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SYNOPSIS 

This thesis presents a study of load distribution of 

concentrated loads to the various longitudinal girders of inter-

connected girder bridge. The method of analysis of Hendry-Jaeger, 

which has been adopted here as the'basis of theoretical computat-

ions, has been discussed in detail. Based on this method, influence 

lines for fraction of unit load, carried by various longitudinal 

girders of the bridge, have been draw_ for the range of bridge 

parameters usually occuripg in Actice. Using these influence 

lines, approximate formulae have been derived for calculating the 

distribution of moments in various 'girders for two lane I.R.C. 

class J1 and class B loadings. These formulae could be adopted 

for ready computation of design moments in girders of such bridges.' 

To verify the applicability of Hendry4aeger method 

and also to investigate if the lateral load distribution at work-

ing loads will hold at ultimate loads also a one-fifth scale rein-

forced concrete model of a 60 ft. span two-lane bridge was tested 

to destruction. On the basis of the test it may be concluded that 

the experimental results are in close conformity with the theore-

tical ones. Alsol 'the distribution of moment to various girders 

was found tp be almost constant at all loads. 
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INTRODUCTION 

1, Introduction  

The wide use of interconnected bridges together with 

an increasing awareness of their inherent complexity and the intr.. 
oduction of heavier loads has emphasised the need for a better 
understanding of the way in which they function. Of particular 

interest is the determination of fraction of free bending moment 
carried by the various longitudinals due to a train of wheel loads. 

During recent years, several methods.have been advanced 
but the basic assumptions, on which these various methods are based, • 
are not identical and consequently tbio results differ and one does 

notxknow which method givasmore appropriate results. 

Designs based without cqnsidering distribution of load 

due to inter-connection or as provided in the 	Bridge •Code(1)  
are likely to give values of free bending moment carried by different 
longitudinals considerably different from the actual ones which has 
necessiated the study of the subject. 

2. Waltak_saajamt 

The objectives of this thesis are: 

(i) To obtain influence lines for moments in longitud. 
inul beams when a unit loadtis placed at various positions on a tran-
sverse section of the bridge for the usual range of bridge parameters. 

(ii) To determine design moments in the longitudinal 
,-* - 

beams due to two lanes of I.R.C. class A loading. 

* Numbers in the parentheses refertothe list of referencesat the end. 
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(iii) To suggest simplified design formulae for obtain-

ing these design moments. 

(iv) To verify experimentally, the theoretical distrib-- 

ution of bending moments in an inter-connected bridge. 

The study has been restricted to simple span right brid. 

ges consisting of three and four longitudinals, spaced equidistantly 

and having both flexural and torsional stiffnesses. 



3. lidgiga._ 

The letter symbols are defined in the text Where they 

first appear and principal letter symbols are listed here for 

convenient reference. 

AL 	Amplitude of the first harmonic component of freedef- 
lection of the inner beam carrying full load. 

a 	Distance from the support to the point of action of 
concentrated load. 

aiA2, a3 Amplitudes of harmonics of beam deflection curves. 

C 	Shearing modulus of elasticity of concrete. 

11,E7  • Young's modulus of elasticity of concrete. 

Transverse spacing of longitudinal beams. 

It 	
lo
Flexur
ngitudinal

al moment
beams  

of intyteof the cross-section of the 
. 

• 

IT 	Total flexural moment of inertia of transverse medium 

Torsional stiffness factor.. 

L 	Span length of the bridge o longitudinal beam. 

Free bending moment on the bridge or longitudinal beam, 
at a section Ix' from the support. 

m 	Total number of longitudinal beams. 

n An integer, ised for designating the number of fourier term. 

Fraction of continuous beam reaction for the longitudinal 
beam under consideration due to four equal loads along 
the cross section. 

Wi 	Concentrated load. 

x 	Distance of the section from the support where bending 
• moment is required. 

Dimensionless parameter of the bridge = 12  &,-.)3  44  
5i74 	El 

Dimensionless parameter of the bridge z X 2  ) CT 

2 L 

Dimensionless parameter of the bridge , L 

Poisson

• 

's ratio for concrete 

about longitudinal axis. 



II. METHOD OF ANALYSIS 

4,  131ILLM121421121.1taalalaiLIELLEIML 

The theories, which exist for the analysis of the el.. 

astic behaviour of a system of interconnected girders, with a deck" 

ing slab on the top, can be put broadly in four groups. 

The first group includes the theories which treat the 

structure in its actual form, relating the behaviour of each member 

to the whole structure through a set of redundancy equations., The 

equations appear as linear simultaneous equations and will be large 

in numberfoi a. structure of any dUgree of complexity. Lezarides(2) 

suggests method of relaxation for solving.these equations. Ewell, 

Okubo and Abrams (3) use the grid system as such in their method. 

Using an auxiliary forOe system of control for vertical deflections 

at Joints, a moment and torque distribution process is evolved for 

transmission of the deflection effects. 

In second group of theories, we may include those methods 

which reduce the actual system of discrete interconnected girders 

to an elastically equivalent system, uniformly distributed in both 

directions. Guyon(4) in his method transforms the system to an equi- 

valent anisotropic plate. Distribution coefficients are developed 

aethe ratio of tip) actual bending moment of a longitudinal section 

of the bridge under some loading to the bending moment of the bridge 

with the loading system distributed uniformly across the bridge 

width. The torsional stiffness of the members is assumed zero. 

* Number in parentheses refers to the list of references at the 
ent4 
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Massonet(5)  has extended this method further by including the 

effect of torsional rigidity. 	 • 

The third group of theories replace the actual trans. 

verse connection between the main girders by a simpler system of 

equivalent stiffness. The structural behaviour is then described 

by a set of simultaneous differential equations in terms of the 

deflections of the longitudinal beams. Pippard and de liael0(6) ass-

umed uniformly distributed transverse stiffness as the simplifica-

tion. In this method, it is further assumed that there is no rotat-

ion of the longitudinals. The solution is in the form of simultan-

eous fourth order linear differential equations. There are as many 

such equations as there are longitudlnals. The arithmetical work 

involved is excessive in any prattical problem. Leothardt(7)  repl-

aces all the cross girders by one central cross girder of equivalent 

stiffness as the simplification. The effect of torsional stiffness 

is neglected in his method. 

In the fourth group we have those methods in which the 

solution is obtained in series form. Usually the sine series is used 

to represent loading and deflection of the structure. The applied 

loading is resolved into sine components,each of which can be hand-

led separately in a simple manner. The effect of the total load is 

found by superposition of the effect of the component loading. Based 

on this Hetenyi(8)  has developed a method assuming no rotation of 

individual members at the intersections. Newmark(9)  takes into acct. 

ount the torsional rigidity and applies,  the method of moment distr- 
. 

ibution to solve for individual sine components. In Hendry-Jaeger(2" 

method the simultaneous differential equations are solved by Limon-

is analysis and the amplitudes of the harmonics of bending moment 

curve are found for various girders. 
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The computations in the thesis are based upon Hendry-

Jaeger method for the following reasons. 

1) In a theoretical study made by Gupta(11) it was found 

that the results obtained by this method are in close agreement with 

those arrived at by moment and torque distribution method which is 

by far the most accurate method. 

2) The validity of this method is verified experimentally 

by a. one-fifth scale model of a 60 ft. bridge tested upto failure. 

3) The derivation is comparatively simple and the results 

can be obtained in close algebraic form so that these may be empl-

oyed directly by the designer without ,following the details of 

derivation. 
• 

4) The method has a wide field of application and has been 
• 

applied to single-span bridges and continuous bridges, portal frames, 

Skew spans, slab and a variety of other structures. Therefore, 

for an extension of the present work to include other structures, 

the same method of analysis could be used. 

6. HendrY.44eger Method  

Besides the usual assumptions of simple theory of bend. 
ing the following two assumptions are made. 

(i) The transverse medium is replaced by a continuous 
• 

medium of the same total transverse moment of inertia. 

(ii) The torsional stiffness of the longitudinal beams is 
considered but that of the transverse medium is neglected. 

The first assumption is in accordance with actual fact. 
in a beam an'd slab bridge. Torsion of the transverse members can be 



7 
taken into account in this method 	but its effect is usually 

very small. It is neglected to avoid involved computational work 

without appreciable loss of accuracy. Whatever error occurs on 

this account, tends to increase the moment in the loaded beam and 

thus, is an error on the safe side. 

It can be proved(]2) that in a system of inter-connec-

ted beams if one of the longitudinals is loaded in such a way that 
the load intensity at any point is proportional to the deflection 

at that point, all the longitudinals in the system will assume the 

same deflected form. in the case of simply-supported longitudinal& 
of single span the load profile that satisfies this condition is a 

sine or cosine curve. 

Suppose that a concedtrated load 'W' is applied at 

a distance # 1  from the support along tke length of one beam of 

the interconnected system giving rise to bending moment diagram 

for the span as shown in Fig. 2. This is termed the free bending 
moment diagram and the problem is to determine what proportions of 

this free bending moment at any section is carried by various beams 
of the system. To do this, the free bending moment diagram is ana-
lysed into a number of sine curves whichohen superimposed, will 
give the shape of the free bending moment curve. 

Moment Ilitt at any distance 'x' from the support is 

given by 

M - . 

	

.... 	a wt  

• rts 

	

 w. = 	— x W  w  a 

x 4 a 

 

Let M 
	n x 

n=1,2:. 4* 



x Then 	= a 	n 
M sin 	x 1sin n  it a 

n2 
	L 

1 sin  2 W a 
Sin L 	

x 4. ? 

2 w k 	 n a 	n 	..1  nSin 	+ •••• + 	Si 	sin 	+ • 
114 

This process of splitting  a function into sine comp- 
onents is called harmonic analysis and the various sine components 

are the harmonics of the curve and designated by first, second... 
nal harmonic that is I 

First harmonic component 	w a Sin it  
ir2 	-17—w  

Second harmonic component L sin  2 4w a sin  2 W 
-42. 22 

General, nal harmonic 
component n

sin n--- n  n vex 

In general, an infinite number of harmonics will be req-

uired to build up 'a given curve, but for practical purposes only 

the first few are sufficient to get a reasonable degree of accuracy. 
In Fig. 2. are shown the first three harmonics of the free bending  
moment diagram and their summation is drawn on the free bending  mom-
ents diagram to show the closeness of result by considering  only 
three harmonics and neglecting the reamining harmonics. If there 
are concentrated loads W, Wt, W' at distances a, at, and a" from 

the support on the beam, the harmonics of the free bending moment 
are found by superposition, that is, the first harmonic will be 

vs, 	 w' 	wu sip," Ao." ) 
A ‘' 	 L 

• • 	tr 

• 
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and so on for other harmonics. 

Now NI 	= .M 
dx2 

Substituting for M from 14.1 and twice integrating, 

I =%3 	Ire Sin lirj2,C 4.  1 sin  2 V a 
Sin 

2 ir x 

2 

where, 

sinnra 
444'" nirx L ) ----- -- 2 

. Flexural stiffness of the longitudinal beam. 

y 	• Free deflection of the longitudinal beam. 

• 
• 

Thus, we see that the 'Shape of harmonic components of 

deflection and bending moment are same and defined by the tern 

spn  "`T and the coefficients giving the maximum amplitudes of 

each of the harmonic component only differ in the two cases. 

Hence, each harmonic component of the free bending moment 

diagram can be distributed amongst the longitudinals using the 

distribution coefficients of deflections derived below. The bend. 

ing moment diagram for any beam is found by adding together the 

fractions of the harmonics so distributed to the beam concerned. 

The method of analysis given below is for a general 

case of three longitudinal beam bridge having a load on the cent. 

ral beam, Let all the three beams be of equal flexural and trans. 

verse stiffness. BI and CJ respectively. 



flexural stiffness of the transverse system per unit 
length of the bridge. 

spacing of the longitudinals 

first harmonic deflections of longitudinal first and 
second sespectively, positive downward. 

first harmonic rotation of the first longitudinal 8
1 	positive clockwise. 	( 02.0 by symmetry) 

Moment per unit length in the transverse medium at 

ET 4T 

L 

71 Y2 

3 

Figure shows a cross section of the bridge at lc dis. 

tance 'x' from the left hand support. The usual slope deflection 

equations give-, 

M12 .+ 

	 6 BT IT 

L h2 

• 

[ y2 ei 55. ) 
• 

0 	3 1 

10 

V12 = 

where, 

12 ET IT 

L 
~yl ) .»  4 

the outer edge of the intercept between longitudinals 
I and II due to firit harmonic loading. 

shear force per unit length in transverse medium at 
V12 	the outer edge of the intercept between longitudinal 

I and II due to end moments. 

