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1. Introduction

Buildings designed based on common regulations usually
have a permanent displacement at the end of severe
earthquakes, and this residual drift causes economic costs
and safety risks for residents. In recent years, researchers
have proposed a novel system that can return to its
original position after an earthquake and minimize
damages to the structure. Therefore, using self-centering
systems as a seismic force-resisting system fulfills this
purpose by providing the restoring force. One of the self-
centering systems is the post-tensioned (PT) concrete
wall, in which vertical post-tensioned cables provide the
desired restoring force.

2. Method

In this research, the proposed system of post-tensioned
concrete wall with friction-based damper (FBD), post-
tensioned concrete wall system with energy dissipators
(ED) bars, and concrete shear wall system are modeled in
OpensSees software as three-, six-, and ten-story frames.
The mentioned models are subjected to cyclic loading and
time history analysis. This research aims to investigate the
impact of the friction-based damper on the behavior of the
post-tensioned concrete wall system and compare the
seismic parameters of this system with the post-tensioned
concrete wall system with ED bars and concrete shear
wall system.

3. Studied Models
The loading of the studied buildings was based on
residential use and according to the ASCE7 code.
Moreover, the design of beam and column sections was
done according to the AISC code. The seismic design of
structures (design of concrete shear wall as a seismic
force-resisting system) has been done based on the
seismic design category of D. Moreover, the height of
stories in all buildings is 4 meters.

To compare the behavior of the three mentioned
systems, frame B of the buildings was modeled in

OpenSees software. The post-tensioned cables and ED
bars were placed in the cross-section of the PT concrete
wall based on the recommended range of Yang and Lu’s
research. There were steel columns on both sides of the
PT concrete wall system with FBD, and four friction-
based dampers were used in each story between the
concrete wall and the columns. In this system, compared
to the PT concrete wall system with ED bars, the ED bars
at the foot of the wall have been removed. It is worth
mentioning that in the two systems, the wall is connected
to the foundation in such a way that the wall has a rocking
motion under the effect of lateral loads.

Table 1 shows the characteristics of the examined
walls in the studied three-, six-, and ten-story frames and
Table 2 specifies the area of the cables and ED bars of the
PT concrete wall system with ED bars. Moreover, to make
a better comparison of the seismic behavior between the
three mentioned systems, the thickness and general rebars
of the concrete walls, the strength of concrete, and the
specifications of the frames were considered the same.
Also, the ED bars are removed in the PT concrete wall
system with FBD, and the friction dampers on both sides
of the wall at 1-meter intervals (along the height wall)
absorbed energy are used. The friction dampers used in
this study are the L29 damper of Dal Lago et al.'s research.
According to Figure 1, this damper consists of two steel
angle sections and 2- and 5-mm steel plates.

4. Results and discussion

In this study, the seismic behavior of the PT concrete wall
system with FBD was compared with PT concrete wall
system with ED bars and conventional concrete shear wall
system. For this purpose, the three mentioned systems
were modeled as three-, six-, and ten-story frames in
OpenSees software and were subjected to cyclic loading
and response history analysis. Seven far-fault earthquake
records from the FEMA-P695 code have been used to
perform response history analysis.
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Figure 1. The friction-based damper

Table 1. The characteristics of the concrete walls

Wall Concrete
Model Story %i%irgl Thickness | Strength
(cm) (MPa)
2,3 G12@30
3-story 1 b16@30 25 20
6 b12@30
5 b16@30
6-story 3,4 $22@30 35 30
2 G25@30
1 $28@30
10 b12@30
9 b16@30
7,8 $22@30
10-story 6 $25@30 45 45
4,5 $28@30
1,2,3 $32@30

Table 2. The total area of the cables and ED bars of the PT
concrete wall with ED bars

Model Cable Area (cm?) ED Bars Area (cm?)
3-story 8 49.2
6-story 16 98.4
10-story 30 172.2

Based on the obtained results, unlike the other two
systems, the PT concrete wall system with FBD had a
lower resistance loss in the loading cycles. Moreover, the
PT concrete wall systems with FBD and PT concrete wall
systems with ED bars had self-centering behavior, and
their residual drift after each loading cycles was almost
equal to zero.

According to the responses from the PT concrete wall
system with FBD for three-, six-, and ten-story buildings,
the energy absorption coefficients in the total applied
loading cycles were 4.89, 4.12, and 5.10, respectively.
These values were 3.56, 2.94, and 2.53 for the PT concrete
wall system with ED bars, respectively, and were 4.26,
4.10, and 2.97 for the concrete shear wall system,
respectively. These values show that the PT concrete wall
system with FBD has a higher total energy absorption than
the other two systems. Moreover, the concrete shear wall
system has more energy absorption compared to the PT

concrete wall system with ED bars in all three studied
buildings.

Based on the responses of the maximum drift average
of each story caused by seven far-fault earthquake records
in three-story buildings, the variation range of this value
for the PT concrete wall system with FBD is from 0.87 to
0.90 percent, while this range for PT concrete wall system
with ED bars and the concrete shear wall system is 1.01
to 1.14 percent and 0.84 to 1.18 percent, respectively. For
the six-story building, this range for the PT concrete wall
system with FBD is from 0.94 to 1.06 percent, for the PT
concrete wall system with ED bars is from 0.99 to 1.30
percent, and for the concrete shear wall system is from
0.44 to 1.33 percent. Moreover, in the ten-story building,
for PT concrete wall systems with FBD, post-tensioned
concrete wall system with ED bars, and concrete shear
wall system, the average of maximum drift varies from
0.63 to 0.91, from 0.67 to 1.33, and from 0.41 to 1.30
percent, respectively. The average values of the maximum
base shear obtained from seven earthquake records, and
as a result, the maximum acceleration in three-, six-, and
ten-story buildings with PT concrete wall system with
FBD are less than the other two systems.

After the occurrence of an earthquake, in the PT
concrete wall system with FBD, compared to the PT
concrete wall system with ED bars and concrete shear
wall system, it is possible to replace the damaged dampers
and reuse this system with the lowest repair cost.
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Numerical Investigation of the Seismic Behavior of Self-centering Post-tensioned
Concrete Wall System with Friction-based Damper

Sina Heyrani Moghaddam Ahmad Shooshtari

Abstract The seismic design of buildings ought to be done to decrease the expenses of building repairing after an
earthquake. Self-centering systems such as the post-tensioned concrete wall can provide this purpose. In this study, to
evaluate the seismic behavior of the post-tensioned concrete wall with friction-based damper (FBD), the proposed system,
the post-tensioned concrete wall with energy dissipator (ED) bars, and the concrete shear wall are subjected to the cyclic
and nonlinear response history analyses at three, six, and ten-story buildings using OpenSees software. Based on the
cyclic analysis, the total energy dissipation coefficients for the post-tensioned concrete wall with FBD in three, six, and
ten-story buildings are respectively 1.37, 1.40, and 2.02 times of that obtained for the post-tensioned concrete wall with
energy dissipator bars system, and are respectively 1.15, 1.05, and 1.72 times of that achieved for the concrete shear wall
system. According to the results of the applied seven earthquake records, the average of the maximum drift in the concrete
shear wall system is less than the other systems in the lower floors, and the average of the maximum drift in the upper
floors in the post-tensioned concrete wall with FBD is less than the other systems.

Keywords Self-centering post-tensioned concrete wall, Friction-based damper, Energy dissipators bars, Cyclic loading,
Nonlinear response history analysis.
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