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In order to solve the problems of complex construction, poor weather resistance, and environmental pollution of conventional
thermal insulation materials, this paper introduces a new type of insulation decorative block (IDB) filled with insulation materials.
Different anchoring methods were adopted to study the influence of anchor bolts on the out-of-plane mechanical properties of
IDB walls.,e test results revealed that the anchor bolts could effectively prevent the appearance and development of cracks in the
specimens. With the increase of anchor bolts, the acceleration and displacement of the IDB walls decreased. Compared to
rectangular arrangement, the staggered pattern of anchor bolts could reduce the relative displacement and acceleration. ,e
structural calculation of IDB walls was carried out to determine the number of anchor bolts at different heights, and design
suggestions were given to improve the performance of IDB walls.,e analysis and test results indicated that the IDB is suitable for
application in engineering structures.

1. Introduction

Nowadays, one of the problems that must be solved is how to
reduce the emissions by reducing the amount of energy
consumed in economic development. Based on the evalu-
ation of energy emissions in China, the building energy
consumption accounts for about 30–40% of the total energy
consumption, and the trend continues to rise [1]. ,e
maintenance components of the buildings which are in
contact with the outside air, such as windows, doors, floors,
and walls, are the primary reason for the energy con-
sumption of buildings. Among these maintenance compo-
nents, the walls have the largest contact area with the
outdoor air, thus having the greatest impact on the building
energy consumption [2].,erefore, it is essential to take wall
insulation measures to achieve the goal of the building
energy saving and reduce the energy consumption of the
external wall.

,ermal insulation materials are divided into organic
(e.g., extruded polystyrene (XPS) and expanded poly-
styrene (EPS)) and inorganic materials (hydrophobic

expanded perlite (HEP)). ,e engineering application of
XPS and EPS, as organic materials, is affected by the
moisture content and high temperature: (1) the heat
transfer coefficient increases with the increase of water
content [3–5]; (2) the flammability of materials threatens
the safety of structures [6–8]. ,e high temperature re-
sistance of HEP, as an inorganic material, is relatively
stable, while the thermal transfer coefficient is high due to
the strong water absorption capacity. ,ese conventional
insulation materials could be used as additives in com-
posite materials [9–12] or directly used as external
thermal insulation materials of the buildings. When these
insulation materials are directly used as building envelope
components, structural measures and moisture control
components should be proposed to improve the water-
proof and fireproof properties of the materials during the
construction process [13–15], which increases the con-
struction cost and construction period. In order to deal
with the defects of these conventional insulation materials
in engineering application, the research on the building
insulation materials should be strengthened.
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A new type of thermal insulation blocks, which have high
void ratio, is developed and used as the external walls of
building [16–18]. ,e high void ratio of insulation block is
helpful to reduce the dead weight and heat transfer coefficient;
however, the compressive strength will be adversely affected
due to the decrease of compression area. Moreover, the
reinforced concrete shear walls are generally used as the ex-
ternal walls of high-rise buildings, indicating that it is im-
possible to apply the thermal insulation blocks directly. ,us,
masonry veneer walls are gradually used in modern building
construction. Masonry veneer walls, which consist of external
masonry walls separated from the structural backing systems,
are connected to the structural components using different
types of ties to resist out-of-plane loads [19] and could provide
the buildings with decoration and with barriers to moisture
wind penetration but do not contribute to the structural re-
sistance [20]. Desai et al. [21] studied the out-of-plane seismic
properties of brick veneer wall systems in medium-rise
buildings and developed analytical models of structural
backing systems andmasonry veneer walls. Reneckis et al. [22]
described the out-of-plane performance of brick veneer walls
on wood frame, and the installation methods, stiffness, and
strength were found to significantly affect the seismic per-
formance of veneer walls. Memari et al. [23] evaluated the
influence of corrosion of conventionalmetal anchors on lateral
forces, and the performances of corrosion resistant steel ties
and conventional ties were compared. Marziale et al. [24]
investigated the in-plane coupling between the veneer walls
and concrete shear walls, and the optimum location of iso-
lation joint was given to minimize the rocking behavior.,ese
papers provide a reference for the study of mechanical
properties of masonry veneer walls; however, the out-of-plane
dynamic performance of the walls made of insulation filled
masonry blocks is rarely addressed.

