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Masonry structures are widely used in developing countries due to their low cost and simple construction, especially in remote
areas, where there are a large number of houses without seismic measures. ,ese buildings are prone to collapse and cause a lot of
casualties, even under the action of small earthquakes. For the reinforcement of this structure, a cheap, effective, and easy-to-
construct reinforcement method is urgently needed. ,erefore, this article studies the reinforcement method of polypropylene
bands (PP-bands). We have carried out low-frequency cyclic loading tests for two PP-band reinforced masonry walls and two
comparedmasonry walls.Wemainly studied the influence of PP-band and different compressive strengths of plasteringmortar on
the masonry wall’s seismic capacity. ,e seismic indicators mainly studied in this article include ultimate bearing capacity, energy
dissipation capacity, stiffness degradation, and hysteresis characteristics. ,e experimental results show that the PP-band can
greatly enhance the seismic capacity of the masonry wall. ,e ultimate bearing capacity, energy dissipation capacity, and
displacement ductility of the PP-band reinforced wall are increased by 38%–48%, 22%–47%, and 138%–226%.

1. Introduction

Masonry structure is widely used in developing countries.
Due to its heavyweight and brittleness, it is easy to collapse
under the action of the earthquake, which causes a large
number of casualties and property losses [1]. In the seismic
zone around the world, due to the influence of regional
conditions and economic imbalances, there are a large
number of houses that have not reached the goal of seismic
fortification [2]. Facing the current severe seismic preven-
tion and disaster mitigation situation of masonry structures,
how to propose an economically effective reinforcement
method for masonry structure becomes a key issue [3].

At present, many methods have been proposed for the
reinforcement of masonry structures, such as reinforced
concrete mortar layer and vertical reinforcement, external
posttensioned technique, and external FRP reinforcement
methods [4–13]. ,ese methods are applied in many rein-
forcement projects. Among them, due to the advantages of

high strength, corrosion resistance, and easy installation,
FRP has become the preferred reinforcement material in the
field of seismic reinforcement. However, because the high
professional knowledge and expensive cost are required for
its reinforcement method, it has some limitations for
reinforcing the masonry buildings in economically back-
ward areas.

,e PP-band reinforcement method was proposed
earlier by Mayorca et al. [14, 15]. ,e main idea is to weave
the PP-band into a mesh and then lay the PP-band mesh on
the wall surface to play the role of reinforcing the wall.
Sathiparan et al. [16] discussed the results of a series of
diagonal compression tests and out-of-plane tests, which
were carried out on nonretrofitted and PP-band retrofitted
walls. ,e experimental results show that, in diagonal
compression tests, the retrofitted walls achieved 2.5 times
larger strengths and 50 times larger deformations than those
of nonretrofitted walls. In out-of-plane tests, the retrofitted
walls achieved 7 times larger strengths and 60 times larger
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deformations than the nonretrofitted walls did. Macabuag
et al. [17] considered the influence of the direction of the PP-
band grid on the masonry wall’s antishear ability. ,e ex-
perimental results show that vertical bands bear normal
compression once sliding of rows occurs, which increases
the masonry’s frictional resistance to shear sliding; hori-
zontal bands directly bear load by resisting the separation of
bricks within the same row. Sathiparn et al. [18] studied the
influence of the size of the PP-band mesh on the masonry
structure’s shear capacity. ,e experimental results show
that residual strength and residual stiffness of the cracked
masonry wall, which was reinforced by PP-band, are directly
proportional to PP-band density. But when it exceeds the
optimum value, improvement ratio of the residual strength
and the residual stiffness of the cracked wall does not in-
crease with the amount of the PP-band density. Sathiparn
et al. [19, 20] carried out a series of simple harmonic shaking
table tests for masonry buildings reinforced by PP-band.,e
experimental results show that the PP-band can effectively
maintain the integrity of the wall under large deformation.
Moreover, the surface mortar can protect the PP-band mesh
from ultraviolet radiation and enhance the bonding between
the PP-band and the wall. In 2010, Sun et al. and Zhou et al.
[21, 22] carried out the shaking table test in a real sense to
study the impact of the PP-band reinforcement on masonry
structures’ seismic capacity. Shaking table tests were carried
out on 7 masonry buildings with 1/3 scale reduction. ,e
experimental results show that the PP-band reinforcement
can significantly improve the integrity of the wall. When the
wall has a large inclination, the wall reinforced by the PP-
band can be restored to its original position to prevent the
wall from collapsing. Saleem et al. [23] carried out the
shaking table test by using themethod of joint reinforcement
of FRP and PP-band. ,e experimental results show that the
joint-reinforced buildings have not collapsed under the
action of a severe earthquake. Besides, the shear resistance,
energy dissipation, and ductility of the structures have also
been significantly improved.

