
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 04, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 354 

Study of Prestressed Concrete Box Girder Bridge 

Mr. A. Naresh Kumar1 Mr. S. Kotteeswaran2 Ms. B. Veena3 
1M.E. Student 2,3Assistant Professor 

1Department of Structural Engineering 
1,2,3Jaya Engineering College, Anna University, Chennai, Tamil Nadu, India 

Abstract— This paper presents the analytical study on 

prestressed concrete box girder. Box girder is gaining 

popularity in bridge engineering fraternity because of its 

better stability, serviceability, economy, aesthetic appearance 

and structural efficiency. The structural behavior of box 

girder is complicated, which is difficult to analyse in its actual 

conditions by conventional methods. This paper shows a 

study of two lane simply supported long span Box Girder 

Bridge made up of prestressed concrete which is analysed for 

moving loads as per Indian Road Congress (IRC:6) 

recommendations, Prestressed Code (IS: 1343) and also as 

per IRC: 18 specifications. The analysis of box girder is done 

using CSiBridge software and prestressed with parabolic 

tendons in which utilize full section. The various span/ depth 

ratio considered to get the proportioning depth at which stress 

criteria and deflection criteria get satisfied. 
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I. INTRODUCTION 

Prestress concrete is ideally suited for the construction of 

medium and long span bridges. Ever since the development 

of prestressed concrete by Freyssinet in the early 1930s, the 

material has found extensive application in the construction 

of long-span bridges, gradually replacing steel which needs 

costly maintenance due to the inherent disadvantage of 

corrosion under aggressive environment conditions. One of 

the most commonly used forms of superstructure in concrete 

bridges is precast girders with cast-in-situ slab. This type of 

superstructure is generally used for spans between 20 to 40 

m. T or I-girder bridges are the most common example under 

this category and are very popular because of their simple 

geometry, low fabrication cost, easy erection or casting and 

smaller dead loads. In this paper study the India Road 

Loading considered for design of bridges, also factor which 

are important to decide the preliminary sizes of concrete box 

girders. Also considered the IRC: 18-2000 for “Prestressed 

Concrete Road Bridges” and “Code of Practice for 

Prestressed Concrete” Indian Standard. Analyze the Concrete 

Box Girder Road Bridges for various spans, various depth 

and check the proportioning depth. 

 A box girder consists of two web plates which are 

joined by a common flange at top and bottom. Box girders 

can be classified in so many ways according to their method 

of construction, use, and shapes. There are three box girder 

configurations commonly used in practice.  Box girders can 

be constructed as single cell or multi cell. It may be 

monolithically constructed with the deck (closed box girder), 

or the deck can be separately constructed afterwards (open 

box girder). 

 The box girder normally comprises of either pre-

stressed concrete, structural steel, or reinforced concrete. 

According to shape, box girders may be classified as 

rectangular, trapezoidal and circular. A box girder is 

particularly well suited for use in curved bridge systems 

because of its high torsional rigidity. High torsional rigidity 

allows box girders to effectively resist the torsional 

deformations encountered in curved thin-walled beams. Box 

girder webs may be vertical or inclined, which reduces the 

width of the bottom flange. It is required to examine these 

bridges using finite element analysis with different radius of 

curvatures configurations. Box girder structures use a 

combination of primary mild steel reinforcement and high 

strength post-tensioning steel tendons to resist tension and 

shear forces. 

 Flexure reinforcement is provided in the top and 

bottom flanges of the box girder as necessary (bottom flange 

at mid span in areas of positive moment and top flange over 

supports in areas of negative moment). However, because of 

the design span lengths, mild steel reinforcement does not 

have sufficient strength to resist all of the tension forces. To 

reduce these tensile stresses to acceptable levels, prestressing 

of the concrete is introduced through posttensioning. 

Galvanized metal and polyethylene ducts are placed in the 

forms at the desired location of the tendons. When the 

concrete has cured to an acceptable strength level, the tendons 

are installed in the ducts, tensioned, and then grouted. The top 

flanges or decks of precast or cast-in-place segmental boxes 

are often transversely post-tensioned. The multi-strand 

tendons are grouted after stressing. The tendons anchor in 

block-outs in the edges of top slab cantilever wings. These 

block-outs are then filled with concrete and covered with a 

traffic barrier. For precast units, the top flange tendons are 

generally tensioned and grouted in the casting yard. Wide 

bridges may have parallel twin boxes transversely post-

tensioned. When this is the case, only about one-half of the 

transverse post-tensioning is stressed before shipment. 