,is paper presents the results of out-of-plane shaking
table test of four full-scale specimens, which are divided by
the number and arrangement modes of anchor bolts be-
tween the masonry veneer walls and backup framing
(reinforced concrete walls): AB0 has no anchor bolts, AB2 is
strengthened by two anchor bolts per square meter, and
AB4-1 and AB4-2 are strengthened by four anchor bolts per
square meter with different arrangement modes.

,e structure of this paper is as follows: Firstly, the ma-
terials and experimental program, such as the dimension of the
IDB, construction of specimens, arrangement of anchor bolts,
and test setup, are introduced. Secondly, the mechanical tests
are carried out, and the mechanical performance of specimens
is obtained and analyzed, e.g., the failure pattern, development
of cracks, frequency, acceleration, displacement of the speci-
mens, and relative displacement between the IDB wall and
shear wall. Finally, the reaction of IDB walls under wind load
and seismic load is calculated, and design recommendations
are proposed to improve the application of IDB in engineering.

2. Experimental Program

2.1. Masonry Materials. ,e block is made of shale and
sawdust, in which the sawdust could produce a large amount
of microporous inside the material, as shown in Figure 1.

,e IDB is filled with conventional composite thermal
insulation materials, such as XPS, EPS, and HEP, so as to
achieve insulation purposes. ,e dimensions of the IDB are
498mm× 120mm× 248mm (length×width× height), as
shown in Figure 2. ,e density and compressive strength of
the IDB are about 500 kg/m3 and 2.0MPa, respectively.

,e content of mortar is cement, fly ash, sand, polymer
emulsion powder, and water retaining agent. ,e me-
chanical and physical characteristics of mortar are shown in
Table 1.

,e anchor bolts are used to ensure the bond strength
between the IDB wall and the external wall of buildings. ,e
diameter of anchor bolt is 10mm, and tensile strength is
0.5MPa. ,e length of the anchor bolt fixed into the
reinforced concrete shear wall should not be less than
50mm.

2.2. Construction of Specimens. In this paper, four full-scale
specimens are tested under out-of-plane dynamic loadings.
,e specimens are composed of ground beam, shear wall,
mortar layer, and IDB walls, as shown in Figure 3.

,e ground beam is used to fix the specimen on the
shaking table, and the shear wall is constructed to simulate
the exterior wall of the high-rise building. Materials of
leveling blanket and mortar layer are both masonry mortar.
,e mortar layer is used to strengthen the bond between the
shear wall and IDB wall. ,e thickness of leveling blanket,
mortar layer, and mortar joint is 1-2mm, 10mm, and 1mm,
respectively.

,e construction process of the specimens could be seen
in Figure 4.

2.3. %e Arrangement of Anchor Bolt. In order to study the
influence of number and distribution of anchor bolts on the
out-of-plane seismic response of the specimen, the experi-
mental program consists of four specimens, in which one
specimen has no anchor bolts, one specimen has two anchor
bolts per square meter, and two specimens have four anchor
bolts per unit area with different arrangement modes of
anchor bolts, as shown in Figure 5. ,e IDB is made of
sintered materials, and its brittle failure characteristics are
obvious. If the anchor bolts are directly drilled on the IDB,
the safety of IDB wall may be affected due to the damage
caused by the drilling process.

3. Testing Procedure and Measurements

3.1. Test Setup. ,e performance parameters of the shaking
table are shown in Table 2. ,e digital control system of
shaking table (469D) consists of signal control of hydraulic
servo system, sequence control of system procedure, and
system security protection control, as shown in Figure 6.

,e experiments were carried out according to Chinese
code GB 50011-2010 [25]. For the normal operation of the
test, the out-of-plane loading of the specimen is performed
along the x direction.

In order to obtain the displacement and acceleration of
the wall during the loading process, acceleration sensor and
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Figure 1: SEM graphs of sample. (a) Sintering shale sample. (b) Sintering shale sample with 6% sawdust.
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Figure 2: Introduction of IDB. (a) Components of IDB. (b) Dimensions of IDB.

