kT buildings

Article

Seismic Performance Analysis of Concrete Columns Reinforced
with Prestressed Wire Ropes Embedded in Polyurethane
Cement Composites

Rungi Guo 2, Haiying Zhang 2, Kezheng Chen 3(7, Yang Song 2, Hongxia Li 2, Lin Ding * and Yanjie Liu %*

check for
updates

Citation: Guo, R.; Zhang, H.; Chen,
K.;Song, Y.; Li, H.; Ding, L.; Liu, Y.
Seismic Performance Analysis of
Concrete Columns Reinforced with
Prestressed Wire Ropes Embedded in
Polyurethane Cement Composites.
Buildings 2024, 14,993. https://
doi.org/10.3390/buildings14040993

Academic Editors: Grzegorz Ludwik
Golewski and Andreas Lampropoulos

Received: 25 February 2024
Revised: 25 March 2024
Accepted: 27 March 2024
Published: 3 April 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China

2 School of Civil Engineering, Heilongjiang University, Harbin 150080, China; 2212680@s.hlju.edu.cn (R.G.);
2222724@s.hlju.edu.cn (H.Z.); 2212647@s.hlju.edu.cn (Y.S.); 2232713@s.hlju.edu.cn (H.L.)

College of Mechanical and Electrical Engineering, Northeast Forestry University, Harbin 150040, China;
chenkezheng@nefu.edu.cn

*  Correspondence: 18646387888@163.com (L.D.); 1996058@hlju.edu.cn (Y.L.)

Abstract: In order to improve the seismic performance of reinforced concrete (RC) columns, a rein-
forcement technology using prestressed steel wire ropes embedded in polyurethane cement composite
material is proposed. Four concrete columns reinforced with different materials were subjected to
a combination of axial compression and horizontally repeated loading tests (one of which was not
reinforced, while the remaining three were reinforced with prestressed steel wire rope, polyurethane
cement composite material, and prestressed steel wire ropes embedded in polyurethane cement com-
posite material). The experimental results show that the ductility and energy dissipation capacity of
reinforced concrete columns after reinforcement are significantly improved. After strengthening with
prestressed steel wire ropes embedded in polyurethane cement composite material, the ultimate hori-
zontal displacement and energy dissipation capacity of reinforced concrete columns were significantly
improved, which were 69% and 3.2 times higher than those of unreinforced columns, respectively.

Keywords: prestressed steel wire rope (PSWR); polyurethane cement (PUC); flexural strengthening
of prestressed steel wire ropes embedded in polyurethane cement (PSWR-PUC); seismic performance

1. Introduction

The primary objective of seismic design for reinforced concrete (RC) structures is to
control or limit structural damage, thereby avoiding loss of life and ensuring the funda-
mental safety of individuals during severe earthquakes. China is classified as one of the
countries with a high frequency of earthquakes, and numerous urban areas with dense pop-
ulations are situated within seismically active zones [1]. However, many RC frame columns
have been observed to fall short of anticipated performance in various post-earthquake
surveys [2-6]. Typical forms of structural damage include soft story mechanism failure,
compressive-bending combination failure of the first floor, and shear failure of adjacent
infill walls. The majority of such damage in RC frame structures can be attributed to
inadequate steel reinforcement and undersized column cross-sections, resulting in insuf-
ficient seismic resilience and subsequent structural failure. In addition, the column foot
connection (or beam column connection) is one of the areas where stress contour lines
may be severely disturbed. Shakir and Abdlsaheb [7] compared the efficiency of using
NSM steel bars and CFRP sheets to repair partially damaged high-strength self-compacting
RC corbels. Shakir and Abdlsaheb [8] compared the reinforcement effects of carbon fiber
composites and near surface-mounted (NSM) steel bars on high-strength self-compacting
reinforced concrete corbels. The results showed that for NSM technology with inclined
and horizontal alignment, the ultimate bearing capacity increased by 95.1% and 91.6%
compared to unreinforced specimens, respectively. On one hand, under the influence of
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seismic activity, plastic hinges typically form first at the column ends, leading to primary
column failure and a consequent risk of the loss of load-bearing capacity or collapse. On
the other hand, significant post-earthquake damage necessitates substantial investments of
manpower, resources, and finances for repair purposes. In some cases, severely damaged
structures may even require complete demolition and reconstruction, resulting in substan-
tial losses. Drawing from the grim lessons learned during the Wenchuan earthquake, it
is of paramount importance to study and formulate practical and readily implementable
retrofitting methods for these fragile RC frame columns, aiming to prevent their collapse,
mitigate post-earthquake damage and repair efforts, and ultimately ensure the safety of
human life.

