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   Abstract  

 

A bridge is a structure providing passage over an obstacle without closing the way beneath. The required passage may be for a 

road, a railway, pedestrians, a canal or a pipeline. Now a days, bridge deck section of Box shapes are used widely. Most of the 

bridges constructed are of Box girders. Method of post-tensioning in the construction of bridges is very common today. Most of 

the bridges are of prestressed types (mostly post-tensioned). In this work, an attempt was made to comparative study the different 

shapes of PSC Box Girder Multi Cell Bridge using CSI Bridge (V-2017). Loading of IRC Class-A is applied and analysis is done 

using IRC 112 (2011). 
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I. INTRODUCTION 

The continuing expansion of highway network throughout the world is largely the result of great increase in traffic, population and 

extensive growth of metropolitan urban areas. This expansion has lead to many changes in the use and development of various 

kinds of bridges. As Span increases, dead load is an important increasing factor. To reduce the dead load, unnecessary material, 

which is not utilized to its full capacity, is removed out of section, this results in the shape of box girder or cellular structures, 

depending upon whether the shear deformations can be neglected or not. “When tension flanges of longitudinal girders are 

connected together, the resulting structure is called a box girder bridge”. Span range is more for box bridge girder as compare to 

T-beam Girder Bridge resulting in comparatively lesser number of piers for the same valley width and hence results in economy. 

A box girder is formed when two web plates are joined by a common flange at both the top and the bottom. The closed cell which 

is formed has a much greater torsional stiffness and strength than an open section and it is this feature which is the usual reason 

for choosing a box girder configuration. 

II. LITERATURE REVIEW 

[14] Olivier BURDET, Marc BADOUX(1999) :- "Deflection Monitoring of Prestressed Concrete Bridges Retrofitted by External 

Post-Tensioning". 

The paper presents the findings of the monitoring of the long-term deflections of three bridges which were retrofitted with external 

post-tensioning. The bridges are highway prestressed concrete box-girder bridges built by the balanced cantilever method and 

retrofitted with additional exterior post-tensioning cables for deflection control. 

It is shown that external post-tensioning can be a successful retrofitting technique for bridges with serviceability limit 

state problems. The reported examples also highlight the value of long term monitoring of concrete bridges for the assessment of 

bridges, and for the design of retrofitting scheme. 

[16] Paul J. Barr, Marc O. Eberhard, and John F. Stanton(2001) :- "LIVE-LOAD DISTRIBUTION FACTORS IN 

PRESTRESSED CONCRETE GIRDER BRIDGES". 

This paper presents an evaluation of flexural live-load distribution factors for a series of three span prestressed concrete girder 

bridges. The response of one bridge, measured during a static live-load test, was used to evaluate the reliability of a finite-element 

model scheme. Twenty-four variations of this model were then used to evaluate the procedures for computing flexural live-load 

distribution factors that are embodied in three bridge design codes. The finite-element models were also used to investigate the 

effects that lifts, intermediate diaphragms, end diaphragms, continuity, skew angle, and load type have on distribution factors. 

A detailed modeling strategy of the bridge using frame elements, shell elements, and rigid constraints accurately 

reproduced the moments calculated from strains measured during a live-load test. The calculated maximum mid span moment for 

each girder was within 6% of the measured moment. Distribution factors calculated for lane loading were consistently lower than 

those calculated for truck loading, the average decrease was 10%. 
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[15] P. J. Barr, M.ASCE, J. F. Stanton, M.ASCE, and M. O. Eberhard, M.ASCE(2005) :- "Effects of Temperature 

Variations on Precast, Prestressed Concrete Bridge Girders".  

The use of high curing temperatures during fabrication affects the level of prestress because the strand length is fixed during the 

heating, the coefficients of thermal expansion of steel and concrete differ, and the concrete temperature distribution may not be 

uniform. For the girders discussed here, these effects combined to reduce the calculated prestressing stress from the original design 

values at release by 3 to 7%, to reduce the initial camber by 26 to 40%, and to increase the bottom tension stress in service by 12 

to 27%. The main effect of applying the standard service temperature profiles to the bridge was to increase the bottom stress by 

60% of the allowable tension stress. 

[6]  Chen Cheng, Kaiyin Zhang(2011) :-"Research on temperature field and temperature stress of prestressed concrete 

girders". 

This paper introduces the establishment and simplification of the temperature field and the general calculation method of 

temperature stress of the prestressed concrete box girders. Three kinds of sunshine temperature gradient models were loaded to a 

real bridge respectively, and got stress and displacement curves. Research data of several prestressed concrete box girders were 

selected from different regions of China to compare the relative error of the calculated and measured value. 

