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Abstract— In order to address this problem, the aims of the 

present structure was to carry out a seismic evaluation case 

study for an existing RC bridge using nonlinear static 

(pushover) analyze. Bridges extends horizontally with its two 

ends restrained and that makes the dynamic characteristics of 

bridges different from building. Modal analyze of a 3D bridge 

model reveals that it has many closely-spaced modes. 

Participating mass ratio for the higher modes is very high. 

Therefore, pushover analyze with single load pattern may not 

yield correct results for a bridge model. A 12-span existing 

RC bridge was selected for the case study. Standard pushover 

analyze using FEMA 356 displacement coefficient method 

and an improved upper bound pushover analyze method were 

used to analyse the building. Some of the analyze parameters 

were suitably modified to use in a bridge structure. 
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I. INTRODUCTION 

The seismic building design code in India (IS 1893, Part-I) is 

also revised in 2002. The magnitudes of the design seismic 

forces have been considerably enhanced in general, and the 

seismic zonation of some regions has also been upgraded. 

There are many literature (e.g., IITM-SERC Manual, 2005) 

available that presents step-by-step procedures to evaluate 

multi-storeyed buildings. This procedure follows nonlinear 

static (pushover) analyze as per FEMA 356. 

II. OBJECTIVES 

Following are the main objectives of the present study: 

1) To understand the standard pushover analyze procedures 

and other improved pushover analyze procedures 

available in literature. 

2) To carry out a detailed case study of pushover analyze of 

a reinforced concrete bridge using standard pushover 

analyze and other improved pushover analyses. 

III. LITERATURE REVIEW 

The available literatures on pushover analyze of RC bridges 

are very limited whereas we can get a number of published 

literatures in pushover analyze of buildings. Hence the 

literature survey is presented here in two broad areas:  

1) Standard pushover analyze and its improvements and  

2) Application of pushover analyze to bridges. 

[1] [Yang Zhong and QianXu (2019)] The crystal solutions 

of rectangular thick salts with all edges clamped and 

supported were investigated in this study. The basic 

governing equations used for analyze are based on 

Mindlin’s higher-order shear deformation salts Theory 

.The decoupling method and the modified Navier’s 

solution have been used together in this study for a 

simple analyze of rectangular thick salts. 

[2] [P. S. Gujar , K. B. Ladhane (2018)] The aim of study is 

static crystal analyze ofan isotropic circular salts using 

analytical method i.e. Classical Theory andFinite 

Element software ANSYS Circular salts analyze is done 

in cylindrical coordinate system by using Classical 

Theory. The ax symmetric crystal of circular salts is 

considered in the present study. 

[3] [Monica S Swamy, Ranjith , Sandya D S (2016)] Studied 

the Buckling Analyze OF salts Element Subjected to In 

Plane Loading Using ANSYS The usage of 

heterogeneous materials in situations where large 

strength to weight ratio is required has been increased 

substantially over the world in all construction aspects. 

The behaviour of the salts under each loading is different. 

IV. SUMMARY: 

This Chapter describes details procedure of standard 

pushover analyze as per FEMA 356 and ATC 40. This 

procedure, as explained in FEMA 356, is primarily meant for 

regular buildings with dominant fundamental mode 

participation. There are many alternative approaches of 

pushover analyze reported in the literature to make it 

applicable for different categories of irregular buildings. 

These comprise (i) modal pushover analyze, (ii) modified 

modal pushover analyze (iii) upper bound pushover analyze 

and (iv) adaptive pushover analyze, etc. However, none of 

these alternative methods have been tested for RC Bridges 

successfully. This second half of this chapter presents the 

previous research work available in literature on the seismic 

evaluation of RC bridges. 

