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Abstract— In general Flyovers/Bridges are built with 

conventional method. In conventional method various 

elements like Bearings, Expansion joints need regular 

inspection and maintenance. The expansion joints and 

bearings, by virtue of their functions are sources of 

weakness in the bridge and there are many examples of 

distress in bridges, primarily due to poor performance of 

these two elements. This can be avoided by adopting 

Integral type of structures. Integral Bridges are the structures 

without joints. Integral bridges are characterized by 

monolithic connection between the deck and the 

substructure (piers and abutments). They span from one 

abutment, over intermediate support to the other abutment, 

without any joint in the deck. Integral bridges have been 

constructed all over the world including India. The work 

includes analysis and design of Integral structure by using 

STADD PRO software and manual analysis for simply 

supported structure. 
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I. INTRODUCTION 

Integral bridges in simple words can be defined as bridges 

without joints, traditional bridges include bearings and 

expansion joints in order to accommodate the deck thermal 

and horizontal forces. Bearings and expansion joints are 

sensible elements; their deterioration can lead to interruption 

of the circulation on the bridge. The general concept of 

integral bridges is based on the theory that, due to the 

flexibility of the piles and the rigid connection between the 

superstructure and substructure, the stresses are transferred 

to the foundation soil. 

The difference between Integral Flyovers/bridges 

and Convention bridges (i.e. Simply supported, Continuous) 

is the transferred of moment. In simply supported bridge 

maximum bending moment is at the centre of span, for 

continuous structure the bending moment is generally 

maximum at support of span. Whereas, in Integral 

Flyovers/Bridges moment is transferred to superstructure, 

substructure and foundation, due to distribution of bending 

moment the value of moment is reduced significantly. So 

value engineering can be achieved by selecting economical 

section in case of Integral bridges. 

A. Motivation Behind Integral Bridges 

1) To eliminate expansion joints in the deck 

2) When earthquake forces are predominant or when 

considerations like increased resistance to blasts the 

integral bridge concept is an excellent option. 

3) Less expensive. 

4) Improve load distribution 

5) Improved durability 

B. What Is An Integral Flyovers/Bridge? 

Bridges constructed without any expansion joint (between 

spans or between spans and abutments) and without any 

bearings are called integral bridges. 

 
Fig. 1: Typical Integral Bridge 

II. LITERATURE REVIEW 

The various literatures have been referred from journals, 

preceding, books etc to understand present status of project 

undertaken. From this literature data is summarized for 

work. These are explained in following ways. 

Thevaneyan K. David; John P. Forth; and Jianqiao 

[1] (2014) have studied that research leading to the 

successful introduction of integral-type structures such as 

continuous beams and frames actually began in the 1930s. 

Simple stub-type abutments have been found to perform 

well and are recommended for widespread use. The purpose 

of this analysis was to consider the behavior of the 

superstructure and substructure/backfill soil when they are 

subjected to thermally induce lateral movement and 

vertically imposed load at deck level. With the Oasys Safe 

finite-element analysis programs, finite-element models 

were developed to represent a typical stub-type integral 

abutment bridge configuration and backfill/foundation soil 

profile. It was found that the behavior of the superstructure 

of an integral bridge was predominantly influenced by the 

loading magnitude; irrespective of backfill soil properties. 

The results suggest that when designing the superstructure, 

the design requirements to resist the imposed loading may 

be sufficient to accommodate any effects attributable to the 

thermal load.  

Conner D. Huffaker [2] (2013) has studied that 

Integral bridges have been built throughout the United 

States since the 1930s and have since become more 

common, especially for bridges with short, continuous 

spans. An integral abutment bridge is designed without the 

use of expansion joints in the bridge deck. This requires the 

bridge and abutment to be detailed so that the developed 

loads during expansion and contraction will be resisted by 
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its members. This joint less design allows for lower 

installation and maintenance costs by avoiding costly 

bearings and the inevitable maintenance they require. This 

design philosophy has evolved since its introduction in the 

United States and has improved through the individual 

experience of various states in constructing these integral 

bridges. Integral Abutment bridges possess a number of 

unique design details that make them desirable in many 

applications. Integral abutment bridges can be single-span or 

multi-span. These bridges are constructed without expansion 

joints within the superstructure of the bridge. The overall 

design of integral abutment bridges is simpler than that of 

their non-integral counterparts. The simplicity of these 

bridges allows for rapid construction. These bridges have 

proven themselves in earthquakes and performance studies. 