Table 1: Performance parameters of mortar.

Bond strength (N/mm2) Compressive strength (N/mm2) Flexural strength (N/mm2) Density (kg/m3)
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Figure 3: Dimensions of the specimens.
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Figure 4: Construction process of specimens.
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Figure 5: ,e arrangement of anchor bolts. (a) AB2. (b) AB4-1. (c) AB4-2.
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displacement sensor are arranged on the specimens, as
shown in Figure 7. ,e measure range and sensitivity of the
acceleration sensor are 100 g and 10mV/g, respectively,
while the measure range and sensitivity of the displacement
sensor are 50mm and 0.1 μm.

3.2. Testing Procedure. ,ree earthquake records, namely,
two real earthquake ground motion records (El-Centro
record and Taft record) and one artificial earthquake ground
motion record (Ninghe record), were applied in horizontal
direction. ,e earthquake records were selected because the
characteristic periods of the earthquake records are close to
the different characteristic site periods prescribed by the
Chinese seismic code [25] (Table 3). ,e acceleration time-
history curves of earthquake records are given in Figure 8.

Table 4 shows the loading process. ,e natural fre-
quencies could be obtained through white noise scanning,
and the accelerogram of the earthquake record was scaled in
amplitude to 0.20 g, 0.30 g, 0.40 g, 0.50 g, 0.60 g, 0.70 g, and
0.80 g to satisfy the test requirements. Considering that the

Table 2: Technical parameters of shaking table.

Performance of shaking table Parameter value
,e dimensions of the table (m) 4.1× 4.1
Maximum weight of the specimen (t) 20
Maximum eccentricity (m) ≥0.6
Frequency (Hz) 0.1–50

Maximum displacement (m)
x direction: ±0.15
y direction: ±0.25
z direction: ±0.10

Maximum speed (m/s)
x direction: ±0.100
y direction: ±0.125
z direction: ±0.080

Maximum acceleration (m/s2)
x direction: ±15
y direction: ±10
z direction: ±10

Maximum overturning moment (kN·m) 300
Maximum eccentric moment (kN·m) 800

Figure 6: Shaking table.

Acceleration sensor
Displacement sensor

Figure 7: Instrumentation arrangement.
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characteristic site period in a lot of cities of China is 0.55 s,
El-Centro record is selected for elastic-plastic analysis.

4. Results and Discussion

4.1.ExperimentalObservationandFailureModes. ,e failure
pattern of the specimens is described in Table 5. ,e cracks
on the IDB wall and IDB wall boundaries were measured. It
could be concluded that the crack usually appeared firstly at
the bottom of the IDB wall, and as the PGA increased, cracks
began to appear in the top corner of the specimen. ,e
cracks mainly appeared at the joint of the IDB wall, ground
beam, and shear wall, and there were basically no cracks in
the interior of the IDB wall. During the loading process,
there was no block crushing or block peeling from the
specimen.

,e crack length in the top corner of the specimen re-
duced from 1100mm (AB0) to 670mm (AB4-1), and the
crack width decreased with the increase of the number of
anchor bolts, meaning that the anchor bolt could effectively

limit the development of cracks. Since the crack width and
length of AB4-1 were smaller than AB4-2, it could be
inferred that the arrangement mode had an influence on the
out-of-plane mechanical performance of the IDB wall.

4.2. Frequency of Specimens. ,e natural frequencies of
specimens can be obtained through white noise scanning, as
given in Figure 9. When the PGA was not more than 0.20 g
(AB0 and AB2) or 0.50 g (AB4-1 and AB4-2), the change of
natural frequencies of the specimens was small. As the PGA
continued to increase, the natural frequencies of the four
specimens began to decrease significantly. For instance,
when the PGA was 0.8 g, the decrease amplitude of the
natural frequency of was 25.6% for AB0, 22.4% for AB2,
11.2% for AB4-1, and 12.3% for AB4-2. ,e following could
be concluded:

(1) ,e anchor bolts could effectively prevent the
specimens from damage. ,at is for the reason that

Table 3: Earthquake records and characteristic site period.

