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Abstract — This paper present a literature review related to
Curved span PSC Box girder. The curvilinear nature 6 box
girder bridges with their complex deformation patterns and
stress fields have led designers adopt conservativeethods
for analysis & design. Recent literature on curvedgirder
bridges to understand the complex behavior. In theresent
study an attempt has been made to study the Sigrifince of
PSC Box Girders & Type, Curvature effect of span, ke load
effect, Wrapping stress in curved Box girder, Sheatag &
Torsion effect due to curvature. Comparative study b
analysis & design of PSC T-girder with PSC Box girdr using
software Staad - pro, Normal & Skew Box Girder with
different geometrical combination has been included
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and can be easily designed to resist the high cioasi
demands created by horizontal bridge curvature and
vehicle centrifugal forces. Curved composite bordgi
bridges generally comprise one or more steel Uegerd
attached to a concrete deck through shear consector
Diaphragms  connect individual steel U-girders
periodically along the length to ensure that thelde
system behaves as a unit. The cross section efeh sbx

is flexible ( i.e., can distort ) in the cross-widiection
and must be stiffened with cross frames that astalied

in between the diaphragms to prevent distortionb\&ied
bottom plate stiffeners are required to improvéitits of

the relatively thin steel plates that make up tteelsbox.
During construction, overall stability and torsibngidity

of the girder are enhanced by using top bracing Inezs
These bracing members become unimportant once the
concrete decks hardens, but are usually left ircepla
anyway. Paper will cover the references relatedh®

development of guide specifications, including the

_ The construction of curved span girder bridges iBehayior of curved box girders , load distributiand
interchanges of modern highway system has becorpgges of practice for straight and curved box girde

increasingly popular for economic and aesthetisora in

many countries over the world. Particularly in lkndi

bridges, dynamic response, Shear Lag & Torsionceffe
and ultimate strength of such bridges.

especially in growing cities such bridges of curved

alignment have been used in the design of crowdednu
areas where the multilevel interchanges must bk Wwith
inflexible geometric restrictions.

The curve alignment box girder bridges are very

complicated to analysis and design due to theirptexn
behavior compared to straight span bridges. Trgatie

Il. L ITERATURE REVIEW

Khaled M. Sennah & John B. Kennedy performed
(1) elastic analysis and (2) experimental studiestte
elastic response of box girder bridges. In elastialysis

horizontally curve bridges as straight is one o ththey represent the orthotropic plate theory metigotlage

recommended method to simplify their analysis agsigh

analogy method, folded plate method, finite element

procedures as per some foreign codes but sufethod, thin-walled curved beam theory etc. _
recommendations are not mentioned in IRC codes. TH&€ curvilinear nature of box girder bridges alomih
recommendations given in the foreign codes (CHBDC &€ir complex deformation patterns and stress si¢ldve
AASHTO-LFRD) are underestimates the actual stradtur!ed designers to adopt approximate and conservative

behavior of curved span box girders.

methods for their analysis amsign Recent literature on

Curved bridges may be entirely constructed o$traight and curved box girder bridges has death wi

reinforced concrete, prestressed concrete, steel,

analytical formulations to better understand thaaver

composite concrete deck on steel |- or box girdersf these complex structural systems. Few authoke ha

Concrete box girders are usually cast in situ ecast in

undertaken experimental studies to investigate the

segments erected on false work or launching framik aaccuracy of existing method.

then prestressed. The decks could be of steefforeed
concrete, or prestressed concrete. Curved compbsite
girders have a number of unique qualities that nthken
suitable for such applications, such as 1). Theirctural
efficiency allows designers to build long slendeidges
that have an aesthetically pleasing appearance; apd
Composite box girders are particularly strong insitn

