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THESTS



This thesis consists of a set of tables for the calcu-

lation of stresses in bridge trusses and girders due to Cooper's

wheel loads. The tables are from original computations with the

following exceptions: Table II was published in the Engineerin;z

News of June 31st, 1906, Tables V and VI were computed by if.

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 stresses.
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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

interpalation 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 425(x-x*)

where is the fractional part of the distance This correction

is a maximum when *: 25 its value is then .37/25

Table II shows the proper wheel to place over the common

support of two adjacent spans in order te find the maximm

concentration. Ifthe maximm moment at any point of a span is

desired, the table is 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 og any function which can be repre

sented by a triangular influence line.

Table III shows the position of the wheels for the absolute

maximum moments in girders, and gives the equations for the

moments up to a span of 70 feet,and the span limits over wnicm

each equation can be used.

WwW
woe
—t.; 4

:
Af

x

—— W The total load on the span.

f Xs 3 t Ww, The load to the left of a given wheel.
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“imMoment of the loads to the left of any

given load about that load.

“a” the distance from the centre of gravity of

all the loads to ay given load,« is measured from the centre

Of gravity and is negative when measured to the left.

The bending moment under any whee, = “ %,— “7% .
This expression is a maximm when *-~ since the mum of * ‘7%,

is constant, (+2. gabstituting fy for ~ ana ~,, t=MEA)

If the moment under the .” wheel is greater than that under

the (nvr) Wheel, then
2 +Anss)

W faa) — Mn » We —Tln+y

  

Reducing the im@equality by substituting for 7.+) »

ma + Wi (anei an) there is obtained,

Ww, >W (x + Se")
This is the criterion ty which to test for maximm noment.

The maximum does not mecessarily occur under a wheel Which is

adjacent to the centre of gravity:of all the loads.

the equation for moments may ve written, “7-60 + +Cs

in which —, 2.x C3 are constants for any give wheel in a

given set of wheels, ¢,- “, Cz = Wa”, C3: War rm

The equations are written for miccessive mmbers of wheels and

solved for the simitaneous values of -,

fne limiteobseined hy solution may be restricted by

the following conditions: mS last span upen which a given set

of wheels can be placed in correct position 1@ equal to twice

the distance from the mid-point of the distance < to the

farthestload used in the calculation of the distance <, aM

thegreatest span upon Whieh the wheels can be 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 critical

wheel from the centre of the span therefore changes for every

span length. Bquations are given for determining the length of

uniform load om the spang and thus the other quantities can be

founde

A= 2 for a critical position
M+W2w+~x™
ee — -—

W +~~x 4 f x

—-¢#{6*-G.w[M-W4-J
X=

x 3A

Mis the moment of the wheels on the spam about the head of the

train, W is the weight of the wheels,~- is the weight per foot

of the uniform load, c= 2W---(“~f)

The lengths e,ff and ~are ag shown in the figure.

The aqations for length ofaniform load given in fable III are

wriften for a Cooper’s loading having one pound on the driver.

These equations giveg correst results for all of Cooper's loat-

ings, since the spacing remains the same and the weights are

proportional for each class. Im no case does the absolute max

imum moment for spans above 70 feet exceed the centre moment

by one per cemt, and the excess is generally mch lesse Im

nearly ail cases the absolute maximin moment occurs under the

wheel which causes maximim centre monent.

Table IIIa gives equations for a Mallet emgine, the

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

Table IV gives the maximum moment, the end pang the

quarter point shear, and the center 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

drives of the first engine is placed at the end of the span, ex-

cept for spans 2% to 27 feet in length inclusive, where wheel 5

is placed at the od 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 ty the uniform load is uded. This arrangemert

governs for quarter point shears on spans 61 to 82 feet, and

for centre shears @& spans 91 to 12% feet. In figuring the end

shears, the pilot wheel is & feet off the span to the left.

fo avoid mitiplying:the weight om the pilot by the length of

the span plus & feet, in order tosubétract its moment about the

right end of the span, the following formule Was used;

Bod shear «22540 _ 2500 | /\f, 1s the moment of all
the wheels up to the right end of the span, and 7, is the

moment of the wheel off the span about the left end of the span,

equal to 100 in this case.
gnear for seer foot spm = 42,100—— IQS500 = 17500

TABLE V gives the shear in trusses. These are used for

finding wed stresses in trusses withhorizontal chords. The

were figured ty the usual method, for example the shear in the

second panel of a § panel truss, the panels 25 feet in length

is found with wheel 3 at the pancl point.

Meg = J3520

5% MIG) = 1437.5

I2OF2, FS tIAS? 76700

TABLE VWI gives the bending moment in trusses.

When the forward wheels of the loading are off the span, the



o
~

-

,- %

- “eo
to.

~ d

2 .

-

- : ¢

ote: ,

‘ %

as © . .

“> s

e : ‘
<

- .

-

”

4

= - “

* . > .

‘ ‘ we

=e + -

‘ a

. 4. ‘ ; °@

be - _ ¢

. 2 «oe
a ‘ t

*

y eo. . > .

' - - . -

eo - =
4

v. . «

q@-

‘na:
+ ae ~ . .. .



following method may be used: The moment will be 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.

ookel J Lu lL » 

GI+tYo: 109

I

hog * 2OY SS x Ks Abele
Abs . _

—! 3§8°55. O
G7I-GoI=7 A1o : 130.5 x We FS. Oo

397 ¥3, 0

Bo~Lg Ghleet,

An @Xplanation of this method is given 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 ~-Z< over
L

 

the centre support . ee ’ in f3./ << Ef"(ak,k,-2&,)

where ‘; is measured Fig. from the centre support.

