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SYNOPSIS

Girder bridges which are generally simply supported
have been found to suit the small and medium span coverage both
from point of view of structural efficiency of the deck behaviour “
as wéll as ease of construction and ebdnomy. Both convenfionél
as well as computer based méthods of analysis for girder bridges
are available. Some of the conventional methods are briefiy
presented in the various chapters of this dissertation. These
méthods are (1) Courbon's Method (2) Orthotropic Plate theory
base@ (a) Morice, Little and Rowe curves s and (b) Cusens and
Pama curves 3 and (3) Harmonics method.'The(assumptions and
limitations with reéard to the mathematical modeling of girder
‘bridges by these methods havévbeen discussed. From the appli-
~cation point of view a typical 4-girder right bridge having a
span of 19.4 m and carriage width of 7.5 m has been analyzed:
for two critical load positions of IRC class—A loadiﬁg. A
comparative study of the résultsrfor cirder bending moments and
deflections as obtained by the above mentioned methods has been

carried out and certains conclusions arrived at.
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NOTAT IONS

1. COURBON'S METHOD

Mele of girder i aboutitg own bending axis
‘Share of lgading by girderi

distance of girder i from bridge axis

~ C.G./ Bridge axis location from girder 1

PLATE THEORYl

Half span of bridge‘deck

Half width of bridge deck |
Coupling'rigialities with respect to x and y

directions
Flexural rigidities in x and y directions
Torsional rigidities in x and'y directions

Direct moduls of eleusticity in x and \
directions

Shear modulus of elasticity

Torsional plate rigidity

Moment of inertia
MsI. per unit width
Polar moment of inertia

Polar moment of inertia per unit width
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k- Dlstrlbutlon coeff1c1ent
L. R Span (L 2 a)
M*,MY Bend;ng moments idkx and‘y:directions
M Torsional moment about x aﬁd-y axes
Xy Uyx o o ST |
Y. - Roots of characteristic eqdation
o QX;QY o Shearlng forces relaLed to x and y dlrectrons
S o L G(3 +5)) |
o o -Torsronal Parameter [
2EV1J
oy | ﬁn/L“ |
p. : nnbr/L
Yﬁy ' o shearlng strain in x-y plane
e. : Flexural parameter (-—— (1/3)1/4)
\>i;}oy o Porsson s Ratlo in x and y dlrectlons
cx,:cy Dlrecte stress 1n X and y dlrectlons
_Cky' Shear stress-normal to x direction in'X'} Yy
: 'plahe
tn' }.' - Roots of characterlstlcs equatlon

3. HARMONICS METHOD

A.;B.

5 J’Cj' ' Deflectlon Coefflclents of glrder J due to
o applled load wJ ' ' | '
aj’bj’cj - Deflection coefflclents of glrder j due to

retalned load er
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dj’éj’fj Rotation coefficients  for girder R

E Young's modulus of elasticity of material

G Shear modulus of elasticity of material

G, Girder j

Fjl(k),Fj2(k) First, second and third harmonic coefficients
of gifdér J due to the total shear force gener~
ated as a result of deformations of transverse
system.

Fl4(k),F94(k) Torque equilibrium expressions for girders 1,2
and 3.

Faq(k)

Fj5(k);Fj6(k) Torque-twist expressions for girder j

h : Transverse spacing of girders
Ij Moment of inertia of Cross-section of girder j
It Moment of inertia of transverse system’
35 Torsional constant of girder, j ] ’
JT . - Torsional constant of transverse system
L Skew span of bridge
m, | - Bending moment per unit length of transerse
'system connecting girder 1 and 2 at the intérface
of girder 1 (similarly M,y sMs, and my,)
Mja Moment function as applied load on girder j
Mjs B.M. due to shear force generated at.the interface
of transverse é?stem with girder j
Mj B.M.‘function for girder J
-Mij(*i) B.M.function for girder i due to loading on

girder j
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jt

jt

Six

mth harmonic coefficient of B.M. function for

.girder i due to loading on girder j

B.M. function for 01roor i due to loadq simulte

'aneously actlng on more than one q1rder

Design coeff1c1ent defined as the mth harmonic
ot B.M. in girder i due to n th haimohic of
moment loading (sin(nwx/L)), n = 1,2,3).on
girder Jj |

Bending moment

Shear force generated at interface with girder

~J due to flexural deformation of transverse system

Shear force generated at girder j due to
torsional defofmation of transverse system
Torsion générated'at girder j due to torsional
deformation of“transverse system acting as
B.M. (th) on girder j = |
Applied load on girder j.

Retained load on girder j

First, second and third harmonic coefficients
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_CHAPTER - 1

INTRODUCTION AND LITERATURE REVIEW

1.1 GENERAL

Interconnected glrder bridges are the most w1de1y used
one, despite 1ts complexic1ty in analysis. The introduction of
an increa51ngly vehicular loading has emphasised the need for

a better understanding of the way, they function.

: Girder bridges, in general, consist of several parallel
longitudinal girders, connected through deck slab and if nece-‘
ssary, through cross beams or diaphragms. In almost all highway

projects, the maJority of bridges needed are of short span, for
| which girder bridge are found to>be suitable, Girder bridges
are generallylsimply'supported and'therefore, simply supported: -
girder bridges have eSpec1ally been chosen for the present

study.

1.2 LOAD DISTRIBUTION THEORIES

- The fundamental probiem in.present day bridge design is
to determine the effect of a single concentrated load on the
structure. Due to interconnection of bridge deck with longit?
udinal giroe;s and cross beams, loads'acting on a girder or
bridge deck Qet‘distributed to other:girders; The'increased‘
lneed of economy in constrgction and modern practice of trans- '
porting very heavy 1oaés g; road brldges has given rise to the

need for an easily aDplled ‘and fairly accurate method of load
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distribution amongst Various girders, The importance of thls,
can be recognised by the fact that between the first idea of
Engesser (1889) on the subJect and the present day an extensive
amount of literature has been published. However many of the
~theories are very complex to apply ‘and requ1re a fair amount

of calculations. The best theory shall be. one which w1ll give
T a. de31gn formula in very 51mplif1ed form, preferebly in the -

"'form of charts or graphs (16).

Various methods of girder bridge analysis basrcally fall'
1nto three categories based on the assumptions made w1th regard

-to thelr construction.

The first category covers those analyses Wthh d1v1de
"the structure into 1nd1V1dual longitudinal and transverse
member each possesing the appropriate flexural and tors1onal
_rigiditles. For each point of intersection of members equations
of deflection ~and slope compatibility can be set up and finally
‘a set of 51mu1taneous equations  can be solved. This general
approach is extremely combersome, 1nvolv1ng a great deal of

arithmetical work and can t be .generalised.

The second category covers those analyses which separates
the longitudinal members of structures and con51ders some form
- of secondary cross connection which represents the behaviour
of transverse members. Hetenyi (14) assumed that there was no

rotation of 1nd1v1dual member. at an 1ntersectlon and used a
Af‘ o f

sine series to represent the load and deflection of the grillage

n-

in the direction of longitudinal members. Pippard and Dewode (21)

i
'



assumed'that the'longitudinal‘members did not rotate and repl;
~aced the transverse members by a continuous medium, Leonhardt
(16) assumed that the transverse member could be replaced by

-a single member at mid span w1th Zero torslonal stiffness.,

Most of these assumptlons are 1nva11d in practical brldge

' structures, where the tor31onal stiffness of members, parti=
cularly in reinforced and prestressed concrete, may be consider-
able. Further, the methods agaln do not lend themselves to gene-

ralisation for an unSpecified load p031tion and are, as in the

first category very combersome to use, Hendry and Jaeger (13) have .

“developed con81derably the ba51c approach outlined above based
upon only one s1mp11fying assumptlon that the transverse'
members can be replaced by uniform continuous transverse medium

.of equ1valent stlffness.

The thirdland_final category covers those'analvsese
which are based on anisotropic or_orthotropic plate theory.
These analyses'replace the actual bridge structure bv an
'.equ1valent orthotropic plate which is. then treated according
to classical theory, Thls particular approach has the merit
that a single set of dlstrlbutron coeff1c1ents for two extreme
cases of no torsion grlllage and full torsron slab, enables
the distrlbution behav1our of any type of bridge structure to

’be found.

Literature reviews of different methods commonly adopted'
for girder bridge analysis 'is briefly glven here under. The

, varlous methods of girder bridge analysis are



(l; Courbon'S'Method

(2) Orthotropic Plate Theory
(3)v Harmonics Method ”

(4) Grillage Analogy

(5) Finite Strip Method

(6) Finite Element Method

‘,-(1)‘Cou;pon's Method

This is one of the early methods which for its simpli-
city in application has been commonly used for analysing the
girder bridges. This method assumes transverse members as
rigid and hence bridge deck bends bodily and does not change its
shape when loads are applied on deck. The formulation of math- -

amatical model is presented in Chapter = 2..'

(2) Orthotropic Plate Theory |

The basis for the analysis by this method is that the
actual bridge deck is replaced by an equivalent orthotroplc
plate which is then treated according to classical plate
theory. Guyon (10) was the first to solve a case of srmply
Supported grlllage beams w1th negliglble torsional stiffness
by this method. Later Massonet (14) extended the method to
linclude the torsronal stiffness of the deck. He has also given
formulae for the distribution coefficrents for any particular

“value of torsional parameter,

It must be taken as a contribution of Morlce and Little:'
(15) that they adopted the method of ‘Guyon and Massonet.

“A con51derable amount of work has been done at the research



station of the Cement and Concrete Association of England by |

' Morice, Little and Rowe (15,20). The works have confirmed

. the applicability of the method to a wide range of bridge

types and indlcated a high degree of accuracy. In the origlnal
paper of Guyon and Massonet a limited number of Values for |

the distribution coefflcient K were derived. However in a

later publicatlon Massonet presented some comprehen51ve tables
giv1ng the values of the dlstributlon coeff1c1ent K for values

of torsional parameter a, of zero and unity. Rowe presented these

tables in the form of design curves.

Rowe (20) considered the effect of. poisson s ratio on
the load dlstributlon. Massonat (14) introduced a new coeffi-
c1ent for calculation of the torsronal moment. He also
-extended thi's theory to edge stiffened bridge neglectlng
torsronal stiffness. The calculation for edge stiffened girder
bridges were also dealt by Little and Rowe (15 20) Rowe has
further given the load distributlon theory for no torsional

-'bridges with various support conditions.

Cusens and Pama 7 1ncorporated the coupling rigldlties
1nto account. They also gave the curves for tor531onally stiff

-anf flexurally soft brldges.

The des1gn curves developed on the basis of this method

| can be used for any simply supported right bridge or bridges
having skew angle upto 20°, Due to its 31mplic1ty in applicatlon
it is one of the most widely used method in design offices and

is discribed in detail in Chapter - 3._



(3)hHarmonics Method_

Harmonics method lends a very powerful tool to the
analy91s of glrder bridges (right or skew). Unlike other-
"methods, the unique feature of this method is that it lends.
itself to develope design-coefficients.'These coefficients |
serves. as a highly,suitabie aid for determining'the girder
bending moments, shear forces etc. due to any type of 1mposed
loading on the deck. The development of these coefficients is
possible through the dimensronless structural parameters a,B,y
and K introduced in the formulation of this methods These
parameters uniquely combihe for a partlcular skew girder brldge
to identlfy it completely 1nsofar as its structural behaviour.
is concerned. Thus taking advantage of this Capablllty of the
"method, design coeff1c1ents have been made avallable for
different‘combinations of these parameters covering all real-
life bridges for ready use in design offices; These coefficients
for all real life 4-girder skew bridges are given in

‘reference (22).

The concept of Harmonlcs method was first introduced
by ‘Hendry and Jaeger . They applled it to three and four
g1rder skew bridges, neglecting tor31onal stlffness and con=-
srderlng only the first term of the fourier series of loadlng.
Later this method was modified by Surana, Agrawal and Prasad,
to 1ncorporate the torsronal stiffness of transverseysystem4

and using more general deflection functzon (22 18 1),

In Harmonlcs method, applled 1oading on a girder is

broken down into harmonic components, which are ea81ly obtainable



using fourier anal?sis (Appendix - A). Each harmonic compo=
nent is distributed. separately amongst the girders using the
design coefficients. The bending moment for any girder is found
by adding together fraction of harmOnics so distributed, All

the loads acting between the girders are first converted into
equivalent gi:der loads, by assuming the deck as a continuoue
beam in transverse direction. The method lends itself to
channelize the process of computing girder bending moments etc.
for any imposed loading, This resuits in a~systematic‘computation
procedure making #he calculation work simple and quiCk.'The
method has been were established for skew girder bridges (22)
and demand a considerable amount of theoretical and experimental
research to improve and test its applicability for other forms
of decks such as, Box-glrder, multispan skew girder bridges.

The theoretlcal formulatlon of harmonics method for girder |

bridges is presented in the Chapter - 4 and 5,

(4) Grillage Analoqgy

Grillage anaIOgy is propably the most popular computer
aided method for analyzing bridge decks. This is because it
is .easy to comprehend and use, relatively inexpensi&e and hae
proved to be reasonably accurate for a wide Variety or bridge
types (7) ‘Lazarides (1952) and Hendry and Jaeger (12) used
grillage analysis but were severly limited in scope smnce
hand methods to be used for solutlon of 81multaneous equations.
The method pioneered for computer used by Lightfoot and Sawko (17)
involves the 1dallzation of the bridge deck through its repres-

‘entation  as a plane grillage of discrete interconnected beams.
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Although the method is necessarily .approximate, it has the
great advantage of almost complete generality. At the joints

of the grillage,any nornal form of restraint to movement may

be applied so that any support condition may be represented.

The dispersed bending and torsion stiffneSses in every
region of the slab are assumed,for the purpose of analysis
to be concentrated in the nearest equiyalent grillage beam.
The slabs longitudinal stiffnesses are conecentrated in the lon-
gitudinal beams while the transverse stiffnesses are concentr-
ated in the transverse beams. Ideally,the beam stiffnesses
shouid'be such that when pretetype slab and equivalent griliage
are subjected to identical loads, the two structure should
_deflect identically and the moments, snear'forces and torsion
in any gfillage‘beam should equal the resultants of the stresses
on the cross- sectlon of the part of the slab the beam represents.
For beam and slab decks, the loglcal selection of lingitudinal

grillage beam 1s for them to coincide with the actual beams.
Y ,

- The problem is solved in this me;bod by matrix method
of structural analysis. The methoa, being completly computer
oriented, becomes unsuitable. where accegsto computer is
absent. The method also fails bo give high local moments and
torques in the immediate neighbourhood of a load, which is

concentrated in an area much smaller than grillage mesh.

(%) Finite Strip Method

The flnlte strip method is a hybrld procedure Wthh

combines some of the advantages of Serles solution of orthotroplc
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plates with the finite element concept. The method can be
applied both to slab andto cellular decks, which have the
same form end to end. It was flrst forwarded by Cheung . |
for rectangular slabs and suggested.independently for the

same problem by Powell and Ogden,

With the help of orthotropic plate theory it is possible
to find a displacement function for simple support conditions,
applicableAto all region of the plate. When such: a solution
is not conveniently obtainable, the plate may be divided into
discrete longltudlnal strips Spannlng between supports. Simple
dlsplacement 1nterpolatlon functlon may be used to represent '

dlSplacement fields within and between 1nd1v1dual strips.
-The limitations of this method (7) are

(i) It is effectively applicable only to prismatic
(right or circularly curyed) structures with

simply supported endso

(i1) Each finite strip is assumed to have constant
geometry and material properties in longitudinal

(spanwise) direction.

(6) Finite Element Method -

The most powerful of the techniques of analysis which
arises from thevdirect stiffness approach is the finite,element
method. It employs an ass&mblaoe of discrete two and three
,dimensionalehmnentsto represent the structure. The elements
are connected at nodal points which possess an appropriate

\

number of degrees of freedoms. Many shapes of element are available
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analysis time for the interpretation of results,
(ii) Expensive, as regard to computer time.

(iii) If the choice of element is incorrect the results
‘can be far more inaccurate than those predicted

by simple methods such as grillage method.

1.9 CONTENTS ‘IN BRIEF

In Chapter - 1 a comprehensive literature review with
regard to the various'mefhods of bridge'deck analysis commonly
adopted is‘presented. Suitability or otherwisé of a method of
pértichlar»type of bridge is also indicated. Chapter - 2,
deals exclusively with the méthematical formulation of the

Courbon's method of analysis for a given bridge.

Chapter - 3 deals. with orthotropic plate theory. For-
mulation of mathamatical model and prepaiation_df design
curves by Morice, Little and Rowe (Appeéndix-E).The-improved appli-

cations of the orthotropic plate theory by Cusens and Pama is also
presented in this chapter. :

A generalized method of analysis for a threé girder br;dge
deck -aligned at a skew with the help of Harmonics Method is
'presented\in Chapter - 4. The method involvés four non dimensional
structuralvparameters'd,ﬁ,v and K, which uniquely combine fbr'a
particular §kew’girder bridge’insofar its sﬁructural behaviour

is concérneda(IB).

Chapter — 5 presents a generalized mathamatical model
for design coefficients under three standard sine harmonic
loadings for any combination of «,Bf,y and K. These design

coefficients serve as a very useful design aid in evaluating
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girder moments for any configuration of the imposed loading.

The systematic computation procedure has been developed in

this chapter for computing girder moments. (18),

Chapter ~ 6 . deals with the application of

various methods presented earlier, for analyzing a girder
bridge. A single span 4-girder right bridge is analysed for
live load moments under two configurations of IRC class = A

loading.

Discussions and relevant conclusions draws are

presented in Chapter - 7,

Appendix - A : Gives the fourier analysis of various

loading cases encountered in practice.

Appendix - B : Explains the computation of torsional

constant.

Appendix - C : Presents expressions'for support moments

based on three moment theorem which are used for equ1valent

load, computation in Harmonlcs Method

Appendix ~ D : Explains the procedure for picking up

the design coeffiﬁients for a particular.combination of ®,B and

K from already available design aid. Two sample tables of design

coefficients are also presented herein.

Appendix =~ E : Contains the curves used for analysing

the bridge deck with the help of orthotroplc plate theory in
Chapter - 6.

*%



CHAPTER — 2

COURBON'S METHOD

2.1 INTRODUCTION .

.Girdpr bridge decks are.genera;ly simply supported and
- interconnected in the transverse direcfion through'slab, Cross—

" beam and/or diaghragms; These transverse structural media,
particularly the diaphragmé and/or cfoss;beam gre'the agents of
load distribution amongst the girdérs. Thus, the crux.of the
bridge girder design lies in ascertaining the share of the imp-
osed load going to the various girders., Once loading on a girder
- 1s determined, the design is done in the conventional fashion as
for a beam with simple subportg at its ends. One of the earliest
methods to determine the share of the imposed loading by various -

girders is Courbon's method which is based on comparatively gross
| assumptions but is quite_simple'in applicationd, This method is

presented and discussed hereunder.

242 ASSUMPTIONS ...

The mathematlcal model for load distribution amongst the
glrders is based on assumptlons prlmarlly with regard to the

deflectlon profile of the girders in the transverse dlrectlon.'

l, Load distribution amongst the girders takes place
alongkthe transerse direction at right angle to the

bridge axis.

2s Under a load acting at a point on the bridge axis,
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the transverse section comprising all the girders

deflect uniformly downward by the same amount.

3. Under a moment acting about the bridge exis, the
transverse section comprising all the girders undergoes
a rotation about the bridge axis causing linear defle-

ction of the girdefs.

Assumption (1) cited above is quite close to the actual
1oad distribution in a bridge deck. The stiffness of the trans-
verse structural elements along the direction at ritht angle to
the brldge axis is much higher than along any other dlrectlons
and hence load transmission takes place chiefly along an axis at
right angle to the bridge axis.'However,'assumptions (2) and (3)
may be considered over simplified since the transverse deflection
profile is non-linear. The non-linear transverse deflection prcfile
induces complexity in the mathematical model for load distribution.
These assumptions, though gross, achleve a lot of simplicity in
the mathematical model and result in a little conservative and safe
de51gn. Indian RoadgCongress (IRC) recommends the use of this
method prlmarlly for its 31mpllc1ty in appllcatlon and safety in

design.,

2,3 MATHEMATICAL MODEL

Courbon's mathematical model eased on tﬁe earlier mentioned assur
tions is plctorlally presented in Fig. 2.1(a), (b) and (¢). In
Fige. 2.1(a), the simply supported girder brldge deck is depicted
with different moment of inertia for girder (Ii)' The transverse
system is notionally depicted by the broken transverse lines

located at the actual locationns of cross-beam and/or diaphragms,
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A transverse section at right angle to'the‘bridge axis and the
location of the-load is shown in Fige 2.1(b) with the applied

load acting-eccentridally; The eéccentric load is replaced by its
equivalént load in terms of a direct load (P) and a moment (M = e)'
actlng at the centre of gravity (C G) of the section. The C.G. of
the section is located at the bridge axis which is also the axis

of rotatlon and neutral axis for ‘the moment (M = Pe)' The bridge

axis may be located in the usual way i.e.,

z I X
X = T I _ ' ‘ .5.(2.1)
where in ,
X = C.G. /Bridge axis locatlons from girder 1,
Ii = Moment of 1nert1a of glrder i about 1ts own bending
' ,ax1s. |
'X; = distance of girder i from gifder l;-

The concentrated load (P) aﬁting at the'bridge axis causes
uniform vertical deflectionl(Lk) in all the gifders“as per assumption
(2). This is shown in Fig. 1(c). Since all the girders deflect by
the same amount (A), each of the glrders.attracts a part of the
load (P) accordlng to.its relative stlffness. Thus, girder i '
attracts its share of the applled load. (P) as given below,

P I, |

| | eee(242)
R Ii | ' |

R! =
i

Along the load R} due to vertical deflection, the girder
also attracts load due to rotation of the deck. The amount of this

load depends upon the distance of the girder (X;) from the bridge
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axis and relative stiffness of the girder. The magnitude of this

load is given by,

RI' 4 —— L - 0ee(2.3)
i - 2
| I

The p051t1ve sign for R" is taken for girders which lie on the
applied load (P) side of the bridge axis. Negatlve sign for R'!'
is taken for glrders lying on the other of the brldge axis where
the load. (P) is not acting. The total load shared by glrder iis
then given by adding (2.2) and (2. 3) ie€ey,

P Ii MI.X,

i Tz le

¢ 0(204)

ol

Affer girder load é. is determined from (2.4), it is
designed for bending moment and shear due to this load R with
the beam being simply supported at its ends, Expre851on (2.4) for
girder load (R ) becomes much 51mpler if all the girders have
the same moment of inertia (Ii = I) and is given by

: M X, ‘
’ Ri ='§i ; i ’ ...(2.5)

vhere in N is the number of girders in the deck.

2.4 LIMITATIONS :

Apart from the gross assumption on which the mathematical
nodel is based Courbon's method is appllcable only the following

conditions are satlsfled.

(1) The ratio of span to width is greater than 2 but

less than 4. ‘
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(2) The longitudinal beams are interconnected by at
least five symmetribally Spaced cross girders/or

- diaphragms. : g

(3) The cross girders extend to a depth of at least
'3/4th of the depth of the longitudinal girders,

The above three conditions are generally satisfied wain

all of the modern T-beam bridges.