In summary, scholars mainly studied the reinforce-
ment of the PP-band by conducting mechanical property
tests on small masonry components and shaking table
tests. However, there are not many low-frequency cyclic
loading tests on the masonry structure reinforced by the
PP-band. In particular, the studies mentioned above have
not considered the influence of plastering mortar on the
reinforcement of the PP-band. In this paper, the low-
frequency cyclic loading tests are carried out for two PP-
band reinforced masonry walls and two compared ma-
sonry walls. ,e effects of PP-band reinforcement and
different compressive strength of plastering mortar on the
seismic performance of masonry walls are studied. ,e
study in this article can provide a reference for the
popularization and application of the PP-band rein-
forcement methods.

2. Test Overview

,is article mainly conducts a low-frequency cyclic loading
test study on two PP-band reinforced walls and two

compared walls. ,e dimension of the four brick walls is
2240mm× 2000mm× 240mm. At the bottom and the top
of the brick wall, the concrete beams with a length, width,
and height of 3200mm× 440mm× 450mm and
2240mm× 240mm× 300mm were cast. ,e specimens
W-1 and W-2 are unreinforced compared specimens, and
JW-1 and JW-2 are the specimens reinforced by the PP-band
mesh and plastering mortar.

,e block is made of MU10 ordinary sintered clay brick
with the dimension of 240mm× 115mm× 53mm. ,e
design strength of the masonry mortars is M2.5. ,e plas-
tering mortar of the reinforced and unreinforced specimens
includesM5 andM10.,e design strength of the specimen is
composed of three parts: top beam, bottom beam, and brick
masonry wall. ,e reinforced condition of each specimen is
shown in Table 1.

2.1. Mechanical Properties of Materials

2.1.1. Mechanical Properties of Masonry Materials. To de-
termine the mechanical properties of masonry materials, the
compressive strength tests of brick blocks, masonry mortar,
and plastering mortar were carried out. According to [24],
10 bricks are randomly chosen from the brick piles, which
are used for building the masonry wall. ,e brick samples
were sawed into half. ,e brick sample is stacked with the
opposite side of the cut. ,e overlap part shall not exceed
100mm, and the average compressive strength of the brick
samples is 11.31MPa. ,e masonry mortar and plastering
mortar test samples are made by the relevant statements in
[25]. ,e size of the mortar cube samples is
70.7mm× 70.7mm× 70.7mm; each set includes three
samples; the mortar cube in the same compressive strength is
divided into two groups of tests. ,e compressive strength of
the masonry mortar is 2.4MPa. ,e compressive strength of
the plastering mortar of W-1 and JW-1 is 3.8MPa. ,e
compressive strength of the plastering mortar of W-2 and
JW-2 is 8.2MPa.

2.1.2. Mechanical Property Test of Different PP-Band.
According to the relevant statements in [25], we have se-
lected 10 kinds of PP-band with the different size, color, and
transparency for tensile test (Figure 1).