See page “i

It is desired to measure « from the left support as

awn. substituting /-« for «*, gives fla-— f(k-*)

deflection
Remove the right mpport. Them the at

the right end of the overmanging beam is — “2(K-«7) .
GET

With a single load of unity at the right end of the beanthe deflee —

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

that is. 23
3EL

 

Then if three supports are furnished and the

toad élaced upgm the beam , the recction at the right end is:

 

_ PL”(K-k3) + 2° > — PURK*)
CEI 3FI of

nit Load,LL yy Unit head er,

Yor unit loa@ “3° va

le, Te Yes
Taking moments about ©, &,:/-K+R;





faking moments about “,, &. -<-2*3

TFT ey In the case of three spans ,partially contimious,

Rk, Rs v4 4g assumed that no shear can be carried through

the middle span +f; the moment in this span is therefore con-

stant. The end deflection when a load is placed upon tne left.

 

span and the support at f removed, is as before ~ £2 (k-k?)

The end deflection with a load placed at the end is greater than

that for the two span beam; owing to the effect of the bending

moment in the middke span 7/.». This moment equals-(,and the
4

deflection due to it - 7"2 - ee

 

3
. 7 £3 _ Kaw R, Ro&

Ry (for unrt load) -_ — = (k- k3) + (381 + #7 Y+on 2 {

 

have the Values shown om Table VII.

fables VIII,IX,X,and Xl give the bending moments and

shears in eight and tem panel swing bridges, for panel lengths

Of 20,25,an@Z 30 feet. The influence lines were computed ty meaus

Of the reactions given in Table VII. The trusses therefore are

asmmed to act like bemmm of constant moment of inertia. The

moment influence lines are plotted fo# values of "“% and “7p for

the eignt and tem panel bridges respectively. The tangent of th e

angle that each segment makes with the horizontal is given, or

numbers which are proportionazto these tangents. The loading

is set go that 2/P&-.< passes through sero. * is the load on

any Daneleyukes The following mechanical idea is interesting in

this connection.

TiiT | If each wheel of the series is free to rotate

BK and to slide on its vertical rod,while the

horizont@l distances between the wheels are maintained constant,

 

 

 

   

and if the series is placed upon an influence dine, then the posi-

tion of the wheels when they come to rest is a position for max-
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imam influence. It is evident that when an influence line is

convex towards the base line, as tose for positive moments,

critical positions for maximum moment will be obtained only

with a wheel at the largest ordinate; but when the influence

line is concave towards the base line,as those for negative

monents, then critical positions may occur With a wheel at any

ordinate. ‘The moments and shears were found by mitiplying

the panel concentrations by the cprresponding ordinates.

The positive moment Will be found at the second panel point of the

ten panel bridge, using 25 foot penels. Referring to Table II

ma 4 6s it is found that wheel 12 placed at the maximnn
#0.2¢-2000 O00 e

ts4a simple.

Top Lya4 ss

  

 

ordinate would cause.‘greatest moment in a singie

spen,the engines are headed toward the right.

This position will be tried.
 

  

|Mevement! oR&ekRa eeSe© 1
_P[sas 1OVS”§VS | 53.95" 18.98 T205°—4 82S to
tanXx SOY” fd. S25’ MAYBSD: 256° ft
Ptan 27.0 56.8 43.6228#233.% |260| et ; J  
 

The rate of change of the moment at the instant the train moves

toward the left is found by adding the positive and negative rates

for each pened

INCREASE TECREASE
/ 29,0 °
2. 56.8

3 22.6 ~

uf 26,9 ,
ny . _

7 a L, ca2
eg. G Tat DPecrea22 ‘

Similarly if the loading moves to the right the rate of change of

the moment is: |

INCREASE DECREASE
/ 29,0

2 4 3.@ 33.4
LG. oaly
LOS |

Ss 72. —§ 1, F —72.G =F, 2. Gleft Dectsaare .
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Wneel 12 is thus seen to give a maximm value of the bending

moment. It is possible that wheel 13 may also give a maxima

value, because more uniform l0ad comes on the bridge. This

may be determined by taking account of the wheels that pass

panel points and of the additional uniform load coming on the

bridge as the loading advancesfive feet.

 

Unk = as (.352 —25¢6) = 2.40
Wheel g 1G.2S(424-,352) = ht

Urriforrr look F'n 2.5% 504 * 6.702.5 %, g.67 —~9J4U4 = 167

This shows that the decrease Of 92 has been changed: to an inorese

ee of .67 during the five foot advance of the loading. That is,

a point of minimum moment exists between the two positions, but

wheel 13 has nearly reachedthe panel point, having o nly .53
(GT -

of a foot to gO. asxsoy °°: It 1s evident from this

that wheel 12 gives the larger moment.

 

The change of moment can be represented th us:

 

 

  

 

& ws
7aX.

oF" oY

Wheel 13 will be tested py 2 “~~

[dea
P| 90.0 53.7882.5 73.75, G25 8256Ses 7
fare| so" |sae|way |ase|ase
[Plant | 35.3 290|436389 | 265 370 | 229|ae

Mevement fo Left. Movement toight.

Increase. Decrease. Increase. Decrease.
/ 35.3 27.1
2 ¥Y 3.G 38.9

3 26.5 37,1
y 224 22.9

FS PHF -— 28.8
78.2. 78,7 C6 .O 88. F

78, 2 GC. O

7 Net Decrease. 22.§ Net Decrease,



 
 



With the loading headed towards the left, the smaller

wheels come over the largest ordinate, and while critical pos—

itions can be obtained, there is no doubt but that the resultir

bending moments would be less than those under wheels 12 and 33

with the loading.

neaded toward the right, these moments will be computed.