**



CHAPTER - 3

ORTHOTROPIC PLATE THEORY

3.1 INTRODUCTION

The concept of considering an actual bridge deck as an
equivalent plate for the purpcse of determining the}distribution
of stresses is well established. Ordinary flexibility and stiff=-
ness methods of analysis called open grillage become more compli-
cated if the number of beams is more. Also, these methods turn
more and more difficult if the torsional rigidity of elements is
considered (20). Further, a bridge is never an open grillage, as.
there is g3 connecting slab. Therefore, it may be considered quite
reasonable to replace the interconnected bridge deck by an ortho-
tropic plate with the same total stiffness in two direction as the

original structure.

An orthotropic plate is definedcas one which has different .
specified elastic properties in two orthogonal directions., Most
bridge decks are orthotropic because of shape orthctrcpy and it
must be emphasized that reasonable results cen only be obtained
if the deck is made up of multiple longitudinal beams. For a
‘right simply supported deck the number of transverse beams is
less important. It is very difficult to give the precise number
of beams to be present in the actual deck before it can be
idealised as an orthotropic plate, but in normal circumstances )

five longitudinal beams may be required as safe minimum number” (7).
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3.2 BRIDGE DECK IDEALIZATION

The basic assumptions adopted in the development of
‘mathamatical model are those commonly used in the theory of
elastic, isotropic, thin plates (23). The main assumptions

are as fallows
o

(1) The actual bridge deck is replaced by an equivalent
orthotropic plate having same total stiffness in
‘two directions as the original_deck. The torisional

stiffness is. also kept same.

(i1) Plane section perpendicular to the neutral plane,
Temains plane and perpendicular to the deflected
ﬁeutral plane.

(iii) Deflection of plate is very small as compared to
the thickness of plates

(iv) The neutral plane can be taken as x-y plane.

) 52, =
" (vi) Material of the bridge deck is linearly elastic,

homogeneous’ and isotropic.,
- (vii) Bridge deck is right angled and simply supported.
(viii) It is taken as plane stress problem,

(ix) 1Intersecting beams are assumed to be rigidly

connected at their point of intersections.

3.3 MATHEMATICAL MODEL

The actual bridge deck is Teplaced by an equivalent

orthotropic plate of effective width 2b and effective Span
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L = 2a. The plate is 51mply supported along Xx =0 and x = 2a

and free along y -+ b as shown in Fig. 3. l.

For the element of an orthotropic plate, plane stress

~ and strain are related by , ' | :
‘ } ' E_~ o E . i L
% T I, T7 (& VySy)ioy = '('1-\:—!?;‘)' (&4 %4 ee(3.1)

T ;C‘YY

normal stresses along x and y axes.

Q
a
i

mw
td
- .
o
]

normal strains along x and y axes.

a
"

= Shearing stress along y-axis on x-plane.

shear strain

-
=<
~
Ju)
] i

moduli7of,elasticity_elong X end y-axes .

NV, = poission's ratio along i-and‘y-axes'

G . = shear modulus of elasticity
We know from Betti's theorem that

Y EN )
Applying strain diSplacement relationship, the stress-strain .

equations can be expressed in terms of the transverse deflectlon

w in the form

ch - Tfiv_F (...MI +Y __y_)

) by
E z 2 2. N
: b w 0w
c,. = ( + x“_—) ’ .000(303)
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Sy =722 oy

The moment resultants are obtained as follows

M,=J, o Z.dZ = ~ (D 2% + b’l°2wA )
> S Ax oxter - 2 1l byﬁ‘

X yx<
, .o 0 w. 0w

M, =/ - OyeZedZ = = (D =~—5— 4+ D _T)
M P ==, T, ,ZedZ==1D 2%

XY . Ax xy*<* Xy 9x 0y

: 2
C = - - d"w
Mgy = ,fA?.ny°z°dZ == Dy 3% 57
wherein

Dx’ Dy = flexural rigidities
Di, 02 = coupling rigidities
ny’Dyx= torsional rigidities

Considering the equilibrium of forces and moments in Figure 3.2, -

| We get the following equations

4 4 4
: 0w . 0w 0 'w
X 3ed %2 0y2 Y oy L PLRY

- wherein
2H = (ny + Dyx + Dy + D2)

The shearing forces Qq and Q, can be expressed as

Q. = = [D Sfi%. +(D._+D ) gﬁi&'?!']
| 23 _ (D.. + D) ——-2-°3W ]
Qv='[DYF+ W2 ey ox® T

22

vee(3.4)

;.Q(s.sj

vee(3.6)
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The reactions at free edge can be found by representing the

‘twisting moment as vertical force

b w 53W ' | |
V. = = [D e + (D +D +D ) ] 000(307)
X X 3¢3 | yx "1 dx byz,l N :
83, 3.
, 0w
V., = [D Sw. (D w0y, +D5) ]
Y Yoy yx' "2 oy %2

3.4 AN INFINITELY WIDE SIMPLY SUPPORTED BRIDGE DECK WITH
| SINUSOIDAL LOADING ALONG x-AXIS |

The solutlon of non-homogeneous plate equat1on (3.5) can

. be obtarned by adding the particular. and homogeneous parts, thus

w = wb tw f -.h_ - o ...(3 8)

- For partlcular solution Levy-Nadai solutlon will be. adopted._~
. This is done by considerlng an 1nf1n1tely w1de bridge deck
(Fig. 3.3) subjected to a 31nosodia1 1oading along: the x-axis,

p(x) n—l H  sin X 5 an = %E | - ...(3.9)

The load function Hn-can be derived for any particular loading .
case using Fourier Series, Some of them are given in Appendix'- A.
Particular solution can be written in the form
o - ¢ Y. D N
w =I Ae™ sin (a_x) o ...(3.10)
P =1 .n ' » o
Which SatleieS the Slmple support condltlons. Substitutlng

this value in. equation 3.5 we get

D ¢4 2Ha $2 + D a4 o o eee(3011)
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The ;oots of which are given by _

=+ [%’-- \/(-—)2 (—-5-) i]’/Q | ...(3 12)
n1,2, 3,4 Y Dy | | S

Examlnlng these roots it is observed that the following cases

are possible

Case = I (I-I2 > Dny)‘~ A : Torsionally stiff,and/or

| ‘ ' flexurally soft bridge decks
Case = II (H = D* =“Dyf'.l iIsotropic_Brldge decks.
Case = Il "(H* <D,D)  Torsionally soft and/os

' flexnrally-stiff decks

Since most of the slab decks fall into the case-III (7) only this -
particular category for the present study is taken. In this Case,
.terms inside the inner most bracket of equatlon 3,12 will be

imaginary. Hence roots of thls equation can be written as

V{0, /D, >+H/Dv 1/2 (@'ﬁ/ ~y)1/2

<1 een(3.13)

b1,2,3,4= £ %, [(

v D)/D ) + H/Dv]l/2

R | B -..;(3.14) fi

r4

Equat10n3.13 changes to

¢l 2 3, 4 = + «a [r + ir4] ' o o | ' . ,,,(3 15)
It is observed from Flgure 3.3, that deflectlon w tends to zero.
as y tends to 1nfinity, hence all the possitive roots have been

discarded, and equation for deflection wb takes the form as follows
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oo o (r +ir,)y -a (r ~ir,)y
w =% f[a e N 347 g o nT374 Jsin(a_x)
p n=1 n ’ : n - n
or - : _
.c0 ".‘ : -anISY o .
Wy = §=1[An cos (@ Ty)+ B sin(e r,v)] e SN X)

Considering the symmetry of bridge deék, we get the boundary

conditions
\ éwl . A
(&7 Jy=0 =0 | : 4
énd Y : ‘ 90;(3.16)
n _. _ :
(yQ)y -0 t73 31n(an x)= 0

Substituting these bdundary conditions in equation (3.15) we
get particular solution as
H"sin(anx)}' o A ' -Q

o o1 1.
=5 n [ == cos (a TpY)+ = sinfa_2,vy)e
n=1 ‘4Dy0£§( I‘g A ri) I. n-4 I‘4 n“4 g

nr3y

=3 :
eee(3.17)
The homogeneouo soluLlon of equation 3.5 can be found by Levy s

method, which w1lJ oe as follows

8

2
il
o gl 5]

. [An coshfanr3y} cos (a T,y)+ Bnlcosh(anrgy)

sin(a nT y)+ Cn 51nh[a rsy)ces o r4y + D 51nh(a r3y)

sin « r4y]oln o X o o ..7(3.18).

The complete solution will be sum of equatlon (? 17) and equation
(3.18).

3.5 A BRIDGE OF FINITE WIDTH (2b) WITH A.CONCENTRATED LOAD AT :
ECCENTRICITY (e) FROM x-AXIS
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To generalize the expressioné for.deflection, we cohsider
a bridge deck of finite Width 2b, acfed upon by a concentrated
load p at eccentricity e. The solutlon is obialned by rep1801ng
Y by ly-el in equation (3 17) The modulus value is used to
ensure the symmetry of deflectlon for both p051t1ve and negat—
ive values of e. Now the complete solutlon can be written as follows

- 2 Hn 51n(o X)

‘n=1

1 | . 1
%) ( & cos(an4ﬂy—e| +ly‘elf52’

3 2
-4D.yocn(r3 + T4 3

: . =e r.|y-e]
. n-3
sin (anr4 )) e

+ (An cosh(anrsy)oos(anr4y)
~+ Bn cosh(anr3y)sin(anr4y)+ Cn sinh(an:3y)co§{anr4y)
+ Dn sinhfanr3y}-sin(a r4y» sin(a x]] i ; l,...(3 .19)

The four consfants A,B, C and D are determlnod with the help of

boundary condltlons at edges, ‘as dgiven below

(a) - My =0 aty=a+b
3% 2w | | .
or - (D 2 - Dz—T—) = O at y = i b .000(3020)
oy ox u
(b)  © V=0  aty=4p
' 3 3
0w 0w :
or -~ [D + (D, + D__ + D.) ——=] =0 aty=4+5b
/ Y oy® R L T -

...(3 21)

vaiue of derlectlon W as obtained in equation 3,19 is substltuted

dn above equations to obtaln these constants.
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'Cusens, and Pama (7) found the values of these integration

coefficients as

given below

E (5,+5,) dg - (55-5,) dy
&lapdy - agdy)
2(blc3 - Clbs)‘
o - (s +S4) by - (Sl-S2) b3
2(b1 3 = €1P3) |
. (S ) a; - (Sl+S2) a3'
2(a 5= a dl)
where,
. B3y
$; =~ (El cos(Byamy) + E, 31n(ﬁ4nﬁ) e
| : ~B 4N
82 = f (El cos(ﬁ4n2)+ E2 sin(B4nQ) e 372
: o B3y
S, = (E3 s;n(64n1)+,E4 qos(F4nf) e
| | Bpno
A a; = Eg coshfﬁsg_cos;64;+ E, sinhfﬁs} sinjB4f
bl = E5 cosheB3.‘sin;64 - E4 sinh‘ﬁ3l coshﬁ4
¢, = E5 sinh ﬁ3;cos B4 +‘E4'cosh B3' sin B4
dl = E5 sinh 63. sin 54 - E4 cosh 63. cos 54
ag = E6 sinh Bs.cos Pa -:‘E7 cosh 63. sin 84
' ‘ (
b3 =tE6‘81nh Ba.cos Bg + Ef cosh e co§ B4
Cqy = E6 cosh 53-005 ﬁ4 - E 81nh B3. cos B4

;..(3.22)

eee(3.23)

eoe(3.24)

e ea(3.25)
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d3 = E6.cosh B3.sin 64 + E7 sinh ﬁsfcos 64_

and >
4 ' 2 2
E, = —5———5= [D, + D_(r5 + r7)]
1 ) p) 2 T Uy\Tg + Iy
(I3 + 14) o
2 [0, - D (2 4 )]
E, = ——— Do = D (r5 + 1
B 2D 2 T By\Igt Iy
(r3 + r4). .
I N |
Eg = Dy(r4 -'13) + (p2 +.Dyy * Dyx)
E4 = 2DY r3 Ty &
| - 2 2
Ec =T (D, +D__ +D_.) =D (r2 - Bf r2)
6 3 "2 Xy yXx y' 3 3 74
- D (3 _ an 2
E; =1, (D2 + ny f Dyx) + Dy (r4 3r4r3)
o« ='nn/L

H
1

5 [1/2{(Dx/Dy) + H/Dy]l/2

IofT T 1/2
24 = [1/2((0,/D) - u/o 1Y/
Ny = (1 - e/b)
Ny = ( 1+ e/b)

Now once the valués'of these coefficients are determined,

these values are substituted in the equations (3.18), (3.4) and
(3.6)vto get the expreésions for deflection, bending momentsA_T
and shear forces. These stress resultanfs'and deflection can 1

be written as



o H_ sin anx

(a). Deflection w =1 -2 K,
n=1 o’ D_ 2b
T n X
( b)) Bending Moments
e H_ sin(a_x) D
1
M, =5 -2 2 (K, - == K,)
X n=1 a2 2b L Dx 2
n
W = - § HnQSln(anx) g , - gz Kl)
Y n=1 a. 2b X X
(c ) Twisting Moments :
@ Hn cos(anx) DX_Y
Mey = = 2 o (5~ Ky)
XY n=1 n N
W - ; Hn cos(anx)(DYx K.
yX n=1 @ Dy 3
(@ ) Shearing Forces
©° H_ cosla_x) 3D+ D
- n n YTy X 1
Q= pp—— (K== K]
n=1 n ST
© ‘ D, . +D-
D . - Xy “2
Qy ‘ Z=l H s;n(anx)[ Ky '( Dy ‘ ) Ky ]
(e ) Reactions .
© H cosfa x)  D__+D _+D .
Vy = L =gy [Ky-(pYE L) k]
n=1 n X
o D, _+D__+D
V, = =% H_ sin o x[K,- (XL YX 1y
Y. n=1 © . n-th4 By 3
where.ifi : - -85
. ' 2
o - @ b D (r4 cos(B4Sf+r3 51n(B4Sf) e 3
1 2r3r4Dy « .(rg + ri)

+ A éosh(ﬁ3sl)cos<ﬁ4sl)+ B cosh(B5)) sin(p,s )

+ C sinh(B.S5.)cos(B.SH D sinh{R .S\ ecinfa <4l
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ees(3.26)

eee(3.27)

eee(3.28)

eee(3.29)

.e.(3.30)

C(3.31)

eee(3.32)

. u(3.33)

«s(3.34)

fn A\
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a bD_ —B.S; '

n_ x

K ———— [r sinB ,S cos(B )e
2 = 3r;3,D 4°37Ty 4%2

+A[(r3—r4)cosh(635ﬂcos(B4 f 2r3 4 51nh(53 P sin(B,S)l

+ B[(rz—ri)cosh(ﬁ3 1)51n(345ﬁ-+ 2r3r4 51nh(B3Sl)cos(B4Sf]
+ C[(r -r4)31nh 538lcos(ﬁ48f—2r 3T4 cosh(B,4S f51n(ﬁ48£ﬂ

+ D[(?s-r4)slnh(é3 fs;n(B4Sf+2r3cosh(638fcos(B4Sf]]

| vee(3.36)
1 =85S,

Ky = CEen [i(—sié(6452»e

+-A[r3sinh(BQSﬁsin(B4Sf+r4cosh(6351)cos(B4SB]
+ B[rssinh(B3stin(B4Sf+r4cosh(ﬁssfcoscB4S?]
+ C[récoSh(B3Sfcgs(B4Sf~r4sihh(Basisin(ﬁ48f]

+.D[rzcosh(B3Sf8in(ﬁ45f+r4sinh(Bssfcoé(B4Sf]]' oo (3.37)

[+ [(r 3)Sln(B4Séw2r3 4cos(B4Séﬂe F3%

K4 =
3 Ty ,
. +"A[(r3—3i3ri)sinh(838fcos(B4Sf+(rjrg)cosh(B3stin‘§4S£]
+ B[(r3-3r,12) sinn(p Sfcos(ﬁ48ﬁ+(r3—3m4r§)cosh(B3Sfcos(ﬁ4Sf];
+ C[(r =31 )cosh(B Sfcos(B4Si+(r 3r4r§)sinh§ﬁ38£sin(ﬁ4sf]
+ D (3 3r3r§)coshcg 5512 Sin(8,8) ~(r3-3r,z %)sinh(ﬁéSfcos(ﬁ4SP]
| ...(3.38)
~and ‘ |
Sl = 'J‘L—J-ge i "‘ L
..'(3.39:).
S5 = £
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The positive and négative signs in-K4 and K, are for étations

to the right and left of the load réSpectively.

3.6 DETERMINATION OF ELASTIC RIGIDITIES OF GIRDER BRIDGE DECKS

We consider ‘an eleméht of a T—beam-bridge showh in
Fig. 3.5. The intersecting beams are assumed to be rigidly
connected at there'point of intersection. The controid axes.
are denoted by x and fy_and both are measured from the‘cgntre
of the slab for bx and by are the spacing of long girder of
cross beams respectively for the slab; thé stress-strain rela-

tionship can be written as

Oy Ef(€x+ éy)

. _ eeo(3.40)
9y = E'(et &)

where .
E<
(1-+7)

As we knoW that:strains at a distance Z from the neutral a&ié

E' =

can be expressed as follows

: 2 2 '
0w 0w
E, =~ 7= : E = - 7 — ..._(3.41)
X ax2 ' Ry Oy2 |

Hence the stress curvature relationéhip for slab elemenf at a

distance Z from neutral axis is given by

oy = - pz (2w, 2w )
X x> 6y2 : ~
5 : ' | voo(3.42)
o, = - B'2 (&5 + 2 ) ‘
A 0y* (oP's

For the element of T=beam the arerage strain in the direction
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Figure 3. 6 Distributions of stresses an’d-str‘ains- |
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of X and y axes can be written as

e % N Y
e G |
| ...(3.43)
' o o t,
o _ X X
Solving these equations for oy and o we get
t
*
- Y
. Y A
» voe(3.44)
t
- gF X
Oy = ? (€Y+ O~
wherein”
E = e
2 x
(1= 552 )
xVy

Now we substitute the values_of-éx and 4y from equation (3.41)
to equation (3.44) .

_ E* 52w : tx 62w
O = "B 2=+ 3 5 )
0¥, Y 0y -
. 0.0(3045)
_ * ézw ' tx ézw : :
© 0y X O0X

The values of o, is expressed in terms of two stress blocks as

shown in Fig. (3.6).

Now we find the values of bending moment Mx per unit length

by taking the moments of individual forces about the slab

M, = fcx.Z{dZﬂ x
‘ *
2 3 E't
_ 0% rE't Sty (ot 92 -
- ax2 [éxy +6bx ([hx (ex 2 )] (th+ex+b) -
2 *¥.3 Et 4
- (o= P ept)]- LY [EE 55
oy Xy

X ([h__—(e,,"' ;)12( 2h +e -I-‘f'\—(m — i\2(n ALJ\\-]'-] L~ s
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ilar procedure is followed to evaluate My and twisting

ts and we get:

-)(-

bzw. E't3

b yq2
g (S + EE—X_ []hy—(ey— =] .x(2hy+ey+t)
Y .
' 2 143 E t t
(e, - < >2<ey+t>1]- zxg 55 e 2 [[h, —(e 217
. v .
:Bxy + fslab ( Z'dA) b by
Lo 62
By * 2f 257 dz)_gggy—
3 2 | |
By -+ 5 ) 38— .. .(3.48)
3 2 ’ '
B (Byx + Gg ) gxby I -+ (3.49)

"ing these equatlons with the moment equatlons for an

:ropic plate equatlon (3.4) we get.

4.3 Et |
f2t X [[hx—(ex— g)]Qx(th+ex+t)—(ex- E)Q(ex+t)]
X .
3 g% | , ~ es+(3.50)
?;t + 6by7[[hy—(ey— %)]2x(2hy+éy+t)-(ey— E)Q(ey+t)]-
3 %ot eee(3.51)
$ t
§2t 6b,, bx £ [[h —(ey— —)]2x(2hy+ey+t) (e - —) (e +t)]
.3 COE*e & cee(3.52)
E;t * 55 b; X [[h —(e - — ]2X(2hy+e +t) (e t)2(ex+t)]
3 ' cee(3.53)
By * S ...(3.54)
3 S
Byy + LN ee.(3.55)

E
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where Bxy_and Byx are the torsional rigidities of longitudinal

beams and cross beams respectively. Now we -know that

2H = ny + DyX + Dy + D,

Et3

= + + — + C 7 eeel( 3,56
oL H = Byy * Byy 6(1-2) - ( )
where the valué of C.is

#* < .
"E t_t ‘ :
e XY _ 1.2
C = 2b;5;— . hy[(hy+t)[)hy+t) (.ex+ey)].+ 3 hy ]
: t .t .
Since the value of for concrete is small (0.15), BZEX i§ also
Xy
small it can be assumed that
%
. - T < E
(1- 2 2 )
X"y _
Now total .torsional rigidity 2H§?%ﬁban be expressed as follows
3 - Et.t | -
. ; Et Xy . 1.2
2H = + + H, - + += h
| e (3.57)

where H_ = (h_+t).

Hy = (h+t)

'On an approximate analysis we can neglect the fourth term and
above equation get simplify to

Et>
+ + = 5.
XYoo¥Xx 6 1=v°)

2H = B ...(3.58)

2.7 DESIGN CURVES FOR SIMPLE RIGHT DECKS WITH CONCENTRATEG
Lo0s , N ) - P
The direct analysis of load ‘distribution in;bridge decks
using the equations derived in previous articles'becomes a
laborious progedure if a computer is not readily accesible. r 
The availabelity of approximate results‘in the form of desién
- curves is clegrly deéirable at the preliminary design stage;‘

Design curves based on orthotropic plate theory were first
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prepared by Morice, Little and Rowe (1958). A summary of design
technique using these curves has been presented by Row (20).

Later on these curves were modified by Cusens and Pama (7).

3.7.1 Morice, thtle And Rowe Curves

These des1gn curves are based on a calculatlon of the
partial defferentlal equation (3 5) i.e.

- 4 - 4
O'w 0w O w_
D + OH + D = p(x y)
4 dx 2 Y ay4 ’

X 5x 2 oy

The tor51onal rigldlty 2H is wrltten in the form
2H = 2a VDXDY

wherein
Do+ D+ Dl + D

Xy X 2 | ' S '
@ = — YX_ 4 | eee(3.59)
2 DxD . | )

Yy

They considered orthotropic decks with a<t, and omitted the
coupling rigidities D, and D, in equation (3.59). Thus the
contrlbutlon of bending to torsional rigldity is neglected and
as bridge deck approaches the 1sotropic case, a values approach

(liv) and not unity. The value of W is given by equation 3 26

the mt term of which is
W -'Hm 163" sinv(ﬂﬂﬁ) k 'ai W = K 'w-- - | (3.60)
m - 2D '__7T7T' Ta m m- "m'm coeie

where WﬁviS'the'deflection produced if the applied loads were
uniformly distributed over the entire width. The value of K is
given by equation (3. 35) which is independent of x and hence the
- value of K remains same along the span, The complete expression

B for the deflectlon of the brldge is a Fourier series, namely
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and the actual mean deflection is given by
W = Wl + W2 + LN ) ‘Nm + -oooo
The true distribution coefficient K!', therefore, given by

Since W_ is inversly proportional to m4, both the series are
rapidly éonvergent, and for all practical pdrposes it is

sufficiently accurate to consider the first term only, thus -

For the calculation of bending moments, these authers

neglected the poisson's ratio and obtained as follows

. : bzwm
M = - D
Xm X 32
H 2 :
— _m 4a . MmX
=Kp3p —5 sin
mr _
Mxm =Mme ' . | " ¢ 000(3.61)

wherein Mh is the mean longitudinal moment. Considering all terms,

'MX = Klpv'll + K2I\42+ooo K M +ooo

M =M1+Ni + ceee M + eee

2
Kr - Mx KlMl+K2M2+ eee K Mm
1 2

M T WM, f M. T ceo M "?(3'62)

Since Mm is inversly proportional to m2

s both the series in
equation 3.61 are conyergent thoughenot so rapidly as the

series in equation (3.62), However,in practical appllcatlons
it will be sufficiently accurate to conslder the first term

only of each series, thus K' = Kl, provided some increase in

-~
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moment so derived is assumed. For all design purposes it is

seen that the appropriate percentage increaSeris 10 (24}. A

Thus we can write

I\Ax'z l.l KlN[ - "900(3063)

Hence a single set of distribution coefficient K, is sufficient
to determine both the deflection and longitudinal moments in

the bridge structure and it is common to denote it by K.