• 
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Let the first harmonic deflection of the inner and outer 

beams be 

y2  = a2 Sin  ir 
	

5 

yi 	= al sin. !tic 	 6 

where sail and lag # are the mid-span deflections due to the first 

harmonic of the loading. The deflection of the bridge is symmetrical 

about mid-span and by symmetry the torque in the outer beam is zero 

at mid-span because lit= 0 at mid-span. Then torsional equil. 

ibrium for first beam gives; 

d 	a 0 

Let the first harmonic of the angle of rotation of the 

first beam be given by, 
• 

V x 
h81 	+ Sin 

1 	*1 thin 8 

where C cvn d are constants to be found. 

From eqs. 3,5,617 and 8$  we get, 

a2 	) Sin "frrx  
L h o_

LP- 
JN 32 dI 	6 ET IT 

From which on simplification we get$  

C at 	) = 	
01 + 

X 
4. At  sin  -1-• )jdxj.:0 

9 

The torque MI' in the outer beam at this section is given by, ._x 
Jm 32 dx  
L/L 

Integrating both the sides between the limits 0 and i4 

Ti  dx 	
a Jt 

 1412 ti;d 	to 
0 jz 
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But 	T  = C J 	C J 	
L 

A 63, 	Cos rx• 

• 

-mill (From Eq.8) 
dx 

where CZ is the torsional rigidity of the longitudinal girder. 

Integrating both the sides of Eq. 11 between the limits 

0 and 

L .  

	

Lit 	 L12  
'Tr 	 A I iT dx 	CJ A l 	j COL 	dx _c  J. 

	

0 	 0 

where?, 

Substituting in Eq. 10 from Eqs. 3, 5, 6, 8 and 12 
L./L 112.-x 

AI ri 2 
4=  2 J 	" aDsin 	r 	+A, Sin  idx dx Lh 	i ll, 

From which on simplification, we get, 

1r2  ( a2 al ) 	Cr+ e ( 1 +13/2 )At 
2 C 
2 L 

13 

14 

. 

Solving Eqs. 9 and 13, we get, 

3( 1 	) ( a2  - al ) 

LB ( 1 	+ P.] 

and C1'  3  " at " al )  
( 4:74)+ 133 

Load per unit length on the outer girder is 

d4y1 
.EI  dx4 	• 
Substituting in Eq. 17 from Eqs. 4, 5 and 6, we get 

V12  

15 

16 

17 

ir 
Sin "1". 4( - ) Sin le 0 

• 

where 
	= 4 + )3  V.I. 

	 19 
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(a) When the longitudinals are of zero torsional stiffness,that is, 
• 

C J= 0 or 	= o. 

h Al = ( a2 	al) Sin le 	From Eqs, 14, 15 and 16 

substituting in Eq; 18, and simplifying we obtain 

a1 = 0(4 ( a2  _ al ) 

(b) When the longitudinals are 'of infinite torsional stiffness and 

prevented from rotation, that is, CJ = OD or p = CO, hOi s 0 

Substituting in Eq, 18 and simplifying we obtain, 

al  = 0( ( a2 a1 ) 

(o) When the longitudinals are of infinite stiffness and rotate as 

rigid body, that is, CJ = op or ; p = 0 
• 

• 

01  = 	( a2  « al  ) 	From Ego. 8, 14, 15 and 16. 

Expanding the right hand side in sine series, we obtain 

h 81  = 	( a2 	a1 	 g4,„, pzx 4, 1 	5Tx 
w2 	1 ) ‘" 	 .5 	1.--• +..) 

. 12  ( ab . a
1 
 ) Sin 14 	(Approximately) 

• Vbs   

Substituting in Eq. 18 and simplifying, we obtain, 

6 a1 = 	( 1  • Tr•-•"2) ( a2 	a/  ) 

Let the amplitude of first harmonic free deflection be Ut, 
Then Ak = al 	a2 	a3 • 

bit 	= ag 	(by symmetry). 

• • A =2a1+a2 
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Substituting Eq. 20 in the results of above three 

casesi the first harmonic amplitude of deflection of then various 

• girders is reduced in the form 

al = P12 A 3 a2 = P22 A 3 a3 = P32 A  ; 

where P12  , P 	9 P32  are constants and termed as distribution 

coefficients for the girders 1, 2 and 3 respectively for load on 

girder 2. The value of thse are given below for the first harmonic 

of the free deflection curve 

X32 22 

(a) Zero torsional stiffness. 4 	-1. 0  
4 	+ 301/4 4 + 30( 

• 
• 

(b) infinite torsional stiff- 
nesst  no .rotation. 	• 

• 1 + 
1 	+ 1 + 30c.  

6 
1 +0( (1 " cA 2) 

(e) Infinite torsional stiff.. tt r.2 
nessrigid body rotation. 

1 + acau 	6 )  1 + 3 04(i ) 
It ir4 

If the outer and inner longitudinals are of different 

moment of inertial  

Let 	11 -  
""r" 

Where I moment of inertia of outer longitudinal 

21 

I moment of inertia of inner longitudinal 

Eqs. 171  18, and 20 reduce to Eqs. 17a, 18a= and 20a. given below. 
el 7  

AEI 	1 = V 
dx 	12 17a 
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al Sin h  t( Er2 	ir  ) Sin L 	
1 

h  el 	18a 

A = 2 1 	+ a2 
	 26a 

Using these with Eels. 804,16 and 16, we get the following values; 

of distribution coefficients for the first harmonic of free defles 

ection, for the three cases considered eve-Jabtrained- 

(a) Zero torsional stiffness, 
p12 = p32 	22 

vc 	 41+ of 
47)+0((1 + 	4..-77470( 3"-T- -}=1) 

(b) Infinite torsional stiff- 	 Y1 +  
ness,no rotation, 	 + sg( 1 21) 

• 

. 	0( (1 - --6 2--) 	 \ +o( (1.. 13E ) 
R • 	  

(c) Infinite torsional stiff- 	 . 	---=- 
. . ness,rigid body rotation. 1 4'41+29(1. S) 'I +c((1+21)(1- ..xt5  ) w 	 W6 

The nth harmonic component of the free deflection curve 

• 

where 

sin  n x 

en = 2 L3  
ir4  EI 

Si:424 
	n- IT X 

n 	 MINNINIMINIGOOOR 

Exactly the same analysis can be carried out for any 

nth harmonic component end it is easily seen that the distribution 

coefficient for the nth harmonic will be obtained by substituting 

1 in place of d in the formulae for the first harmonic coeff-

icients for case (a), case (b), and case (c). However, for case (c) 

rotation of the longitudinals is accounted almost entirely by the 

D4 	h A iwiwo-A e bending moment component. A second harmonic would 
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impose a system of torques on the longitudinals antisymmetridal 

about the mid-span producing no rotation at all, the third harm- 

• onic would result in very small unbalanced torques, hence, small 

rotations. Therefore, in such cases the distribution coefficients 

for second and higher harmonics may be computed assuming no rot. 

ation, that is, coefficient of case (b) may be used for higher 

harmonics.of case (c): 

In cases where outer and inner longitudinals are of dirt.. 

erent flexural stiffnesses, the bending moment distribution coeffi-

cients are obtained by multiplying the deflection coefficients for 

the outers by l7i 

It is possible to inVerpolate distribution coefficients 

for intermediate values df 13 given the coefficients for 0 = 0 

and P = co by interpolation formula 

where, 

= pc)  - Po ) /777 

1  3 ÷ DIV 

P = Required distribution coefficient for 73' 

po  = Distribution coefficient for P = go 

p
o 

= Distribution coefficient for 13 = 0 

If there are loads on more than one longitudinals, the 

files bending moment relative to each are distributed separately and 

the total effect is found by superposition. Loads applied on the 
• 

deck in between the longitudinals are dealt by replacing them with 

equivalent loads acting on the beams. The equivalent system is obt-

ained by treating the transverse medium as continuous over unyield. 

ing supports, provided *by longitudinals, the reactions so obtained 
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are considered as applied loads on the longitudinals and distrib-

ided as above. 

6, Dete 	tica of 

The free bending moment at a distance! 'x' for a beam 

due to a unit concentrated load applied at a distance 'a' from the 

support is given by 

1,4 = 	Si„ 	s4 	x 
+ 	

2 L  Tr 84  
L 	--L 	—22  Sin 	Sin w  + L " 

4. 1
2  s

in  LE-A si11 	gL aim. 	•,,,, 

The nth harmonic term Tn is given by 

2L s 112-A -;7-1wg in , Sin 41  

As explained in section b, each harmonic term 7; is 
Considered as a separate bending moment diagram and is distributed 

amongst the longitudinal beams using the distribution coefficients 

of Hendry-Jaeger given in AppendixA-1, If we denote by 11 F/4 * the 

nth harmonic distribution coefficient for pth beam load being 

on qth beam, the total bending moment, Mpg ** on any pth beam 

and PI on qth beam (loaded beam) will be given by 51/ 

Mpq 
	ippci x 	) L 

t • 1.nPqg x Tn ) L 

Tice value of d taken forA is a 

* The subscript to the left (n) refers to the number of harmonic, 
first subscript to the right.(0 refers to the number of beam 
under consideration and the second subscript ( q) the number of 
beam having load: 
** first subscript number (p) refers to the number of beam under 
consideration and the second subscript (q) the number of beam hav-
ing load. 

22 

23 

24 

25 
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Now as n increases 0( decreases resulting a 

decrease in the value of 141, and corresponding increase in 

,J1,11 	For large values of nt  4111  may be assumed as zero 

and Aet, as unity. It is found that this situation arises for 

about n = 5 in most of the cases. 

Then equation 24 reduces to 

= ( 2E gpq Tn 	26 

and can easily be evaluated. 

If there are in all ha' longitudinal beams of which 

say the qth beam is loadOhere will be ( m - 1 ) equations 
of the type of Eq. 26 and only one equation will be of the type of 

• sq, 26. The condition of statics at any section having a free bend-

ing moment NI gives 

Mpg M • 

or 
	

Mqq 
	= M. . lEMpl 	 27 

From Eq. 27 bending moment on the loaded girder is calculated, that 

is, the bending moment of the loaded girder is obtained by subtrac-

ting the bending moments of all the baams,other than the loaded 

beam from the free bending moment of the bridge. 

Tamale 

To illustrate the method an example is solved here. 

Example - A concentrated loadWISO acts on the model bridge of 

Fig. %9 at 3/.814 from the left hand support midway of girder (1) 

and (2). Calculate the bending moment in various girders at midapan. 



+111. 	• •■ • r. 

45" 
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0 7 	
, 	

A  
'ti x I•5 + 124 x 2.4 
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Stem I  

Calculate the moment of inertia of the bridge elements. 

In calculating moment of inertias of the bridge elements the gross 

cross sectional area of concrete is taken. 

(1) Exterior Girder 

Distance of neutral axis from the top of slab 

lja3„jLUillzajLaidtsgAsa 
13.1 x 1.5 + 12.5 x 2e1 

= 4.05 in. 

• .1  ,Flexural moment of inertia about .the • neutral axis, 
• 

11 = 	x.13.1 x 1.53  + 	x 	X 12.53  + 13.1 x 1•5 x 3.3f2  

+ 12.5 x 2.4 x 2.22  = 756 IA 

ill) Interior Girder. 

Distance of neutral axis from the top of slab 

= 3.83 in. 

   

   

• Flexural moment of inertia about the 
neutral axis 

Ir=...•6x1.53  +.42 x.204xl2.52  + 15.6x1.5' 3.082  

+ 12.5 x 201 x 2.422  * 796 LA, 

Torsional stiffness factory  



= AiiikbialimtsjeLautwaji 
3.6 x 1.6 + 204 x 6.3 

p.41-41=-01 A 

2.ge 
-7Aa -I 

23 
= 2043  x 12.5 	16.6 x 1pi  

3 + 8 	3 x 1.8 

= 68.3 in4. 

(iii) Cross Beams. 

(a) The cross beams twoof quarter spans and one of 

mid span will act as T beams. 

Distance of neutral axis from the top of slab 

J 

= 2.52 in. 	• 
Flexural moment of. inertia of the three 
cross teams .3  
=311 1:3•63t1.0- +-2.4 x 6.3 + 3.6 x 1.6 x 1.772 2 	1221" 

+ 2.4 x 6.3 x 0.632] 

= 222 in4.' 

(b) The cross beams one at each end will act as 

t..beams. 