I, 1, 3. f, 5,

19 GPUS 2350 ,25G6 GOr.7
“yf 3725 1622.5 6o8 98 6. G@

GF S395 2326.75 1,032 LYO 3,3

GU 15373,.75 19767, 5 SOY &70.9
119 24130 7 YF &2.5 BendingMoment Gap

“ay 1150 2247,5 1256 S7S5.4
49 YSY7hS 1GY4YoO Gog G97. &

qa GSES 2363.75 1,037 143974

99 IGIGGUS =1693,95 504 GYFG
124 2606/,25 YF SSG Bending Moment 73)

Column 1 contains thedistance of the panel points from the

head of the loading;:column 2, the static moments of all the

wheels in front of the panille points, these are read from Table I;

column 3,the panel concentrations mitipiied by the panel lengt)

that is Mis, —2Mn + Mn-, Where./7, is the static moment at

the panel point; column % the values of % from Table X; and

cohwes 5 gives the products of the quantities in columns 3 and 4,

which are the bending moments.

It is possible to determine the difference in the moments

figured above without actually making both computations, it some

tines takes longer however, than to figure the moments. For ex-

ample, start with wheel 12 at the largest ordinate and figure

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



eae.



10.

Wheels 1,2, 3,a0d ¥ 97.5 « & « QS5G + 12,0
te S 235 xy ff « ” x GY

25 <Y xy 352 —- 35,4

6 7,and § YBIS «5 ¥ P58

q /C,25 *1 ¥ 5.72

1G,.25 4 K Y24F * 17, 5G

10,74, and (7 G2.5 ;yS ¥ ” > 84,58
yos. '€F Decrease.

Wheels 13, 14,15, and IG G2.5  vS 5 S9F 219.80

7, and IS 32,5 *«S& * ,S04Y Shi

LUnitterm Lead ~ ad’frerence in area

2.s[(1s x. son) $— Conse:J 78.75

398 Ys Increase,

Ltyos, 1 Decrease,

26.73 Net Decrease,

Difference from computed moments = 2¢7,

The maximm negative moments at all points in the left

span are caewnen the loading is upon the right span and in

the propém position to cause tie maximum uplift at the left sup-

porte

The exact Placing of tne loads upon these influence lines

is a matter of more theoretical than practical interest,since

with a little practice the loads can be placed by aye in positinns

which will give values close to the maximum, and moreover, these

influence lines do not give true bending moments because the truas-

es do not follow the three-moment theorem exactly.

fable XIZ gives the uplift and centre reactions for deck

piate girder draw spans. The derivations of the equation for

setting the load for uplifts is as follows:

or _K3 ,

x ann Ry = “Z fhis is the equation of the influeme
  

NT line.
latluence Line for Uplift, R3,
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aE

ARs | 1-3k~
ak this is the tangent at any point of

the influence line. For maximnm

influence make 2 we (1%“’) = oO Substituting for

K its value for each load, 4%,°-5 . X.: 7 efc, and
  

 

solving the equation for ZX, X= NEY- Svat ai See

Saw ep
oe

saw 3 =tu

or x+/E- — 6 ) where A qnd B qre constants.

The values of A and B for Cooper's loadings are given in

the table. For the centre reactions the loading is placed as fer

maximum reaction for two single spans. Both uplifts and reactions

were scaled from plotted influence lines, shown in table XIIlI.

Table XIV gives the bending moment at the support for beams

fixed at both ends.

Mo — PEK (I-k) = This equation is treated sin

ilarly to the one of Table XII, and the condition for maximun

moment optained.

Table XIV gives also the bending moment at the support for

veams fixed at one end. The oconditianal equation is similar to

that for uplif*. If a beam is fixed at one end and partially

fixed at the other,the moment at the fixed end can be interpolatdadda

between the two given values.

Tables XV and XV1 give the exact equivalent uniform loads

for Cooper's E50 loading,and the curves plotted from the same.

These curves are given in Johnson's "Modern Framed structures *

and their use in connection with influence lines is explained.
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Table XI. Reactions tor Deck Plate Girder Swing Bridges.
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THE CALCULATION OF WHEEL LOAD

STRESSES FRQL INFLUENCE LIWES.

meaeon

Let A2,DeCyde@, DE an influence line consisting of a momber

of straight segments. Let M, M. etc. be the static momert

of all the loads to the left of a,b,c, etce respectively.

The load is headed toward the left. fhe tangents of the

angles which the segments makeg with the horizontal are

7, Ta, 73, ete,

     
" Mn

a Mi Ma M3 My M, PwK ——— +

“Os Q O 2 2 |
a © 3 ~

i Fa

- (

ieS 7 2-2
\ Fig. f, “ Fg, 2,

In fig.2 the influence of the load is ly

fy = Px tana — Py, (lr. x + f~9)

> Af, tain — M, (ta.« + &-3)

Similarly the total influence in fig.l. is

Meg T, — My (1 + Ta) + M3 (Tr +72) — Ma (73 + To) + 1,74

The form of the influence line determines whether the

succeeding products are to be added or subtracted.

Wn Ms <--@ - 4- R - --
 

U-k) K

 
Fig, 3.

The bending moment at any point of a beam is

P7,k — Ma (K4I-K) + Mi (1- &) > M,k- MM, +M,(-4)



ve
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If no loads are off the span to the left, the bending

The pier concentration for two unequal spans is

  

\15 pl, Mr , AG-Me _ ALMe
fh (| * tnz.) +4 td 4,

Af; — 2 Ai,++ fl,
when “4: the concentration is é —

Fig.5. shows one arm of a single track swing bridge.

Let it be required to find the stresses due to E50 lomig

in the chord 3 and in the diagonal T2 wnen the arm is acting

as a simple span. Use the panel length as the unit for cal-

culating the tangents of the influence lines

Wheel 12 at the pa:.el point with the train headed towards

the left is the critical position for the bending moment.

Some of the wheels are off the bridge to the left.

Eso Miggeas? GLITZ per rar'l,

N19) S3SS

Myaeo a 3S4Y¥S.6

Stress in Chord 3 :
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ee2og-e"3

= |

r e
eSpu
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Nat|luerce Line for Bending Moment.

