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THES!S



This thesis consiets of a set of tables for the calcu-
lation of stresses 1n bridge trusses and girders due to Cooper's
wheel loais. The tables are from original oompufationa with the
following exceptions: Table II was published in the Engineerin,
News of June 31st, 1906, Tables V and VI were computed by ir.
Clifford Rowe, M.A.C. 1907, and the writer. .In addition to the
tables there is given a number of problems in which the writer
has been interested at various times since graduation in 1906.
The problems treat of deflections of beams and trusses and of

methods of calculating stresscs.
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EXPLANATION OF THE TABLES.

Table I gives the static moments of the wheel loads and
of the uniform load for every foot up to 233 feet from the
head of the firsg engine. In all the tables the quantities
are given for one rail of Cooper's E-50 loading, except where
otherwise stated. This table was computed by means of the
constant first diffference between any two wheels and the
constant second difference under the uniform load. Direct
interpdlation is correct between any two wheels and suffici-
ently exact between any two feet under the uniform load.
The exact moment may be obtained by deducting /2s5(x-x*)
where X1s the rruétional part of the distance This correction

is a maximum when % : o5 its value is then ,3/25

Table II shows the proper wheel to place over the common
support of two adjacent spans in order to find the maximm
concentration. Ifthe maximim moment at any point of a span is
desired, the table 1s entered with the two segments of the
span,in fact it may be used to determine the setting of the
load for the maximum value of any function which can be repre-
sented by a triangular influence line.

Table III shovs the position of the wheels for the absolute
maximm moments in girders, and gives the equations for the
moments up to a span of 70 feet,and the span limits over which

each equation can be used.

W
D

&1.——1—4 ¥ The total load on the span.

f & ,i + W, The load to the left of a given wheel.
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“m loment of the loads to the left of any
given load about that load.

"a” the distance from the cemtre of gravity of
all the loads to smy given 10ad,«< is measured from the centre
Of gravity and is mnegatéive whem measured to the left.
The dending moment wnder amy wheel - X %, — A
This expression is a maximum when X%, since the sum of x & %,
1s consteat, V+2.  muvstituting <2 for x sma Z, M=ﬁ£ﬁt—m
If the moment under the n'* wheel is greater tham that under

the (n+7)*h wheel, then
WA  WEE S =,

Reducing the imsquality by substituting for /,+)

mn + Wi(aas1 —Qa ) , there is odtained,

W, > W (1 + gt

This 1s the criterion Yy which to test for maximm moment.
The maximuam d0es not meoessarily occur under a wheel which 1is
adjacent t0 the centre of gravityrof all the loads.
The equation for moments may de writtem, 7= ¢4 + % +Cs
in which &, €. .« C3; are oonstants for any given wheel in &
given set of wneels, ¢,- YL, c.- V&' ;. Ya—m
The equations are writtem for successive mmbers Of wheels and

solved for the simmltanecus values of €,

The limits obSained by solution may de restricted dy
the following conditions: TI® last span wpom Which a givem set
of wheels can be placed in correct positioam i@ egqual to twice

the distance from the mid-point of the distance =« t0 the
farthest 1oad used in the calculation of the distance <, al
thegreatest span upon whieh the wheels can de properly placed
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is equal to twice the distance from the mid-point of <& to

the nearest wheel off the span.
With Cooper's loadings, the uniform load is on the
span for lengths above 69.9 feet. The distance of the criticl
wheel from the centre of the span thererore changes for every
span length, 3Bquations are given for detemining the length of
uniform load oa the spang and thmus the other quantities can be
found.

A=e for a eritical position

M+ W ¢ & x™
MTAFr¥ZT X __F_p -

—C £ [C e [M-W-P]

- S

M is mm Of the wheels on the spanr about the head of the
train, W is the weight of the wheels,~~ is the weight per foot
of the uniform 10ad, C = 2W— ~(“—#)

The lengths e, /4  sndZare as shown in the figure.

The amations for lemgth ofGniform 10ad givem in Tadle IIX are

wristen for a Cooper's loading heving ome pound on the driver.

These equations gives correst results for all of Cooper's load-
ings, since the spacing remains the same and the weights are

Proportional for each class. In no case does the adbsolute max-
imun moment for spans above 70 feet exceed the cemtre moment
by e per cemt, and the excess is generally mch less. In

nearly all cases the adsolute maximum mement occurs under the

wheel which causes maximum centre moment.
Table III~ gives equations for a Mallet emgine, the

present stand:rd of the Chesapeake & Ohio R.R.

Table IV gives the maximum moment, the end speity the
quarter point shear, and the cemter shear for girders up to
129 feet in span. The shears at the intermediate points are
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useful for computing rivet pitches. For end shears the first
drivex of the first engine is placed at the end of the span, ex-
oept for spans 24 to 27 feet in lemgth inclusive, where wheel 5
is placed at the end of the span with wheels 4, 3, 2, and 1 on
the span; and except for spans 46 to 62 geet in length, where
one engine followed Yty the uniform load is udpd. 7This arrangemert
governs ror quarter point shears on spans 61 to 82 feet, and
for centre shears en spans 91 to 124 feet. In riguring the end
shears, the pilot wheel is 8 feet Off the span to the left.
To avoid mltiplying:the weight em the pilot by the length of
the span Plus 8 feet, in order toBubstract its moment about the
right end of the spar, the following formula was used;
Ead shear : 212227 _ 2500 M, 18 the moment of all
the wheels up to the right end of the span, and A7, is the
moment of the wheel off the span adbout the left end of the span,
equal to 100 in this case.
Enear for 486+ foot spm = o ise T /2500 = /87500
TABLE V gives the shears in trusses. These are used fror
finding wed stresses in trusses with horizontal chords. 7Ihey
were figured 3y the usual method, for example the shear in the
second panel of a 5 panel truss, the panels 25 feet in length
is found with wheel 3 at the panel point.
Meg = 18520

14375
of2,5+/25* 967700

TABLE VI gives the bending moment in trusses.
Yhen the forward wheels Of the loading are off the span, the
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folliowing method may be used: The moment will dbe found at the
second panel point of a truss consisting of 5 panels of 20 feet.
Entering Table II with the segments 40 and 60.feet, it is found
that wheel 12 gives the maximum and that the longer segment is

ahead. c7tye= /09 Moy 204 55 X 2 - /2273.°
Moo ’ - £F385. ¢

. 35855, 0

7-6Go=9 /'/7 T )RS « ’L/y 55. 0

2 oﬁgm Ba-. ,53:73;:::;5‘,\,‘/.

An explanation of this method is givem farther on.