[23] Vikash Khatri, Pramod Kumar Singh and P.R.Maiti (2012) :- "Comparative study of prestressed steel – concrete 

composite bridge of different span length and girder spacing". 

This study has presented the comparison of the total area of steel girder and prestressing force required in the cables, and stresses 

in the deck slab using various span lengths and girder spacing's. 

The result concludes that 4-girder system is found to be beneficial and economical in bridge design as compared to 5-girder system 

for all the span length bridges. In all cases, the 4-girder bridge case resulted in approximately 20% lower girder area (or weight) 

than the 5- girder bridge case, and In all cases, the prestressing force required in the 4-girder system bridge is little lower than that 

of 5- girder bridge system. 

[5] Byungik Chang, Kamal Mirtalaei, Seungyeol Lee, and Kenneth Leitch (2012) :- "Optimization of Post-Tensioned Box 

Girder Bridges with Special Reference to Use of High-Strength Concrete Using AASHTO LRFD Method". 

This paper presents the investigation on several design aspects of post-tensioned box girder bridges designed by LRFD 

Specifications using conventional or High-Strength Concrete (HSC). A computer spreadsheet application was specially developed 

for this investigation. Cost evaluation of superstructures with different geometrical and material configurations has led to the 

development of optimum design charts for these types of superstructures. Variables used to develop these charts include, among 

others, span length, section depth, web spacing, tendon profile, and concrete strength. It was observed that HSC enables the 

achievement of significantly longer span lengths and/or longer web spacing that is not achievable when using normal strength 

concrete. 

[11] M K Maroliya (2012) :- "Comparative Study Of Flexural Behavior Of Reinforced Concrete Beam And Prestressed 

Concrete Beam". 

The aim of present work is to compare the economics and structural behavior of the reinforced concrete and prestressed concrete 

beams and finding out the suitability of each. Results show that overall flexural behavior of prestressed concrete beam is very good 

in all aspect compared to reinforced concrete beam. 

The result concludes that, The casting of precast prestressed beams is feasible with the designed mould. The moment of 

resistance showed by the equivalent prestressed beam as compared to the R.C.C. beam was more by 12.4%. The moment causing 

cracking of the concrete in case of prestressed beam was 3 times more than for equivalent reinforced beam. The ultimate deflection 

in case of prestressed beam was 60% less than the ultimate deflections in case of reinforced concrete beam.  

[2] Amit Saxena, Dr. Savita Maru (2013) :- "Comparative Study of the Analysis and Design of T-Beam Girder and Box 

Girder Superstructure". 

RCC T-beam and Box girder of 25 m span length is considered in this work. IRC loading of class A is applied in superstructure 

and analysis is done using STAAD Pro. Dead load calculations is done manually. Cost analysis is done in both the cases. 

It is observed that the service dead load bending moments and Shear force for T-beam girder are lesser than two cell Box Girder 

Bridge. Moment of resistance of steel for both has been evaluated and conclusions drawn that T-Beam Girder has more capacity 

for 25 m span. Shear force resistance of T-Beam Girder is more compared to two cell Box Girder for 25 m span. Cost of concrete 

for T-Beam Girder is less than two cell Box Girder as quantity required by T-beam Girder. Quantity of steel for T-beam Girder is 

less so cost of steel in T-Beam is less as compared to two cells Box Girder Bridge. For 25 m span, T-Beam Girder is more 

economical but if span is more than 25 m, so Box Girder is always suitable. This type of Bridge lies in the high torsional rigidity 

available because of closed box section. 

[8] Durgesh C. Rai, M.ASCE, Srinaganjaneyulu Komaraneni, and Tripti Pradhan(2013) :- "Strengthening of Slab Action 

in Transverse Direction of Damaged Deck of Prestressed Box Girder Bridge". 

This paper discusses a case study of a PSC box girder that developed early damage to the deck because of the poor placement of 

concrete at the time of construction as established by in situ nondestructive and core tests. This paper reports a case study of the 

structural rehabilitation of the damaged deck of a PSC box girder road-over bridge (ROB) for vehicular traffic over railway tracks. 

Strengthening of the deck was performed by installing a series of steel joists at the underside of the deck slab and adding a thin 

overlay of concrete at the top to restore it to the requisite strength. 

[24] Vishal U. Misal , N. G. Gore , P. J. Salunke (2014) :- "Analysis and Design of Prestressed Concrete Girder". 
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In this present study, cost analysis and design of prestressed concrete girder is presented, the analyze and design of concrete girder 

is done by soncidering  a IRC class 70 R loading. Software STAAD PRO is used for the analysis and design of prestressed concrete 

girders. Before using the software for analysis it will be validated by comparing its results with the corresponding classical theory 

result. 