In recent years, extensive research has been conducted by researchers on how to
strengthen reinforced concrete (RC) columns to enhance their seismic performance. For
instance, Wei et al. [9] employed a high-strength steel shear wall reinforcement (HSSSWR)
mesh and an eccentric compression composite (ECC) jacket to reinforce RC columns. The
results showed improvements in ductility, ultimate displacement, and energy dissipation
capacity of the strengthened columns. However, the seismic performance of the columns
decreased with an increase in axial compression ratio. Cao, Yadav, Shan, and others [10-12]
investigated the seismic performance of RC columns using various methods, including
spiral confinement reinforcement, hollow steel tube concrete, and direct bonding steel
reinforcement. While these methods led to varying degrees of improvement in the seismic
performance of the RC columns, they also presented challenges such as complex construc-
tion processes and high costs. Fiber-reinforced polymer (FRP) has gained widespread
attention and application in practical engineering due to its advantages such as ease of
installation, lightweight, high strength, excellent corrosion resistance, and superior fatigue
resistance [13-18]. Ma et al. [19] employed polyethylene terephthalate (PET) FRP to re-
inforce RC columns, and the results showed that the columns reinforced with PET FRP
exhibited less severe damage, narrower cracks, and smaller crack angles under high axial
loading. The concrete did not experience significant damage. The confinement effect pro-
vided by FRP improved the bearing capacity and ductility of the concrete, especially when
there was an increase in lateral or axial deformations of the RC columns [20-24]. Therefore,
FRP has been widely utilized for the seismic strengthening of RC columns. However,
the effectiveness of FRP reinforcement on RC columns mainly depends on the fracture
strain of the FRP [25-35], and studies have shown that carbon fiber-reinforced polymer
(CFRP)-reinforced concrete columns exhibit greater ductility. Furthermore, the dimensions
of the RC column are also an important factor affecting its seismic behavior [36-39]. Due to
size effects, there are significant differences in performance between full-scale specimens
and scaled-down specimens.

The incorporation of prestressed steel wire ropes into polymer mortar composite
materials has been shown to significantly enhance the stiffness and load-bearing capacity
of concrete structures [40—42]. Prestressed steel wire ropes offer high strength, lightweight,
excellent ductility, and corrosion resistance. Meanwhile, the polymer mortar utilized for
bonding and anchoring exhibits high density, fire resistance, high-temperature tolerance,
non-polluting properties, good compatibility with concrete, and exceptional interpenetra-
tion characteristics, thus conferring significant advantages in reinforcement. However, the
relatively low flexural strength of the mortar renders it susceptible to cracking, thereby sub-
stantially compromising the seismic resilience of components. Furthermore, the presence of
cracks in the polymer mortar diminishes the durability of steel wire ropes, particularly in
underground structures. These environments, characterized by moisture and darkness, ac-
celerate corrosion and degradation of steel wire ropes. In recent years, polyurethane cement
(PUC) composite materials have garnered considerable attention due to their corrosion
resistance, wear resistance, high ductility, and superior bond strength with concrete [43].
Several scholars have conducted comprehensive studies on the application of PUC ma-
terials in reinforcing reinforced concrete (RC) beams [44—-46], yielding results indicating
that PUC materials can enhance beam load capacity, constrain crack propagation, and
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prevent the occurrence of cracks or delamination in the strengthening layer. In the pursuit
of enhancing the performance of RC columns reinforced with steel wire ropes, we have
adopted polyurethane (PUC) material as the bonding and anchoring agent for the steel
wire ropes. At present, many scholars have conducted extensive research on beams and
bridges reinforced with PSWR-PUC and achieved good results [46-51], but there is little
research on the seismic resistance of RC columns reinforced with PSWR-PUC.