Kenneth W. Shushkewich? performed approximate
Analysis of Concrete Box Girder Bridges. The attua
three dimensional behavior of a box girder bridges
predicted by a folded plate, finite strip or finisdlement
analysis can be approximated by using some simple
membrane equations in conjunction with plane frame
analysis. This is a useful method since virtually a
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structural engineers have access to a plane frampwter reinforcement comparison, thurlimann’s approachd an
program, while many have neither the access nor tlstucchi's approach is considered. Newly developed
inclination to use more sophisticated programs. Iapproach: This new approach assumes that the most
particular, the method allows the reinforcing andealistic model is the one which considers that free
prestressing to be proportioned for transverseufiexas incrementAT, due to the transverse bending moment, is
well as the stirrups to be proportioned for londihal balanced at the same time by an increase of thereien
shear and torsion in single celled precast concretempressiomTc and a decrease of the tension fokdgn
segmental box girder bridges. The author consitdees the stirrups leg adjacent to the compression strut.
following points for explanations: (1) the webs mlg Therefore, AT = AT + AT, This proposal considers both
inclined or vertical. (2) Self-weight, uniform loa@dnd ideas proposed in Thurlimann’s and in stucchi’srapph.
load over the webs may be considered with respect imilarly to Thurlimann’s and in stucchi’s, this thed
transverse flexure. (3) Both symmetrical (flexurald proposes that until a certain level of transversading
anti-symmetrical (torsional) loads may be considesth moment mmax1, the equilibrium is reached by thatstr
respect to longitudinal shear and torsion. Thisepap eccentricity alone, whose width should be limitgdthe
particularly useful in the design of single cellptecast shear strengthTRwdwithout the need for additional
concrete segmental box girder bridges without aergig reinforcement. For higher values of transverse mend
the effect shear leg and warping torsion. The authonoment, this model proposes that the force incrém&n
represents the three examples of box girder bridgds would increase the compression force and at the sane
different load cases and concluded that the resflta would reduce the tension force T in the stirrupg le
folded plate analysis which is considered to becegan adjacent to the strut. Equation of the equilibrivoh

be approximated very closely by using some simpl@momentis given by,

membrane equation using in conjunction with a planﬁ1 =C FAT 4w FAT
frame analysis. max2 Enax C (emax 2 ) tbw

Y. K. Cheung et al.®! discussed on curved Box Girder e e AT=ATt+ATc
bridges based on the curvilinear coordinate systiw®, L L‘ - T r
spline finite strip method is extended to elastiist »I\ LL o ! "\ ¥

analysis. As the curvature effect cannot be ignotkd
webs of the bridges have to be treated as thirlsshatl
the flanges as flat curved plates. The shape fumstfor e R
the description of displacement field (radial, tanigl, L
and vertical) are given as product of B-3 splinactions -

i
|

in the longitudinal direction and piece-wise polymials in - ‘

the other directions. The stress-strain matricestian be k >J|

formed as in the_ standard finite elgment _methoc Intemal forces in the web

Compared to the finite element method, this metyietils

considerable saving in both computer time and effor Figure:1 Newly Proposed Design Approach

since only a small number of unknowns are generally ) ) -~ )
required in the analysis.This paper representsethre Ayman M. Okeil & Sherif El Tawil ™ carried out
examples box girder bridges of different geometricletailed investigation of warping-related stressesl8
shapes to demonstrate the accuracy and versatflitge COMposite steel-concrete box girder bridges. Theger
method. This method was recently devised by Cheatng designs were adapted from blueprints of existingders
al. (1982) for the analysis of right straight ptatnd box in the state of Florida and encompass a wide rasfge
girders. It was then subsequently extended to cekew Parameters including horizontal curvature, crossiceal

plates (Tham et al. 1986) and the plates of aryitshape Properties, and number of spans. The bridges aiftéch
(Li et al. 1986). the analysis prototypes are modeled were desigred b

Ricardo Gaspar & Fernando Reboucas Stucchi’ different firms and constructed at different tinesd are
presented Web Design of Box Girder Concrete Bridge§onsidered to be representative of current desigotipe.
An experimental investigation was undertaken whle t Forces are evaluated from analyses that accounthéor
purpose verifying the validity of the newly devedmp Cconstruction sequence and the effect of warpingding
approach. The following failure modes were consider iS considered following the 1998 AASHTO-LRFD
excessive plastic deformation of stirrups, crushifighe Provisions. Differences between stresses obtain&thg
compressed struts and failure of the stirrups difattgue. Warping into account and those calculated by igmpri
The experimental results showed good agreementthéth Warping are used to evaluate the effect of warping.
results of the proposed approach. Furthermore tehes Analysis results show that warping has little effes both
revealed new aspects of the fatigue behavior,aieré of Shear and normal stresses in all brldg(gs.
the stirrups due to fatigue occurred in stages,aretime ~ Babu Kurian & Devdas Menon  performed an
in gradual manner. In all cases, failure took plaear the estimation of Collapse Load of Single-cell Concrix-
connection between the web and the bottom flangéhis ~ Girder Bridges. The simplified equations availatde
paper the approach of reinforcement sum, approdch Ryesent to predict the collapse loads of singleamicrete

box girder bridges with simply supported ends aasehl
Copyright © 2016 1JEIR, All right reserved
154