The maximim stress in the
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crea xd ~F995 1% 43SEC KS
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Inf|uence Line for Vertical

Component of Stress in Te.

diagonal T, occurs when wheel 3





 

stands at the panel point.
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TaaSsSuS IN ThUSlasS AVD FLOOR

TUE TO LOADS ON A CURVED TRACK.

centrifugal force stresses in the trusses and laterel system

cam be found cirectly from the vertical load stresses in the

truscese Stuwressec due to the eccentricity of tne load on a

curved trz.ck are usually found from the panei locds computed

from an equivelent uniform a0oad, using tr.c average eccentri=-

city in each panel.

32

A method ty waich these stresses can pe more easily found follows.

Inner Truss.
 

 

 

i

Oufer Truss,

 

 

  

Assume that the path of the centre

of gravity of the locds is a pera-

bolae This is perhaps as true as

tO assume tnat it is circulcer.

Fig.t. Figure 2 shows the portion of a

uniform load of +» poundsber

re: 8 lineal foot, which rests upon tre

- Fig. Guter truss,the curve 1s a poratoli

Fircure 4% snows a [Eurabola whose rid-

sroe, gle ordinate is aT » its
 

 

cquaticn referred to O as an origm
\ {

|
|

| | e - eet f-_

IT | is ; Ft aa x S

— = ard ar. influence area bounded by
' angen ofgle +

wg ® traignt linés.of indefinite length,
Fig.3,

upor the influence area over

the tenzsent of whose ironed angle

is 3S, The effect of the paravola

the @istance XK igs ,





 

4kb _ Ff,

\ t

L ! |
NU The moiuent factor for the outer

fam: |an: | an: t-

“ tan: IK truss igs fovnd from figure % which

I1'g. 4. snows the infiuence line for bending
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ree yt ava £7 T%y-k)?- Yk)
Moment from Parebolic load =(/-kK) 20% (CF HERD FATE f [Fe OC’ J

_

AL

Mowert from load

Vouwent fom uniform load in Figure 2. = ——;-44(/-*)

Zf (kK- k*) af° (8)

8 “2 Q. 7

Factor for Bending Moment - At 7 efs4 (/+k-k ).tLe]

Tris is tne factor by wricn to mitipiy tre norent dte to

locds on a straight track, to obtain the noment at eny point

in tne outer truss when the track is on a curve. The varictle

4port of the factor (/+4-*') 48 @ weximaa for A> 3
a

Wher. A is zero the factor becones | (%* +) , tris

is the factor for end snecr.

 

 

For K-37 | the moment factor => 2(F te

| - (GAO1) +poke

ot Snear factor - ee . he Ke -

f : — > 2 2”

- Oo4 2 4K -KT) FC
|
| a 2Gay4 c)
L tz J When kK>7, factor * 2 “3

_  . # J
Fig. 5, The factor for end sneer in trusses is

_ Ubake (A.)

that is for stralgnt track - 4 (K- kK) at CC)
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c mt pene shear factors figure to tne
}<__— — >

MN middle of the distance d,,

~—gh Fr¢g G

a, = ay) P
Ficsures 7 & 8 shows the valuerofr

3 (tk -k") and 2( 3 k-k")

+ 2

3 ° 3  

 
 

an ¢ Both curves are paerccolas.e
F,1¢. 7,

* oN
3 7 N

nel 3 Fie¢ For én outer stringer, the left

reacticn is

it Outer StringTw.

I
J
4

Mee—

wf gt +7%e,+Zen

Y (3 ) ,

|H and tne rignt reaction is

 

 
 

~ Fre.7, wP i 3 t€ + ze,t wes )

a [—-_ ~

XN a _——— > v

$3 Lead or +N he terms in parontheses are the
bo he Over fer Striv ger. Nu

y Co sheer factors to be used when the
t |

kKpy stresses are calculated from wheel

rere,
“ loadse

The centre moment in the outer stringer is

“L. BL42g tteyeap(© +2eaPvP(e,-%Pap C4ten)
7 Ye « FE axr EntvEG 76 tr

Panel loads on truss,

Outer Truss Toad at cs : TCEt 880 4“weeae

oud
 

  

 

 Leak at
     

We? ( Ct 26, “be. eo)
YN G6

  



Symbolsi- 9+>
-~
_

“, “
A
A
R

“3

ZS

wf ( 30 4€, + 4%e, + 63)
The outer Penel load + U7,

locz.d per lineal foot of treck
panel longtnh
Gistar.ce centre to centre of trusses
Gistance centre to centre of stringers
‘eccentricities of centre line of load,measurdd
positive outwards

The following illustrates the method of computing the correct=

jons in stresses due to whneek loads.
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SSC
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Middle crdinate jor @ curve ,Z00 " hord = 5.3
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4 [tCtk -k*) +cJ

2 ftZ (1 +h kt) a

FY¥O 5,3 = = >7YO x 3.72 +670 = [oe ** = feta 1% Pane/ Pt
792 me “4,20 fo ([O7°

§

ge 1090 a" Aveo

§23 do 4.3G du /1,0°6 ole 4,106 g7t ole

-§33 fo 4.4/ rte Wtf a At Center.

f76f0rs tor Web Stresses tet Outer russ

#40 ( FROM) +c]
2 (fk-k") y oershould be,

74t ¥ 5.9% 3.93 +670 = 1064 x 7 * 10603 12 fone,
EFU ao 4.5% do IL 22 ao 1,122 a7f ote

58 ao “,7/ do IGE Vo LACT gL as

PSE Ae “S54 ao InZY fo AY Yth do

740 te) G.IG ado Jo.6C ao 1,006 sth ay
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MAXIMUM TENSION IN VERTICALS OF
COUNTER
C2RERE BRACED TRUSSES WITH CURVED UPPER

CHORDS.