In this study it is observed by extracting result it is concluded that box girder is costlier than I girder. It has also seen that losses is 

more in I girder as compared to Box girder. 

[21]  Rajamoori Arun Kumar, B. Vamsi Krishna(2014) :- "Design of Pre-Stressed Concrete T-Beams". 

In this work, a major bridge having 299 mts span, 36 no’s of PSC Beams & 8 no’s of RCC Beams is taken into consideration. It's 

main attempt is on PSC Beams, where the Beam post tensioning values, rate of elongation & behavior can be defined after stressing. 

The main code that it follow in this course is IS: 1343 – 2012. The title is Code of Practice for Pre-stressed Concrete. 

The result concludes that Bending moments and Shear force for PSC T-beam girder are lesser than RCC T-beam Girder Bridge. 

Shear force resistance of PSC T-Beam Girder is more compared to RCC T- Girder for 24 m span. 

[25]  Wang Hui-li, Feng Guang-qi, and Qin Si-feng(2014) :- "Hysteretic Behavior of Prestressed Concrete Bridge Pier 

with Fiber Model". 

The hysteretic behavior and seismic characteristics of the prestressed concrete bridge pier were researched in this word. The effects 

of the prestressed tendon ratio, the longitudinal reinforcement ratio, and the stirrup reinforcement ratio on the hysteretic behavior 

and seismic characteristics of the prestressed concrete bridge pier have been obtained with the fiber model analysis method. 

The analysis show some results about the prestressed concrete bridge pier. Firstly, greater prestressed tendon ratio and more 

longitudinal reinforcement can lead to more obvious pier’s hysteresis loop “pinching effect,” smaller residual displacement, and 

lower energy dissipation capacity. Secondly, the greater the stirrup reinforcement ratio is, the greater the hysteresis loop area is. 

That also means that bridge piers will have better ductility and stronger shear capacity. The results of the research will provide a 

theoretical basis for the hysteretic behavior analysis of the prestressed concrete pier. 

[12] Mayank Chourasia , Dr. Saleem Akhtar (2015) :- "Design and Analysis of Prestressed Concrete Box Girder by Finite 

Element Method (4 Cells & 1 Cell)". 

This paper discusses the parametric study of two different cross-sections of box-girder for same loading conditions to find the most 

economical cross-section. The design standard of India, IRC was followed in design of Box-girder superstructures subjected to 

IRC class AA loading. Analysis is carried out using the MIDAS Civil Software which is based on finite element method of analysis. 

A 30 m span length and 10 m width bridge deck is being analyzed in this work. 

The result shows the multi cell box girders are costlier as compare to the single cell box girder, when the loading and support 

condition were kept same for both the cross-section. It shows that the single cell pre-stressed concrete box girder is most suitable 

and economical cross-section for 2 lane Indian national highway bridges. 

[4] Bhawar P.D, Wakchaure M.R, Nagare P.N(2015) :- "OPTIMIZATION OF PRESTRESSED CONCRETE GIRDER". 

The objective is to minimize the total cost in the design process of the bridge system considering the cost of materials like steel, 

concrete, tendons etc. For a particular problem the design variables considered for the cost minimization of the bridge system, are 

depth of girder, various cross sectional dimensions of the girder, number of tendons. MATLAB R2010a software is used.. The 

proposed cost optimization approach is compared with an existing project which leads to a considerable cost saving while resulting 

in feasible design. 

From graph, for conventional and optimal design consideration; it shows that overall cost of structure can be reduced by using 

optimization technique with stability.  

[3]  B.Paval (2015) :- "Analysis of Multi-Cell Prestressed Concrete Box-Girder Bridge". 

In this study, the prestressed concrete box girder bridge superstructure is designed and linear, non-linear, time history analysis is 

performed. The bridge superstructure is subjected to different IRC loadings. The study shows how variations in the bridge 

geometry, damage scenarios, member properties and bridge continuity affect the redundancy of the superstructure. Specifically, 

Time History Analysis is used to investigate the sensitivity of the structure to variations in various parameters including: a) 

boundary conditions; b) damage of prestressed members and damage scenarios; c) member capacity; d) non-linear effect. SAP 

2000 V15 is used in this analysis work. 

The result concludes that among the both linear and non-linear analysis the deflection changes up to 30%-40% 

periodically. Comparison between linear and non-linear results shows that the results obtained from non-linear analysis is however 

more higher than linear analysis but they are quite much more accurate. 