The advantages of integral abutment bridges make them the 

preferred choice for many departments of transportation 

throughout the world. 

H. White II; H. Pétursson; and P. Collin [3] (2010) 

have researched that Integral abutment bridges are becoming 

more popular in Europe, but the traditions differ from 

country to country. This leads to different technical 

solutions for the same problem in each country. A European 

survey was conducted in early 2007 to illustrate the design 

criteria used by each different country for integral abutment 

bridges. The survey requested information useful to a 

designer comparing the design requirements and restrictions 

of various European countries. As an added measure of 

comparison, these results were compared to some recently 

conducted surveys of state agencies within the United 

States. When looking at the results of the European survey 

responses and past surveys of U.S. transportation agencies, 

it is clear that there are many similarities in design 

assumptions and construction practices. Yet, there are also 

significant differences. 

Harry White 2nd [4] (2007), done the comparison of 

Practice between European Countries and the United States 

of America. In the United States of America (USA), there 

are more than 9,000 Fully Integral Abutment Bridges and 

4,000 Semi-Integral Abutment Bridges. Integral Abutment 

Bridges have proven themselves to be less expensive to 

construct, easier to maintain, and more economical to own 

over their life span. European experience with Integral 

Abutments is significantly less, but what experience has 

been gained has been positive. A European Survey was 

conducted to illustrate the design criteria used by each 

individual country for Integral Abutment Bridges. The 

survey requested information that would be useful to a 

designer when comparing the design requirements and 

restrictions of various European countries. As an added 

measure of comparison, these results were compared to 

some recently conducted surveys of state agencies within 

the USA.  

III. PROBLEM FORMULATION AND   METHODOLOGY 

A. Research Gap 

It is observed from the literature survey, that various studies 

have been done on Integral Abutment Bridge. However, 

very little literature was available on provision of Integral 

Abutment Bridge and on comparison on conventional 

bridge. 

B. Problem Formulation 

Analysis and design of 4 span continuous integral unit of 

(19.6+25+25+19.6) has been carried out using STAAD Pro 

software. Staad Pro is a fully integrated program that allows 

model creation, modification, execution of analysis, design 

optimization, and results review from within a single 

interface. In recent years it has become part of integrated 

structural analysis and design solutions. It can make use of 

various forms of analysis from the traditional 1st order static 

analysis, 2nd order p-delta analysis, geometric non-linear 

analysis, Pushover analysis (Static-Non Linear Analysis) or 

a buckling analysis. It can also make use of various forms of 

dynamic analysis from modal extraction to time history and 

response spectrum analysis. . It offers powerful user 

interface with many tools to aid in quick and accurate 

construction of the models, along with sophisticated 

technique needed to do more complex projects. Analysis and 

design of same 4 span simply supported units is carried out 

manually and comparison of amount of steel and concrete 

required in different cases.    

C. Problem Statement 

With help of literature review the problem for present work 

is stated as “Analysis and Design of Integral 

Flyovers/Bridges”. 

D. Practical Significance of Work 

The structures must be safe, economical and with good 

serviceability issues. All these needs can be found in 

integral bridges. This solution, by eliminating the bearing 

and expansion joints, leads to low production and 

maintenance costs. After completion of work it will be 

prove how the Integral Bridges are economical and required 

less maintenance cost as compared to conventional Bridges. 

E. Scope and Objectives of Work 

The aim of this work is to compare the Integral Bridge with 

conventional bridges (i.e. simply supported, continuous 

bridge etc).  

F. Design Basic Data 

The overall width of the structure is 24.2m with each deck 

width of 12.00 m plus 0.02m gap between the two decks. 

The overall length of the structure is approximately 89.2m. 

The span arrangement proposed is 1 unit of four continuous 

spans of 19.6+25.0+25.0+19.6. The structural system 

adopted is integral solution. Analysis and design of 

19.6+25.0+25.0+19.6 Unit is carried out. 

 
Fig. 2: Typical span arrangement 
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Fig. 3: Typical cross section 

The grade of concrete considered for various elements is as 

shown below. 

RCC girders and Deck Slab M40 

Pier and Foundation M35 

In Situ Diaphragms M40 

The unit weight of concrete has been taken as 24kN/m3. 

