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Abstract- In this report the structural behaviour of box girder bridges have been studied regarding
bending moment, shear force, bending stresses and deflection in longitudinal and transverse directions.
Two box shapes namely, rectangular and trapezoidal have been considered for the study. STAAD PRO, a
general purpose finite element analysis software has been used as the basic platform for modeling and
carrying out the two dimensional linear elastic finite element analysis of box girder bridges considered in
this study. To compare the longitudinal and transverse stresses in both sections, three dimensional finite
element analysis has been done using plate elements in STAAD PRO.

This study has shown that as a whole the structural response of bridge with rectangular box section is
better than trapezoidal box section in transverse analysis. It is observed that the longitudinal stresses
are not significantly influenced by the shape of the section. Therefore it is concluded that the overall
structural response in rectangular and trapezoidal sections will not differ much in longitudinal
analysis of pre stressed box girder bridge.
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aggressive atmospheric condition. The

pre-stressed concrete girders are more
INTRODUCTION . .
economical for long span bridges. The

The prestressed concrete has found pre-stressed concrete bridge offer high

extensive application in the degree of freedom from cracks, low

construction of long span bridges, maintenance, long life etc.

gradually replacing steel which needs The high torsional rigidity due to closed

costly maintenance due to the inherent
disadvantages of corrosion under
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box section and the efficient transverse
distribution of load make the box girder
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bridges more viable. Also these bridges
are more aesthetically pleasing than
other bridge types.
The main advantage of pre-stressed concrete
for bridges is reduction in weight and slender

appearance.

STRUCTURAL BEHAVIOUR OF A BOX GIRDER

The structural action of the box girder
deck is more complex than a beam-and-slab
type deck and hence also the analysis and
design. The forces coming on the decks lead to
the longitudinal bending, transverse bending
and interaction of longitudinal and transverse
bending. Under the self weight as well as for
symmetrical loadings, the box section primarily
experiences longitudinal and transverse
bending. However, in the presence of
unsymmetrical loading, the box sections are
subjected to torsion in addition to bending in
longitudinal and transverse directions and three
actions are generally referred to as simple beam
actions. Moreover, since the walls of the box
girder are made thin in order to reduce the self
weight of the bridge, distortion and warping are
also developed in the box section in addition to

simple beam actions.
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The share of the load coming on the
deck to be resisted by longitudinal structural
action and to be resisted by transverse action
could normally be understood from deformed
profile of the deck. The interaction of
longitudinal and transverse bending and the
requirements of compatibility conditions have

to be synthesized in the analysis
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(b} Enlarged elevation of region of box beam
near support showing shear lag in bending

{a) Shear lag in bending

Thus, the structural response of the box girder
bridge is a combination of five structural actions
namely longitudinal bending, transverse
bending, torsion, distortion and warping.
Furthermore, in box sections the longitudinal
bending stresses in top/bottom slabs in the
regions close to the webs are found higher in

comparison to other points on the top/bottom
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slab at that section on respective slabs. The
phenomenon associated with this non-uniform
longitudinal stress distribution is called shear
lag. Simple bending theory is unable to reflect

the shear lag phenomenon.

LITERATURE REVIEW

Box girder bridges are becoming
increasingly common in the present day
highway system as a result of efficient traffic
flow requirements. A number of authors have
investigated the behavior of straight and curved
box sections using finite element techniques,
plate theory and finite strip method. Direct
applications of the finite element method
currently permit the analysis of all structures

irrespective of their complexity.

The structural action while resisting the
external loads has been clearly explained by
Maisel and Roll. The evaluation of shear
stresses caused by the variation in warping is
first developed by Koll Brunner and Hajdin for
the case of torsional warping. This was later
developed by Steinle for the case of distortional
warping. The idea of introducing the warping
stresses as equivalent concentrated forces at

the nodes was given by Vlasov.
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Many investigations during the past years have
attempted to simplify the problem of analyzing
a slab, or a slab on a network of beams,
subjected to loads. In all of these cases, the slab
and beam system is converted into an
equivalent grid work of beams or to an
equivalent anisotropic slab. Once this is done,
the method of analysis varies depending on the

investigator.

INFLUENCE OF BOX GIRDER CROSS SECTIONAL
SHAPE

Kenneth (1986,1988) has Proposed a method in
which the three dimensional behavior of box
girder is approximated by superimposing results
obtained by simple membrane equations,
based on simple strength of materials
relationships, and those obtained by frame

analysis.