 Special “confinement” reinforcement is also 

required at the anchorage locations to prevent cracking due to 

the large transfer of force to the surrounding concrete. 

Stirrups in the web are provided to resist standard beam 

action shear. For curved girder applications, torsional shear 

reinforcement is sometimes required. This reinforcement is 

provided in the form of additional stirrups. The secondary 

(temperature and shrinkage) reinforcing steel is oriented 

longitudinally in the deck and webs and flanges in the box 

girder. The primary and secondary reinforcing steel for the 

deck portion of the girder is same as that for a standard 

concrete deck. 

A. Distinctive Features 

A box girder has high torsional stiffness and strength, 

compared with an equivalent member of open cross section 

due to its distribution of longitudinal flexural stresses across 

the section remains more or less identical. The increase in 

flange width of box girder makes it possible to use large 

span/depth ratios. This is an advantage if construction depth 

is limited. Also it can lead to more slender structures which 
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are mainly considered more aesthetical. The space enclosed 

within in the girder may be used for the passage of services 

such as gas pipes, cables, water mains etc. Maintenance of a 

box girder can be easier, because the interior space can be 

made directly accessible. Box girders are generally aesthetic. 

The shape of the box girder can vary a lot. This makes them 

easier to design for aerodynamic shapes, which is an 

advantage especially for long span bridges. 

B. Torsional Effects 

The torsional load causes the section to rotate rigidly (Mixed 

torsion) and deform the section (Torsional distortion). In 

curved box girder bridges, the transverse loads acting on the 

girder causes twisting about its longitudinal axis because of 

the bridge curvature. Uniform torsion occurs if the rate of 

change of the angle of twist is constant along the girder and 

warping is constant and unrestrained. If there is a variation of 

torque or if warping is prevented or altered along the girder, 

longitudinal torsional warping stresses develop. In general 

there are two types of torsion that act on cross sections. Shear 

flow around the cross-section develops Saint Venant torsion, 

while the other one is warping due to bending deformation in 

the cross-section. Box girders are usually dominated by St. 

Venant torsion because the closed cross section has a high 

torsional stiffness. 

C. Types of Prestress Girders 

One of the most commonly used forms of superstructure in 

concrete bridges is precast girders with cast-in-situ slab. This 

type of superstructure is generally used for spans between 20 

to 40 m. Majority of prestress concrete bridges, constructed 

in India are post tension type. The span to depth ratio is 

usually kept as 20 for simply supported spans and 25 for 

continuous spans. Different types of girder bridges as shown 

in Figure 1. 

 
Fig. 1: Various Box Girder Cross-Sections 

D. Advantages & Applications 

1) For Long Span and Heavy Loading Structures 

P.T. has been proven to be economical for normal 

commercial buildings and to a certain extent, residential 

buildings, with spans greater than 7.0m. For a typical 

structure with floor loading of 5.0 kN/m2 and with spans of 

approximately 10.0m, anticipated savings as compared to 

conventional RCC design. 

 Concrete: 2 to 10 % 

 Formwork: 10 to 20 % 

 Steel: 50 to 80 % 

 Overall saving: 10 to 20 % 

2) Greater Headroom 

Due to the more efficient design concept of post-tensioning, 

PT structures are generally thinner as compared its RCC 

counterpart. E.g. for a typical residential project, RCC flat 

slab may be of 250mm thick, whereas PT slab of 200mm 

thick is sufficient. 

3) Reduced Steel Quantity 

Steel laying is a very labour intensive activity, and by 

reducing the quantity of steel in PT design, the slab can be 

ready for concreting earlier. Generally PT flat slab requires 

approximately 20 to 35kg/m3 of steel compared to that of 

RCC slab’s 80 to120kg/m3. 