From equation (3.35) , - value of K can be determined for
any value ., of the torsional parameter. In the two iimiting céses»
of &« =0 and & =1, theée.Values aré called Ko and Kl reépect-
ively. It was shownAby Massonet that_fon any intermediate value
of « distfibution coefficient can be determined witb sufficient

accuracy from the interpolation formula
K(x = KO +(I<1-KO)Va 4 . 000(3.6.4)

The transvese bending moment My is given by
5 -

: 0w
M = - D W
AY Y 53’2
M, =L pp bH sin BEX. v e (3.65)
n=1 . .

where p is a distribution coefficient for transverse moment
dependent as ©, «, % an % and Hn. Hn is the amplitude  of the

terms in the fourier series for the load.

For preparation of desin curves ,.- bridge deck is
assumed'as an orthotropic plate of ~. width 2b and span of 2a.‘
The reiation.between actﬁal aﬁd equivalent width are shown |
in Figf !3.7 . This effective width of the deck ié divided

into eight ‘equal parts as shown in Fig. 3.8. The nine points
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(d) EQUIVALENT WIDTH FOR FBEAM; Tox. < 11t |

FIG.3.7—EQUIVALENT ORTHOTROPIC PLATE WIDTH (2b)

e — — 2bz Np
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thus obtained are called reference stations or standard

‘ S A UL
-b -3b/4 -b/2  =b/4 O -b/4 +b/2. +b/4  +b

FIG. 3.8 STANBARD‘POSITIONS OR REFERENCE STATIONS -

1™

positions. Loeds acting in between two reference statlons

are converted in the equ1valent loads at these statlons,
con51der1ng the deck slmply supported between two reference stat- i
1ons. Design curves for dlstrlbutlon coeffic1ents at these ‘
p01nts are drawn by these authors. Some parameters are defined 1

to draw these curves which are

(i) Flexural Parameter

. ) D ) ) R . . ) )
= 2 X b i » .
e = 5a 4v‘ -D; = 2a 4v-j | . '00'0(3066)

where, |
i = Moment of inertia per unit or width of
girder.
u =,Moment of inertia‘per1unit'or Width.of
- cross girder' g |
(ii) Torsional Parameter -

D, +D__
X X
o = Ev%—ﬁ——x-
XYy
G(i + §)) | . |
= _'MO.,TA‘ . . : ' . e 0(3067)
wherein | '
; | c ,
io = torsional constant per unit width
- J

0

torsional constant per unit length

Method of celculating torSional constant is'given in'Apoendix - B.
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(a) Distribution Coefficient K

It can be seen from equation (3.35) that K is a function

of
(i) Flexural parameter, ©
(ii) 1location of cdncentrated load, e
(i1i) torsional parameter, «
(iv) reference station considered
(i) is taken into account by plotting the curves as 3

functlon of ©.
(ii) 1sltaken into account of by plotting separate curves
- for each independent load position, the load positions
considered corrosponding to the standard position aiready
defined.
(iii) is taken account of by plotting a separa te set of
curves for each individual referénce station.,
(iv)  is taken account by plotting a separate set of curves

for each 1nd1v1dual reference statlon.

Rowe gave 11 purves for finding the value of K curves 1

to 5 are distribution coeff., Ko at reference stations O,%, g, 3b

4
and b respectivély for various load eccénfricities. Curve 6 is
for large range dlstrlbutlon coefficient. K « Curves 7 to ll
are for distribution coefficient. Kl at-referénce stations
o, %,-%9 and b respectively. These curves are shown in

Appendix - E,

The distribution coefficients for a specific value of
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the torsional parameter o may be obtained by using”the

interpalation formula (3.64) i.e.

ga =K, + (KlfKo)Va
The use of these distribution coeff. is illustrated by an

example in section 6 of this report. -

b) Distribution Coefficient

Design curves are prepared in the same methods as

b

per the distribution coeff..K for the standard position O, g, >

and %9 with load position of O, + %, + %9 + b ,(24). However.
for most design purposes only the design curves relevant to
the standard position O are required. These are given in

reference (20). .

For values of the torsional parameter between O and 1

the interpalation formula is used.

by = B+ (mpmwe BNER"S

3s7:2 Cusens and Pama Curves

Cusens and Pama (7) improved upon - the above design curves by

eleminating the shortcomings of Morice, Little and Rowe Curves,

which are as follows

(i) In the preparation of design curves Morice Little
and Rowe neglected the coupling rigidities. Tors-
‘ional parameter, a could be modified to include

coupling rigidities Dl and D2.

(ii) As we have seen in equation (3.62) terms after -

first in the series are neglected. The value of K, based on
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first term of a series fepresentation of
deflection is used for the calculation of
longitudinal B.M. In the estimation of maximum
values an additional ten percent is added to
allow for p01sson s ratio effects and for slower

convergence of the series for moment.

(ii;) The determination of distribution coefficients
for transverse moment entails a fairly'fedions
' calculatlon. The series- expre531on employes a
llmlted number of terms. If a new dlstrlbutlon
coeffs could be formulated in terms,of the mean
longitudinal moment the calculation would bee
simplified. A greate number of terms in the

series could also be added.

(iv) The fange of the design curves should be extended
to cover the case of the torsionally stiff. or

Flexurally soft bridge deck (a > 1).

Refering'to Fig.3.,1,if a load p acts at a distance C
from the support x = O, the expression for deflection (3.26)

cherges to

3

_ PL
W=7

T bD
X

5 1 .. nnC . ¢ Dy .
§1=1 X sin( 57=) sin( My (K, eee(3.69)

The Iongitudinal moment per unit width is ‘given by equation

(3.4) i.e.

M= - (0. 2w, g 62W)
X X 6x2 1,27
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The second term D —3 is normally small in relation to the
formulation of distribution coefficient. It has its maximum
effect in an isotropic slab i.ee (@ =1) and atthis value of
a the term may redily be included in the expression. For the
values of @ = 0 and 2 the effect of it is small and this term

has been omitted. Now M,can be written as

' co
PL 1 . nmC .. nrx .1
My =—5— L 3 sin += sin =/ K ees(3.70)
* 2% n=lh oo b

In design the critical values of longitudinal bending moment
for a simply supported span occurs at or near mid span- when
the load is at or near mid span. For theApreparation of design

curves it has been assumed that

Nine terms of the series have been considered to give reason-

able accuracy so that,
9

PL L .2 nm .1 | -
M = _2“”' L =% sin -— K7 oac(3o7l)
X ' n-...;,b n= l n 2 , 2 l .

The mean longitudinal moment at mid span is

_ _PL

‘ - Bl 1 2 D
X mean ﬁ2b

z —E'Sln 2 000(3072)
n=1l n _

Henqe distribution coeff.

9
M 2=, sin® £E o |
K o= X n=l n” L _ .. +(3.73).
mx : 9 .
X mean 4 1 . 2 nn
=5 sin Une
n=1l n ‘

The transverse B.M. per unit span is

5
0w 0w :

= - D -——5— D LI ) 3.74

My ( Y oy i oW ) ( )
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which may be expressed as
o D
_ _PL 1 . DEC . NuX 1 ‘
My = ;g;-_,i=l ;5 sin T | sin JDX K2 eee(3.75)
The coeff K; is given in (3'36). It contains a poisson! s

ratio term which is of s1gn1flcance only when the torsional

parameter a =Y. The term D2 9—% has been 1n$luded only in

ox A
the value computed for design curves for a = 1%, In a similar

way to the formation of KmX if

9]»:— ={— = 005
g =5 sin2 nn K% }
n=1 0 :
K = — 0..(3.76)
W g 1 sin2 N ‘
- n=1 n2 . 2

If values of K and Kmy can be found from design curves the

moments may be determined as

Longitudinal moment Mx = K
D

M, = { =K
Y D

Thus both bending moments Mx'and MY are now expressed in terms

my Mm,mean

of the_product of a distribution coefficient and the mean
longitudinal moment. Design curves drawan by curens and Pama
are having same values of flexural parameter e, effectlve width -

2b, and same lnterpolatwon formdla for « as glven by morlqg,

Little and Rowe.

\

The curves for distribution coefficient Kmx are given

in Appendix ~E and those for Kmy are given in reference (7).
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These curves are drawn for mid span section when the
load is acting at mid span.Bakht (1973) has suggested that a
45 degree spread can be assumed to convert the load, not
acting at mid span into equivalent loads at mid span and for
@ > 0.5 this‘spread can be neglected. Application of this
method is illustrated in Chapter-6 of this report.

¥



 CHAPTER - 4

HARMONICS METHOD

4.1 INTRODUCTION -

The concept of Harmonics method was first introdhced by
Hendry ahd Jaeger in 1958 (12). They‘applied it to the three and
four girder skew girder bridges neglecting torsional stiffnesses-
and considering only first term of the-harmoﬁic componént of the
applied loadlng. Later the method was modlfled to 1ncorporate the
torsional stlffness of the transverse system by Surana, Agarwal
and Prasad (18,1,22), They also assumed more generalised displace-

ment functions for the girders.

The applied load on a bridge deck gets distributed amongst
the girders through transverse system;'lt is therefore pertinent
to ascertain the share of the imposed load by the various girders

of the bridge deck.

" This is achiéved by establishing the'equations 6f’equilibrium
of forces, moments and torsion at interfaces of the transverse
system with the girders and the overall statics of the bridge deck.
The applied load is represehted by harmonic components'ﬁsing
fourier analysise. This forms the bésis of mathematical model for

the bridge deck system considered herein.

4,2 BRIDGE DECK IDEALIZATION

Mathematical model developed for this method is based on

the following assumptions
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(1) Material of bridge deck is elastic, homogeneous

and isotropic.

(ii) The interconnecting transverse system is replaced
by an equivalent uniform thick continuum, which
. does not affect the actual structural behaviour of

the bridge deck.

(iii) Length of the.transverse system which is effective
in distributing loads amongst the gifders is considered
between two planes at right angle to the axes of the

girders.,
(iv) Any load applied in between the girders is replaced
by an equivalent system of coplaner loads acting along

a plane normal to the axes of girders,

(v) Interconnectlon of transverse system with the girders

is assumed to be perfectly Il&ﬂd

(vi) All the girders are equidistant, 31mply supported and
free to rotate about their longitudinal axis.
(vii) Shear deformations of the girders are negligibly small

and hence ignored.

4.3 MATHEMATICAL MODEL -

Bridge deck considered here for the development of mathe-
matical model consists of three girders. This mathematical model
developed for a three girder bridge is also valid for multiple
girder bridge. Equations for the extreme left and right girders
are exactly the same as for girders 1 and 3y and the intermediate_
girders have similar equations as the centre girder.in a three

girder bridge.
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The applied,load is expressed in ‘terms of the first three
horhonics of the sine series using fourier analysis. Figure 4.1(a)
shows the general deformed shape of a 51mply supported bridge
deck under applied loading.

Refering to Fig, (4.1) and using fourier analysis for the

first three hormonics the applied load can be written as

W = Wil(Sinn xi/L)+Wi2(Sin 2 _*;n__xi/L)'-i-W:_L3 Sin(3n xi/L)A
‘ cee(4.1)
Load-deflection relationship can be obtained by integra-
ting four .times equation (4.1) and dividing by girder flexural
rigidity EI, as follows |
Y, = (1/E1 )(-L-')4(w S«in(n X, /L)+ B2 (2m x;/L)+ ek sln(s x; /L))
ia i'vy i i EZ— SZ_ T
= A Sin(m x, /L)+B Sin(2n x. /L)+C Sin(3n X. /L) ...(4.2)

The deflection coefficient can therefore be written as

!

Ay = (W /EL ) (L/m)* B, = (Wi2/Eli)(L/2n)4

—_— 4 _— _
C; = (Wi3/Eli)(L(3n) where i = 1,2,3

The applied load on bridge deck is distributed among all
the girders depending upon their relative stiffnesses, and hence
the problem is to ascertain how much load is carried by each
individual girder in terms of assumed displacement functions. The
effective loading on girder i is equal to the applied load W

minus the load transmitted to the other girders.

The deflection function Yir and rotation function Gir~due.
to the load finally retained in girder i can be written as
follows ' \ CJ\C\ 8C\h

(entra; Cosrarg Universico of Woork fia
REGRERR
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(b) COORDINTE SYSTEM & SIGN CONVENTION
FIG. 41 |
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Yip = a; Sin(m x,/L) + bi‘Sin(zn x; /L) + c; Sin(3m x;/L)
| ver(4.3)
he, =d; + c; cos(n xi/L) + £, cos(2nvxi/L) ...(4.4)

The length of interface of transverse system structurally effe-

ctive with various girdérs can be expressed as follows

(1) Left interface of the transverse = KL ¢ x < L
system with girder 1 |

(2)(a) Right interface of the 0 < x < (1-k)L
transverse system with
‘girder 2
(b) Left interface of the kL < x < L
transverse system with
girder 2 -
(3) Right interface of the trans- 0 < x < (1-x)L

- Verse system with girder 3

After imposition of loads on bridge deck, transverse
system deforms and hence shear force will be generated at the
interface of the girder with transverse system, This’will act as

loading on the girders,

Referlng to the Fig. 4 1(a) for deformatlon and Fig. 4,1(b)
for sign conventlon, bendlng moment developed at interfaces of the‘
transverse system with glrders per unlt length can be written as
indicated in equation (4.5) below Figs 4,27, Shear force developed
at interfaces of the transverse system with girders 1,2 and 3, can

be written as indicated in equations (4.6) below the same Figure,

Due to .variation of rotation alono Z-axis of the transverse

system, torsron is generated at interfaces with various girders, ..
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FIG. 42— SHEAR FORCE DUE. TO FLEXURE

BENDING MOMENT AT INTERFACES -

M2

Q[-2h8, ~hOy 4+3(Y, =¥;)]

Mp3 =0 (=208, ~h8y +3(¥; ~1p)]

M3y = Q[-2h83 ~h8y +3(Y3 -Yo)) . _ _ _ - _ [4-5]
: o ! .ZElT, h

WHEREIN Q :————>— AND K=-—tan\ "

| . (1=K)Lh L

SHEAR FORCE AT INTERFACES DUE TO'TRANSVERSE M{OMENT

’S'” : (m12+m21)/h
SZf s —(‘mié*‘-fnz”/h +(m23+m32)/h ___ S -;'.—‘ ___[46]

S3t =~(my3tmyy)/h
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Fla. 4-3—SHEAR DUE TO .TORSION

SHEAR DUE T0 TORSION

Thy =;[GJT/u-K),LJ(¢2’—¢>1)/h = My
. d - d ) !'
. { | | ‘ -
. _d | o
S2t * g M2y —Myy)
* (60 /0=KORLI (== (0, -9, )- L (05 -9,)1
Syt xS (=) <1601 /01=KOMLI (L (0 -0,

. dy
IN WH»IACH b; - ()i
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This torsion acts as moment loading on the girders and variation
of moment loading causes shear force in the girders as shown in

Fié. (4.3) and presented in equation (4.7) below Fig. (4.2).

Retained load <Wir) thus can be determined by summing up
applied loading, flexural shear force and torsional shear force
as follows

Wop =W, & Sig t Sy | | eee(4,.8)

from Fig.4i2 and4.3 ahd by virtue of sign convention adopted it is
clear that the shear force at the right of interfaces of the
transverse system is subtractive while at the right of it is

additive. Flexural shear force Si

put together can be expressed in terms of the basic deformation

£ and tor81onal‘shear force Sit

coefficients ai’bi’ci’ etc. with the help of equations for the
deflection, rotation and moment that is equations (4.3)(4.4) and

(4.5) given In néxt bage.
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lf+Slt —(6Q/HK l/2(dl 'y cos(m xl/L) + £ cos(?y xl/L) + d,

+ e, cos ﬂ/L(Xl—kL) + £, cos 2n/L(xl-kL))+(azyisin n/L.

X (xl-kL) + byy, sin 2n/L(xl-kL) + S5Yg sin Bn/L(xl—kL))

- (ayvy sin m %y /L + bly4'sin 2m x;/L + €1Yg sin 3m x;/L))
000(409)
SpetSny = (6Q/@ 1/2(d cos n/L<x2 + kL) + £, cosA2n/L(x2+L)
+ dyte, cos m x2/L + f, cos 2m x,/L) + (a; Y, sin n/L(x2+kL
* byyy sin 2n/L(xp+kL) + ciyg sin 3n/;(x2+kL))

- (a2Yl sin m x,/L + byy, sin 2m xé/L + Co¥g sinA3ﬂ-x2/L)

l/2(d2+e2 cCos T x_2/L'+'f2 coS 1 x2/L'+ d3+§3 cos 1/L

b

_(x2—kL) + £, cos 2n/L(x2-kL)- (azyl sin = x2/L
+ b,Y, sin 2n x2/L + CoYg sin 3n-x2/L) +(aSYlsin ﬁ/L(xz—kL)
+ bgy, sin 2n/L(x2ka) + Ca¥g sin 3n/L(x2-kL))) i..(4.10)
St 3t =(6Q/h1/2(d ote, cos n/L(x3+kL) + £, cos 2n/L(x3+kL)
+ djte; cos = x3/L.+ fq cos 2m x3/L) + (ayy; sin 7/L
X (x3+kL) + byy, sin 2n/L(x3+kL) +CrYg Sin 33/;(x3+kL))
- (a3Yl sin =n x3/L + byTy sin 2n x3/L)) '...(4.11)
in which Yy = 1+ iy and 1 = 1,2,3, ¢ees9

For superposition of the combined shear with applied loads
on each girder, it is necessary to express - : each term of the
combined shear force in terms of the first three harmonic compo-

nents, using fourier analysis. After rearranging we can write
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S; ¢S54 = 6Q/h(Fil(k) sin (& xi/L) + l6F12(k)sin(2n xi/L)l
+ 81Fi3(k)sin(3n xi/L))) i= 1,2,3, eea(4.12)

Intergrating four times the above equation and further
dividing by Flexural rigidity (ELi) girder deflection correspon-

ding to shear force will be obtained as follows
Vig = ai(Pil(k) sin (= xi/L) + Fi2(k) sin(2m xi/L) o
. 4 Fi3(k) s;n (3n xi/L)) ‘ - ...(4.13)

Thus the retained girder deflection can be written

as follows

Yir = Yia T Vis

!

Yip = (Aifai Fil(k))'sih(n Xi/L) +'(.Bi¥ti12(k))sin(2ﬁ xi/L)
+ (Ci+a£Fi3(k))sin(3n x;/L) C eea(4014)
in which a! = ai/(l—k)
Comparing equation (443) and .(4.14) we will get

. —_ ] —_— t
a; = Ay + alF,; (k) bi_Bi+ti12(k)_

¢; = C; + alF. (k) | ...(4.15)

The expression for the various coefficients are,

given below (18)
Fll(k) =(l/ﬁ«-qi+d2)(l+Sl)ﬂél/Q(1-82)4n/2kle2plﬂfl/@(2+3Sl—83)
+(f2/3(81“82)*él/2Yl(Qﬂkl+U2)+?lY4(3”1““3){01/4)?9(292"ﬂ4)

+ ang(nklsl+ul)ﬂ2b2/3)Y4(2u1+ugfﬂc2/4)vg(3ul-u3))
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Fi,(k) =(1/;16n{(1/2Xdl+d2)(1-82)4él/GX4+3 5,+8 )«fl/QX1-s
- (2e,/3(8,+8,) n/2) k1, £o4a,/3)v1(3uy=ng)Ho /4y v, (4n k 1Hig)
+(cl/59Y9(5u1—u5 #2/3) ay, Yl(2ul+u2)4b2/2)Y4(2nk152+u2)
+(2/5)02Y9(3u2+2p3)]
Fl3(k) = 1/(81n)(-1/3( 148 (dl+d2)ﬂel/&(3~28 -6, l/10) 6+5sl 5)
, +(3/8) ey (8,-65)-3/5(6 l+83),f2*{a1/4lvl(2u2-u4)ﬂ(b1/5?r4(5ul—u5)
= 01/6g(6mkyig)+ay/4Y ) (3n)-g) =2/5y 4(3uy+2u,) b,
+ cp/3yg(3mk S ) ] |

k)

|

-}‘E'( l+81) ( dl"d3)"ﬂ/2)klp~l( +93)—u/3(5 (f fz)‘i(QQ/Q) "'S

™o

+ (nlel+ul)Yl(al+a3)—(2nkl+u2)wl§242/ﬁx2ul+u2)y4(bl—b3)

51 (

# U/ )T (crreg) 4/ A2yt g) 1y o).
f22(k) =(1/(16mﬁ11/2x1—52)(dl+2d2+d3)«2/3xs +82)(el—e3)(—n/2klu2
X (f +f )'é £,/2(1- 84)+2/3(?pl+u2)Yl(al 3)ﬁw4/2x2nk 2+92j
x 1+b3) = (14/ K 4k 1) P/ H ut2ug) Yol e ~cg)
F23(k)ggg/_alnﬂgl/® 1+s3)(dl-d3)#3/@(81-83)(cl+c3)+(3-282—84)e2
(5/35.45.3) (£1-2 )41 /43 1m1g) o1+ 2410/ H B ying 2
B +(2/3(3u2+2u3)Y4(bl—b3)ﬂw9/3x3nki$3+u3)(cl+c3).
- Y9/3(5nkl+u6)02)j
F oy (k) =(l/ﬁﬂ(l+81)(d2+d3)4ﬁ/2klule2H@3/$(1—52)4f2/3(SrH%9+&3/@
. X (-2e381+83)+6nk181+ul)Yla2{Yl/2K2nklfué)a34?/3(2pl+u2) Y 4b-

- (Y4/4X 3“1"'”3) bg"'(Yg/ZLXEJ‘l —“3) 02+(Y9/4)( 2”2-p4> C3J
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F4o(k) _(1/ 16nﬂ§1/2xl-52)(d2+d )42/3(81+82)e2«33/@ 4+36+83)
+(f3/ﬂ(1—84)4ﬁ/2k1u2f2%2/3x2ul+u2)vla2 zr-ﬂ \3ul 93)a§(v4/2)
X (znk152+p2+)b24y4/4X4nkl+p4)b342/5x3p2+2p3)y9c2-w9/§)
X (5“1‘%5)031 | | - |

Faa(k) =«1/581nX§1/3(1+s3)(q2+d3)«s/a(sl-s3>ezﬂé3/a(34282-s4)
+(3/3(83+82)f2ﬂf3/lQX6+5Sl+S5)ﬂNl/4X3pl-p3)32ﬂyl/4XQué_u4)
X a3ﬂ2/®(3u2+2u3)f4b24&4/5x5ul—u5)b3+Y9/3(3uKlS3(3nle3+u3)
X Comlrg/6Xbnkytug)es]

¢ =(12/n45(L/h)3(ELT/ELi) 'f: i=1,2,3.