Maisel(1985) has used principle  of
superposition to analyses the box girder.All the
above methods are valid only for design /
analysis in the elastic range. However to

determine the ultimate strength of the box

girder bridge Nonlinear analysis is required.

Influence of geometry on structural design of

concrete box girder bridge is studied by
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TahaA.Majeed and PasalaDayaratnamto assist
the designer in proportioning of the box girder
bridge. The relative sizes of segments on forces
and design details are assessed. The box is
analyzed for various combination of sizes of the
segments by elastic theory of folder plates and
bending moments and shear forces at critical
locations are obtained The recommendations
on the optimum relative sizes of box girder are

made.

According to Dayaratnam and Majeed, the main
geometrical properties that influence the
design of cross section of box girder consists of
selecting approximate values of the key layout
parameters which are over hang ratio Cc, web
thickness ratio Cw, web slope S, and soffit

thickness ratio Cb where the ratios are

Cc = cantilever over hang / top slab width

Cw = web thickness / top slab width

Cb = soffit thickness / girder depth

The study of Manoj Kumar and Sagar Samaria is
concerned with the analytical investigations on
influence of box cross-sectional shape on the
structural behavior of reinforced concrete (RC)
box girder bridges. In this paper the structural

behavior of box girder bridges has been studied
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in terms of deflection, longitudinal and
transverse bending stresses, and the shear lag
coefficient. To this end two box shapes namely,
rectangular and trapezoidal have been
considered for the aforementioned study.
ANSYS, general purpose finite element analysis
software, has been used as the basic platform
for modeling and carrying out the three
dimensional linear elastic finite element
analysis of box girder bridges considered in this
study. The outcome of this study has shown
that as a whole the structural response of
bridge with rectangular box section is better

than trapezoidal box section.

Study of straight and curved box girder bridges
in the form of single cell, multiple spine and
multi cell cross section is donein analysis of box
girder bridges by kaled m sennah , assist prof.
ryerson university , canada& john b kennedy
prof. university of windsorcanad .Theyhave
done Elastic analysis and Experimental studies
on the elastic response of the box girder bridges
Experimental results of 24 models representing
a simply supported reinforced concrete box
girder bridge subjected to combined bending

and torsion are reported in this paper.

Present study
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To study the structural behavior of box
girder bridge, a two lane simply supported
single cell prestressed box girder bridge of span
34m is considered. Diaphragms are assumed at
supports only. In order to study the influence of
box shape on structural behavior of box girder
bridge, the bridge has been analyzed using the
software STAAD PRO for two cross sectional

shapes namely rectangular and trapezoidal.

The aim of this study is to understand
the response of a prestressed post tensioned
box girder bridge deck to variation in its cross

section.

Analysis of the box girder bridges is
carried out for rectangular and trapezoidal cross
section with same dimensions using Staad Pro
for a given span of 34m and width of bridge
8.6m between the supports. Based on the
response of the bridge decks, a parametric
study is performed to understand the effect of
box shape on structural behavior of prestressed

post tensioned box girder bridge.

The parameters used in this study are :

1. Maximum Bending Moment
2. Maximum Shear Force

3. Maximum Reactions
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4. Maximum Deflection
5. Maximum Longitudinal and
Transverse Bending Stresses.
For the finite element analysis using Staad, the
modulus of elasticity and poisonsratio for
prestressed concrete along with wearing coat
have been taken as 3.354x10” KN/m?& 0.15

respectively

Since the present study intends to
investigate the effect of shape only, the
top slab width, overall depth and
thickness of all box elements namely,
top slab, bottom slab and webs has
been kept constant. The geometrical
details of rectangular and trapezoidal
sections considered in this study are

shown in figure.

RECTANGULAR CROSS SECTION TRAPEZOIDAL CROSS SECTION

B Grade of concrete = M45

Copyright © 2019Authors



Think IndiaJournal
ISSN: 0971-1260Vol-22, Special Issue-11

o

6th International Conference on Innovation and Research on
Technology and Engineering
held on 19-20 December 2019
< —— Venue- Vasantdada Patil Education Complex, Eastern Express
Highway, Sion - Chunabhatti, Near Everard Nagar, Mumbai,

Maharashtra 400022

B Valueof E = 5000 vfck

B Density of concrete =
25KN/m3

ANALYSIS - USING 2D BEAM ELEMENT

B The beam element is assumed to be
straight 2 node element of constant
doubly symmetric cross section. The
beam is capable of resisting axial force,
bending moments and twisting
moment. The stiffness properties for a
uniform beam element are derived
from the differential equations for
beam displacements in the beam
theory.

