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SYNOPSIS

| This thesis presents a study of load distribution of
eoncentrated loads to the various longitudinal girders of inter-
connected girder bridge. The hemhod 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 drayn for the range of bridge
parameters usually occuring in practice, Using these influence
lines, approxiéate formulae have been derived for caléulating the
distribution of moments in various girders for two lane I.R.Ce.
class A and class B loadings, These formulae could be adopted

for ready computation of design moments in girders of such bridgess

To verify the applicability of Hendry-Jaeger method
and also to investigate if the lateral load distribution at worke
ing loads will hold at ultimate loads also, a one-fifth scale reine
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-
tiLal ones, Also,*the distribution of moment to various girders

was found tp be almost constant at all loads.
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i, IKNTRODUCTION

1, Introductiop

The wide use of interconnected bridges together with
an increasing avareness of their inherent complexlty and the intre
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 & train of wheel loads.

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

not know which ‘method givasmore appropriate resuits.

Dasigns based without cqonsidering distribution of load
due to inter-connection or as provided in the I.R.C. Bridge Code(l)
are likely to give values of free bending moment carriéd by different
longitudinals considerably different from the actual ones which has
necessiated the study of the subject.

2, ObJect_and Scope

The obJectiveé of this thesis are:

(1) To obtain influence lines for moments in longitude
ima] beams when a unit Load ‘is placed at varlous positions on a trane

sverse section of the bridge for the usual range of bridge parameters,

(11) To determine design moments in the longitudinal

beams due to two lanes of I.R.C. ciﬁss A; 1o§ding.

* Numbers in the parentheses refer.tothe 1ist of referencesat the and,



2
(111) To éuggest simplified design formulae for obtain-
ing these design moments, .

(1v) 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. Notation

The letter symbols are defined in the text where they
first appear and principal letter symbols are listed here for

convenient reference.

A Amplitude of the f£irst hammonic ‘comggnent of free def-
lection of the inner beam carrying full load,
a Distence from the support to the point of action of

| concentrated load,
aal,&:a, &3 Amplitudes of harmonics of beam deflection curves,

C Shearing modulus of elasticity of concrete.
E,E; - Young's modulus of elasticity of concrete.
h Transverse gpacing of longitudinal beams.

I, I; Flexural moment of inertff of the cross-section of the
longitudinal beams, °

Ip Total flexural moment of inertia of transverse medium
about longitudinal axis.

J Torsional si;iffness fact.or.o_'

L Span length of the bridge o¥ longitudinal beam,

M Free bending moment on the bridge or longitudinal beam,
at a section ‘*x* from the support. |

n Total number of iongitudinal beams,
An Integer,used for designating the number of fourier term,
r Fraction of continmous beam reaction for the 1ongitudinal

beam under consideration due to four equal lcads along
the cross section. :

Wi Concentrated load,
x Distance of the section from the support where bending
. moment is required. |
4 Dimensionless parameter of the bridge = LA Ly £
P "Dimensionless parameter of the bridge = _Z’L’(_g) _%
o Dimensionless parameter of the bridge = _%'_
y /3

Bbisson‘s.ratio for concrete



II., METHOD OF ANALYSIS

4, Bxisting Methods Gridworks

The theories, which existt for the analysis of the ele
astic behaviour of a system of interconnected girders, with a decke

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

The £irst group includes the theories which treat the
structure in its actual form, relating the bshaviour of each member
to the whole structure through a set of redundancy equations. The
equations appear as linear simultanﬁggs equations and will be large
in numberfo a: structure of any dbgree of complexity. Lezarides(2)
suggests method of relaxation for solving.these equations, Bwell,
Okubo and Abrams(3) use the grid system as such in thelr method.

Using an auxiliary'forée gsystem of control for vertical deflections
at Joints, & moment and torque distribution process is evolved for

transmission of the deflection effects.

In second group of theories, we may include those methods
vhich reduce the actual system of discrete interconnected girders
to an elastically equivalent system, uniformly distributed in both
directions, Guyon(4) in his wethod transforus the system to an equi-
valent anisotropic plate, Distribution coefficients are developed
as’ the ratio of the actual bending moment of a longltudinal section
of the bridge under some loading to the bending moment of the bridge
with the léAding system distributed uniformly across the bridge

wvidth, The torsiongl stiffness of the members 1s assumed zero.

* gumber in parenthesés refers to the list of references at the
ends '



Massonet(5) has extended this method further by including the
offect of torsional rigidity. .

The third group of theories replace the actual transe
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 1n temns of the
deflections of the longitudinal beams, Pippard and de Waele(6) asse
umed uniformly distrituted transverse stiffness as the simplifica-
tion, In this method, 1t is further assumed that there is no rotate
jon of the longitudinals. The solution is in the form of simultane
éous fourth oxder 1inearvdifferen¥131 equaﬁions. There are as many
such equations as there are longitudinals, The arithmetical work
involved is excessive in any prattical problem. Leonhardt(7) Teple
aces all the cross girders by one central cross girder of.equivalent
stiffmess as the simplification, The effect of torsional stiffness
is neglected in his method.

In the fourth group we have those mathods in which the
solution is obtained in series form. Usually the sine serles is used
to represent loading and deflection of the structure. The applied
loading 1s resolved into sine componeﬁts,each of which can be hand-
led separately in a simple manner, The effoct of the total load is:
found by superposition of the effect of the component loading, Based
on this Hetenyics? has developed a methed'assuming no rotation of
1hdividual members at the intersections. Newmark(®) takes into acce
ount the torsional rigidity and applies: the methéd of moment distr-
ibution to.sclva for individual sine components. In Hendry-Jaeger(lg)
method the simultaneous differential equations are solved by harménsl
i¢ analysis and tﬁe saplitudes of the harmonics of bending moment

curve are found for various girders,



The computations in the thesis are based upon Hendry-
Jaeger method for the following reasons.

.1) In a theoretical study made by Guptafdl) it was found
that the results obtained by this method are in éloée agreement with
those arrived at by moment and torque distribution methed 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'withoq},following the details of

derivation.

4) The method has a wide field og application and has been
applied to single-span bridges and continuous bﬁldges, 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~Jaeger Method

Besides the usual assumptions of simple theory of bende
ing the following two assumptions are made,

. (1) The trensverse medium is replaced by a continuous

medium of the same total transverse moment of inertia,

(11) The torsional stiffness of the longitudinal beams is
consldered but that of the transverse medium is neglected,

The first assumption is in accordance with actual fact .

in a beam and slab briige. Torsion of the trensverse members can be
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taken into account in this method (10} tut 1ts effect 1s usually
very small. It 1s neglected to avold involved computational work

7

without appreciable loss of accuracy., Whatever exror 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 provedxlz) that in a system of inter-connece
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 deflacted form, In the case of simply-supported longitudinals
of single span the load profile that satisfies this condition is a

sine or cosine curve,

L J
[ 4

Suppose that a concerltrated load W' 1s applied at
a distance ‘'a' from the support along the length of one beam of
the interconnected system giving rise ?o 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 anae-
lysed into a number of sine curves which,when superimposed, will
give the shape of the free bending moment curve.

Moment 'M'! at any distance ‘*x' from the support is
given by |

M:;-IE..L?...?..WX 0 L x /a

Iet M =£a Sin BTX
. n=1,2:0 % L



a
= , ATX 2L 1 s 2T
d - R
) _ WL ®wa Tx .. 2Ta
o 0 M"""gw (SinL mT+_2 Sin—r_.
X p nT8q, BYX ).l
e S i e e

This process of splitting a function into sine comp-
onents 1s called harmonic analysis and the various sine components

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

o
L 4

First harmonic compoment XL gyn T2 sin Tx

"2 L A

Second harmonic component % § Sin 2 7 & sin E.L_l‘. |

eomponez’:t % n2 » -1

In .general, an infinite number of harmonics will be req-
uired to build up ‘a given curve, ut for pract:lcai purposes only
the first few are sufficient to get a reasanable 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 mome
ents diagrém to show the closeness of result by considering only
three harmonics and neglecting the reamining harmonics. If there
are concentrated loads W, W', W' at distances a, a', 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

2L

.. ' . ' "o " AX
2a aa 28" sim A%
—~ (W &im & 4+ W sim 22 +w sim X ) 3



and so on for other hérmonics;

Novw BI ...‘EL = «M

ax2

Substituting for M from Eq.1 and twice integrating,

e 3 : :
ML Ta Tx 1 27 a 27X
e y —— + .
¥ =5 A( 8n g~ Sin % - Sin Sin "

l . DTa Cnwx
*"“'_sin m . + ') s €)
n4 L RN * ) 2
where, ~

BIj, ~ Flexiral stiffness of the longitudinal beam.

y = Free deflection of the longitudinal beam.

[
L 4

Thus, we see that the Shape of harmonic components of
deflection and bending moment are same and defined by the tem
Sim 1%3 and’the coefficlents giving the maximum amplitudes of

each of the harmonic component only differ in the‘two cages,

Hence, each harmonic component of the free bending moment
diagram can bs distributed amongst the longitudinals using the
distribution coefficients of deflaections derived below. The bend-
ing moment diagram for any beam 1s 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 cente
ral beam; Let al) the three beams be of equal flexural and trans-

verse stiffness, EI and CJ respectively,
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Figure shows a cross section of the bridge at & dis~

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

equatiordas'g:lve; ’ o’
My = 6By Iy :
1 nZ [.‘y?‘yl)"s'h"l] 3
12ETI |
v = T . :
12 | oz, [(Y‘ 1
3 ~¥1)- 5he 4
vhere, Lh 2 1 . 2 1]
Bp Inp flexural stiffness of the transverse system per unit
=5 length of the bridge.
B spacing of the longitudinals
v - first harmonic deflections of longitudinal first and
1232 second Bespectively, positive downward,
8 first harmonic rotation of the first longitudinal
1 positive clockwise, ( ©,:0 by symmetry)
* M Moment per unit length in the transverse medium at
12 the outer edge of the intercept between longitudinals
I and II due to first harmonic loading,
) shear force per unit length in transverse medium at
Vi the outer edge of the intercept between longitudinal

I and II due to end moments,
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Lot the first hammonic deflection of the inner and outer
beams be .

Vo =a Sin ".F_. S

Y9 =ay; 8in 'Ir’E | 6
where ‘ay' eand 3.2 ! are the mldespan deflections due to the first
harmonic of the 1oad1ng. The deflection of the bridge is symmetrical

abou"b_' mid-span and by symmetry the torque in the outer beam is zero

at mid-span because .‘&% = O &t mid-span., Then torsional equil-

ibrium for first beam gives,
L’,_
J,,“lz é, =0 | ?