TABLE VII gives the reactionsof beams contimous over
two equal spans,and the reaction of beams continuous over three
spans when the middle span cannot carry shear. The equations for
two equal spans can be derived as follows: The value of £Zx over
the centre support . m f3.7 < %ﬁ(%l—*”—? k)
Where /1 1is measured Fiy-1. from the centre support.
860 page Y

It 1s desired t0 measure < from the left support as

sl@wn. Substitutdng /-X for K, gives £I«=~%47*-k’)

deflectio
Bemove the right swpyort. Them the 44BBedédsm at

the right end of the Ooverhanging beam is - E{'Lg—(m K3y

Vith a single 1oad of unity at the right end of the demmthe derlee -

tion is twice as large as for a cantilever beam of length ¢,

3
that 18, 25 Then if three supports are furnished and the

load Dlaced uppm the demm , the re:ction at the right emd is:

- ,_ffa._(k-k:’) -:-i-’:f—3 - Pk-K3)
CET 3Fr o

Unif Load,
klt n/ K—kg

For unit 1load K3 — —
T"’L ‘lks

=

5T

Taking moments about £, K,:/-K+ R
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Paking moments about £, , K, =4-2 Ks
= »IT«’fs‘{ - In the case of three spans,partially contimous,
% .k R4t 1s assumef that no shear can be carried tarough
the middle span ¢ ; the momemt in this span is therefore con-
stant. The end deflection when a load is placed upon tho left -

span and the support at f; removed, is as before —GH (k-k?)
The end deflectiom with a load placed at the emd is greater than
that for the two span deam; owing to the effect of the dending
moment in the middke span 7.¢ o This moment equals-,and the

¥y
deflection daue to 1t ~ - [" —’E‘%ﬂ - .gﬁf“

3
y . sat? 3y = _K=KZ  £;, R, &R,
Ry (for wait load) = — GEI (/t’ k3) —"(SEI + 7 ) S +Gn

have the values shown om Table VII.
Tables VIII,IX,X,and X1 give the bending moments and
shears in eignt and tem panecl swing dbridges, for Panel lengths
of 20,25,an8 30 feet. The influaence lines were computed Ly meams
of the reactions given in ZTable VII. The trusses therefore are
asumed to act like beams of constant moment of inertia. The
moment influence lines are plotted fo® values of "% and "7+ for
the eight and ten panel dridges respectively. The tangent of th e
angle .that each segment makes with the horizontal is given, or
numbers which are proportional :to these tangents. The loading
i8 set 30 that = P < passes through sero. ~ is the 1oad on
any panel.pmixXx- The following meohanical idea is interesting in
this comnection.

[ If each wheel of the series is free to rotate
<TN and to slide on its vertical rod,wnile the
horizontpl distances between the wheels are maintained comstant,

and ir tho series 1is placed upon an influence line, then the posi-
tion of the wheels when they come to rest is a position for max-



o

.
L]
-
.ot
[



imm influence. It is evident that when an influence line is
convex towards the base line, as trose for positive moments,
critical positions for maxisum moment will be obtained only
with a wheel at the largest ordinate; but when the influence
line is concave towards the base lime,as those for negative
moments, then critical positions may occur with a wheel at any
ordinate. The moments and shears were foumd by mltiplying
the panel concentrations by the cprresponding ordinates.
The positive moment will be found at the second panel point of the
ten panel dridge, using 25 foot psnels. Referring to Tadle II
n o4 5 it 1is found that Whoo]. 12 placed at the maximm

Q00 e

0 ee a0e q ‘
. TR 00 mple
’ U single

ordinate would cann groatm moment in a
span,the engines are headed toward the right.
This position will be tried.

. .r?’ L 4“/1"/"

Movement| R o L ___‘,__/-N_W,‘S,‘ R 2 Y I A 1
P [ s . 1ens 525 (53957 9595 7295 1 g7s ro
ton A so4 | Tsags | way. | 352 | asc !
Ptan 27.0 568 43.¢ 228 334 | 260 { EE j -

The rate of change of the moment at the instant the train moves
toward the left is found YWy adding the positive and negative rates
for each Jenaie

JXCREASE IBCREASE
/! 27,; ‘
7 S,
3 28
174 26,0
na.Y
d '—77'1 Z {7 v

,qic Mot Pocrease .

Similarly if the loading moves to the right the rate of change of
the moment is:

TECREASE DECREASE
/ 7nq, 0
% v3e 3.y
26G.
“ 1727, .
s 2.0 %I F—72.6 9.2 glof PYecware |
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Weel 12 is thus seen to give & maximum ®alue of the bdending
moment. It 1s possidle that wheel 13 may also give a maximn
value, because more uniform load comes on the dridge. This
may be determined by taking account of the wheels that Dpass
panel points and of the additional uniform load coming on the
bridge as the loading advances five fees.

MFeaK 5 25 (352 — 25¢) = 2,40
HHheel q 1625 (p24-,352) = 117
WW 5'c 2.5 « SoY : ¢ 30

7,‘7 - 7:7— = 067
This shows that the decrease Of 9,2 has beoen changed: to an increse
a9 0f 67 during the five foot advance Of the loading. That is,
a point of minimm moment exists between the two positions, but

wheel 13 has nearly reached the panel point, having o nly .53
67

Of @ 00t %0 g0 &« Zsxsoy °7 . It is evident from this
that wheel 12 gives the larger moment.

The change of moment can be represanted th ws:

a )
2
- A
s
Wheel 13 will be tested by = S«
Movement | & T o kT R T Ry [ Rec ]
P_l700 s3ms _g25 7375 Gas  gns . &5 sws
fens | gow 1 sy 1 w2y | ssz ! ase
\Plan | 353 271 | 43.6 389 | 265 370, 22.9 | 288
Movement fo Left. Movement to /ﬁ’fg/]%.
Increase. Decrease . Irrcrease. Dec rease.
/ 35.3 271
7 Y¥3.¢ 38.9
3 ne.S 371
Yy 12.9 22.9
s 288 — 28.8
7.2 78,9 T e .0 88§
7€, 2 [A2K

7 Net Decrease, 22, & Nef Decrease,
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vith the loading headed towards the left, the smaller
wheels come Over the largest ordinate, and while ceritical pos-
itions can be obtained, there is no 4oubt bdut that the resulting
bending moments would dbe less than those under wheels 12 and }3
with the loading.

hoaded toward the right, these moments will be computed.

/i 7, 3. “. S5,

9 G&7. 5 2350 256 Go/.7
Gy 3725 1622, 5 lof 986.6
724 £385 2328.75 7.032 724073,3
Y 15373,75 17675 504 £90.9
119 ay¥ 130 >

Tyfea2s Bena’fn? Moment (12

ny 1150 22475 256G 5754

+9 YSYTS le4o Gog 597.%

4 gsEs 236375 l.o31 24394

99 16986.25  1673,95 Soy f73.6
124 2606125 HE556  Bending Moment (13)*

column 1 contains the distance of the panel poimts from the
head of the loading:column 2, the static moments of all the
wheels in front of the panle points, these are read from Table I;
column 3,the pamel comcentrations mltiplied Wy the pansl length
that 18 M., —2 My +Ma, where /. 4s the static moment at
the panel pointi column % the values of ©% from Tavle X; and
column § gives the products of the quantities in columns 3 and &,
which are the bending moments.
It 1s possible to determine the difference in the moments
figured above without actually making dboth computations, it some-
times takes longer however, than to figure the moments. Yor ex-
ample, start with wheel 12 at the largest ordinate and figure

the change in the moment for a movement of 5 feet.
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/0.

Wheels 1,2, 3, and ¢ g7.5 « 5 x 456 ~ 1/2.0
" 5 25 T ” v G Y
25 + Y x 3572 - 35,2
G 7 and & HEIS v 5 ¥ ; §5 .8

9 1¢c.25 %1 ¥ s 77

J)C.25 yd4 x W2H 17. 56

10, 1/, an 12 c2.5 L85 v » 132,59

“os, 1§ Decrease.

