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ABSTRACT 

The aim of this thesis is to study a basic design of a 

prestressed concrete box girder bridge and to describe 

the linear, non-linear and time history analysis of this 

concrete spread box girder superstructure when 

subjected to different loads simulating the effect of 

traffics. The prestressed concrete box girder bridge 

superstructure analysed in the base case consists of two 

concrete box girders with simple span. The 

superstructure is loaded by IRC loads and the loads are 

incremented until the bridge superstructure system fails. 

A sensitivity analysis is performed to study 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. The behaviour of the 

bridge superstructure is analysed using the structural 

analysis software SAP2000v15. Load deformation curves 

are plotted for each variation in the bridge’s properties 

and the ultimate load carrying capacities are compared 

to those of the basic bridge configuration. Various 

studies have been performed so as to develop a more 

stable structure design by varying the shape of the bridge 

structure. This study is also aims at understanding the 

effect of changing the basic shape on the stability of the 

bridge. By varying the length of the over -hanging beam 

section and increasing the thickness of the joints, the 

variation in the stability has been studied. SAP 2000 

software has been used to apply moving load and to 

study the deflections and stress contours. 

KEYWORDS: Bridge, Box Girder Bridge, Design of 

Box Structure, SAP 2000v15 

 

 1. INTRODUCTION 

Due to efficient dissemination of congested traffic, 

economic considerations, and aesthetic desirability 

horizontally box girder bridges have become 

increasingly popular nowadays in modern highway 

systems, including urban interchanges. Currently 

curved girders have replaced straight segments 

because in urban areas where elevated highways 

and multi-level structures are necessary, modern 

highway bridges are often subjected to severe 

geometric restrictions. The cost of the 

superstructure for the girder is higher, the total cost 

of the curved girder system is reduced considerably 

since the number of intermediate supports, 

expansion joints and bearing details is reduced. The 

continuous girder also provides more aesthetically 

pleasing structures. Despite all the advantages 

mentioned above, horizontally curved girders are 

generally more complex than straight girders. 

Girders are subjected to vertical bending plus 

torsion caused by the girder curvature. To deal with 

such complexities, several approximate analysis 

methods were developed in the sixties. In the past, 

curved girders were generally composed of a series 

of straight segments that were used as chords in 

forming a curved alignment.  

1.1 TYPES OF GIRDERS 

There are basically two types of cross sections 

currently being in used for alignment: an open 

section consisting of a number of I-shaped cross 

sections braced with a heavy transverse bracing 

system and the other type of section is a closed 

section consisting of few box girders. Compared to 

I-beam girders, box girders have a number of key 

advantages and disadvantages. 

In addition to the large torsional stiffness, box 

girders provide higher corrosion resistance because 

a high percentage of the steel surface including the 

top of the bottom flange is not subjected to the 

environmental attack. The box girder also has a 

smooth shape that leads to better bridge aesthetics.  

The trapezoidal shape, which is more popular 

nowadays, offers several advantages over 

rectangular shaped cross section. The trapezoidal 

box girder (bath-tub girder) provides a narrow 

bottom flange. Near the abutments where the 

bending moment is low, narrow flanges allow for 

steel savings.  

1.2 BOX GIRDERS 

Box girder bridges are very commonly having its 

main beams comprising of girders in the shape of 

hollow boxes. The box girder normally comprises 

of pre-stressed concrete, structural steel or steel 

reinforced concrete. As shown in Figure 1.1, a box-

girder cross section may take the form of single cell 
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(one box), multiple spine (separate boxes), or multi-

cell with a common bottom flange (continuous 

cells). The box girder bridge achieves its stability 

mainly because of two key features: shape and pre-

stressed tendons. 

 

 

 

 

 

 

 

  

 Figure1.1: Types of Box girders 

At fabrication and erection stages, the section may 

be completely open at the top or it may be braced 

by a top lateral bracing system to the top flanges. 

To close the top opening and complete the box, a 

reinforced concrete deck slab is added which acts 

compositely with the steel section by a means of 

shear connectors.  

1.3 OBJECTIVES AND SCOPE 

The current study is about the behaviour and 

analysis investigation of the box 

girder bridges. The objectives and scope for the 

study are: 

1. Develop three-dimensional finite element models 

of box girders using the commercially available 

finite element computer program "SAP 2000N". 