Let the first harmonic of the angle of rotation of the
first beam be given by, .
hey, =Cp + Kk s =Z 8

vhere ¢, and A &re constants to be found,

From eqs. 3,5,6,7 and 8, we get,

Yo L
Mag dx = 6 ET I',r T . X -
.le -ﬁr“_(az-al);.smr-@gsc:1+/\sm-ﬂ-ﬂd§=0

From which on simplification we get,

3f

w
g(agf-a]_)a-z-cil-l-A‘ 9

Tne torque 'T' in the outer beam at this section is given by,

'7;
. C L’L B
Integrating both the sides between the limits O and &'-
bja br-x

JT1 ay = ‘0“,_ My, 4x 8x

10
7
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Pt T, = €J :93 =63 3 I cos X -will (From Eq.8)
x ~ | -

where CJ 4is the torsional rigidity of the longitudinal girder,

Integrating both the sides: of Eq., 11 between the limits |

0 and %
Ky At W I A

\ ' . X : \ \
jrla;::ca-ﬁ-.ﬂ. JCos:.i.dx =CJ & 12

[+ (¢]

Substituting in Eq, 10 from Bgs, 3, 5, 6, 8 and 12
Lo Ya-x

.%_ %—j)[(mz-al)smr---(cl+/\81n¥}dxdx

From which on simplification, we get,

g(a'a-az)"F;cr*,'(’l + Brg ) A 13
o me: cw% pcg .
where: P =— F . 1

Solving E'qs. 9 and 13, we get,

L AL Sl S)
{2(1-:{—)" B

*
&

and €y = 3B(2-3a5) 16
1am)a
| X "2 (l-z)+ B)
Load per unit length on the outer girder is
d4y1
JEI ~ = Vla 17
dx .

Substituting in Eq. 17 from Bgs. 4; S and 6, we get

a, Sin 1rx = 0(‘_( - &y ) 810 T2 "‘%..h 91}

“ where A = -}f; ;{—)3_‘3%?_ 19
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(a) When the longitudinals are of zero torsional stiffness,that is,

L]

cJ=0 or B=0,

hgl=%(52 - a3) Sin %  From Egs. 14, 15 and 16
substituting in Eq., 18, and simplifying we obtain

a1 = 0(/4 ( aﬁ - al )
(b) When the longltudinals are of infinite torsional stiffness and
prevented from rotation, that is, CJ =@ or B = @,hf=

Substituting in Eq. 18 and simplifying we obtain,

81 = A ( 32 - al )
(e) When the longitudinals are of infinite stiffness and rotate as
rigid body, that is, ¢J = @ or 9 ,B =Q

hey = 2 (ap -a) Fromzqé. 8, 14, 15 and 16,
Expanding the right hand side in sino serles, we obtain

h91 35 (32 -a )(Sin'r‘!‘% Sin 1Sin5;‘wx+oo)

12 ' L] (A :
= 25 ( ap - a; ) Sin I'é ( pproximataly)

Substituting in BEq, 18 and simplifying, we obtain,

B TA(1-%) (8 -ap)

Let the amplitude of first harmonic free deflection be 'At,
Ten & =@y *ap *ay

tut &3 = &g (by symmetry),

¢ &=2a1*32 - 2



14

Substituting Eq., 20 in the results of above three
cases; the first harmonic amplitude of deflection of the various
" girders is reduced in the fomm )

8 = th; 32=P22A 3 33 ”Pazﬂ ;
vhere Pjo , Pog , Pgp 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

(a) Zero torsional stiffness. A 4 +
T34 T

(b) Infinite torsional stiff- ° A

- ness, no .rotation, 1+ 3

’ 6

A(L~ —5) 1+d(1a.8 )
(¢) Infinite torsional stiffe | ™ we
. ness, rigtd body rotation, 5

. 6 .
1+3d(- ) 1+ 39(1-
- w2’

If the outer and inner longitudinals are of different
moment of inertia,

I .
Let =1
where Il moment of inertia of outer longitudinal

. I  moment of inertia of inner longitudinal

Eqs, 17, 13, and 20 reduce to Eqs. 17a, 18a: and 20a given belov.
at ¥,

M EI
1 =
dx‘Z"" o Vlz 17a
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' o nx 1
alsinxr,z = ?L‘{(&Q-al?sm‘—r - -é-ha]] 18a

A= 20sy * o8 .

Using these with Eqs. 8,14,15 and 16, ve get the following values
of distribution coefficients for the first harmonic of free defle
ection, for the three cases consldered are—obleained-

Pio =Pz Poo
- (a) Zoro torsional stiffness, A& AN+ o |
4n+a(l +2) 4N+ 1+21)

A

(b) Infinite torsional stiff- | N+
- ness,No rotation, M+ + 21 T+ 1+ 20
. A 6 R
) . o((l--e-z-) *\+°<(1-;§)
(¢) Infinite torsional stiff- . S - :

" ness,rigid body rotation. V) *““lf"’j“?(l",%z? W +3(1+27) (1- % y

The nth harmonic component of the free deflection curve

is
} nwx
where ’ Bn . 2vLd L 51p BT X
«% BI nd I

Exactly the same analysis éan be carried out for any
nth harmonic component and it is easily seen thét the distr:lbqtion
coefficiant for the nth hermonic will be obtained by substituting

-31—1, in place of J in the formmlae for the first hammonic coeff-
iclents for case fa), case (b), and case (c)s However, for case (c)
rotation of the longitudinals 1s accounted élmost entirely by the “

®ipat havmanic bending moment component., A second harmonic would
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impose a system of torgues on the longitudinals antisymmetrical

about the mid-span producing no rotation at all, the third hame
. onic would result in very small unbalanced torqﬁes, hence, small
rotations. Therefore, 1n such cases the distribution coefficients
for second and higher harmonics may be computed assuming no rote

ation, that 1s, coefficient of case (b) may be used for higher
hammonics, of case (c)¢ |

In cases where outer and inner longitudinals are of diff.
erent flexural stiffnesses, the bending moment distritution coeffi-

cients are obtained by multiplylng the deflection coefficients for
the outers by n .

It is possible to mterpoiate distribution coefficients
for intermediate values Sf B given the coefficients for B =0
and B = @ by interpolation formula

Pg =P + (B -P) /B

| T
where,

B, = Required distribution coefficient for ‘B’

P:

[

Distribution coefficlent for B = ©

]

Py Distribution coefficient for B = O

If there are loads on more than one longitudinals, the.
fr'ae bending moment relative to each are distributed separately and
the total e.ffect is found by superposition. Loads applied on the
deck in between the longitudinals are dealt by replacing them with
equivalent loads agting on the beams, The equiv.alent system 1s obt~
ained by treating the'transverse medium as continuous ovef unyield-

ing supports, provided by longitudinals, the reactions so obtained
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are considered as applied loads on the longltudinals and distrib-
uted as above, | .

6o Date tion of Moment v Girdexr

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

3

W= & (sinTR sin WE . L ogp 258 s1n 22X + ,

————
u.z L L 22 L
W o'
+ ..J_‘_.. 8in a_3a 8in a T X + coeee ) 22
nz L :

The nth hamonic term Tn 1s given by

= 2L o nw 4o DX
. In ;2—1-;2 S8in _I:-g Sin+ 23

- As explained in section 5, each harmonic term T» 4s
considered as a separate bending moment diagram and is distributed
amongst the longitudinal beams using the distribution coerfieiéhts
of Hendry-Jaeger given in Appendix A-1, If we denote by nfRg * th_e
nth harmonic distritution coefficient for pth beam load being
on gqth beam, the total bending moment, Mpg ** on any pth beam
and My, on qth beam (losded beam) will be given by

ﬁpq = (=oPpq x Tn ) L 24

The value of & taken for , fp, 1s o .

4

* The sub;eript to the left (n) refers to the number of harmonic
firat gubscript to the rdght. ( b) refers to the number of beam
under consideration and the second subseript ( q) the number of
beam having load.

** Pirst subscgst mumber (p) refers to the number of beam under

consideration and the second subseript (q) the number of beam have
ing load,
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Now as n increases o decreases resuliing a

decrease in the value of wfq and corresponding increase in
wfaq o For large values of n, =f, may be assumed as zero
and yf,, a8 unity. It 1s found that this situation arises for

about n = 5 in most of the cases,

Then equation 24 reduces to

Méq = (= nPpq Tn )L 26
m= 12,5 - ,

and csn easily be evaluated,

If there are in all 'm® longitudinal beams of which
say the gth beam is loady there will be (m = 1) equations
of the type of Bq. 26 and only one eguation will be of the type of
eq. 25. The condition 01: static$ a;z any section having a free bend-

ing moment ™M* gives .
| 2 up q + qu = M e
oY qu = M - iﬂpq 27

From Eq. 27 bending moment on the loaded girder i1s calculated, that
is, the bending moment of the loaded girder is obtained by subtrac-
ting the bending moments of all the bmams-.other than the loaded
beam vfrom the free bending moment of the bridge,

7« Example
. To illustrate the method an example is solved here.
Example - A concentrated load W acts on the model bridge of

Fig. \9 at 8/8L <from the left hand support midway of girder (1)

and (2). Calculatg the bending moment in various girders at midspan.
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Step I

Calculate the moment of inertia of the bridge elements.
. In calculating moment of inertias of the bridge elements the gross

eross sectional area of concrete 1s taken,

(1) Bxterior Girder

Distance of neutral axis from the top of slab

= 13 . ¥ £ . ' A > l "‘“ISS" -
13,1 x 1.5 + 12,5 x 2.4 !f'l‘ , '43__'
— - ' - __.r
= 4005 inc 125"
o o Flexural moment of inertia about xhe i#nﬁ*-

neutrsl axis, .

L= b x13,1x 6%+ 3y x24x 125 + 13,1z 15 x 3,8
* 12,5 x 24 x 2,22 * = 756 in%,

(11) Interioé Girdere

Distance of neutrel axis from the top of slab

o
3

— “ﬁ x 1.5 *+ 12.5 T 2.4 lf__r"

= 3.83 in,

‘«,
¢ o Flexural moment of inertia about the
neutral axis

I, = ~% x 16,6 x L5° + o2 x 24 x 12.6% + 15,6 x 1.5 x 3,082
+ 12,5 x 2,4 x 2,42° = 796 in%, |

Torsional stiffness faetor7

[ ]
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P 2% 5 12,5 + ezt

3+ L%Eg&i 3x 1.8 :
= 68,3 1340

(iili) Cross Beamse

» , (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

‘ﬁlﬁZ!ﬁIQZQ"’E:QZG@S&JE ' ik»é"—""j
3.6 x 1.5 * 244 x 6.3 "f" 2.62"
| P
= 2.52 1no : . .
Flexural moment of, inertia of the three
cross heams

3
= sfx36xLs®+Lx24x63 +3.6xL6x L7

+ 2,4 x 6.3 x 0,632
= 222 1nd,

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

Digtance of neutral axis from the top of slab

= 06 x 1.8 % 0s75 + 6,3 x 24 x3,15
0.6 X 1.5 * 6,3 x 244 Y

e
= 3.02 1n, - ’ | ‘i ?