= (n%/12) (n/1)(6 3p/ELy)

S; = cos (jmk), by = sin (jmk), vy = Ly 3= 1,2.0.9
k = (h/L) tana
k, = (1-k)

Equations (4.15) providesnine independent relationships
involving girder displacement coefficients for three girders,
These relationships are obtained from consideration of equilibrium

of vertical forces.

Since each girder has six coefficients, hence for a three
girder bridge deck,eighteen such coefficients exist, Therefqre
nine additional coefficient are required to get a set of eithteen
simultaneous equations, from which the unknown displacement

coefficients can be found out.
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Bending moment acting at interface of the transverse
system act as torque on the girders. Since‘girdérs are free to
rotate about their two orthogonal axes hence the total torque
acting on girders or total bending moment actiﬁg at interface

of transverse system must be equal to Zero.

L }l—k)L }l-k)g o
‘{;L dxl = 2ldx + f m2 32 x3r = 00.(4016)

Substituting for Myps Myyeeo and carrying out the
integration, a three independent relationship’ for three girders in
terms of the girder displacement coefficient are obtained as

follows :

Fia(k) = F, (k) = Fau(k) =0
or _
F:_M(k) =0 | | cee(4.17)
"in which.
Fl4(k)_= -nkl(2dl+d2) + (2el—e2)pl +(u2/2X2fl+f2);3(l+81)(gl;a2)'
*# (3/21-55) (b)) (1455 (e 1=cy) - |
F24(k) = -tk (d +4d2+d )+(e )plﬂp2/2)(f +4f ) 3(l+8 )
(al-a3)+(3/2)(1-5_2)(bl+2b2+b3)—(1+s3)(cl--c3)

F

34l k)

I

Jﬁkl(d2+2d3)+(e2-2e3)plﬂp2/zxf2—2f3)—3(l+81)(a2-a3)
+ 8/ 1-8,) (bytbg)=(1485) (cpmcy)

Equation (4.17),is.the1torque equilibrium equations for.
each of the girddrs due to bending moment at interfaces of the: -

torsional rigidity GJio The torque-rotation reiationship is .

expressed as

d e.
Ty = =GJ, 5= i=1,2,3 oee(4.18)
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Differentiating the rotation functions (4.4) with respect
to distance along the girder axis and subsequently substituting
in equation(4.18), torque-rotation relationshipsam obtained as

follows
T, = (nGJi/hL)(ei sin(=m xi/L) + 2f ; sin(2nxi/L)) vee(4.19)

Torque in girders at any cross—section of the bridge deck is

given as

dx. or ml2 = dTl/Xm for i =1 000(4020)

Substituting expression for m; 5 in above equation in
which -deflection and rotation are involved and expressing
them in terms of basic deformatlon coefficients, transverse

moment functlon ml2 can be written as :

My, = Q(—le—d2—2el cos(nxl/L)-e2'cos(xl—kL)n/L-2fl cos<2nxl/L)

- f, cos 2(xl-kL)n/L—3al>sin(n xl/L)-3bl sin (Qn xl/L)

~ 3b; sin (2n xl/L) + 3a, sin(x, —kL)n/L + 3b,sin 2(x -kL)ﬂ/L

2
+ 3c, sin 3(x 1~kL)®/L) eeo(4e21)

-Similarly expressions for tranSverse moment functions
(m12+mé3) and My, €an be written. In order to simplify the
intergration involved in equation (4.20), each term of the
" transverse moment expression (4.21), is replaced by the first
two harmonics of its cosine series. This is consistent with
the assumed rotation functions (4. 4)' Since the second derlvatlve
of rotation function d%a/dx is proportional to. the moment. Thus

the transverse moment express1on for le can be written as

my, = Ry cos(m xl/L) + 5, cos( 2% xl/L) | .o.(4.22)
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in which Rl and Sl are fourie; coefficients to be obtained

from fourier transforms as given below

L
Ry = (2/L) [ my, COS (nxl/L)»dxl
' kL ' o
L | - |
5y = (2/1) iL my, cos (2nxl/L) dx, Ceea(4.23)

Coefficients Rl and Sl are evaluated cérrying out the
integrations (4.23) after éubstituting the expression (4.21)
for the transverse moment My oie These coefficients for girder 1

are given as
The transverse moment equation now becomes :
my, = Q(Fl5(k)‘cos(n xl/L) +.F16(k) cos(2n xl/L) ees(4.25)
Substituting the equation (4.25)4in (4426) the torque

equation will be obtained as follows

T, = S m

(QL/m) (F)5(k) sin (n x/L) + (1/2)F ¢ (k)sin(2m /L))
oo e(4.26)

Equations(4.19) and (4026) are written for torque Ty in
girder 1 at a distance Xl from left support and hence are
indentical whose corresponding coefficients must be equal. Tﬁus,
equatiné the coefficient of the two sine harmonics, the following

~ relationships are obtained
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F15(k) = (1-k) Biey
Fyg(k) = 4(1-k) B f; _ ...(4727)
Torque rotation relationships for girders 2 and 3 can

similarly be derived. The above relationships for any of the

three girders can be written as
Fi5(k) =“<l"k) Biei

i i i = 1,2,3 000(4.28)
in which

B, = (nzb/QL)(GJi/ElT) r'i = 1,2,3
Frg(k) = A/m(2(2d;+d,)p,~(2nk ~p,) e, + (/3 3up+pg) £y =(nk 8 -py e,

= (2/Hpy+2,) £y + (3/21-6,) a~(4+3 5.+6,)b,

+(3/4(3-2 8,-5,)¢c; = 3mk p a,+4(S,+S,)b,

+(9/4(81-8,) ¢,)

Flé(k) = (1/n)((édl+d2)g2 +(2/A3uy+ug)eq + (£1/Nmk,-6,)
+(2/3pyt2u,)e, - (£,/2( 2mk S p=pny) + (2+38,-5,)a,
+(3/4(1-34)bl43/a(6+5sl+5§l+s5)cl —‘2(Sl+52)32'
= 3mkqpob, + 18/5(B,46,) c,) o

Fos() = (L/m-2djtdg)u) = (k15 -0y) (eyeg)=2(2nk;-py)e,
+(2/3Kpl+2u2)(fl—fs)—3nklpl(al+a3) +3(1-8,) a,

- 4(87+5,) (by=by) +(9/4(S1-5,) (oy+eg) +(3/2X3-25,-5,) c,)
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Fog (K) =(l/@((dl+4d2+d3)p2 - 2/ 2pytp; ) (eg-ey) -q;/ngnklsl-pz)
' x (f4£5) - (4nklfp4)f2+2(sl+52)(al—a3)—3nklp2(bl+b3)

+(3/2)1-8,,)b, ~18/5(5,+5.) (¢, -c,)

F 45 (k) =(l/ﬂ«-2d2+4d3)ul¥(nlel—ul)e2'-(2nkl-u2)e3

+(2/J(ul+2u2) (2/@(u3u3ul)f =3nkipya,H3/2(1-5,) a,
- 45+ Sp)by + (4+35,45.)by + 9/4(5,-8,) ¢,
+€é/4X3—252—S4)c3)
Fag (k) =(1/n( (dyt2d ) ny2/ Y 2upt0,) e, =(2/Hn gt 3-n1)eg
,_«l/Q(anlSQ-p2) -{1/2X 4nk, - u4)f 4t2(5,+5,)a 5
- (2¢35)=5;)ay = 3nk b H3/4( 1-5 )b,
;q18/5X52+s3)c2.+(3/3(6+5sl+s5)c3)

Thus, three load deflection (4.15), one torque equilibr-
ium (4.17) and two torque rotation (4.28) equations involving
6-displacement coefficients provide sufficient conditions for

the complete analysis of a skew girdei bridge deck.

These eithteen linear simultaneous equations'obtaihed
for a three girder bridge deck are solved for the deformation
coefficients on a digitél computer.. These deformatioﬁ'coeffic—
ient are back substituted fo get the value of girder deflection;

rotation, shear forée, bending moment and torsion for the

applied loading.

!

Bending moment at the interface of the transverse system
can be found with the help of slope deflection equations (4.5)

after knowing the deformation functions.
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4,4 RIGHT BRIDGE DECK

Right bridge is a.special case of skew bridges, wherein
the skew angle and thus skew parameter (K) vanishes..The'theory
assumptions and equations developed in this chapter for skew
girder bridges are equally applicable to right bridges as well,
by puting the value of, K, as zero. Thus iﬁ case of right bridge

entire length of tfanSVerse system becomes effective,

¥* %



CHAPTER - 5

GIRDER MOMENT COEFFICIENTS BY HARMONICS METHOD

5.1 INTRODUCTION

In Harmonics method girder ﬁoment\éxpression~can be -
written forthwith for a trial sectién of bridge under imposed
loading of a certain fashion. This inherent capability of
Harmonics method ‘can be utilize to develope design coefficients.
Thus the method lends itself to writing the glrder moment
expre351on in terms of sine series with the help of design
coefficients developed in this chapter. These design coeffi-
cients are the functions of non dimensional structufal'para—
meters, a,B,Y andIK, defihed breviously. The actual load
harmonics of a particular loading are approprlately combined
with the deslgn coefficients corrosponding to a particular
combination of a,f8,Y and K, to giye the moment coefficients for
,Various girdeis. These moment'coefficients>are used to get
moment expressions for various girders. A mathamatical model
for .these design coefficients and éyStematic computation

procedure for calculating girder moments is presented hereunder.

5.2 MATHAMATICAL MODEL s

If we express girder moment for any imposed loading in
terms .of first three terms of an aphropriate sine series, the
cocefficients of these terms are called as girder moment coeffi-—

cients. These moment coefficients are evaluated corrosponding
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RTTX

)2-sin (_I_—); n =1,3,3 applied one

to a standard loading (%ﬂ

at a time on a girder for a particular combinations of structural
parameters. The .coefficients Eorrosponding to above loading thus
became basic in nature as they help in computing bending moment
corrOSpoﬁding to any configuration of imposed loading. These
vmoment'éoefficients therefore for various combination of
structural parameters can be called as design coefficients.
These design coefficients are denotea by a generallized symbol
(p?g)srep;ésentiﬁg the mth harmonic of the bending'moment in
girder, i due to the nth standard load harmonic (%E)zsin (2%5)
on girder j. Three design coefficients for each of the three
harmonic loading result in 9 coefficients for each of the
girders and hence 9xN coefficients in total for a bridge‘deck

with N girders.

For the development of mathamatical model the applied,
loading on a particular girder, j in Fig. 4.1 is expressed as

first three terms of its sine series, i.€.,

Wja = (%)2 (sin(nﬁx/L) + % Sin(QWXj/L)'+'9 sin(3n¥r/L)) eee(Dal)

Integfating‘this loading twice we get corrosponding moment

loading as
My, = sin(mxj/L) + sin(2nxj/L) + sin(3mx, /L) L ea(5.2)

Let girder j be subjected to the first harmonic of imposed

loading i.e.,

Voo (B2 o5 X = o /
Wj = (L) sin( T ) or Mj = sin (ﬂxj L).
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This imposed‘léading causés a generalized deformation of its
constitute members, which give rise to the development of
shear loading at the interface of transversé system and
girders. This shear loading given by equation (4.12) at the
interface of transverse system with girder j can bé written

as -

ij+Sjt = %9 (F 51 (k) sin( X /L) + 16F (K) 51n(2n§]/L)

'f 81Fj3(K) sin(Bngj/L)) | ese(5.3)

Moment loading corrosponding to above loading can be written

as

Mjs = %9 (%)2[Fjl(K) sin(ngh/L) + 4Fj2(K) sin(2nxj/L)

4+ 9Fj3(K) sin(3n§j/L)] - | cee(5.4)

Thus the final moment function for girder j under the action
of first load harmonic, after Tearranging the terms can be

written as |

Mj =,Mjé+ —[aJ 51 K)+l]51n(nfj/L)+“'FBQ(K)Sin(2ﬂxj/L)

! i & ' '
+ «a F33(K)51n(3nxj/L) | eee(D:5)
‘,Peflection function for girder j under the action of first

harmonic of retained loading is similar to that given by

equation (5.3) and can be written as -

. —- / oo o L]
YJ} aJ51n X /L) + bJ81n(2nxj/L + C381n(3nxy L) | (5.6)

If we multiply the flexural rigidity of girder (EI ) with
second derivative of equation (5.6) we get the expression of -

girder moment as
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e, = '. i :‘ - '.S. 2 ." + 'n 3 X'.:' L ’ e oo 5.7
My a351n(n§}/L) + b in( ﬁﬁl/L) CJ( ﬁEJ/ ) | (5.7)
In whichya} = (%)2 EIjaj _ N

1 (212 1 (3|2 .C.
bj = (L ) Eljbj ’ Cj (L ) EIJ j

Since equations (5.5) and (5.7) are identical comparing these

two we get following relationships

LFL (K)=at = =1

'-F'. _b'- = | . LI 5.8
WFi(K)-by =0 (5.8)

tRt -Ct

Similar relationships for girder j can be derived under the

nd rd '

action of 2 and 3 load harmonics on girder j.

The corrosponding rélationship-for the unloaded'girder

i(ifj) for each of the three load harmonics are obtained as :

'Ft (K)eat! —
aiFil(K) ai =0

>

' aiFi2(K)—bi =0 | B _ " eee(5.9)

tE ~C! =
aiFi3(K) Ci 0

The girder torque équilibrium equatioh (4.17) and two
girder rotation relationships (4.27) as obtained earlier
rémains unaffected irrespecfive of whether girder is loaded or
unloaded. These three relationships for any girder J with slight

modification can be written as

F34(K) =0 |
Fig(K) = (l—K)Bjej | | | .«+(5.10)
FL (K) = 4(1-K)p.f!

jé T3]
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wherein

L Iy 2 :_._T_E 2
F'.4(K) = (L) ) EIJ.FJ.4(K), dj-(L) Edej

55K = ()% E1F (), et=(B)? ELe,

= (£9)? E1;F, (), 8] =(F)?

5F3 T EI.f.

JJ

!
(SR
(o))
—
~
S’
I

Thué under each load hé:monic, six independeﬁt equations
in terms of six diéplacement coefficients af,b',C';d',e' énd f!
are available. For each of the girders loaded or'uhloaded.
These equations provides sufficient conditions to uniquely
determime displacement coefficients for any girder. The first
. three of. these harmonics represent the bending moment design
coefficients and are easily4obtained‘corrOspohding to each of
(hnx) .

the three standard load harmonics (%£)2 n=1,2,3

for ény'combination of structural paiametefs x,fyand K. Some sample
values of - these design coefficients are given in appendix-D ,

For the efficient use of these design coefficients a generalised
symbol (p??) as explained earlier is adopted} For ready .use

in design office these coefficients-are'available in reference

6 for various values_of ®yf and K covering the entire Trange

of real life 4-girder bridges.

Using this generalised notation for design coéfficients,
'the moment function for girder i due to the first load harmonic

(n/L) sin (nxj/L or its equivalent moment loading 51n(nx5/L)

on girder j can be written as :

,M( ) (%,) = pl% sin(nx; /L) + p% sin(znxi/L)'

- p§§ sin(3mx, /L) Ceea(5.11)

Moment functions for girder i due to second and third load

hoavrmAani ~ N e I o Ve T T S PG S, (D
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as
(2) 12 L, 22 . .
’Mij (Xi) = P} j 51n(n§:/L) * Pij 51n(2nxi/L)
32 . '/ ‘ |
+pij Sln<3ﬂXiL)_ . » ooo(5012) ,
(3)(y y = 13 . Iy w23 o
Mij (Xi)‘—Ap:.Lj 81n(nxiAL) + P33 51n(2nxi/L)
+ p?? sin(3nx; /L) eee(5.13)
1] i

Moment expression for girder i for all the three harmonics
of loading acting simultaneously on girder j is obtained by
Super-imposing the moment function under each harmonic loading

- separately and can be written as

3
: m . A
Mij(xi) = i:l Mij 51n(mngﬁ/L) eee(D.14)
m 3 mn - '
in which M., = ¢ Pss m=1,2,3
1J n=1 *J ,

or in the matrix form we can write -

- 4T

~ 11 21 31 7 - -
1 pij pij pij [_Sln(nxi\/L) |
= 12 22 3p ) g | |
_ﬂ. _Pij Pij Pij | _f%n(3nxf/L)_t

For the actual loéding cases when expressed by'the first

three harmonic components of their sine series‘the.load harmonic
coefficients are going to be different than those considered
above. These harmonic coefficients are appropriately combined
with the design coefficients to obtain'corrosponding moment

expression of girder for various loading conditions.
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5:3 GIRDER MOMENT EXPRESSIONS

Girder moment expressions with the help of design
coefficients are developed hereunder for various cases of imposed

loading.

(a) Single Load on a Girder :

" Let le be the concentrated load acting on girder j at
a distance le from the left support. U51ng the Fourier analy51s
(Appendix A) for expre551ng this load by its Slne series and-is

given as

-3
n ‘

L = W, 3 . . - e e e .
WJl = ﬁ Jl-s_1r1(rme/L) | (5 16)

. . no_ .
in which, le = 2le/L 51n(nnle/L)

The above loading expressions (5.16) isAeqdivalent to
a moment loading on the girder as given below :

3
= (L/n)? 3 l(W?l/n2)sin'(mzxj/L) eee(5.17)
n=

Combining the harmonic coefficients of (5.17) with the
design coefficients (obtained already with respect to standard
- load harmonics with harmonic coeff1c1ents as unity) the bending
moment expre851on for glrder 1 due to a conc. load on glrder J is

written in metrix form as follows :

~ o T . :
1 11 1 1 1 3171 [, N
1 (wjlpij Wy1Pi3  Wy1Piyl s1n(nxi/L)
| Ly2 | ‘
M, -(X.)=(—) 2 12 20 .
1 1 T 2 32 o 000(5.18)
J 1 W31Pj 5 _lelJ WP sin(2nx, /L)
7 7 =
3 13 3 23 3 33 .
1| W31P3 3 lelJ W31P 51n(3nxi/L)
S I ) 9 9 J4 L .



73

or M; (x ) = (L/n)2 M@. sin(mmx, /L) ees(5.19)
m—l 13 i
in which, Mij = i_l(wjl/n ) p J m= 1,2, or 3

(b) Multiple Load on a Single Girder

Let le,wJ2,... WJp are the ;oncentrated loads acting
at le,sz,...xjp respectively on girder j or an N-gi;der bridge:
This load system can be expressed in terms of first three Sine

harmonics (Appendix-A) and is given as :

3 .
we =35 W} sin(nnx./L) ees(5.20)"
Jop=1 J J

where, in W? = % wjp31n(nnx /L)

[y i)

Integrating twice the. above load function, the equivalent moment
load function on girder j is obtained as
23 a0 | |
M: = (L/7)° 2 (w:/n)sin(nnx./L) C eee(5.21)
Again combining the design coefficients with-the harmonic
coefficients of moment loading (5.21) on girder j appropriately,
the corresponding moment exptession for girder i is obtained in

" matrix form as :
a7

(111 121 1317 o ]
1 NLD: i .
W3PS 3P3 3 3P3 3 81n(ﬂgl/L)
L2
M, .(x,)=(=) ‘
ijv i/ TV 1 2,12 2 22 32 . \ | eee(D.22)
WiPi3  WiP3S WiP; 3 51n(2nxi/L)
1 4 4 '
3.13 2 23 .
11 Yjpij wJle YJle iln(3ﬁxi/L)
1|3 9 L I _
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or
~ , ' 2 3 m . :
Mij(xi) = (L/x) E_lMij 51n(mnxi/L) ese(5.23)
. . m 3 n;, 2y mn
in which, Mij = §=l(wj/n_) P j m= 1,2 or 3

(c) Multiple Loads on Multiple Girders

If there are multiple loads on more than one girder, the
girder moment expressions are initially obtainéd corresponding
to each one of the loaded girders, loaded one at a time. The
total effect due to all the loaded girders loaded simultaneously
is obtained by using ppinéiple of superposition; Thus, for
multiple loadings simultaneously applied on N; girders (Nl < N)
of an ‘N-girder bridge, the moment expression for girder i is written

as follows :

o |
My(x3) = (L/m)° 5 MD sin(mmx, /L) cee(5.24)
. m=1 1 1
N .
m 1 m :
in which, M; = & M, . m=1,2,3
i j=1 13 _

(d) Uniformly Distributed Load on a Girder :

Let Wy be the unifornly distributed load per unit length
acting over entire length L or girder Je It is ‘expressed by its

Sine series (Appendix -A) and is given as :
Wy = (4wj/ﬁ) [Sin(nxj/L) + % Sin(3nxj/L)] eee(5.25)
The above load functions corresponds to an equivalent
moment load function on girder j given as follows

Mj = (4ij2/n3)[sin(nxj/L) + é7 sin(3ﬂxj/L)] Aa;.(5.26)
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Combining the harmonic coefficients of (5.26) with the
design coefficients, the moment expreséion for girder i. due to

applied uedsl on girder j is obtained as :

T . .

0 11 21 31 T .

1 P33 Pi; Piy Sln(nxi/L)—w
Mlj( i)=(4WjL2/n3)

1 0 0 0 sin(QnXi/L)

1 1 13 1 23 1 33 . |

] [Z7Pi3 FPiy TPy | [sin(8mxg/L)

eee(Da27)
or M. .:(x:) = (4w L2/n3) g MT. sin(mmx /L) vee(D 28)'
ij i - j m:l ij T i oo LR
m m

. . m _ 1 _ 1 3 -
in which, Mij = Eij + 5= P; 3 m= 1,2, or 3 eee(5.28a)

From expression (5.,28a), it is evident that girder moment
coefficient for this loading case can be obtained without requiring

the load harmonic coefficients, thus reduces here the computation

work.

(e) Patch Loading on a Girder :

Let Wj represents the uniformly distributed load over a
small segment Xy <x XL Xs of the span L of girder, using Fourier
-series the load expansion function can be written as:

3

W. = %
n=

3 W, sin(nmx /L) . | Ceea(5.29)

1

~ where in, w_ = (2wj/nn)[cos(nﬁxi/L) — cos(nnxz/L)]

The equivalent moment loading on girder j is obtained as

M. = (L/1r)2 g (w /n2)s;n(n x:/L) . (5.30)
3 2 (o in(nmx,/L) +++(5.30)
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Combining the harmonic coefficients of (5.30) with design
coefficients appropriately, the moment expression for girder i

due to patch loading on girder j is obtained as follows :
M. .(x.) = (L/n)2 S Mm-sin(mnx /L) | g (5.31)

ij i -— m=l ij i LN 3 *
mn
ij

Bending moment in all the girders of a3 bridge deck can thus be

3 .
where in, M", =y (wn/n2) p m =1,2 or 3
1

ij n=
computed with the help of the ‘expressions developed above for
various types'of loadings., A sys%ematic procedure for computation

of the girder bending moment is presented in the section that

follows.