1) Dead Loads 

Dead load of the structure is estimated based on unit weight 

of concrete, which has been taken as 24 kN/m3. The 

appropriate loads based on the cross sectional areas are 

calculated and used in the analysis. The SIDL consists of 

load due to crash barrier and wearing coat 

2) Live loads (LL)  

LL is taken as per IRC: 6-2014. The following load cases 

have been considered in the analysis 

1 lane of class 70R + 1 lane of class A 

3 lanes of Class A  

A reduction in the longitudinal effect has also been 

considered in accordance with cl.205 of IRC: 6-2014. The 

impact factor of 1.17 is calculated as per cl.208 of IRC: 6-

2014. . Vehicle collision, Braking forces, Temperature and 

Shrinkage, Seismic Forces are considered as per respective 

clauses of IRC 6-2014. 

G. Load Combinations 

The loads and load combinations have been considered as 

per IRC 6:2014.  The Analysis will be carried out in the 

form of grillage model using STAAD Pro software. 

IV. ANALYSIS AND DESIGN 

The continuous framed superstructure consists of essentially 

four structural elements namely 1) RCC Precast girders 2) 

Cast-in-situ Deck slab 3) 3 x 0.8 column pier and 4) 

Diaphragms connecting the superstructure with pier column 

forming Beam – Column Joint. The superstructure has been 

discretised as grillage model as given below. The deck 

consists of four girders having section properties given in 

appropriate sections. There are two dummy members at the 

two edges in the longitudinal direction to define the edge of 

the deck slab and to transfer the load of crash barrier & 

moving load. These dummy members have been given 

nominal section properties. Grillage members in the 

transverse direction have been assigned at regular intervals. 

The wall type piers are modeled as grillage using two 

vertical members separated by 1.5m. The sectional 

properties for these members have been assigned according 

to their contribution area. These two vertical members have 

been connected by transverse members to get the grillage 

action. The support conditions of the piers representing the 

foundation are modeled as fixed. From the construction 

methodology envisaged, precast girder is simply supported 

between the temporary supports. Bending Moment and 

Shear Forces due to Dead Loads have been derived 

considering it to act as a simply supported beam. 

 
Fig. 4: Typical Loading for Precast Girder Supported on 

Temporary Supports for 25m span 

 
Fig. 5:  Typical Loading for Precast Girder Supported   on 

Temporary Supports for 19.6m span 

Figure 4 & 5 depicts typical loading for precast 

girder supported on temporary supports for 25m and 19.6m 

span respectively. The girders are placed on the temporary 

supports and then the in situ diaphragms are cast. In this 

case there are no transverse members connecting the girders 

as depicted in Figure 6 

 
Fig. 6:  Typical Model for Load due to Diaphragm and 

Girder Reaction 

The above model is used for self-weight of slab 

with beams of precast section properties. Dead load due to 

slab, superimposed dead load (SIDL), live loads and 

secondary effects due temperature and shrinkage are 

analyzed by continuous grillage model as portrayed in 

Figure 7 

 
Fig. 7: Typical Space Frame Model used for the analysis 
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In the above model, composite sectional properties are used 

for the beam elements. 

Sectional Properties of Girder for 25.0 m span 

 
Fig. 8: Section at mid span 

 
Fig. 9: Section at support span 

V. ANALYSIS  

The superstructure has been designed for an orthotropic 

behaviour, with the longitudinal beams designed as 

reinforced concrete elements and the deck slab as RCC 

member in both directions. The Analysis has been carried 

out in the form of grillage model using STAAD Pro 

software. The dead load effects of the beams are analyzed 

separately as simply supported as per the construction 

sequence. The structure has been analyzed for the load cases 

and load combinations as per IRC 6 2014. 

A. Design of Girder 

The girders are designed as for the continuous action under 

service condition. The girders are supported over temporary 

supports before casting the diaphragm. At this point of time, 

the girder will be simply supported over temporary supports 

and the sagging bending moment calculations are shown 

below. Sagging Moment due to its Self Weight. 

With the c/c of supports as 25m and assuming 

girder is being supported at 1.0m away from c/l of supports. 