B The sectional properties are evaluated
for various sections such as end section,
running section and diaphragm section.

B [RC class A loading consists of a train of

wheels with a total load of 554 KN each
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in both lanes.
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1100 3200 1200 For Two lane carriageway of 7.5 m
g=12m,f=150 mm
Axle load KN Ground contact area
B (mm} W (mm}
114 250 500
68 200 380
41 150 300
27 150 200
16 125 175

Fig. IRC Class A and B Loadings

ANALYSIS OF BOX GIRDER RIGHT BRIDGE

The following inputs are given to the software
(staad-pro) in the analysis.

1. Geometry of the structure.

2. Member properties of both longitudinal and
transverse members. These involve the section
properties as well as the material properties.

3. IRC loading.
4. Support conditions of the deck.

ANALYSIS FOR LONGITUDINAL FLEXURAL
STRESSES

B The geometry is prepared by using 2D
beam elementsin staad. Co-
ordinates of different nodes are
entered at small intervals.
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B Total 21 nodes and 20 beam members
are considered. Sectional properties,
Material properties and Support
conditions are added in the Input.

B The DL and SIDL are considered as UDL

B [nstaad pro input, Load cases 1 to 100
is considered for moving load positions.
L/C 101 is for DL and L/C 102 is for SIDL
are considered

IRC class A wheel load for two lanes are
considered for LL input in staad with moving
load option for 100 cases at 0.5m forward
movement.

Position for Max. BM for LL and the
corresponding reaction from staad result is
shown below for trapezoidal section.

T R AT oy

1AL S0 Bl LS00 oy 50 Ml 4033900 iy

M5l

EVALUATION OF STAAD OUTPUT
Maximum Bending Moment and Shear Force
for DL, SIDL and LL are got from the output file
of Staad pro.

Max. BM and deflection occurs at mid-span for
LL position of Load case 51.
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Lol 51 - Disphermemt
Displacement - mm

Maximum BM diagram for DL and SIDL at
midspan is also studied

Max. BM and SF for the combination of DL, SIDL
& LL is calculated at various sections.

ANALYSIS FOR TRANSVERSE BENDING

Geometry is prepared with 10 nodes and 9
beam members. Load Cases 1 to 8 are
considered for different LL positions. Load Case
9is given for DL and Load Case 10 is for SIDL.
Load Case51 is provided for the load
combination of DL and SIDL. L/C 8 is shown
below.

B Class A wheeled loading has been
considered at mid span and has been
placed at minimum clearance from the
inner edge of the kerb to produce
maximum torsion in the section.
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BM for combined DL and SIDL also computed.

Comparison of results from staad pro for

Longitudinal Analysis

BM diagram for LL—L/C 8
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Parameter Rectangular Trapezoidal Cha Parameter Top slab Bottom slab
section section Rectangular | Trapezeidal | Rectangular | Trapezoidal
Maximum Bending
Moment {t-m) Mand. BM{KNM )
Due to DL 1547 1493 3.6 Due to DL+SIDL | 20 475 20475 o848 5701
sIDL 515 S5 o LL 54.955 96.01 9315 24257
LL 835 635 0]
Maximum  Shear Mepe. S.F L)
FOI’CG (t) Cue to DL+SIDL 2.52 252 146 114
Dueto DL 205.77 207.8 1 L 8.54 354 032 153
SIDL 64 42 64 47 0.07 Manc,
LL 100.32 100.32 0] Deflection (mm}
haximum Due to DL+SIDL | 0.643 0.630 0325 0135
Deflection (mm) LL 1243 2145 0433 0882
Due to DL 2353 24 730 5.07 Max Tremeveras
SIDL 7.809 8.507 5.94 stress (KN/m?)
LL 9.334 10170 3.96 bueto LL 047 5650 Ho4s 2525
(12% more)

Comparison of results from staad pro for
Transverse Analysis
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FINITE ELEMENT ANALYSIS —USING 3D PLATE
ELEMENTS

B The bridges considered in this study
were modeled using a three
dimensional 4 nodded quadrilateral
plate elements. The full model in each
case consisted of 180 nodes, 170 plate
elements and 4 supports. Meshing has
been done for top slab, bottom slab and
side walls.