Flexpral moment of inertia of the two Lebeams

= 2[1.%. x 0.6 x 1,53 + ﬁx'e.aa X 2.4
+0,6°x 1.5 x 2,272 + 6,3 x 2.4 % 0.1321

= 110 11140 d
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(iv) Decking Slabe '

Width of slab remaining after inclusion in cross Beams
=150,8 -6x3=-22x3 = 126,8 in,

Flexural moment of inertia of the remaining slab

= g3~ x 126.8 x 1.5°

= 35.6 ind.

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

of the transverse system;, Ip =222 + 110 + 36,6 = 367.6 in4a

Step II

Calculate the dimensionless parameters,

Transverse spacingeof the girders = 1.5 ft.

Span length of the bridge = 12 ft,

Assumihé Poisson's ratio of concrete 0,15, %-z 5%5
3

A = 22 12 367,6 -
=S 29.1
p . M2 L5 683 __ = 0,05

= T2 X-13X2.3x 367.6
m o= I8 . =0.95
796 .
‘Step III

Calculate bending moment distribution coefficients.
As the bending moment is required at mid span, distribute
ion coefficients of second and fourth hammonic will not come in

the calculation. Hence, we shallfind distribution coefficients
for first and third. harmonics only.
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(a) Distribution coeffi‘cients of bending moment forg = 0,M = 0,95
from graph of Appendix B or from formulae of Appendix A.

¥
{ ¢ . |

' ’ 5

Harmonlc: £ Poq P33 Py1 P12 P P4
First 291 0,37 0,07 0,17 0.36 0,23 0,06
Thi rd 0.36 0.08 0,04 ) 0.07 0,15 -0.04

(b) Distribution coefficients of bending moment for B = <%= 0,95
~ from graph of Appendix 8 or from formulae of Appendix A

Harmonic A P

21 fa1 P Pz Py Py
First 20,1 0,28 0,21, °0.16 0.26 0.25 0.20
Third 0636 0419 0.03  -0.03 0.18 0.12 0,03

(c) Distribution coefficientsof bending moment for® = 0,05, M =0.95
4 interpolation formula. - + (Pao - B Ja
rom interpo & P, Po + (Pe- Po) ’—‘—_%mﬂ .

First 29.1 0.34 0.11 -0.07 0,33 0,24 0,10
Third 0.36 0.09 ~0.,03 o 0408 0.15 =-0.03
Step IV

Replace the applied load by equivalent loads acting on
the longitudinals.

FFirst subscript number (2) Tefers to glrder number, The second (1)
to the load position, Thus f;, is¢: the distribution coefficient of
bending moment for girder (2) with loading on girder (1),
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Agssuming slab to be a continuous beam resting on unyielding

supports provided by longitudinals, the moment distribution-.gives
the reactions on the girders due to a concentrated load 'W' acting

midvay of girder 1 and 2 as follows,

Girder 1 2 3 4
Reactions 0,40 W 0. 724W; -0, 148W 0.0

Thus, We can assume, instead of single load 'W', the four
loads as above acting on the respective beams. (A negative sign

indicates an upward load on the girder).

Step V

Calculate bending poment 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. |

Moy 2 (0.3t x 0002 + 02 %0.33) =o0,0es8

*
f

Mg =S (0.11x0.92 - +03 20,383 ) = 002041
My = Z. (-0.07x0s28) = -0,0131L
. R . _

11 = [0.1875 - (0.0645 + 0.0204 - 0.0131)] L = 0.1157 L

* First subscript number refers to girder number, the second

to the load position, thus 121 1s the bending moment for girder 2
with loading on girder 1
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(c) Bending moment on various girders at mid span due to unit load
on girder (2) at 3/8L. .

" Myg = %(.331.994 +s08 X383 ) = o.0626L

Mag = & (.24 x.924 +al8XaBI) = 0,00641
: =
u = 2k (+20x 922 - 203 X383 ) =o0,0185
42 " | 9 -
Mop = [0.1875 - (0.0626 + 0.046¢ + 0.0186)] L
| = 0,0600L
Step VI
Calculate the bending moment on the various girders due to
applied loads using, o

(1) Bguivalent loads of step IV .
(11) Unit load bending moments,of step V |
(111) Symmetry of the bridge about ‘the longitudinal axis,

My = ( ¢1157 x 04 + 0.0626 x 0,724 = 0,0185 x .148 = 0,0131
x 0,024 ) WL = 0,0885 WL

=
0o
n

(0.0645 x 0¢4 + 040600 X 0,794 « 0,0464 x M8 + 0.0204
' x 0,024 ) WL = 0,0628 WL

M3 = (0.0204 x 044 + 0,0464 X 0,724 = 0.0600 x 0,148 + 0.0645
' X 024 ) WL = 0,0345 WL

My = (-0,0131 x 0,4 + 0.0185 x 0.734 ~ 0.0626 x 0,148 *+ ,1157
' x 0.024) WL = L0017 WL

vhere M1 , Mg , M3 and My are the mid span bending moments in
girders 1,2,3 and 4 respectively due to a load ‘W' acting at 3/8L
from left support mid way of girder (1) and (2); -



III, VARIABLES AFFECTING THE BEHAVIOUR
OF INTERCONNECTED-GIRDER BRIDGES

8. Ihe Varlgbles

The variables that enter into the analysis are as

followss

26

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

(a) Shearing modulus of elasticity C.
(b) Young's Modulus of elasticity E.

(11) Variables relating to the geometry of the Structurey

(a) Number of longitudinal beams- m

(b) Spacing of longitudinal beams- h

(e) Span length of 1ongitudina1 .
- - beams. L

(d) Number and locations of crogse
- . beams,

(111) Veriables:relating to the stiffness of the bridge elements,

(a) Flexural stiffness of the

- longitudinal beams- BI, BI;
(b) Torsional Stiffness factor- J
(c) Flexural Stiffness of the
. . transverse system, Bple Eplp

(1v) Variables relating to the loading,

(a) Longitudinal position of the
- load = a

(b) Number of wheel loads and
- . transverse position,



The above four groups of variables are considered in

detail in the following sectionss

" 9, Mecha terial C.B

Shearing modulus of elasticity 'C' and Young's modulus
of elasticity 'E' appear in the form of ratio % . In tems of

Poisson's ratio ‘&

_ 1
2(1+4)

£
E

The value of &' for concrete generally lies between O and 0.2
in this study 4 = 0.15 1s assumed so that % = "':Eéi .

10. Ggometry of the Structure .

7 (a) Number of Longitudinal Beams ~ m

| A majority of bridges can be included in two, three
and four beam bridges. The actual analysis by Hendry-Jaeger method
has shown that no appreciable advantage 18 galnedof interconnections
in the usual type of two beam bridges. The study has, therefore,
baen restricted to 'three and four girder bridges only where the
considerations of interconnections considerably alter the design
moments of the beams. |

(b) Spacing of Longitudinal Beams = h

. | For g:wo‘ lane bridges the width of decking slab may vary
from 20 to 32 ft, To include all these widths, the .centresl’:giggntreé
of 8, 9, 10 and 11 ft. of longitudinal beams in three beam bridges
and 6,7 and 8 f£t, in four ‘beam bridges are considered. The design
formulae finally s.mggested are such that any fractional value in

between these widths can also be dealt with equal ease,
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Only simply-supported bridges are consideredahere.
" The influence lines for moments in longitudinal girders are plotte
od as the coefficients of the effective span length,

() Location and Number of Crogs Beans

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 distre
ibution of bending moment in the various begms is concerned. The
mimber of cross beams 1s only important when determining the flex-

uaral stiffness of the transverse systiem.

11, Moment of Inertias of" Bridge Elements

The cracking of concrete and presence of steel affect
the absolute moment of inertia of the bridge elements tut the extent
of coracking is not certain and the amount of steel 1s not known ini=
"tlally and the moment of inertia appearsin the relative form, It is '
customary in R.C,C. structures to compute moment of inertia on the
basis of gross concrete area. The same basis is adopted in this
thésis. _ |

(a) Flexural 8tiffness of Longitudinal Beams EI, EIj

e The longitudinal beam acts as T or L beamip, the width
of the flange acting with the rib is taken as per IS: 456-1957‘13)
The flexursal moment of inertia is calculated as usual and is denoted

by I; and I for outer and inner longitudinal beams respectively,
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(b) Zorsional Stiffness Factor - J

The torsicnal stiffness factor for rectangular beans
- 1a approximately given by Horley(u?,
J = -——59—"-@—
- R+ &g
For T or L beams the value of J 1s found by adde
ing to the J value of the web, the contribution of the flange.

Thus,

3 1 ]
3 ' (bs —b) ds ' bs )
J - ___b_i_-—z T L 7 ds
(bs-b) d
wvhere; |
L] 4
d = overall depth of T or I» section, | bl

b = rib width of*T or L section,
ds = depth of slab
bs width of slab act:lng with ¢he rib of T or L section,

(c) Flexural Stiffness of Transverse System Biq |

The cross beams will act as T or L beams, The flange
width is taken as recomended by IS: 456-1957(13), e flemiral
moments of inertia of all cross beams are added uﬁ. Let this be
IT « From the'cotal 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 I3, . Then the total flexural moment of inertia of
the transverse system, |

Ip = 1 * I
T, T Tz
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12, Loading
(a) tudina tion t -

For the study of bending moment distribution two posi-
tions of the loading have been considered:
mid-span and quarter span, that is & =& and & = &

(b) Number of Wheel Lioads and Transverse Position

The standard load taken for finding the maximum bend-
ing moment percentage 1s I+R.Ce Class A two lane loading; the
distance between the centres of the nearest wheels of vehicles in
edjacent lanes is taken 4 f£t. throughout. All the four wheels
along any cross-section have the s.ame load, When considering the
outer beam, the f£irst vheel 1s put directly above it and to proe

duce maximum moment in the inner Weam, the second wheel is put

directly above this beam,

The conditions of the analysis are such that the vare
lables discussed above do not appear separately but are combined

into the following dimensionless parsmeterss

= L

n = I

B = X h CJ
T2 L ETJT
- _’__é LS E-;IT

d\ 7‘4 (h)EJ

A number of actual bridges were studied and the folle
owing conclusions are drawn, -
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(a) 7 =~ For most of the actual bridges ") is about one. A.
small variation in the value of ") does not cause appreciable: variae
_tion in the maximumn design 'moment of the main beans, ”’] = 1 1s adop-
ted in the theoretical analysis of this thesis throughout,

| (b) The value of B lies botween O and 0,5 for the bridges
in which usual amount of ¢ross stiffness is provided by cross beams.
In case of slab bridges having no cross beams® values are higher.
55 decreases as the number of girders or the span increases, The
influence lines are drawn for B = 0 and P = 0oc, Simplified formule
ag for fractions of free bending moment coming on the various beams
are given for P = 0, the same formulae may be adopted for higher
values of B , as the values of P are small and the variation of
percéntage of design bending moment is small for £ = Cfrom B = 0.
A table 1s aldo given foz; percentage of free bending moment for B=og,