International Journal of Engineering Innovation & R esearch

Volume 5, Issue 2, ISSN: 2277 — 5668

on either space truss analogy or collapse mechanisrwhich is verified by the analytical method and nuiced

Experimental studies carried out by the variousasshers
revealed that, of the two formulations availableptedict
the collapse load, the one based on collapse mischsus

examples. The shear lag effect in box girders with
different type of support conditions under presims is
analyzed in detail. The shear lag effect in boxdeis

found to be more versatile and better suited to bainder prestressing is more apparent than that under
sections. Under a pure bending collapse mechanismmiformly distributed loads or vertical concentditeads.

existing formulation is found to predict collapsad with

The values and distribution of shear lag coeffitseare

higher accuracy. However, in the presence of croseelated to the anchorage locations of prestresaimthe

sectional distortion, there are significant errams the
existing theoretical formulation. This paper attésnpo
resolve this problem, by proposing a modificationtiie
existing theory, incorporating an empirical expressto
assess the extent of corner plastic hinge formatioder

distribution of internal forces along the girderden the
combined uniformly distributed load and prestregsin
Among the conclusions of the study is that negagivear
lag under the uniformly distributed load and pressing
may occur both at the mid span of a simply supploltex

distortion-bending collapse mechanism. The modifiedirder and at the fixed end of a cantilever boxigir

theoretical formulations are compared with
experimental results available in the literaturewNsets of
experiments are also conducted to validate the gsexh
modified theory to estimate the collapse load. linttse
cases, it is seen that the modified theory to ptetfie
collapse load match very closely with the experitakn
results.

Pure bending collapse mechanism:

The equation for collapse load P;L-#th +2 Ryhy)

the Robert K. Dowell & Timothy P. Johnsor® discussed

Closed-form Shear flow Solution fdox Girder Bridges
under TorsionTo provide desired stiffness and strength in
torsion, bridge super structures are often conttduwith

a cross section consisting of multiple cells whietve thin
walls relative to their overall dimensions and seS8aint-
Venant torsion through shear flow (force per uaitdth)
that develops around the walls. For a single thatled
cell subjected to torsion, shear flow is constdohg each

of its wall while shear stresses vary around thetice

F» & Fw = Total yield force of the reinforcement providedpased upon changes in wall thickness. When thes cros

in bottom flange and one web
h =
centroidal axis of top flange

h, = distance from the c.g of web steel to centro@das of
top flange

P Ph Pb

't

Elevation ofweb Nidspan CIS

Plstc hinges formns t C, redars n weh fully yielded
Figure: 2 Pure Bending Collapse Mechanism

section contains multiple cells they all contribute

distance from the c.g of bottom flange steel t@asjstance to applied torsion and for elastic cwity each

cell must twist the same amount. With these
considerations, equilibrium and compatibility cdratis
allow simultaneous equations to be formed and sotee
determine the shear flow for each cell. A secorut@gch
is relaxation method that distributes incrementatas

. flows back and forth between cells, reducing erngith

each distribution cycles, until the final sheamftofor all
cells approximate the correct values. A major athga of
this method is that it does not require setting anul
solving simultaneous equations, favoring situatiamere
hand calculation is desired. In this paper, a ddsem
approach is introduced to determine, exactly, bibi
torsional constant and all shear flows for multi-ceoss
sections under torsion; no simultaneous equatiaes a
required and there is no need to distribute sHeasfback
and forth between cells. Simple closed-form equastiare
derived which give shear flows for cross-sectioith any
number of cells of arbitrary shape.