,e stress-strain curve of each kind of PP-band samples
is shown in Figure 2. It can be seen from the figure that the
material 9 and material 2 have stronger ultimate tensile
strength. But the ultimate tensile strain of material 2 is
better, while the elastic modulus of material 9 is larger.
Although material 1 has the strongest ultimate tensile strain,
its ultimate tensile strength is weak. ,e ultimate tensile
strength of 10 materials is compared and we chose material
1, material 2, and material 9 as the research object. ,e basic
mechanical properties of material 1, material 2, and material
9 are shown in Table 2.

It can be seen from the table that the mechanical
properties of material 2 are relatively balanced. So material 2
is selected as the reinforcing material for the masonry wall in
this test.
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2.2. Reinforcement Scheme. First, the PP-band is woven into
a mesh by using an ultrasonic spot welding machine. ,e
grid size in the mesh is 50mm× 50mm. ,en, the PP-band
mesh is laid on the wall surface, and the knots are fastened
with packing buckles. ,e small iron pieces and the iron
wires are reserved in the mortar joint for better fixing of the
PP-band mesh on the wall surface. Finally, the plastering
mortar is plastered on the wall surface. After the specimen is
finished, it is artificially watered for 7 days. ,en, the
specimen is placed at natural temperature until the

plastering mortar is sufficiently hardened. ,e reinforce-
ment process is shown in Figure 3.

2.3. Loading Device and Loading System. ,e loading device
of the test is shown in Figure 4. To simulate the deformation
and stress state of the wall under the action of the earth-
quake, according to [26], the test adopts the load-dis-
placement mixed loading mode. First, the constant vertical
force is loaded to the wall and then a cyclic load is applied in

Table 1: ,e reinforced condition of each specimen.

Specimen
number

Masonry mortar
strength (MPa)

Surface mortar strength
(MPa)

Vertical compressive stress
(MPa)

PP-band mesh
size Reinforcement form

W-1 2.5 5 0.3 — Unreinforced
W-2 2.5 10 0.3 — Unreinforced

JW-1 2.5 5 0.3 50mm× 50mm PP-band mesh
reinforcement

JW-2 2.5 10 0.3 50mm× 50mm PP-band mesh
reinforcement

(a) (b)

(c) (d)

Figure 1: PP-bands tensile test. (a) 10 kinds of PP-band samples, (b) PP-band before test, (c) tensile mechanical properties test of packing
strap, and (d) PP-band after test.
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the horizontal direction. ,e horizontal load is applied by
using a hydraulic jack with a range of 60 T, which is installed
on the reaction wall. ,e wall is reciprocated in the hori-
zontal direction by using four steel tie bars installed on the
top of the wall.,e vertical load was uniformly applied to the

top beam of the specimen by using two hydraulic jacks with
the range of 30 T. ,e constant vertical force of 144 kN is
applied. ,e stress borne by the top beam was 0.3MPa.
During the test, the vertical load remained constant. ,e
vertical load is measured by the load cell at the bottom of the
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Figure 2: Stress-strain curve.

Table 2: Mechanical properties of PP-bands.

Numbering Ultimate tensile stress (MPa) Elastic modulus (GPa) Ultimate tensile strain (mm/mm)
Material 1 143.33 1.69 0.118
Material 2 166.57 1.22 0.100
Material 9 166.22 2.11 0.078

(a) (b) (c)

(d) (e) (f)

Figure 3: Strengthening process. (a) Weaving PP-band mesh, (b) laying PP-band, (c) PP-band and wall close, (d) tightening the PP-band,
(e) smearing cement mortar, and (f) watering conservation.
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vertical jack. To prevent the wall from sliding during the test,
steel beams are installed on both sides of the wall. In this test,
four linear variable differential transformers (LVDT) are
installed to measure the displacement of the different parts
of the wall.

,e test adopts the load-displacement mixed loading
mode. ,e loading system diagram is shown in Figure 5.
Before the wall is cracked, load control is adopted. ,e
horizontal cyclic force is loaded stage by stage; the increment
of each stage is 20 kN. Each stage cycle is run for 1 time. After
wall cracking, displacement control is adopted. Taking the
cracking displacement Δc as an increment to load stage by
stage, each stage cycle is run for 2 times. Stop loading until
the load-bearing capacity of the wall drops to 85% of the
ultimate load.