(¢) { = The value of o increases as the number of girders or
the span or both increase. The values of ¢ considered are from
0 to 100, with intermediate values 5, 10, 20 and &0 as in this
range all the actual-bridges are expected to lie. The values at
d = 300 may' be used for o above loo'a:_tso, because for o« above
100, the distribution coefficient of Hendry-Jaeger do not change

appreciebly and this approximation will lead to & Very smsll error
on the safe side,
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IV, MAXIMUM MOMENTS AND DISTRIBUTION OF WHEEL LOADS

In order to determine accurately the maximum moment on
any section of a bri.dge due to moving loads, an influence surface
for the moment at that point is required; many such secticns must
be considered if a maximum moment surface is desired, However, the
problem is simplified by the fact that the primary interest im design
1lies in finding the absolute maximum moment, which generally occurs
at, or close to mid=span. To determine the maximum mid-span and quarter

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

(a) The influence lines for moments at mld-span when the

unit load movgs transversely at mid-span of the bridge; that is
ok ek

(b) The influence lines for moments at midspan when the unit

load moves transversely at the quarter-span; that is, x = L/2,
a:= L/4, Since tg! and 'x' are interchangeable in the term

sin 2 sin WAL the results in this case hold also for moments
at quarterspan whén the unit load moves transversely at the mid.

span; that is, x = L/4 , &= L/2,

(¢) The influence lines for moments at the guarter-span when
the unit load moves transversely at the quarter-span of the bridges
that 1s, x = /4, & = L/4,

* From Eq. 23,

Tn = 2 sim NA& sim mMAX
L .

’n'l “2 L L
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For the above three combinations of ‘'a'! and 'x*,

the values of ;%;z sim 1T Lz are given in the following table,

Values of 2 sin 12% sim NA%
mz,a. L

"x=1/2 |x=L/2 | x = L/2
a=L/2 |a=1/4 | 8 =L/

1 0.2026 0.1433 | 0,1013

2 ) o 00507
3 0.0226 | -0.0189 | 0,0113
a. | o K 0

5 |0.0081 | -0.0057 | 0.0041

<]
©

_Afgs ve are ccnsidéring 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 ean'ebe ased 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 respective
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 fowr girder
bridges respectively.

For example, for plotting the influence line for girder 1
for x=as= 5/2, we shall find the bending moment 'M' on girder 1,

2, 3 and 4 vhen unit load is placed on girder 1 and 2 respectively,
Let these be as followss

Mjy  Mpy Mgy and Mgy unit load on beam 1

M  Mgo  Mazpc and Myo unit load on beam 2

¥FITSt subscript number refers to beam number, the second Lo the

%oad gc.:sition. Thus, M1o 18 the moment for beam 1 with loading on’
eam

\'-
T



3%
Then influence ordinates for 1 aﬁd 2 beams will be respectively

Mo M,

Mol Moo Mao Ma1 ~ for beam 2,

To obtain a higher degree of accuracy the ordinates of the
influénce diagrams midway of the beams are alsoc 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 l=2 and 2«3
are calculated, Let these be as followss |

R Ro Rz Rg unit load midway of 1-2
81 8o 83 Sy unit load midway of 2.3

Then by symmetry of the problem the reactions of unit load placed
midway of 3«4 will be- |

Ry Bg Rg Ry unit load midway of 3.4

The values of these continucus beam reactions are given in the
following table for three and four beam bridges.

Begm| 9pit load midway of 1ang.
dtudinal besm
1.2 Oud 3.4
1 0,400 | =0.074 |+ 0,024
2 0,724 | 40,574 | «0.148
3 (0,148 | 104574 |+ 0,724
4 [10,02¢ | 0,072 |+ 04400




Continuous Beam Reactions for
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Three-girder Bridge

UNIT LOAD
er hang-|Mid way |Midway .| Over=

Beam | ing beami |of beam |of beam | hanging

by h/2 1.2 2=3 beem 3
by h/2

1,625 0,406 | <0094 | 0,125
=0.750 0,688 0,688 | =0.750

3 | 0,125 -0.004 | 0.,406| 1.625

Then the influence diagram for the beam 1 will have

the ordinates as followss
Myy By * Mjp By * Myp Ry *Muy By midvay of beam 12
M8y

M11R4

* Mg Sg * Myg 83 +tMy; 8, nidvay of beam 2.3

+Mys Ry *+ Mgo By +Myq.B;  midvay of beeam 3-4

Similarly the influence diagram for beam 2 will have the
following ordinatess

Moy By + Mgy Rg + Mgy Ry + Mgy Ry midway of beam 3-4

. In this study we have assumed M = 1, For the simply

supported bridge, 1t is found that,
(1) "My = Myp and Mgy =My, for four-girder bridge.

(11) Mg3 = M3p

for three-girder bridge
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Infiuence coefficients for moments for the above three

cases for three and four girder bridges, having £= 0,4 = 1,,10"and
100 are tabulated in Table 1 and 2 3 the corresponding influence lines

for beam moments are given in Fig.34,5and 6 .,

15. Maximum Momepts

, In order to produce maximum moments in ;the longitudinal beams,
Uzo;os;;:el 1léads of two lanes of I.R.Ces Class A loading has to be such
that one wheel comes directly above the beam under consideration and
other loads asnear %o it as possivle.lo meet this ené when considering
the first beam, the first wheel load is blaced right above it and the
remaining three as near to it as possiblé on one side;and when consider-
ing the second beam, the second whegl load is placed on it, first wheel

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

Without considering the loads pther than those acting on a
cEross section of the bridge and placing the loads as shown in Flg, 8 ,
the meximum moments in the beams are obtained from the transverse infl=-

uence lines of Figi3,9,5and 6

The maximum moments, thus obtalned, are expressed as fract-
ions of the corresponding static moment due to fouf-wheel loads across
the saétion. A fraction thus obtained 1s 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 £%, for
thr;e-beam bridges and 6 and 8 f£t. for four~-beam bridges. in Tables3
and 4 vrespgctively. Following conclusions can be drawn from these
tables, ‘

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

®=L/2, x = L/2 1is larger than for that a =1L/4, x = 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. & = 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 = 1L/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 'h' of the longitudinal beams decreases.

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

variation decreases.

5. As the ﬁalue'of 4 incpeases the fraction of wheel loads

inereases in an exterior beam and decreases in an interior beanm.

Since the absolute maximum value of the moment in a sim-
ply supported beam occurs near midespan 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/2, 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 censtént frace
$ion of wheel loads irrespective of the longitudinal position of
the loads will seldom cause on error more than 1f in estimating the

design momentsj hence to simplify the calculation, this can be
adopted,
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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 = L/2 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 andP = ¢ for various values of 4
vide Tables 5 to & and Figs, 9 to 1¢

From the influence lines for fractions of unit loads
carried by the longitudinal girders, fractlon of wheel loads have

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

(a) Three-girder bridge- P =0 andB=Q0 ;d= 1,5,
10, 20, 60 and 100 and h = 8, 9, 10 and 11 ft,

(b) Four-girder bridge B = 0 andR=® ; o = 1,5,10,20,50
and 100 and h = 6,7 and 8 ft.

The results have been listed in Tables 9 %o 10
Following’ conclusions can be drawn from the above study:

(1) A8 the value of & increases, the fraction of wheel

loads increases in an exterior beam and decreasesin an interior beanm,
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(11) The distribution for P = @ is always better than
B = 0, However, the value of £ does not have significant effect

on fraction of wheel loads for lower values of A .

For three and four-girder bridges ordinarily B is small
and the form of the parameters o and P are such that as 8 increases
A decreases, We can adopt the fraction of wheel loads, calculated
on 1-l'.ha basis of P = 0 for higher values of g also, without any app=-

reciable error and resulting always in a conservative design,

(1ii) The fraction of wheel __'loads increases with the sp-
acing of the beams,

18, Author's Formulae for Design -

In an actual problem of design d énd spacing ‘h!' 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 A and spacing *h'.

The fractions of wheel loads for B =0, = and as
calculated by the author's formulae are given giwean in Tables ii
and 12 , and in Figs, 17 and /& for three and four-girder bridges
respectively. A study of the. resulis shows that the resultsof authorts
formulae are in closer agreement with those of B = 0 for various |
values of and'ih'. '1'139 fotmulae are proposed for normal use in
designing bridges for two lanesof I.R.C. Class A loading, But the
,fractions given by these formulae could also be used as such for
I.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 iss 4 ft.
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Number of * .
longitudin-| Fraction of wheel loads to be used for design
al glirders of longitudinal girders of the bridge.
In the :
bridge. Girder 1, Girder 2.

3 r + 0,031 hd r+ 0,096 _/ h

«76 4 : 1+ 0.794
4 r + 0,01 hy r +0.013 /Bd
T +0.208 & 1+0.12 4

vwhere,

r = the fraction of the continuous beam reaction, cal-
culated for the beam under con&id;ration, assuming four equal
loads along *the cross-section as shown in the figure 8. The value
of 'r', for the spacing'adopted in th thesis are given in
Table 13.

h = the spacing of the longitudinal beams in ft.
4 = a dimensionless parameter given by =2~ ( L )3 Ip
w# "h7 TET



V. EXPERIMENTAL VERIFICATION

19, The Structure

The structure chosen was a 60 ft. span, simply supported,
right, T-beam bridge, haviﬁg_fcnr longitudinal and five transverse
beams, This bridge waé designed for class A two lane loading, adopt-
ing Hendry-Jaeger method of analysis. While considering the design
_'1oads, 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 was a model of this prototype
bridge having a linear scale ratio pf 1/5.,A11 the dimensions of the
prototype bridge elements were re&uced to the corresponding scale
and the so obtainedvgeometrically similar model bridge was checked
for the corresponding reduced loads and found to develop the adopted
design stresses at these-loads. The principal dimonsions of the model
bridge are given in Fig,19 . 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 bridgé at the time of
testing is shown in Fig.23., 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 beamt was also simultaneously casted
having a 1inear gcale ratio of l/é vith respect to the model bridge.

