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Abstract— 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 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. The evaluation results
presented here shows that the selected bridge does not have
the capacity to meet any of the desired performance level.
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. INTRODUCTION

The attention for existing bridges is comparatively less.
However, bridges are very important components of
transportation network in any country. The bridge design
codes, in India, have no seismic design provision at present.
A large number of bridges are designed and constructed
without considering seismic forces. Therefore, it is very
important to evaluate the capacity of existing bridges against
seismic force demand. 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 present work
aims to carry out a seismic evaluation case study for an
existing RC bridge using nonlinear static (pushover) analyze.
Nonlinear static (pushover) analyze as per FEMA 356 is not
compatible for bridge structures. Bridges are structurally very
different from a multi-storeyed building. So, in the present
study an improved pushover analyze is also used to verify the
results.

Il. METHODOLOGY

1) A thorough literature review to understand the seismic
evaluation of building structures and application of
pushover analyze.

2) Select an existing RC bridge with geometrical and
structural details

3) Model the selected bridge in computer software
SAP2000.

4) Carry out modal analyze to obtain the dynamic properties
of the bridges and generate input parameters for
pushover analyze from the modal properties of the
bridge.

5) Carry out pushover analyze of the bridge model and
arrive at a conclusion.

I1l. COMPUTATIONAL MODEL

Modelling a building involves the modelling and assemblage
of its various load-carrying elements. The model must ideally
represent the mass distribution, strength, stiffness and
deformability. Modelling of the material properties and
structural elements used in the present study is discussed
below.

A. Material Properties

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.

Atterberg limits were determined for salts as per IS:
2720 and the results are presented in the table:

Limits and Indices | Values
Liquid Limit 140 %
Plastic Limit 61 %

Shrinkage Limit 40 %
Plasticity Index 79 %

B. Structural Elements

Piers and girders supporting deck are modelled by 3D frame
elements. The girder-pier joints are modelled by giving end-
offsets to the frame elements, to obtain the bending moments
and forces at the beam and column faces. The girder-pier
joints are assumed to be rigid (Fig. 3.1). The pier end at
foundation was considered as fixed. All the pier elements are
modelled with nonlinear properties at the possible yield
locations. Deck is not modelled physically. However, the
weight of the deck is applied on the beam as Dead Load. Also,
mass of the deck is considered for modal analyze.

End offset Pier
(Tvpecal)
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Fig. 3.1: Use of end offsets at pier-girder joint
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IV. BRIDGE GEOMETRY

The details of this bridge are obtained from literature (Muljati
and Warnitchai, 2007). The bridge deck is supported by
single-span pre-stressed concrete girders. Girders are placed
on the concrete pier-head through the bearing and locked in
the transverse direction. The supporting piers are in various
heights, but in this study equal height of 7.7 m is selected.
The width of the bridge is 10.5 m. Total 12 span with equal
span length of 30 m. Fig. 3.2 shows a schematic diagram of
the bridge in the longitudinal direction:

Pier Numbering
Fig. 3.2: Schematic diagram in longitudinal direction
Fig. 3.3 presents a section view of the bridge in Y-Z
plane that shows the pier and deck arrangement and
dimensions. Pier cross-section is of octagonal size as shown
in Fig. 3.4

V. 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.
¥
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Fig. 3.6: The coordinate system used to define the flexural
and shear hinges

VI. MODAL PROPERTIES

Modal properties of the bridge model were obtained from the
linear dynamic modal analyze. Table 4.1 shows the details of
the important modes of the bridge in transverse direction (Y
direction). The table shows that participating mass ratio in the
first mode is only 56% cumulative mass participating ratio for
first four modes is 65%. Therefore, unlike regular buildings
the higher mode participation in the response of bridge is
significant. Figs. 4.1 and 4.2 present the first four mode
shapes in the transverse direction.

L1
Fig. 3.3: Cross-sectional details of the bridge
Mode | Period (s) | Frequency (Hz) | Eigen value (rad2/sec?) | UY™ | T* (kN-s?) % *3
1 0.600 10.47 109.71 0.56 136.6 1.00
2 0.598 10.50 110.26 0.06 -44.9 -0.33
3 0.595 10.56 111.46 0.02 -25.5 -0.19
4 0.590 10.64 113.30 0.01 15.9 0.12

Table 4.1: Elastic Dynamic Properties of the Bridge for Lateral vibration (Y- direction)

VIl. PUSHOVER ANALYZE

Pushover analyses carried out using FEMA 356 displacement

coefficient method as well as upper bound pushover analyze

(UBPA) method. A triangular load pattern was used for
standard pushover analyze (FEMA 356). Fig. 4.3 shows the
load pattern used for standard pushover analyze.

Pier No I\/Il_alljsr:zzgl) Mlvcl)fezzs)hape '\\//Igl(igs fs,UB | fs,UB (normalised)
1 6550 0.00 -0.02 8078 0.00
2 13100 0.24 -0.67 673287 0.39

13100 0.48 -1.00 892343 0.52
3 13100 0.70 -0.73 | 1328880 0.77
4 13100 0.86 -0.02 | 1724812 1.00
5 13100 0.96 0.70 1062131 0.62
6 13100 1.00 1.00 412655 0.24
7 13100 0.96 0.70 1062131 0.62
8 13100 0.86 -0.02 | 1724812 1.00
9 13100 0.70 -0.73 | 1328880 0.77
10 13100 0.48 -1.00 892343 0.52
11 13100 0.24 -0.67 673287 0.39
12 6550 0.00 -0.02 8056 0.00

Table 4.2: Sample calculation for determining the load profile for UBPA
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A. Capacity Curve

Capacity curve of the bridge as obtained from the two
pushover analyses (FEMA 356 with triangular load pattern
and UBPA) are plotted and presented in Fig. 4.5. The
definition of the capacity curve is discussed.
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Fig. 4.5: Capacity curve of the bridge
B. Target Displacements
Target displacements were calculated for different

performance level as per the procedures discussed. Table 4.3
presents the target displacement values calculated as per
FEMA 356 displacement coefficient methods and that

calculated as per UBPA procedures.
Performance Level 10 LS CP
FEMA -356 80mm | 8 mm | 96 mm
UBPA 106 mm | 117 mm | 128 mm
Table 4.3: Target displacements for different performance
levels

VIIl. 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
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.

IX. CONCLUSIONS

Bridges extends horizontally with its two ends restrained and
that makes the dynamic characteristics of bridges different
from buildings. By analysing the structure using ‘Upper
Bound Pushover Analyze’ (UBPA) and FEMA-356 (TLP)
pushover analyze, it was concluded that:

1) Here the performance of the bridge, according to FEMA-
356 and UBPA, is not acceptable. Therefore it requires
retrofitting.

2) The distributions of the hinges are different for the two
pushover analyses carried out in this study. For FEMA-
356 loading hinges are concentrated at the middle of the
bridges.

3) For UBPA loading, hinges are distributed over the entire
length of the bridge. However, the formation of hinges
initiated from Pier# 5 and Pier# 10.

4) Modal analyze of a 3D bridge model reveals that it has
many closely-spaced modes.

5) Participating mass ratio for the fundamental mode is only
56%. Therefore, the contribution from the higher modes
is very high (44%).

6) Further investigation is required in order to make a
generalised evaluation procedure for bridge structures
with different configurations.
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