Distance of neutral axis from the top of slab 

=20...zi•max 2 x 318  
0.6 x 1.6 + 6.3 x 204 

= 3.02 in. 

Flexpral moment of inertia of the two L.beams 

2 1  x 0.6 x 1.53  + 	x 6.33  x 2.4 L 

+ 0.6.x 1.5 x 2.272  + 6.3 x 204 x 0.132J 

5. p.i 
3.020 

• 



( 12 13  367.6 
178.- 	796 

¶2 1.5 68.3 
2 x 	x 2.3 x 367.6 

756  
796 . 

= 12 
ir4 = 29.1 

= 0.05 

= 0.95 

1 
(iv) Decking ab. Sl 

21 

Width of slab remaining after inclusion in croes beams 

= 150,8 - 6 x 3 - 2 x 3 	= 126.8 in. 

Flexural moment of inertia of the remaining slab 

= 	a 126.8 x 1.53  

= 35.6 in4. 

From items (iii) and (iv) total flexural moment of inertia 

of the transverse system, IT = 222 + 110 + 35.6 = 367.6 in4. 

SteD 11  

Calculate the dimensionless parameters. 

Transverse spacing.of the girders = 1.5 ft. 
• 

Span length of the bridge 
• 

= 12 ft. 

C 1 Assuming Poisson's ratio of concrete 0.15, = ..3 

Step III  

Calculate bending moment distribution coefficients. 

As the bending moment is required at mid span, distribut-
e 

ion coefficients of second and fourth harmonic will not come in 

the calculation. Hence, we shallfind distribution coefficients 

for first and third. harmonics only. 
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(a) Distribution coefficients of bending moment fore = 0,1= 0.95 

from graph of Appendix B or from formulae of Appendix A. • 

Harmonic; P21 P31 P41 p12 P32 P42 

First 

Third 

29.1 

0.36 

0.37 

0.08 

0.07 

-0.04 

-0.17 

0' 

0.36 

0.07 

0.23 

0.15 

0.06 

-0.04 
	IP.1•1111110•MMIPMIN■11111101111 

(b) Distribution coefficients of bending moment for A= 00,1,= 0.95 

from graph of Appendix 13 or from formulae of Appendix A 

First 29.3. 0.28 0.21 . '0.16 0.26 

Third 0..36 0..39 • 0.03 -0.03 0.18 

0.25 0.20 

0.12 	0.,03 

(a) Distribution coefficients of bending moment fore = 0.05, =1495 

from interpolation formula. p ,._ pc, + (Pm.- Po) • 

MOINIMINIIIII..•■•■•••■••■••■•■111M.T..! 	 

Harmonic 04  P21 31 41 1'12 P32 P42 
ORMIPMOPPINNINIMISMININOMMNII■■•••■••••, 

First 	29.1 0..34 0.11 -047 0.33 0.24 0.10 

Third 0.36 0.09 -0.03 CP 0.08 0.15 -0.03 
111• 1011■11=1•■•11~01011.1■0 11111••■•••■■••■•••■•• 	  

Step IV, 

Replace the applied load by equivalent loads acting on 

the longitudinalso 

1"Yrrst subscript number (0 refers to girder agber, e second (1) 
to the load position. Thus P.21 it the distribution coefficient of 
bending moment for 'girder (2) with loading on girder (1). 
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Assuming slab to be a continuous beam resting on unyielding 

supports provided by longitudinals, the moment distribution lives 

the reactions on the girders due to a concentrated load IV acting 

midway of girder 1 and 2 as follows. 

Girder 1 2 3 4 

Reactions 0.40 W 0.724W -0.148W 0.021W 

Thus, we can assume, instead of single load 	the four 
loads as above acting on the respective beams. 	negative sign 

indicates an upward load on the girder). 

Etna 
• 

Calculate bending moment on various girders at mid-span due 

to unit load on girder 1 and girder 2 'respectively at 3/8 L. 
• 

(a) Free bending moment 'M' at mid span due to unit load at 

3/8L 	= 0.1875 L 

(b) Bending moment on various girders at mid span due to unit load 

on girder 1 at 3/8L. 

M21*  ""/ lir ( 0.34 x 0.924 +  199 1  0.383) = 0.0645L 

M31 	
- _IL ( 0.11 x 0.924 - .."...Fit...030383 -) = 0.0204L n2  

M41 . 
M11 

* First subscript number refers to girder number, the second 
to the loadposition, thus M21 is the bending moment for girder 2 
with loading on girder 1 

= .1.2 	( -0,07 x 0424) = -0.0131L 
A2' 

= [0.1875 - (0.0645 + 04204 - 0.0131)]L = 0.115? L 
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(c) Bending moment on various girders at mid span due to unit load 

on girder (2) at 3/8L. 	 • 

Mig = a ( .33 x .924 + sai-AP-2  ) = 0.0626L 
7,1  

M32 = a ( .24 x .924 +  .1 
9 

5 3c a384 ) = 0.0464L 

M42 
= a (.10 x .924 	

9 
.03 x.383 ) 	= 0.0185L 

M22 = [0.1875 - (0.0626 + 0.0464 + 0.0180] L 

= 0.0600L 

Stec VI  

Calculate the bending moment on the various girders due to 

applied loads using, 	. • 

(1) liquivalent load; of step IV 

(ii) Unit load bending moments,of step V 
(iii)-Symmetry of the bridge about the longitudinal axis. 

Ml ( .1157 x 0.4 + 0.0626 x 0.724 
x 0.024) WL 

- 0.0186 x .148 

= 04886 WL 

- 04131 

Mg = (0.0646 x 0.4 + 0.0600 x 0.724 . 0.0464 x .148 + 0.0204 
x0.024 )WE = 04026 WL 

M3 = (0.0204 x 0.4 + 0.0464 x 0.724 - 0.0600 x 0.148 + 0.0646 

x.024 ) WL = 0.0345 WL 

= (-0.0131 x0.4 + 0.0185 x 0.724 - 0.0626 x 0.148 + .115? 
x 0.024) WL 	= .0017 Wis 

where 141 , Mg $ M3 and M.1 are the mid span bending moments in 
girders 1,2,3 and 4 respectively due to a load ITV acting at 3/8L 
from left support.mid way of girder (1) and (2). 



III. VARIABLES AFFECTING THE BEHAVIOUR 
OF INTERCONNECTED-GIRDER BRIDGES 

8. The Variables  

The variables that enter into the analysiss are as 

follows s 

(1) Variables relating to the mechanical properties of the material. 

(a) Shearing modulus of elasticity Co 

(b) Young's Modulus of elasticity 	B. 

(ii) Variables relating to the geometry of the Structure: 
.•. 

(a) Number of longitudinal beams- 	m 

(b) Spacing of longitudinal beams• h 
• 

(e) Span length of longitudinal • 
beams. 	 L 

(d) Number and locations of cross-
_ • beams. 

(iii) Variables= relating to the stiffness of the bridge elements. 

(a) Flexural stiffness of the 
longitudinal beams- 

(b) Torsional Stiffness factor- 

(c) Flexural Stiffness of the 
transverse system, ETIT 

EI, 

J 

ETIT 

26 

(iv) Variables relating to the loading. 

(a) Longitudinal position of the 
load - 

(b) Number of xheel loads and 
transverse posi tion. 

a 
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The above four groups of variables are considered in 

detail in the following sections* 

* 9. Mg ianicayl Properties o; Material C.IS 

Shearing modulus of elasticity 	and Young's modulus 

of elasticity /El appear in the form of ratio 	In terms of 

Poisson's ratio W 

C 
2(1 -fAi) 

The value of 'ate for concrete generally lies between 0 and 0.2; 

in this study At = 0..15 is assumed so that 	= 

10. gimadALtb.UnItzl 

(a) Number of Longitudinal Beams . 

A majority of bridges Can le included in two, three 

and four beam bridges. The actual analysis by Hendry-Jaeger method 

has shown that no appreciable advantage is gainedcf interconnections 

in the usual type of two beam bridges. The study has, therefore, 

been restricted to three and four girder bridges only where the 

considerations of interconnections considerably alter the design 

moments of the beams. 

(b) Ibuidagstlgad.. L  ~,dirǹal Be, Beams ht• 

• For two lane bridges the width of decking slab may vary 
spacing 

from 20 to 32 ft, To include all these widths, the centre to centred, 

of 8, 9, ib and 11 ft. of longitudinal beams in three beam bridges 
and 6,? and 8 ft. in four beam bridges are considered. The design 

formulae finally suggested are such that any fractional value in 

between these widths can also be dealt with equal ease: 
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Cc) fiRsUalgaa.1011411411911211LIt e 	• 

Only simply-supported bridges are considered here. 

The influence lines for moments in longitudinal girders are plott-

ed as the coefficients of the effective span length. 

{d scat Eu:s1L..1LbalaasiatAPALPANAL* C 

The cross beam near midspan transfers the load mainly 

by shear and near support by torsion and as such the bridge is not 

sensitive to the position of transverse beam as far as the distr-

ibution of bending moment in the various beams is concerned. The 

number of cross beams is only important when determining the flex-

ural stiffness of the transverse system. 
• 

11, Vasa f jAML2r1r3 IllaMtgasU, 

The cracking of concrete and presence of steel affect 

the absolute moment of inertia of the bridge elements but the extent 

of cracking is not certain and the amount of steel is not known ini-

-tially and the moment of inertia appearsin the relative form. It is 

customary in R.D.C. structures to compute moment of inertia on the 

basis of gross concrete area. The same basis is adopted in this 

thesis. 

(a) Flexural Stiffness of Longitudinal Beams III Eli 

The longitudinal beam acts as T or L beam(?), the width 

of the flange acting with the rib is taken as per 1St 4564957(13)  

The flexural moment of inertia is calculated as usual and is denoted 

by 11  and I for outer and inner longitudinal beams respectively. 



(b) razasjanjiltralatt-F:-acT 

The torsional stiffness factor for rectangular beams 

is approximately given by Morley(34), 

i:ct  
Ab 3+ 1.8 

For T or L beans the value of J is found by add. 

ing to the J value of the web, the contribution of the flange. 

Thus, 

where-, 

3 
6 et  

3 + 1-8 

(6s b) ols3  
ds 

3 4. i• g 01.110■1.""A■ 

05S 

d = overall depth of Tor It Action, 	b 
b = rib width °PT or lusection, 

ds = depth of slab 
• 

bs = width of slab acting with the rib of T or L section. 

(c) Flexural Stiffness of Transverse System BAIT  

The cross beams will act as T or L beans. The flange 

width is taken as recommended by 1St 4456-1957(23). The flexural 

moments of inertia of all cross beams are added up. Let this be 

ITS From thetotal length of the slab the length included with 

different cross beams is subtracted and the flexural moment of 

inertia of the remaining length of the slab Is computed. Let this 

be denoted by 3/42, . Then the total flexural moment of inertia of 

the transverse system, 

= 1  # IT2 



3) 

12..koading 

(a) IfongitudipakpolAttion of the load - a 

For the study of bending moment distribution two posi- 
tions of the loading have been considered* 

mid-span and quarter span, that is a = 	and at 

(b) Num.laL .11e .1 2 ads 	 jaiusaid Trail 	t 

The standard load taken for finding the maximum bend-

ing moment percentage is I.R.C. Class A. two lane loading; the 
distance between the centres of the nearest wheels of vehicles in 

adjacent lanes is taken 4 ft. throughout. All the four wheels 

along any cross-section have thb same load. When considering the 

outer beam, the first wheel is put directly above it and to pro-

duce maximum moment, in the inner team, the second wheel is put 
directly above this beam. 

13. Dimensionless Parameters  

The conditions of the analysis are such that the var-
iables discussed above do not appear separately but are combined 

into the following dimensionless parameters* 

1 1-- 
2  h CJ 

2 L  ETIT 

12 	L 	E jr 

	

= -7:4 k T1 	E1 

A number of actual bridges were studied and the foil.. 
owing conclusions are drawn. • • 
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(a) 11 	

. 
. For most of the actual bridges r9 is about one. A. 

small variation in the value of does not cause appreciable.varia- . 

tion in the maximum design moment of the main beams..71 = 1 is adop-

ted in the theoretical analysis of this thesis throughout. 

(b) The value of i fi lies between 0 and 0.5 for the bridges; 

in which usual amount of cross stiffness is provided by cross beams. 

In case of slab bridges having no cross beams' values are higher. 

'0 decreases as the number of girders or the span increases. The 

influence lines are drawn for f3  = 0 and P = 00. Simplified formul-

ae for fractions of free bending moment coming on the various beams 

are given for p = 0, the same formulae maybe adopted for higher 

values of p , as the values of P are mnall and the variation of 

percentage of design bending momente is small for = 00from p = O. 