3. Test Results and Analysis

3.1. Unreinforced Specimen Failure Process

3.1.1. General Observation for SpecimenW-1. Before loading
to 110 kN, the wall had no visible cracks, and the specimen
was basically in the elastic state. When the forward force
(from left to right, the same below) loaded to 115 kN, the first
horizontal crack appeared at the 3rd and 4th bricks layers on
the lower left side. ,e length of this crack was about 65 cm
and the width was about 0.5mm. When the forward dis-
placement loaded to 1.8mm, the crack between the 3rd and
4th brick layers on the left side of the wall developed in the
horizontal direction. When the backward displacement
(from right to left, the same below) loaded to 1.8mm, the
cracks in the bottom right side of the wall also extended
horizontally and formed a through-slit. Due to the forma-
tion of horizontal through-slit, no new cracks appeared in
the upper part of the wall. As the displacement increased, the

wall below the through-slit was squeezed. Finally, a lot of
oblique cracks were formed at the lower left and right sides
of the horizontal crack. ,e bricks on both sides of the
bottom were crushed and the plastering mortar had a slight
shedding. ,e damage is shown in Figure 6.

3.1.2. General Observation for Specimen W-2. When the
reverse force loaded to 120 kN, a thin crack with a length of
about 20 cm and a width of about 0.2mm appeared at the
lower right side of the wall. When the forward displacement
loaded to 1mm, a horizontal crack with a length of about
80 cm and a crack width of about 1mm appeared at the
lower left side of the wall. When the displacement loaded to
1.5mm, the cracks on both sides continued to develop in the
middle horizontal direction. When the displacement loaded
to 2mm, the horizontal cracks between the 7th and 8th brick
layers on the left and right sides were connected. When
loaded to 3mm, the horizontal cracks on both sides of the
wall penetrated down to the bottom of the wall along the
diagonal of about 45°. After that, as the displacement in-
creased, the crack width gradually increased, part of the
plastering mortar fell off, and a vertical crack was formed at
the bottom left side of the wall. ,e damage is shown in
Figure 7.

3.2. PP-Band Reinforcement Specimen Destruction Process

3.2.1. General Observation for Specimen JW-1. ,ere was no
obvious damage in the early stage of loading. When loaded
to 115 kN, there was a fine crack of about 15 cm in length and
about 0.2mm in width appeared at the top of the wall. With
the increase of load, the crack did not extend along this
crack. When loaded to 130 kN, a horizontal crack with a
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Figure 4: Test setup.
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length of about 60 cm and a width of about 0.5mm appeared
between the 7th and 8th brick layers at the bottom of the
wall. When loaded to 1.4mm, a diagonal crack developed
along the middle of the wall and started to extend toward the
lower right corner. When the displacement loaded to
2.1mm, the horizontal crack on the right side was connected,
and the crack developed toward the bottom of the wall.
When the displacement loaded to 3.5mm, the crack de-
veloped toward the bottom of the wall. At this moment, the
through-slit was formed at the bottom of the wall. As the
displacement increased, the plastering mortar began to fall

off and the deformation of the PP-band could be clearly
seen. Although the crack width increased, the wall can still
withstand a large load, and the ductility of the wall had a
great improvement. It can be seen that the PP-band played
a great role in the loading process of the specimen, and the
integrity of the PP-band reinforced specimen was very
desirable. At the later stage of loading, the wall was de-
tached from the bottom beam. ,e tearing sound of PP-
band could be heard at this moment, but the wall still had
good integrity and bearing capacity. ,e damage is shown
in Figure 8.

(a) (b)

(c) (d)

Figure 6: Damage mode of unstrengthened specimen W-1. (a) Overall damage, (b) local cracks, (c) damage in the bottom left corner, and
(d) damage in the bottom right corner.