5.4 GIRDER MOMENT COMPUTATIONS

The procedure presented hereunder makes the entire process
of computations systematic wherein all calculations are carried
out in tabular form. The procedure also facilitates quick rechecking

and detection of errors. The various steps are as :

(i) From the known dimensions and material properties
of a girder bridge to be designed, compute the

structural parameters «,8,y and K of the bridge.

(ii) Pick up the design coefficients‘correspondiné to

| above structural parameters obtained under step (i)
from the already available design aid tables (18).
These remain same for all the loading cases and
are érranged in Tabular form as shown in Table 6,19

through Table 6,22 . In the development of these



77

design coefficients y is ignored'for its insigni-
ficant influence on the structural behaviour of |
real girder bridge decks. Design coefficients for values
of o and K -other .than those avallable in design
coefficient tables (18 ) may be computed by assuming

a linear interpolation, but'for the value of B other
than the ones given directly in the design tableé
following interpolation funétion is used !

mn
ij°8

mn

(PFg = (TN # 2LGIP 1o = GINT - een(5.32)

- 1
where in, z = [ T3+g =] /2

"The computations of design coefficients corresponding
to actual value of B are accomplished in tabular
from using above interpolation function and are shown

in the lower half of Table 6,19 through Table 6,22

]

(iii) Compute the equivalent loading directly acting on
dirders as continuous reactions ih}case applied

loading on the deck is lying ‘between the girders.

(iv) Load harmonic coefficients corresponding to a given
loading case are bomputed in a tabular form as is
shown, e.g., for the multiple loads on a girder in

Table 6.23 and Table 6.240

(v) These load harmonic coefficients obtained in (iv)
are appropriately combined with the design coeffi-.

cients obtained in (ii) to yiéld girder moment
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coefficients. This process is accomplished in a~
tabular form and is shown in Table6.25throUgh
Table 6.34, '

(vi) Once girder moment coefficients corresponding to
applied loading are obtained, the moment values at
various- desired location along the length of girder
can easily be computed in tabular form as shown in.
Table 6.35 . Bending moment. for all the girderé at
any number of desired locations can thus be obtained

for any type of loading on a bridge deck.

The scheme for girder moment computation presented above
is quite general ‘in nature and devoid of any constraint with
regard to the number of loads on a girder or number of girders

loaded simultaneously., -

CR¥



CHAPTER - 6

APPLICATION OF LOAD DISTRIBUTION THEORIES

6.1 INTRODUCTION

i .

'In the previous chapfers, theoretical formulations of
various load distribution theories were discussed in'detail. This
chapter deal with the application of these load distribution
theories for structurally analysing a girder bridge. A four
girder right bridge has been chosen for this purpose. This bridge
has beem anaiysed for two loading cases of IRC class=A loading,
In the first loading case, tlansverse position of this loading
is kept at extreme left i. e€ay at minimum clear dlstance from
- the kerb of the bridge deck, to obtain maximum moment in outer
girder, In the second case, transverse position of loading is

kept symmetrical with respect to the bridge axis,

Live load bending moments and deflections are computed for
the longltudlnal girders with the help of theorles discussed
earlier., These moments and deflections obtained with the help
of Courbon s method, Orthotroplc plate theory and Harmonlcs \
method are plotted and compared at the end of this chapter. In
the case of Orthotropic plate theory , design curves are available
only for right bridges and therefore, a rlght bridge has been
chosen for analysis. To make this chapter comprehensive, each
computation step is preceeded by the relevent explanation

required for easy comprehension, .



80

6.2 RIGHT GIRDER BRIDGE

The cross section and longitudinal seétion of the 4-girder
riéht bridge chosen for demonstrating the application of various
theories are shown in Fig. 6.1, The relevant bridge data are

given below,

6.2.1 Dimensions

The various dimensions of the bridge elements are assumed

as given hereunder

Clear road way (B) (cm) = 750
Effective span (L) (cm) = 1940
‘Width of bearing assumed (cm) = 100

Number of longitudinal girders (N) = 4

Spacing of longitudinal girders (h) (em C/C) = 220
Depth of girder (cm) T = 180

Wiidth of rib of girder (cm) =25

Spacing of cross beams (q) (cm C/C)= 485

Depth of cross beam (cm) = 155
Width of rib of cross beam (ecm) = 20
Slab ‘thickness (t) (cm) : = 20

6.2.2 Material Properties

M 20 concrete is assumed to be used for construction of
bridge members which has modulus of elasticity approx1mately

equal to 2.5 x 10° k /cm and possion's ratio is assumed as 0.15

6.2.3 Design Loading

IRC class~A two lane loading as shown in Fig. 6.2 and

Fig. 6.3 is taken for analysis.,
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465

Impact factor (I) =

(o)}

6.2.4 Live Load Positions .

Two typical transverse dispositions of IRC class—A loading

have been considered herein, as shown in Fige 6.2 and Fig. 6.3, to.

explain the computation of live load bending moments .and defle-

ction of girders.

In the first case as shown in Fige 6.2, two trains of
Class=A loading are placed close to the kerb with minimum clearance
as specified by IRC (15 cm). It gives the maxdimum bending moment

in edge girder.

In the second case shown in Fig.'6.3, two frains of IRC
class=A loading»are placed symmetrical with Tespect to the bridge
axise. In the longitudinal qirectidh, first seven loads of trains
are placed in such a manner that the C.G. of the load system and
the loéd nearest/to the mid-span section of the bridge are
'equidistant from the mid-span section of the_bridge to give

maximum moment under that load.

6.3 COURBON'S METHOD

\

~Courbon's method, as discussed in.chapter ~ 2 has been
applied to find the longitudinal girder moments for the right
 girder bridge. Part of the total load (4% as shown in Fig.6.2(b)
and Fig.6.3(b)),shared by each of the girders is found with the
help of equation (2.5) i.e.
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for bridge deck shown in Fig, 691_

N =4 I XZ = 24,2

e X, ]

, | .
Hence, R, = P[1 + TS

where e is the eccontricify of C.G. of loads from the bridge

axis,

This equation gives the load sha red by various girdelrs

as given below

(i) Load system extreme left (15 cm from kerb)

Ry = 1.3 81 v, Ry = 0.873 w

R2 = 10127 ‘N";' o R4 = 00618 W

(ii) Load system symmetrically place ( e = 0 )

Rl = I12 = R3 = R4 = Tl"vlo

6.3.1'Girder lJoment Computation

under the action of loading as shown in Figqg, 6.2(c) and Fig. 6.3(c)
with impact loading, Since there are four girders and bridge.is
subjected to +two lane loading i,e, four- wheel 1oads along the

width of the bridge, mean bending moment for egch girder will pe

corrosponding to above loading.



TABLE - 6.1 : LIVE LOAD B,M, AT VARIOUS LOCATIONS,
LOAD SYSTEM : Extreme Left.

86

| 46,97

Mx(mean) Girder moments at various locations (toem.)
X/L : ‘ 1 R
o Mx(m@a“)¥ﬂr M, (mean) xR, M, (mean) xR, Mx(mean)xR4: '
0.20 47.84 - 66,07 53,92 41,76 29.56
0.40 82.58 114,04 93.07 ' 72.09 51,03
0.44 84,86 = 117,19 95,63 . 74,08 52,44
0.50 80.46 111.12 - 90.68 70.23 49.72.
0.60 73.81 - 101.93 83.18 64,44 45,61
0.80 46.97 64.87 52,94 41,00 29,02
 TABLE =~ 6,2 : LIVE LOAD B.M, AT VARIOUS LOCATIONS,
' - Loap SYSTEMf; Symmetrically Placed..
/ Mx(méan) -|Girder moments at various locations (t.m.)
X/L , , _
(tems) G | Gy Gy G,
Mx(mean)xR1 Mx(mean)xﬁ2 Mx(mean)_xRaMx(mean)xR4

0.20 47.84 47.84 . 47,84 47,84 47,84
0.40 B82.58 82;58 82.58 82,58 82.58
0.44 84.86 84.86 . 84,86 84.86 84.86
0.50 80.46 = 80.46 80.46 80.46 - 80.46
0.60 . 73.81 73,81 73.81 . 73.81 . 173.81
0.80 = 46.97 46.97 46,97
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Now actual bending moments due to load distribufion are
obtained b?‘multiplying these mean moments with the share,of{

- each girder as obtained in previous article.

6.4 ORTHOTROPIC PLATE THEORY

Girder bending moments and.deflections have been calodl—‘.
ated with the help of both Morice, Little and Rowe Curves and
Cusens and Pama curves, These ‘design curves are given in .
references (7 and 20) and are also glven at the end of this
" report 1n Appendlx - Eo Varlous steps for analysing bridge deck

are shown hereunder.

6e4. l Geometric Properti

/

For the calculation of geometric properties flange width.
of I-beam is taken as the spacing of girders, as Speleled by -
Rowe (20) Cross sections and 1dealized sections of longitudlnal

: girders and cross beams are shown in Fig. 6.4, '

| For longitudinal girders (Fig. 6.4 av)

Moment of inertia (I) = 0.3329'm4'
Torsional inertia (1,) . = 10.937x10™3 p4 ;

0.1515 m%/m

M.I. per unit length (i=§—)

: o Is -3 4,
T.I. per unit length (io=§_) 4,97x10. 7 m"/m
For cross girders (Fig. 6.4 (b))

Moment of inertia (J) - 0.2049 m*

Torsional inertia (JO) 12.64x10-3-'m4

.' M.I.per unit length (j= %) 0.042 mg/m
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‘Method of eaiculating torsional inertia is shown in‘Apbendix - B..

Effective width (2b=lip) = 8.8m
19,40 m.

 Effective span (2a = L)

6.4.2 Morlce, thtle and Rowe Curves

Structural parameters . deflned by above authores are’

' Flexural Parameter, e = 2a ( )4 = 0.312

a o G(lo+Jo) -
Rorsional Parameter, a = PIER = 0.0206
Corroeponding'to these veluee‘of @ and 8, values of distribution
coefficients KO’ Ky and.Ka are obtained at reference stations -
from the design curves (Appeﬁdix'~ E).and areishowh in Tebles 63,
6+4 and 6.5, From Maxwell's reciproeal theorem these ceefficiehts
are symmetrical about the marked dlagonal Also each row in these
tables represents a number of p01nts on the 1nfluence 11ne for
a load meving across the transverse width of the brrdge from - b
to +b. If a uniformly distributed line load were applied over
the entire width of the‘bridge; the disﬁribdtion coefficients
at any reference poinf would be unity, since the»entire_bridge
eeflects uniformly; Therefore for-e uniformly distribured>load
the area between the influence line for K and the-axis must be
unity. This area is found at the end column of table by Simbson's' 
rule.’ - | |

1 b1 ) WP
Knean =3 X 7 X 55 [K-b+4(K=3b+4 Kb/4 + K3b/4)+2(eKb/2)+Kb]=r

Equivalent Load Coefficient ()

For computation of equiVaLent,load at reference stations,
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+b/4 0.28 0,47
-0.35 -0.03

+b/2

0.68 o 9 1. 08 1.21
0.03 0.68 0,99 1,33

TABLE - 6.3 : VALUES opfxo.
Posi~| - . Reference Station, L Row
tion |=b~ [-3b/4[-b/2 -b/4 0. |+b/4[+b/2 [+3b73[6 | Inte-
of ' . ' - ‘ gral
sect- :
ion
. load
at
O 0.85 0.94 0.9 1.09 1.12 1.09 0.9 0.94 0.85 1.00
+b/4 0.89 0.40 0.64 0.88 1.09 1.23 1.38 1.52 1.67 1.00
+b/2 -0.54 -0.17'0.24 0.64 0.99. 1.35 1.74 2,10 2.50 0,99
+3b/4 =1.14 =0.62 -0.17 0.40 0.94 1.55 2.10 2,74 3.32 1,00
*b o =1.77 -1.14 0,54 0.19 0.85 1.67 2,50 3.32 4,10 1.00
TABLE - 6.4 : VALUES OF K.
Posi- Reference Station Row .
tiOn ) inte_' ’
~of : - : ' »
sect-|™®  |-3b/4|-b/2 |-b/4 | 0 |+b/4 [+b/2 +30/41+b
“ion
- load
at
0 ©8.95 0.97 1.00 1.03 1.05 1.03 1.0 0.97 0.95 1.00
b/4 0.84 0.88 0.94 0.97. 1.03 1.06 1.06 1.06 1.07 0,99
b/2  0.76 0.80 0.88 0.94 1.00 1.06 1.13 1.20 1.24 1.00
3b/4 0.68 0.72 0.80 0.88 0.97 1.06 1.20 1.31 1.43 1.00
b . 0.60 '0.68 0.76 0.84 0.85 1.07 1.24 1.43 1.65 1.01 -
TABLE - 6.5 : VQLUESVOFusqwfugof (Ky=K Va5 = 0.0206 .
Posi~ Reference Station , Row
tion — : Inte- .
of ‘
cecta| =P ~3b/4| -b/2 eb/é 0 +b/4 |+b/2 |+3b/4 +b:, gral
ion ‘
load
at
O 0.86 0.94 0.99 1. 08 1,11 1.08 0.99 0.94 0.86

1.00 -
1.33 1.45 1. 58 1.01
l 65 1. 97 2.32 0, 99

+3b/4 —O 88 -0.43 =0. 03 0. 47 O 94 l 45 l 97 2 53 3 05 l .00
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the deck portion between two reference stations is considered

as slmply supported at those refercnce stations -and reactions.at
each reference stations due to épplied loading are obtained.
These equivalent loads at various reference stations, for both

loading cases, are shown in Fig. 6.5(a) and Flg. 6.5 ('b).

Derivation of Distribution Coefficient Profile

Distribution coefficients at different reference stations
are derived in Table 6.6.-Va:ious computational steps are shown
in table itself., Distribution coefficients at girder locations can
be obtained by drawing distribution_coefficient profile, Since
this particular bridge is having girders'at reference stations
-3b/4; -b/4, +b/4 and +3b/4, the‘distribution coefficients ere

taken directly from Table 6.6 and are given below in Table A.

TABLE - A+ DISTRIBUTION COEFFICIENTS FOR GIRDERS

) Distribution Coefficient K!
Girder (Case I) ' (Case II)
Gl 1.29 | 0.978
G, 1.13 - 1,024
G3 0.91 1,024
G4 0.65 0.978

Girder lMoment and Deflection Computation

In theoritical formulation bridge deck was considered as
an orthotropic plete. Values of distribution coefficients at}
various reference stations have already_been found., These values
are not changing along the span of the bridge; For the comput-

ation of longitudinal bending moments, loading is assumed to be
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uniformuly distributed albng the width of the bridge deck.

This loading gives the mean bending moments along the span of
the equivalent orthotropic plate; Mean bending moment for a
particular girder will be obtained by multiplying mean bénding
moment obtained above by flange width of that girder, which is
same aé in Courbon's Method. This girder»meanrmnment when multi-
plied by distribution. coefficient for a particular girder will

" give the actual bending moment along that girder. An additional
104 inCrease,‘és suggested by Rowe is cgiven to the values deben—'
ding moments, to incorporate the slpwer convergence of moment
~series. Béndinﬁ moments and deflections at various location of

girders are shown in Table 6.7 through Table 6,10,

6+.4.3 Cusens and .Pama Curves

Bridge deck is analysed with the help of Cusens and Pama
curves in a 51m11ar way as in case of Morice Little and Rowe
curves. The values of i, and 6 will remain same. Only the value
of torsional parameter,:a will change which is given by Equation

(3.58) i.e.

3
2H = B__+B. _+ _féi___ = (4. 97+2 606)10~ 3+ 9—255———-
XY7¥X g(1- 9 6(1-0.15 )

= (7.576G + 1,3648) 10~3

__°H _ _ _oH
and o =75 O, T TS 0.0291

values of distribution coefficients V ’ Kl and K corresponding
to above values of e and @ are calculated and checked in the

similar way and are shown in Tables Sell, 6.12 and 6.13,



TABLE - 6.7

'GIRDER MOMENTS AT VARIOUS LOCATIONS
" LOAD SYSTEM : |

Extreme Left.

96

Mx(mean)

(tem.)

66.64

58.37

46.99

y Girder moments at various locations
X/L = . . -
S '(tfm.). ) G N .G, R 93_>—_ G4 o
. [My(mean)xK’; | M, (mean) xd, My(mean)x 1| M (mean) K,
0.20  47.84.  67.87 |  59.46  47.89 34,20
0.40 82,58 117.16 102,63 82,62 59.00 -
0.44 84.86 120,42 - 105.48 84.91° 60,63
- 0.50 80,46 114,16 ©99.99 80.50. 157.48
0.60  73.81 103.30 - 90.49 © 72,84 52,00 -
0.80  46.97 33,55

2

TABLE = 6.8
" LOAD SYSTEM

GIRDER MOMENTS AT VARIOUS LOCATIONS

vSymmefriéally‘placed. ~

52.91

52,91 .

' /' Mx(mean). Girder moments at various locations (t.m.)
- X/L | | — e
ST teme) G| Gy Gy Gy
My (mean) x<y M, (mean) x4, M, (mean)x} M, (mean) K}
0,20 47.84 5147 53.89  53.89  5L.47
0.40 82,58 88,84 93.02" 193.02 88.84
0.44 84,86 95.38 - 99.87 99.87 95,38 .
0.50 ~ 80.46 = 86.56 ©90.63 . 90.63° 86,56
~ 0.60  73.81 78.33 82,01 /82,01 78,33
1 0.80 46497 50.53

' 50.53
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TABLE - 6.9 : GIRDER DEFLECTION AT VARIOUS LOCATIONS'
i LOAL SYSTEM : Extreme Left.

Deflection. after loéd distribution

%X/L - {w(mean)(cm) G) Go, Gy Gy
w(mean)xKi w(mean)xiK} w(mean)xKé w(mean)xKa_

0.20 0.219 0.2430 0.2479 0.1997 0.1426
0.40 0.355 0.4576  0.4009 0.3228 0.2306
0.50 0.371 0.4782 0.4189 0.3374 0.2409
0.60 0.350  0.4520 °  0.3959 10.3188  0.2277
0.80 0.216  0.2785  0,2439 - 0.1964 0.1403

TABLE - 6.10 : GIRDER DEFLECTIONS AT VARICUS LOCATIONS
LOAD SYSTEM Symmetrically Placed.

Deflection after load distribution

X/L |w(mean)(cm) G, G, Gy | Gy

: w(mean)xKi w(meah)x&é 'w(mean)xKé w(mean)xKa
0.20 0.219  0.2146 10.2247  0.2247  0.2146
0.40 ~ 0.355  0.3469 0.3633 ©0.3633  0.3469
0.50 0.371  0.3626 0.3796 . 0.3796 0.3626
0.60 0.350 - 0,3427  0.3588 0.3588 0.3427

0.80 0.216 0.2111 0.2210 0.2210 - 0.2111
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TABLE-6.11 : VALUES OF K-
Posi- S L.
tion Reference Station Row _-
YSoct|~P |-30/4|-b/2 |-b/a | 0 |+b/a |+b/2 +3b/4[+p | Inte-
ion . ' : gral
load - .
at
0 0.71 0.84 0.97 1.16 1.40 1.16 0.97 0.04 0.71 1.00
+b/4 0,12 0.35 0.57 0.82 1.16 1.00 1.45 1.40 1.40 0,97
+b/2 -0.44 -0.12 0,20 0.57. 0.97 1.45 1.95 2,09 2.19 0.99
+3b/4 =1.02 -0.58 -0.12 0,35 0.84 1.40 2.09 2.90 3.36 1.0l
#b =1.60 =1,02 =0.46 0.12 0.71 1.40 2.19 3,36 5.17 0.99
TABLE -- 6,12 : VALUES OF Kye
Posi- Reference Station Row
'tion ’ . In’te—
of -b ~3b/4|-b/2 |-b/4 | © +b/4 |+b/2 |+3b/4| +b
sect- | _ : - lgral
ion
load
at
0 0.860 0.89 0.96 1.08 1.27 1,08 0.96 0.89 0.86 0.99
+b/4 0.740 0.78 '0.84 1,93 1.08 1.30 1.13 1,05 1,01 1,00
+b/2 .0.66 0,70 0,76 0.84 .0.96 1.13 1.38 1.27 1,24 0.99
+3b/4 0.58 0.65 0.70 0.78 0.89 1.05 1.27 1.60 1.62 1,01
+b 0.55 0.58 0.66 0.74 0.86 1,01 1.24 1.62 2,30 1,01
TABLE -~ 6,13 vggUEs OF Kd4;_Kl +.(Kl +K) Vo = 0.0291
igi;— Reference Station Row
of -b ~3b/4|-b/2 [-b/4 | © +b/4 |+b/2 |+3b/4| +b |Inte-
sect=- ,
ion gral
load
at
0 0.74 0.85 0.97 1.15 1.38 1.15 0.97 0.85 0.74 1.00
+b/4  0.23 0.42 0.62 0.84 1,15 1.47 1.40 1.34 1,33 1.00
+3b/4 -0.75 ~0.27 0.02 0.42 0.85 1.34 1.95 2.68 3.06 1.00
+b =1.23 -0.75 -0.27 0.23 0.74 1.33 2.03 3.06 4.68 0.99
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TABLE - 6.15: GIRDER MOMENTS AT VARIOUS LOCATIONS.

LOAD SYSTEM : Extreme Left.

101

49,68

/L Mx(inean) Girder moments at various locations (tem.)
(tem.) | Gy ; Gy Gy G
: Mx(mean)gg.:l‘ Mx(mean)x{(!2 {\Ax(rnean)x(.!3 Mx(mean)x!("t'
0.20 47,84 . 62,91 . 59,78 44,70 '~ 31.74
0.40 82,58 102.60 - 94,55 77.16 54,78
0.44 . 84.86 115.59 197,16 79.28 56429
0.80 . 46,97 61,76 53,78  43.88 31,16
TABLE = 6.16: GIRDER MOMENTS AT VARIOUS LOCATIONS
: LOAD SYSTEM : Symmetrically placed, -
M-x(m‘ean) Girder moments at various loca-tions (t.m,)
X/L | % - = ,
Mx(mean)n(Li Mx(me'an))K.'2 Mx(mean)m‘b Mx(mean)foa
10,20 47.84 46 .55 50.60 50,60  46.55
0.40 82,58 '80.35 87.34 . 87.34 80.35
0.44 84,86 82,57 89,75 89.75 82.57
0.50 80.46 78,29 ~ 85.10 85.10 78429
0.60 73.81 - 71.82 78,06 78,06  *  71.82
0.80 ° 46497 45,70 ' 49,68 45,70




TABLE - 6.17 ¢+ GIRDER DEFLECTIONS AT VALIOUS LOCATIONS
- LOAD SYSTEM : Extreme Left.

102

Girder de

flections after load distribution

0.0838

X/L |w(mean) (cm) Gy Gy Gy Gy
w(mean)xKi w(mean)xKé w(mean)xKé w(mean)xK&
0.20 0.219 0.2886 0.2513 0.2052 0.1455
Q.40 0.355  0.4665 0.4062 0.3317 0.2352
0.50 0,371 0.4875 0.4245 0.3466 0.2458
.60 0.350  0.4608 S 0.4012  0.3776 0.2323
0.80 0.216 02472 0.2018 0.1431

TABLE -~ 6.18

LOAD SYSTEHR t Symmetrically Placed.