[7] Chetan T Naik , Dr.M M Achar , K Lakshmi(2015) :- "Analysis and Design of Multi Cell Post-Tensioned PSC Box 

Girder". 

In the present work, analysis and design of box girder has been done, considering two different sheathing pipes namely HDPE and 

corrugated Bright metal pipes. These sheathing pipes have been used to find the economic solution of design of multi-cell box 

girder. CSI-bridge modular software has been used for carrying out analysis. Various losses that occur due to different phenomena 

such as elastic shortening, Creep, shrinkage, friction and wobble loss have been considered. 

It concludes that The design of PSC multi-cell box girder performed is found to be an economical design corresponding critical 

bending moment and shear forces developed due to various load combinations as per IRC specifications in comparison with the 

design of similar span configuration using I girders with Cast In Situ (C.I.S) deck slab. 
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[17] Payoshni Mali , Shilpa Kewate , Savita Lokare (2015) :- "Comparison of Rectangular and Trapezoidal sections of 

Post Tensioned Box Girder". 

In this work, two sections of post-tensioned box girder of same span length, loading and dimensional properties are compared. The 

cross-sections are Rectangular and Trapezoidal. As per IRC:6-2000 live load combination for one lane of class 70R and for one 

lane of class A type loading are considered for this analysis. 

According to this analysis the trapezoidal section of box girder is subjected to less shear force and bending moment than 

that of rectangular section for same loading, span and dimensional properties due to its geometry. Torsional moment developed in 

trapezoidal section is also less as compared to that of rectangular section. 

[19] Pranathi Reddy, Karuna S. (2015):- "COMPARATIVE STUDY ON NORMAL AND SKEW BRIDGE OF PSC 

BOX GIRDER". 

In the present study skew bridge comparing with the normal bridge for skew angle 10, 20, 30, 40, 50 is considered.  The finite 

element analysis is carried out for single span, two span and three span deck for dead load and moving load (IRC class 70R) loading 

using software SAP2000 ver.14. The results are presented in terms of displacement, bending moment and shear force. 

The study shows that the deflection decreases with increase in skew angle in two or three span skew slab whereas in case 

of single span deflection increases with increase in skew angle. This shows that the effect of deflection is more in single span skew 

deck slabs as the stiffness of slab is less. Bending moment has reduced with increase in skew angle under dead load in single, two 

and three spans deck. But under moving load there is slight reduction in bending moment up to 20° and then increased for 30° and 

further reduced for 40° skew angle only on single span deck. The magnitude of shear force has slightly reduced with increase in 

skew angle under dead load in two and three span deck, it was observed that the magnitude had increased under moving load. 

[9] Jefeena Sali , Kashif Quamar Inqualabi , Reji P Mohan (2015) :- "Parametric Study of Behavior of Box Girder Bridges 

Under Different Radius of Curvature". 

In this work, box girder curved in plan with trapezoidal cross-section is considered. The analysis is carried under the dead load, 

super imposed dead load, live load of IRC Class A tracked vehicle and prestressed load. Box girder used is of different radius of 

curvature and length of span, material properties and cross sectional shape is kept constant. 

In this study it is observed that as radius of curvature of box girder increases the deflection, bending moment, torsion and 

longitudinal bending stress along the span decreases. There is no significant variation in bending moment, deflection longitudinal 

bending stresses under DL+SIDL, moving load and prestressed load for specific span length with different radii. The torsional 

moment increases greatly with decrease in radius of curvature under all loading conditions. There is more variation in torsion with 

span radius below 100m therefore it's better to avoid such sharp curves and if they are unavoidable then structural changes to cross 

sectional dimension, must be made to stabilize the box girders. 

[1] Ajith Kumar R. , Dr. J. K. Dattatreya (2015) :- "Study on the Structural Behavior and Design of a Typical Single Cell 

Post Tensioned Concrete Box Girder Bridge". 

In this work, SAP2000 is used in caring out linear analysis using 4-node thin shell element of single cell post-tensioned concrete 

box girder with simply supported ends. A comparative study carried on longitudinal and transverse bending stress, shear stress, 

torsional shear stress both by SAP2000 software and manual calculation. A typical 40m rectangular concrete box girder bridge is 

considered in analysis and design. IRC specifications Class A-one lane, Class A-two lane and IRC 70R-one lane loading are 

considered in analysis and design. 