3 cycle at each level
Cycle at each level

A�er cracking
Before cracking

Load control Displacement control

Figure 5: Loading system.
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3.2.2. General Observation for Specimen JW-2. No cracks
appeared in the wall before loading to 130 kN. When the
forward force loaded to 130 kN, a crack with a width of about
2mm was formed at the bottom left side of the wall. When
loaded to 130 kN, the bottom of the right side of the wall was
cracked, and a through-slit formed at the bottom of the wall.
,en the displacement control was adopted. With the in-
crease of the displacement, there was no new crack on the
surface of the wall, the horizontal crack at the bottom was
widened, and the corner was partially crushed.,e horizontal
load continued to rise at this moment. At the later stage of
loading, the wall was sliding on the bottom beam. ,e load-
carrying capacity gradually decreased; finally, the shear-slip
damage occurred. ,e damage is shown in Figure 9.

3.3. Analysis of Specimen Bearing Capacity. ,e cracking
load and ultimate load values of each specimen are shown in
Table 3. Cracking load refers to the load corresponding to the
first crack in the wall, while ultimate load refers to the
maximum load borne by the wall.

As can be seen from Table 3, compared with the unre-
inforced specimen W-1, the unreinforced specimen W-2 has
a close cracking load. However, the ultimate bearing capacity

of W-2 has been greatly improved. ,e amplification is 26%.
Compared with the unreinforced specimenW-1, the cracking
load of the specimens JW-1 and JW-2 was increased by more
than 20%. ,is shows that the PP-band reinforcement has a
certain inhibition effect on the cracking of the wall.,e higher
the strength of the plaster mortar, the better the inhibition
effect. ,e ultimate load of the specimens reinforced by the
PP-band increased by nearly 40%. ,is shows that the
stiffness of the wall has some improvement with the joint
reinforcement of PP-band and plastering mortar. Also, the
integrity and ultimate bearing capability of the jointed
reinforced specimen are greatly enhanced as well.

3.4. Hysteresis Curve. Figure 10 shows the hysteresis curves
of the four walls in the test. As shown in the figure, before the
wall cracks, the hysteresis curve is linear and the hysteresis
loop area is small. ,e wall is in the elastic working state.
After the wall cracks, the wall is in the elastoplastic state with
the increase of displacement. When the wall reaches the
ultimate load, the bearing capacity of the wall decreases
rapidly.

(1) Before reaching the ultimate load, the hysteretic
loops of the unreinforced specimens W-1 and W-2

(a)

(b) (c)

Figure 7: Damage mode of unstrengthened specimenW-2. (a) Overall damage, (b) damage in the bottom left corner, and (c) damage in the
bottom right corner.
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are symmetrically distributed, and the hysteretic
curves are in a Z shape. After the ultimate load is
reached, the area of hysteretic loop increases and the
energy dissipation capacity increases as well. How-
ever, the hysteretic loop at both ends is asymmetric.

,e area of the hysteretic loop at one end is full and
the other end is small. ,e reason for this phe-
nomenon is that the main cracks of the two speci-
mens are appearing at the bottom 1/3 of the wall,
forming the horizontal penetrating cracks. Under the
large deformation, the wall slid on the bottom beam,
resulting in the small hysteresis loop area. ,e
plastering mortar strength of unreinforced specimen
W-2 is higher than that of W-1; the ultimate bearing
capacity of W-2 is also higher.

(2) Before cracking, the hysteretic curve area of PP-band
reinforced specimens JW-1 and JW-2 is small.
However, compared with the unreinforced speci-
mens, the cracking load of reinforced specimens has

(a) (b)

(c) (d)

Figure 8: Damage mode of unstrengthened specimen JW-1. (a) Overall damage, (b) damage in the bottom left corner, (c) damage in the
bottom right corner, and (d) ,e PP-band mesh is still working.

(a) (b)

Figure 9: Damage mode of unstrengthened specimen JW-2. (a) Overall damage and (b) local cracks.

Table 3: Cracking load and ultimate load values of specimens.