10¢ Scale zelat;ongg;p

(a) Linear Sc.ale ratio ]/500000002’:"‘;‘;000‘0.000ooooo.o 8
() M =qwa2.



where,
M = Total memeﬁt of resistaﬁne of a beam
b= Wiéth of the beam
d = depth of the beam

Q = a constant

L
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Mp #
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= 1 ‘ oee 29
p 126
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Bp
(¢) I =K pas

vwhere,

I = moment of inertia of the section

I dm3 =, 1 ‘ de's 30
2oL~ 3 &
, ™M

where,

At = Total area of tensile reinforcement

Jd = Lever am of the section

f = permissible stress in tensile reinforcement

Ay . £ . 4 |
-m = P = --l- ese 31
Ap % W %‘ %

¥ ¥ubscript m stands for model, thus, Mm means Lotal moment
of resistance of the model bean, ' ‘

# Subscript p stands for prototype, thus Mp means total moment
of resistance of the prototype beam,
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(e) (1) In a simply supported beam of span length L, bending
moment 'M! at a distance 'x' due to a concentrated load 'W' acting

" at a digtance 'a' from the support is given by

M = Wx FL-a? x ¢ &

x{ L-a )

o

3
t
n

o o o ¢ cmm — _ - - [ X X J 2
Wp Hp Lp ¥ (L-a)m - % N

Same will hold good for x >o

(11) In a simply supported bdam of span'f., bending moment *M®
at a distance *x*, due to a uniformly distributed load ‘W' per {

£t length over the entire length, is given by

« = WX (L e«x)
M o

: ;= .&
or ¥ X(L «x)

Sem - p(L-xdp _ 1 es 33
p P xg (Loxdg °

(111) Let a load W per unit area be acting on the slab of arem
*A' and span length ‘L%, the total moment 'M*' on the slab is given

by
M= X ¥ AL
or ¥ e
0.0 -‘-h- = | Mm & & - .
‘ﬁ'p ﬁ;‘" Ay I 1 ees 4



Summary

(1) ' Relation 28 means that all the linear dimensioms such

as length, breadth, depth, deflection, longitudinal and transverse
spacing of the bridge elements, longitudinal and transverse spacing
ofvthe ¢oncentrated loads are reduced to 1/5 thelr prototype dimen-
sions.dfnrﬁher the volume»of the model hence the weight of the model
will be yhg Of Prototype.

(2) BRelations 33 and 34 give that the dead load of the
model, should be 1/25 of prototype, hence a total dead load of §
times or an additional surface load of 4 +times the dead weight of

model 1s required for true model.

(3) Relation 31 shows that the total ares:of tensile reins

forcement is 1/25 of prototype, that is, the area of tensile reine

forcement in the beams may be 1/25 of protétype and that in the slab
per ft, width, 1/6 of prototype. -

——— -

(@) 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 § and three dimensionless parameters o , § end M will remain

the same, .

21. ObJegt and Scheme of Loading

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 diel gauges were used to measure moments and deflections, For
each set of loading, all the gauges were read. Tha loading was done
in the following stages,
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(1) Single calculated concentrated loads were applied .
to develop design stresses at the loaded points at each of the points

.B1 By » B3 1By 4Py 9D , D3 4,0 ,C » C2 5 C3 :els_
F; and F3 (Fig.19 )v This type of loading was required to draw the

the experimental 1n£1uence linesof moments,

(11) Superimposed surface load was spread over the bridge
model.
so as to similate 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.

(111) Two lane class A loading is applied on the bridge.
The positiching of the wheels was arrgnged to cause maximm moment
on the second beam, This vas used to compare the disiritution of
bending moment on various beams vhen all the four wheels of two lane
class A 1@&61:13 act along a section and a.s found from the experimen=~

tal influence diagrams drawn from individual loadings,

Clv) Finally two lame class & 1oad1ng is gradually ince
reased to failure. This was used to study the variation in distre

ibation of moment, as the load 1s increased to failure.
#

22, Tegt Bdauipments

(a) Measuring Instmments:

| (1) Stratn Gauges~ Thirty two locally made strain gauges
of Rohits &:Qo; Roorkee (India) wore used for measuring strains,
These gauges weéeput on the reinforcing bars at the following loca=
tions, Ohe strain gauge each on two bars of the lower tiex 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
c¢ross 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-longle
tudinal beams,

. The straiﬁ gauges were cemented to each bar with quickfix
(coment) after surfacing the bars with fine emery paper and seru-
pulously cleaning them with volatile soldents namely, Tolune, Acetate
a;ad acetane, 4 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. SRy strain indicator was used to measure

the strains of these strain gauges,

(11) Dial gauges- Four-dial gauges with magnetic bases
vere used to measure the deflections of longitudinal beams. One dial
gauge below each longltudinal beam within'a few inches, of mid-spen
and as close to the strain gauges a's possible, was mounted on a steel
girder supported on two independent masonry columns erected for the
purposes.

() Goading

For applying loads, a 28-ton hydramlic Jack was used,
The calibration of the jack was checked in a compression testing mace

/

hi{nea The concentrated loads were applied on an area of 2" x 4" through
a m;bbér sponge by the hydraulic jJack, It was found impracticable

to apply alliloads of two lane class A loading, the bridge was loaded
vith only eight heaviest wheels of the two lane class.A loading,

These eight equal loads are developed from a single Jack through &

grid work of simply supported beams as per detalls given in Fig,23-3,

28, Testing Prograrme
The bridge was cast on February 17, 1962 with a number
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of €' cubes and 6" x 10" cylinders., The reinforcement was kept
uncovered at the strain-gauge points, The wet curing was doﬁe
. for twenty 91ght days, after which the shuttering was removed and
the measuring instruments vere 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 conce
rete of tension zone at various points thereby bringing the conce
rete in a stage simiiar to a prototype bridge open to traffic so
that $he influence diagrams may be of more practical value. The
sequence of loading was kept as menﬁioned earlier, As the bridge 1s
symﬁefrical about longitudingl and transverse centre lines, the
single concentrated loading at mgny°a points were merely a repetition
and this was dpne tb get a bhetter average.}nflusnce 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), 8n the point to be loaded, first a rubber sponge of 2*x4"
vas 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 céincided vith the loaded point, Haiing obtale
ned sufficient data for transverse influence lines and deflections
at 0,243L, 0,372L and 0.50L, superimposed surface load was Spiead
over the bridge. The strains and deflections were recorded for this
and then the grid work for eight heaviest wheels of two lane class'ﬂ
loading was arranged symmetrically about the transverse centre line:
of the bri@ge 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 loads
At about 10 ton load which corresponded to thfee timégfigze load |

moment the readings were:stopped., Because: the strain gauges were

L
. .
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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. Ex.cessive

| 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 testeé on a five ton beam test-
ing machine, The beam was loaded at the centre by & concentrated
load which was gradually inersased upto ultimate value, Strains and

deflections were recorded for this loading test separately.,
28. 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 Jwas muzl.tiplied by the constant
factor (derived from the model analysi's relationshipsto use 1t 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 5% for any beam. These with theoretical results are
given in Tadles'44 I5 for single concentrated and uniformly distr-
ibuted loads and also on the influence diagrams inFig,2j;. .+ In
fable 19 1s giwen the variation in the percentage.of bending
moment on the heams as the total live load increases from one ton
to ten tor.xs, the latter corresponds to about three times the design
1ive load. The corresponding graph is given in Fig, 22 , The
experimental influence diagrams for midespan sgetion gives design

moments as 29.7% and 3L9% for exterior and interior beams respectively
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against 31.9% and 31.3% theoretical values,

. Deflection Readings- In caleulating the deflections, the knowledge
‘of flexural rigidity BEI 1s required, To get this, a number of
cubes and cyl;nders.weie cast simultaneously when the bridge was
censtructed,and tested for crushing strengths, The crushing strength

{. 1is found to be 1.2 tons per sq.in, vhich givesthe modulq;'ratio
m as 15, using the formulam = 4—29&- « Hence E£ =2 x 105 1bs/sq.in,
Moment of inertia 'I' of the longitudinal beams can be calculated |
in either of the following ways (I.83 456 - 1957)&”

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

the reinforcement on the basis of the modular ratio,

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

(3) The entire concrete sectlion 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 7 for concentrated

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

loading. .
24. Discuggion of Results

(a) Single-concentrated Load
~+ 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 ﬁay be due to the use of locally



made strain gauges of which the batching and workmanship was
poor and a little differéncé in the gage of equivalent hean and

- of bridge might have lead to a constant error in all readings. 80,
the observed readihgs were inereased in proportion of thelr exper-

imental values 8o as to satisfy the statiecs.

The adjusted experimental values in Table.-14 . show
a little better.distribution of bending moment than that obtalned
theoretically by Hendry-Jaeger method. This may be due to the folle
owing reasons:

(1) The concentrated loads are assumed to be acting as

point loads where as they are acting on a definite contact area,

(11) The dispersion of lead along the length of the beam
12 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 1s on exterior beam‘than when the load 1s on

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

(111) The torsional rigidity of the transverse system is
neglected which also helps the di stribution of the load,

The difference in the theoreticaland experimental per-
centage values for a single concentrated load as given in Table-i4.-.:%
is not of much practical significance so far as the desigh of the
bridge 13 concerned, becauss for design, a number of wheel loads
-‘Erg to be considered acting simultaneously on any transverse sect~
lon, The superposition of the percentages due to individual load
has the effect of equalising the percentages on the various beams

8o that little dikfferences are levelled up in the case of many

loads as above,
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(b) Iwo=Lane Class A Loading

As shown in Fig, 22, two lane class A loading'testhon

" 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 sald that alteration in distribution is
very small. At ultimate load it was observed that though excessive
éracks developed in beams 1,2 and 3,only fine cracks were seen in
the fourth beam though the eccentricity of the loading about the
lohgitudinal centre line of the bridge was onl0,23h where h 1s

the spacing of longitudinal beams., As mentioned earlier for the
second beam, the oxperimental and theoretical design percentages

are 31.9 and 31.3 fespectivqu diffarihg by 0.6% only, The above

two percentages are calculated £rom experimental and theoretical
influence dlagrams, 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 33,7f at design stresses. This difference

of 2.4% against a former difference of only 0.6% indicates that the
superposition of results, as is required in caleulating design
percentages from influence diagrams, is not quite correct and may
lead to some error in arriving at tha'design percentages of various -

beans, Hence, a conservative attitude in fixing these percentages
1s desirable,

(c) Deflectiong

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 mltiplied



by the stiffness of the corresponding beams. Since only percentage
distribution is often desired, only relative values of the r;gid-
"i{ties 'BI' for the beams need be considered, Excepting in a few:
cages, 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-
fled, and hence is recommended for design of interconnected bridge

girders,
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VI. CONCLUSIONS:

1, An experimental study for the fraction of the free
bending moment carried by the various longitudinals in an 1hter-
connected bridge has been made and 11lustrated by a one-fifth
model of 60 ft. simply-supported four-girder bridge.The conclus-
ions arrived at ares

(a) In an interconnected bridge,the results obtained
by'Hendry-Jaeger method which is easy to apply and less time con-
suning, 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 verlation in the lateral load
distribution with increase of load.upto ultimate capacity of the
bridge. | )

2, For usaal interconnected bridgas‘a may be assumed
equal to zero in determining the fractions of wheel loads carried
by the various glrders.