Wheels 13, 14,15, and 16 §2.5 ~ 5 . 578 217.80
17, anA 1§ 32,5 x5 X .So4 519
Uniferm Load - oifrerence in area
2.![(/:1.:04)'{—(zox;oﬁ’)’,{’}% '76’.’).5‘_
}éf,‘/i' [rcrease,
yos,!§ Pecrease,
T 2¢.73  Net Decrease.

Difference from computoed moments = 2.7,
The maximum negative moments at all points in the lert
span are Sasiied When the loading 1s upon the right span and in
the Prop@x position to cause the maximmum uplirt at the left sup-
port.
The exact placing of the loads upon these influence lines
is a matter of more theoretical than practical interest,since
with a little practice the loads can de placed by qe in positimns
which will give values close t0 the maximum, and moreover, these
influence lines do not give true bvemnding moments decause the truss-
es 4o not follow the three-moment theorem exactly.
Table XIXI gives the uplift and centre reactions for deck
plate girder draw spans. The derivations of the equatiom for

getting the load for uplirts is as follows:

= 43 !
Eoie X R; = % This is the equation of the influeme

Influence Line for Uplift, R,
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/1,

oAPs . /1—3k"

7K o this is the tangent at any point of
the influence line. For maximum
influence make = - (1% k’h) =0 Substituting for
K 1ts value for each 10ad, x: 5 , K.: 250 ofe,  and

So/v/nj the eyuml/'on for x, X = /(gw) ZM ,p« S e
T =

Z v
or x-/j — B , w/76re A and B are conS?lan’/S.

The values Of A and B for Cooper?!s loadings are given in

the table. For the centre reactions the loading is placed as far
maximun reaction for two single spans. Both uplifts and reactions
were scaled from plotted influence lines, shown in table XIII.

Table XIV gives the bending moment at the support for beams
fixed at both emds.

M= —FPO K=" This equation is treated sinm-
ilarly to the one of Table XII, and the condition for maximum
moment obtained.

Table XIV gives als0 the bending moment at the support for
beams fixed at one end. The oonditianal equation is similar to
that for uplift. If a beam 1s fixed at one end and partially
fixed at the other,the moment at the rixed end can be interpolatdd

between the two given values.

Tables XV and XV1 give the exact equivalent uniform loads
for Cooper's B-50 loading,and the curves plotted from the same.
These curves are given in Jonnson's ®*Mbdern Framed Structures®
and their use in comnection with influence lines is explained.
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Table I. Moments for Coopers F50 [.an‘ng-One Kai

v | Posity i1 T Posi?, 5
| A IW;,‘;:’/ "% | Moment. | A |whee! 5= Moment. | A -
¥ 2 S R SR X 156 | 47 1345 39790025
9| 14 & | /67 1 A8 lusaas.
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Maximurm Moment_at_a yrven ooint-_of

two_ spans _or

a_span. _Coopers Laﬂl/ny:
sgmteng/hwol/s‘zalzs saLsngoys 50/55160l65170]§090)100]110)12dl r30yad
Lm z70:260 45567, 7.8 91011 /2/.1 /4 /517/(
E 21[3 34 4,515 G678l
li7e Jrgzs 1 4556|789 121314 15 /718
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for Qbsolute Maximum Moments.

Table 11T, Egua Fiors

Position of Loads. Lm/J E?”“/’ ons for /Cboper.r £50.
4 R One Rail.
£ F
e 3 3.5
zs
_a] Q iy | 1zs500f +—7—“’§—— — 62500
/ll‘ R A L
HoXoHol ,,,,’ 18750 F - 125000
o &"&' /3'7[ e 156,25
HokeE 276 zsaool —%— ~250000
77 - S
75 276 o1k
o Q&-_O_Q_ Kok ‘ znz;] LLOIE 334250
B - 3so A & =i
ol OXo ser| 9218750 + LLEZEY - 476250
| (R *Jl’l‘ |
G#eg
_O_O_QE_.O_O_O. ses| 362504 + —F— -630625
PREEER  — = 1 s = mme e T oy -
—~ b= 727 g
0 0000 00 0 |4 %oz s/*ﬂ%z £33750
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il A T N ;7 T
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73 s s
C:16.8-0.1(P-35)
[ 7~ 74! .93 fo &
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u-lﬂ xiH56 fo 1244
l?.’ “‘ e ;2, X VG +06[31(F~-45) -7G370] — C
120 0.3
_‘_@_ U3 Cr 274 -0.(P-45)
121 ')’2 Iﬂl’ ! £3 X:IL58 fo 1G6.GS
% zuw:q s X+ V3 ¢o.61N:2(—P-n) —£1820] —
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s @ ® C 204 -0/ (F-45)




Table Hla. Lguations for Ghesa/oea&e arnd Ohio RR. Standard
Loading, Specifications of (9.
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7 b ll. Bending Moments and Shears fBr Goopers £50-Opre Ka Kail.
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Tzbfe V. Reactions of Bearns on Three .5up,oor)‘:
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Tab/e T Bending Morments in Eight Panel Swing Bridge
??mgnﬁ,grg givers_inn_thousards of foot-pounds for Goepers _one re
Corrd /. _of [oadirrg; Ary Nerglhy of uniform load tollowing one or tw.

Ep bt s’ B n T R e ks e oadlity e vois , h g -vckay
of Fhe fepder are not separated from the drivers. These conditiors ay
alse Jo the three {ables following.
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Table IX. Shears in E/fﬁf Panel Sw/n! ﬁr/%&
Shears are given i thousands of pounds for
Z Coopers E50 /minj-ane rail.
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Table X. Benc/inf Mormernts in_Tern Pnel Swing 5/‘/3:'/@%+
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Zable XI. Shears in Ten Fanel Swm! Brlq'ge

_Coopers £50 Lm@( orre rail.
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THE CALCULATION OF WHEEL LOAD
STRESSES FRGM INPLUENCE LINES.

[ o BN
Ao

Let a,b.Cydsey DPe an influence line consisting of a mumber
of straight segments. Let M, M, etc. be the static momernt
of all the loads to the left of a,b,c, etc. respectively.
The load is headed toward the left. The tangents of the

angles which the segments mzke# with the horizontal are
7;, T, T3, ef('.

My
M Me M3 M My i , M
Q 0

71

' ‘o
‘ Fig.1. 1~ Fig. 2,

In rig.2 the influence of the load is /"7
fy: Px tomx — Px, (tox + tan3)

2 My b — M, (tonx + T 3)
Similerly the totzl influence in fig.l. is
Moty = My (T,4Ta) + Mg (Ta +T3) — Mo (T3 +Tu) + Mi T4

The form of the influence line determines whether the
succeeding products are to be added or subtracted.

Y,
”:LJ__'-H: wy Mf__fﬁ__,.._w N A
k ,; A J”’
/-k
3 nZ "
I"l'g 3. FZ;«.«;,

The bending moment at any point of a beam is
Mok =My (K+1-K) + M, (1-k) > Maghk— My + M, (/-K)
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If no loads are off the span to the left, the bending

moment 18, M,k —Ma

The pier concentration for two unequal spans is

ﬁ73 ﬁ/ . i’l T,M"L - L’I—_MI—
o (41 2 ) - #a -,
/“/3 —_ 2 M,( + /‘/,
Yhen ¢ =" the concemntration 1is —¢

Fig.5. shows one arm of a

single track swing bridge.