The combined reinforcement technology of prestressed steel wire ropes and polyurethane
cement composite material is an extension and improvement of the combination reinforce-
ment technology of prestressed steel wire ropes and polymer mortar. It mainly improves
the embedded material by replacing polymer mortar with polyurethane cement composite
material. The composite reinforcement technology of prestressed steel wire ropes em-
bedded in polyurethane cement composite material is a novel and effective combination
reinforcement technology. The prestressed steel wire rope can achieve the prestressing ef-
fect by adjusting its tensile force, thereby reducing the deformation and displacement of the
column under stress. Polyurethane cement composite materials have high strength, high
toughness, and are not easy to crack. They can completely increase the cross-section and
effectively protect steel wire ropes. Therefore, this article studies the seismic performance of
PSWR-PUC RC columns and analyzes their seismic capacity from the aspects of hysteresis
curve, ductility, energy dissipation capacity, ultimate horizontal displacement, etc.

2. Experimental Program
2.1. Materials and Methods

The experiment was designed according to the “Code for Seismic Design of Buildings’
(GB 50011-2010). T-shaped square columns were used in this experiment, and a total of
4 sections with dimensions of 300 mm x 300 mm were made, including one comparison
column and three reinforcement columns. The reinforcement columns were reinforced
using three reinforcement methods: prestressed steel wire rope reinforcement, polyurethane
cement composite material reinforcement, and prestressed steel wire ropes embedded in
polyurethane cement composite material reinforcement. The entire specimen is 1800 mm
high, the column is 1400 mm high, and the concrete strength grade is C30. HRB400 is used
for longitudinal reinforcement, HRB300 is used for hoop reinforcement, and the spacing
between hoop reinforcement is 100 mm. The side section size of the column foundation
is 400 mm x 600 mm, with a length of 1200 mm. All specimens use the same size and
reinforcement. The parameters are shown in Figure 1 and Table 1. The loading method is
shown in Figure 2.
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Figure 1. Column reinforcement detail drawing.
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Table 1. Specimen basic parameter design table.
Specimen  Reinforcement Prestressed Steel Wire Arrangement
Number Method Sy (mm) F; (KN) Number of Individuals F;/F,
Al / / / / /
Bl PSWR 30 0.5 20 0.4
C1 PUC / / / /
D1 PSWR + PUC 30 0.5 20 0.4

Note: Please refer to the symbol table for symbol information.

nAy-
7T Ay
6 Ay
5Ay4
4 Ay

%iﬁAAA
VY \/

~4 Ay
~5 A y-
—6 Ay~ Displacement-control
=7TAy-

Ay(mm)

Figure 2. Experimental lateral cyclic loading.

2.2. Loading Method

This experiment was conducted at the Institute of Engineering Mechanics, China
Earthquake Administration. A 300 ton electric servo hydraulic jack was used to apply
constant pressure to each column, and a horizontal load was applied by controlling the
MTS (mechanical testing and simulation) servo hydraulic brake. The experiment adopted
a quasi-static test method of mixed loading of controlled load and displacement, and
used symmetric constant amplitude cyclic loading. The initial horizontal load was 10 KN,
and then it gradually increased in increments of 10 KN until the sample reached the
yield. Subsequently, a displacement loading mode was adopted, with the sliding distance
generated by the specimen during load-controlled yielding as the initial loading step, which
was defined as A, and gradually increased afterwards in increments of A,. When the load
dropped to 85% of the peak load, the specimen was considered to have failed and the
experiment was completed.