A table is lasso given for percentage of free bending moment for B.co. 

• 

(c) 0( . The value ofdincreases as the number of girders or 

the span or both increase. The values of d considered are from 

0 to 100, with intermediate values SI  10, 20 and 50 as in this 

range all the actuall*idges are expected to lie. The values at 

01. = 200 may be used for d above 100 also, because for 44 above 

100, the distribution coefficient of Hendry-Jaeger do not change 

appreciably and this approximation will lead to a very small error 

on the safe side. 
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IV. MAXIMUM MOMENTS AND DISTRIBUTION OF WHEEL LOADS 

14. Influence Lines for Beam Mom= 

In order to determine accurately the maximum moment on 

any section of a bridge due to moving loads, an influence surface 

for the moment at that point is required; many such sections must 

be considered if a maximum moment surface is desired. However, the 

problem is simplified by the fact that the primary interest is design 

lies in finding the absolute maximum moment, which generally occurs 

at, or close to midwepan. To determine the maximum mid-span and quarter 

span moments, three types of influence lines are obtained as folloval 

(a) The influence lines for moments at mid-span when the 
unit load moves transversely at mid-span of the bridge; that isi 

2  • cg 

(b) The infiuence lines for moments at midepan when the unit 

load moves transversely at the quarter-span; that is, x = L/2, 

a L/4. Since '0 and le are interchangeable in the term 

sin 1? sin 11-1, the results in this case hold also for moments 

at quarterspan when the unit load moves transversely at the mid. 

span; that is, x: = L/4 aa= 

(c) The influence lines for moments at the quarter-span when 

the unit load moves transversely at the quarter-span of the bridge; 

Cat is, x L/40 , 	L/4. 

• From Eq., 23, 

Tn 	2 z ' 	^A la 	`Y1  70L. 

L 	
A . 1127%2 	L. 

• 



For the 

the values of 11 
 4- svin 

712  

above three combinations of tat and t:x 

ANNitare given in the following table. 
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Values of 2  Si,n 7174-  Sim in  74 1(  
n'14 2" 

1 0.2026 0.1433 0,1023 

2 or 0 0.0507 

3 0.0225 .0.0159 0.0113 

4. 0 0 0 

5 0.0081 .0.0057 0.0041 

O 

as we are considering only three and four girder bridges 

the influence ordinate for the moments on the girder 1 and girder 2 

are required only as the same can be used for remaining correspon-

ding girders. To do this the moments due to unit load in all the 

girders are obtained for load positions on 1 and 2 beam respectiv-

ely. From these the influence ordinates for the moments in the 

beam 1 and 2 can be obtained directly for a unit load placed succ-

essively on beam 1 to 3 or 1 to 4 in case of three and four girder 

bridges respectively. 

For example, for plotting the influence line for girder 1 

for x = a = L/2, we shall find the bending moment tie on girder 1, 

2, 3 and 4 when unit load is placed on girder 1 and 2: respectively. 

tot these,  be as followss 

Mu 	N21 Mu and M41 unit load on beam I 

M *  * "12 	rin Tin=  and 142 unit load on beam 2 

rs su scrip number refers to*eau number, the second to the 
load position. Thus, Mi2 is the moment for beam 1 with loading on 
beam 2W 

L L 
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Then influence ordinates for 1 and 2 beams will be respectively 

M11 M19 M42 M41 

1421 M22 M32 M31 

- for beam 1, 

. for beam 2, 

• 

To obtain a higher degree of accuracy the ordinates of the 

influence diagramsuldway of the beams are also calculated, say, in 

the case of a four beam bridge the continuous beam reactions on all 

the four beams due to unit load placed midway of beams 1.2 and 2.3 

are calculated. Let these be as follows* 

R2 82 R4 unit load midway of 1-2 

82 83 64 unit load midway of 2.3 

Then by symmetry of the problem; the reactions of unit load placed 

midway of 3-4 will be- 

R2 	R2 	B1 unit load midway of 3.4 

The values of these continuous beam reactions are given in the 

following table for three and four beam bridges. 

C. .tin action r  bride, 

  

Beam Unit load midway 
itudin41 beam 

of long. 

1-2 2.3 3.4 

0.400 -0.074 + 0.024 

2 0.724 +0.874 .0448 

3 -0.148 '0.674 + 0.724 

4 +0.024 -0.074 + 0.400 



Continuous Beam Reactions for 
Three-girder Bridge 

UNIT Ii01kD 

Beam 
Over hang-
ing beams. 
by h/2 

Mid way 
of beam 
1-2 

14648Y of beam 
2..3 

1 

2 

1.625 

-0.750 

0.125 

0.406 

0.688 

-0.094 

-0094 

0.688 

0.406 

35 

Over-
hanging 
beam 3 

0.125 

-0.750 

1.625 

R2  + M42 R3 
• 

62 4' M42 aa 

+ M42 R2 

+ 14.41 a4 	midway of beam 1-2 

4 141 64. midway of beam 2-3 

+1141•R1 
	midway of beam 3-4 

M  11 R1 
	M12  

+ M32 

Then the influence diagram for the beam 1 will hava3 
the ordinates as follow 

Similarly the influence diagram for beam 2 will have the 

following ordinatess 

M R+M R2  +M 21 1 M22  2 	3 3 +M31 84 

5:3 M31 84 

+ Mai Ri 

midway of beam 1-.2 

midway of •beam 2-3 

midway of beam 3..4 M32 

In this study we have assumed 9 = 1. For the simply 
supported bridge, it is found that, 

e M21 =  M . and M31  = M42  for four-girder bridge. 

(ii) M21 "6. 112 	 for three-girder bridge 
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Influence coefficients for moments for the above three 

cases for three and four girder bridges, having P= 01 0(= 4.10. and 

100 are tabulated in Table 1 and ,2 ; the corresponding influence lines 

for beam moments are given in Fig.3,4,5 and 6 • 

15. Maximum Moja9nts  

In order to produce maximum moments in'the longitudinal beams, 
the posikiow 

of wheel leads of two lanes of 	Class A loading has to be such 

that one wheel comes directly above the beam under consideration and 

other loads esnear to it as possible.To meet this end when considering 

the first beam, the first wheel load is placed right above it and the 

remaining three as near to it as possible on one side; and when consider-

ing the second beam, the second wheel load is placed on it, first wheel 

on one side and third and fourth wheel on other vide as shown in Fig. 8 

Without considering the loids .other than those acting on a 

cross section of the bridge and placing the loads as shown in Fig. 8 , 

the maximum moments in the beams are obtained from the transverse infl-

uence lines of FigoA5and 6 

The maximum moments, thus obtained, are expressed as fract-

ions of the corresponding static moment due to four-wheel loads across 

the section. A fraction thus obtained is henceforth called the "fraction 
of wheel loads". These fractions of wheel loads carried by the longi-

tudinal beams have been tabulated for a spacing of 8 and 11 ft. for 

three-beam bridges and 6 and 8 ft. for four-beam bridges, in Tables3 

and 4 respectively. Following conclusions can be drawn from these 

tables. 

1. 	The fraction of wheel loads carried by an exterior beam for 

ax= L/2, x = L/2 is larger than for that a = L/4, x 0  L/4 by about 
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3% for three beam bridges, and by about 2$ for four-beam bridges, 

and smaller than that for a = L/2, x= L/4 by about 4% for three. 

• beam bridges, and by about 3% for four-beam bridges. 

2. The fraction of wheel loads carried by an interior 

beam for. a = L/2, x = L/2 is smaller than that for a = L/4, x = L/4 

by about 6% for three beam bridges, and by about 2% for four..beam 

bridges, and larger than that for a = L/2, x = L/4 by about 9% for 

three-beam bridges, and by about 5% for four-beam bridges. 

3. The above variation is extreme. it decreases as the 

spacing tht of the longitudinal beams decreases. 

4. As the number of longitudinal beams increases, the above 
. 

variation decreases. 

5. As the value of (A increases the fraction of wheel loads 

increases in an exterior beam and decieases in an interior beam. 

Since the absolute maximum value of the moment in a sim-

ply supported beam occurs near mid.span and since the contribution 

of the wheels acting at sections other than mid-span would be less, 

it may be concluded that the fraction of wheel loads may be adopted 

on the basis of its values for a =L/21  x = L/2. Furthermore, in a 

case of design where thewheel loads are distributed along the longi-

tudinal and transverse direction, the adoption of a constant frac.• 

Lion of wheel loads irrespective of the longitudinal position of 

the loads will seldom cause on error more than X% in estimating the 

design moments; hence to simplify the calculation, this can be 

adopted. 



3S 

16. Infl  ,enc9 Iltne f • r fraction of unit  
c rr d b on 	na 	•er 

In Section 14, the method of calculating the influence 

coefficients for bending moment influence lines, has been discussed. 

If these influence coefficients for x = a = 1,12 are divided by 

the corresponding free moment of unit load, that is L/4, we would 

get the fractions of the unit load carried by the longitudinal 

girders. To facilitate computation of design moments of various long.. 

itudinals, influence lines for fractions of unit loads carried by 

various longitudinals have been drawn for girders 1 and 2 of three 

and four-girder bridges with P = 0 and /3 = t for various values of 

vide Tables 5 to 	and Figs 9 to 1G • 

• 

From the influence lines for fractions of unit loads 

carried by the longitudinal girders, fraction of wheel loads have 

been calculated for the following cases of three and four-girder 

bridges. 

(a) Three-girder bridge- 	= 0 and = co ; of = 1,51  

10, 20, 50 and 100 and h = 8, 9, 10 and 11 ft. 

(b) Four-girder bridge ft. = 0 and i3 = co ; of = 1,5,10,20,50 

and 100 and h = 6,7 and 8 ft. 

The results have been listed in Tables 9 to lo 

Following conclusions can be drawn from the above study: 

(1) Ai the value of d increases, the fraction of wheel 

loads increases in an exterior beam and decrease sin an interior beam, 



(ii) The distribution for 0 = or is always better than 

0 = 0. However, the value of fa does not have significant effect 

on fraction of wheel loads for lower values of o( • 

For three and four-girder bridges ordinarily )3 is small 

and the form of the parameters dand a are such that as p increases 

decreases. We can adopt the fraction of wheel loads, calculated 

on the basis of 13  = 0 for higher values of p also, without any app-

reciable error and resulting always in a conservative design. 

(iii) The fraction of wheel loads increases with the sp-

acing of the beams. 

18,' Author 	i. algtm.Atixt, 	• 

in an actual problem of design S and spacing 111 1  may 

have any value in between the valubs considered above but not nec-

essarily the same value. An attempt has been made by the author to 

suggest simple formulae to give the fraction of wheel loads for three 

and four-girder bridges for any general value of 0( and spacing 40. 

The fractions of wheel loads for /3  = 0, A  and as 
calculated by the author's formulae are given gives in Tables 21 

and 12 , and in Figs. 17 and / e for three and four-girder bridges 

respectively. A study of the:results show* that the results author's 

formulae are in closer agreement with those of P = 0 for various 
• 
values of S and•fht. The formulae are proposed for normal use in 

designing bridges for two lanes of I.R.C. Class A, loading. But the 

fractions given by these formulae could also be used as such for 

T.R.C. Class B .or any other loading in which the wheels of an 

axle are 6 ft, apart and the distance between the two trains of 

vehicles 1154 ft. 



r + 0.096 	h 0( 
1 + 0.791  

3 + 0.031 hd 
I + 0.76 G4 

4 r + 0.01 hd 
1 + 0.208 

r + 0,013 jeT et  
1 + 0.12 „( 

Number of 
longitudin. 
al girders 

. in the 
bridge. 

Fraction of wheel loads to be used for design 
of longitudinal girders of the bridge. 

Girder 1, 	 Girder 2. 

40 

where, 

r = the fraction of the continuous beam reaction, cal- 
• 

culated for the beam under consideration, assuming four equal 

loads along %he cross-.section as shown l.n the figure 8. The value 

of 'r', for the spacing adopted ift the thesis are given in 

Table 13. 

h = the spacing of the longitudinal beams in ft. 

= a dimensionless parameter given by 	)33TIT irt 	--Er 
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V. EXPERIMENT4L VERIFICATION 

MS. Tie Structure,  

The structure chosen was a 60 ft. span, simply supported, 

right, T.beom bridge, having four longitudinal and five transverse 

beams. This bridge was designed for class A two lane loading, adopt-

ing Hendry-Jaeger method of analysis. While considering the design 

loads, no allowance for impact was taken because in the test it was 

proposed not to impart any Impact to the structure. 