V. BRIDGE PIER SECTION 

The study in this thesis is based on nonlinear analyze of RC 

bridge models. This chapter presents a summary of various 

parameters defining the computational models, the basic 

assumptions and the bridge geometry considered for this 

study. Accurate modelling of the nonlinear properties of 

various structural elements is very important in nonlinear 

analyze. In the present study, piers were modelled with 

inelastic flexural deformations using point plastic model. 
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VI. STRESS-STRAIN CHARACTERISTICS FOR CONCRETE: 

The stress-strain curve of concrete in compression forms the 

basis for analyze of any reinforced concrete section. The 

characteristic and design stress-strain curves specified in 

most of design codes (IS 456: 2000, BS 8110) do not truly 

reflect the actual stress-strain behaviour in the post-peak 

region, as (for convenience in calculations) it assumes a 

constant stress in this region (strains between 0.002 and 

0.0035). In reality, as evidenced by experimental testing, the 

post-peak behaviour is characterised by a descending branch, 

which is attributed to ‘softening’ and micro-cracking in the 

concrete. 

The advantage of using this model can be summarized as 

follows: 

 A single equation defines the stress-strain curve (both the 

ascending and descending branches) in this model. 

 The same equation can be used for confined as well as 

unconfined concrete sections. 

 
Fig. 1: Typical stress-strain curve for M-20 grade concrete 

 This section depicts the procedure and materials 

used to accomplish the destinations. Bentonite was gathered 

from Bikaner, Rajasthan. System for test readiness, testing 

and testing methods utilized for portrayal of materials and 

additionally exploratory setup for examination are accounted 

for in the accompanying session. 

 The model can be applied to any shape of concrete 

member section confined by any kind of transverse 

reinforcement (spirals, cross ties, circular or rectangular 

hoops). 

 The validation of this model is established in many 

literatures. 

VII. STRESS-STRAIN CHARACTERISTICS FOR REINFORCING 

STEEL 

The constitutive relation for reinforcing steel given in IS 456 

(2000) is well accepted in literature and hence considered for 

the present study. The ‘characteristic’ and ‘design’ stress 

strain curves specified by the Code for Fe-415 grade of 

reinforcing steel (in tension or compression) are shown in 

Fig. 3.8. 

 
Fig. 2: Stress-strain relationship for reinforcement – IS 456 

(2000) 

A. Moment-Rotation Parameters 

Moment-rotation parameters are the actual input for 

modelling the hinge properties and this can be calculated 

from the moment-curvature relation. The moment-rotation 

curve can be idealised as shown in Fig. 3.9, and can be 

derived from the moment-curvature relation. The main points 

in the moment-rotation curve shown in the figure can be 

defined as follows: 

 The point ‘A’ corresponds to the unloaded condition. 

 The point ‘B’ corresponds to the nominal yield strength 

and yield rotationθ y . 

 The point ‘C’ corresponds to the ultimate strength and 

ultimate rotationθ u , following which failure takes place. 

 The point ‘D’ corresponds to the residual strength, if any, 

in the member. It is usually limited to 20% of the yield 

strength, and ultimate rotation, θ u can be taken with that. 

 The point ‘E’ defines the maximum deformation 

capacity and is taken as 15θ y orθ u , whichever is greater. 

 
Fig. 3: Idealised moment-rotation curve of RC elements 

VIII. SUMMARY 

There are many literatures available on the seismic evaluation 

procedures of multi-storeyed buildings using nonlinear static 

(pushover) analyze. There is no much effort available in 

literature for seismic evaluation of existing bridges although 

bridge is a very important structure in any country. There are 

presently no comprehensive guidelines to assist the practicing 

structural engineer to evaluate existing bridges and suggest 

design and retrofit schemes. In order to address this problem, 

the aims of the present structure was to carry out a seismic 
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evaluation case study for an existing RC bridge using 

nonlinear static (pushover) analyze. 

 To achieve this, a multi-span RC bridge is selected 

from literature. The bridge was modeled using SAP2000 for 

nonlinear analyze. Nonlinear hinge properties were generated 

using improved stress-strain curve of concrete and 

reinforcing steel. The bridge is analysed using pushover 

analyze procedure as per FEMA 356 and Upper Bound 

Pushover Analyze procedure. Both of these two procedures 

are developed for multi-storeyed building. These procedures 

were suitably modified to use for multi-span bridges. 
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