3. Test Results and Discussion
3.1. Destruction Process

As shown in Figure 3. Compared with unreinforced columns, the concrete in the
plastic hinge area at the bottom of the unreinforced column falls off severely and produces
large cracks, while the concrete in the plastic hinge area at the bottom of the prestressed
steel wire rope-reinforced column does not show significant detachment and shows bulging
failure. This indicates that the prestressed steel wire rope provides a tightening effect on
the stress zone at the bottom of the column, thereby improving its compressive strength
and ductility, and reducing the possibility of brittle failure. Both the polyurethane cement
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composite material-reinforced column and the prestressed steel wire rope-reinforced col-
umn did not exhibit significant brittle failure. This is because the reinforcement of both
materials provides the column with the ability to resist deformation, thereby improving
its ductility. Compared with unreinforced columns, the plastic hinge area at the bottom
of the column reinforced with polyurethane cement composite material did not show
concrete detachment, and only the reinforced material showed cracking on the surface
of the reinforced area. This indicates that the polyurethane cement composite material
has the ability to fully absorb the energy generated under load, thereby offsetting the
influence of seismic action on the specimen and improving its ductility. Compared to
unreinforced columns, prestressed steel wire ropes embedded in polyurethane cement
composite-reinforced columns did not show cracking or concrete detachment in the plastic
hinge zone during failure. Compared with prestressed steel wire rope-reinforced columns
and polyurethane cement composite-reinforced columns, their bearing capacity increased
by 58% and 45%, indicating that the two materials cannot only be well combined, but
also resist and absorb energy under external loads. Moreover, both prestressed steel wire
rope-reinforced columns and polyurethane cement composite-reinforced columns have
varying degrees of damage under earthquake action, while there is no significant external
damage to the specimens under mixed reinforcement of the two materials. This indicates
that their ductility has been greatly improved under the combination of the two materials.

Figure 3. Specimen failure mode. Note: (a,b)—unreinforced specimen; (¢,d)—prestressed wire rope-
reinforced specimen; (e)—polyurethane cement composite-reinforced specimen; (f)—prestressed
wire rope embedded in polyurethane cement composite-reinforced specimen.

3.2. Load-Displacement Hysteresis Curve

The load—displacement hysteresis curves of all specimens are shown in Figure 4.
After the peak load occurs, the slope of the unreinforced column decreases sharply
between the prestressed steel wire rope-reinforced specimens and the unreinforced spec-
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imens, while the downward trend of the prestressed steel wire rope-reinforced column
shows a relatively gentle trend. This indicates that the prestressed steel wire rope exerts
an active restraint force on the specimens to change their stress performance, improve
their bearing capacity and ductility, and increase the corresponding hysteresis curve area.
The prestressed steel wire rope also maintains linearity within the displacement range
of 0-10 mm, and then reaches the peak load at 15 mm, corresponding to the maximum
displacement reached, indicating an improvement in ductility. Compared to unreinforced
columns and prestressed steel wire rope-reinforced columns, polyurethane cement compos-
ite material-reinforced columns have a more full hysteresis curve and cover a larger area. It
can be seen that it exhibits elasticity before rupture. Before the longitudinal steel bars yield,
the slope of loading and unloading does not change much, and the development of column
failure is slower, with a smoother decrease in peak load. The hysteresis curve after yielding
exhibits a “circular arc” shape. The residual deformation of the specimen is smaller, and
the horizontal displacement and ductility increase.
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Figure 4. Hysteresis curve: (a)—unreinforced specimen; (b)—prestressed wire rope-reinforced
specimen; (c)—polyurethane cement composite-reinforced specimen; (d)—prestressed wire rope in
polyurethane cement composite-reinforced specimen.