Specimen
number

Cracking
load (kN)

Amplification
(%)

Ultimate
load (kN)

Amplification
(%)

W-1 104.3 — 180.7 —
W-2 107.6 3.2 227.6 26.0
JW-1 126.6 21.4 249.9 38.3
JW-2 131.8 26.4 268.9 48.9
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been increased. It shows that the contribution of PP-
band is small at this moment. After cracking, the
hysteretic curve changed from z shape to s shape, and
the area of the hysteretic loop increases at each level.
,is shows that the PP-band begins to play a sig-
nificant role and the energy dissipation capacity is
improved. ,e ultimate bearing capacity of JW-2 is
greater than that of JW-1. High strength plastering
mortar can improve the integrity of the PP-band and
the wall. ,e hysteresis loop area of JW-2 is larger
than that of JW-1, and the energy consumption
capacity of JW-2 is better.

(3) ,e ultimate bearing capacity of specimens JW-1 and
JW-2 is greatly improved compared with that of the
W-1 andW-2. Particularly, when the ultimate load is
reached, the specimens without PP-band rein-
forcement soon lose their bearing capacity. ,en the
walls slide on the bottom beam until they reach the

failure state, causing obvious brittle failure. Due to
the joint action of the PP-band and the plastering
mortar, the integrity of the specimens JW-1 and JW-
2 is enhanced. After the ultimate load is reached, the
specimens do not quickly lose the bearing capacity.
Due to the restraint of the PP-band, the area of the
hysteresis loop of JW-1and JW-2 is fuller and the
hysteresis loop is symmetrically distributed.

(4) ,e displacement of specimens reinforced by PP-
band is significantly increased when they reached the
ultimate load. Particularly the displacement of
specimen JW-1 is larger than that of W-1 and W-2.
At specimen with PP-band reinforcement, the
maximum displacement is also nearly doubled. ,is
shows that the joint reinforcement of the plastering
mortar and PP-band not only increased the ultimate
load of the specimen but also enhanced the ultimate
displacement. In other words, the specimens
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Figure 10: Hysteretic curve of specimens. (a) Specimen W-1, (b) specimen W-2, (c) specimen JW-1, and (d) specimen JW-2.
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reinforced by PP-band can bear large load under
large deformation.

3.5. SkeletonCurve. Figure 11 shows the skeleton curve of the
four walls in this experiment. ,e skeleton curve refers to the
envelope curve of the hysteretic curve. It can be seen from the
figure that the mechanical properties of the four specimens
are in different loading status. ,e skeleton curve is almost
straight before cracking, and the wall is in the elastic stage.
After the wall cracks, the skeleton curve begins to bend,
showing that the loading state of the wall is in a nonlinear
state. When the wall reaches the ultimate load, the bearing
capacity decreases and the wall is in the state of failure.

(1) After reaching the ultimate load, the skeleton curve
of specimens W-1 and W-2 drops faster. Due to the
higher strength of the plastering mortar of the
specimen W-2, its ultimate load is greater than W-1.
Although the plastering mortar reinforcement can
increase the ultimate load of the wall, it does not
constrain the cracking process of the wall.

(2) After reaching the ultimate load, the skeleton curve of
specimens JW-1 and JW-2 declines slowly. It shows
that the reinforcement of PP-Band can restrain the
extension of crack and damage to thewall.,e strength
of the plastering mortar has a certain influence on the
reinforcement effect of the PP-Band. Specimen JW-2
with high strength plastering mortar, ultimate load,
and ultimate displacement are greater than the spec-
imen JW-1. It indicates that PP-band reinforcement
with higher strength plastering mortar can better
improve the integrity between the wall and PP-band.

(3) ,e ultimate load of the PP-band reinforced speci-
mens JW-1 and JW-2 is larger than the unreinforced
specimens W-1 and W-2. In the forward loading,
when the PP-band reinforced specimen reaches the
peak load, the corresponding displacement is larger
than of that unreinforced specimen. It shows that the
specimens reinforced by PP-band have the better
bearing capacity and deformability.

