53¢ | 0 | o©
Left Half Span |
Poi- o |—=5.8974|4,9980 —9.194 | 3.1674 28846501 i
Yuts] P °.°-‘_-"_5761b‘b2><10-3b3><10-5b4><10-7b5><'10-9 —bXlog | X} X
'- ' ~(1—0.08b)] -
~2| 51| 2.288| —0,133f —0.006/ —— | — | —-2.126 |-0.516| 0.464
—4 10| 4.577| —0.538 —0.049 0.002| — | —4.008 | 0.483 0.38¢
~6 | 15 | 6.865 | —1.199) —0.166/~0.012 | 0.002 | —5.599 | 0.384] 0.269
-8 |20 | 9.183 | —2.131) —0.394-0,089 | 0.010| —6.873 | 0.219] 0.131
-10 | 25 | 11.442 | —8.330] —0.770/—0.095.| 0,031 | —7.771| o | o0
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Table 4, Evaluation of vajues of Y.
| Right Half Span
Poi-| -'-1.537':1;-1.4836 1,1999 | 1,902 46109 | 5290050 1y
nts a- - ?-XIO'Za3x10-4a4x10'6135><m-9(1+0,02a] o
0} 0 o | o r 0 0 | C 0 | 0.444] 0,444
2| 5|—1.680 —0.572] 0.015| —0.001] — | 7.909 | 0.30 0.337
t]10 |-15.371] —1.489 0.119 | —0.013 — | 16.50¢ | 0.18¢ 0.206]
6 | 15 |—93.066 —3 349 0.403 | —0.063] 0.004 |“e228 | 0.101 0,131
--é'_ 20 |-—80.754| —5.954 0.9_54' ~—0.200 0.015 | 83.534 '6.039 0,055|
10 | 95 |--38.443] —9.304 1.864 | —0,480| 0.085| 45,880 | o | o
| Left Half Span
Poi-| , 10.46175 };4.1272_{;1&.‘7-572}{)—5.3554-4.6129 '-1_:.41?)%8(41(0?"-3( l v
nts| b [p2X10m8hEX 1075 X 10=T 5 X10%9) 0 - 7 ¢ boky) . :
ol of o o | o o | o | e —0.55ﬁI—o.oaae
9| 5] 9.300 | —0.108] ~0.008f — | — | —2.059/—0.408]-0.361
—¢|10]| 4.618 | —0.418 —0.008 —0.005 — | —3.804—0.268—0.914
-6 |15 6.926 —0.929 0,161 —0.027 0.004 —5.404—0,147—0,103
—87| 20 '_9_._23_5 —1,651| —0.381| —0,086 0.015 | —6.633/-0.057—0,034}
10 | 95 | 11544 | —a,580 —0.748) —0.209 0,045 { —T.051] "0 | o
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Table 5. Evaluation of values of Z
Rignt_ Half Span
Poi- 1.4944 | 3.3683 | 1.5682 ‘lﬁz s197] 1,543 |71 9829050, ,
a ; 2 ~2 a3 wilnd - - la5 -3 +a) Xlﬂg Z Z
nts a |afX10"Za >_<10  a4X10 @ X190 (140 02a)
0 0 0 "0 0 0 0 0 5.232| 5.282
9! 5| 7.4712| 0.840| ~0,020 —0.002" —— | —10.394 | 3,198 3.441
4|10 14.9%a | 8.358 | —0,157] —0.022| 0.002 | —21.691 | 1,663 1.99¢
6| 15 92,416 | 7.556 | —0.520{ —0.128 0.012 | —33.814 | 0,74 0.96¢
8 | 20 | 29.888 | 13,438 | —1.955) —0.403| 0.049 | —46.703 | 0.941] 0,337
10 | 95 | 87.360 | 20,989 | —9.450| —0.984/ 0.151 | —60.3007 o | ©
Left Half Span
Poi-| . 1,913 | 6.954 |—3.d099] 1,543 | 000897 |
b -—1 0805 B et g s b as 1 neb s ot =gl 50-D)X1ogl Z. | Z’
nts| b PEX1072b3X 1075 X 10-6b5 X 10-8 3L K 2| ©
9| 5| —5.403 0.486 | 0.008 | —0.,009 — |  2.697 | 3.01¢] 5.71€
L« | 10]—10.808f 1.944 | 0,068 | —0.08| 0.002| - 5.079 | 1.480 1,184
—6 | 15 |—16,208 4,375 | 0.311 | —0.175 0.012 7.103 | 0.550] 0,38%
-8 { 90 |~91.610] 7.777 | 0.500 | —0.554 0.010 |  8.719 [0.118] 0.068
10| 95 |—97.018 12.152 | 0.9771] —1.382| 0.151] 9.860 | o | o
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The moments at points F, G, B and C aré evalu;ated in Tables ¢ and 7.