The actual structure tested mas a model of this prototype 

bridge having a linear scale ratio pf 1/6.A11 the dimensions of the 
• 

prototype bridge elements were reduced to the corresponding scale 

and the so obtained geometrically similar model bridge was checked 
• 

for the corresponding reduced loads and found to develop the adopted 

design stresses at these loads. The principal dimensions of the model 

bridge are given in Fig.19 4. The ends of the beams were supported 

on rollers through 1/2 inch mild steel plates giving perfect simply 

supported condition. A general view of the bridge at the time of 

testing is shown in Fig. 23.2. Besides this, several constructional, 

loading and testing features are illustrated in the accompanying 

photographs. A model of one longitudinal T.beam of bridge, hence-

forth called 'the equivalent bearof was also simultaneously tasted 

having a linear scale ratio of 1/2 with respect to the model bridge. 

isauto1111an 

(a) Linear scale ratio 	 28 

(b) M = Qbd2. 



where, 

M 2  Total moment of resistance of a beam 

b = Width of the beam 

d = depth of the beam 

11  a constant 

Mm* 	bm dm2  '" 
mp 	owner 	....r..71a, 

by  dp2 

(c) I = K bd3 

where, 

I =moment of inertia of the section 

I dm3 
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29 

'16 • 30 111  

(d) 	= 

where, 

At = Total area of tensile reinforcement 

Jd = Lever arm of the section 

f 	= permissible stress in tensile reinforcement 

dP  ••• 31 

scrip m stand s for model, us, Mm means o al moment 
of resistance of the model beam. 

$ Subscript p stands for prototype, thus Mp means total moment 
of resistance of the prototype beam. 

IF 



(e) (1) In a simply supported beam of span length L t  bending 

moment 114g at a. distance Ix' due to a concentrated load tiit acting 

at a distance 'at from the support is given by 

14 < 

or w = 	 
x(L-a )  

• Wt = Mm Lm 	xp (L. a) p 
• • Wp 	!p Lp 	xm  ( L a) m 

••• 32 

Same will hold good for 7t 

CU) In a simply supported Warn of span'it  bending moment IMI1  

at a distance le, due to a uniformly distributed load IV' per 

ft length over the entire lengths  is given by 
• 

vac ( L x ) 14 2 	• 

or xt: 

  

x ( L•x ) 

• = 	xp ( L• X )p 
141:1 	rip 	am  ( L - 

••• 33 

(iii) Let a load ; per unit area be acting on the slab of areal 

IA* and span length ILI, the total moment 114 1  on the slab is given 

by 

le= 8titAL 

aeh or 
• 

• • 4.88.• 
wp 

Mm 	Apt,  
mp 	4m Lm 

1.111 •■111, ••• 34 
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Summary 

(1) Relation 28 means that all the linear dimensions such 

as length, breadth, depth, deflection, longitudinal and transverse 

spacing of the bridge elements, longitudinal and transverse spacing 

of the concentrated loads are reduced to 1/5 their prototype dimen-

sions. Further the volume of the model hence the weight of the model 

will be IN of prototype. 

(2) Relations 33 and 34 give that the dead load of the 

model, should be 1/25 of prototype, hence a total dead load of 5 

times or an additional surface load of 4 times the dead weight of 

model is required for true model. 

(3) Relation 31 shows thtit the total area:or tensile rein., 

forcement is 1/25 of prototype, that i s, the area of tensile rein» 

forcement in the beams may be 1/25 of prototype and that in the slab 

per ft. width, 1/5 of prototype. 

(4) Relation 5 means that all the wheel loads of the two 

lane class A: loading will be reduced to 1/25 of prototype. 

(5) Material used being same in prototype and model, E, C, 

and f and three dimensionless parameters 0( A and ell will remain 

the same. 

21. 21115.1JELIWstsllualut 

The specific objectives of the testing programme were 

to obtain moment and deflection data for reinforced concrete bridges 

Which could be corelated with the theoretical values. Strain gauges 

and dial gauges were used to measure moments and deflections. For 

each set of loading, all the gauges were read. The loading was done 

in the following stages. 
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(i) Single calculated concentrated loads were applied 

to develop design stresses at the loaded points at each of the points 

,B1,$R ,B3 ,B4 , D1$ D2 , D3 , D4 f 	C2 ,C3 	0. 

It1 and 12 (rig.39 )■' This type of loading was required to draw the 

the experimental influence linesof moments. 

(ii) Superimposed surface load was spread over the bridge -
-mode L. 

so as to simulate the conditions of true dead load on the observat. 

ions of this loading can be used in estimating the distribution of 

moment due to self load of the bridge. 

(iii) Two lane class A loading is applied on the bridge. 

The positioning of the wheels was arranged to cause maximum moment 

on the second beam. This was used to compare the distribution of 

bending moment on various beams when all. the four wheels of two lane 
• 

class A loading act along a section and as found from the experimen-

tal influence diagrams drawn from individual loadings. 

(iv) Finally two lane class A loading is gradually inc.. 

reased to failure. This was used to study the variation in distr-

ibution of moment, as the load is increased to failure. 

p 
22,  DALWARMIBIA. 

(a) Etitigaimktallasatt. 

(I) Strain Gauges- Thirty two locally made strain gauges 

of Rohits & Co. Roorkee (India) were used for measuring strains. 

These gauges wereput on the reinforcing bars at the following loca-

tions. One strain gauge each on two bars of the lower tick, of ten-

sile steel of longitudinal beam at midspan, two nominal bars of lon-

gitudinal beam in slab at midspan, two bottom bars of the central 

cross beam at its junction with longitudinal beams and two top 
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bars of the central cross beam in slab at its junction with.longl• 

tudinal beams. 

The strain gauges were cemented to each bar with quickax 

(cement) after surfacing the bars with fine emery paper and scru-

pulously cleaning than with volatile sot ants namely, Tolune, Acetate 

and acetone. A pair of wire was soldered to each gauge and a liberal 

coat of wax was applied over the gauges and exposed soldered leads 

for water-proofing. Lead wires were taken to a central station where 

all readings were made. 8R4 strain indicator was used to measure 

the strains of these strain gauges. 

(ii) Dial gauges- Four-idl.al gauges with magnetic bases 
• 

were used to measure the deflections of longitudinal beams. One dial 

gauge below each longitudinal bean within's few inches,of mid-span 
• 

and as close to the strain gauges as possible, was mounted on a steel 

girder supported on two independent masonry columns erected for the 

purpose. 

(b) tpagipg 

For applying loads, a 26-ton hydraulic jack was used. 

The calibration of the jack was checked in a compression testing mac. 

hinev, The concentrated loads were applied on an area of 2" x 4" through 

a rubber sponge by the hydraulic Jack. It was found impracticable 

t9 apply all' loads of two lane class A loading, the bridge was loaded 

with only eight heaviest wheels of the two lane classvi. loading. 

These eight equal loads are developed from a single jack through a 

grid work of simply supported beams as per details given in Fig.23•3 

21, TutliaWgzumit 

The bridge was cast on February 17, 1962 with a number 
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of 6" cubes and 6" x ID" cylinders. The reinforcement was kept 

uncovered at the strain gauge points. The wet curing was done 
. for twenty eight days, after which the Shuttering was removed and 

the measuring instruments were installed. The loading test started 

on April 25, 1962. To start with calculated concentrated loads to 

develop design stresses were applied at all the points without rec-

ording any observation. This loading developed hair cracks in conc-

rete of tension zone at various points thereby bringing the conc-

rete in a stage similar to a prototype bridge open to traffic so 

that the influence diagrams may be of more practical value. The 

sequence of loading was kept as mentioned earlier. As the bridge is 

symmetrical about longitudinal and transverse centre lines, the 

single concentrated loading at monra points were merely a repetition 

and this was dpne to get a better average influence coefficients. 
• 

Each concentrated load is applied op the bridge on a Width of 4" 

(dimension across the bridge) and length of 2" (dimension along the 
bridge).0n the point to be loaded, first a rubber sponge of 2"x4" 

was kept, over it a mild steel plate of same dimension was placed 
and over this the jack was oriented such that the central vertical 

axes of all the three coincided with the loaded point. Haang obtai-

ned sufficient data for transverse influence lines and deflections 
at 0,24311, 0.372L, and 0.5014 superimposed surface load was spread 

over the bridge. The strains and deflections were recorded for this 
and then the grid work for eight heaviest wheels of two lane class A, 

l&ding was arranged symmetrically about the transverse centre line,  
of the bridge causing maximum moments on the second beam. To start 

• 

with, a load of one ton was applied by the jack and readings were 

_taken. Then the experiment continued for gradually increased load. 
ottstro 

At about 10 ton load which corresponded to three timesAlive load 
moment the readings were stopped. Because the strain gauges were 
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observed to be slipping and to guard against any damage, dial gauges 

were removed. The load was gradually increased to 20 tons after which 

the bridge stopped taking load and started deflecting. Excessive 

cracks were observed on longitudinal beams 1,2,3, and in centre of 

central cross beam. The bridge test was concluded on May 6, 1962 with 

the collapse of the bridge. 

The equivalent beam was tested on a five ton beam test-

ing machine. The beam was loaded at the centre by a concentrated 

load which was gradually increased upto ultimate value. Strains and 

deflections were recorded for this loading test separately. 

24. Test Results  

From the test on equivalent beam, a graph was plotted 

with recorded. strains as abscissa and applied bending moment as 
• 

ordinate. The bending moment scale was multiplied by the constant 

factor (derived from the model analysi's relationshippo use it for 

the longitudinal beams of the model bridge. This graph of Fig. 20. 

was used to determine the bending moment on the various beams from 

the recorded strain readings. The total bending moment on the var-

ious beams, so obtained, is adjusted in proportion of their exper-

imental values so as to satisfy the statics. The discrepancy was 

never above 4 for any beam. These with theoretical results are 

given in Table 	IS for single concentrated and uniformly di str- 

ibuted loads and also on the influence diagrams inFig.21,1„ 	In 

fable is is Omen the variation in the percentage of bending 

moment on the beams as the total live load increases from one ton 
• 

to ten tons, the latter corresponds to about three times the design 

live load. The corresponding graph is given in Fig. 22 . The 

experimental influence diagrams for mid-span section gives design 

moments as 29.7% and 319% for exterior and interior beams respectively 
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against 31.9% and 31.3% theoretical values. 

. Deflection Readings- In calculating the deflections, the knowledge 

of flexural rigidity LI is required. To get this, a number of 

cubes and cylinders were cast simultaneously when the bridge was 

constructedland tested for crushing strengths. The crushing strength 

4c is found to be 1.2 tons per sq.in, which gives- themodul4 ratio 

m as 15, Using the formula m = 	Hence E = 2 x 1106  lbs/sq.b. 

Moment of inertia III of the longitudinal beams can be calculated 

in either of the following ways (I.6t 466. 1967)T"  

(1) Compression area of the concrete section, combined with 

the reinforcement on the basis of the modular ratio. 
• 

(2) Tae, entire concrete section ignoring the reinforcement. 

(3) The entire concrete section including the reinforcement 

on the basis of the modular ratio. 

Calculations were done with each of these methods. 

The deflections were found in closer agreement under the first 

assumption. Deflections under the first assumption for I and 

the measured deflections are given in Table 17 for concentrated 

loads and in Table 18 for increasing loads of the two lane class A 
loading. 

2f. UnalgasLeAsakiLeR 

(a) ithattesacaLtrAtgajdat, 
• The bending moment as obtained from the observed strain 

readings on the four beams when summed together were found to be 

less than the corresponding static bending moment due to a single 

point load on the bridge. This may be due to the use of locally 
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made strain gauges of which the batching and workmanship was 

poor and a little difference in the gauge of equivalent bead and 

• of bridge might have lead to a constant error in all readings. Sol 

the observed readings were increased in proportion of their exper-

imental values so as to satisfy the statics. 

The adjusted experimental values in Table -14::.show 

a little better distribution of bending moment than that obtained 

theoretically by Hendry.Jaeger method. This may be due to the foil- 

owing reasons: 
(i) The concentrated loads are assumed to be acting as 

point loads Where as they are acting on a definite contact area. 

(ii) The dispersion of lead along the length of the beam 

is neglected in the theory. This depends on the distance of the 

beam from the load. Hence, the error due to this approximation will 

be more when load is on exterior beam than When the load is on 

interior beam. This is also revealed by the experimental observations. 