0en
 

In order to determine the proper position of the loading to

get the maximm temtiom in a vertical adjacent to a counter,

it is 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 feet, and at the centre 36 feet.

The dead load assumed ig 18000 lbs. mm the lower panel points

and 7000 lbs. 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 /2/2 is as follows:

the train, Cooper's E50 enters the bridge from the left. When te

pilot wheel is 33.82 feet from the left support, the dead load

compression in (,42 , —2/ $07 is reduced to zere:

yng * 2% 20S, 7PO X0095S2 +2I,P OO live load stess.

When the pilot is 39.77 feet from Z.the dead load tension in

t,43, vertical component = +2/7°° 18 reduced to zero:

 

3 O7F,000 x,0070§ = ~21900 live load vertical component.

The truss members acting are as shown, Ve

Lh
    

The stress in /.. at this instant may be found from influence

iines(2) or (3) in the former case a dead load compression of

- 2190° matbe added and in the latter case a dead load tensia

of +2/00 mst be added.

(2) 3, O75 000 K 00955 > + 29500~ 2) 9700+ +7700

(3) 3,975,000Kx,0097FZ:= + 5606 4 2700: #9700
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As the live load advances the counter “3:42 is called into

action “aaahtne pilot wheel is 74.0 feet from 4.the truss is

again in the condition shown in the figure above.

May * GSES P7417

M 1, 0 97,585,000 x 0070% — |/50000 aa, ~ ~ 2/900
ay -

The stress in (.d. may be found from (2 jor (3 )

(2) GS§S000 x0O9SS —1/50000K,O4Cf => + BF SAO — 2IPOO = +/E700

(3) 9 5§5000 %,0O0O/82L—//50000K00 2ZY2Z = -/tf4G00 Ft Z/OO = + 1@7 OO

The stress may be found from the bending moments at “24 or

l’zL3 in wnich case the upper panel load of 7000 lbs. mst

be taken into account. -Live load Bending Moment at /s- 579724
GSES x % ~

--—-Dead load * °7£ * 25000 ¥2S -- 9

Yo8T Sseens
J0OGC78.1

10678,/ x 2 = 4+23700— 7000 := +/16700
3Gx 2S , ; ’

This is the maximum tension that can occur in l,42,

As the load advances 4/;comes into action, the stress in “4/4.

quickly falls to zero and passes into compression and remains

in compression during the remainder of the passage of the tgain.

tf U.Ls could take compression and “3/4: were omitted the

maximum tension in JU./2 would occur with wheel 32 at Aa.

7120000 x 00955 —2§7 500x046) > +5Y P00 -2LIF00 > +35000

The curves of stress shown are made up of short straight lines,

a break occurs whenever a wheel passes a break in the influence

lines, or whenever a wheel comes on the span.

The cycle of stress for U;L; is as follows; the train enters

the bridge from the left, when the pilot is 17.2 feet from L.

the dead load compression in “4/3, -3970e0 is reduced to zero.
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$5900? K 00709 = +370° Jive load

When the Bead of the train is 35.5 feet from 4-, U3L4

passes out of action,

2,500,000 x cos = -/2500 Jive load shear in panel /;3/,.,

At this instan’ the stress in 3s may be found from in=

fluence lines (22 ) or (‘“%a)

(24) 2500000 «00709 = +/79700 -3900 = +3900

(a) 2,500,000 x,00208: 4+ 5200 +7600: +/3800

at 39e77 feet /. 243 goes out of action.

(3a) 3095,000 x 005 = _ 155004 30500 = 4/5000

(42) 3,095 000x 00208: +6400 + FG0O = 4/5000

The stgess in /44; now decreases to a minimum and then increases.

It is possible for this exetovonce in the stress curve to go

pelow the zero line. If this happens, /;/; nas the following

changes during a single passage of the load; com>ression,

tension, compression, tension and compression. Tlmws the nec=

essity: for careful detailing of the pin joints of such verti-

cals is snown.

At 74.0 feet /3l.goes out of action. The stress in 4343 is

(32) a5%s5000 x,005 — 1/50,000 x.0% » — 19004 30500 = +2600

(4a) 955000 x00209 = +19900 + F600 > +2600

The stgpess in “;43 now increases at a nearly uniform rate

until “,L3 yoes cout of action. This occurs when the head of

the train is 110.6 feet from Le .

21,026 500 ¥ 005-2513 500 %,04% + 197 500K 0% » 12500

The stress ism U3zLlz is;

(24) 2/026 500%.00709- 2.513 500x,04339 + I9q500 X OY005 = +7900 -3900 ~+YY000

(ta) 2/,O26,5 00 ~ 00209 —~2,513,500%00333 = + 3BSYOO+F 600+ +000) s
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This is the maximum tension which “3 43 can receive.

Y;3L3now takes compression as the load advances and remains

in compression during the remainder of the passage of the load.

If the disgonals are stiff members, /; L3 gets a mich larger

tension, 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 on the bridge when the vertical gets its maximimy stress,

By dividing the load a somewhat larger tension can be obtained,

but as this complicates the question of impact, it is not gener

ally donew for 4242 the calculation is as follows:

The static moment of panel loads 1 and 2 about 4. mst be a

maximille

Wheel 4 at 4. gives this condition.
6

Live Load Bending Moment af 2 > 7 BIT@— 600+* 5527.5

Dead —" . " " 3750
Tota | Moment at 3 2: GNIZB,90¢ Total G2 7). $

Wow enough load mist be added on the right end of the bridge to

 

make a oa so that no diagonals will be acting in panelg/-/;.

9793.95+4 — 727745

+

9M
3¢ " 33 _.

Mz 3199 TAIs requires an = sore teet of wnsforrmn load.

and the maxXimim tension is 17,400 .