Table 6. Evaluation.

of Mg and Mg

Points| Z' —25Y’ *“)((1("2‘50_'__01)2}’) Mg %’;_?_@2 20X’ MG'
—s | o.088] o0.860] -3 —9.082 | 0.566 | 2.620 | 0.538
—6 | 0.385| e.57 ~1 —4,040 | 0.597 | 5.380 | 1.340
—4 | L.184|  5.350 —12 —5.466 | 0.586 1.720 | 2,254
—2 | 2.716 9.175 ~18 —6.109 | 0.533 | 9.280 | 3.171

0 l 5.232 | —11.100 —5.368 | 0.414 | 9.860 | 3.902

"9 | B.441| —8.495 —4.98¢ | 0.337 | 0.100 | 4,416

4 | 1.996 .-_~5:.650, —3.854 | 0.226 | 8.020 4366

6 | 0.000 | —3.27 ~9.306 | 0.131] 5.860 | 3,554

8 | 0.331| —1.3T —1.038 | 0,055 | 3.140 | 2.102
Table 7. Evolution of Mg and M. |

Péi_nts oz 251”..' ”§<1(§f~03f)  Ms (;‘)“_0.{{" 20X | Mo
—8 | 0.088| —0.850 | —0782 | 0.034{ 2.620 | 1.838
—6 | o0.385 ] —-"2'.-515 —2.190 | 0.108 | 5.380 | 3.180
—4 | 1.184| —5.850 —4.166 | 0.314 | 7720 | 8,554
—~3 | 2.6 —o.175 | —6.,459 | 0.367{ 9.980 | 2.831
0| 6.2 | —13.000| | —s.ee8| 0.556| 9.860| 1.i99

2 '3‘.‘441_ saes|  —e2 —10,13¢| 0,763 | 9,400 [—0.734 |
4| 1006 s.es0| =18 | —10.85°| o.014{ 8,090 | 9,884 |

& s 0968 | 3275 e 5 169 | '.-.5»._{?#{.’_7.?9-8915.
=y ._:.0.'3:37_'.' 18 =T ) 5288 _-_:_.:1:,:'3.4'5 3140 l%—'g;1¢g.__._
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From Tables ¢ and 7, we see that point F is the most stressed point,

since the width of the bridge there is only one third of that at pomt B,

whﬂe the average value of moments at the former point is greater than
one third of that at the latter point.
If t,=3 ft., the dead load moment thrust and shear at point A, the

moment at F and left end vertical reaction R are evaluated im Table B,

in which P is given by

P={b

= X3X 150X

2 3
|_4.4581a%  1.916%

50%

509

Sins

={7,995 (1—0._ 00178322240, 00001533a3 )+2,843} X5
where the last term is the weight of ballast and track work.
Table §; Dead Load Moments, Thrust, Shear and Reaction

)+ 2 X160 X3

Points | P (Ibs.) X’ (1bs.) " Y'(Ibs.) |28t 1bs. ) Me(ft. Tbs.)|  R(ibs.)
-~10 | 47,100 | O 0 0~ o 23,600
~8 | 8,100 '%:900 1 =230 | 5,000 | —142,000| 88,500
—6 | ‘60,400 | 16,200 | —6,200 | 23,000 | —~244,009| 36,000
~4 | 56,700 | 21,80 | —19,100 | 67,000 | —3810,0007 33,200
—3 _5_4,8’00' 25,400 | —20,100 | 149,000 —~334,000 '29,'000
0 | 54,200 | 26,700 | T 2000} | 283,000 | —318,000 | “g4,100
2 54,800 | 25,700 | 18,500 | 188,000 | - —218,000 | 18,500
4 | 56700 92,70 | 12,800 | 113,000 | —207,000 | 13,800
| & | 05100 | 17,700 7,900 | 58,000 | ~139,000 | 7,900
8 | 68,100 | 10_;7__60 _' 3,700 | 83,000 |- ~71,000 | 3,700
| sum | 115,900 1 =o,900 909,000 | 2,088,000 | 227,500
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Earth Pressure—-The Welght of earth backmg behind the vertlcal
wall will be taken as 100 Tbs. per cu. ft. The equwalent surcharge load
due fo dead load and live load is about T feet in height. As usual, we