: GIRDER UEFLECTION AT YARTOUS LOCATIONS

Girder def

G.216

' _ Flections after load distribution
X/L  {w(mean){cm) Gl‘ G,y G3 G,
w(mean)xKi ,w(mean)xKé w(mean)xKé w(mean)xKa
0.20 0.219 0.2135 0.2322 0.2322 0.2135
0.40 0.355 0.3452 0.3754 0.3754 - 0.3452
©0.50 0,371 0.3607 0.3922 0.3922 033607'
0.60 0.350 0.3409 0.3707 00,3707 0.3409
0.80 0.2100 0.2284 0.2284 0.2100-
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Equivalent loads will.be Same as calculated for Rowe
curves. Distribution profile is derived in Table 6.14, which

gives the distribution coefficients at girder location as follows

TABLE - B : DISTRIBUTION COEFFIGCIENTS EOR GIRDERS

Distribution Coefficients K!

Girder Case (I) Load pos— |Case (II) Load position
ition Extreme Left symmetrically placed

Gl 1.315 0.973

G2 1,145 - 1.058

G3- 0.935 1.058

G4 0.663 0.973

Girder moments and deflections ‘are obtalned in Tables 6.15

through Table 6.18. Here, 10 percent increase is not given in
celculation of bending moments because Cuseﬁs and Pama considered
ﬁine terms of the series. Aitﬁough these curves are derived for-
mid-span section when the load is also at mld-span, but for compar-
ison we have assumed the same dlstrlbutlon profile along the Span

as higher terms have less effect on distribution coefflclents.

65 HARHUNICS METHOD

Design coefficients (pij)mln fpr the design purposes are
taken from reference (18) and are given in Appendix - D. Various
geometric properties of the deck such as moment of inertia ‘and

torsional constant of constituent members required for the deter-

mination of structural parameters are obtained hereunder.,

6.5.1 Geometric Properﬁies

In determination of geometric bpropexrties for calculating str-

-uctural parameters it is assumed that deck slab is cast monolithic
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with longitudinal and cross beams, thus in transfer of loads -
slab acts in concert with these beams as their top flonges. The
effective flange width are obtained according to IRC code of

practice and are evaluated for the given bridge as given below

' (a) Flange width of main girders is least of the.followingo

(i) 1/4 (L) = 1/4(1940) (em) =85
(i) c¢/c spacing of girders (cm) = 220
(iii) br+l2 ts = 25+12(20) (cm) = 265
Thius effective-flange‘Width taken (cm) = 220

(b) Flange'width of cross beams is least of the following.

(i) 1/4 (195) (cm) = 49
(ii) ¢/c spacing of cross béams (cm) = 485
(111) 20 + 12(20) (cm) = 260

Thus effec£ive flange width adopted (cm) = 50

The width Qf the slab element lofﬁ out

between'the cross beams (cm) = 435

and that left out at the ends (cm) = 25

The various structural elements of the deck thus “ormed are as

shown in Fig. 6.6.

Neutral axis depth of girder, y (cm) = 60.80

Flexural moment of inertia of girder I.(cm4) = 333.79)(105

Torsional constant of girder I, (cm4) = l3.87x105(Appendix—B)

for simuiating actual bridge deck by an equivalent uniform

thick medium we add the moments of inertia and torsional

P
f j ?{l'l =

Central Librare Maiversif o7 bhun
ROCRIER



b ‘ — 220 . — '. : -

\ . i 5 v '
. ¥=60.80- | - K(HAUNCH : ) '

© 10x5
| I SO — v
© I = 33,29 x10° - . _ Y
J = 1.87x10° S
‘ — 25 [~—
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8x6 ,
o 8
L T
— 50 —_ ) - 25
25 k—s0 —
- L (a) MAIN-GIRDER
Ir, = 24.66x10° |
| 1, =2.86x 105
— 20 f-— S
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| - . (END) S ' =50 *‘1 .
. ¥ §es0ss HAUNCH |
i ‘ . @ . _ig ' ‘ 10x5
. IT l2-9>0)(105 - I '_ . ' ,
J3 n.g0x105 (d) LEFT-0UT sLAB
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‘ 1T1= 85.17x10 '
| Jy, x4.24x10°
25 f . L S B
Iy, » 0.89x10° '@ L . ' ' “4 20 |-
\ St B '
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' .(INT.ERMEDIATE)

(@) LEFT-0OUT SLAB _
(END) . ~ALL DIMENSIONS IN _ em
o UNITS FOR 1 AND J _ ¢4

FIG. 6-6—STRUCTURAL ELEMENTS.
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constants respectively of tha various transverse structural
elements indicated by (1) (2), (3) and (4) as shown in Fig. 6.6.
. The geometrical propefties for theée elemonts and hence for the

equivalent uniform transverse media are obtained below

Neutral axis depth of intermediate cross beam, Yy (cm) = 66,55

Neutral axis depth of end cross beam y (cm) = 39.71

Flexural moment of inertia of intermediate

cross beam, ITl (cm4) = 85.l7xlo5
\ .

Flexural moment of inertia of end cross beam, IT2(cm4)= 24.66xlO5

Flexural moment of inertia of intermediate

left out slab, I, (cm4) = 2.90x10°

Flexural moment of inertia of left out slab, Ip,(cn®) = 0.89x10°

Total flexural moment of inertia of
equivalent uniform transverse media

' 5 4
+41 .. +21 = 318,21 x. 10" cm

Ip=23I 7ot Hlpat2lsy,

T = +21

Tl

Torsional constants are ‘obtained in accordance of Appendix - B,

and are given below

Torsional constant of intermediate cross beam JTl(cm4) =4.24xlO5

Torsional constant of end cross beam JT2 (cm4) =2.86xlO5

Torsional constant of intermediate left out slzb JT3(0m4)=li.6OxlO5
Torsional constant of left out slab Jp, (cn?) =1,04x10°

Total torsional constant of equivalent
+2J. =66 .92%10°

'uniform transverse‘media, JT(cm4)—J +2J. . +4T T4=

TTTL VT2 T3
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6.5.2 Structural Parameters

In the formulation of Harmonics method,-Certain non-
dimensional parameters were defined. These paraméters which are
denoted by a,B,y and K arelcalled structural parameters. These
structural parameters completly identify a girder bridge insofar
it§ structural behaviour is concerned and are the functions of

only geometrical and matrrial properties of the deck.

(a) Structural parameter, o which is a relative measure of

flexural regedity of transverse system (EIT) to that of the
girder (EI), is the most important structural parameter as it
plays most vital role in the distribution of imposed loading
amoﬁqst the girder ioad distribution capacity increases wifh
~increase in o but the improvement become in significant for 2100,
thus design coefficients are made avallable only upto o equal
'to lOO (18). Thus, the structural parameter, a of the given
bridge deck may be computed as given below |
| 3 EC I

E, I

12 1940, 3 L_,leo )(318. 2lxlO °)
T (l.axlO )(333.29x10 )

_ 12 L T
o=z (%)

= 80.6 « 80

(b) Structural parameter f§ is the relative measure of girder
: torsional rigidit? (2J) to that of flexural rigidity of trans- |
verse system (EIT)' For real bridges i generally has a small

value yet it plays a gignificant role in the load distribution
amongst the girders. The maximum possible distribution of loads

is obtained if girders posses very high torsional stiffness.

The accurate evaluation of p is difficult as reaards the comp=-—

utation of torsional constant J of a T—shaped'girder section.’
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Thus, the structural parameter_ﬁ of the given bridge

deck may be computed as done hereunder

(n2/2) (h/1) GI/(E, I,)

p

(0,652x10%) (12.8x10°)
(1.5x10°)(318.21x10°)

= 0.0106 « 0.01

(c) Structural barameter, Y is a relative measure of
torsional rigidity of transverse system (GJT) to its own flexural
rigidity (EIT).‘The value of y for practical girder bridges is
always found to be very very small, compared to o and B values,
Its influence on load distribution is.quite insignificant and
hencé has been dropped‘for the sake of‘éése‘of computation. This
excercise of taking y = 0 for computing design coefficients
results in a little conservative estimate of load‘digtribution
amongst fhe Jirders. Thus, the structural parameter, y of the

given bridge deck,

_ _E ( b )Q.Eil__
Y=17 \ L E_ 1
2

1 (220 2 (19.652x105)(66.9x105)

= 0.0009 « 0
12 19907 (1 5410%) (318, 215100)

(d) Skew parameter K is a measure of the length of transverse

system interacting in transfering imposed loads., Viith the increase
in K values, the interconnecting length (l—K)L‘decreases, thus
affecting the load distribution. It has been found that Harmonics
method results are acceptable for K values upto 0.40 aﬁd majority

'of practical skew girder bridgs haVe~K values lying within 0.40 (18),

Skew pérameter, K of the given bridge deck, .

K= (h/L) tanA = 0 (SinceM = O for right bridge).,
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6+5.3 Desian Coefficients

The designvcoefficients which are quen'in reference (18)
and elso in Appendix. - D, are used to obtain glrder moment
coefflclent. These design coefficients are basic in nature and
are used as a mean to determine the girder moment coefficients
~corresponding to any type of imposed loadlng'that can be expressed
as fourier sine series. These coefficients are function of three
structural parameters a,B,y and K. Desicn coefficients available
in reference (18) are the dlrect computer output (w1th Y = 0)
of the program prepared therin for this purpose. The sample tables
“along with the procedure for referrlng these tabulated de51gn

coeff1c1ents is presented in Appendix - D..

For the computed values of a and K the corrospondlng
design coefficients (p 13) are picked up from appendix for 8 = 0O
and § = 10 and are then entered in aoproprlate places in Table
6.19 to Table 6.,22. The coefficients corrospondlng to actual
value of B are then computed using the interpolation function

given earlier and are shown in the lower half of Table 6.19 to

Table 6022 .

It aives all the design coefficients corrospondlng to
the values of ®,3 and K which are u@ed for analysis of glven

girder bridge under any type of impos.d loading.

0.De4 Equivalent Load Comnutation

Expressions for the girder moments, developed in
chapter - 5 are applicable only if the loads are acting directly

on one or more girders. It is thus necessary to ascertain the



TABLE - 6, 1% DESIGN MOMENT COEFPICIENTS(pmn) FOR GIRDER i

1110

1
.aé'so 3 B = 0.01 ; z=0.l7;K=0"
m=l n g =0 g = 10
Y| 1 2 3 4 |1 2 3 4
1 0.591 0.344 0.128 =0.064 0.313 0.262 0.225 0.201
i=129. 9 0 00 0 o "0
f 3 -0.088 -0.111 0.025 0.075 0.057 0.001 -0. 021 -0.038
(plj)ﬁ 0.544° 0530 . 0.145 % -0.019
le B _05063 ] -0.009 L 00017" el 0.056 :
INDUCED FIRST MOMENT HARMONIC { m = I ) '
m=l M ]— £=0 3 8 =10 |
i Y 1 2 3 4 1 2 3 4
1.0 0 0 0 0 o 0 0
=1 2 0.551 0.269 0.120° 0.059 0.414 0.268 0.174 0,140
30 0 0 0 0 0 o . 0.
(p ' | o
1j)B o 0 o 0
(le)ﬁ 0.528 04269 S 0.130 0.073
23 | 4
(Pi3)g 0 0 0 ;0
* INDUCED SECOND MOMENT HARMONIC (m = 2)
=1 |0 B =0 e B8=10"
3= |V 1 2 3 4 1 2 3 4
1 0.088 -0.020 -0.033 0.075 = 0.057 0.005 =-0.025 =-0.036
i=1 20 . o0 0 0 0 o 0 0
( 31) Lo a o | :
Pij’p 0.063 -0.016 0.023 o.oso.‘
i ) ‘ »» !
(p: i3’ 0 0 0 0
33 B N o
(le)B 0.785 0.202 0.023 =0.010

INDUCED THIRD MOMENT HARMONIC ( m

3)
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TABLE - 6. 20 : DESIGN MOMENT COEFFICIENTS(p?g)'FOR_GIRDER'i =2

m=l | P B =0 B = 10 ,
|V 1 2 3 4 1 2 3 4
-1 0.3447 0.304 0.224 0.128 0.262 0.266 0.247 0.225

i=1 290 0 0 0 0 o . -0 - 0
11 3 -0.020 -0.014 0 0.033 -~ 0.005 0.016 . 0.003 =0.025

(pi})g 0.330 ' 0.298 . 0.228 0.145

(p12) B | B _ i

Pij’g o -0 0 0

(p;3) oo o

Pij’'p -0.016 = 0.009 .0 © 0,023
- INDUCED FIRST MOMENT HARMONIC ( m = L7

m=l |7 =0 — B = 10
= |y ] 12 2 3 4 1 2 3 4
1o 0 - .0 0 . 0 0 ' o 0

1=120.269 0.375 0.236 0.120° 0.268 0.324 0.229 0.179
. 30 ‘0. 0 0 O-. "0 . 0 0

(p | .

22 - L .
(pi.j)‘3 0.269 0.366 0.235 0.130
(p23) - 3 D

P; 3 [ 0 . .0 . 0 .0

INDUCED SECOND ‘MOMENT HARMONIC (m = 2)

= |V 1 2 3 4 | 1 | 2 3 4
1 -0.011 -0.014 0 0.025 0.001 0.016 0.005 =-0.021

i=12 0o -0 0 0. O .0 0 0
~ .3 0.196 0.583 0.205 0.016  0.224 0.511 0.200 , 0.060

tp; 3 -0.009: © =0.00% 0 - 0.017

pij B 0} 0 0 S 0
33y o L | -

(P33 0.202 0.571 0.20k 0.023

INDUCED THIRD MOMENT HARMONIC ( m = 3).
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N

TABLE - 6,21 3 DESIGN MOMENT'COEFFICIENTS(p?g)_FOR GIRDER i = .3 .
a =80 3 B = 0.01 ; i=0¢l7 , K=20
m=1 - [© , g =0 | ' . B=10 —
= |y 1 2 -3 .| 4 -1 | 2 | 3 4
1 0,128 0.224 0,304 0,344  0.225 0,247 0.260° 0.262
=12 0o 0 0 o o 0 0. o0
(pyy)g | 0. 14l 0.228 0.298. 0.330
12 | | I
(piJ)ﬁ 0 - o - 0 » -0
( 13)a : ' ’ ' o . .
Pii’p 0.023 0 © =0,009 . -0.016
TINDUCED FIRST MOMENT HARWMONIC ( m = L) '
m=1 n =0 , ‘ g = 10 3
=y | 1 2 3 4 | 1 2 3 4
L o 0o 0o o o0 o o 0 -
i=1 2 0,120 0.236 0.375° 0.269 0.179 0.229 0.324 0.268
1 3 0 0 0 -0 0 0 0. 0
(P7) . 0 0 0 0.
ij’s ‘ | : ,
('22) o S -
Piy/p 0,120 . 0.235 04366 - 0.269 .
23 - | | - | |
(Pi})p 0 : 0. 0 | 0

INDUCED SECOND MOMENT HARMONIC (m=2) .

m=l D __B8=0 B =10 |
= V] 1 2 3 4 . 1 2 | 3 4
1 -0.021 0.003 0.016 0.001 0.025 0O -0.01  -0,011
i=12 o 0o o 0 o 0 . 0 0 .
3° 0.060 0,200 0.511 0.229 0.016 0.205 0,583 0.146
(p3h) | 0.017 0 -0.009 . =0.009 .
Fij'B ,
(p?Z) . " . : : ' ' ‘ o
ij’p 0 0 : 0 : 0

- 33) ' - o _ : X .
(pij B . 0.023 0.204 0.571° . 0.202
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TABLE = 6, 22; DESIGN MOMENT COEFFICIENTS(pTg) FOR GIRDER i = -i4

G =80 ; f=0.0L3z=0.73;K=0 o
m=1 n £ =0 , = B =10
> Y 1 2 3. 4 1 2 - 3 -4
1 -0.064 0,123 0,344 0.591 0.201 0.285 0.262 0.313
i=1 2 9 0 -0 0 0 0 0 0
(P75 20019 0. 144 30 L 0.56h
(pij)ﬁ 0 0 0
_ 13) . ' ’ ‘ '
(P;3p 0.036 0,017 . . - =0.009 -0.063
TRDUCED FIRST MOWENT HARMONIC ({ m = L )
=1 n g=0 _B.=10
>yl o1 2 3 4 1 2 3 4
| 10 o o .0 0 0 0o o0
i=1 2 0,059 0,120 0.269 0.551 0.140 0.17¢ 0.266 . 0.414
30 0 o 0 0 0. 0 0
ij )g . 0 o 0 0
(P )p 0.073 0.130 029 0.528
(plj)ﬁ 4 | .O, B ‘ O ' 0 .' i O,,\
INDUCED SECOND MOMENT HARMONIC (m = 2)
3> |V 1 2 3 . 4 1 2 3 4
1 0.075-.0.033 =0.020 -0.088 =0.038 -0.025 0.005" 0,057
i=1 20 -~ 0o . 0  © 0 o . 0 0 .
3-0.014 0.016 0.196 0.802 0.010 0.060 0,229 0.701
31y o o , |
(le B 0.056 0.025 ~0.016 -0.063 -
(P ) _ 0 0 o - )
‘(plj)B -0.010 0.023 0,202 . 0,785

INDUCED THIRD MOMENT HARMONIC ( m = 3)
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equivalent loading on girders if the situation is otherwisé._The
imposed loads not acting directly on a virder are rep;aced by

a system of coplaner loads acting on, all the girder of the
bridge. This vertical plane containing the load is orthagonal

to the girder axis. The equivalent system of'loadé acting on

the girders are thus the reactions obtained by treating the
transverse structural element as simply supported continuous
beam. Thus all the loads acting directly on the girders become
avallable. Any conventional methods such as siqpe deflection
method or.theorém of three moments can be used for computing

the reactions.

The generalized expression for support moments under a
general loading deposition have been obtained herin to facil-
itate the computation of suppoit reactions. The well known

theorem of three moments has been anpplied for this purpose,

which is
64, %,  6AX
N 5 —_ —-——.g'__l. 2 2

wherein

Ml’MZ’M3 = Moments at supports 1,2 and 3 respectively

Al = Area of free span B.ll.D. over span (1-2)

Rl ~= Distance of C.0, of free span B.M.Ds from
support 1,

L, = Span (1=2)

,A2,K2 and L, are the corrosponding parameters for span (2=3).
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The final expressions: based on the above theorem give_
the support moments under that loading condition. These

expressions are given in Appendix - C.

Eduivalent girder loads under two cases of loading are

~given below.
Case = I

Live Load System : Extreme left refering to Fig. 6.2(b)
for loading and Appendix - C for girder moment expressions we
have

Ky = = 5P ; My = - 25,17 D

4 = O

W
I

M - 35.90P: 3 I

Now, girder reactions can easily be found, which are

Ry = 1.115P ; | R2‘= 1.267 P
Ry = 1.196P ; : Ry = 0.222 P
N
Case = I1I

Load Position:Symmetrically Placed v Refering to Fig.

6.3(b) for loading, we get
Myo= i, =0; M, = ki, = ~ 25,17 P

which gives,

1l

6.5.5 Load Harmonic Coefficients

Multiple loads on multipie girders as obtained in

- section 6.5.3 are expressed in terms of the first three harmonic
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compoﬁents of theif sine series on respectivé girders. The
coefficients of these three harmonics, cclled load harmonic
coefficients are easily obtained using fourier series (Appendik—A).
The expression for these coefficients are also available in
chapter - 5. These coefficients for loading cases I and II are

computed in Tables 6.23 and 6.24 respectively,

6.5.6 Girder loment Coefficients

Girder moment for any imposed loading is also ékpressed
by first three harmonics of its sine serie§ with reasonableA
accuracy. The coefficients of these three terms called as girder
moment coefficients are the functions of design coefficients
and load harmonic coefficients for all loading cases, Thére is
no expression which canldirectly give momant coefficients for
multiple loads on multiple girders. Thus, it is important to |
note here that when more. than one girder is loaded 51multaneously,
the moment coefficients for all the girders are 1n1t1ally obtawned
corrosponding to actual loading condition wherein-all dirders
are .loaded simultaneously are then obtained using principle of

superposition.

Girder moment coefficients for mgltiple loads on multi-
ple girders obtained corrosponding to loading configuration
shown in Fig. 6.2 are computed in Table 6.25 through Tablev6.é9.
Similarly thé girder moment coefficients corrosponding to loading
configuration shown in Fig. 6.3 are computed in'Table 6'°®".
through Table 6.34, In the computation process de81on coefficients’
from Table 6.19 through Table 6 22 are entered in the aporoprlate

positions of above tables. Load harmonic coefficient of imposed
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FARKONIC LOAD COMPUTATIONHS,

LOAD SYSTEM

Extreme Left.
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| 21 OH, o 31y
. i 1L i cs 7 |, L ERX o3 i 3LZ
Girder| X/L J (x10 Kgfkjp T sing ’Jp = siny= Jp sin
0.159 1.77 87,40 153.35 181,88
0.216 1.77 114,46 178.21 162,99
0.381 . 7.25 705,45 515.26 -328.85
0.664 4,46 400,02 -394,04 -11,49
0.973 4,41 39.08 - 7770 115.87
fh=g it 366,14 = 237.24 W3- _ 91,99
J Jp 32 J3
W LW,
“p "ip
0.159 1.47 97.28 170,80 202,48
0.216 1.47 127.54 198,42 202,68
2 0.443 .- 8,35 847.05 302.15 ~739.45
0,819 5.07 281.20 -474,07 -517.,98
0,973 5.07 44,43 - 88,33 131,72
ol 1 2 ' 3
W=y 2088.74 V15 = 269,53 WY = -104.54
J Jp J ? J .
e ZH3
" “ip
0.159 2,22 109.63 192,48 228,18
0.216 2.22 143,73 223.60 228.41
0.381 9.20 883,01 644,95 -411,63
3 0.443 9,20 933.28 332.91 -814,72
0.664 5.59 501,37 -493,87 - 14,41
C.973 - 5.59 49,98 ~ 97,39 145,22
l X l = w2 -
DS - TWE -
“"ip “Uip
0.154 0.35 17,28 30.2 35.97
" (0.216 03D 22.66 25,25 . 36,01
0.381 1.46 140,13 102.25 - 65,37
1 0.443 1.46 148,11 52,83 -129,29
0.819 .888 48,97 - 33.03 90.72
0.973 0.888 T.47 - 15,47 23.07
1 1 2 3
Wo=Eyw, = 471,14 1T = 22 WY = - 18,36
\J ip _ 3 47 ‘2 3 | 18.36
. /) ,)'
il nwy
JP Jp
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TABLE = 6.24
LOAD SYSTEM ¢ Symmetrically Placed.
| - 2w o 2W, . T
1 X |.2 2nNX |3 3nx
1 ] -
Girder| X/L |Wy(x 0ka)W;, i | wi=pd sanf W) o sin’p
0.159 0,939 46,37 8l.41 96455
0.216 0.9239 . 60,76 24,60 96.61
: 0.381 3.96 380,05 277,59 -177.20
1 0.443 2,96 401,72 143,18 -350,74 .
0.664 3.26 211,71 «208,.51 - 6.11
0.973 2.3 20.61 - 41.08 61,031
weprl = 1252.23 W2 = -726.32 WO = - 38.66
J JpP ) - J )
EW.D, 1 e,
Il | Yip
0,159 2.42 119.50 200,02 248,74
0.216 2,42 156,68 243,75 248,48
2 0.443 10.22 1036.75 369.82 -905.05
0.814 S 6,10 - 338,33 ~570,38 623,21
0.473 6.10 53,45 ~106.28 158,47
1.1 R 2 .2 -
'\" -='-:“:\ . = Fil » l.‘Jr- = ° 4 "u’- = - 8.6
5 zJJp 3232,73 Jo 324 ,2 /] - 9. 3
e W o
z jp \ Z jp
0.159 2,42 114.50 ©209.82 048,74
0.216 2,42 156,68 242,75 248,48
0.381 10.22 980,91 716.45 - =457,26
3 0.443 10,22 1036,75 369,82 ' =905,05
0.664 6.10 547,11 ~538,94 - 15,72
0.973 6.10 53,45 . =106,28 158,47 -
1 1 o) 3
Wy = 2V, = 232, VT o= . Wy = - N
1y o= 2 3232,73 ; 324,24 JJ - 98.63
5o TWe .
_ Yip , jp
04159 0.939 46,37 81.41" 196,55
0.216 0.439 60.76 94,60 96,61
0.381 3.96 380,05 277.59 -177.61
0.664 2,36 211.71 ~208.51 - 6,11
0.819 2,36 131.01 ~220,74 241,08
wr = gl 1252.23 " 26.32 1 = - 38.66
T Ry T sy = 20,32 iy = - 36,
Z‘b'z ):"."’3
"jp ]2
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PABLE - .25 : GIRDER MOMENT COEFFICIENTS FOR LOAD ON GIRDER j =1
LOAD SYSTEM : Extreme Left. '
LOADING ~ : 1770C;(0.159L,0.216L)+7350C, (0.381L,
' O.443L) +h 460G, (0,604L,0,819L,0,973L)

.