4) Earlier Stripping of Shuttering 

Post-tensioned slab would be ready for stressing operation 

when concrete strength achieves 28 N/mm2.For a concrete 

grade of 35 N/mm2, this normally happens on the 5th day 

after concreting. Upon completion of stressing, all the slab 

shuttering can be removed and recycled for other slab’s 

concreting. This earlier stripping of shuttering would mean 

that the builder would need less shuttering materials and the 

finishing work at the lower floors can be carried out earlier. 

E. Improved Deflection Criteria 

The presence of prestressing helps a PT floor slab to “arch” 

slightly after stressing of tendons. This will help to reduce the 

overall downward deflection of floor slab and in turn help to 

alleviate the long term deflection problems, especially for 

long span structures. Long term deflection, if left unchecked, 

would result in the cracking up of stiff non-structural 

members, e.g. brick walls, floor tiles, etc., in the long term 

(i.e. 5 to 10 years after construction). 

F. Disadvantages 

One of the main disadvantages of box decks is that they are 

difficult to cast in-situ due to the inaccessibility of the bottom 

slab and the need to extract the internal shutter. Either the box 

has to be designed so that the entire cross section may be cast 

in one continuous pour, or the cross section has to be cast in 

stages. 

II. METHODOLOGY 

A. Basic Concept of Prestressing 

Prestressing is the application of an initial load on a structure, 

to enable it to counteract the stresses arising from subsequent 

loads during its service period. Prestressing has been 

practiced from ancient times the behavior of spokes of the 

bicycle when it is loaded, is also example of prestressing. 

Prestressed concrete is basically a concrete in which internal 

stresses of a suitable magnitude and distribution are 

introduced so that the stresses resulting from external loads 

are counteracted to desired degree. In reinforced concrete 

members, the prestress is commonly the steel reinforcement.  

The minimum grade of concrete in prestressing technique is 

M40 for pre tensioning and M35 for post tensioning. The 

tensile strength of concrete is only 8-14% of its compressive 

strength of concrete. 
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Fig. 2: Behavior of RC Member with & without Prestressing 

B. IRC Recommendations on design of Bridges 

The first and major step in any bridge analysis is selection of 

type of loading, they are dead load, live load, impact effect, 

wind load, longitudinal force due to tractive effort of vehicles, 

longitudinal force due to braking of vehicle, seismic effects, 

earth pressure, vehicle collision forces etc to be considered in 

the analysis and design of the various components of the 

bridge are given in IRC 6:2000(Section II). Out of these loads 

live load plays a major role. 

1) Vehicle Live Loads 

Vehicle live loads are categorized based on their 

configuration and intensity as IRC Class 70R, IRC Class AA 

(tracked and wheeled type), IRC Class A and IRC Class B 

loading. 

2) Load Combinations 

All critical loading stages shall be investigated. The stages 

stated below  At the stage of prestressing   construction stages 

including temporary loading, transport, handling and erection 

or any occasional loads that may occur during launching of 

girders, design loads according to IRC:6 that includes service 

dead load, prestress with full losses and service dead load, 

live load and prestress with full losses   For the combination 

of loads with differential temperature gradient effects, 

maximum 50 per cent live load shall be considered 

 Ultimate strength 

A prestressed concrete members checked for failure 

conditions at an ultimate load of 

i) 1.25 G + 2 SG + 2.5 Q---under moderate conditions

   …….      (2.1) 

ii) 1.5 G + 2 SG + 2.5 Q--- under severe exposure                                                                                  

                                ……     (2.2) 

 For sections, where the dead load  causes effects 

opposite to those of live loads shall be checked for  G + SG + 

2.5 Q. 

3) Calculation of Ultimate Strength 

Ultimate moment resistance of sections, under these two 

alternative conditions of failure shall be calculated by the 

following formulae and the smaller of the two values shall be 

taken as the ultimate moment of resistance for design. 

Failure by yield of steel (under-reinforced section) 

Mult = 0.9dbAsFp 

Where, 

As = the area of high tensile steel 

Fp = the ultimate tensile strength for steel without definite 

yield point or yield stress or stress at 4 percent elongation 

whichever is higher for steel with a definite yield point. 

db = the depth of the beam from the maximum compression 

edge to the centre of gravity of the steel tendons. 