shall assume the angle of repose for the earth backing cp tan=1 12 10

15,
With ‘I:hls_ data, we have

w1 =7X1 OOXSigago X}:SES; =4,900X 1-269)(0 286=1,860 lbs.per it.

Wa =90XX100XT0,286X1.269="5,080 1bs. per ft.
Xe =12.186X 1,860+3.2627X5,080 =23,600416, 600=39,200 1bs.
Y =1.0947X1,860+0.28743X 5,080 =9,040+1,460=3,500 1bs.
Ze =1.481X1,860+0.0893X5,080=2,7604+450=3,910 £t.Ibs.
Mpe=3,210—25X8,500=3,210—87, 50= —84:300 £t. Ibs,
Temperature—we shall take ¢=0 0000:)5, E =£,000,000 Ibs. per sq. in.
The momcent of mertm at centre of the span is

14
I, =«
. ._Snusg">< 12 =40 2t

Therefore EX, ct =2,000,000X144<40X0,000055% =63, 360t.
Xp =0.066441X63,360t=4,910t 1bs.
Yy =0.004132X63, 360t =263t Ibs.
Zy ='—0.084275¢63,360t=—5,340t ft.Ibs,
My = —5, 340t —95X 39t = —11,890t “Th.Tbs
" We shall- assume t=430°F for increase in temperature, and t=-—45°F
for drop in temperature and siirinkeg'e.
Live Load and Impact ——The hve load will consist of E 50 railway

loading, and the 1mpact is to be calculated by I"S"_“%
300+ 106

By plotting the mfluence lmes of X', Z', MF and R and by trymg
several - positions: of the loadmg on the. dxagrams, the live load and 1mpact
stresses are found to be as follows:

At center of span, the momenta are.

Zg =1,013,000 ft.1bs, " Z;=987,000 ft-lbs:
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The corresponding thrusts are

X =155,000 1bs.,

At point F, the moments are

Mre= --1,772,000 ft. lbs,,

The corresponding thrusts are

F are tabulated in Table 9,

X;=153,900 lbs.

Mpi=

X=160,400 Ibs, X;=159,600 lbs.

R,=174,900 lbs., Rj=174,100 lbs.
The moments and thrusts 4t the center of the span and at the peint

—1,758,000 ft. Ibs.

Table 9. Moments and Thrusts

| o Z(ftdbs.) | X (tbs.) || Mp(ftbs.) | X (Ibs.) | R (1bs)
‘Dead Load 909,000 _175,900. —~2,038,000 { 175,800 | 227,500
Earth Pressure 3,210 39,200 || —3,300 | 39,200 | 3,500
Temperature 210,300 —189,450 || —356,700 | 126,300 - 7,860
A_'_Live*Load _1,013,,000 155,100 ?-1,172,000 160, 400 _'17_4,900
_'Epact 937,000 | 153 900 _%1,758_,000 159,600 | 174,100
.Suni | 3,102,510 | 334,650 45,009,000. 661,400 '-587r860' |

- Stresses of Concrete and - Steel —The stresses of concrete and steel
at the center of the span and at point F are calculated by means’ of dia-
grams given in “Hool’s Reinforced ‘Conerete Construction, Vol. 1.”

At the centre of span. we have -
bm 14x12—v-Sm52° —213”
o' 3,108, 510X 19

d =34”

T ‘%1 =391

334, 650

111!’
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From diagram 28, we finil, for p=0.0086, _.f c=800. lbs. per sq. in,
and fs=15,000 1bs. per sq. in.
At point F, we have
d=68.5", b=106.5".

s - B, 009 000X12 »”
&= =123
587,860

-3- —'°l-=1 80,
k

65009,000X12 _
~106,5(68.5) 144,

Wlth p=0. 0004 we find that Jfe="790 1bs. per sq. in., and

l!

J8=16,000 lbs. per sq. in.
(The End.)
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