Let it be required to find the stresses due to E-50 loal irg
in the chord 3 and in the diagonal T2 when the arm is acting

a8 8 simple span. Use the panel length as the unit for cal-
culating the tangents of the influence lines

Wheel 12 at the pea.i el point with the train headed towards
the left is the critical position for the bending moment.

gome O0f the wheels are off the bridge to the left.

Eso Miysers® 2893 per rarf,
Man £35S
Mys grs » 3Isys.6

Sfress i1a Chord 3 =

LA KN ] 7T

r_d’_/’ea.zér_eaLLL 209'2" |

|
L

(3 f

’4»"
g 2

| 2

e

InFluerce Line for Benc//'n‘g Moment.

The maximum stress in the

C2P93 x4t ~F305 2 Z

¥ 4 35466 "':;_

: 423 F0° /és,

vz’

/nﬂuence Line for Vertrcal
Gam,oonen{ of Stress in Tz.

diagonal T, occurs when wheel 3






stands at the panel point.

,Ar// NI X fecq'y{ e = A4
778 29 5
ﬂ/(_g') 2 287 s
3947 la
Stressin Tp - [uc €IS *¥28 —2§7.5sx23¢]——""" - - :%+206Y00

L5 x2G/1Z25x272



32

TRES8usS IW INUSCesS AND TLOOR

" ITE TO LOADS CON A CURVZD TNACK.

centriftgal force strcsces in the trussces ard latercal systen

can te found dircetly from thc vertical load ctresses In the

Se Streccec due to the eccentriclty of the load on a

treck are usually found from the panel loads computed

froo an equivelent unifora ioad, using trc average eccentri-

clty ir. each pznel.

A rethod ty wanich these strescses can be more easlly found followse

Assuwme that the path of the centre

lnner Truss. of gravity of the loads 1g u para-

bola. This 1s perhaps as true as

to asmrune tnat it is clrculer.

‘o

igure 2 suiows the portilon of 2

uniform load of <+ pPoundsber

lireal foot, which rests upon tre

vuter truss,the curve is a poratoulia
Fisure 3% shows a Fuarabola vrhose rid-—

&le ordrate ig , 1its

Lquaticn referred to O as an orig:d

. . Y X
18) 7 ‘/’;—(/ x )

wporn

ard ar influence area bounded vy tio
straliht lires of indefirite lengtrh,
the tenzent of vwhose 1rc.ued angle

ils 5, The ceffect of the paralola

the influcnce area over the Cictance X 15,
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L ke yo4

- — -

| 1

) |

< . = The moient foctor for the outer

fan: 4 '

an: | an: I-

\/’fw truss 1s forand from figure 4 which
Frg. 4. srows the influence lire for bending

roriente.
PR 2 1 A v 2 ':/ -*k 3~ - k)‘/
Merent from Paretollc load - (/- K= (5 (k) kg R J
a /
. 3<k—2/(4k) (A))

a L

Mowernt from load “, that i3, for straight track - 3 (/\'—k‘) 1;‘;‘ (<)

Moent r;gn uniform load ir Figure 2. = /T“‘ KA(1-%¢)
_ (/( k ) wc £ (8)

Factor for Bending Moment - Ag e S [A(rk-k ) + C.]

This is the factor by which to rultiply tre rorent dte to
locds on a stralzht track, to ovtain the moment at cny point
in tne outer truss when the track is on a curve. The varic:le
pcrt of the factor (/+4-+47) 18 2 maXlmua for A= i

(2
Wher. Ak 1s zero the factor becones o (L% r<) | tvis
13 thc faCtOI' for end SheiY.

Sa -

’L
Tor k: 3 the moment factor = L (2 *+€

. «j/w,(z v)+_‘_"“/<114,

' Shear factor - 1,'.__-&. ke
e X
[ | ra 4

. K€ 2z .
S i frhi o
7!
N When k=7, fachor = :’; (-’;q +C
“ )

Fip.s. The factor for end shear in trusses is






N,
N

d

} S PR /’cne/J‘
rt—— —_—r ,onne/} - ==

p//T\ ke _

F/r',é. G.

et

W\
)
Wit

w\A
~log

: Outer Stringer.

wir

F/?, £.

L Outer Stripger. _l

! ocad orr

74

‘w(-" tze,)

L__—_—,B-—.——-i

ﬂ/’z/ﬂ.

The centre nmnoment in the ocuter
1(3/4'“)_ 4'/(,),0 4-/-/0(»(:'-[.1{’1)/’

Panel loads on truss,

(O fer Truss

the same as that for ioment at the

first parel point. TFor intcrmedicte
shear fectors figure K to the
rniddle of the distance 4q,.

Pigures 7 & 8 showg the valuesof
5(,,,(,,(,1) anol 2 ( 3 k- k%)

Roth curves are parcltolass

Por en outer stringer, the left

. 2€a
)

and the right reactioh is

wp /3 “ oy Re, + ‘/e.i)
o \ 3 & '

reactlicn 1s

wr 34+ e,
o (‘~ 346

The terms in rarcnthegses are the

shecr factors to be used vhen the

strescses are calculated from wheel

loadse

stringer 1s

PG P 54*91“1)
x ¥ 452 b r1ve /e -‘("

v [ e bt 284 Fea v 2e; )
Yy

at a 24
“p . n’/ 4 £ _ 2e, - feL —72 3
".t -4 o (\ . )

Lead @ 7 &

Load

3¢
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The outer Panel load ~ o (347 + 70+ )

Svuvols:— -« -~ loed per lineal foot of track
p = bpanel longth
A - digtarce centre to centre of trusses
4 - distance centre to centre of stringers
<, % ¢;-eccentricities of centre line of load,neasurdd
positive outwards

Tre follovwing illustruates the method of computing the correct-—

iong in stresses due to wheek louds.

Middle  cridiite 7or &° curve , Z00 " horo = 53"

£

& Fanels @ 25’: 200
Path of C.ofG. of Load.

N j‘—‘—,—_‘ :;_5.3'
® i A A A / - .
v - Foclors for Chord Stresses i uter Truss .
Z rz ~
G L5k -K) +e]
This /uroé/em 1s 201 sh-k*)
freated  on page 271 7 >
rea » K> 2L
TYo S 3 = - <
Johason’s Structures g x 392 +670 = fos2 ";:L; 2 S0 1% Pane/ /7
9t4 Eoition Kewrifen j 772 Mo MO0 Ao /1099 A L 0F0 - A,
Fart T, a; .§23 o 4.36 p 106 o Lo g o
& -§33 qOswr e s @ L Center.
fﬂG/ﬂfé’ or Web Stresses st Ou/er Jress
2 CY L g
Gl 5k oc]
gyt
z(a—k k") v /,ao'z.l.\'éoe/a’ be,
k= 738 74T ¥ 5.3= 3,95 4570 = 10T x ., * j0c3 1< fonel.
Joy g5 Ao Y, 52 Ao 122 o /.17 2~ ole
L70 §67 oo “.7/ a 1041 o 1.1/ 37
J3¢ PS5e Ao Y, sY Ao 1,24 <o /.12y Yyth o

Jor Y o 9.9¢ oo Jo.6C A0 7.0¢¢ ff—‘ Ay
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MAXIMUM TENSION IN VERTICALB OF

COUNTER
€EWETRE BRACED TRUSSES WITH CURVED UPPER
CHORDS.
)