Earthquake Direction Time Characteristic period (s) Characteristic site period (s)
Taft record E-W 1952.7.21 0.44 0.40
El-Centro record N-S 1940.5.18 0.55 0.55
Ninghe record N-S 1976.11.15 0.90 0.75
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Figure 8: Acceleration time-history curves of earthquakes. (a) El-Centro record. (b) Taft record. (c) Ninghe record.
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Table 4: Loading procedure.

Number Loading condition PGA (g)
1 White noise 0.05
2 El-Centro wave 0.05
3 Taft wave 0.05
4 Ninghe wave 0.05
5 White noise 0.05
6 El-Centro wave 0.10
7 Taft wave 0.10
8 Ninghe wave 0.10
9 White noise 0.05
10 El-Centro wave 0.15
11 El-Centro wave 0.20
12 White noise 0.05
13 El-Centro wave 0.30
14 El-Centro wave 0.40
15 El-Centro wave 0.50
16 White noise 0.05
17 El-Centro wave 0.60
18 El-Centro wave 0.70
19 El-Centro wave 0.80
20 White noise 0.05
21 Two consecutive EL-Centro waves 0.80
22 White noise 0.05

Table 5: Test observations and failure pattern.

Specimen Test phenomenon Remarks/observations

AB0

(i),e crack appeared firstly at the bottom of the IDB wall when the PGA
was 0.3 g.
(ii) Cracks appeared in the top corner of the IDB wall when the PGA was
0.4 g.

(iii) At the end of the experiment, the length and width of the crack in the
top corner of the specimen were 1150mm and 3.0mm, respectively. ,e
crack at the bottom of the IDB wall, with a width of 2.5mm, was basically
a through crack.
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Table 5: Continued.

Specimen Test phenomenon Remarks/observations

AB2

(i) Cracks appeared firstly in the top corner of the specimen and at the
bottom of the IDB wall when PGA was 0.4 g.

(ii) After the loading process, the length and width of the crack in the top
corner of the specimen were 1000mm and 2.5mm, respectively, and the
crack at the bottom of the IDB wall, with a width of 2.0mm, was basically
a through crack.

AB4-1

(i) Cracks appeared firstly in the top corner of the specimen and at the
bottom of the IDB wall when PGA was 0.5 g.

(ii) After the loading process, the length and width of the crack in the top
corner of the specimen were 670mm and 1.0mm, respectively, and the
crack at the bottom of the IDB wall, with a width of 1.5mm, was basically
a through crack.
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the natural frequency of the specimen was related to
the degree of damage; the more serious the damage,
the smaller the natural frequency.

(2) Although the number of the anchor bolts was the
same, the reduction amplitude of natural frequency
of AB4-1 was smaller than that of AB4-2, meaning
that arrangement mode of anchor bolts had an in-
fluence on preventing the structure failure.

4.3. Acceleration Response Analysis. ,e acceleration at the
bottom of the IDB wall was basically the same as the input
acceleration, so this paper only gives the peak acceleration in

the middle-upper part of the IDB wall, as shown in
Figure 10.

Although the cracks appeared and developed at the
bottom of the IDB wall, the acceleration in the middle of the
IDB wall increased linearly (Figure 10(a)), and the magni-
fication coefficient of the acceleration response was about
1.3. ,e reason for these results could be that almost no
cracks appeared between the IDB wall and shear wall, and
the lower part of the specimens was still subjected to the out-
of-plane load as a whole. However, at the top of the spec-
imens, the cracks mainly appeared between the IDB wall and
the shear wall, causing the magnification coefficient of the
acceleration response to increase suddenly (Figure 10(b)).

Table 5: Continued.

Specimen Test phenomenon Remarks/observations

AB4-2

(i) Cracks appeared firstly in the lower part and top corner of the IDB wall
when PGA was 0.5 g.