(iii) The torsional rigidity of the transverse system is 

neglected which also helps„ the distribution of the load. 

The difference in the theoreticaland experimental per-

centage values for a single concentrated load as given in Tabbrikt 

is not of much practical significance so far as the design of the 

bridge is concerned, because for design, a number of wheel loads 

are to be considered acting simultaneously on any transverse sect. 

ion. The superposition of the percentages due to individual load 

has the effect of equalising the percentages on the various beams 

so that little diffferences are levelled up in the case of many 
loads as above. 
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(b) TyariaataitillamMIL 

As shown in Fig. 22, twolane class A loading test on 

the bridge for second beam shows that there is very small change 

in the distribution of bending moment to various beams as the load 

increases, and it can be said that alteration in distribution is 

very small. At ultimate load it was observed that though excessive 

tracks developed in beams 1,2 and 3,only fine cracks were seen in 
the fourth beam though the eccentricity of the loading about the 

longitudinal centre line of the bridge was only0.23h Where '11, is 

the spacing of longitudinal beams. As mentioned earlier for the 

second beam, the experimental and theoretical design percentages 

are 31.9 and 31.3 respectively differing by 0.6% only. The above 
• 

two percentages are calculated from experimental and theoretical 

influence diagrams. But if the percentages were derived on the basis 

of measured strains under the action of the 2 lane loads, the second 
beam is found to carry 33.7% at design stresses. This difference 
of 2.04% against a former difference of only 0.0 indicates that the 

superposition of results, as is required in calculating design 
percentages from influence diagrams, is not quite correct and may 
lead to some error in arriving at the design percentages of various 
beams. Hence, a conservative attitude in fixing these percentages 

is desirable. 

(c) Deflections 

Measurements of deflections in tests of bridges are 
always of‘value since the deflections are of interest in themselves. 

Besides, these can be used to estimate fairly accurately the load 

distribution to the various beams. To calculate the distribution of 

loading in this manner, the measured deflections should be multiplied 



by the stiffness of the corresponding beams. Since only percentage 

distribution is often desired, only relative values of the rigid-

ities 'ET' for the beams need be considered. Excepting in a few 

cases, there is a remarkable correspondence between the measured 

and theoretical deflections.. The deflections are calculated by 

Hendry-Jaeger method and thus, the method adopted is further veri-

fied, and hence is recommended for design of interconnected bridge 

girders. 



VI. CONCLUSIONW 

1. An experimental study for the fraction of the free 

bending moment carried by the various longitudinals in an inter-

connected bridge has been made and illustrated by a one-fifth 

model of 60 ft. simply-supported four-girder bridge.The conclus-

ions arrived at ares 

(a) In an interconnected bridgelthe results obtained 

by Hendry-Jaeger method which is easy to apply and less time con-

suming, gives results in close agreement to those obtained exper-

imentally and this method may be used for the design of common slab 

and beam bridges without involving.into any appreciable error. 
• 

(b) There is no marked variation in the lateral load 

distribution with increase of load.upto ultimate capacity of the 

bridge. 

2. For usual interconnected bridges p may be assumed 

equal to zero in determining the fractions of wheel loads carried 

by the various girders. 

3 A uniform value of the fraction of wheel loads 

carried by the girder, based upon its value at mid-span tor load 
at mid-span, may be adopted for finding the moments at all points 

along the span.Thus, for any wheel loading and for any section of 

the bridge the influence lines of Figs. 9 to 16 can be used for 
finding design moments. 

4. The following formulae are proposed by the author 
for calculating the fraction of wheel loads for any loading in 
which wheels of an axle are 6 ft. apart and the distance between 



r + 0.096 	h 
" —4  r. 01  r 

the two trains of vehicles is 4 ft, 

er of 
longitud- 	Fraction of wheel loads to be used for design 
inal gird 	of longitudinal girders of the bridge. 
-ers in the 
bridge. 	Girder 1 	 Girder 2 

4 	r 	0.01 hd. 	 +0,01,3 1M( 

	ImiworsmourionirilmaiiiimummolisoN•win• 

where, 

r = the fraction of .thee  continuous beam reaction, 
calculated for the beam under consideration, 

• assuming four equal loads along the cross. 
section as shown in the figure a • The value of 

irlffr the spacing adopted in the thesis are given 
in Table 13 

= the spacing of the longitudinal beams in ft. 
01,  = a dimensionless parameter given by LI  ( L13 Errr  h/ 71 	E 
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TABLE, 1 

THREE GIRDER BRIDGE 
INFLUENCE COEFFICIENTS FOR MOMENTS IN GIRDERS AT QUARTER 
SPAN FOR UNIT LOAD MOVING TRANSVERSELY ON THE BRrDGE;p = 0 

Influence Ordinate for Moment = Coeff. x L, 

d• 

Posi. Mom- 
tion 	ment 
ofthi in 
load 	Gir- 

der 

Position of the unit load 
Over 
hanging 
Girder 
1 by hAR 

1 Girder 

1 

Midway 
of 
Girder 
1.2 

Girder 

2 

Midway 
of 

01rder 
2.3 

Girder 

3 

Over- Over. 
hanging 
Girder 
3 by h/2 

1 L/4 1 '302  .180 ..084 .015 ..010 -.008 -.002 

2 -.091 .015 413. .168 .113 .015 -.091 

L/2 1 i  0202 0.15 .062 .021 -.001 -.010 -.018 

2 -.027 .021 .064 .083 .064 .021 -.027 

10' L/4 1 .301 	.170  .095 .036 .001 -.018 -.035 

2 -.025 	.036 .091 .116 .091 .036 -.025 

L/2 ' 	1 .198 	.104 .073 .042 .011 -.021 -.053 

2 .042 	.042 .042 .041 .042 .042 .042 

100L/4 .299 	.163 .102 .049 .009 -.025 -.05? 

. 2 -.020 	.049 .077 .090 .077 .049 +.020 

L/2 °1 .197 	.103 472 .044 .010 -.022 -.056 

2 .050 	.044 .040 .037 .040 .044 .050 

4....1.1...mr• Noiftroworre...wwwwwwwwwwwwww a 



TABLE 2 
FOUR GIRDER BRIDGE 

INFLUENCE COEFFICIENTS FOR MOMENTS IN GIRDERS AT QUARTER 
SPAN FOR UNIT LOAD MOVING TRANSVERSELY ON THE BRIDGE;P= 0 

Influence Ordinate for Moment = Coeff. g L 

d 
-‘ 

Post 
tion 
of 
load 

Mom 
ent 
in 
gir 
der 

Position of the Unit Load 
er 

1 

Y  'way 
of gir 
-der 
1 & 2 

RA 

2 

T  .way 
of gir 
der 
2 & 3 

ter 

3 

.way 
of gir 
der 
3 & 4 

.er 

4 
L/4 1 .180) .082 .014 -.008 -.005 -.001 -.001 

2 .014 .114 0156 •102 .023 -.008 -.005 

.112 .060 .020 -.001 .1..007 -.005 0 

.020 .060 .079 t063 .033 .013. -.007 

10-  L/4 1 .164 .091 .036 ..009 -.001 -.007 -.011 
.036 .090 .116 .086 .03? .010 -.001 

L/2 1 .095 .068 .043 .021 le, 003 -.008 -.016 
2 .043 .043 .043 .042 .036 .022 .003 

100 L/4 1 .149 .098 ..055 .023 .008 -.008 -.024 
2 .055 .079 .086 .067 .039 .019 .008 

L/2 1 .085 .070 .053 .030 .014 -.007 4..027 
2 .0t3 .042 .033 .028 .025 .020 .034 

... • 
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TABU 3 

THREE GIRDER BRIDGE 
THEORETICAL FRACTION OF WHEEL LOADS 
CARRIED BY LONGITUDINAL GIRDERS0a =0 

Girder 0(  
Spacing of the longitudinal girders 'lit 

g----8 fl -"------------7Tfi7"-----w- 
a = L/2 
x = L/4 

a = L/2 
x-  = L/2 

a = L/4 
x = L/4 

a = L/2 
x = L/4 

a =L/2 
x = 11/2 

a = L/4 
x = L/4 

1 	1 	0.305 0.295 0.205 0.395 0.380 0.370 

10 	0.340 0.320 0.310 0.475 0.435 0.410 
. 

100 	0.330 0.320 0.310 0.470 0.445 0,430 

2 	1 	0.370 0.390 0.410 0.490 0.525 0,575 

0.335 0.360 0.375 0.335 0.420 0.475 

100 	0.335 0.350 0.350 0.315 0.380 0.390 

.■0101011MININNIONMOOPI PMINk 
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TABLE 4 

FOUR GIRDER BRIDGE 
Nter"cotFRACTION OF WHEEL LOADS CARRIED BY THE 

LONGITUDINAL GIRDERS; 0 = 0 

Gir. 
der 

 Apacina 	girders 	il  g. l ongitudinal 

a =L/2 
x = L/4 

a = L/2 
x = L/2 

a = L/4 
x = L/4 

a• 32  L/2 
x '=•̀ L/4 

a = L/2 
x = L/2 

a, = L/4 
x = L/4 

. 

1 1 0.245 0,245 0,245 0.305 0.295 . 0.295 

10 0.290 0.270 0.260 0.365 0.340 0.325 

100 0.300 0.285 0.280 0,400' 0.375 0.360 

2 1 0.300 0.310 0.315 0,400 0.430 0.435 

10 0.290 0.295 0.300 0.320 0,365 0.385 

100 0.260 0.275 0.280 0.265 0.315 0.330 



TABLE 5 
THREE GIRDER BRIDGE 

INFLUENCE COEFFICIENTS FOR FRACTIONS OF UNIT LOAD CARRIED BY 
LONGITUDINAL GIRDERS ; 	= 0 

Mome 
nt in 
girder 

.--,: 
j  
'A 

1. 	tion o 	tie U 	..t 	•o:d 
"0 	: 
ng gir- 
der 1 
by h/2 

Girder 

1 

Midway 
of gir- 
der 
1& 2 

Girder Midway 
of gir 
der 
& 3 

irder 

3 

Overhang 
-Lig gir 
-der 3 
•' 	h 

1 1 1.432 .940 .468 .116 -.032 -.056 -.060 
a 1.276 .892 .520 .222 .020 -.104 -.216 
10 1.236 .880 .536 .240 .036 -.120 -.264 
20 1.204 872' .544 .260 .044 -.132 -.300 
50 1.184 .864 .552 .272 .052 .136 -a1e 

100 1.172 • .1360' .556 aso .056 -.140 -.328 

-.372 .116 .564 .768 .564 .116 -.372 
5 -.060, .212 .460 .576 .460 .212 -.060 
10 .032 .240 .432 .520 .432 .240 .032 
20 .096 .260 .412 Aso .412 .260 .096 
50 .136 .272 .396 .456 .396 .272 	. .136 
100 .160 .280 .388 .440 .388 .280 .160 

63 



TABLE 6 
THREE GIRDER BRIDGE 

INFLUENCE COEFFICIENTS FOR FRACTIONS OF UNIT 
LOAD CARRIED BY LONGITUDINAL, GIRDERS; =00 

Mome-
nt in 
girder 0( 

Position of the Unit Load 
Overhan-'-dider 
ging 
Girder 1 
by h/2 1 

Midway 
of 

Gi rder 
1 & 2 

Girder iravay 
of 

Girder 
2 & 3 

Girder 

3 

Overhan-
ging 
Girder 3 
by h/2 

1 1.296 .864 .452 .144 .016 -.008 -.012 
5 .,924 .676 .436 .244 .136 .080 .032 

10 .788 .588 .396 .252 .184 .160 .344 
20 .688 .532 .384 .268 .216 .200 .492 
50 .576 .468 .364 .288 .252 ,.244 .240 

100 .520 .436 .356 .296 .272 468 .268 

1 .280 .344 .532 .712 .532 .344 -.•028 
5 .040 .244 .482 .512 .432 .244 .040 

10 .064 .252 .424 .496 .424 .252 .064 
20 .220 .268 .404 .464 .404 .268 .120 
50 .188 .288 .380 .424 .380 .288 .388 

100 • 208 296 .376 .408 *376 • 296 
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TABLE 7 