In order to determine the proper position of the loading to
get the maximum tes:icm in a vertical adjacent to a counter,
it 1s convenient to trace the cycle of stress in the vertical
as it passes through its maximum tension. The truss chosen
has eight panels of 25 feet, the depth at the hips is 28 feet,
at the second vertical 33 rfeet, and at the centre 36 feet.
The dead load assumed is 18000 lbs. on the lower panel points
and 7000 1lbs, on the upper panel points. The influence lines,
and dead load stresses are given on page and the curves of
stress on page The cycle of stress for U. L, is as rollows;
the train, Cooper'!s E-50 emnters the bridge from the left. When #®
Pilot wheel 1s 33,82 feet from the left support, the dead load
compression in U Lla , —2z2/,8070 1s reduced to zerd:
Myssa = 2 285,000 x 00755 +2/ 800 1live load stess.
When the pilot is 39.77 feet from L.the dead 1l0ad temsiom in
lhLs, vertical component = + 2/7c02 18 reduced to zero:

3,075, 000 x. 00708 = —21900 live load vertical component,
The truss members acting are as shown, 32
|5y

The stress in /. L. at this instant may be found from influence
lines(z)or (3)  in the former case a dead load compression of

- 2170° mstbe added and in the latter case a dead load tensim
of +2/00 mst be addede.

(2) 3,095 000 x,00955 = +29500 - 2,800 = + 7700

(3) 3,095,000x.00982: + 5Co00 + 2700 = + 7700
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As the nve load advances the counter ¢:4{z 1s called into
action whe pilot wheel 18 TU4.0 feet from L. the truss is
again in the condition shown in the figure above.

M'yq: qsg: ')‘74/’7

150 7 885,000 x po70f — [/50000 5 e T T 2)900
Mq_l-/:

The stress in (... may be found from ( z or (3 )

(2) 9585000 x.00955 —1/50000x0%¢1 = + 38500 — 2,800 = +/c700

(3) g s§5,000 x.00/82 — /500000022 = + /H60O + 2/00 = + /67 00

The stress may be found from the bending moments at -.- or
V3L3 1n wnich case the upper panel load of 7000 lbs. must

be taken into account. .Live load Bending Moment at /s- s792.¢

58S *x % T 4e87 5
7){;25000 x25 - /J’D.ad mad * ’ ’—/’0_-5—7—3/

10678, 1 X Z

= 423700~ 7000 = +/6700
36 x 25 ! ! ’

This is the maximum tension that can occur in 4, L=,

As the load advances %./;comes into action, the stress in (. /-
quickly falls to zero and passes into compression and remains
in cc:mpresslon during the remainder of the passage of the tsain.
If U.l3 could take compressiom and </3/. were omitted the

maximm tension in .l. would occur with wheel 3 at Za .

7120000 x 00755 —2§7500x076) = +5H4go0 ~2/p00 = + 33000

The curves of stress shown are made up of short straight' lines,
a8 break occurs whenever a wheel passes & dbreak in the influence
lines, or whenever a wheel comes on the span.

The cycle of stress for (U;L.s; is as follows; the train enters
the bridge from the left, when the pilot is 17.2 feet from Lo

the dead load compression in (;l; -3900 18 reduced to zero.
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5350002 x 00707 = 43900 live load.
When the Read of the train is 35.5 feet from 4., Usl«
passes out of action,
2500000 x oos = —/2500 live load shear in panel /s Ly,
At this instan® the stress in V3. ; may be found from in-
fluence 1lines (22 ) or ( ¥4« )
(24) 2500000 x00709 < + /7700 —3900 = + /3800
(#a) 2,500,000 x.00208: 4 5200 +£600: + /3§00
at 39.77 feet .., .s goes out of action.
(34) 3095000 x,005 = _ Js500 + 30500 = + /5000
(¥2) 3,095 coox 00208 +GHO0 + §Goo = 4+ /5000
The steess in /3/; now decreases to a minimum and then increases.
It is possible for this ttﬁ&nonu in the stress curve to go
below the zero line. If this happens, /s .; nas the following
changes during & single passage of the load; comrression,
tension,compression, tension and compressjion. Tmus the nec—
essify: for careful detailing of the pin Jjoints of such verti-
cals is shown.
At T4.0 feet UsL.goes out of action. The stress in (31; is
(32) 9555000 x.005 - 150,000 x.04 = — 1900 + 30500 = + 28G00
(42) 9 s¢so00 xoo208 = + 17900 + §co00 2 t28c¢o00
The stwess in U513 now increases at a nearly uniform rate
until 4,.L; goes out of action., This occurs when the head of
the train 1is 11046 feet from L. ,
21,026 500 5y 005~ 2 5/3500x%x,04 197, 500x0% » [2 §00
The stress ia Us L3 is;
(24) 2/ 02¢ 500 v 00709- 2,5/3,500x,04339 + 199500509005 = +47900 - 3700 ~+ 44000

‘#4) 2/,02¢,500 y.oo1o?—2,5/3,500)«.oo333 = 4+ 35400 +8600 = + 44 0O O
’ ’
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This is the maximum tension which %3 L3 can receive.

UsLs;now takes compression as the load advances and remains

in compression during the remainder of the passage of the load.
If the diegonals &re stiff members, /- L; gets a mich larger
‘tenlion, as shown in the stress curve.

Most specifications add an impact stress to the live load stres,
this is equivalent to increasing the weight of the live load,
and this may be done in finding the tension in a vertical,taking

the impact factor as constant over any panel. Less load will
be pn the bridge when the vertical gets its maximumy s7/ess.
By dividing the load a somewhat larger temsion can be odtained,
vut as this complicates the question of ikpact, it is not gener-
ally done. Ffor Uz L,  the calculation is as follows:
The static moment of panel loads 1 and 2 about .mst be a
maximime

Wheel Y% at /. gives this condition.

Dead N " ’ " 3750
7—07[‘7/ Momen'/ (31( 3 = 9793, 75 rﬁ/a/ 722 77 8

Now enough load must be added on the right end of the bridge to

make Z’: : :’;ﬁ 80 that no diagonals will de acting in panelﬂ_zls.

2
979395 + %M 22725 + F M
3¢ 33

M= 3199 Thls /"e7u/'r'e5 /}_;/':Lo' : _4-0’,4 feet oF wniform load

and the maximum tension 1s 17,400 .

Similarly with wheel Y4 at [; and 79 feet of uniform load, maximm
tension in Usls - #gg00,

This 18 Merriman's method, given in Part II or/%:':dge texts.
The rule for placing an undivided load is; have as much load on

the bridge as possible,without calling into action the main




[ K]



diagonul adjacent to the vertical and between the vertical andh

the centre of the spane.
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SIMPLE
DEFLECTION OF A S2¥GEE BEAM

Supporting a mumber of Loads.

e__
;“H’l‘*fp The deflection e any point of a beam loaded
E’“’“_{ ,_.,}; J I with any number of loads is squal to the sun

of the deflections due to each load.
The deflection at any point whose distance from the left support
18 »’ Queto a load’ whese distance is *¢ when ~(is less than <€ 1ig

g.- G’;ig [(2/(—3/(14 kg)/ﬁ"/-—(/—*’)mgj (A)
And when < 1is greater than A+,
- —ﬁ;i—s[(ﬂk+k3)m—3/(m"+km3-kgj (8)
¢
These equations are derived as follows: )
r-.tff_,iwi/l.ud 7. E!miz,(—%L x (/—-K) x Sor left segment.
xj I 2 5151 -‘(/-k){f*‘c, w0, < = Elax
’ x
R=/-k , ok

where « is the slope of the elastis line at the left support.
3, EI,;«:,“;,;:,: = (1~ B+ BIxs+ Co for wielgroyrciso.