Imad Eldin Khalafalla & Khaled M. Sennah ©
discussed Curvature Limitations for Slab-on-I-Girde

Shi-Jun Zhou performed Shear Lag Analysis inpgrigges. In recent years, horizontally curved beglgave

one of the very important mechanical charactessté
box girders. Numerous research efforts on theaets
well as analytical method of shear lag effect in-valled

multilevel interchange structures are necessaryniodern
highways. In bridges with light curvature, the aattwe
effects on bending, shear, and torsional stressas e

box girders have been made for many decades, aot mli'Enored if they are within an acceptable range.afing
progress has been achieved. Most studies on skgar horizontally curved bridges as straight bridgeshwiértain
effect in box girders are only concerned aboUimitations is one of the methods to simplify thesitn
concentrated loads and uniformly distributed loddghis procedure. Certain bridge design specifications eoiks
paper, a finite-element method based on the vanali haye specified certain limitations to treat horizdly

principle is presented to analyze the effect obpessing curved bridge as straight bridge. However, these
on shear lag in box girders. The procedures and Blaps |imjtations do not differentiate between bridge swo
are listed to demonstrate how to use the proposed, F
Copyright © 2016 1JEIR, All right reserved
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section configurations, in addition to being inaede in the results author concluded that codal curvature
estimating the structural response. Moreover thedienitations were unsafe. And empirical expressions
specifications were developed primarily for thecoédtion developed to determine such limitations more adelya
of girder bending moments. In this paper, the authand reliably.

discusses the curvature limitation for Canadianhiigy Dereck J. Hodson et al* evaluated flexural live load
Bridge Design Code (CHBDC), AASHTO-LFRD Bridge distribution factors for cast in place box girdeidges.
Design Specification, and AASHTO Guide Specificatio The response of typical live load test was recomdigihg

for Horizontally Curved Bridges. The AASHTO Guidea static live load test. This test involved drivitgyo
Specification for Horizontally Curved Bridges swtiat heavily loaded trucks across the instrumented bridg

for composite steel I-girder bridges, the effect tbé selected paths. The instruments used to record the
curvature may be ignored in the determination & thresponse of the bridge were strain gauges, displce
vertical bending moment, when the following thredransducers, and tilt sensors. The measured datativen
conditions are met: (1) girders are concentric;@xring used to calibrate a finite element modeling schesiag
lines are not skewed more than 10° from the radiad; (3) solid elements. From this finite element model, the
theoretical live load distribution factors and thad rating

) i - _ for the test bridge were determined and comparéi tive
radians. AASHTO Guide specifies that the arc lengihis  factors  and ratings predicted in AASHTO-LFRD
the arc length of the girder in the case of simgan gpecification. A parametric study of cast-in-in gga box
bridges, that is, 0.9 times the arc length of theeg for  girder bridges using the calibrated finite elemmoteling
end spans of continuous bridges and 08 times the acheme was then used to investigate how various
bridges. If such conditions are met, the AASHTO d&ui skew, and deck thickness affect the flexural livad
specifies that the dead load applied to compogilige gjstribution factor. Based on the result of paraioetudy,

be used. At the same time CHBDC specify for theld®s  Ajok Bhowmick Y presented Detailing Provisions of
that are curved in plan and that are built withredo |Rc: 112-2011 Compared with Previous Codes (IRC: 21
construction, a simplified method of analysis ca@ bg |RC: 18) Part-2: Detailing Requirement for St
applied by treating the bridge as a straight orfeewthe  Member & Ductile Detailing for Seismic Resistance
following two conditions met: (1) there are at lB&80  (Section 16 & 17 of IRC: 112Fhe unified concrete code
intermediate diaphragms per span; afBR < 0.5, where (|RC: 112) published by the Indian Road Congre&g]

B is the width of the bridge, L is the center licerved i, November 2011 combining the code for reinforced
span length, and R is the radius of the curvatlitee concrete and prestressed concrete structures. Ehe n
continuity effect in the span length. Also it doest (ifference from the previous Indian practice folkv
differentiate bridges with open or closed sectiois. through IRC: 21 & IRC: 18. The code is less prextore
contrast, clause C10.13.30.2 of Chapter 10 “steghqd offer greater choice of design and detailinghoms
structures” of commentaries of the CHBDC statesloa  \ujth scientific reasoning. This new generation cosben
bridges of more than 90m radius, the longitudinalsed with full understanding, will bring benefits &ll
moments can be assessed for a straight span. Tde thiectors of our society as it will eventually lead safer
edition of the Ontario Highway Bridge Design Codeconstruction make a tangible contribution towards a
(OHBDC), published by the Ministry of Transportatiof  systainable society. The present situation in idestry is
Ontario, stated that the effect of curvature may b@at most of the consulting officers are strugglite
neglected in the structure design consideratiorler@sas  ynderstand this code, which is not so user frienglice
two conditions are met: (1)’IBR < 0.5 and (2) R > 90m. the designer is hard to pressed for time, majasftyhe
To investigate the accuracy of above codes curygnsultants are unfortunately spending their vdeigime
limitations, a series of horizontally curved, brace only in fulfilling the prescribed rules of the cqdeeting as
concrete slab-over steel | girder and slabs onret@d 5 technical lawyer, with very little understanding the
girder bridges were analyzed by the author usimgeth subject