3.6. Stiffness Degradation Curve. Stiffness degradation refers
to the phenomenon that the displacement of a structure
increases with the increase of applied times of the same load.
,is indicator reflects the process of specimens’ damage
accumulation.

In Figure 12, the secant stiffness is used to express the
degradation of the specimens’ stiffness. ,e abscissa rep-
resents the horizontal displacement, and the ordinate rep-
resents the ratio of the secant stiffness of each stage [26]:

Ki �
+Pi

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌 + −Pi

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

+Xi

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌 + −Xi

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌
, (1)

where +Pi and −Pi are the peak load in the forward and
backward loading process and +Xi, −Xi are the peak dis-
placement in the forward and backward loading process.

Figure 12 is the stiffness degradation curve obtained by
the above formula.

(1) In the elastic stage, the longer the curve the greater
the stiffness. It can be known by comparison that, in
the elastic stage, the curve length of specimens JW-1
and JW-2 is longer than that of specimens W-1 and
W-2. ,is shows that PP-band can improve the
stiffness of the wall.

(2) ,e higher the stiffness degradation curve the slower
the stiffness degradation. By comparison, it can be
seen that the stiffness degradation curve of specimen
W-1 is lower than that of JW-2. ,e stiffness deg-
radation of JW-1 lags behind the W-2. ,is shows
that the strength of plastering mortar and PP-band
has a certain influence on the stiffness degradation.
,e higher the strength of plastering mortar, the
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slower the stiffness degradation. ,e reinforcement of
the PP-band has a greater impact on stiffness degra-
dation. ,e joint reinforcement of the PP-band and
plastering mortar has a better restraint effect on the
masonry wall, which enhances the integrity of the wall.

3.7. Deformation Capacity and Energy Dissipation Capacity.
,e ductility reflects the plastic deformation capacity of the
structure. ,e greater ductility means that the structure can
dissipate more seismic energy and withstand stronger in-
elastic deformation.

Ductility of the structure is generally reflected by the
ductility coefficient μ [26]:

μ �
Δu

Δcr
, (2)

where Δu is ultimate displacement representing the displace-
ment value corresponding to the 85% ultimate load and Δcr is
wall cracking displacement corresponding to cracking load.

Energy dissipation capacity is an important indicator to
measure the seismic performance of a structure. ,e energy
dissipation capacity of the structure is usually determined by
the energy dissipation coefficient E or the equivalent viscous
damping coefficient ζep, which is calculated by the area
enclosed by the displacements load curve (Figure 13). ,e
energy dissipation coefficient E and the equivalent viscous
damping coefficient ζep are calculated as follows [26]:

E �
S(ABC + CDA)

S(OBE + ODF)
, (3)

ζep �
1
2π

·
S(ABC + CDA)

S(OBE + ODF)
, (4)

where S(ABC + CDA) is area enclosed by a hysteresis curve;
S(OBE + ODF) is sum of area of triangle OBE and ODF.

Table 4 shows the test characteristic parameters of each
specimen. It can be seen from the table that the plastering
mortar and PP-band have certain effects on the ductility and
energy dissipation capacity of the wall. W-1 was plastered by
lower strength plastering mortar. Ductility and energy
dissipation coefficient of W-1 are smaller. W-2 was plastered
by higher strength plastering mortar. ,e ductility of W-2
has increased by 35.3%, but the increase of energy dissi-
pation coefficient is not obvious. It shows that, in view of the
unreinforced specimens, the strength of plastering mortar is
helpful to improve the ductility of wall. However, the effect
on improving the energy dissipation capacity of the speci-
men is not obvious. Compared to the specimen W-1, the
ductility coefficient of JW-1 and JW-2 has increased by 138%
and 226%; also, the energy dissipation capacity has increased
by 22.4% and 47.4%. It shows that the ductility and energy
dissipation of the wall reinforced by PP-band are signifi-
cantly enhanced. Compared to the specimen JW-1, ductility
and energy dissipation coefficient of specimen JW-2 have
increased by 43% and 20.4%. It shows that the strength of the
plastering mortar has great effect on PP-band reinforcing
system. In the joint reinforcement system, the higher
strength plastering mortar helps to improve the enhance-
ment effect of ductility and energy dissipation capacity.