4) Failure by crushing concrete 

Mult = 0.176 bdb
2fck 

Where, 

b = the width of rectangular section or web of beam 

fck= characteristics strength of concrete 

III. MODEL DESCRIPTION 

A. Loading of Box Girder bridge 

The various type of loads, forces and stresses to be considered 

in the analysis and design of the various components of the 

bridges are given in IRC 6. The model is design by 

considering IRC Class A loading, which is normally adopted 

on all roads on which permanent bridges and culverts are 

constructed. Total load is 554, the Fig.3 show the complete 

details of Class A. 

 
Fig. 3: Details of Class a Vehicle Load 

B. Thickness of Web 

The thickness of the web shall not be less than d/36 plus twice 

the clear cover to the reinforcement plus diameter of the duct 

hole where‘d’ is the overall depth of the box girder measured 

from the top of the deck slab to the bottom of the soffit or 200 

mm plus the diameter of duct holes, whichever is greater. 

C. Thickness of Bottom Flange 

The thickness of the bottom flange of box girder shall be not 

less than 1/20th of the clear web spacing at the junction with 

bottom flange or 200 mm whichever is more. 

D. Thickness of Top Flange 

The minimum thickness of the deck slab including that at 

cantilever tips be 200 mm. For top and bottom flange having 

prestressing cables, the thickness of such flange shall not be 

less than 150 mm plus diameter of duct hole. 

E. Economical & Superior Design 

Post-tensioning offers savings to clients due to its superior 

structural behavior and other advantages. The post-tensioning 

solution outperformed the RCC scheme both in terms of 

costs, structural depths and other benefits to the future 

performance of the building. 

F. Preliminary data 

Clear span = 30m 
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Width of roadway = 7.5 m 

Overhang from face of girder = 1.2m 

Deck thickness = 0.2 m 

Bottom slab thickness = 0.2 m 

Girder thickness = 0.3 m 

Bridges of clear span 30m and width of roadway is 7.5m. 

Assume Live Load as per IRC: 6-2000 vehicle is passing over 

deck given in chapter 4 and table no. 4.1. The Bridge analysis 

for different L/d ratio starting from 15 to 20 and different L/d 

ratio considered are as follows: 

Case 1 L/d= 19, d = 1.6 

Case 2 L/d =18, d = 1.7 

Case3 L/d = 17, d = 1.8 

Case4 L/d= 16, d= 1.9 

Case5 L/d= 15, d=2.0 

The tendon profile is considered as parabolic in nature. 

As per IRC:18-2000 

fck= 50 Mpa, fci = 0.8fck = 40 Mpa, 

As per IS:1343-1980, 

Ec = 5700fck1/2 = 40.30 kN/m2 

fp = 1862 Mpa, n = 0.85, E = 2×105 Mpa 

 
Fig. 4: Details of Box Girder Section (in mm) 

 
Fig. 5: Tendon Profile 

IV. VALIDATION OF RESULTS 

The bending moment, shear force and deflection result 

obtained by CSiBridge. The bending moment and shear force 

are calculated by considering different loading condition such 

as dead load, live load and superimposed load. Same as 

deflection calculated. 

Load Case 

Dead Load(DL) + 

Super Imposed 

Load(SIDL)) 

Live 

load 

(LL) 

Prestressing 

Force 

Deflection 

(at midspan) 
30.8 mm 

25.2 

mm 
-14.36 mm 

Table 1: Deflection 

Span (m) 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 

DL 0 354 629 825 942.84 982.1 

LL 0 219 382 494 564.85 587.8 

SIDL 0 53 95.04 125 142.56 148.5 

Total 0 626 1105 1444 1650 1718 

Table 2: Bending Moment (t.m) 

Span (m) 0.0L 0.1L 0.2L 0.3L 0.4L 0.5L 

DL 130.9 104.7 78.57 52.4 26.3 0 

LL 32.92 23.29 14.27 7.42 2.62 0 

SIDL 19.80 15.84 11.88 7.92 3.90 0 

Total 183.6 143.9 104.7 67.7 32.8 0 

Table 3: Shear Force (t) 

Eccentricity 

(mm) 