Similarly with wheel 4 at 43 and 79 feet of uniform load, maximm

tension in Us4s ~ ¥7F700,

This is Merriman’s method, given in Part II of/pridge texts.

fhe rule for placing an undivided load is; have as mich load on

the bridge as possible,without calling into action the main

 





diagonzl adjacent to the vertical and between the vertical andh

the centre of the span.
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SIMPLE
DEFLECTION OF A -O23GEE- BEAM

Supporting a mumber of Loads.

 

 

=e onus (ane ~

ethft The deflection af any point of a beam loaded

etwe with any mumber Of loads is equal to the sun 
of the deflections due to each load.

The deflection at any point whose distance from the left support

ia 7? Queto a load? whese distance is “( when/is less than ‘“ ig

og ~ Gag[C2kkKe =ImT (A)

And wnen “(is greater than «,

Go EE[2k +ksym — akm* + kmP— KY (8)

These equations are derived as follows:

 

aee 1. Erte > (/-K) X for lett segment.

t | g, Er ct “(- kK)4c, wo, ¢, = Elx

ReI-® RK "

Where < is the slope of the elastio line at the left support.

3, Elag = (/-k)E+Gash C2 for viel g 2eye E22,

* EL Ta » U- Kk) x- (¥- K#) for right segment,
x* 2

§. ELSE: UWE -(Z-KO) + G3

Make x= 4 in 2 and 5 since these equations give

identical slopes at the load.

KrO™ _ pte C . Ela — KES
& Elx = —~ (Qa (oO) 4 3 <3 * z

s 5 KK Re + Cy
y) Ely UE ~ (> 2. ) +£LIX ® 2





Make x: k# in 3 and 7 since these equations give identical

| Kif3
deflections at the load, and cy= -3

 

To determine LI« make x<-* and y= Oo in 7, and

El: fo (akk?—2k)

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

when --€ is less than «1s;
a. 2 72

Eling s UKE + AE™ (3K 2 B)

 

Make x =m, 43 7 ak —-aktekiym +¢0-kymi
¢ GEL [ (

Changing the sins, in order that the deflections will appear

positive,and mitiplying by P gives equation A.

In the same way equation 8B is found from 7.

In equat bons A and B, m and kK age intercmanged.

This is proof of Maxwell's Reciprocal Theorem for beams.

The Theorem is, that if a beam supports two wuni@ loads, at any

two points ag a and bd , the deflection at a due to the load at

b equals the deflection at b due to the load at a, or 24- Peta.

a Equations A and B can be used to find the maximum
 

deflection of a beam like that shown in the figure,

as follows:

Select the gsction which prokably contains it, write the coeffi-

clients of m , m*, ard m? Which apply to that section,

and add the like coefficients. Let Cc, , €z, and C3

be tie sums of the coefficients of mm, :m% and ni

Aum of93) 26, 44.5,m4+3C ym?respectively. Then for a Maximum, —7) ¢t2egmtaegm =O

Solve form , and if m£ falls in the section assumed, the maximm
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deflection is at that point. Find the deflections due to each

load at pointm¢ from equations A and B and add them A full

unfform load may be combined with he concentrated loads, the

deflection is; +> WweWOE -Eee“J

W «aw tosal uniform load.

In this a cubic equation mst be solved.

Cc, t 2C2um -t- 3C3am*+ 4Cy tn3 =O

Cy:

The following table gives values of the bracketed parts of

equations A and B, Maximin deflections for combinations of con-

centrated loads can be found approximately by use of this table

Without solving any eqpations.

DEFLECTION OF A BEAM SUPPORTING
A NUMBER OF LOADS. GEOMETRICAL METHOD.

c f - ——— -———

CT To find the point of maximum deflection and

 

 

its amount.

 

M s/f

7t2+a Plot the moment diagram. Working from the

supports call the static moments of the portions of the moment

diagram up to amy point, about the left and right supports IM, aM.

Locate the panel at the right end of which “% >/Me and at the

left end of which Me),To make %=%e the condition for a

horizontal tangent, the moment of the part “x about the left

support mist be added to M, | and the moment of “x about &

the right support mst be subftracted from Me.

ax(d+B) AGIA(+ $a) 4M) = Mg [4 x(Fte-B)
OBEFreFV]

 

krae ‘ ,
atx + Ze 4x" > My — PN Atcr+t=
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Compute X,complete the static moment about elther supprt up to

the section and find the deflection.

Stifle Moment . PIKAK
Deflection - aOm = EL

GENERAL EQUATION FOR THE DEFLECTION OF

A BEAM SUPPORTING A NUMBER OF LOADS.

. a
Fos we -

. bos4tL F is the left reaction og all the loads.
fet. Re, is the resultant of R and P,.

K2 is the resultant of R,B, and Pz.
ty 1g the distance of the line of action of

 

F;
R, to the left of of R. 4 =—°S— Of, is the dishance ofthe, /ine

ZL. Ra, + Prana. [of action

K, to the left of R. 2 > PPro

Let@ be the inclination of the elastic line at the left support,

a negative quantity. EZ and I are Wung's modulus for the mater

ial and the moment of inertia of the bema respectively.
3

Ela: LL°(3k,~ kak) + BO(3k. -kyth) eh, =L(FE-£f2 _ 23Pa)

 

The summations cover the whole span. This equation was derived

on page ¥Y,

The series of constants was established by integrating for a

beam supporting two loads which gives the constamts ©, fo C3 & KM, 0X3,

gE " Ele, 7 Ky : ° 2.3

= Gy-
K > rola _

oe 2. G Pr. 3

ca. C2-fad K3 > K. + ae

Cn El —zs Kae 5 fe
First Section: EI. 2 ery - Rx* + Cy

ci te? +o,X + Ky

Second Section: FIZ% = Ry (x+ 4) Elst. R,(%+ 4x) +C2

Ely = R, (% t+) 4 Cant Ka

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



t
y
,



then as follows:

FI£4 = (R- = py(xt oles)
te

5 Pye 4 xv sha t+hlo — 2 a.

= (WR -a+2 fa

pI = (R-
247 Fa"

Eng:2(R- sP)=74 2sha +[Ela —sfx +2 6

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

This equation is 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 span, the

sumiation signs must be replaced by integral signs. The de»

flection at the quarter-point of a beam covered with uniform load

will Ve found, this will furnish a check on the correctness of

the general equation, since the equation for uniform load,

_ rm mi? +o)
“ ¢SFY(4 Zz Y

IF rer

J wz048 Ef '

the equation was arranged to give deflections positive downward.