=1 m=1 - m= 2 m= 3

i=1 I 5 3 T P 3 I ) 3
n—? ' . : |

mn - _ . L

Pyy 0.544 - 0 =G.063 0 0.528 0 -0.065 0 0.788

wg/n2 2766.,14 59,31-10.22 2366.14 59,31 . 10,22 2366,14 59,31 =10,22 -

PIT —4-1287.18 0 -0.64 - 0 31,32 0 - -149.07Q  =8.02
n . : .

My = 2 1286.54 - 31,32 | ~157.09

MUMENT COEFFICTENTS FOR GIHDEH =1 .

j=1 m=1 _m=2 m= 3

=1 1 2 | 3 1 2 3 | 1| 2 3

o mn : N of z
n, 2 . . -

Wy/n'n 2366.14  59.31-10.22 2366, 14 59,31 -10.22 2366.14 59,31 ~10,22

Py (27 780.85 0 0.16 0O ' 15,91 0 -21,29 0 - -2,06.

My = 2 760,99 15,95 | 23,35

MOMENT COEFFICTENTS FOR GIRDER T = 3

?:l ) m= 1 _ m= 2 m= 3 :

=l 1 2 3 1 | o2 | 3 1 2 3

Py} 0.14 0 0.023 0 0,130 0 0,017 0  0.025

wg/nin 2366.14  59.31-10.22 2366,14 59,31 =10.22 2366.14 54,31 ~10,22

PIj < 340.72- -0 -0.26 O 771 O - 40,22 0 -0.2
n . ) ‘ . ]

n

My =2 340,48 7,71 S 539098

WOWERT CUEFFICIENTS FOR GIRDER T =%

J’-f-'l m= ) ’ m= 2 m=

L - ’ "

Pi3 ~0.019 0 0.056 0 0.0735 0 0,056 0O -0.010

Wi/n® 266,14 59.31-10.22 2306, 14 59,51 10,22 2366. 14 59,51 10,22

n .

w .

i3 =496 0 -0.57 0 Le3 0 132,50 0 0.10
- |

M = 2 05,55 by 53 132,60

FMOMENT COEFFICTENTS FOR (ATRANDER & — 4
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AABLE -~ 6,26 GIRDER MOMENT COEFFICIENTS FOR LOAU ON- GIRDER J
LOAD SYSTEM Extreme Left. '
LOADING - : 197OG (0. 1b9L Je 216L)+b)5JG (0.381L,
o, 443L)r)070 Go(0.664L,0.819L,0,973L) .

j=1 m=1 m= 2 m= 3

i=1 1 ) 3 T 3 3 1 ) 3
n—% _

pij 04330 0 -0.009 0 0.269 0.7 7 =0.016 O ° 0.202

w’}/n2 2088.74  67.40-11.62 2688,74 67.40-11,62 2688,74 67,40-11.62

W
mn ) - : - 2,35
Pyy ;%“ 887.28 0O 0.10 .O 18,31 0 43,02 0 2.35

My = 2 887.38° S 18.13 . -45,37

MOMENT COEFFICIENTS FOR GIRDER T = 1

=l m=1 _ m=2 | m= 3
s 1 2 3 1 2 3 1 2 3
| pT? 0.298 0  -0.009 0 0.366 0  =0.009 0 0.571
wj/n n 2088.74  67.40-11.62 2688.74 67.40-11.62 2688.7467.40 ~11.62
pij -ﬁ- 801.24 0  0.10 0 24.67 0 224,200 - 6.63
My =2 801,34 24,67 - -30.83

MOMENT COEFFICTENTS FOR GIRDER T = 5~

?:1 m= 1 . m = 2 m=3

=5 2 | 3 1| 2 | o3 N 3

Pij © 0.228 0 o o 0.235 0 0 0 0.204

w3 /n? n 2688.74  67.40-11.62 2688.74 67.40-11.62 2688.74 67.40~11.62

pij —%— 613.03 0O 0 - 0 - 15.84 O 0 0 - 2,75
~*MOMENT COEFFICIENTS FOR'GIRDER { = 3

J=l m= ] . m= 2 m =

= T T3 I 3 3 I 2 3

o

Py 0.144 0 0.017 0 0.130 0 0.023 0 0.023

Wi/n?  26gs, 74 67.40-11.62'2688.74 67,40-11.62 2688.74 67.40-11.62.

n : .

Py} —%— 387.18 0 -0.20 o© 8,76 0 61.84 0 - 0,27

M=o 386.98 8.76 | 61,57

\OMENT COEFFICIENTS FOR GIRDER i = {.1
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GIRDER HOMENT COEFFICIENTS FOR LOAD ON GIRDER j = 3
LOAD SYSTEM : Extreme Left, S
222063(0.159L,o.216L)+9200G3(0.38;L,0.443L)

TABLE - 6.27 :

LOADING &
+5590G 4(0.664L,0.819L,0,97L).
=1 m=1 m= 2 m= 3
i=1 T T3 ) N I3 3
>
Py 0.145 0 0.017 0 0.130 'O . 0.023 0 0.023
Wi/n? 296250  74.26-12.80 2062.50 74.26-12.80 2962.50 74.26-12.80
W 4 . , S
PY] =+ 420.56 0  -0.22 o 9.65 O 68,14 0O 2,29
n : . .
My = 2 429,34 9.65 67.85
WORENT COEFFICIENTS FOR GIRDER T =T
g:i m= 1 M= 2 ' m=3
T | 1 3 | 3 1 2 | 3 I P 3
mn ) . .
Pij 0.228 0 o o 0.23% 0 ° 0 0 0.204
Wi/nZ 2962.50  74.26-17.80 2962.50 74.26-12.80 2962.50 74,26-12.80
mnw .
Py} ;ﬁ‘ 675.45 0 0 0 17,456 0 0 0 -2.61
M = 2 675 .45 17,45 ~2,61
WORENT COEFFICIENTS FOR GIRDER T =5
= n=l n = 2 _m=3
— | 1 2 | 3 | 1 2 | 3 1| 2. | 3
P{j ©  0.298 O  -0.009 O 0.366 0 0.009 0.  0.571

w’j’/n2 2962.50

74.26~12,80 2962,50 74,26-12,80 2962.50 74.26-12,80

mn wn ;

P3 ;%— 882,82 0 0.12 0 27.18 0 ~26.66 0 - 7.31
M =2 882.94 © 27,18 -37.97

) ) \

MOMENT COEFFITIERTS FOR"GIRDER 1T = 3 ’

j=1 T =4 m =2 m=

oo 3 I Z ] 3

imi . Bt 2 3 )
Py § 0.330 0  -0.009 0 0.269 0 =0.016 0 0.202
Wi/n?  2962.50  74.26-12.80 2962.50 74.26-12.80 2962.50 74.26-12.80
o W§ 977.62 0 0.12 0 19.98 ‘0. =47.40 0 ~2.58
o]

13 ~ |
MY 2 2 977.74 19.88 -49.98

MOMENT COEFFICIENTS FOR GIRDER =4,
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TABLE - 6.28 : GIRDER MOMENT COEFFICIENTS FOR LOAD ON GIRDER j=4

LOAD SYSTEM : Extreme Left,
LOADING : 350G,(0.159L, O, 216L)+l4606 (0.381L,0.443L)
+888G,4(0.664L,0.819L,0. 973L) ‘ -
Jj=1 m=1 m= 2 m= 3
i-1 - I 7 3 I 33 I > 3
n—>
Py ~0.019 0  0.056 O 0,073 0 0.0% 0 -0.010
Wi/n® 471,14 11.81-2.04 471,14 1181 =2.04 471.14 11.8) -2.04
o ‘ .
PY] = -8.95 0 -0.11 o 0.86 0 26.38 O 0.02
n . ' )
M = 2 -9.06 0.86 26440
RORENT COEFFICTENTS FOR GIRDER T =T
£=i _ m=1 ] . m= 2 m=3
T —s 1 2 3 1| 2 3 | 2 3
mn "
pij 0.145 0 0,023 0 0,130 © 0.017 0 0.023
wj/n 471,14 11.81-2.04 471314 11,81 .-2.04 471.14 11.81 ~2.04.
PY] —ﬂ- 68432 O -0,05 0 1.53 0O 8.0l 0 ~0.0%
Ml = 2 67.27 1.53 7.96
WORENT COEFFICTENTS FOR CIRDER T =3
J=i _ m=1 . _ m=2 - m= 3
1 h— 1 2 3 1 2 | 3 1 2 | 3
P{j © 0.330 0  <0.016 0 0.269 O ~0.009 0, 0.202
2, 47L.14 11,81 -2,04 471,14 11,8) -2.04 471.14 11.88 —2.04
/n _
S —%—155 48 0. 0.63 0 3.18 0  ~4.24 0  -0.41
MOMENT CUEFFICIENTS FOR GIRDER 1 = 3
] m=1 m= 2 ) m= .
J=1 I 3 3 I B I 2 3
T . :
Py 5 0.544 0  -0.063 0 0.528 0 -0.063 0 0.785
n/n 471,14 11.81 -2,04 471.14 11.88 -2,04 471,14 11.8] ~2,04
Py —%~256 30 0 0.13 o© 6.23 0 ~29.68 0 ~1.60
Mp = 2 256.43 6.23 -21,28

 MOWENT COEFFICIENTS FOR GIRDER I = 4.
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. GIHDER WORENT COEFFICIENTS FOR LOAD ACTING ON GIRUER
SIMULT ANEOUSLY,
Extreme Left.

TABLE - 6.29
61,62,63 AND G 4

LOAD SYSTEM

LOADING & (17700 +1970G,+2220G4+35G, ) (G. 159L. 0.216L)+(7350G;+83500;

+92C0G F1460G4)(0 381L O44oL)(446OG +5070G +5590Pﬂ+89G4)

(O.664L, .819L,0.973L),
i=1 j m =1 m= 2 m= 3
. 1 1286 .54 31,32 ~157.09
M?j 2 887.38 18,17 - 45,37
3 429, 34 9.65 67.85
4 - 9.66 0.86 26 .40
T 2594, 20 50,96 ~108.25
1UMEN1 COEFFICTENTS FOR GITDER T=1
i =2 J m= 1 .oom = 2 m= 3
1 780,99 15 .05 -23,35
M?j 2) 801 .34 24.67 -30.83
3 675 .45 T 12,45 - 2.61
B 4 67.27 1.53 7.96
ng.J 2325 05 58,70 -48,83
ROWENT COEFFICIENTS EOR GIGDER i=2
=3 |
R m =1 o om =2 m= 3
1 340, 48 7,71 30,08
M?j 2 612,03 15,84 - 2,79
3. 882.94 27.18 -33,97
. 4 155.51 3.18 - 4.65
My 1991.96 53.91 ~.1.,43
WORENT COEFFICIENTS O GIRDER 5 =3
i=4 1.37 m = 1 m=2 m= 3
M?j 2 386.98° 8476 61,57
4 255,43 6 73 -31.29
M - 1575.62 39.30 112.91

MOMENT COEFFICIENTS FOR GIRDER i

4.
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TABLE - 6.30 : GIRUER MOMENT COEFFICIENTS FOR LOAD ON GIRUER j§ = 1
LOAD SYSTEM Symmetrically Placed.

LOADING ; 9599G1(O.159L,O.216L)+596OG1(O.381L;O.h4.5L)+256OG1(O.664L;
0.819L, 0.973L). .

=l m= 1 m = 2 ' ’ m= 3
£=1 I 3 3 I 2 3 L 2 3
> , '
PYj  0.54k o -0.063 0 0.528 0° 0,063 0O 0.785
Wi/n® 252,23 6.58 4. 30 1252,25 0.58 “-4,70 1252,23 6,58. -4, 30 |
Pig | 681.21 0 0.27 © 3447 0 -78.89 0 ~3.38 |
. . . : ‘i
Mi=2 54 547 | -82,27 |
MOWENT COEFFICTERTS FOR GINDER T =T ;
- H
j:l m= 1 , m= 2 . ) m= 3
i=1 .
; 1 2 | 3 1 2 3 1 2 3
mn : B ) ) '
-p%J , 0.330 o -0.016 0 0.269 0 =0.009 0 - - ,202
Wi/Mn 1252.23 6,58 -4, 1252.236.58  -h,30 125225 6,58 4.3
mn : . .
P4 § ;%‘ 413,21 0 0.07 0 1,77 o0 -11.27 o ~0.87
M =2 413,53 1.77 12,14
WOMENT COEFFICTENTS FOR GIRDER T =3
J=1 : m= 1 . m= 2 m= 3
=l 1 2 3 | 2 '3 | 1| 2 3
Py . - ' ~ E -
1] , 0144 0 0.023 0 0.130 0~ 0.017 O 0.023
“G/nwn 1252.23 6.58 -4.30.1252,25 6,58 ~4.30°1252,23 6,58 4,30
mn '
P13 ;%‘ 180.32 0 -0.10 0 0.86 0 21,29 0 ~0.110
n
My =2 180,22 0.86 21,19
MOMENT COEFFICIENTS FOR GIFRDER 1T =% '
) =1 m= ] m= 2 m =
=L T ] 3 [ I 5] 3 I Tz 3
uiry N
P13 ~0.019 0 0.05%6 0 0.073 0 0.U56 0 -0.010
n, 2 ’ . .
Wy/n n 1252.23 L.58  -4.30 1252,235,53 =4.30 1252.23 6.58 -4, %g
w . ) .
mn
pij,n ~23.79 0 -0.24 0 0.4 0 70.12 0 © 0,04
M =2 -24.05 0.45 70,16

MOMENT COEFFICIENTS FOR GIRDER i = 4.
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TABLE - ©.31 : GIRDER MOMENT COEFFICIENTS FOR LOAD ON GIRDER j=2

LOAD SYQTEN : Symmetrlcally Placed.

| LOADING: 2420 G, (C.159L, 0.216L) + 10220 Gy (0.3¢ 1L, o ha)L)
' +61.00 GZ(O.OFQL 0.£19L, 0.973L) '

j=1 m = 1 m=2 m= 3
i=1 I ) 3 I ) 3 I /] 3
n—>
Py 0.330 0 -0.09 o 0.269 0"  -p,016 O 0.202°
wn/n 323273 £1,06 -10.96 3232 73 01,05 -10.96 3232,73 81 6 -10.96
pij _a_ 1066.60 0 010 o 21.£1 0 ~51.72 0 =221
MOMENT CUEFFIéthlS FOR GIRDER T =71
j=1 m=1 .. M= 2 ' - m=3
I 3 1 2 | 3 1| 2 3
_pTg 0.8 0 ~0.009 0  0.366 0 -0.009 o 0.571
Wi/n?  3232.73 €1.06-10.95 3232.75 £1.06 ~10.96 3232,73 £1.06 -10.96
PI] = 963.35 0 0.0 0 29.67 o =29.09 0 -6.26
n
MORENT COEFFICIENTS FOR GIRDER T =3
j=l : m= 1 . m= 2 m= 3
s | T2 | 3 1 2 | 3 | 1] 2 3
mn 228 5235 ) 0 . 0.204
Py] C.228 0 © 0 C.235 0 C 204

‘v!] .
n

Py 737.06 G 0 0 19.05 0 o o -2.24
n , ‘ : _ :
MY = 2 737.06 1'.05 A ~2.24
1
MOMENT COEFFICIENTS FOR GIRDER 1 =3
j=1 m=1 . m = 2 m =
i=1 . 1 2 3 T 2 3 ) 2 3
' mnn—_* - 'ﬁ ﬁ; : .
Pyj C.lls @ 0.017 o, 0.130 0 0.023 © —O'O“qu
J/n 5232.75 €1.06 -10.96 3232.73 £1.06 -10.96 3232,73 €1,06 -10.9
' ~ - o]
. _c 10.54- O 755 0 ~0,25
mn _%_ 465,51 0 0.19 0
M 465 .52 1054 Tl 410

i.—-

MOMENT COEFFICIENTS FOR GIRDER 1= 4: %\
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I'aDLE 6.32: GIRDER MOMENT COEFFICIENTS FOR LOAD ON GIRDER j 3

LOAD SYSTEM F Symmetrically Placed,
LOADING: 2420 G7(0 159L, C.216L) + 10220 G5 (0. 5L1L 0 44JL)

+ 6100 G7(O O64L, ©.819L, '0.973L)

j=1 m= 1 m= 2 m=3
i=1 I 7 3 ) 23 —I 5 3
n—? ’ ' . : |
Pyj - 0145 0 0.017 0 0.130 0 o, 023 0 0.02%
w“/n 3232473 €1.06 -10,96 3230, ,3 €1.06 ~10.96 3232.73 €1.06 ~10.96
P _5_ 465.51 0 -0.19 © 10.54 0 Th35 0 -0.25
’MT -0 465,32 . 10.54 - 74,10
MUNENT CUEFPICLEN[S FORGINMDET 1T =1
j:l . m= 1 .. m= 2 . m= 3
=1 1 2 | 3 1 2 {3 | 1| 2 | 3
mn " : B , :
P1j C.228 0 0 0 0.235 0 0 0 0.204
wg/h2 5252473 B1.06 ~10.96 3232.73 €1.06 -10, 96 9292.73 e1.06 10,96
w . o .
pij 737.06 0 0 0 19.05 0 0 0 -2.24
My = 2 737,06 19.¢5 =2.24

MOMENT COEFFICIENTS TFOR GIRDER 1 =32

J=l . m=-1 _ m= 2 ' m= 3

=1 1 2 3 o2 s 1] 3

PI3  0.298 0 -0.009 o 0,366 0O ~0.009 ¢ 0571

WQ/n2 5232.73 €1.0610.96 3252.75 £1.06 ~10.96 3232.73 €1.06 ~10.96

»py 962,35 0 0.10 0 29.67 0 -29.09 0 -6.26

n . .

W ) 963.45 29.67 . ~35.35
3 _

MUMENT COEFFICIENTS-FOR‘GIRDER 1 =73

J=1 m= 1 ' ‘ m= 2 ' m =

o I 3 3 I 313 I 2 3

= pp—

Py § 0330 0 ~0.009 © 0.269 0 -0.016 0 = 0.202
W » . .
j/n 3232, /5 €1.06 "10 296 3232,73 £1.05 -10.3¢ 3232,73 ¢1.05. -10,96

1006.60 @ 010 , ’ ‘

pij ‘%‘ ’ c.10 o 211 0 =51l.72 0 2,21

MT-= 5 1056.90 21.¢1 =53.95

"

MOMENT COEFFICIENTS FOR GIRDER i = 4,
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[ABLE 6.35 : GIRDER MOMENT COEFFICIENTS FOR .LOAD ON GIRDER j. = 4

LOAD‘SYSTEM ! Symmetrically PlaCed.'
LCADING: 939 54(0 159L, 0.216L) + 3960 G4(U.J¢1L 0. 443L) + 2300 Gy,
(G. o64L 0.&19L, 0.973L).

j:l m= 1 m= 2 m= 3

i=1 T P, 3 ) ) 3 T 5 3
n—% ' .

pij -0.019 0 .0.056 o0 0.073 0  0.056 0 ~0.010

PT? -23.79 0 ~-0,24 © o8& 0 70.12 0 0,04

n B

MD = 2 ~24 .05 .48 7C.16

MOWENT COEFFICTENTS FOR GIRDER T =1

=1 m=1 ms= 2 m= 3

i=1 ; 1 2 3 1 2 3 1 2 3

pTg 0145 0 0,025 o0 0.130 0 0,017 .0 C.023

bij _g_ 1l€0.32 0 -0.10 o Cib 0 21.29 0 -0.10

MY = 2 1€0.22 0.86 21,19

MORENT COEFFICTENTS FOR GIRDER T =5

= 5 | 2 3 |1 2 3 1 2 3

Py} 0.330 0 -0.016 0O 0.269 0  -0.009° 0 0.202

Wn/n 1252.23 6.56 -4.,30 1252.23 6.58 -4.30 1252.23 6,58 4,30

| 413,26 0 0.07 0o 1.77 0 -11.27 o - -0.e7

! “%‘ ‘ - o :
L

MOMENT COEFFICIENTS FOR GIRDER 1= 3

j"‘l m =1 m= 2 ‘m =

=L T 3 3 T 3 T 2 3

Pyj 0564 0 —0.063 0 0.526 0 -0.063 0  0.7¢5

| n/n2 19223 6.58 ~h.30 1252.23 6.5¢ —h.30 1252.25 6.5¢ k.30

Jmn Mo 661.21 0 G.27 O 5.7 .0 -TE.E9 0 -3.3R
ij N

M 621 .4¢ 3447 ~£2.27

= 2
MOMENT COEFFICIENTS FOR GIRDER .i = 4_".'
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:+ GIRDER MOMENT COEFFICIENTS FOR LOAD ACTING ON

GIRDER Gl,Gz,G3 AND G4 SIMULTANEOUSLY,
LOAD SYSTEM ¢

' TABLE - 6,34

;Symmetrically placed,

LOADING .: (939Gl+2420G2+2420G +939:G,)(0.159L,0. 216L)+(396OG1+10220G2
+10220G3+396064)(O 381L+0, 443L)+(2360Gl+6100G2+6lOOG3
+2360G,) (0.664L,0819L,0.973L) +

i=1 j m= 1 m=2 m=3
. 1 681.48 3.47 -82,27
m- . . ,

M; 5 2 . 1066.90 21,81 -53.93
3 465,32 10.54 74,10
4 “24003 0048 70.16

M? .2189,67 36.30 . 8.06

MOMENT COEFFICIENTS FOR GIRDER 1 = 1

i=2 j‘ m=1 ms= 2 m=3

1 413.31 1.77 ~12.14

M?3 2 963,45 29.67 -35.35

' 3 737.06 19.05 - 2,24

4. 180.22 _0.86 21,19

My 2294.04 51,35 -28.54
.MUMENT COEFFICIENTS FOR GIRDER 1 = 2

1=3 |3 m=1 m=2 ‘m=3

: 1 180,22 0.86 - 21.19

MTj 2. - 737.06 119,05 - 2,24
3 968,45 29,67 -35,35
4 . 413,31 1.77 . =12,16

MW 2294,04 . 51,35 -28.54

MOMENT COEFFICIENTS FOR GIRDER 1 = 3

i=4 J m=1 m= 2 m= 3
1 -24,03 - 0.48 70.16
ng 2 465,32 10,54 74,10
: 3 1066 .90 21,81 -53,93
4 681,48 3.47 -82,27
My | 2189.67 36430 8.06

'MOMENTS COEFFICIENTS FOR GIRDER i=4,
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loading as computed in Table 6.23 and Table 6.24 for the two
load poéitions,are then entered in a row below the design”
coefficient, simple arithmatic operations as indicated in various

Tables are carried out to obtain the girder moment coefficients.