Effective span               =             23.00 m 

Overall length of girder = 24.10 m 

Density of Concrete           =             2.40 t/m3     

 
Total reaction =     1.08   x   12.05   +   0.19   x  1.05   +   0.5   

x  0.19  x  1.50   = 13 t 

Bending moment @ centre o f girder 

= 13.356x 11.5 - 1.08 x 12.050 x  12.05  / 

2.00 - 0.143  x10.50- 0.20 x  12 

Mmax = 71.4 tm 

Sr. No Load case Bending mmt KN-m 

1 70R Loading 1328.80 

2 Class A most eccentric 332.00 

3 Due to Deck + SIDL 448.72 

4 Due to lifting of Girder 714.00 

 Maximum Bending mmt 2853.52 

Table 1: Abstract of Bending Moment for Integral Flyover 

Sr. No Load case Bending mmt KN-m 

1 DL BM 4041.84 

2 LL BM 2545.62 

 Maximum Bending mmt 6587.46 

Table 2: Abstract of Bending Moment for Simply supported 

Flyover 

Sr. No Load case Shear Force KN 

1 70R Loading 558.59 

2 Class A most eccentric 15.92 

3 Girder +Diaphragm 133.00 

4 Due to Deck + SIDL 208.61 

 Maximum  Shear Force 916.12 

Table 3: Shear Force for 25m span Integral Flyover Girder 

Sr. No Load case Shear Force KN 

1 DL SF 636.98 

2 LL SF 474.42 

 Maximum Shear Force 1111.40 

Table 4: Shear Force for 25m span Simply supported 

Flyover Girder 

Design of Girder at Mid span of 25m span considering  all 

loads 

 
Fig 10: C/S at mid span 

Width of web (bw) 250 mm 

Width of the flange (bf) Cl 305.15.2 of 3050 mm 
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IRC 21 

Depth of flange (Df) 230mm 

Overall depth of section (D) 1930 mm 

Clear cover 40 mm 

Effective depth 1758 mm 

Moment to be resisted by the section 

(Me) 
2853.52 KNm 

Dia of Main bars 40 mm 

No. of bars 2 

Dia of main bars 32 mm 

No. of bars 2 

Dia of main bars 40 mm 

No. of bars 2 

Dia of main bars 32 mm 

No. of bars 2 

Effective cover 172 mm 

Area of steel (Ast) 8244 mm2 

Grade of Concrete 40 N/mm2 

Permissible compressive stress in 

bending 
13.34 N/mm2 

Permissible tensile stress in 

reinforcement 
240 N/mm2 

Modular ratio (m) 10 

Neutral axis from top 352.82 mm 

Centroid  of flange (y) 68.25 mm 

Lever arm 1689.75 

Actual Stress in concrete 
5.14 N/mm2 

(Safe) 

Actual Stress in Steel 
204.8 N/mm2 

(Safe) 

Ast required = M/6st*LA 7035 mm2 (Safe) 

M.R = Ast*6st*LA 
3341 > Me 

(Safe) 

Table 5: Design of girder of integral flyover 

Width of web (bw) 350 mm 

Width of the flange (bf) Cl 305.15.2 of 

IRC 21 
3050 mm 

Depth of flange (Df) 250 mm 

Overall depth of section (D) 2000 mm 

Clear cover 40 mm 

Effective depth 1856.40 mm 

Moment to be resisted by the section 

(Me) 
6587.46 KNm 

Dia of Main bars 32 mm 

No. of bars 7 

Dia of main bars 32 mm 

No. of bars 7 

Dia of main bars 32 mm 

No. of bars 5 

Dia of main bars 32 mm 

No. of bars 3 

Effective cover 143.6 mm 

Area of steel (Ast) 17685 mm2 

Grade of Concrete 40 N/mm2 

Permissible compressive stress in 

bending 
13.34 N/mm2 

Permissible tensile stress in 

reinforcement 
240 N/mm2 

Modular ratio (m) 10 

Neutral axis from top 478 mm 

Centroid  of flange (y) 110.25 mm 

Lever arm 1746.15 

Actual Stress in concrete 
7.39 N/mm2 

(Safe) 

Actual Stress in Steel 
213.35 N/mm2 

(Safe) 

Ast required = M/6st*LA 15719 mm2 (Safe) 