The result concludes that the Percentage difference between results from simple beam theory and finite element method 

for longitudinal analysis is 2.95% for top slab and-6.85% for bottom slab. Shear stresses obtained at the junction of webs and 

flanges are more compared with stresses in web portions. Inclined webs of box girder behaves structurally better based on force 

flow condition. Trapezoidal box girder offers more resistance to shear generated. 

[20] Punil Kumar M P, Shilpa B S(2016) :- “Dynamic analysis of box girder bridges”. 

In this project, the behavior of box girder bridges with respect to support reaction shear force, bending moment, torsion and axial 

force under standard IRC Class AA loading is done. The box girder bridges models analyzed by finite element method using 

SAP2000. Bridge deck of 60 m, 80 m and 100 m are considered. Analysis results bending moment, shear force, displacement and 

torsion are extracted along with stress variations along different section for different cases are discussed and max deflection of box 

girder and stress behavior in box girder due to pre-stressing force is studied in this paper work. 

[13] Natraj Singh, N.P. Devgan, A.M. Kalra, Surinder Pal (2016):- "Effect on Economy on Successive Increase in the 

Span of Bridges". 

In this study they tries to compare the cost of the superstructure of bridges for 20m and 25m span. Four types of the superstructures 

are used for the study purposes, namely; reinforced concrete T-beam, reinforced concrete I- beam, prestressed concrete I-beam and 

steel composite I-beam. For the analysis and design purposes, the loading standards of the Indian Road Congress (IRC) have been 

adopted. The study is done by calculating the cost associated with various stages of construction and service life and these are, the 

basic material cost, transportation cost, placement/launching cost, maintenance cost and the lifecycle cost. It describes the cost on 

the basis of considering various support conditions, constituent materials, casting/fabrication methodologies etc. to reach at best 

economical option including the lifecycle cost. It includes Basic Material Cost, Placement/Launching Cost, and Lifecycle Cost. 

[18] Phani Kumar.Ch, S.V.V.K.Babu (2016):- "Analysis and Design of Prestressed Box Girder Bridge by IRC: 112-2011"  

In this thesis, analysis and design of prestressed concrete bridges (Deck Slab, T-Girder and Box Girder) are carried out using IRC: 

112-2011. Post tensioned box girder of 30 m span and 7.5 m of width is considered in this analysis. SAP 2000 is used for the 
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mathematical modeling. M50 grade of concrete and Fe415 steel is used. Different span to depth ratios (L/d) ratio starting from 15 

to 19 and different span to depth ratios (L/d) are considered. 

The result concludes as the depth of box girder decreases, the prestressing force decreases and no of cables decreases. Because of 

prestressing, more strength of concrete is utilized and also well governs serviceability. 

[22] Sanket Patel, Umang Parekh (2016):- "Comparative Study of PSC. Tee Girder and PSC. Box Girder". 

Present study includes parametric study on prestressed concrete girder bridge superstructure. Three different spans of 30 m, 35 m, 

and 40 m are considered and length to span ratio is 14, 15, and 16 respectively. 

After analyzing Box Girder and Tee Girder with CSI Bridge 2014 it conclude that as the span increases the box girder shows better 

results for selecting between both girders. By the numbers of prestressing cables required to resist the load, box girder required 

less cables. Loads are almost similar in both the girders but for 40m span box girder is governing section, but is has its own flaws 

too. It is having a complex shuttering and it’s required more skilled labor  to carry out that task but overall Box girder is preferable. 

[10] Karthika Santhosh, Prof. P Asha Varma (2016):- "Parametric Study on Behavior of Box Girder Bridges with 

Different Shape Based On Torsion". 

In this work, box Girder Bridge of single cell type is analyzed using SAP2000 V14. Three shapes rectangular, trapezoidal and 

circular are considered and the curvature of the bridges varies only in horizontal direction. Moving load of IRC class a tracked 

vehicle is applied and Static analyses under different loading conditions are performed. 

From this study it is concluded that the trapezoidal section is superior to circular and rectangular section. Among 

rectangular, circular and trapezoidal box girders of all radii, the torsion is maximum for circular box girders and least for trapezoidal 

box girders. B. The trapezoidal section is the stiffest section and the most stable among the three sections. 

III. CONCLUSION 

This study shows the comparative study between different shapes of PSC Box Girder Multi Cell (3 Cell) Bridge like (1) Vertical 

side, (2) Slopped side, (3) Clipped side, (4) External Girder with Radius, (5) Max. Slopped. The loading of IRC Class - A is applied 

and analysis is carried out using IRC - 112 (2011). For the modeling and analysis purpose CSI Bridge (V - 2017) is used. As it is 

a review paper, so the final results and detailed work, graphs, diagrams etc. will be discussed in final paper. 
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