. E[:Sf‘ s (- k) x = (%X~ k) for r/géf :t:g'menf.

5. ErfE-u-bE —(F-K0 rSs

Make x = A€ in 2 and 5 since these equations give
identical slopes at the load.
W _ et c S PR A
e Flx * — ._A:Z,_— f-/) + <3 c3 « 2
3 g _ k% gy
g Ely-v-o% - (F ) I






Make x: A¥ in 3 and 7 since these equatioms give identical

k303
deflections at the load, and ¢« = —¢ .

To determine £« maXe ~-+  and y =0 in 7, and
. A (sk=k3—
Elx: — (3K 2k)

Then the equation for deflection in the left segment, that is,

when ~-¢ is less than 4 1s;
2 . .3
Eln ==k + <57 (34" K=2K)

3

Make x = m¥, 7:46.?'_[_(4_k—3/("+k3)m+(/—k)m3J
GET

Changing the sgns, in order that the deflections will appear

positive,and miltiplying bty A gives equation A .

In the same way equation B 1s found from 7.

In equations A and B, m and K ape interchanged.

This 1s proof of Maxwell!s Reciprocal Theorem for beams.

The Theorem is, that if a beam supports two umni® loads, at any

two points as a and b , the deflectioa at a Gue to the load at

b equals the deflection at b @ue to the load at a, or 22.4° Dta.
1 |l | Equations A and B can be used to rind the maximum

deflection of a beam like that shown in the figume,
as follows:
Select the sction which prohadly contains it, write the coefri-
cients of m , m™, and m? wnich apply to that section,
and add the likxe coefficlients. et <, , €z , and C3
be tie sums of the coefficlents of m, m? and n:3

A aof 3 - ~ 2
respectively. Then for a Maximum, ~%?—‘#l *C +2eym +3C3m =0

Solve for m , and if mX£ falls in the section assumed, the maximm
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deflection is at that point. Find the deflections due to each
load at point mf€ from equations A and B and add theme A full
unfform load may be combined with tie concentrated loads, the
. WJz o m 3
deflection 18; .« = (T -G+ m”)
YY = tosal uniform load.

In this a cublc equation must be solved.
C, + 2Copt +3C3sm™+ 4 Cym3 =0
Co = -‘aﬁ
The following tadle gives values Of the bracketed parts of
equations A and B, Maximun deflections for éombinationl of con-
centrated loads can be found approximately dy use of this table

without solving any eqgations.

DEFLECTION OF A BEAX SUPPORTING
A NUMBER OF LOADS. GEOMETRICAL NMETHOD.

R e s A

! x_ H |

\ ;E E —T—  To £ind the point of maximum deflection and
1 { ! \

its amount.

Mo g
ﬁ-_i;_ 7 %_ ) Plot the moment diagram. Working from the
supports call the static moments of the portions of the moment
diagram up to amxy point, about the left and right suppo.rte M, &g,
Locatc the panel at the right end of which /7 > Mg and at the
left end of which Mg M, .To make A, =/g the condition for a
norizontal tangent, the moment of the part X  about the left
support mst be added to M,: " and the moment of “x * about X
the right support mist be subptracted from MRI.

ax(deZ) 2 (01 20) 4y = p—[a “(Fre=%)

+(77 ‘J" (f+c— —x)]

- ‘ 4
alx + '[1: Ax® = Mg - M, Adtc+f =4
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o 2y point of a bearn
0 p supporting a concentrated load :4f- x K, in
j e 5. which K 7s constant whose e /s giver in
f-mf o | the table for values of m k varying
by .05
% . : 30 35 y
o) 00C 01 o] § @ )31 319 7 3
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Compute X, complete the static moment about either supp?rt up to

the section and find the deflection.

Deflection = Jvizféc_rcfomeni . %,;di

GENERAL EQUATION FOR THE DEFLECTION OF
A BEAX SUPPORTING A NUMBER OF LOADS.

N
13_‘ _ - A ¥ aand
. Ay 1
. F“' 1 1 | R 1is the left reaction of all the loads.
=4 L ;[ R, is the resultant of R and », .
' o Rz 18 the resultant of R,B, and Pz .

#; 18 the distance of the line of action of

| A
Ry to the left Of Of R. 4 = %0~ £ s fhe distnce of the, [ine

 fa, v Paca [of actflon
R: to the left of R, 4, - R~ P —Pa

Leta be the inclination of the elastic line at the left support,

a negative quantity. X and I are Wung's modulus for the mater-
ial and the moment of inertia of the beie respectively.
Ela: BLGH AP -2k) + BE (3K k] -2k) -ete =§(?~§@—%€- 22%)
The summations cover the whole span. This equation was derived
on page ¥4,
The series of constants was established by integrating for a
beam supporting two loads which gives the constsats C 7o C3 &K foAs,

. ‘-0
g: Cfifi,f'—l /\61’ ﬁg,? ,
Cs: C,,-L’zfz. Kz- Kq 4_%‘?1_.
Cn Elux — z"’_”af Kn= 57 Lo
First Section ; ‘:;71 EI;{l . _g.zc s
ffy z J—— +Cr ¥ + Ky
Second Section: ffy ’?/(1’* 4) 111 s /?,(-- +4x) +Ca
4 x*

5]7‘1?(1"’ 2 +C2X + K.

All other sections are similar to this. The general equations are



t,



then as follows:
EI T4 = (R- =Py (x+7=xp) ¢

x Pal’

fr e = (R-EPYE H xS AIx 2

alx Pa

HEra—z 5% + 25

-z PYx+Z

3 z
Ely-@-sP)% +Z 2

The summations include the loads to the left of the section.

This equation 1s general and may be applied to a simple beam
loaded in any manner with uniform and concentrated loads; in the
case of uniform loads covering a part or all of the spam, the
sumnation signs mst be replaced by integral signs. The de»
flection at the quarter-point of a beam covered with uniform load
will Yo found, this will furnish a check on the correctness of
the general equation, since the equation for uniform load,

3 ¢
o m® m
:&EI< et )

2
gives, g % , positive in this case, sinee
the equation was arranged to give deflections positive downward.
' ¥ v .zt/'fj
EIx - ;{(3(;[1‘?“-;;;/ or — 2 /’“"’?