dimen_sional finite-element_ modeling, to investigdteir The new code covers detailing in much greater Hetai
behavior under dead loading. The parameters camside i, the previous codes. There are three sectieisated

as gi_rder Iongitudinal bending_ stresses, _vertic% detailing in the new code (i.e. Section 15, 1613).
deflections, vertical support reactions, and th&ld® General rules on detailing are covered in sectibn I

fundamental flexural frequencies for different d&gof  4qition section covers specific detailing rules ieams,
curvature, span length, bridge width, and spanigoy. ., \ymns, walls, brackets, corbels and zones beteavibg
Empirical equations for these straining were devetbas o gection 17 covers ductile detailing from séism
a function of those for straight bridges. The s8fians  .,ngjderation. The objective of this paper is tovire an
made in bridge codes for treating a curved bridgeaa gypianation to various clauses of section 16 & LIRE:
straight bridge were then correlated with the of#di 115 and to provide a comparative analysis with the
values from the finite element modeling. On theibas
Copyright © 2016 1JEIR, All right reserved
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previous codes. This paper is sequel to part-lighdd in compressive stress spread up to neutral axis githeg
the IRC journal which covered section 15 of theecod same total compressive force. The CG of the diagkim
Khaled M. Sennah & John B. Kennedy” discussed be maintained same as that of the parabolic reatang
on various subjects such as (1) different boxegitutidge stress block. For the design it will become vergyeto
configuration; (2) construction issue; (3) deckiges(4) handle the rectangular stress block. When the pécab
load distribution; (5) deflection and camber; (@pss rectangular stress block is converted in to eqaival
bracing requirement; (7) end diaphragms; (8) thérmaectangular stress block, obviously the averagesstfar
effects; (9) vibration characteristics; (10) impdattors; will work out to be lesser than fcd. As a firstpstee need
(11) seismic response; (12) ultimate load carryintp work-out the equivalent stress factor for amgviat fav
capacity; (13) buckling of individual member formithe for various grades of concrete from fcd value asashin
box sections; (14) fatigue; (15) curvature limiag figure.
provided by the codes for treating a curve bridgeaa The rectangular stress block which is comparatively
straight one. The objective of this study is to e easier stress block can also be converted in toagee
highlights of most important reference related te t stress block diagram concept. The CG of the eqemial
development of current guide specification for thesign stress block shall be kept at the same distancéhef
of straight and curved box girder bridg@&he construction original stress block in order to have the momepacity
of curved box girder bridges in interchanges of erad unalteredA And n_are defined in equation A2-33, 34, 35,
highway system has become increasingly popular f@ind 36 of appendix A2 of IRC: 112. As the stresgblis
economic and aesthetic reasons. Box girder cragfse spread over large depth, compared to the actuabsstr
may take the form of single cell, multi-spine, oultiicell  block, in order to have same force, the outer fisieess
with a common bottom flange has to be reduced to arrive to fav, when comparigd w
T. Vishwanathan *®! explainedthe section 8 of IRC: nfcd.
112 ultimate limit states of linear elements fomtiag

covering flexural analysis of beams. It covers Hasic e i
principles, different stress block and also desigh 4
rectangular beams, T-beams and doubly reinforcadhbe :U‘T I |
Uses of horizontal branch and sloping branch odsstr X I
strain diagrams for steel also have been explaided. I
example of designing beams as well as checkingeafrts o]
has been covered in great detail. The code desctiivee o
types of stress blocks faalculating the ultimate moment
of resistance which as shown in below figure.
T