4. Conclusion

,e serious loss caused by earthquake disaster to human
society is obvious to all. How to reduce the impact of
earthquake disaster is one of the focal issues in the field of
earthquake resistance. ,e reinforcement of PP-band

F

D

A
C E

Dis

Force
B

O

Figure 13: Calculation of energy dissipation coefficient.

Table 4: Characteristic parameters of specimens.

Specimen
number

Ductility
coefficient μ Amplification (%) Energy dissipation

coefficient E

Amplification
(%)

Equivalent damping coefficient
ζep

W-1 13.50 — 1.56 — 0.25
W-2 18.27 35.3 1.65 5.7 0.26
JW-1 32.14 138 1.91 22.4 0.30
JW-2 44.06 226 2.3 47.4 0.37
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provides a new way to solve this problem. As an industrial
product widely used in the field of logistics and trans-
portation, PP-band has many outstanding advantages such
as good tensile performance, low density, and strong du-
rability. ,e desirable mechanical properties of PP-band are
of great significance for improving the brittle failure char-
acteristics of masonry structures. PP-band mesh is wrapped
on the outer surface of the wall in the form of a mesh, which
can effectively restrain the cracked wall and improve its
integrity and resistance to continuous collapse. Also,
compared with other reinforcement methods, the low cost
and convenient construction of this method can guarantee
the low cost of reinforcement project. ,is reinforcement
method has good applicability for the economically back-
ward areas.

In this paper, the low-frequency cyclic loading tests are
carried out on four masonry walls with or without PP-band
reinforcement. ,e effects of different plastering mortar
strengths and PP-bands on the seismic performance of
masonry walls are considered. ,e conclusions have refer-
ence values for the popularization and application of PP-
band reinforcement technology in rural areas. ,e con-
clusions are as follows.

(1) For masonry walls without PP-band reinforcement,
the plastering mortar with higher strength has im-
proved the ultimate bearing capacity and ductility of
the masonry walls by 26% and 35.3%. However, the
energy dissipation capacity enhancement effect of
plastering mortar is not significant. For masonry
walls reinforced by PP-band, the ductility and energy
dissipation have been improved to a certain extent,
with increases of 37.1% and 20.4%.

(2) For unreinforced masonry walls, the plastering
mortar contributes more to the ultimate load-
bearing capacity and ductility. For the PP-band
reinforced masonry walls, the increase in ultimate
bearing capacity depends mainly on PP-band while
the plastering mortar contributes more to the duc-
tility and energy consumption.

(3) ,e increase in cracking load, ultimate carrying
capacity, ductility, and energy dissipation of the
masonry walls reinforced by PP-band is up to 26.4%,
48.9%, 226%, and 47.4%. It indicates that the joint
work of plastering mortar and PP-band has greatly
improved the seismic performance indicators of
masonry walls.

(4) PP-band can increase the rigidity of the masonry
wall, enhance the integrity of the wall, and suppress
cracking of the wall. Particularly under large de-
formation, it can still ensure that the masonry wall
has a large bearing capacity. ,us, PP-band rein-
forcement has great significance in avoiding the
collapse of the overall structure.

(5) PP-band reinforcement can constrain the masonry
wall, improve the fullness of the hysteresis curve, and
effectively increase the energy dissipation capacity of
the masonry wall. ,e PP-band has a great

contribution to the ductility of the masonry struc-
ture. ,e ductility of the PP-band reinforced ma-
sonry wall is increased by more than 2 times.

(6) May be due to the greatly improved integrity, the
through-slit formed at the bottom of PP-band-
reinforced JW-2. To avoid the similar phenomenon,
the connection between the PP-band and the
foundation could be strengthened.
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