FOUR GIRDER BRIDGE 

INFLUENCE COEFFICIENTS FOR FRACTIONS OF UNIT 
LOAD CARRIED BY LONGITUDINAL GIRDERS; 3 = 0 

Moment 
in 

Girder 

Position of the Unit Load 
Girder Midway 

of 
Girder 
1 & 2 

Girder 

a 

Midway 
of 

Girder 
2 & 3 

Girder Midway 
of 
Girder 
3 &4 

Girder 

1 

2 

1 
5 

10 

20 

50 

100 

1 
5 

10 

20 

50 

100 

.928 

.856 

.828 

.796 

.776 

.756 

.112 

.212 

.244 

.288 

.308 

.332 

.460 

.496 

..504 

.520 

.520 

.524 

.552 

.448 

.482 

.432 

.0420 

.400 

.112 

.212 

.244 

. 288 
 

.308 

.332 

.740 

.548 

.524 

.476 

.444 

.404 

-.028 

.060 

.092 
• 

.136 

.164' 

0184 

.528 

.440 

.408 

.364 

.336 

.316 

-.040 

-.004 

.016 

.036 

.060 

.068 

.188 

.244 

.216 

.200 

.188 

.196 

-0024 

-.040 

-.040 

-.044 

..040 

-.044 

.012 

.100 

.092 

.092 

.104 

0 

-.064 

-.088 

-.120 

-.144 

-.156 

-.040 

-.004 

.016 

.036 

.060 

.068 



TABLE 8 
FOUR GIRDER BRIDGE 

INFLUENCE COEFFICIENTS FOR FRACTIONS CF UNIT 
LOAD CARRIED BY LONGITUDINAL GIRDERS; 13  = eo 

11;nieir--b  
in gi 
ader 

, 
°1/4  

POsltion of the Unit Load 
tirfir 

1 	I 

Midway 
of 

Girder 
1 & 2 

Girder 

2 

iiiIway 
of 

girder 
2 & 3 

Girder Midway 
of 

Girder 
3&4 4 

Girder 

4 

.856 .444 .144 .020 0 0 0 
5 .668 .428 .228 .121 .080 .052 .024 

10 .584 .388 .232 .148 .112 .088 .072 
20 .504 .348 .232 • .176 .152 .136 .112 
50 .4 ?2 .320 .232 .196 .194 .172 .152 

300 .394 .300 .236 .204 . 196 . 188 ;113.24 
. 

1 .144 .524 .680 .480 .176 .032 0 
5 .228 .416 .488 .376 .204 .112 .080 

10 .232 .388 .488 .352 .208 .136 .112 
20 .232 . 360 .404 .324 .212 .160 .152 
50 .232 .328 .364 .304 .220 .324 .184 

100 .236 .316 .344 .296 .224 .196 .196 
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TABLE 9 
THREE GIRDER BRIDGE 

FRACTION OF WHEEL LOADS CARRIED 
BY LONGITUDINAL GIRDERS. 

64 

Moment 
in 

girder 0( 

imasowles 

Spac ing of longitud inal g irders 
8 ft. 9 ft. 10 ft. 11 ft. 

(3. 0 P. ao B= moo tit0 R® e° pla.CS 

.295 .305 .325 .330 .355 .350 .380 .380 

.310 .320 .350 .340 .385 .360 .415 .380 

.320 .320 .365 335 .400 .345 .435 .360 

.320 .325 .365 ..330 .400 .340 .440 .350 

.326 .325 .365 .330 .405 .340 .445 .345 

.320 .325 .370 .33.0 .410 .335 .445 *345 

.390 .390 .450 .435 .490 .485 .525 .515 

.370 .360 «410 .380 .430 .400 .450 .420) 
«360 .355 .385 «380 .405 .400 .420 .410 
«360 .355 .380 .375 .395 .390 .410 .405 
.350 .345 .370 .360 .385 .365 .400 .375 
.350 .345 .360 .355 .370 .365 «390 .370 

1 

5 

10 

20 

50 

DAO 

2 	1 

5 

10 

20 

50 

100 



TABLE 10 
FOUR GIRDER BRIDGE 

FRACTION OF WHEEL LOADS CARRIED 
BY LONGITUDINAL GIRDERS 

65 

Moment 
in 

girder 

Spacing of longitudinal girders 
6 ft. 	7 ft. 

30.-00 
8 ft. 

(= co 

«250 
«260 

«270 
.280 
*285 
.285 

.210 

.300 

.295 

.285 

.280 

.275 

.280 

.268 

.260 

.255 

.255 

.250 

w305 

.280 

«275 

«270 

.260 

.260 

.265 

.290 

.310 

.325 

.330 

.335 

.375 

.310\ 

.340 

.215 

.305 

.295 

.270 

.285 

.280 

.270 

• .265 

..260 

..q6o 

.315 
*305 
.285 
.275 
.270 

.298 

.315 

.340 
«360 
«370 
.375 

.430 

.380 

a365 

.340 

«325 

..315 

«295 
.330 
.295 
.285 
:270 
.265 

.400 

«345 

.325 

400 

.290 

2 

5 

10 

20 

50 

5 

10 

20 

50 



TABLE 13. 
THREE GIRDER BRIDGE 

FRACTION OF WHEEL LOADS CARRIED BY LONGITUDINAL GIRDERS 

Girder 
Spacing of longitudinal girders 

8 ft 9 ft. 10 ft. 11 ft, 
11 = 0 Author's 

formul: 
f>=0 !uthors 

formula 
p= 0 Author's 

formula 
= 	0 Author' 

formal 

1 

2 

1 
, 

10 
20 
50 

100 

1 
5 

10 
20  
50 

100 

.295 

.330 

.320 

.320 

.320 

.320 

.390 

.370 

.360 

.360 

.350 

.350 

.295 

.315 

.320 

.325 

.325 

.325 

.385 

.360 

.355 

.350 

.345 

.345 

.325 
,aso 
.365 
.365 
.365 
.370 

.450 

.410 

.385 

.380 

.370 

.360 

.320 

.350 

.355 

.360 

.365 

.365 

.450 

.395 

.380 

.375 

.370 

.365 

.355 

.385 

.400 

.400 

.405 

.410 

.490 

.430 
«405 
.395 
.385 
.370 

.350 

.385 

.395 

.400 
.405 
.405 

.500 

.425 

.430 

.395 

.390 

.385 

.380 

.415 

.435 

.440 

.445 

.445 

.525 

.450 

.420 

.410 

.400 

.390 

.380 

.425 

.435 

.440 

.446 

.445 

.540 

.450 

.430 

.415 

.410 

.405 
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TABLE 12 

FOUR GIRDER. BRIDGE 

FRACTION OF WHEEL LOADS CARRIED BY LONGITUDINAL GIRDERS 

Spacing of longitudinal girders 
6 ft. 7 ft. 8 ft. 
0 Author's 

formula 
= Author 

formula 
0 Author's 

formula 

.250 .250 .265 .270 .295 .290 

.260 .265 .290 .300 .315 .330 

.270 .275 .310 .310 .340 .350 

.280 .280 .325 420 .360 .365 

.285 .285 .336 .330 .370 .375 

.285 .285 .335 .335 .375 .380 

.-310 .305 .375 .390 .430 .445 

.300 .295 .340 .360 .380 .400 

.295 .285 .340 .340 .365 .375 

.285 .280 .315 .320 .340 .350 

.280 .270 «305 .305 .325 .330 

.275 .270 .295 .295 .315 .320 

Girder I 

1 

5 

3.0 

20 

50 

100 

2 1 

5 

10 

20 

50 

100 



• 

0.272 

0.285 

0.305 

0.328 

0.241 

0.257 

0 272 

• 

TABLE 13 

MOTION OF THE CONTINUOUS BEAM REACTION le 

68 

Number of 	Spacing 
longitudes 	of the 
inal gir- 	longit- 
ders in 	udinal 
the bridge 	girders 

ft. 

'r' for moment in the 
girdqr  

. 1 	2 

3 

4 

8 

9 

10 

11 

6 

7 

8 

0.420 

0.515 

0.590 

0.649 

0.311 

0.403 

0.460 



TABLE 14 
EXPERIMENTAL RESULTS FOR MOMENTS IN LONGITUDINAL GIRDERS 
OF MODEL BRIDGE FOR VARIOUS CONCENTRATED LOAD PCSITIOM 

0( : 29,1 (3: 0.051  Itz0.95 

Load 
Tons 

Position 
of load 

Total 
static 
1Y. 
MoMENT 

Girder 
Strains, 

m ax 03 

Micro 
is r_iic 

Observed 

Inch 

Mean 

Mean 
Moments 
inch 

lb x 103  

Moments expressed as 
percentage of static 

t -None 
Obser.  
ved 

Adjus. 
ted 

eo re-
tical ._ 

2.80 0.24311 110 1 300 345 340  53.5 48,6 47.3 57.0 
on 1 350 355 

2 235 265 240 45,5 41.4 40,3 38,0 
215 245 

3 95 95 100 27.5 25.0 24,4 13.1 
90 125  4 -50 
-40 - - 3 

45  
5 

.45 -13,5 -12.3 -12.0 -8.1 

2,24 0.3722 134 1 4]O 550 495 70,5 52.6 56,9 61,6 
on 1 515 500 

2 260 265 265 48,0 35.8 38,7 34,5 280 260 
3 65 

50 
85 
65 .. 65 19.0 1i4,2 15.3 10.9 

4. ' .55 -40 -45 -13.5 -10,1 -10.9 -7.0 
-50 -30 

2,10 0,50E 169.5 1 620 605 670 105 62 62,2 68.0 
on 1 740 ' 710 

2 , 260 295 285 50 29,5 29,5 28.4 
280 305 ' 

3 4b 75 85 24 14.2 14.2 9,2 
95 120 

4 .45 -15 .30 -10 -5.9 -5.9 -5.6 
-45 -5 

4.75 0,243L 186,5 1 275 325 320 52.5 28.2 28,7 36,9 
on I. 345 330 

2 260 285 270 49,0 , 26.3 26,8 26.6 
260 270 

3 270 265 300 50,5 27,1 27,6 25.6 
330 325 

4 115 160 120 31.0 6.6 16,9 11.9 
70 180 

3.80 0.37Z 
on 2 

227.0 1 440  420 430 61.0 26.9 30,3 33.3 

2 445 405 425  60,5 26,6 30,0 32,0 

• . 
3 295 330 315 52,0 22.9 25,8 24.8 

4 100 105 105 28,0 12,3 13,9 9.9 

3,60 • 0.50L 290 1 395 425 440 62,5 21.6 23.7 27.6 
on 2 495 445 

2 755 765 730 116 40.0 43,8 43.6 
. 715 690 

3 340 405 375 56,0 19.3 21,1 20,8 
350 395 

4 725  160  115 30,0 10.4 11,4 8.0 



70 

10...IL 15 
EXPERIIENTAL RESULT FOR MOMENTS IN LONGITUDINAL GIRDERS OF MODEL BRIDGE 
FOR TWO LANE LOADING AND DISTRIBUTED LOADING e( a 29.1; p = 0,0501:0,95 

Load Tons Static Mont 
hiii.x  303 

Gir. 
der 

Strains Micro 
inch per inch, 

Mean 
Moments 
Inch LBx10 ,, 0 

Moments 
Inch 
gr
lane 
load 

13x103 

Distri. 
buted 
load, 

imposed
WiVirrika 

Moments expressed 
of Static 

as percentage 
Moments, 

Two 
Lane 
Load 

Super- 
imposed 
Distr. 
ibuted 
load 

MINim.M1•011MIIMI■•••■•••••■111114.61.1MM.V.......11■0  

Super. 
Imposed 
Dist- 

ributed 
Load, 

Two 
Lane 
Load 

Observed Mean Load Sumperimposed 
D 	tri utes oad 

Obser. 
ved 

A jus. 
tad 

0. 
reti. 
cal, 

ser. 
ved 

A. Sus. 
ted 

0. 
retical 

0 5,35 216 0 1 	335,345 340 54,0 0 54,0 	0 0 0 25,0 25,1 24,0 
2 	340,325 335 53.5 0 53.5 	0 0 0 24,8 24,9 26,0 
3 	325,300 315 51,5 0 51,5 	0 0 0 23,8 24,g 26,0 
4 	310,330 320 52,0 0 52,0 	0 0 0 24,0 25,1, 24,0 

1 5,35 216 75.3 1 	490,505 495 70.5 16,5 54,0 	21,9 25,6 26,8 25,0 25,1 24,0 
2 	540,510 525 76,0 22,5 53,5 	29.9 34,9 30,7 24,8 24,9 26,0 
3 	480,465 470 67,0 15,5 51,5 	20,6 24,0 26,9 23,8 24,9 26,0 
4 	315,460 430 62,0 10.0 52.0 	13,3 15,5 15,8 24,0 25,1 24,0 