//t ¢m./ /nc/' ////tar u/n/
f: '-“,;_‘(’ ZP'

i .
x = A/ Z [a 1 crxAx = _’.M_.- >
“z R ,( 3 . 4 el
5 r; f" v x = 7oz St -.[« wur g A% o
o
e S A £, el
EI? (w 3“’ MEERED aw g T orvd
“r(u =y "{ /7Wp" . (.‘, _ /?/‘t (’l(
s = &

1536 o294 1536 272 20uF
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If there are no loads to the left of the section, the general
equation becomes: [ .y - ’?7‘ +EJa X

; ~ thus for a
£r 2 /e Fi
beam with a single load at the centre: Fﬂ?ﬁ . Erg-— L
If equal loads are balanced about the centre of the beam, the
f’a
general equation becomes; £/, - X5 +[Fix—5 B2 a? Jx +5 L

for middle sections. Thus for loads at the quarter-points

1 } ' | ‘T the equation of the middle section is:
£E X [ _ 9P_ Pe?
£I7=7; 2 "'[ 5 ]7‘ T

/‘.’v(‘;z“ —_— ﬁ(i:’x,_ + __/Oﬁ
- 5 7 £ 38

3 . £
T 1O fer X%
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SECONDARY STRESSES IN THE RIVETED TRUSSES
of a RAILROAD BRIDGE.
O

The method of solution is that of MOHR with an adaption of
the Williot displacement diagram for finding certain angles.
The development of the equation of the elastic line for a bdar

acted upon by moments at the ends is as follows:

-—p P —
‘é \,,:_.‘_-j i + M, l// -
e )
LY o P = (Mo # M) — M, )
E[d(“q_ ( o + /)’(} 5
EJ-‘-;;y :(/%M/,)—ff “Mox +C iy
Flog = (Mo 0) /)ﬂ -“/%-i tex +C, (3)
When %0, 5 -0, wd when -4, ~o.
L;/ =0 | cand & :(_,-_____ 6/»//) '(
fed x=0 P (2) .‘53‘: 7, _6_;;7 <2—/‘/o /»/’) (4) )

Pt % 2y ST ;.}] (2 M=)  (£)

A
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when a truss deflects,all mewters,in gen-ral,revolive through
soue angle,anc every penel point rotates through some anglee.

Calling the former angles W and the lstter ¢ and substituting
$o— for To  and F—¥ for 7,

0,-;‘9/m/ post flor;v

Mo=2 (2.1 90-39) @ —
f(—) ’ :l/’(""
€= F7(-) !

Frnal /Jo.r///oa

M = 2{5‘7 (24, +%.3¢)  (7)

The value of ¢ for each member can be obtained most easily by
scaling from the displacement diagram the net movement of one
end of the member with respect to the other end and at a righnt
angle to the member, and dividing the movement by the length @ f
the member. On pages s« and 55 these dlagrams arergivem, on
Page 53 the data from which the dlagrams were constructed 1s givex
On pagese are shown the values of the moments at the ends of all
the truss members expr#sced 1in terms of ¢ and ¥ , apd also the
final values found y substituting the values of f solved from
the equations on page 57, These equaticns are formed by equating
the sum of the bending moments around each parnel point to zero.
The influence lines for secondary stress and the ratio which the
sccondary stress bears to the primary stiress are given on page ¢,
For exaicple,the end bottom chord has a maximum primary stress of
+/£0 for full load. The secondary bendir; roment et the end ‘o
for this loadirg is —/.s22 , the negatlive sign indicates the
direction of the noment,in tals case it causes tension on the ton

of the bottom chords The urit stress on the extreme fibre ecuiis






n

prE

= /,:22 x '0 /'Z 7—/76 u/]/y /7/‘/'/7)[;/‘7 J’//'ess e?l—ld/é‘

Then the ratic sought is

’

[-522 x.0712 % (792

= 20
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Williof Diagrams.
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ToILECYIGY OF A TRUSS

- —

Sc
- 23
| (53-58) <Y (5a-50) wfp
. i b1 Ax S £
o

i i ! .
L—ﬂ"__,‘_& % P~ » /7 J

Th

(Y]

following method 1s soumetimes convenlint for finding

thne deflectlcne of 21l the panel points of & truss.

Let A,, 4., efc, be the c¢hances in the angles bvetween the
successive lower chord rerverse These changes are coaputed
by woans of the equation siovn, in which &£ , se , w1 ¢

are the unit stresces irn the uenbers due to the given sysien
of loadse Let Vv ,v2,e’c. e the vertical proJecticns of the

cnord merbers p,, -, etce The vertlcal deflectlons,consider-

ing uerter oo’ fixed are
vi St
I =
V\’r" d
S/ . P i 4
2 = ’I.<A’ *A’l) + E /

ViJs v
(;/3 Y (A, + D, +03) + = 4

e,‘C,

"nen the lower chord is horizontal and the panel lengths
equal, the equaticns beccwe very sliziee Relative ceflect-
long,which will suffice when rcactions ol indetermincte
structures are sought, can be found by dro;plrg the factor £,
and using unity as the panel lengthe In this case the cdeflect-

ions can ve tabuloted as follows:

57



GO

A g DA fect ion.

o, = Dy
By !
:/ py +D 0'/1." A/{I’l +O/’
) V/ Alf.AlfA; +d/7_
A3 A,fD 3 3 (?/C' J
R -
In case the truss has sub-diviced
Panels as in the figure,znd the
D) ) @

crords are stralght between tne main

ranel points,the deflecticns of the sub-panel points, due to a

load at the end of the truss, can be found as follows; omit

the sub-braecing, members 7 and -2, Jow the deflection at tun e

sub-panel point is —

oA +s

2

' Replace the sub=—memoers

erd fird the stresses cuused in the muln truss moubers by a

unit load at the sub-punel point. These st28ses occur irthe

lover part of the nmain diagornal and in the vottom chord 1 - 2

« ¥
Fing = - due to thecse two stresses, where p, 18 the

E

unlt otrese Cue to the load ot the cnd of the trusg, <« 18

the stress in the mwain truss member acting as a truss to transfer

the unit load at the sub-poirt to the main panel points and ¢

is the length of tie iemver, neasured in whatever units are relrg

useé for the provlciie

Correct the defiection

ot
At by 3OET
T






TRUE REACTIONS OF SWING ERIDGES.

Swing bridges are usuallj designed in accordance with the

stresces obtained by the use of the three moment theoPem.

The moment of inertla of the trusses 1s consldered constant

and the effect of deflections due to the stresses in the

web members is neglected.

After the bridge 1is designed,the stressflsy be found by means
of deflecticns and such corrections made in the sections of
the truss nmembers as seem necessarye. The greatest differences
in stresses will bve found near the centre piler of the bridge.
Three trusses will be analyzed, of three different shapes, in
order to get an idea of how the shape of the truss affects the
reactions. The first one has a horizontal top chord taroughout
It i8 174 feet long, for single track railroad, amd is design-
ed for Cooper's E-40 loadinge The second is 246 feet long and
hes a horizontal top chord, except in two centre panels where
the chords are inclined. It 1is designed for E-60 loading,and
is for single track railroads. The third is 436 feet long, and
has inclined top chords. It is designed for E-50 loading,and
is for single track railroad.

The results are shown on the three blue-prints following.

el
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Rirn Bearing Draw Bridge, 436 feet Long.
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DEFLECTION OF BEAMS OF VARIABLE MOMENT OF
INERTIA
0,

The deflecticn of any point of a beam from the tangent at
any cther point equals /A;’J‘_"{’f , the origin being taken
at the point whose deflection 1s required. If the tangent

is hoeizontal, then the vertical deflectlon of the point is
found. The [Mx#x  1s the static moment of the moment
diagram about the point whose deflection is sought, up to
the tangente. With moment diagrams consisting of triangles
and parsbolas, this integral can be easily evaluated by this
rethrods In the case of plage girders with constant depth o
web and varying rumber of cover plates, the moment of inertia,
I, is constant over defin‘te lengths of the girder, and the
exact value of the static moment divided by E I can be found.
Vhen the we¥ plate varies in depth and the muuter of cover
plates also varies, the moment of inertia of the girder does
not follow any regular law, and an approximate value of the

Ceflections nust be usedes The change in angle between the
M
=ra
Having found these angular changes for sections taken at short

tangents to the elastic line at any two sections is

distances apart along the veam,the deflectlons may be found
by suinming up the angldar changes as in the case of a trdsse
The method used will depend also upon whether the deflection
of every point of the beam is wanted, or whether the end defkeet-
ion only is wanted. These methdds are used on the following
two blue prints to find the true rcactions of a plate girder

druw span and to find the deflection of an englre turntavile.