6.5.7 Girder loment And Deflection

Moment coefficients derived in.previous section are
used to obtain the girder moments anc ceflections at various
locations. These bending moments are balculated for all thé
four girders under two transverse disposition of IRC Class A
loading._Various computation steps and final girder moments and
deflections at different locations are presented in Tables 6.35

through 6,38.

6.6 COMPARISON OF RESULTS

Based on the computations explained and performed in
earlier sections of this chapter, girder bending moment and
deflection diagrams have been plotted for fhe two typical
loadings adopted. These diagrams have been plotted on the same
sheet ﬁsing different symbols for comparative study. Sblid line
diagrams represent the Harmonics method values for bending
moments and deflections in Fig. 6.7 through Fig. 6.9, Courbon's
method values have been shown by open circles at certain locat-
ions of the girders. Orthotropic plate values have been computed
using (a) Howe curves and (b) Cusens and Pama curves. Bending
moment and deflections values based_on‘Rowe curves have been
TepTesented by open triangles whereas thSe bgsed on Cusens and

Pama curves have been shovn by filled-in circles.
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TABLE -'6.35 : LIVE LOAD GIRDER IDMENTS AT VARIOUS - LOCATIONS
TRANSVERSE LOAD .SYSTEM ¢

EXTREME LEFT,

GIRDER i

"37038 .

107.38 -

X/L - A B c My=(17n°) (A+B+C)
! : (- W)

0.20 . 1524,83  57.02  =102,91 56,40

o 0.40  2467.23  35.24 63.60 ' 97.85

1 0.50 . 2594.20 0 108,21 103.05
0.60 2497.23  -35,24 63.60 95,16
0.80 - 1524,84 -57.02 -102.91 52,05
0.20 - 1366.63 55.83  -46.44 52,47
0.40  2211.25 34,50 23,70 86.73

2 0,50 232506 0 .  48.83 90,52
0.60 2211.25 . =34,50 28,70 84,10
'0.80 1366.63 ' ~55.83  -46.44. 48,21 .
0.20  1170.84 51,27 .= 1.36 - 46.55

| 0,40 1894,42 31,69 0.84 - 73,48

3 0,50  1991.96 0 '1.43 76,01

- 0.60 - 1894,47  -31.64 0.84 71,06
0.80 1170.84 . =51,27 = = 1.36 42,64
0.20 926,13 38.38 107.38 = 40.84
0.40 1498.50 23,10 -66.37 55,49

4 0.50 1575.62 = 0 . . -112,91 .55,78
0.60 1499,50 23,10 = 66,37  53.73
0.80 926,13

37499

'— l.‘ . [ 3 —
A = M131n(nxi/L) 3 B =

Dt (o gy
M131n(2nxi/L), C

Mfs;n(gnxi/L),
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TABLE - 6.36 : LIVE LOAD GIRDER ‘MOMENTS AT'vARIous LOCATIONS
o TRANSVERSE LOAD SYSTEM 3 SYMMETRICALLY PLACED,

GIRDER 1 | = x/L A | ‘B. | ¢ My =(L7n2) ( A+B+C)
. : ' (t-m.>
0.20. 1287.06 '34.52 7.66 50.70
0.40. 2082,50 21,34 -4.74° - 80.00
0,50 2189.67 0o -8.06 83.20
0.60 2082.50 -21.34 4,74 78,40
1 0.80 1287.06 =34.52 © 7.66 48.10
0,20 1348.41 49,01  -27.14 50,30 .
0.40 2181.76. 30.29 16,78 85,00
2 0.50 2294,04 . 0 28.54 88,60
0.60" 2181.76 -30.29  16.78 82.70
0.80 1248.41 -49.01  -27.14 48,50 |
0.20 1348.41 49,01  -27.14 52,30
0440 2181.76 30,29 = 16.78 85.00
3 0.50 294,04 0O 28,54 88,60
| 0.60 2181,76 -30.29 16.78 82.70
0.80 . 1348.41 -49.01  -27.14 48,50
0.20 1287,06 34.52 7,66 50,70 .
| 0.40 2082.50 21.34 - 4.74 80.00
4 0.50 2189.67 0 ~ 8.06 . . 83,20 .
0.60 2082,50 ~-21.34 - 4,74 78,40
0.80 1287,06 =34.52 7.66 48,10

1, N
A= Migln(nxi/L) ; B

2, .
'M151n(2nxi/L) ;) C = Mfs;n(3nxi/L).
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TABLE 6. 37 ¢ GIRUER DEFLECTIDN& AT VARIOUS LOCATIONS:,

LOAD DYETEM ¢ Lubremqe Left.

GIRDER| /L A=Hi sin(3) B=mf Sin(g%ﬁ-. =m§ Sin(SEX) wiif 1/ET
| (2) {argige)
0.20  1524,83 . s57.02 -102,91 0.2669
0.40  2467.23 35,24 63,60. 0.4338
0,50 2594,20 0 108,21 0.4554
0.00  2497,23 .. .35.04 63.60 0.4308
0.80 1524,84 ~57.,02 -102,91 0.2619
0.20 1366,63-. 55,83 - -46,44 0.2403
0.40  2211.25 34.50 23,70 0. 3864
2 0.50  9305.05 o 48,83 0.4071
. 0.60 | 9911.9% “34050 28,70 0.3854
0.80  1366,63 ~55,833 -46.44 0.2354
0.20  1170.84 51,27 - 1.36 10,207
0.40  .1894.42 31,69 0.84 0.332
0.50 ;1991096- 0 . l.43 0, 348
0.60 1894 .47 - ~31.64 0.84 0,329
0.80  1370.84 51,27 - 1,36 0,202
0.20 996,13 38,38 107.38 0.1656
O:.4O 1498,50 23,10 ~66,37 0.261
0.50 1575 .62 0 _ -112,91 - 0.273
.60 1499,50 -23,10 - 66.37  0.254
.80 926,13 -37.38 107.38  0.1633
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TABLE 6, 38 1 GLIWER UEFLECTIONS AT VARIOUS LOCATIONS.,

LOAD SYSTEM symmetrically placed,

-

TR » _\/l s nx ..- -‘2 O‘II‘X = :'3 31 ——-—311:)( /
GIRDER| X/L | A=M: Sin(1=) B=liy Sin(=== T ==2) C=M; Sin( = YW

|.u
I
syl
~
=
H
—

(L# mzm-m

LCWW)
- 0.20 1287,06 34,52  7.66 0,226
-0 2082450 © . 21,34 4,74 0. 365
X °°:O 2189,67 - o -8 .06 0.382
8'88 2082,50 = -21,34 ~4,74 04363
* 1287.,06 34,52 - 7.66 0.223
020 1348,41 49,01 ' 27.14 0,237
. . On 40 ' . .
. 2181.76 ' 30,09 16,78 0,383
2 0,50 J
o 60 2294 ,04 .0 @8.54 . 0.401
° ‘ 2181.76 : "30.29 ; 16Q78 00380
0.80 | o
148,41 -49,01 - -27.14 0.23%
0. 40 1348f4l . 49,01 27,14 ;‘ 0.237
Ve 2181,76 30,29 16,78 0.383
3 0.50 | A
5. 60 2294,04 0 28,54 0.401
0'80 2181.,76 ~30.29 ‘ 16.78 0. 380
° 1348,4) -49,01 ' -27.,18 0.235
g'jg' 1287.06 34,52 7.66 0. 226
4 0,50 - | ,
02 2189,67 0 . - 8,06 0. 582
"ooan 2082.50 ~21,34 = 4,74 0. 567

1287.,06 =34,52 T66 (.22
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LIVE LOAD SYSTEM: EXTREME LEFT (15 Cm FROM KERB)

| | 1. HARMONICS METHOD _—
1201 ; : 4 Ao A _ 2, COURBON’S METHOD o©O -
]

. " 3, ORTHOTROPIC PLATE
a . ~ THEORY

- (Q) ROWE CURVES A
(b) CUSENS & PAMA CURVES e
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LIVE LOAD -SYSTEM : SYMMETRICALLY PLACED

1. HARMONICS METHOD —
- 2,COURBON'S METHOD ~ ©

3.0RTHOTROPIC PLATE
THEORY

(Q)ROWE CURVES A
A - (bJCUSENS & PAMA CURVES o

0-2

| . : | A i ;-G‘]&GA L

0-4" T 061 0.8 1.0

0-2
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onsmwce:spmuu)—» o

FIG. 6:8 — GIRDER MOMENTS AT DIFFERENT LOCATIONS
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“LIVE LOAD SYSTEM EXTREME LEFT (15 cm FROM KERB)

1 HARMONICS METHOD -
2 ORTHOTROPIC PLATE THEORY
(QJROWE CURVES A

or o Y o  (bICUSENS & PAMA CURVES o
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FI6. 6:9- GIRDER DEFLECTIONS AT VARIOUS LOCATIONS
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FIG.6-10— GIRDER DEFLECTION AT VARIOUS LOCATIONS

LIVE LOAD SYSTEM: SYMMETRICALLY PLACED
| " 1. HARMONICS METHOD
2. ORTHOTROPIC PLATE THEORY
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(a) ROWE CURVE A
~ '(b) CUSENS AND PAMA CURVES o«
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Girder bending moment diagrams for the extreme left load
posifions (15 cm from kerb) have been presented in Fige. 6.7. A
close study of the bending moment values which are critical from
the desiun pbiﬁt of view iﬁdicates that Harmonics method Values'
are the lowest (top diagram of fig. 6;7). Rowe curves method which
allows for a~general increase in valﬁes by 10 percent due to
slow convergence results in higher crifical values. Courbon's
method vaiUes are also hiéher. This method being based on arbitary
and gross assumptions does nét appeai to theoreticians. Howeﬁer,
owing to its simplicity in actual use énd being'conservative in
design vélues, it is readily adopted by bridge desianers, Cnsens
and Pama method yields-in bending moment values a little higher
than the Harmonics method values (top diagram of Fig. 6.7).
Similar conclusions may be arrived‘af from the study of bending
moment diagrams presented in Fig. 6.8 and deflection diagrams
presented in Fig. 6.9 although the values differ by small mag-
nitude in some situations. Deflection values being quite small
in magnitude, it becomes uifficult to conclude from the study
of diagrams. However, the computed values in tabular_fbrm lead

to the same conclusion as above,
Based on the study presented abovg it may be concluded that
(1) Harmonics method results—in the lowest criticai.girder
moment values in comparison with (a) Orthotropic piate

theory (i) Rowe curves . (ii) Cusens and Pama curves and

(b) Courbon's method values (Fig.6.7 and Fig.6.8).



(2)

(4).

(5)
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Harmonics method can easily be anplied to skew

girder bridge where as Rovie curves,fusens and Fama curves
and Courbon's Method applf‘to the right bridge only.RBight
bridge is a special case in !larmonics method where-in
the skew parameter K is taken equal to zero (Section

6.5.3(d)).

Harmonics méthod lends itself to perform computation
in tabular forms where-in computations in each sheet
may he performed or checked independently. It offers
a definite advantage in a design office where-in a
group of persons is frequently recuired to do com@@t—

ations independently (Table - 6,23 ‘through Table 6.34)

With the shirting.df load positions or change of |
bridge cross=sections only a part of the computations
invelved in Harmbﬁics method need to be.changed-or
redone. This becomes evident from computation tables
for the two loadihg cases adopted., Tables 6.19 through

6.22 have remained unchanged. Tables 6.23 ahd-6,24

~have been-éfféctéd-to incorporate changes.dué to

shifting of load system;

Cusens and Pama curves are derived for mid-span section
of a right bridge with load also located there. This
is alright from the design point of view. Thrre is no

such limitation or restriction in Harmonics method.

~



CHAPTER - 7

SUKIARY AND CONCLUSIONS

Girder bridges are found to be quite suitable for smgll

| énd medium Span negotiations. A number of methods both'conveﬁ-
tional as well as computer based for the analysis of girder
bridges are available. Some of the methods which do make uge of
.digital computers for the determination and devélopmént of dis-
ltributidn coefficiehts in tabﬁlar or chart form may be clubbed
with conventional methods since they no‘longer need'any~access
to'comput@rs for complete analysis and desion of gifder bridges.
These methods are (l),Orthotropié Plate Theory based (a) Morice,
Little and Rdwe curves 3 and (b) Cusens and Pama.curves 3 and
(2) Harmonics Methad. Courbon's method is another conventional
method which is'quite popular with bridge designers primarily
owing to its simplicity in application. Courbon's method is not
5 favourite with theoreticians for rcasons of gross assumptions
associated with its mathematical modelling. These conventional
methods have. been briefly but lucidly presented in the various
chapters of this dissertation. From the theory point éf view,
the assumptions and limitatiqns associated with these methods
have been discussed. From the appiicétion pointbof view, a typicél
4-girder right bridge having a span of 19.4 m and carriage'widtﬁﬂ
of 7.5 m has béeh analyzed for two critical load positions of

IRC class=A loading. A comparative sfudy‘of the results for
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girder bending moments and deflections as obtained by the above
mentioned méthods has been carried out and certains conclusions

arrived at which may be stated'as'follows

(1) Harmonics method results-in the lowest critical
girder moment values in comparison with (a) Orthotropic
plate theory (i) Rowe curves (ii) Cusens and Pama
curves and‘(b) Courbon's method values (Fig. 6.7

and Fig. 6.8),

(2) Harmonics method can easily be applied to skew
girder bridgé'where as Rowe curves, Cusens and
Pama curves and Courbon's Hethod apply to the right
Eridge only. Right bridge is a special case in
Harmonics method where-in the skew parameter K is

taken equal to zero (Section 6.5.2(d)).

(3) Harmonics method lends itself to perform computation
in tabular forms where-in computations in each sheet
may be performed or checked independently. It offers
a definite advantage in a desigh office where-in a
group of persons is frequently réquired to do

computations independently (Table 6.23 through
Table 6.34).

(4) - with the shifting of load positions or change of
bridge cross=sections only a part of the computations
involved in Harmonics method need to be changed or

redone. This becomes evident from computation tables



(6)

142

e

/-

for the two loading cases adopted. Tables 6,19
through 6.22 have remaines unchanged. Tables 6.23
and 6.24 have been affected to incorporate changes

due to shifting of load system.

Cusens and Pama curves are derived for mid~5pan
section of a right bridge with load also located
theres, This is alright from the design point of

view. There is no such limitation or restriction

in Harmonics method.

Harmonice method gives girder moment instead of
share of imposed loading taken by individual
girder 3 which is highly advantageous from the

design point of view.

*¥
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APPENDIX - A

FOURIER SERIES OF LOAD FUNCTIONS :

Fourier Sine series of a general load function w(x) acting

. on a simply supported girder of length L is given by -

First three terms of this series for. same loading cases

are given below

(i) For a single conc. load w at a distance X1 from
the left support of girder of length L, the

coefficients are

L w ,
_ 2 Lo onmXy o L1 . 4nX
W=7 £ f(x) sin( T =) = —= sin 7§
3 . nmx _ _
Wix) = 25 sin (s——=) sin (BEX)
L _ : L L
. - n=1 .
(1i) For multiple loads wj,Woees Wy simultaneously acting
on a girder of length L,'at_(xl,xz... xb).
5 P o nmXs
w =% L ) Wy sin( T ).
i= = :
-3 . DX,
-2 - iy gip (DEX
and w(x) = T ?zl[wi SJ.n(L ) sin (L )]

(iii) For patch load w per unit length over a segment

X. € x € %o
i

2
oy nTXy - NMX,
W= [cos(——) - cos(—z——)]
3 nmx nmnx

or

wix) =T 2 oos(p ) - cos (=) Jsin( F)



(1v)

For u.del., w per unit length over entire span
of girder,

W =2 2w

n =7 = (1l-cos(nm))

2w . nmx
or wi(x) = §Zl e (l-cos(nm))sin T

*%*
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APPENDIX - B.

TORSIONAL CONSTANT (J)

A

It is not a simple geometric property of section like
flexural constant I. Approximate procedure for J is explained

for various shapes hereunder,

(a) Rectangular Section :

Torsional constant J for rectangular shown in Fig. B=1l(b)with
sides b- and a is given by J = K b a3. Where K is called the
Timoshenko torsion coefficient and is a cunction of aspect ratio

b/a as shown in figure B-1(a).

(b) T-beam Section

Fig. B-2(a) shows a practical T-beam section and Figure

-2(b) shows an idealized section consisting of three rectangular
areas. In a séction_cbmprising of a numbers of rectangules it is
logical that the overall torsional stiffness is eQual to the sum
of stiffnesses of individual rectanglés. This is perfectly true.
but in load distribution procedure what is requlred is the
equ1valent torsional stiffness of orthotropic plate and torsional
parameter, o as function of this torsional stiffness. Hence it is
not correct to isolate an individual T-beam in a T-beam bridge
and deiermine @ in this way. If this is done the value of «

so derived will be greater than Qnity;.which is impossible. This
is due to.the fact that top flange of the T-beam, which is a parf

of the top slab does not satisfy the equation ( J = Kb a3) as
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it assumes the shear flow in the direction as shown in Fig. B-2(c)
If the shear stress at the ends of the rectanglé which have a
large lever érm are neglected, the value of torsional'stiffness

will be half of that given by the above equation.

In a T-beam bridge in each individual.T-beamronly the
shear stress parellel to the top surface can exist . and if an in-
dividual T-beam is isolated, then top flange contributes only
504 of torsional stiffness. Thus torsional inertia is given by

3
)

2b

1 3 ' 13

Further in reducing a practical section to idealised

section, it is sufficiently accurate to make the two sections of

equivalent area and neglect the small fillet as shown in Fig. B-2(b).

(c) Hollow Box Section :

~

Consider a bridge with a cross-section shown in Fig. B-2(d),
to deduce the torsional inertia of this section, an individual
cell is.considered as shown in Fig. B-2(e) by dividing the webs

at their centreline. By using the membrane/analogyAJ is given by

7= 42> ]
= ¢,Q§
t
-where,
A = Area of hole in Section .
ds = An element of perimeter of the hole.
t = Thickness of wall at the elément.

If the per@@éter of hole consists of a series of straight

lines as shown in Fig. B-2(f), J can be deduced as :
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o 4 A°
p-2t;  p=2t; 2(d-t;-%,) ‘
T, TR, vt Tx ]
1 2 3
ILLUSTRATION

Torsional constant, in case of Harmonlcs Method is

‘calculated by taklng full contrlbutlon of flange (18).
J for T-section shown 1n’Fig. B=-1{¢)

From Fig: B~l(a)

K, for element (1) = 1/3
K, for element (2) = 0.295
Ky for element (3) = 0.228

J

i

K(220)(20)3 + K,(135)(25)3 + K (50)(25)°

= 13.87 x 10° cm?.

* %
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APPENDIX = C

Expressions for bending moments at various girder
locations. Eor four girder bridge acted upon by a loading

shown in figure are given below.

J‘Igg b Ksgh Ko 4
1‘
%1 2 Gs - Ga

Ml = "‘hp KO
_ b_ 2y_, 2.
My = 73 [4p K (l—Ko)—4PlKl(l—Kl)—P2K2

2 ' 2
(5-K5=12K+7) + p3K3(1-K3) ]

2

R T : ;2
M, = [ Poho(l Ko) + PlKl(l—Kl) +-P.K (5K2

15 Ko (5K5-3K,=2)

D 2
- 4p313( 1-K3) + 4P K, (1K) ]
My = 4P K,

Here positive moment gives sagging moment.

* %



‘ - xix
APPENDIX - D

- The procedure for reading the design coefficients
from tabulated values is explained.hereundér. Linear inter-
polation is applicable for the values of « and K but for g
interpolation function as given earller is used. The sample
design coeff1c1ent tables presented hereln may be referred

‘as follows

- Colum 1 indicated by G stands for girders 1,2,3,4

- Column 2 indicated by H stands for load harmonics 1,2,3

- Values in Column 3 through column 6 are the design
Poeff1c1ents of first moment harmonic 51n(nx/L) for
glrders 1,2,3,4

- Values in column 7 through column 10 are the design
coefficients of second harmonic sin(2nx/L) for
girdérs 1,2,3,4

- Values in column 11 through column 14 are the design

coefficients of 3rd harmonic sin (3nx/L) for

girders 1,2,3,4.

Thus there are 3 x 4 design.coefficiénts for the
4-girders in each row corresponding to a particular imposed
load harmonic on a particular girder. For load on all the
four girders there are 12 X 12 design coeff1c1ents for a

particular comblnatlon of a, B and K.

3
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0.266 0.270 0.247 0.220 0.000
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13 0.057 0.005-0.025-0.038 0.000
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2 2 -0.000-0.000 0.000 0.000 0.268
23 0.001 0.016 0.003-0.021 0.000
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1 0,302 0.260 0.229 0.209 0.000
¢ =0.000-0.000 0.000 0.000 0.388
3 0.054 0.006~0.023-0.037 0.000
T 0.260 0.264 0.248 0.229 0.000
2 -0.000~0.000 0-080 0.-000 Q.267
3 0.002 0.015 0.002-0-.020 0.000
1 0.229 0.248 0.264 0.260 0.000
2 -0.000-0.000 0.000 0.000 0.190
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0.000 0.000 0.006 D.015 0.002-0.023
0.232 0.190-0.000-0.000 0.000 0.000
0.000 0.000 0.242 0.478 0.207 0.074
0.000 0.000-0.023 0.002 0.015.0.006
0.311 0.267-0.000-0.000 0.000 0.000
(0.000 0.000 0.074 0.207 0.478 0.242
0.000 0.000-0.037-0.020 0.002 0.054
0.267 0.388-0.000-0.000 0.000 0.000
0.000 0.000 0.017 0.074 0.242 0.667
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APPEHDIX -

Design curves used for obtaining distribution coeffi-
cients in Orthotropic Plate Theory; given by Morice, Little’
and Rowe (20) and Cusens and Pama (7) are presentéd here.
These cureve are drawn between flexural parameter (9) and

Ve

distribution coefficient (K), for various load eccentricities.

First five éurves gives distribution coefficients for
no torsiornngllage( a=0), desigh curve s%x is for large
range diétribution coefficients, curves seyen through curve
eleyen are for full torsion grillage( o = 1 ). In Gusens and’
Pama curves cne additional éraph for large range distribution

~coefficients ( ¢ = 1 ) is also given.

* ¥
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