From the hysteresis curve of the mixed reinforced column, it can be seen that in the
initial stage of the experiment, the shape of the hysteresis curve is narrow, the energy
consumption is small, the residual deformation is small, and the overall distribution of the
curve is full. The sample is elastic before fracture and the slope of the loading and unloading
parts does not change much before the longitudinal bars yield. When the load exceeds the
yield load and displacement control is used, the energy dissipation capacity increases with
the increase in the hysteresis loop area. The reinforced column gradually reaches the elastic—
plastic stage, forming plastic hinges. After reaching the ultimate horizontal displacement,
the horizontal load slowly decreases. In the middle of the curve, the phenomenon of
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“pinching” can be observed, and the characteristic of pinching behavior is the decrease in
stiffness during unloading and reloading. When displacement is applied in one direction,
shrinkage usually occurs through the opening and closing of cracks. This indicates that as
displacement and number of cycles increase, the slope of the hysteresis curve continuously
decreases, resulting in a gradual decrease in stiffness. The bonding performance between
materials also decreases with the increase in residual deformation. Therefore, it leads to a
steep decrease and poor ductility of the unreinforced column after reaching its peak load,
while the decrease in the mixed reinforced column is the gentlest and has the best ductility.

3.3. Backbone Curves

The skeleton curve is the envelope curve obtained by connecting the extreme points of
the loads applied in the same direction (tension or compression) on the hysteresis curve
in sequential order. The skeleton curve represents the trajectory of the maximum peak
reached during each cycle of loading, reflecting the stress and deformation characteristics
of the component at different stages.

As shown in Figure 5, with the change in loading method, the strength and plasticity
changes of each specimen tend to be consistent. It is worth noting that the unreinforced
column is observed to be linear at displacement intervals of 0-5 mm. The lateral force
increases with the increase in displacement and reaches its peak at 30 mm. Subsequently,
due to its poor ductility, the load suddenly decreases with the increase in displacement. The
changes in the prestressed steel wire rope-reinforced column and the polyurethane cement
composite material-reinforced column are similar. The two reinforcement materials have
little effect on the initial stiffness of the specimen, and the lateral force gradually increases
with the increase in displacement. After reaching the peak load, the load slowly decreases
with the increase in displacement. This proves that the ductility of the specimen is improved
under the support of the two materials. It is worth noting that the curve coverage area and
peak load of the polyurethane cement composite material-reinforced column are larger.
Compared to the prestressed steel wire rope, the polyurethane cement composite material
performs better in resisting earthquake action. The yield load and elastic deformation
capacity of the specimens under mixed reinforcement are significantly improved. The
skeleton curve of the plastic stage is also fully extended and developed, and the downward
curve is also smoother. This indicates that after the specimen enters the elastic—plastic
stage, its lateral stiffness, ultimate horizontal bearing capacity, and ultimate horizontal
displacement all increase. Compared to the specimens reinforced with prestressed steel
wire rope and polyurethane cement composite material alone, their ultimate horizontal
bearing capacity has increased by 58% and 45%, and their ultimate displacement has
increased by 50% and 28.5%.
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Figure 5. Backbone curves: Al—unreinforced specimen; Bl1—specimen reinforced with prestressed
steel wire rope; Cl—specimen reinforced with polyurethane cement composite; D1—specimen
reinforced with both prestressed steel wire rope and polyurethane cement composite.
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3.4. Displacement Ductility

The calculated displacement ductility ratios and ultimate displacement ratios for all
test specimens are presented in Table 2. From Figure 6, it can be seen that the displace-
ment ductility of the reinforced column has been significantly improved compared to
the pre-reinforced column, and the ultimate displacement ratio of the mixed reinforced
column has increased the most, indicating that the mixed reinforcement has a more sig-
nificant impact on the overall ductility of the specimen. It is worth noting that compared
to the unreinforced column, the larger active constraint force increases the ductility of
the specimen. Compared with the polyurethane cement composite material-reinforced
column, the increase in prestress level has a similar effect, but the ductility performance
of the polyurethane cement composite material is better. Compared with the first three
specimens, the mixed reinforcement specimens have larger displacement ductility and a
larger displacement ductility ratio. This is because the mixed reinforcement specimens
have good deformation ability not only in the plastic stage but also in the elastic stage,
leading to an increase in their yield displacement and yield strength.

Table 2. Test results.