In the coce of the draw—span, the direct solutlon ty means of

the ecueticn shicvin &t tkhe top of the rege secms to be siupler.
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INFLUENCE LINES FOR THREE HINGED ARCH.
RSP , W

The two blue prints following give a set of influence lines
for & three-hinged arch of 200 feet span and Yo feet rise.
They are made by combining the effects of the vertical aad
horizongtal couponents of the reactions. The curve of the
lower chord és § paraboldc which causes the following re—
lations between varilous parts of the Influence lines. The
maximum ordinates of the'vertical components influence line
and of the horizontal component influence line arc equal for
the upper chord members. The comrressicn and tension KENEKEXX
areas are equal for the upper chord and diagonal members. The
compression area of the verticals exceeds the tension area by
the amount of the load at the top of the vertical in question.
The stresses due to Cooper's Loadings may bte easily found by
means of the equivalent loads of Table XVI

Chord a Lyt Load.  (Trea Moment Stress
273 . 4y 3290 S7¢.6 /, 762 ¢o0 + coy oD
1273

akl ¥ 50 =t 2 psg 000 TELET
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Or the stress may be fégured directly from the inflvence lines
using the static moments of the wheel loads and the tangents

of the influence iines.

s 1jeyn 32,5 - 460,440

Whee! &) 2375025 % -;'1 - ¢oo ¥ 33';”
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[nfluerice Linres for 200 foot Three Hinged Grch.

Influence Lires for
Bending Moments.
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On Tadbles Vill, IX, X, and XI near the influence

lines are given the ratios of the areas vf the continous
bridge influence lines to the areas of the same influence
lines drawn for simple spans. To the right of the moments
and shears are given the ratios of the wheel load stresses
for the two cases. The ratios of the moment areas are seen
to be very nearly the same as the ratios of the actual wheel
load moments, and can be used to rind moments. The ratdos
are given on the following blueprint for paneleé and unpadled
continuous bridges &4 for a paneled partially continuous
bridge. As an example of their use the stresses due to the
positive moments in a 316! partially continuous swing dbridge
having 12 panels of 25! and & centre panel of 16! will bde
found from the stresses for a simple span. These stresses

are given on page 85 of Jonnson's structures.

/ il jxle
- /2 L 12T . f 28
R&tiOl / £s+'2 r r7(n~x) r =
/- ! zi_‘ 1 7 - 278 : .yq_,—
928 ¢ 5
LAY B A Fd3
] L lf
SRR Y ! - 207 ¢ "](1/
3 3/ " cre
! v 2 { —
/ )] - 28 ¢ 377
' Stresses scaled from iaflwence [ines.
f/’"f/e Span.
av
1270900 ¥ 8§75 = 237 ovo 137}00
7210600 37 1 78,400 51, i
32¢ 2
' 3 v oo ,
358 500 Sv3 2 327, A

343 500 ,Gf" . 235_‘”1’
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The ratios for shears do not give such good results tut may
be used to get approximate stresses or to check stresses

found by somedther method.
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- STRESSES IN RINGS AND HOOGKS -
——O——

Two blue prints following give the derivation of the
equations for bending moments and axial stresses in a ring
supporting two loads as shown, and the application of the
equation to some special cases. The solution is made accord-
ing to the ordinary theory of bending as applied to straight
pleces. The more exact theory of bending in curved pieces
gives bending moments very nearly the same as the approximate
method, bdut the distrivbution of the stress over the cross-
section 1is di?rerent.
The following Bach's equation for the stress at any point in

the cross-gsection of a curved bdar :
P M 4
so B (1 5E)

P 1is the axial force at the section, positive when causing
tension.

F 18 the area of the section.

M 1s the bending moment, positive when causing compression on
the inside edge of the bar.

Y 1is any ordinate from the gravity axis of the section, posi-
tive when measured outward.

2 18 -~ L /',_Z_"f-— and may be found by approximate
F r +7

integration using Simpson’s rule or bty actual integration






,'rcq/ar
in the case of regular Sections. For a ;-tmi-l&r section
Zw 2r*_,;_ 2L /mx where a8 is the radius of the

3
a* a

cross section and/ is the radius of curvature of the bar.
The development 0f the above equation for stress in a curved
bar can be found in Bulletin #§18 of the Univessity of Illinois
Engineering Experiment Station.

The third blue-print following gives the calculations
of the stresses on the dangerous section of a 10 ton wrought
iron crane hook designed by Townes formlae The solution
is, made both dy the above formula and by the ordinary method.

The maximum tension on the inside of the hook 1is found to excedd

that given by the ordinary method by 39 per cent. On page 508
of Unwins wifachine Design® it is stated that the stresses
as usually determined are 40 or 50 per cent, too small.
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ﬁggd/ﬁ! Moments in Rings.
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Morment at Fop= M, fz&,,-(l +cas@ + Fandsin8) — Hr

This is the max. positive moment for 8 < Go?

Max. neya//'ve moment occurs where fane -—567
M= M + Hr({+=o:at) —{C Sina
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Qixial stress at fop = -%‘Z
Moment af fop + B2 (3 —5-)
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Gxial Stress = -zf
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Caleulation of the Stresses in a 10 fon Wrou 7/7f lrort
Crare Hook, Je:/yne:/ by Towres fo rrnu/a.

h hy, rey r+y ,"1'1

00 .00 7375 .00 .po

&f 260 G950 098 9.95

fo 292 4.525 .22 9.25

g0 268 G100 47  7.97

1.00 2.55 S5.675 76 450

1.10 2.3% S250 .z/0 Y497

1.20 204 4325 249 3.47
130 L66 #4400 296 2.1
136 116 3975 34z .98

L10 47 3.550 3/0 .20

.00 .00 3.12z5 .00 00

Greas for whole cross section by
Simpson’s Rule.

An=823  An,: 1585 A%:/.'fas Apya=wao

Distance of c.ofy. from front edge = 4575 = /925"

|
| £ rdf oS
fasira ;T;" * gas w706 = [ = 047
y

Distance of neutral axis from gravity axis ::’—’5- anzg”
3 — /01000 Sihas
Bend,ng Stress af frontezm"sm 6 ,m_7’;) +29 00

Distribution - /01, 000 2.
i d«lm’-ﬂr‘.ﬂ. oo’ Vaf baskigmgmtom ( T A N 700
A Bk 047 x 7,375 :

Max fension = +2q400 + 3‘;;—,:‘- +3/, 800
Max.comp.= —/§700 + do = —/G 300
Ordinary theory for straight preces.
I, = #0.0- 8237775 < 9.5
Stress af froaf = 101000 -%’—" = + 20500 + z400 = + 22400
A back < 104000 » ‘;;:' : = 24700 + z¥oo = — 2Z,300
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