3. A uniform value of the fraction of wheel loads
carried by the girder,'based upon its value at mid-span for load
at mid-span, may be adopted for finding the moments at all points
flong 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, o

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



the two trains of vehicles is 4 f¢,

~Famber of
longitud- Fraction of wheel loads to bs used for design
inal gird of longitudinal girders of the bridge.
-ers in the

bridge. Girder 1 | _ Ginrder 2
3 r + 0,031 hd r+ 0,096 3/ h 4

T ¥ 0,76 o 17 60550(

4 * + 0,01 hd r+ 0,013 /h d
I I Bo% SR 0‘ "y

where,

r = the fraction of the continuous beam reaction,
calculated for the beam under consideration,
assuming four equal loads along the Crosse
seetion as shown in the figure & . The value of

'Tyf&r the spacing adopted in the thesis are given
in Table 13 ¢

b = the spacing of the longitudinal beams in £t.

3 T
4 = a dimensionless parameter given by =5 (%) EEI’-
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INFLUENCE COEFFICIENTS FOR MOMENTS IN GIRDERS AT QUARTER

TABLE 1

- THREE GIRDER BRIDGE

SPAN FOR UNIT LOAD MOVING TRANSVERSELY ON THE BRIDGE;g = 0

Influ;nce Ordinate for Moment = Coeff. x L

Pogition of the unit load
Posi-|Mom= [{Over= Midway Midway Overe

tion |ment thanging |Girder| of Girder| of |Girder |hanging

| of the in (Girder Girder girder Girder
load [Gir-|1 by h2 1 1.2 2 2.3 3 |3 by h/2
der ‘

1l/4 |1 303 |,180 | +084 | +015 | -,010| ~,008| -.002

2 -,091 | ,015 | «113¢| ,158 «113| ,015| -.091

/72 | 1 | +202 [,115 | «062 | 4021 | =,001| =.010 | =+018

2 -e027 | ,021 0064 +083 064 +021 | =4027

10 /4 | 1 e301 | ,170 | #095 | +036 | ,001| -,018 | =.035

2 -~ 025 .036 ’ &091 .116 0091 0036 "0»025

/2 |1 198 | 104 | <073 | J042 | ,011| -.021| -.053

2 0042 0042 0042 .041 0042 ..042 0042

100 ' |

L/4 1 299 [,163 | . 102 | ,049 0009 | «,025 | =057

b 2 . .Om &049 .077 . 0% ° 077 .049 * 0020

L/2 °1 «107 |.103 072 ‘ 044 «010 | =4022 | =.056

2 «0580 | .044 | ,040 | ,037 040! ,044!| .050
@.




TABLE 2

FOUR GIRDER BRIDGE
INFLUENCE COBFFICIENTS FOR MOMENTS IN GIRDERS AT QUARTER
SPAN FOR UNIT LOAD MOVING TRANSVERSELY ON THE BRIDGEsk= 0

Influence Ordinate for Moment = Coeff, x L

Posi

Mom

Position of the Unit Load

o | tion| ent | TTRfer|Midvay|Cirder Nidway or | Hidway| Clrder
of in of gir of gir of gir
load| gir -der der der
der)| 1 |1&2| 2 |2&3 | 3 13&4 | 4
l L/4 1l « 130" { ,082 014 -4008 =, 0085 -¢001 -+001
2 0014 '3 1]4 . 156 ] 102 0023 -0008 -0095
L/2 | 1 | "J113 [ ,060 |[.020 | =.001 [.s007 |=4005 0
+020 | 060 079 2063 033 | +011 | «,007
100) L/4 1l 164 | ,091 | ,.036 009 | =,001 | «.007 | -.011
2| 4036 |.,090 |.116 | 085 | ,037 | 010 | =.001
L/2 +095 | ,068 | 043 021 | ¢ 003 | =a008 | =e016
0043 ' 0043 &043 0042 0036 0022 '.003
100 L/a 0149 .098_ 055 023 o008 | 4008 | =024
0055 .079 .086 .067 0039 .:019 .008
L./Z «086 | ,070 | ,063 030 014 | =007 | = 027
+053 { ,042 | ,033 | 028 o025 | ,020| ,014




TABLE 3
THREE GIRDER BRIDGE

)

1

THEORETICAL FRACTION OF WHEEL LOADS
CARRIED BY LONGITUDINAL GIRDERS;$® =0

4

Girder

Spacing of the longitudinal girders 'ht

d’ 8 £t 11 £t,
a=L/2| a=L/2| a=L/4 |a=1L/2] e =L/2 ] a = L/4
x=L/M4 | x=L/2| x=L/A4|x=L/A4| x=L/2|x=L/4
1 ) 0,305 | 0,296 | 0,205 | 0,395 | 0.380 0,370
10 0,340 | 0.320 | 0.310 | 0.475 | 0.435 | 0.41o
100 | 0,330 | 0,320 | 0.310 | 0,470 | 0,445 | 0,430
2 1 0s370 | 04390 | 0,410 | 04,490 | 0.525 | 0.575
100 06335 | 0,350 | 0.35 | 0.315 | 0,380 0,390




TABLE 4

FOUR GIRDER BRIDCE
Jneoretical PRACTION OF WHEEL LOADS CARRIED BY THE
LONGITUDINAL GIRDERS; B = O

Gir- '” snacmé %f:i,zgggigding girders 'E't
der s o
% a =L/2la=Ll/2la=L/4 |a=L/2 |a=L/2 |a=L/4
x=L/4(z=L/2|x=L/4 |x=L/4 (x=L/2 |x=L/4
1l 1 0,245 | 0,245 | 0,245 0306 0,298 0.2986
10 [0.290 0,270 | 0,260 ,0.365 0,340 0,325
1000, 300 0,285 | 0,280 0,400° | 0,375 0.360
10 10,290 0,205 | 0.300 0.320 0.365 0.385
100 0,260 0.275 | 0,280 0.265 0,315 0,330
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TABLE 5

THREE GIRDER BRIDGE

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

ggmgn I mmrﬁway Girder ‘Overhang
S e R A B ik 8
byh/2| 1 l|1&2 | 2 | 2&3 | 3 |byh2
1 | 1[1.432 {4940 | (468 |,116 | =4032 | =.056 -.060
51,276 [4892 | 520 |.212 020 | =el104 -.216
10 (1,236 |.880 | .536 |.240 | 036 |=e120 | -.264
20 (1,204 |.872 | .54 |.260 044 |-.182 | -.300
50 (1,184 |.864 | .552 |.272 052 |-,136 | -.316
100 | 1,172 .| 860 | 556 | .280 056 | =,140 -.328
2| 1|-e372 |J116 | 564 |.768 | .564 o116 | .,372
5|=0060 |o212 | o460 |.576 | 460 | 212 |-.060
10| .032 |.240 |.432 |.520 | .432 «240 +032
20 | J096 |.260 | .412 | .480 | .42 +260 096
50 | 136 | 272 | .396 | ,456 | .396 272 | .136
100 | 160 |.280 | .388 |.440 | ,388 4280 | J160




TABLE 6
THREE GIRDER BRIDGE

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

. ‘ ) £ {

Mome« : — Positic;n of th; Unit L;ad
:;3 rcji'gr o gzzelghan- Girder Migway Mo?ﬁigt}ray or g’fgghan-
By L |y, BBy, B
1 |1 | 1,208 4.864 452 | .14 | 016 [-,008 | -.012
§ | .92¢ 676 | .43 |.24¢ | ,136 |,08 | .032
10 | .788 (588 | .396 |.252 | J184 | .160 | .la4
20 | .688 [,532 | .38¢ |.268 | .216 | ,200 | .,192
5 | o576 |.468 | .362 |.288 |-.252 | .244 | .240
100 | 4520 4436 | 4356 |.296 | .272 | .268 | ,268
2 | 1| .28 [,M44 | .582 |.712 | .532 | ,144 | -,028
5| .040 (,24¢ | ,482 |,512 | ,432 | .244 | ,040
10 | .064 |.252 | .428 | 496 | 424 | .262 | .064
20 | 120 (.268 | .404 |,464 | .,40¢ | .268 | 120
8 | .,188 |,288 | .380 |.42¢ | ,3% | .288 | .ls8
100 | 208 |.206 | .376 | .408 | .376 | .296 | Jo08




TABLE 7
FOUR GIRDER BRIDGE

INFLUENCE COEFFICIENTS FOR FRACTIONS OF UNIT
LOAD CARRIED BY LONGITUDINAL GIRDERS; 8 =0

Position of the Unit Load
Moment Girder | Migvfzay Girder M;ggay Girder Eégway Girder
Gi.jéger d Girder Girder © |Girder
1 12| 8 2&3 3 3&4 4
1 |1 |.028 | va60 |.112 | -.028 | -.040 | -.022| o0
5 | .856 | .496 |.212 +060 | -,004 | ~.040 | ~.,064
10 | .828 | 804 |.244 | 092 | .016 | ~,040 | -.088
20 | +76 | 520 |.288° | ,136 | 4036 | =.044 | =120
50 | o776 | o520 |.308 0164° | ,060 | =.040 | ~.144
100 | o756 | .524 |[.332 | 184 | ,068 | =,044 |-.156
2 W112 | ,552 |.740 o528 | ,188 | ,012 |-.040
§ |.212 | ,448 |.540 440 | ,24¢ | ,100 |-,004
10 |.244 | ,452 |o524 408 | .216 | ,092 | .018
. 20 | ,.288 | .432 [4476 o364 | 200 | .092 | .036
50 | 4308 | 420 |.444 «336 | ,188 | .104 | 060
100 | .332 | «400 [.404 +316 | o196 | .120 | ,068
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TABLE 8
FOUR GIRDER BRIDGE

INFLUENCE COEFFICIENTS FOR FRACTIONS CF UNIT
LOAD CARRIBD BY LONGITUDINAL GIRDERS; P =0

[ 3 t : . { i

C \
Position of the Unit Load

. }ég:gg o ®rder Mig}tay m'ﬁ%?a?'ﬁffder M:(l’gway CGirder
R vyl IS vyl Ry o D
1] 1].856 |.aes | .ma |02 | 0 |o 5
5|.668 | 428 | .228 | 124 | 080 | .052 | .02
0 | .58 | .38 | .,232 | .18 | ,112 | ,088 | 072
20 | J504 | o388 | .282 | ,176 | .152 | 136 | .li2
|50 | 432 | 0320 | .232 | 196 | .184 | .172 | 152
00 | .34 | .00 | .236 | .204 | ,196 | .88 |1
2 | 1|.48 |52 | .68 | .80 | .78 | s | o
5 | 228 | (416 | 488 | .376 | .204 | 112 | .080
10 | ,232 | .388 | .48 | .352 | .208 | ,136 | .ll2
20 | .232 | 360 404 | .32¢ | .212 | ,160 | .152
50 | 4282 | .328 | .364 | ,304 | 220 | .184 | .184
00 | 236 | .316 o344 | .206 | ,224 | ,196 | .196