2. Study the behaviour of box girders and compare 

the analytical model results  

 

2. MATHEMATICAL MODELLING 

However, of all the available analysis methods used 

for bridge study, the finite element method is 

considered to be the most powerful, versatile and 

flexible method. Among the refined methods 

allowed by IRC Specifications, although the 3-D 

finite-element method is probably the most involved 

and time consuming, it is still the most general and 

comprehensive technique for static and dynamic 

analyses. The linear and nonlinear structural 

response of such bridges can be predicted with good 

accuracy using this method.  

Here, a general description of the finite element 

approach is presented using the finite element 

program SAP 2000N that was utilized throughout 

this study for the structural modelling and analysis 

and finally the description of the models of the 

girder bridges is presented. 

2.1 THE FINITE ELEMENT METHOD 

The finite-element method is a numerical procedure 

for solving problems in engineering and 

mathematical physics. In structural problems, the 

solution is typically concerned with determining 

stresses and displacements. Finite element model 

gives approximate values of the unknowns at 

discrete number of points in a continuum. This 

numerical method of analysis starts by discretizing 

a model. Discretization is the process where a body 

is divided into an equivalent system of smaller 

bodies or units called elements. These elements are 

interconnected with each other by means of certain 

points called nodes.  

In the case of small displacements and linear 

material response, using a displacement 

formulation, the stiffness matrix of each element is 

derived and the global stiffness matrix of the entire 

structure can be formulated by assembling the 

stiffness matrices of all elements using direct 

stiffness method. The global stiffness matrix 

represents the nodal force-displacement 

relationships and can be expressed by the following 

equilibrium equation in matrix form: 

[F] = [K] [U] 

Where, 

[K]=global stiffness matrix assembled from the 

element stiffness matrices, 

[U]=nodal displacement vector and 

[F]=nodal load vector. 

2.2 THE FINITE ELEMENT PROGRAM: SAP 

2000N 

The SAP name has been synonymous with state-of-

the-art analytical methods since its introduction 

over 30 years ago. SAP 2000N follows in the same 

tradition featuring a very sophisticated, intuitive and 

versatile user interface powered by an unmatched 

analysis engine and design tools for engineers 

working on transportation, industrial, public works, 

sports, and other facilities. 

From its 3D object based graphical modelling 

environment to the wide variety of analysis and 

design options completely integrated across one 

powerful user interface, SAP 2000N has proven to 

be the most integrated, productive and practical 

general purpose structural program on the market 

today. Integrated design code features can 

automatically generate wind, wave, bridge, and 
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seismic loads with comprehensive automatic steel 

and concrete design code checks per US, Indian and 

other international design standards. 

Advanced analytical techniques allow for step-by-

step large deformation analysis, Eigen and Ritz 

analyses based on stiffness of nonlinear cases, 

multi-layered nonlinear shell element, buckling 

analysis, progressive collapse analysis, energy 

methods for drift control, velocity-dependent 

dampers, base isolators, support plasticity and 

nonlinear segmental construction analysis. 

Nonlinear analyses can be static and/or time history, 

with options for FEA nonlinear time history 

dynamic analysis and direct integration. 

From a simple small 2D static frame analysis to a 

large complex 3D nonlinear dynamic analysis, SAP 

2000N is the easiest, most productive solution for 

your structural analysis and design needs, that’s 

why SAP 2000N is used in this analysis.  

2.3.Linear Analysis & Non-Linear Analysis 

In the case of a linear elastic analysis, loads are first 

applied on a model and the response of the structure 

is obtained directly. In a non-linear case, the 

analysis follows a numerical method to obtain a 

solution. However, those both analysis are 

discussed in this thesis. The Figure 3.1 shows the 

relationship between displacement and force with 

respect to Linear and Non-Linear analysis.  

 

 Figure.2.1: Linear & Nonlinear graph 

2.4. Time History Analysis  

Time History analysis provides for linear and non-

linear evaluation of dynamic response under loading 

which may vary according to the specified time 

function. Dynamic equilibrium equation, given by  

 + c  + kx = F(t) 

Where 

M = mass 

C = dampness 

K = stiffness co-efficient 

are solved using either modal or direct integration 

methods 

2.5. Response-Spectrum Analysis   

Response-spectrum analysis (RSA) is a linear-

dynamic statistical analysis method which measures 

the contribution from each natural mode of 

vibration to indicate the likely maximum seismic 

response of an essentially elastic structure. 