The value ofecuseCly, £Cs, £C, can be obtained from oy oi iz gram =
table 6.5 of IRC: 112 and the value dfandn can be Rectangular
obtained from clause 2.9 of annexure A2. Desigrar c e BoCK

use any of the stress blocks, but the most commmrtlze
parabolic stress block and rectangular stress bldble
design value of concrete compressive strength fcd =
0.67 fck _ 0.67 fck
ym - 1.5

combinationym = 1.2

Figure: 4 Stress Strain Diagram for Rectangular Stress
Block

0.446 fck. For accidental |n Hwan Yang "* proposed a method of uncertainty
analysis and sensitivity analysis of the effectsreep and
shrinkage in prestressed concrete (PSC) box girder
bridges. Also, a method to reduce the uncertaiftiprg
term prediction of time dependent effect due teeprand
shrinkage of concrete is developed. The study dedls
the uncertainties in the long term prediction afegy and
shrinkage effects using sampling method. Partiakra
X correlation coefficient and standardized rank regjmn
Cew coefficient computed on the ranks of the observatiare
~ examined to quantify the sensitivity of the outpisteeach
/ of the input variables. Updating of long term potidin is
— — = = ‘== achieved using Bayesian statistical inference. The
Strain Diagram Parabolic Bi-Linear Rectangular  proposed theory is applied to long term predictmhn
. TR S prestress force of an actual PSC box girder bridgee
Figure: 3 Stress Blocks numerical results_lnd|cate _th.at the creep modeéuamty
factor and relative humidity appear to be the most
dominant factors with regard to the model output
uncertainty. The present study indicates that tidthnof

Ecu3 or Ecu? fcd fed nfcd

The parabolic-rectangular stress block will be eoted
in to equivalent rectangular stress block havingoum

Copyright © 2016 1JEIR, All right reserved
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mean * two standard deviation for prior predictioh

prestress forces. Therefore, the adoption of amoagp
developed in this study would reduce the unceitsnbf
prediction of time-dependent effects due to creed a

improve greatly the long-term serviceability of P8Gx

girder bridges. to the other two types, while tlieeo two
types show almost the same stiffness. The amount of
ultimate resistance for chevron bracing is arou®d65
higher than the X bracing. This means that usiegstdime
value for response modification factor of all types

concentric bracing does not seem appropriate, aed {12]

design codes needs some revision in this regard.

[1]

(2]

(3]

[4]

[5]

[6]

[7]

(8]

[9]

[Il. CONCLUSION

(13]

The literature deals with: - (1) elastic analysisl a
(2) experimental studies on theastic response of
box girder bridges. In elastic analysis the author
represents theorthotropic plate theory method,
grilage analogy method, folded plate method,
finite element method, thin-walled curved beam
theory etc.[1]

Transverse flexure, Moment due to self weight,
uniform load & load over webs have a uniformli]
distribution in longitudinal direction, and this
distribution is completely independent of the spagy
length..[2]

Reinforcement & Prestressing to be proportioned
for transverse flexure, Stirrups twe propositioned

for longitudinal shear & tortional..[2]

As the curvature effect cannot be ignored, the wels
of the bridges have to betreated as thin shells and
the flanges as flat curved plates..[3] 5
Vertical displacements continued to increase Witl[1]
the transverse bending load application, even
though the shear force was kept constant, indigatiri6l
decrease of the beam stiffness. [4]

Warping calculation is complicated & time
consuming, its effect is very small so it can bg7
ignored in design calculation [5]

The simplified equations available at present tf]
predict the collapse load of concrete box-girde
bridges have been reviewed in this paper. The
errors were found to be in the wide range —21 ]
+51% in comparison with the experimental result.
(6] , , [10]
The shear lag effect in box girders under
prestressing is more apparent than that under
uniformly distributed loads or vertical concentchte
loads. The values and distribution of shear Iabll]
coefficients are related to the anchorage locatidns
prestressing and the distribution of internal ferce
along the girder under the combined uniformly
distributed load and prestressing.[7] [12]
For a single thin-walled cell subject to torsion,
shear flow is constant along each of its walls ghil
shear stresses vary around the section based u&ﬂ
changes in wall thickness. [8]

(10]

(11]

Two sets of empirical expressions for curvature
limitations were developed steel I-girder bridges &
concrete |- Girder Bridges considering 5 and 10%
underestimation in design, respectively. [9]
Cast-in-in place, box girder bridges using the
calibrated finite element modeling scheme was then
used to investigate how various parameters such as
span length, girder spacing, parapets, skew, and
deck thickness affect the flexural live load
distribution factor. [10]

The article gives the fundamentals, average stress
concept, design and checking of rectangular, beams,
use of upper branch of stress-strain diagram of
steel, doubly reinforced beams and T beams. [13]
The most influential factors in the long-term
prediction of structural response in PSC box girder
bridges and the results indicate that the creep
modeling uncertainty factor and the variability of
relative humidity are two most significant factors
on time-dependent effects. [14]
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