TABLE 9

THREE GIRDER BRIDGE

FRACTION OF WHEEL LOADS CARRIED
BY LONGITUDINAL GIRDERS:

b \

Moment Spacing of ];ongituainal giL;ders
siirger d = g ?‘g‘% =73 2 f;:,o e m;iﬁ Beo 1§l=£:°
1 | 1 | o295 | o305 | 4325 | o330 | 355|350 | ,380 | .380
5 | 310 | 4320 | 350 | «320 | 4385 |.360 | 415 | +380
10 | +320 | o320 | «365 | 4335 | 4400 |+345 | 4435 | 4360
20 | +320 | ,325 | 4365 | 330 |+400 |.340 | .440 | ,350
50 | o320 | +326 | 4365 | o330 |.405 4340 |.445 | .35
100 | o320 | 3256 | 4370 | +330 |.410 | <335 |.445 | ,345
2 | 1 |4390 | 4390 | 4450 | 435 |.490 |.485 |.525 | .515
5 |.37% | 360 | 410 | 380 |.430 [.400 |.a80 A
10 | +360° | 355 | +385 | .380 |405 1400 |,420 | .410
20 |.360 | .355 | +380 | +375 |+396 [.390 |.410 |.405
50 |.350 | .345 | 4370 | 360 |.385 |.365 {400 | 375
100 | 4360 | 345 | o360 | 4355 {4370 4365 |4390 |,.370




TABLE 10
FOUR GIRDER BRIDGE
FRAGTION OF WHEEL LOADS CARRIED
BY LONGITUDINAL GIRDERS

Lo

85

Moment Spacing of longitudinal gi;:ders o
ginger| 4 8 tt. 7 tt, Tt.
B=zo0 R=vo B-o R=co B=o = %o
1 1 «2680 250 | +265 «270 «296 «2956
5 «260 0265 | +2 « 288 «315 «310
10 | +220 | .260 |.310 . 280 340 «295
20 +280 . | 265 | .325 270 «360 285
50 «285 | .255 | 330 , | * «265 «370 «270
100 «285 o250 | #3356 +»260 . «375 + 28685
2 | 1| .30 | 305 |.375 | .30 | .43 | .400
5 « 0 0280 | «O .315 «380 «345
10 296 275 | +340 «305 «366 +325
20 s285 | «270 | .315 «285 «340 «300
) «280 «260 | ,305 «275 «326 «290
100 275 | 4260 | 4295 270 +315 +280
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TABLE 11
THREE GIRDER BRIDGE

FRACTION OF WHEBEL LOADS CARRIED BY LONGITUDINAL GIRDERS

Spacing of longitudinal girders

Girder| o 8 £t 9 ft, 10 ft. 11 ft,
B =0 [Authors|P=0 |Authors|f = 0 |Authorsi® = 0 l|Authors.
formul formula formula formula:

1 1| +295 | .295 |,325| «320 |.355 |.350 [,380 |.380

5| .30 | .315 | ,380| .350 |.385 |.385 [.415 |.425

10 | .320 | .320 | .365| 355 [,400 |.,395 |.435 {.435

20 | ,320 | .325 | .365| .360 |.400 |.400 |.440 |.440

50 | +320 | 4325 | .365| 4365 |.405 | ,405 [.445 |.446

100 | +320 | o325 | +870| «365 |.410 | 4405 |.445 |.445

2 1| 4390 | o385 | +450| 4450 |,490 | .500 |.525 |.540

51 «370 | +360 | ,410| 4395 |.430 | 425 |.+450 |,450

10 | 4360 | +355 | +385| .380 |.405 | 410 |.220 |.430

20 | ,360 | «350 | +380| «375 |+395 | 4395 [.,410 |.415

80 | o350 | .35 | .3%| .370 |.385 | .30 [.200 |.410

100 .3& 0345 .360 0365 0370 0385 0390 0405




TABLE 12
FOUR GIRDER BRIDGE

FRACTION OF WHEEL LOADS CARRIED BY LONGITUDINAL GIRDERS
t ! ! ' '
Spacing of longitudinal girders
Girder 6 ft, 7 ft. 8 ft.
P= 0| Author's| P = 0! Author'de=¢o |Authorts.
formula formula ' formula
1 1 <250 | +250 «265 «270 «295 | .290
| 5 <260 | .265 +290 300 «315 | .a30
10 .270 | .275 <310 .310 .30 | ,350
20 .280 | .280 325 320 «360 | ,365
50 .285 | .285 «330 | .330 «370 | .375
100 .285 | .285  |.335 | .335 | 4375 | .380
2 1 310 |.305 |.375 | .390 | .43 | .445
5 «300 | ,295 340 «360 «380 | .400
10 295 |.285  [.340 o340  |.865 375
20 .285 | .28 315 «320  {.340 350
50 280 | o270 «305 305  [,325 «330
100 275 |27 285 |.206 315 | .320

-3



TABLE 13

FRACTION OF THE CONTINUOUS BBAM REACTION 'r!

Number of Spacing fr* for moment in the
longitude= of the rd
inal gire longit- .
ders in udinal 1 2
the bridge girders .
X in ft, ‘
3 8 0.272 ° 0420
' 9 0.285 0,515
10 0.305 0.59%0
‘ 11 0.328 0,649
4 6 0.241 0.311
0.257 0.403
0,272 0.460




TABIE 14

EXPERIMENT AL RESULTS F(R MOMENIS IN LONGITUDINAL GIRDERS
OF MODEL BRIDGE FCR VARIQUS CONCENTRATED LOAD POSITIONS

o = 29,1 ,p'-'v 0005, "L‘: 0,96

{

{

Strains, Micro Inch

Mean

Load| Positiod Total Homents expressed as
Tons| of load|static|Cirder per_ing Monents percenﬁﬁgggg_statlc
1n7 Observed, Mean | inch
Nowent 1b x 103 Obser-| Adjus. The ore-
18 x 1o ved ted (tical
2,80 | 0.2 110 | 1 | 300 %5 ~ lws | a3 | 5.0
288 2o 322 340 | 53,5 |48,
- 2 235 2 45.5 |4 40,3 | 38,0
s o | O X L4 '
3 95 95 7.5 |250 | 24,4 | 13.1
90 15 | 10 ' . '
) 4 -50 -45 -45 -13,5 "'12.3 .1200 "'8.1
0,372 | 1% riofll - |
2,24 L 1K 1 41 550 52, 56, 61,6
on 1 555 o0 | 95 | 700 RS RS R
2 260 265 8
80 560 265 | 48,0 |35,8 o | H#,5
3 65 85 : ' 5
5 62 |..65 19,0 14? 15,3 | 10.9
4 [} -55 - *O - ‘l - . -
5 S Tap | 45 13,5 [-10,1 | =10,9 | -7,0
2,10 0450L | 169.5 | 1 620 605 | 62,2 | 68.0
ol 740 * 313 670 | 105 |62 '
2 260 295 29,5 | 28,
2%0 sz o 285 50 29,5 | 2 4
3 4 75 14,2 | 142 ] 9,2
R 1 A
- -1 . 5,9 | =59 | -5.6
= s s
4,75 0,243 |186,5 1 75 52,5 18,2 | 28,7 | 36,9
| % 325 ggg 320
2 2 0 .0 o’ 26. 2608 2606
260 gg g 270 49,0 - 3
3 270 50,5 127,1 | 27.6 | 25,6
s 30 | 8052l
4 115 | 81,0 6,6 | 16,9 | 1.9
n  m | 20 0 H :
3.80 | 0L ]220 |1 | 40 40 | . | 6L0 6.9 | 30,3 | 33,3
on 2 -
2 445 466 | 4 | 505 | 26,6 | 30,0 | 32,0
3 | 25 330 | 815 | g0 929 | 258 | %38
' 4| 00 105 | 105 | 2.0 |23 | 139 | 0
3,60 + | 0.50L [290 1 B5 425 | 40 | 625 |2L6 | 23,7 | 27.6
on 2 405 445
2 785 765 | 730 | 115 |40.0 | 43,8 | 43,6
3 340 405 375 | 5%,0 |19.3 | 21,1 | 20,8
350 395 |
4 15 160 115 | 30,0 |10.4 | 11,4 | 8,0
70 100




N

)

il

EXPERIMENTAL RESULTS FOI'i HOMENTS IN LONGITUI'}INAL GIRDERS OF MODEL BRIDGE
PR TWO LANE LOADING AND DISTRIBUTED LOADING & ¢ 29,15 B = 0,053, 20,95