(ii) After the loading process, the length and width of the crack in the top
corner of the specimen were 850mm and 2.0mm, respectively, and the
crack at the bottom of the IDB wall, with a width of 1.8mm, was basically
a through crack.
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For instance, the acceleration at the top of AB0 increased
linearly when the PGA was smaller than 0.4 g. As the
earthquake load increased, the cracks between the IDB wall
and shear wall began to appear and develop, and the
magnification coefficient of the acceleration response in-
creased from 6.7 to 9.1 when the PGA was 0.40 g and from
9.1 to 11.1 when the PGA was 0.50 g. It could also be
concluded that when the crack width was small, it did not
affect the global stress of the specimens. For instance, at the
top of the AB4-1, the maximum width of crack between IDB
wall and shear wall was only 1.0mm, and the acceleration
increased linearly all the time during the loading process.

4.4. Displacement Response Analysis. In order to study the
seismic performance of the IDB wall, the relative dis-
placement and maximum displacement of the IDB walls are
studied. ,e relative displacement is the difference between
IDB wall and shear wall displacements, while the maximum
displacement is the difference between the middle-upper
and lower displacement of the IDB wall.

,e relative displacements between IDB wall and shear
wall are depicted in Figure 11. Since the relative displace-
ment at the bottom of the specimen was small, only the
relative displacement of the middle-upper part of the
specimen was given in Figure 11.

In the middle of the specimen, it could be observed that
although the maximum relative displacement was 0.96mm,
no visible cracks appeared (Table 4). For AB0 and AB2, the
relative displacement increased linearly until cracks
appeared at the top of the specimens, while for AB4-1 and
AB4-2, the relative displacement increased linearly all the
time, which was not affected by the cracks at the top of the
specimen.

At the top of the specimen, the relative displacement
could directly reflect the appearance and development of the
cracks. Take AB0 as example; the crack appeared firstly when

the PGA was 0.4 g, after which the relative displacement
increased rapidly with the development of the cracks.

,emaximum displacements of IDBwall under different
conditions of PGA are given in Figure 12. From Figure 12, it
could be concluded that the displacements of AB0 and AB2
were affected by the cracking at the bottom of the specimens.
Once the crack appeared at the bottom of AB0 and AB2, the
displacement of the specimens would increase rapidly.
While for AB4-1 and AB4-2, the displacement was basically
linearly increasing.

,rough the analysis of Figures 11 and 12, it could be
inferred that the displacement response of the IDB wall was
closely related to the appearance and development of the
cracks. ,is phenomenon was more obvious in AB0 and
AB2; the displacement or relative displacement would in-
crease rapidly after the appearance and development of the
cracks. However, for AB4-1 and AB4-2, the displacement
response was basically linear.

5. Structural Calculation
and Recommendations

5.1. Structural Calculation. Restricted by the experimental
conditions, this paper only studied the out-of-plane seismic
performance of IDB walls. However, in engineering practice,
we should not ignore the wind load effect on the mechanical
performance of brick veneer walls. ,erefore, wind load and
seismic load should be considered simultaneously in
structural calculation.

5.1.1. Calculation of Seismic Action. According to Chinese
code GB 50011-2010 [25], equivalent lateral-force method
can be used to evaluate the seismic load caused by the gravity
of nonstructural components. ,us, the seismic load of IDB
walls could be calculated as follows:
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Figure 10: Peak acceleration of IDB wall at different positions. (a) In the middle of the IDB wall. (b) At the top of the IDB wall.
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F � cηζ1ζ2αmaxG, (1)

where c is the functional factor of the nonstructural com-
ponents and equals 1.0; η is the type factor of the non-
structural components and equals 1.0; ζ1 and ζ2 are the
factor of state and location and equal 1.0 and 2.0, respec-
tively; αmax is the maximum value of seismic influence
coefficient and equals 0.16; and G is the gravity of non-
structural components (Table 6).

5.1.2. Calculation of Wind Load. ,e characteristic value of
wind load is shown in the following equations [26]:

wk � βgzμslμzw0, (2)

βgz � 0.80 + 1.60μf, (3)

μf � 0.5 × 351.8(α− 0.16) 10
z

 
α
, (4)

μz � 0.262
z

10
 

0.62
, (5)

in which βgz is gust factor at height z, μsl is local shape
coefficient, μz is wind pressure height coefficient, w0 is basic
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wind pressure, μf is pulsation coefficient, and α is ground
roughness index.