Specimen Number Ay (mm) Ay, (mm) 2 Oy E (KN-mm)
Aq 40.4 48.5 1.20 0.035 103,873.82
By 45.1 60.2 1.33 0.043 127,447.32
Cy 44.7 62.3 1.39 0.045 265,032.78
D, 45.9 87.8 191 0.063 313,414.19
Note: Please refer to the symbol table for symbol information.
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Figure 6. Displacement ductility curve: (a)—unreinforced specimen; (b)—specimen reinforced
with prestressed steel wire rope; (c)—specimen reinforced with polyurethane cement composite;
(d)—specimen reinforced with both prestressed steel wire rope and polyurethane cement composite.
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3.5. Energy Dissipation Capacity

The cumulative dissipated energy is the total area enclosed by the hysteresis loops.
Figure 7 illustrates the cumulative dissipated energy for all specimens.
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Figure 7. Cumulative dissipated energy of each specimen.

From Figure 7, it can be seen that compared with the unreinforced column, the
reinforced specimens significantly improved their energy dissipation capacity, especially
the specimens with mixed reinforcement, which increased their energy dissipation capacity
by 3.2 times. It can be concluded that the energy dissipation capacity of the specimen is
most significantly improved under the mixed reinforcement of prestressed steel wire rope
and polyurethane cement composite material, and this reinforcement method provides the
best constraint effect for the specimen. When the specimen of this reinforcement method is
subjected to low-cycle-repeated loading, it is not advisable to generate large enough cracks,
and the plastic hinge area and compression area concrete are fully utilized. By comparing
the prestressed steel wire rope and polyurethane cement composite material-reinforced
columns, it can be seen that increasing active restraint can improve the energy dissipation
capacity of the specimens, while the wrapping of polyurethane cement composite material
can more effectively improve the energy dissipation capacity of the specimens compared to
increasing the level of prestressing. Compared with the first three specimens, the energy
dissipation capacity of the hybrid reinforced column has been significantly improved.
When using a mixed reinforcement method, the overall stiffness of the column is uniform,
and the plastic hinge area at the bottom of the column is conducive to achieving the full
energy consumption capacity of the confined concrete. Compared with the first three
speciments, its energy consumption capacity is increased by 202%, 146%, and 20%.

4. Calculated Ductility Coefficient of the Component

The displacement ductility coefficient of a structural component signifies its capacity
to undergo plastic deformation. It is defined as the ratio of the ultimate displacement to the
yield displacement of the component:

_Bm
H_Ay

There are methods for modeling numerical equations, such as the differential or-
thogonal method [52], Bessel multi-step method [53], and finite difference method [54].
According to references [52-57] and experimental findings, it has been observed that the
ductility coefficient of the component is associated with the axial load ratio, volumetric
stirrup spacing characteristic value, and the volumetric stirrup characteristic value of the
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strengthening material. The approach for calculating the overall stirrup characteristic
value is based on the methodology outlined in references [52,56] for the volumetric stirrup
characteristic values provided for stirrups and carbon fibers:

Ae = Ay + zJyl/\Cl-"S,v

_ &crs

4
Eu

In this paper, the impact of parameters including axial compression ratio, concrete
strength grade, and overall characteristic value of reinforcement on the displacement
ductility coefficient of RC columns is taken into consideration. A function is established
based on the literature [51,52], with the following form:

va+ bal,

c+dn

The characteristic value of overall reinforcement, A., can be computed using the
following equation:
Ae = Ay + VgApswor + VgApuc
fyv Asvlv fyv
/\ = —_ = X =
PP T LS
. fpswr . Apswrlpswr fpswr
Apsor = 0p= 2= = 5, <R

fpuc Tpuclpuc fpuc
Apuc = = = %
puc = Pu ft b ft

The displacement ductility coefficient, calculated numerically, is employed as input
data. Nonlinear regression analysis is executed in MATLAB2018b software to determine the
regression coefficients. These coefficients are subsequently incorporated into the formula
to derive the desired result:

3.401A, — 0.173
0.805 + 0.956n

Based on the formula for calculating the displacement ductility coefficient as described
above, the experimental results of this study were analyzed and computed. As shown in
the Figure 8 and Table 3, the calculated results demonstrate a high degree of agreement
with the experimental results. This formula can serve as a reliable reference in practical
engineering applications.