* Load Tons [Static NomntGirs | Strains Micro  |Mean | Moments 3 Monents exprassed as percentags
Tn18.x 108 [der | inch per inch, |Homents) Inch LBxl) of Static Moments,
Two [ouper- [supes [Iwo Observad | Tean I:Elglgw Two |ouper~ | 1wo Lakg Load Sumperimmsed
Lane |imposedImposed (Lane Lane | mposad : Distribute
Load |Distr-| Dist- [Load 1083 | Distpi.| Obser-] AQyus TH80- | Obser-|Ad;us- TEE
ibuted |ributed buted |ved |ted |reti. |ved |ted |[rebical
load |Load, 1oad, cal,
0 |53 [216f 0 |1 35,45 [340 | 5400 0 | 84,0 |0 | O 0 | 25,0)251] 24,0
2 340 25 (3% | 53,500 |55 |0 0 0 | 24,8 | 249 26,0
3 325, 300 315 | 6L5| 0 |5L5 |0 0 0 |238 | 24,9 ! 26,0
4 .510,330 '320~ 5,000 ] 5,0 10 0 0 | 24,0251 24,0
1 (53 |26 783 1 40,505 |45 | 70,5|26,5| %,0 (21,9 26,6 |26,8 | 25,0 | 25,1 24,0
2 540,510 | 526 | 76,01282,5| &, o 12,9 49 |07 | 248 | 24,9 26,0
3 480,465 | 470 | 67,0 15,5| 61,5 20,6 24,0 26,9 | 23,8 | 24,9 | 26,0
4 39.5,460 430 | 62,0/10,0| 82,0~13,3 |15,6 |15.8 | 24,0 | 25,1 | 24,0
2 | 535 |216 (1506 | 1 615,630 | 620 | 95,014L0| 4.0 |27,2 28,0 [2.8 | 250 251 .24.0
' 2 670,835 | 650 100,51 47,0 63,6 |3L2 (3,1 |30,7 | 24,8 | 24,9 | 2,0
3 610 551 600 | 90,5|3,0( 51,5 [25,9 |26,6 |26,9 | 23,8°| 249 | 26,0
4 465 530 | 500 | 7L,5] 9,6] 5,0 {13,0113,3 |158 | 24,01 25,1 24,0
8 | 535 216259 | 1. | 665 735 700 |110,0(56,0| 54,0 |24,8 (24,9 (26,8 | 25,0 | 25,1 24,0
2 845 ,705 | 820 | 134,0|80,5 58,5 18,6 35,7 30,7 | 24,8 | %4,9] 26,0
3 700 685 600 | 100,057.5| SL5 |25,4 1255 |26,9 | 23,8 24,9 26,0
4 525 605 565 | 83,5| 3L5 52.0 18,9 (13,9 [ 158 | 24,0 | 25,1 24,0
4 15,35 P16 1301,2 | 1 820,020%| 820 | 134,01 8040 54,0 26,6 |23,8 |26,8 | 25,0 | 25,1 | 2,0
2 990,985 | 985 | 165,0(11L,5 | 93,5 37,0 (33,2 |30,7 | 24,8 | 24,9 | 26,0
3 870, ‘860 | 865 | 142.5| 91,0/ 51,5 (80,2 (27,1 [26,9 | 23,8 | 24,9 | 26,0
4 635 720 675 |105,5|53,5| 52,0 (17,8 |159 |15.8 24,0 25,1 24 0
§ (535 P16 [451,8 | 1 (1020,7455% 1020 | 172,0118,0 54,0~-126,1 /22,8 |26,8 | 25,0 | 25,1 24.0
2 1290 1315 |1300 | 226,00172,5 | 53,5 |38,2 |33,4 |30,7 | 24,8 | 24,9 | 26,0
3 1125 1125 (1125 | 192,5(141,0 516 31,2 (2,3 (26,0 | 23.8 | 24,9 | 26,0
4 %o%o 840 |1%7,5/85,5| 52,0 |18,9 (16,5 |15.8 | 24,0 25,1 | 24,0
8 |53 |16 6024 | 1 |1250,1845%|1250, |214,01160,0| 54.0 126,6 23,1 26,8 1 25,0 25,1 24,0
2 |1570,1600 {1385 | 280,0 286,51 53,5 37,6 |2,6 30,7 | 24,8 | 24,9 | 26,0
. . 3 1405 1410 |1405 | 246,5/195,0 | 51,5 |&,4 (8,1 |26,9 | 238 | 24,9 | 26,0
4 1935, 1045 990 | 166.0(114,0| 52,0 |18,6 16,2 |158 |@4,0 | 25,1 | 24,0
10 |53 [216 |76 1 |1495,2080 [2425 | 250,0(196,0| 54,0 126,0 22,7 | 26,8 | 25,0 | 25,1 | 24,0
| 2 |1820,1885 |1850 | 33L,0(277,5| 63,5 |%,8 32,1 (30,7 |248 | %49 | 2,0
3 |1625,1720 (1670 | 296,5/245,0 | 55 (38,5 B4 26,0 | 238 |249 | 26,0
\ 4 |186,1220 |1150 | 17,0({146,0 | 52,0 |19.2 |16,8 |15:8 24,0 | 25,1 | 24,0
| Z

# Erronsous gauge reading,



TABLE 16

INFLUENCE COEFFICIENTS FOR MOMENTS

IN GIRDERS AT MIDSPAN FOR UNIT LOAD MOVING
TRANSVERSALY ON THE BRIDGE; d = 29.1, $=0.,05,"= 0,95

M = Coefficient x WL.

71

-

Moment | Load Influence Coefficient at mid-span of girder

in at Experimental Theoretical
girder 1 2 3] 2 | 1 2 3 4

1 | .o43L |.058 | ,085 |,021[-,015 | 4069 |,045].015 [-.010
| .3720 |.106 | .056 |.026|-.020 |.115 |.062 | 018 |-.013

2 2430, |.049 | 4032 |.024| 030 | ,046 |.031|.031 | ,016
| o372L | 4072 | 4056 | 4048 | 4028 | 4064 |,060 | 046 | 4020
SL |.074| .,109(,058| 035 |.071 |.109 | .052 | .023

«50. L. ¢156 o059 |.020 [«4015 1,170 |.069 0020 -e0l4d
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TABLE 17

EXPERIMENTAL AND THEORETICAL DEFLECTIONS

AT MID SPAN OF THE GIRDERS DUE TO CONCEN
~TRATED LOADS AT VARIOUS POINTS: d= 29,1

P=0.05 " =0,95 I =796 1ind,

¢
i

Ioad | Location of Deflection at centre of longltudinal girde;:n INCHES
load Wezsured — Theoretlcal —
Tons I 2T ST 4 1 TT 2T 371 3
2,80 [.243b on 1 |.093 [.045 |.,006 |-.026 |.097,051 [,017 [-,011
12,24 [0372 on 1 [,112 [.085 |.008 |=+026,|.104 .055 |.018 |-.012
2410450 L on 1 | 4117 (4064 [.006 4=+029 |+097 6056 |,018 |=.011
4.75(.243L on 2 | .086 [.084 |.09 |.026 |.088 |.084 |.061 | ,027
8480(4372L on 2 | 4092 (4080 |.056 |.,022 [.094.080 |.065 | .028
3.60|.60 Lon 2 | .094 (o101 |.067 |87 |.096|.095 |.067 | .029
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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;
d = 29,1 P =0.05"= 0,95 I =796 ind

[

Load
Tons

E © & » @ 0

Deflection at centre of longitudinal girders 1n. incues

Measured Theoretical

I 2 T3 T4 | 7 T3 [s T2
.027 030 | 026 .017. 023 | 023 | .020 |.,014
046 +050 | 4044 | 030 | 046 | ,046 | 040 |.028
061  |.066 | .05 | .041 | ,069 | 068 060 (4042
084 |.092 |.082 | ,05¢ | ,092 | .091 | ;080 |.056
J128  |.189 |.123 | ,081 | .138 | .137 | .120 |.084
J169 |.,185 |.165 | ,110 | ,184 | .,182 | «160 |.112
.221 o242 | o212 | 139 | ,230 | .228 | +200 |.,140
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23,7, Persistent deflection after
s loads were removed,

25.8, Isolated equivalent beam under test.
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APPENDIX

A-1

FIRST HARMONIC BENDING MOMENT DISTRIBUTION
COEFFICIBNTS FOR INTERCONNECTED BRIDGE GIRDERS

L3 nBIsg .

0(°=°((1~_§2);°(‘==d\(1-

—)

w
d = -36 . - -m .
2 0((1 @),0(3 q( 1 ':;r-Z'.”“q(l..-!’
For deflection coefficients divide
b.m. coefficlents for outers bym®
No. of | Coeff-l B = 0
Girders | cient r
2
Load on P 1.0
(1 u
Pig | @
Py | [N+ 4an)] /sy
3 921 294/ Dl
B?ﬁg on
S Pgp |~/ Dy
) D' =gntaA(z+4m)
5 ‘
P1p (3+4o()’)/1‘23
3
Uniform
1bad Poy (IGP’H 4«)/133
covering
bridge

' -4[4’q+ % ( 1+2n)]

L

1 First subseript number refdrs to girder number, the second to the

load position, Thus Pqo is the distribution coefficien’c for

girder (1) with loading on’.
* Three girder bridge load on gir er (2) See sechon.s, page 1s,

a® (2),

101
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ﬂO. Oz aoeff-l

Girders | icient , B=o .
Puu |80 A5+ 9m) + BN( 1+ 12m)] /my
Po1 | 2%[97M * &+ 3«1]/ D,
4
o] e | A(-2n- e 3]/
Pa 24N ( 1—20()/DJ4
% ° &1‘3"\‘? “( 1*’\)][ en+ (1 +9-U]
Pyp | 2ot A2 +a)] /g
Poo Keo*f} ,,(“ 1 *5’]?*16*'\f 1+31\)J/p4
4 .
Lody | Pa 241 ( 21M+ 2) / Dy
Pyo ~an(12n+ < (1-38M)) /B
1081;40 “'\(3‘*"‘8)/341

Ungfo op Pao
load :
covering

bridge‘

(3x+22M) /1y

D} =6«(1 +M) +GOV1
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No. of | Coeffi- _
Ggrd:rs cient P o0
| (1+%)/ (1% 2%)
1'0%';.)0" Py Aoy ( L+ 2 o)
Pyy %{(1*2“,)/9"24'1("\*0%)}
Load on
(W Mle1+2w)/Dp- 1 (N +ae)
- a1 'g'"(' VT2 s
Dy =N XC(lrew)
i _‘*. N ’
| Py M(16%,+3)/ (16« (1+2n)+ 167
3 ' -
Uniform
" load | p. (16%, +107 )/ (16, (1 +21) +167]
covering| 20 S r ) i
bridge | :
PlI %t(lq-az)/nrsi-((14-3«4’)/11‘6}
: d l o
4 P21 AR \» 1'/ Ds + 4/ De]
Loa&)on 2 |
- P31 As Ppy but with - sign between terms,
» | Paq As Pj; but with - sign between terms,
| 2
g = (s 20, 26 = [(100) (1% 3()?)

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



No. of

Girders Coefficient B= 00
Pyo " “yp_+ o4/ D,
2 { 5 6]
: 1 ,
4 Poo ‘é[(’l*ﬁ)/ms*(”"*“s)/me]
Ticad on ' '
(2) .
Pas As P,, but with - sign between terms
Pyo As P10 but with - gsign between terms
Pm‘f?éo "’L( 100(1,"' 1)/ Ds
. 4 [ ]
Uniform ) \
Tosd . | Pog™ Pao (10%,+ 4m) / 1y
covering .
bridge,

Dg = 104 (2+271) + 10N
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APPENDIX A-IT

BENDING MOMENT DISTRIBUTION COEFFICIENTS FOR HIGHER HARMONICS:

For B = 0 & Use coefficients of Appendix A~1 but replace
vy %/ p* .
For P =03 Use coefficients of following Table but replace o

o(/ B‘Q:
No. of c ilent =
o dors oefficien B=c0 .
. Py | (1+a)/ (1+24)
Lioad on . " | ‘
(1 Poq 7 (1+ 24)
P 1 1/ + (1 +234) /D
1 |3 1t )/ 2‘3
L 3 A
s0ad on P -
(1) 21 /D,
P31 As 9‘11 but with ~ sign between terms
Dy = (M + “);m-g =N +od( 1+ 27M)
L 3
OAD ON P._=p N p;
@) 2 e 2
4 + A&
Load on P (V) /0
(1) N ”
ra B c1esa )
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No. of ICoeffi cient

Girders p=
Pal As Fal but with -« sign between terms
. .
Loap o , - 8
" N P41 As Pll but with -~ sign between terms
Dy =M+ (1 +'v\,))n;4="\+o((1+311)+2o€'_
P " |« .
2 (Y e vy
4 Poo : \(‘\M) / Dg + ( «+N) / n%
Bo?g)on ’ '
o Pgo As Poo but with - sign between terms
242 Asg Plz but with - sign between terms




APPENDIX B .

, CURVES OF BENDING MOMENT DISTRIBUTION
COEFFICIENTS FOR THREE AND FOUR GIRDER
BRIDGES .
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