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1- Introduction

Bridges are important and vital structures that facilitate
traffic at non-level intersections and reduce traffic in
transportation networks. These important structures have a
lower redundancy compared to buildings, resulting in a
higher probability of damage in these structures than
residential buildings. Therefore, scientists in the past two
decades have focused on the design, evaluation, and
utilization of materials with advanced specifications in the
field of civil engineering. One of these emerging materials
is ultra-high-performance concrete (UHPC) which, in
addition to its fine and homogeneous granulation structure,
has advanced mechanical characteristics, such as high
compressive and tensile strengths. Consequently, it has
become one of the efficient materials in the construction of
concrete bridges, especially in the discussion of deck
repair, pier construction and repair, and cast-in-place
connection elements. There are various methods to
evaluate Bridges. one of the most accurate methods is
incremental dynamic analysis (IDA). This analysis is
performed using a set of time history analysis (THA),
allowing the structure to be checked under the effect of real
earthquake records at each step to reach the collapse point.
Finally, fragility curves are drawn using IDA curves and
using statistical and probabilistic methods, such as normal
distribution function and cumulative distribution function,
and statistical parameters, including mean and standard
deviation. These curves illustrate the probability of
damage occurrence in the structure based on predefined
performance levels and states. This study aims to evaluate
the probability of damage and performance differences in
concrete BRIDGES with UHPC piers considering the
impact of far-field and near-field earthquake records. The
assessment will specifically focus on bridges with piers
heights of 5 and 8 meters and compare its performance

difference with conventional concrete, such as C25
concrete, under the same conditions.

2- Materials

The use of UHPC in all components of a bridge is not
economically justified due to its high construction cost.
Therefore, conventional concrete (C25) has been utilized
in the construction and modeling of the bridge deck, with
only the bridge piers incorporating UHPC. This allows
comparing the performance of piers made with this UHPC
with those made with conventional concrete. The
specifications of UHPC and conventional concrete are
presented in Table 1.

Table 1. Specifications of conventional concrete (C25) and
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3-Modeling

The bridges modeled in this paper are three-span
continuous concrete bridges with a span length of 20 m, a
total length of 60 m, and a width of 9.2 m, which provides
the possibility of creating a traffic lane in each direction.
This bridge configuration allows for the establishment of a
traffic lane in both directions. The presented bridge
prototype features three-column supports that act as
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transverse frames and are isolated from the deck using
elastomeric bearings. The model is developed in the CSI-
Bridge software, utilizing the frame element approach. In
addition, the utilization of elastomeric bearings allows for
realistic representation of the bridge's response to dynamic
loads. The CSI-Bridge software provides a comprehensive
platform for modeling and analyzing bridges, making it
well-suited for the detailed investigation of the bridge's
performance under various loading conditions. The details
of the modeled bridge in the CSI-Bridge software based on
the frame element are shown in Figure 1.

(b)
Fig. 1. Modeled bridge in the CSI-Bridge software in both:
(a) simple and (b) extruded configurations

4-1DA Analysis
In the IDA, a total of seven far-field and seven near-field
earthquake records were used based on ATC-63. The
seismic parameter used in this study was the maximum
ground acceleration and the engineering demand
parameter of the relative displacement of the bridge piers.
The horizontal components of the bridge were applied in
the longitudinal and transverse direction of the bridge. The
relative displacement in the longitudinal direction was
considered the main criterion in all models due to the very
small relative displacement in the transverse direction
compared to the longitudinal direction of the bridge.
Finally, by conducting a series of THA with
incremental steps of 0.1, IDA curves for each bridge
sample categorized by seismic fields were obtained. With
using probabilistic tools, the normal distribution function
and cumulative distribution function and statistical
parameters, such as mean and standard deviation, the
fragility curves based on damage states defined in HAZUS
were derived. Figure 2 shows the results obtained from the
fragility curves of bridge that have 5 m piers height, with
piers made of UHPC and conventional concrete under the
effect of earthquakes in both far-field and near-field zones.
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Fig. 2. Fragility curves of modeled bridges with 5 m pier
height under the effect of :(a) far-field and (b) near-field
earthquake records

5-Conclusion

The results obtained from the analysis of fragility curves
indicate that UHPC, based on its homogeneous structure
and advanced mechanical properties, provides high
compressive strength. Through the creation of proper
confinement, UHPC not only enhances the elastic region's
capacity but also increases the base capacity in the plastic
region by introducing greater hardening and reinvigorating
the piers capacity. Consequently, the possibility of damage
occurrence in UHPC-based bridges is lower across all
defined performance levels compared to bridges with
conventional concrete piers. This demonstrates the
substantial impact of UHPC in improving the resistance
and stability of structures, achieving a minimum of 7.14%
and a maximum of 26.09% improvement in the ultimate
damage and collapse levels, compared to ordinary
concrete.

This significant improvement in structural behavior
and the increased potential of constructed elements
suggest that UHPC can be effectively utilized for reducing
cross-sections, optimizing designs, and achieving more
aesthetically pleasing architectural configurations.
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Seismic Evaluation of Multi-Span Reinforced Concrete Bridges with Ultra High-Performance
Concrete Piers Using Fragility Curves

Hamed Ghadimi Moghaddam  Fereshteh Emami Mohammad Reza Mansoori

Abstract Bridges play a vital role in transportation, traffic management, and providing access to strategic locations,
especially during crises. Earthquakes are unpredictable events that disrupt critical transportation routes and damage
important structures. Innovative technologies, such as Ultra High-Performance Concrete (UHPC), offer hope for
enhancing structural flexibility and reducing damage. UHPC, known for its uniformity, low permeability, and durability,
increases the resistance of bridges to seismic forces and limits the spread of damage. One of the most effective methods
for assessing seismic vulnerability is Fragility Analysis. This study evaluates urban bridges with UHPC concrete columns
supporting cast-in-place concrete T-beam superstructures. The analysis was conducted using CSI Bridge software, and
appropriate ground motion records were selected for Incremental Dynamic Analysis (IDA) and damage level
calculations. The results indicate that the probability of damage exceeding a certain threshold in UHPC concrete piers
is lower compared to those made of ordinary concrete. Examining damage intensity levels reveals that highperformance
concrete, in Collapse state scenario, improves performance by a minimum of 7.14% and up to 26.09% in the best-case
scenario compared to Conventional concrete.

Key words Bridge, Ultra High-Performance Concrete, Incremental Dynamic Analysis, Fragility Curve,Damage index.
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