2.0

—&— Measured value »
—u— Calculated value

Displacement ductility cofficient

1.2

Al Bl C1 D1

Figure 8. Comparison of measured and calculated displacement ductility coefficients.
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Table 3. Calculation results.

Ae Measured Value Calculated Value M/C
0.35 1.20 1.19 1.01
0.76 1.33 1.34 0.99
0.79 1.39 1.37 1.01
0.83 191 1.67 1.14

5. Conclusions

(1) The analysis of experimental data shows that the seismic performance of RC columns
with prestressed steel wire ropes embedded in polyurethane cement composite ma-
terial has been significantly improved. Compared with unreinforced columns, its
load displacement hysteresis curve covers a larger area and is more full, with a 69%
increase in ultimate horizontal displacement and a 202% increase in energy dissipa-
tion capacity.

(2) Compared with the unreinforced column, the prestressed steel wire rope reinforce-
ment method and the polyurethane cement composite material reinforcement method
only improve the ductility and energy dissipation capacity of the column. But the
impact on the horizontal bearing capacity of the column is limited. But under the rein-
forcement method of prestressed steel wire ropes embedded in polyurethane cement
composite material, the development of diagonal cracks is effectively suppressed, the
initial damage is reduced, and not only are the horizontal bearing capacity and energy
dissipation capacity improved, but also the ductility of the column.

(3) Different reinforcement methods have different effects on the seismic performance of
columns. The prestressed steel wire rope and polyurethane cement composite mate-
rial have changed the active restraint force. With the increase in active restraint force,
the seismic performance of reinforced columns, such as ductility, energy dissipation
capacity, and horizontal bearing capacity, is enhanced to varying degrees. The pre-
stressed steel wire rope has a significant impact on the stiffness and horizontal bearing
capacity of the specimen, while the polyurethane cement composite material has a
significant impact on the ductility and energy dissipation capacity of the specimen.

(4) This article considers the influence of axial compression ratio, concrete strength grade,
and overall reinforcement characteristic values on the displacement ductility coeffi-
cient of RC columns. A formula for calculating the displacement ductility coefficient
is obtained through nonlinear regression, and the experimental and calculated values
are in good agreement.
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Abbreviations

PSWR

prestressed steel wire rope

puC polyurethane cement

Sw represents the spacing of prestressed steel wire ropes

F; represents the control force for steel wire rope tensioning

F, represents the ultimate tensile force of the steel wire ropes

Ay horizontal yield displacement

Am ultimate horizontal displacement

U displacement ductility ratio (u = ﬁ—’;’)

Oy ultimate displacement ratio (5, = %), where L is the height of the column)

E cumulative energy dissipation

Ae represents the overall characteristic value of reinforcement

Ay denotes the characteristic value of stirrup reinforcement

ACFS, refers to the characteristic value of carbon fiber sheet reinforcement

vy stands for the effective confinement coefficient of the carbon fiber sheet in the field
of civil engineering

ECES represents the average strain

ey stands for the ultimate strain

« denotes the stirrup configuration coefficient

n represents the axial compression ratio

a,b,c,andd  are undetermined regression coefficients

Asp area of a single shear reinforcement stirrup

Iy perimeter of a single shear reinforcement stirrup

Iy and I, length of shear reinforcement stirrup sides

51 spacing between shear reinforcement stirrups

fyo tensile strength of shear reinforcement stirrup

fi tensile strength of concrete

Apswr area of a single prestressing steel wire rope

Lpswr perimeter of a single prestressing steel wire rope

band h width and height of the section

So spacing of the prestressing steel wire ropes

fpswr tensile strength of the prestressing steel wire rope

Tpuc and [pyc

fpuc

section thickness and total perimeter of polyurethane composite material
tensile strength of the polyurethane composite material
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