To simplify the model, the thickness
variation of top slab and overhangs are
neglected by simply using an average
thickness of the slab. The DL and SIDL are
entered as element pressure int/m2.

B The two trains of wheel loads of IRC
class A vehicle for two lanes are treated
as concentrated loads. Their position
for maximum response is taken from
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the result of 2D beam analysis. LL in IRC CLASS-A VUEELED VEMICLE (0D
tonnesare entered on respective plate
elements so that they are considered as JIELE LA
concentrated loads. IRC class AA
tracked vehicle is also considered
separately. The load cases considered Tml;gh

are as follows.

f—ez—f =13

At
a

7
e

B |oadcasel - DL , L/C2 -SIDL

B
& T EsT

1%

T

B L/C3 -LL IRC class A wheeled vehicle- \ T
Two lanes ! %

|

|

m

B L/C4 -LLIRCclass AA 70-R- One lane

B |/C 11 - Service load (DL+SIDL+LL class I L
A wheeled) el

G
- 300 j 1
i —ti— i

B |/C12- Service load (DL+SIDL+ LL 70R)

Rectangular section with class A wheeled
load for two lanes and
Trapezoidal section with 70R tracked load
for single lane
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Support Reactions [ in M ton)

Rectangular saction Trapezoidal saction
20 Analysis 30 Analysis D D
oL 216021 (Ns) 211.344{N92 96) 207 113{N;) | 200 196(M92,96)
26.021(Mig)  211.344{N33 37) 207 113{Mya) | 200 196(M33 97)
5oL 64 426 6305 f4 426 63049
64 426 62646 f4 476 62646
LL-  IRC|59.064 50.063 59064 50.064
class  A|51736 51736 51736 51736
wheeled

Thus the formulation of the staad pro method for self weight, superimposed load

and live load s verified to he comect and the programme can be used for the

prablem under consideration in 30 analysis

Uil

Validation of Finite Element Analysis Result
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Node Displacement Summary - Rectanqular section

Deflection
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Plate Centre Stress summary( Rectangular

Shear Membrane Bending

(x Oy Sx Sy Sy M My My

Plate  LIC | (Ninm) [ Unm3 | (Ninm) | (Nimm) (Ntnn ) (cNim) | (kimdn) (ki)

MacQs 180 1000 [ 02| Q4% | 07| 4TS 08M 4| ITH 202
MinGx 148 1100 | 023 ) 0455 | 005) 428 0§ 9% 45 -0
MaxQy 111 100 026 | 056 | 0061 | 0% 7% 96| 1337 29084
MinGy 180 1200 0207 2| 0056| %7 O7H® 45M | 178 278
Max$x 83 1100 0| 0024 3689] 0494 0007 27919 | 48 0142
MinSe 66 1100 0003 0078| T 00M 002 6409 | 18039 .4t
Wary 106 00| 0193 D04 | 0045| 1496 0SB 135 | 835 40102
MinSy 105 00| 0037 | 00| 3494 2086 A3 1550 | 493 5762
MaxSyy 184 100 0N | 0244 | G681 | 4394 MMM 3023 | 2972 14216
MnSey 150 1100 0206| 0246 | G6S| 432 M 0414 03 44008
MaxMx 120 1200 | 0196 | 028 | HA2| 4264 208 20M8 | 20009 43143
Minx 150 1100 0208 06| -G63[ A3 32M 04| 5038 4008
Maxy 17 200 0485 | O8] NI A4 29 28318 ) 2019 43143
WinMy 150 1M00[ 0206 0246| -669| 4372 32 0414 | -J0.HE 14008
Maxby A1 1000 0206 086 0061 [ 4054 07% 9206 | 4337 20
Minby 143 100 0228 087 | 0067 | 0888 0801 90% | A28 20853
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Comparison of Results from FEM Analysis- B |t reflects higher torsional rigidity of
Service load condition rectangular section than trapezoidal
Parameter Rectanquiar — Trapezoidd " change section.
section section B As a whole the structural response of

bridge with rectangular box section is
better than trapezoidal box section in

Maxmum B3 JoRb <% transverse analysis.
Defiection fim) B In 3D analysis by FEM , the max.
deflection does not vary much in both
— sections
Mat. Longtudnal | 3659 3057 %
) B Therefore it is concluded that the
dress (KN overall  structural  response in
rectangular and trapezoidal sections
Vo Trmee |10 o i will not differ much in longitudinal
' analysis of pre stressed box girder
sess (i) bridge.
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