M.R = Ast*6st*LA 7102.57 > Me 

Table 6: Design of girder of Simply supported flyover 

Design of Girder at mid span for 25 m span of Simply 

supported Flyover

 
Fig. 11: C/S at mid span s.s girder 

Width of web (bw) 350 mm 

Width of the flange (bf) Cl 305.15.2 of 

IRC 21 
3050 mm 

Depth of flange (Df) 250 mm 

Overall depth of section (D) 2000 mm 

Clear cover 40 mm 

Effective depth 1856.40 mm 

Moment to be resisted by the section 

(Me) 
6587.46 KNm 

Dia of Main bars 32 mm 

No. of bars 7 

Dia of main bars 32 mm 

No. of bars 7 

Dia of main bars 32 mm 

No. of bars 5 

Dia of main bars 32 mm 

No. of bars 3 

Effective cover 143.6 mm 

Area of steel (Ast) 17685 mm2 

Grade of Concrete 40 N/mm2 

Permissible compressive stress in 

bending 
13.34 N/mm2 

Permissible tensile stress in 

reinforcement 
240 N/mm2 

Modular ratio (m) 10 
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Neutral axis from top 478 mm 

Centroid  of flange (y) 110.25 mm 

Lever arm 1746.15 

Actual Stress in concrete 
7.39 N/mm2 

(Safe) 

Actual Stress in Steel 
213.35 N/mm2 

(Safe) 

Ast required = M/6st*LA 15719 mm2 (Safe) 

M.R = Ast*6st*LA 7102.57 > Me 

Table 6: Design of girder of Simply supported flyover 

Sr. 

No. 
Description 

Integral 

type 

structure 

Simply 

supported 

structure 

Remark 

1 

Area of 

Concrete 

(m2) 

0.45 0.88 

The cost of 

casting of one 

girder for 

Integral 

Flyover is Rs 

203075/-   

whereas the 

cost for casting 

of a girder for 

simply 

supported 

structure for 

the same span 

is Rs 414557/- 

In view of the 

above, by 

adopting the 

Integral type of 

flyover we can 

able to save the 

cost of 

Superstructures 

by more than 

50%. 

2 

Area of 

Steel          

( mm2) 

8244 17685 

3 

Quantity of 

Concrete 

(Cum) 

11.25 22 

4 
Weight of 

Steel (MT) 
1.63 3.48 

5 

Rate / Cum 

of M-40 

Grade 

Concrete 

9414 

6 

Rate / MT 

of steel 

(Rs) 

59612 

7 

Cost of 

Concrete 

(Rs) 

105907 207108 

8 
Cost of 

Steel (Rs) 
97168 207449 

9 

Total Cost 

Concrete 

and Steel 

per Girder 

(Rs) 

203075 414557 

Table 7: Comparison between Integral flyover girder with 

simply supported 

VI. DETAILS OF WORK DONE 

In first phase, from initial literature and study methodology, 

plan under consideration is finalized. Second stage of study 

includes following stages. 

The load cases and the combinations that are used 

in the analysis and design is presented. The Analysis is 

carried out in the form of grillage model using STAAD Pro 

software.  The manual analysis done on the same frame unit 

considering simply supported condition. 

VII. CONCLUSION 

In the present study analysis and design of 4 span flyover is 

carried out. Two alternative options of Integrated structures 

and Conventional type structure (i.e. simply supported 

structure) are studied. The following conclusions have been 

drawn from the above. 

The maximum sagging bending moment for 25m 

span integral flyover girder is 2853.52 KN-m whereas for 

the same span simply supported structure the bending 

moment is 6587.46 KN-m.  

Shear Force for Integral type girder is 916.12 KN 

whereas for simply supported it is 1111.40 KN. 

The cost of casting of one girder for Integral 

Flyover is Rs 203075/-   whereas the cost for casting of a 

girder for simply supported structure for the same span is Rs 

414557/- In view of the above, by adopting the Integral type 

of flyover we can able to save the cost of Superstructures by 

more than 50%. 

The expansion joints and bearings, by virtue of 

their functions are sources of weakness in the bridges and it 

required around 12 to 15% of total cost of structure which is 

completed eliminated in integral type structures.    

Hence, value engineering can be achieved by 

adopting the Integral types of Flyovers/Bridges.   

By adopting the Integral type structures, significant 

reduction in size of the structural elements is possible leads 

to saving of the valuable natural resources like cement, sand 

and aggregates etc.  
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