Response-spectrum analysis provides insight into 

dynamic behavior by measuring pseudo-spectral 

acceleration, velocity, or displacement as a function 

of structural period for a given time history and 

level of damping. It is practical to envelope 

response spectra such that a smooth curve 

represents the peak response for each realization of 

structural period. 

Response-spectrum analysis is useful for design 

decision-making because it relates structural type-

selection to dynamic performance. Structures of 

shorter period experience greater acceleration, 

whereas those of longer period experience greater 

displacement.  

2.6. TIME HISTORY FUNCTION 

The sine time history function is periodic function. 

A sine function cycle starts at a function value of 

zero, proceeds to its positive maximum value 

(positive value of amplitude), continues to a value 

of zero progresses to negative  minimum value   

amplitude(negative value of amplitude),and returns 

to a value of zero again. The following parameters 

are specified in the sine history function template. 

Period: use the default or specify the time in 

seconds that it takes for the sine   function complete 

one cycle. 

Number of steps per cycle: use the default or 

specify the number of steps 

(i.e.function value points) provided for each cycle 

of the function. 

Number of cycles: use the default or specify the 

number of cycles in the function. 

          Amplitude: use the default or specify the 

maximum function value of the sine function. 

T = L/V  

Velocity of vehicles, V   = 80km/hr   

Time period, T  = 2    

Amplitude ,F(t)    = F0𝞈
2
 Sin𝞈t 

Displacement,F(t) = F0Sin𝞈t 

Where, 

Fo  = Axial load  

T = Time Period 

L = overall span length of the bridge model 

2.7. BRIDGE DESCRIPTION: 

https://wiki.csiamerica.com/display/kb/Modal+analysis
https://wiki.csiamerica.com/display/kb/Damping
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A 3-D finite element model is used to analyse the 

behaviour of sub- and super- structure of multi cell 

box-girder bridge. As given in Figure 3.2, box 

girder deck has the top slab width of 58’ 10”. The 

three- span continuous bridge is 412 ft long and the 

span lengths are 126 ft, 168 ft and 118 ft. The 

thicknesses of the top and bottom slabs are 9 1/8” 

and 8 1/4”, respectively. The depth of the box-

girder is 6’ 9”. The connection between the super- 

and the sub- structures are through the integral cap 

beams with the same depth of the girders and 8 ft 

width. The original bridge superstructure is 

connected to two 6 ft diameter round columns 

having pinned connections. Note that the pile caps 

are not included in the model. The Figure 3.3, 

shows the typical bridge cross section.  

The unconfined concrete strength is assumed to be 

4000psi and the concrete grade is taken as Grade 

60. The prestressing tendons have the peak stress of 

270ksi and their yield stress is 230ksi. The area of 

tendons in each section is 9in
2
 and the initial 

prestressing force is set as 1824kips without the 

losses. The total loss in the prestressing force is 

assumed 20 ksi including the elastic shortening, 

creep, shrinkage and the steel relaxation stresses. 

The tendons are considered in parabolic geometry 

along the girders and all section moment- curvature 

calculations include the exact location of the 

tendons in the sections analyses.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.2: Typical Bridge Pier Columns   with the     

Cap Beam & Cross Section 

 3. STRUCTURAL MODELLING  

Structural analysis is a process to analyse a 

structural system to predict its responses and 

behaviors’ by using physical laws and mathematical 

equations. The main objective of structural analysis 

is to determine internal forces, stresses and 

deformations of structures under various load 

effects. Structural modelling is a tool to establish 

three mathematical models, including (1) a 

structural model consisting of three basic 

components: structural members or components, 

joints (nodes, connecting edges or surfaces), and 

boundary conditions (supports and foundations); (2) 

a material model; and (3) a load model. This chapter 

summarizes the guidelines and principles for 

structural analysis and modelling used for the 

structure.  

3.1. TYPES OF ELEMENTS USED 

Different types of elements may be used in bridge 

models to obtain characteristic responses of a 

structure system. Elements can be categorized based 

on their principal structural actions.  

a) Beam Element  

b) Frame element  

c) Plate element 

d) Shell element  

e) Solid element  

        

Figure 3.1: Shell and Solid Elements. 