£4[oeH
f3oe ~—~ Liew[xo

- at

arr 2 the lornt Por IneVTcenit.

gives, positive in this case, sinee

 

  
ae

Ks eo 4 Sh a
aty Z faaonly a a

gt fe _ elt © : “ a4
216 ft. un“x = 192 SfQ4 fi + x rAx- 7 OU

2 sf

te.ot at $274 pal"

Ely(=-# sey 132042 7 ~ R49 Yo ait

- vil” act” _ tk! +a = —_ 19 acl*

 

° 1540 + To14 4536 CNY 2048
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If there are no loads to the left of the section, the general

 

3

equation becomes: f /ys Ax +FJaxX ; thus for a
7 fe? 1K

1€

—

_ L£a 2 53 ;
beam with a single load at the centre: a % , Ely-- Le”

If equal loads are balanced about the centre of the beam, the
fat

general equation becomes; £/,, - 2s fa +[Fla —s fa-a yx+1s Se

for middle sections. frus for loads at the quarterpoints

 T } — | 7 the equation of the middle section is:

Pe x teePe Pe”Ely: 7 2 +f E LE] + Sy

Px —_— pen, + PEF

~ S £ BSF
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SECONDARY STRESSES IN THE RIVETED TRUSSES
of a RAILROAD BRIDGE.

o—-———itn“=e

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 bar

acted upon by moments at the ends is as follows:

  

—— ay CLa fr ny —— “yen,

~" ‘es 7 a | + Mo|-

«---€-....-

£1Li 01 (Me tm)? = Me uy
a. z /FL 72 = (Do th), —~/ShKue+e (2)

Elta = a — [/, xe tO 4+G 3Ig

=

(Mott)

~

Plo G w+, (3)

When X-o0 1 oY “OO, and wher x=, fH oO.

- (LPlo —Ph)-*€
OC ° O anal/ ’ c- Co

Fut X-=O ia (Z) ee To a (2 fo —/i,) Cs) >

L
Pad x4 in (A) SBT = Ze (2M Plo) &)





J5/

When a truss deflects,all members,in gen-ral,revolve througn

some angle,and every panel point rotates through some angle.

Calling the former angles Wand the letter $ and subdstituting

Go—-f for To and $,-f for 7,4 ,

 

 

original position,
M,= 2Ff (2%.+G6-3¢4) (<) “vere _

+ cy" ‘oe (t+) :9 !
4 ome FTI) !

yy, = 2EL (26 460-39) (7 Fina ( pesttiog

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 right

angle to the menber, and dividing the movement by the length @ f

the member. Qn pages s¥ and ss these dlagrams are:given, on

page 53 the data from which the diagrams were constructed is gives

On page sS@ are shown the values of the moments at the ends of all

the truss members expregsed in terms of # and ~/ , agd also the

final values found by substituting the values of ¢ solved from

the equations on page 57, These equaticns are formed by equating

the sum of the bending moments around each panel point to zero.

The influence lines for secondary stress and the ratio which the

secondary stress bears to the primary stress are given on page §/,

For exaxodle, the end bottom chord has a maximum primary stress of

+/&O for full load. The secondary bending moment at the end “o-

for this loacing is —/.s522, the negative sign indicates the

direction of the moment,in this case it causes tension on the to»

of the vottom chord. The urit stress on the extreme fibre ecuiis
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PorLEeoTia OF A TRUSS
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Th ©
) foilowinz method is sometimes convenicnt for finding

tne deflecticns of «all the panei points of a truss.

Let A,, A, ere, be the ehanses in the angles between the

successive lower cnord remvers. These changes are conputed

by weais of the equation snown, in which S , Se, «7 Ye

are the unit stresses in the members due to the given system

of loadse Let %,z,e7<, ve the vertical projections of the

cnord members p,, fs, etce The vertical deflections,consicer-

ing uiember oof fixed are

Y, JS,
7 ,4 —f— =

[fr 1 + Eay

Y. Ja

A, fx (4, tba) Fe +o,

V3 33 4 ole
A, = [3 ( 4, + Da + 53) + eC

ec

"when the lower chord is norizontal and the panel lengtns

equal, the equcticns become very sliupiee Reiative ceflect—

jong which will suffice wren reactions of indeterminate

structures are sought, can be found by droping the factor E,

and using unity as the panel lengthe In this case the ceflect—

jons can be tabulcted as follows:



A a.) Detfeetlon
b Ar 4 7 Ay of

bs by, + De Ay By tbr tre
L

B Db, +b2tb3 7 A, +3, tbs +h

3 e ke

In case the truss has sub—diviced

 Panels as in the figure,end the
  DM : @

crords are straight between tne main

panel 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—bracing, members 7 and 7, Now the deflection at th e

ty+t
“L

gub-panel point is Replace the sub=members

cra Tird tne stresses caused in the main truss members by a

unit load at the sub-panel point. These st2eses occur irthe

Lover part of the rain diagonal and in the bottom cnord 1 - 2

Fing 2 pet due to these two stresses, where p tis the

unit stress cue to tne load at tie end of the t:use, «+ is

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

the unit load at the sub—point to the main panel points and aa

ds the length of tie inember, measure€é in whatever units are being

usec for the probleme

 

ofAthy LA.
Correct the deflection ait by 2 E
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TRUE REACTIONS OF SWING BRIDGES.