2 5,35 216 150,6 1 	615,630 620 95,0 41,0 54,0 	27.2 28,0 26,8 25,0 25,1 24,0 
2 	670,635 650 100,5 47,0 53,5 	31,2 32,1 30.7 24.8 24,9 26,0 
3 	610,595 600 90,5 39,0 51,5 	25,9 26,6 26,9 23,8' 24,9 26,0 
4 	465,530 500 71.5 19.5 52,0 	13.0 13,3 15.8 24,0 25,1 24,0 

. 
3 5,35 216 254 1 	665,735 700 110,0 56,0 54,0 	24,8 24,9 26,8 25,0 kid 24,0 

2 	845,795 820 134,0 80,5 53,5 	35,6 35.7 .30,7 24,8 24,9 26,0 
3 	700,685 690 109,0 57,5 51.5 	25,4 25,5 26,9 23,8 24,9 26,0 
4 	525,605 565 83,5 31,5 52,0 	13.9 13,9 15,8 24,0 25,1 24,0 

4 5.35 P16 301.2 1 	820,920* 820 134.0 80,0 54,0 	26,6 23,8 26,8 25,0 25,1 24,0 
2 	990,985 985 165.0 111,5 53,5 	37,0 33,2 30,7 24,8 24,9 26,0 
3 	870,860 865 142,5 91,0 51,5 	30,2 27.1 26,9 23,8 24,9 26.0 
4 	635,720 675 105,5 53.5 52,0 	17,8 15,9 15,8 24,0 25,1 24,0 

6 5,35 16 451,8 1 	1020,055* 1020 172,0 118.0 54,0--26,1 22,8 26,8 25.0 25.1 24,0 
2 	1290,1315 1300 226,0 172.5 53,5 	38.2 33,4 30,7 24,8 24,9 26.0 
3 	1125,1125 1125 192.5 141.0 51,5 	31,2 27,3 26,0 23,8 24,9 26,0 
4 	790,890 840 137,5 85,5 52,0 	18,9 16,5 15.8 24,0 25,1 24,0 

8 5,35 216 602,4 1 	1250,1645 1250, 214.0 160,0 54,0 	26,6 23,1 26,8 25,0 25,1 24,0 
2 	1570,1600 1585 E0,0 226.5 53,5 	37,6 32,6 30,7 24,8 24,9 26,0 
3 	1405,1410 1405 246,5 195,0 51,5 	32,4 28,1 26,9 23,8 24,9 26,0 
4 	935, 1045 990 166.0 114,0 52,0 	18,6 16,2 15,8 24,0 25,1 24,0 

10 5,35 216 753 1 	1425,2080 
2 	18200885 

1425 
1850 

250,0 
331,0 

196,0 
277.5 

	

54.0 	26,0 

	

53,5 	36,8 
22,7 
32,1 

26,8 
30,7 

25,0 
24,8 

25,1 
24,9 

24.0 
26.0 

3 	1625,1720 1670 296 5 245.0 51,5 	32,5 1.4 26,9 23.8 24,9 26,0 
4 	1086,1220 1150 197,0 145.0 52,0 	19,2 16,8 15.8 24,0 25,1 24.0 

* Erroneous gauge reading. 



A. 4 

TABLE 16 
INFLUENCE COEFFICIENTS FOR MOMENTS 

IN GIRDERS AT MIDSPAN FOR UNIT LOAD MOVING 
TRANSVERSALY ON THE BRIDGE; 4 = 29.1, (34.05,11..= 0.95 

14 = Coefficient x WL 

	41.1111■MINIONINIMMININIOIMMINIMMMIM.NIIMIlhole mMIPP.....mmlemmear 	 

71 

Moment 
in 

girder 
Load 
at 

Influence Coefficient at mid-span of girder 

2 

1 .243L 
.372L: 
.50 
.243L, 
.372L 
.50 L. 

.058 

.106 

.156 

.049 
.072 
.074 

.035 

.056 

.059 
.032 
.056 
«li39 

.021 

.026 
«029 
.034 
.048 
.053 

415 .069 
.020 .115 
.015 • 170 
.030 .046 
.028 .064 
.035 «071 

..045 

.062 

.069 

.031 

.060 
109 

.015 
.018 
.020 
.031 
.046 
.052 

-.010 
-.013 
-.014 
.016 
.020 
.023 



TABLE 17 
EXPERIMENTAL AND THEORETICAL DEFLECTIONS 
AT MID SPAN OF THE GIRDERS DUE TO CONCEN 
-TRATED LOADS AT VARIOUS POINTS: ck= 29.1 

'0= 0.05 °I= 045 I = 796 in4. 

7 

Load 

2.80 
2.24 
2.10 
4./5 
340 
3.60 

Location of 
load 

.2431 on 1 
3721 on 1 

50 L 	1 

•243L on 2 

.3721, on 2 
.50' L on 2 

Deflection at centre of longitudinal girder in INCIAES 
easure 	 eoret cal  

.493 *045.  406 .026 .09? .051 .017 -,011 
112 .065 .008 ..026, 104 065 .018 -.012 

.117 .064 .006 • -.029 .097 .056 .018 ...011 

	

.086 .084 .069 .06 .088 .084 .061 	.027 

	

.092 .090 .056 .022 .094 .090 .065 	.028 

	

.094 .101 .067 stra .096 6095 ..067 	.029 

Tons 
11111111.1111111•1•MOMIMIIMMIIIMINIM 	 
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TABLE; 18 

EXPERIMENTAL AND THEORETICAL DEFLECTIONS 
AT MIDSPAN OF GIRDERS DUE TO TWO LANE 
LOADING ARRANGED FOR GIRDER 2 OF THE BRIDGE; 

= 29..1 13  = 0.05 = 0.95 I =796 10 

Load 
Tons 

Deflection at centre of longitudinal girders in. INCHES 
Measured 
	

Theoretical 
2 3 4 2 3 

	

I .02? 	.030 .026 .01? .023 023 *020 .024 

	

2 .046 	.050 .044 430 .046 e.046 .040 .028 

	

3 .061 	.066 .059 .041 .069 .068 .060 .042 

	

4 .084 	.092 .082 454 • 092 .091 MO .056 

	

6 .128 	• 139 .123 .081 .138 • 137 .120 . 084 

	

8 • 169 	• 186 .165 • 110 0.184 ..38 2 .160 • 112 

	

10 .221 	.242 	212 • 139 . 230 • 228 4;200 140 
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23.3. Two Lane Loading from 
a Single Jack. 

29.4. Surface Loading to Simulate 
the Dead Load Conditions of 
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Measurement of deflections and strains 
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APPENDIX Ad-1 
FIRST HARMONIC BENDING MOMENT DISTRIBUTION 
COEFFICIENTS FOR INTERCONNECTED BRIDGE GIRDERS 

12 
(L)

3 nEIT . a = 0 ( . 	) 0(  = cok ( 1 • 	) 

	

= (TO 	
/06 r2 

	

o 
= ac  ( 	us 	) 

4  3 
= ( 1 . C) 2 	

) 1  4 
= ( 	is  4 

'

I, 
7j2i- 	 30 	41  

For deflection coefficients divide 
b.m. coefficients for alters by-  17 

No., of 
Girders 

Coeff-1 
cient  .:. ? 	= 0 

2 
Load on P11 1.0 
(1) 

Pj.2 0)  

p 11  r.,8 /1 + 0( (1 + 41 )3 / Di 

3 F21 2 oi / D1 
Load on 
(1) 

P31 - °V VI 
. • D 	= 8 71+ Gi(a + cro 

P10 ( 3 +401)/ 1/3 
3 

Uniform 
],bad 

covering 
bridge 

P'20 ( lei+ 4 d) / % 
D3 =4[41+1  0(( 1 + 21)} 

1 First subscript number rears to girder number, the second to the 
load position. Thus P12. Is the distribution coefficient for 
girder (1) with loading on rditip (2)6' 

* Three girder bridge load on gir er (2) See sectioniop page 15. 

x. 



0. o 
Girders  

[6011+ 01 110 + 9 Yi ) + 8  C ( 1  + 12  ) /D4 

4 
Lo (ad

1) 
 on 

ac q9 + + 3 coil/ D4  

q-121.. a 4 3 mid] / 04 

2 0'1( 1 20) / D4 
e. 

D4  = 	-11 c ( 1 + IA 61 + a  ( 1 + 911 ) 

4 
Load on 

(2) 

241[9:11, + d ( I + 3 11)J / D4 

S.601.4 0(( 	+ 5 1) + 	001( 1 + 319j / D4  

2°" ( 2n + 2a) / D4  

a1[1211+ a ( 1 . 311)1 / D4 

i1( 3o  + 8 ) / Dri 

( 3 04  + 321 ) / 

D = 6a(1 + 11) + 601'1 

4 
Unifo 

load 
covering 
bridg 

p40 
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No. of 	COeffi  

Girders cient 
00 

2 
Load on 

(1) 

a 
Load on 
(1) 

P11 

P21 

P31 

( 1 	/ ( 1 + 2 0(0 ) 

+ 2 ao) 

1 + 2 Ki  ) /D
2
+ 1 ( + eco 

( 
1+2rx,) 	

- 1/ ( 11. 16)] 
2  I  

= 11+ °(( 1 + VA) 
	AVAIIIImk■IMMINAVAAAMINAMIAMMININAND 

* 
	■1101•11111/111 101•111MANINA.AllintwomMOIMIMINNIP.IIMININOMMIANIMIMIAMIA 	 Vroas•www,rwaerirstrl*** 

til ( 16 eci  + 3) / 116 d, ( 1 + 2 11 ) + 16 10 

3 
Uniform 

load 
covering 
bride e 	 

( 16x, + 10 	) 	L160(1  ( 3. + 21) + 16 71) 

	....mtwafroors•41.10.010.111* 

t( 1 + `it  ) / Da + (i1 + 3 a4) / D6  

4 
Load on 

(1) 

21 

P31 

P41 

 
2 L

417 as 	X4/ D6] 

As P21 but with . sign between terms. 

As Pll  but with . sign between terms. 

= t_11+ cc( 3. +AI  D6 = ( 11+°(3 ) ( 1 + 31)-(4 )2 } 

* Three girder bridge load on girder (2) See section 5, page 15, 



• 

( 100(1+ 4)1) / 

  

10 

No. of 
Girders 

Coefficien = 00  

 

   

   

4 
Load on 

(2) 

7 	/D5  + 064/ Del 

22 	+ ot).  ) 	+ 	+ 0(3  ) 	D63 

As P22  but with . sign between terms 

P12 

P
22 

P
32 

P42 As P12 but with - sign between terms 

1 ) / D8  
P40 

'20 '30 

4 
Uniform 
load 

covering 
bridge. 

D8 	10d( 2+ 	) + 101L 
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APPENDIX  

BENDING MOMENT DISTRIBUTION COEFFICIENTS FOR HIGHER HARMONICS' 

For 13. = 0 I Use coefficients of Appendix At.1 but replace a 
by P4  

For IN = 00  s Use coefficients of following Table but replace oc. 
ot/  p4 

No. of 
Girders 

Coefficient = co 

2 
Load on 

(1) 	 21 

( 1 +09 ( 1 + 2d) 

°(/ ( 	1. 2;0) 

1 
P11 	si t / 	( 1 + 20) / 112) 

As P'1  but with sign between terms 

Di = 	) 0112  = + oc ( 1 + 2 -9 

P
21 

P
31 

3 
Load - on 

(1) 

3 
LoAD 014 

kl) 

4 
Load on 

(1) 
P22 	( II+ / D2  

Pll 	1 4' °() 	D
3  (1+300/a4 

P21 	2 	
G(/ 	cl/ D4  



10G 

No. of 
Girders Coefficient 13 :-.... co 

4 
LOAD ON 

is) 

P31 

P41 

As 	P21 	but with - sign between terms 

As 	Pn but with - sign between terms 

= IL + 0( ( 1 	+ 1 ) 	4 =It+ o(l + 31) 

4 
Load on 

(2) 

P22 

P32  

P42 

2 [°(/ % + 	9 174] 

et+ c'(  ) / 	3K D3 	+ ( 3 	+11 ) / D4\ 

As p22 	but with - sign between terms 

As 	P12  but with - sign between terms 

+ 2cAz. 
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APPENDIX B 
, CURVES OF BENDING MOMENT DISTRIBUTION 

COEFFICIENTS FOR THREE AND FOUR GIRDER 
BRIDGES. 
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04 
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o2 

• 
THREE GIRDER BRIDGE: (3=00 No ROTATION 	
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• 

Im••■■•' 
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I PIIIIIIIIIMMEnimalmm 
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