3.2. WORKS UNDERTAKEN 

Using the latest and one of the most powerful 

versions of the well-known Finite Element Program 

SAP 2000N series of Structural Analysis Programs, 

the following analysis works are undertaken 

successfully:  

 Linear and Nonlinear Analysis  

 Vehicle Live-Load Analysis for Bridges, 

Moving Loads with 3D Influence Surface, 

Moving Loads with Multi-Step Analysis, Lane 

Width Effects  

 Time History Analysis  

 Response spectrum Analysis 

The following are the general steps to be defined for 

analysing a structure using SAP 2000N:  

1. Geometry (input nodes coordinates, define 

members and connections)  

2. Boundary Conditions/ Joint Restraints (fixed, 

free, roller, pin or partially restrained with a 

specified spring constant)  

3. Material Property (Elastic Modulus, Poisson’s 

Ratio, Shear Modulus, damping data, thermal 
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properties and time-dependent properties such 

as creep and shrinkage)  

4. Loads and Load cases  

5. Time history calculation values 

For design we can use SAP 2000N Bridge templates 

for generating Bridge Models, Automated Bridge 

Live Load Analysis and Design, Bridge Base 

Isolation, Bridge Construction Sequence Analysis, 

and Pushover Analysis.  

3.3. MATERIAL PROPERTY 

              Table3.1:Material Property for concrete 

Property Value 

Elastic modulus 27386 N/mm
2
 

Compressive strength 30 N/mm
2
 

Tensile strength 3.83 N/mm
2
 

Poisson’s ratio 0.18 

The equation for the design curve under 

compression is as follows.  

                                                                                       

 ε
c 
< ε

c 
≤ ε

cu       
f
c 
= f

ck 

Where, f
c 
= compressive stress,  

f
ck 

= characteristic compressive strength of cubes, ε
c 

= compressive strain,  

ε
0 
= strain corresponding to f

ck 
= 0.002 ,  

ε
cu 

= ultimate compressive strain = 0.0035. 

              Table 3.2: Material property for Rebar 

Property Value 

Elastic modulus 54780 N/mm
2
 

Tensile strength 485 N/mm
2
 

Yield stress 415 N/mm
2
 

Poisson’s ratio 0.3 

  

Figure 3.2: Stress Strain Relationship of Concrete   

& Rebar 

Table.3.3: Modulus of Elasticity for Pre-stressing    

Tendons 

Property Value 

Elastic modulus 200,000 N/mm
2
 

Prestressing force 138 N/mm
2
 

Yield stress 1585 N/mm
2
 

Poisson’s ratio 0.3 

Strand dia 40mm  

 

3.4 2D & 3D Modelling of the Bridge  

3.4.1 SAP 2000N Model 

 

 

Figure 3.3: 3D-FEM Bridge Model. 

In Figure 3.4 the green colour indicates the position 

of tendons 

implemented. 

 

 

Figure 3.4: Solid & Frame element Model. 

            The above figures are the modelling of the 

full span bridge using SAP 2000N software using 

Frame and Solid elements. 

 

 4. ANALYTICAL STUDY 

4.1 3-D VEHICLE LIVE LOADANALYSIS 

A moving load analysis on a 3D Finite Element 

(FE) model provides accurate load distribution. 

However, for routine design of commonly used 

bridge superstructure system, 3D FEA requires the 

familiarity with sophisticated, usually also 

expensive, finite element methods.  

4.1.1 Bridge Deck Loading 

The  loading  taken  for  the  analysis  of  the bridge  

section  was  a  combination  of  three  moving  

vehicle  loads, moving in the two lanes of the bridge 

deck. SAP 2000N has several pre -defined vehicle 

loads, and most basic type of truck and lane 

loadings are included. A combination of those type 

of loads have been imposed in every case to 

maintain uniform loading as per code. IRC standard 

design vehicular live loads are used as the traffic 

load for the analyses of the live load distribution 

factor. Figure 5.1 taken from IRC 6-2000 shows the 

elevation view of those types of design vehicles per 
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lane. Transverse spacing of the wheels for design 

truck. The transverse width of the design lane load 

is 10 ft. The extreme force effect, moment and shear 

in girders for this study, at any location of any 

girder, are the largest from the design vehicles: A 

dynamic load allowance of 33% is applied and only 

applied to the design truck.  

 

Figure 4.1: Elevation View of IRC Standard 

Vehicles 

4.2 LOADING OF VEHICHLES 

The  SAP  2000N  software  gives  the  final  results  

in  the  form  of  deflection  curves, bending  

moment  diagrams  and even stress contours are 

obtained after the bridge analysis. 