Prestressing 

Force (kN) The eccentricity which 

give minimum 

prestressing force (e) = 

731mm 

440 21617.96 

548 19380.69 

650 17655.06 

731 16489.15 

Table 4: Calculation of Eccentricity 

Span 

(m) 

Ultimate 

Moment Vu 

= (1.5DL 

+2.5 LL) 

(kN.m) 

Shear 

capacity 

Vcw (kN) 

Balance 

Shear 

(kN) 

Spacing 

(mm) 

0.0L 3084.27 363.85 2720.43 55 

0.1L 2391.35 419.97 1971.38 75 

0.2L 1713.50 432.54 1280.96 100 

0.3L 1089.90 470.56 619.34 200 

0.4L 517.85 492.95 24.90 300 

0.5L 0 0 0 0 

Table 5: Calculation of Ultimate Shear strength 

A. Design of Reinforcement in Box Girder Bridge 

P =14011.51 kN, d = 1350 mm, bw = 200 mm 

Assume 150 mm wide and 150 mm deep distribution plate,  

located concentrically at centre. 

ypo /y0 = 75/150 = 0.5 , 

As per IRC:18-2000, From table value of Fbst/ Pk = 0.17 and 

Fbst = 452.753 kN 

Using 12 mm diameter links, area of steel links are, 

Ast = 1254 mm/2 

Providing 24 bars of 12 mm dia, 750mm also bar of 12 mm 

dia @ 110 mm c/c horizontally to form mesh. 

B. Side Face Reinforcement  

As per clause 18.6.3.3 of IS:1343-198 

Ast = 0.05 x 1350 x 300/100 = 202.5 mm/2 

Provide 6 – 12 mm dia on each face of web 

C. Design of Deck Slab 

Using M30 grade concrete and Fe415 

Total moment due to DL+SIDL+LL = 1427.0 kN.m 

Depth required = 150.4 < 250 mm 

D. Main Reinforcement  

Ast = 3192.6824 mm/2 

Providing 16mmØ bars dia 100 mm c/c 

Design of Transverse Reinforcement 

M = 0.3ML + 0.2(MDL + MSIDL) 

M = 324 kN.m 

Ast = 724.74 mm/2 

Providing 12 mm dia bars @ 160 mm c/c 
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Fig. 6: Web Reinforcement Details 

 
Fig. 7: Reinforcement Details of Box Girder Section 

V. COMPARSION OF RESULT FOR VARIOUS SPAN/ DEPTH 

RATIO 

The comparison of prestress force, deflection and stresses 

values are obtained for various span/depth ratio for box 

Girder Bridge. The values are calculated as per IS: 1343-

1980. 

 

Span/De

pth 

 

Prestress 

Force(K

N) 

 

Eccentricity(

mm) 

Deflection 

DL – 

Prestre

ss 

Force 

DL + 

LL – 

Pretsre

ss 

Force 

1.6 16.48 731 11.2 36.4 

1.7 15.66 777 11.4 33.6 

1.8 14.83 829 9 30 

1.9 14.02 886 6.6 26.6 

2.0 13.20 950 5.6 25.3 

Table 6: Comparison of Deflection for various Span/Depth 

Ratio 

Span/ 

Dept

h 

Prestres

s Force 

(KN) 

 

Eccentricit

y 

(mm) 

 

Stress at mid span 

(N/mm2) 

At Transfer 

At 

Workin

g 

To

p 

Botto

m 
Top 

1.6 164.8 731 3.0 4.1 6.74 

1.7 156.6 777 2.8 3.8 6.33 

1.8 148.3 829 2.6 3.6 5.91 

1.9 140.2 886 2.4 3.4 5.48 

Table 7: Comparison of Stress for various Span/Depth Ratio 

VI. CONCLUSION 

This paper gives basic principles for portioning of concrete 

box girder to help designer to start with project. Box girder 

shows better resistance to the torsion of superstructure. The 

various trail of L/d ratio are carried out for Box Girder 

Bridges, deflection and stress criteria satisfied the well within 

permissible limits. As the depth increases, the prestressing 

force decreases and the no. of cables decrease. Because of 

prestressing the more strength of concrete is utilized and also 

well governs serviceability. 
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