Sting bridges are usually designed in accordance with the

stresses obtained by the use of the three moment theopen.

The moment of inertia of the trussesis considered constant

and the effect of deflections due to the stresses in the

Web members is neglected.

After the bridge is designed,the stress,may be found by means

of deflections and such corrections made in the sections of

the truss members as seem necessary. The greatest differences

in stresses will be found near the centre pier 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 throughout

It is 174 feet long, for single track railroad, amd is design-

ead for Cooper's E-40 loading. The second is 246 feet long and

hes a horizontal top chord, except in two centre panels where

the chords are inclined. It is designed for E-60 loading, and

4s for single track railroad. The third is 436 feet long, arm

has inclined top chords. It is designed for B-50 loading,and

is for single track railroad.

The results are shown on the three blue-prints following.
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DEFLECTION OF PEAMS OF VARIABLE MOMENT OF

INERTIA

0
 

 

The deflection of any point of a beam from the tangent at

any other point equals [ls the origin being taken

at the point whose deflection is required. If the tangent

is hopizontal, then the vertical deflection of the point is

found. The [ines is the static moment of the moment

diagram about the point whose deflection is sought, up to

the tangent. With moment diagrams consisting of triangles

and parabolas, this integral can be easily evaluated by this

methode In the case of plage girders with constant depth @&

web and varying mumber of cover plates, the moment of inertia,

I, is constant over definite lengths of the girder, and the

exact value of the static moment divided by E I can be found.

When the we¥ Plate varies in depth and the miter of cover

plates also varies, the moment of inertia of the girder does

not follow any regular law, and an approximate vaiue of the

ceriections must be used. The change in angle between the

MAx

EPs

Having found these angular changes for sections taken at shout

 

tangents to the elastic line at any two sections is ¢

distances apart along the beam,the deflections may be found

by Suismning up the ang@MBar changes as in the case of a trtsse

The method used will depend also upon whether the deflection

of every point of the veam is wanted, or whether the end defeet-

ion only is wanted. These methd@s are used on the following

two blue prints to find the true reactions of a plate girder

draw span and to find the deflection of an engine turntable.





In the case of the dréaw-span, the clrect solution by means of

tne ecuction shown at the top of the rege gecms to be simpler.
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INFLUENCE LINES FOR THREE HINGED ARCH.

pcmcia pecicicneapaiee

The two blue prints following give a set of influence lines

for © three—ninged arch of 200 feet span and 4o feet rise.

They are made by combining the effects of the vertical afd

horizontal components of the reactions. The curve of the

lower chord #s 4 parabolac: which causes the following re-

lations between various parts of the influence lines. The

maxinum ordinates of the:vertical componentg infiuence line

and of the horizontal component influence line are equal for

the upper chord members. The comcression and tension Mmmkexx

areas are equal for the upper chord and diagonal members. The

coupression 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 be easily found by

means of the equivalent loads of Table XVI

 

Chord & Egat Load. rea Moment Stress

273 3 24 a27e I76.G / 762600 4+ CoYaD
127.3

Bei ge BY 50 of 2 O28 ee aOe

72-7

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.
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Influence Lines for ZOO Foot Three Hinged GlaclaP
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Influence Lines for ZOO Foot Three Hinged Flat
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72.

On Tables Vill, IX, X, and XI near the influence

lines are given the ratios of the areas of the continous

vpridge 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 find moments. The ratdos

are given on the following blueprint for paneled and unpariled

continuous bridges &m@ for a paneled partially continuous

vridgee As an example of their use the stresses due to the

positive moments in a 316' partially continuous swing bridge

having 12 panels of 25 and a centre panel of 16' will be

found from the stresses for a simple span. These stresses

are given on page 85 of Johnson's structures.
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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 someéther method.
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- STRESSES IN RINGS AND HOOKS -

=

Two blue prints following give the derivation of the

equations for bending moments and axial stresses ina 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

pieces. fhe more exact theory of bending in curved pieces

gives bending moments very nearly the same as the approximate

metnod, but the distrivbdution of the stress over the cross=

section is different.

The following,Bach's equation for the stress at any point in

the cross-section of a curved bar :

P St _4
S$ E t Fr (7 , sey)

P is the axial force at the section, positive when causing

tension.

¥ is the area of the section.

M is the bending moment, positive when causing compression on

the inside edge of the bar.

Y is any ordinate from the gravity axis of the section, posi-

tive when measured outward.

Z is ~ = tr and may: be found by approximate
rey

integration using Simpson’s rule or by actual integration





circular

in the case of regular Sections. For a simiter section

Ze or*_7_ Sr irea* where a is the radius of the
at

cross section and/ris the radius of curvature of the bar.

The development of the above equation for stress in a curved

bar can be found in Bulletin #§1é of the UWivessity 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: forma. Thesolution

is,.made both by the above forma and by the ordinary method.

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

that given by the ordinary method by 39 per cente Q page 508

of Unwins Machine Design" it is stated that the stresses

as usually determined are 40 or 50 per cent, too small.
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Bending Stress at front ieeeres ( orererr®iha

eeeltte) -/o

of BeadingStress, ei at back = ae oa ssidott = -/%,70°
tieEeLed 5

Max, tension = +29 400 + es Teal

Max.comp.= -—/%700+ de = —/G6300

Ordinary theory tor straight pieces.

iNee reTee) }

Stress af front = 01,000 »J25 = + 20500 + z¥00 = + 22,900 rE es At1) peese 7 —2¥700 + Z¥00 = — 22,300   
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