 

Figure 4.2: Live Load Distribution 

 

  

 

Figure 4.3: Position of loading on bridge 

4.3 ANALYSIS 

4.3.1 SINGLE SPAN LOADING  

         (MIDDLE SPAN) 

The Figure 4.4 indicates the deflected shape and 

joint reactions of the bridge model only at a 

particular single span region namely the midspan 

where the load is applied.   

  

 

Figure 4.4: Deflected shape and Joint reactions 

4.3.2 MULTISPAN LOADING 

The Figure 4.5 indicates the deflected shape and 

joint reactions occurred on the overall span of the 

bridge model at both lanes. 

 

 

Figure 4.5: Deflected shape and Joint reactions 

  

        Figure 4.6: Displacement Contours 

         

Figure 4.7: Deflected profile of Tendon 

 

The Figure 4.6 indicates the displacement contours 

occurred on the overall span of the bridge model at 

both lanes due to loading. 

The Figure 4.7 is the deflected profile of the tendon 

occurred on the bridge model due to the loading 

4.3.3 TIME HISTORY ANALYSIS 

k

N 

k

N 

k

N 
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Figure 4.8: Time History data inputs 

Steps involved in time history function 

STEP-1 Linear and Non-Linear Analysis  

 Design the bridge model as per linear and non-

linear analysis 

 After completing the design of the bridge model 

Unlock the model. 

STEP-2 Define New Load Case of Gravity Loads 

 Go to Define > Load Case> Add New Load 

Case consisting of dad load (i.e. dead load and 

% of live load).  

STEP-3 Define time history load Case 

 Go to Define > Load Case> Add New Load 

Case >time history consisting of load in 

proportion to the fundamental mode. This load 

case is deformation controlled load case as 

shown in Figure 4.8. 

 Select Load Case Type> Static, Analysis Type> 

Nonlinear. 

STEP-4 RUN Analysis 

While running the analysis it is important to Run 

the Modal and time history analysis.. 

 The time history is a non-linear static analysis 

so depending upon system configuration it takes 

time to complete the analysis 

STEP-5 Graphically Review the time history 

analysis Results  

 To see the time history curve Go to > Display > 

Show plot function Curve. 

The Figures 4.9, 4.10 below indicates the graphs of 

Linear, Non-Linear and Response Spectrum 

analysis obtained by applying loads with 

respect to time at periodic intervals. 

4.4. LINEAR & NON-LINEAR ANALYSIS  

GRAPH 

  

Figure 4.9: Linear & Non-Linear Time History 

Graph 

4.5. RESPONSE SPECTRUM 

 

Figure 4.10: Response Spectrum 

For mode 1: Period = 0.63571 sec 

Frequency = 1.98 cycle/sec 

 Circular frequency = 15.416 rad/sec 

For mode 2: Period = 0.17875 sec 

Frequency = 5.82 cycle/sec 

Circular frequency = 40.17 rad/sec 

4.6. ABSOLUTE STRESS 

 

Figure 4.11: Absolute Stress 

The Figure 4.11 indicates the stress obtained by 

ultimate loading on the bridge model. From this the 

maximum and minimum stress obtained is noted 

respectively. 

Max stress = 0.52 KN/m
2
,   

Min stress = 0.18 KN/m
2
 

4.7. TENSION  

 

Figure 4.12: Tension due to Ultimate loading 
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The Figure 4.12indicates the tension effect occurred 

on the prestressed tendons due to the ultimate 

loading applied 

4.8 RESULTS: 

Table 4.1:  Absolute results obtained from the    

analytical study 

Output Case Values Units 

Absolute 

Displacement 

44.297 mm 

Absolute 

Moment 

402.496 kN-m 

Absolute 

Shear 

564.956 kN/m
2 

 

5. CONCLUSION 

1. The deflected shape of the bridge model shows 

that there is a marginal increase in the value of 

deflection according to the various loading and 

increased different various time period intervals 

too. 

2. Among the both linear and non-linear analysis 

the deflection changes up to 30%-40% 

periodically. 

3. However there is no much more changes in 

stresses and tension occurred due to those 

loading factors. 

4. 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. 

5. It is observed that the result obtained by both 

analytical method shows good agreement. 
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