,e wind load of maintenance structure for high-rise
buildings is mainly wind suction, and the wind suction at the
positive angle of buildings is larger than the wind suction at
other locations [27]. ,e determination of coefficients in
(2)–(5) is described in Table 7.

According to Chinese code GB 50009-2012 [26], the
combination of earthquake and wind load can be expressed
as

S � cQ1
SQ1k + cQ2

ψcSQ2k. (6)

Here, 1 and 2 represent wind and earthquake load, re-
spectively; SQ1k is load effect value calculated by wk; SQ2k is
load effect value calculated by F; cQ1

and cQ2
are partial

coefficients of load and equal 1.4 and 1.3, respectively; and ψc

is combination value coefficient and equals 0.6.
,e formula for calculating the number of anchor bolts

per unit area can be given as

[n] � αcM

S

kft

, (7)

where α is the reduction factor considering the connection
between mortar and IDB wall and equals 0.5, cM is the

anchor connection importance coefficient and equals 1.1, k is
the anchorage capacity reduction coefficient under earth-
quake and equals 0.7, and ft is the design value of tensile
bearing capacity of anchor bolts.

Based on (1)–(7), the number of anchor bolts to be
arranged at different heights is shown in Table 8. ,e results
show that the number of anchor bolts in the test could meet
the application requirements of IDB in high-rise buildings
and has a good reference value.

5.2. Recommendations. According to the destruction fea-
tures of the specimens during the test process, cracks mainly
occurred at the bottom of the IDB wall and in the top corner
of the specimen.When the PGAwas small (0.3–0.5 g), cracks
firstly appeared and developed between the IDB wall and
ground beam, which was due to the bending effect of the
specimens under the out-of-plane load. Premature cracks
had a negative impact on the insulation effect of the IDB
wall, so the bottom of the IDB wall needs to be effectively
treated.

As the PGA increased, cracks began to appear between
the IDBwall and the shear wall on both sides of the top of the
specimens. Besides, the IDB walls were also subjected to
wind loads in engineering application, and the suction in the

Table 6: Gravity of IDB wall insulation system.

Mortar layer IDB wall Decoration layer
,ickness (mm) 10 120 —
Density (kg/m3) 1500 500 —
Gravity (N/m2) 147 588 44
Total gravity (N/m2) 779

Table 7: ,e characteristic value of wind load at different heights.

Height (m) ω0 (kN/m2) βgz μz

μsl ωk (kN/m2)
Positive angle of buildings Other locations Positive angle of buildings Other locations

20

0.88

2.40 0.51

−2.0 −1.4

1.51 2.15
50 2.20 0.69 1.87 2.67
80 2.04 0.91 2.29 3.27
100 1.98 1.04 2.54 3.62
150 1.87 1.33 3.06 4.38
200 1.79 1.58 3.48 4.98
250 1.74 1.81 3.88 5.54
300 1.70 2.02 4.23 6.04

Table 8: ,e number of anchor bolts.

Height (m)
Number of anchors per square meter

Positive angle of buildings Other locations
≤ 20 2 4
20 4 5
50 4 6
80 5 7
100 6 8
150 7 10
200 8 11
250 9 13
300 10 14
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top corner, generated by negative wind pressure, was larger
than that at other positions [27]; hence, attention should be
paid to the reinforcement of the top corner in the structural
design.

,us, some recommendations are put forward in this
paper, as shown in Figure 13.

(1) In order to prevent the cracks at the bottom of the
IDB wall from occurring too early under the action
of bending, cushion blocks with certain deformation
ability, such as rubber block or wooden block, should
be used to bear the dead weight of the IDB wall.
Foaming agent can be used as filling materials to
improve the insulation performance of IDB wall.

(2) In order to prevent cracks in the top corner of the
wall from affecting the thermal insulation perfor-
mance of the IDB wall, more anchor bolts should be
used to strengthen the bonding between the IDB wall
and shear wall at this location.

6. Conclusions

Shaking table tests are carried out on four specimens to
investigate the out-of-plane performance of IDB walls.
Failure mechanisms, frequencies, acceleration, and dis-
placement (relative displacement) are evaluated, and the
performance of anchorage mode is examined. ,e calcu-
lation formula of the number of anchor bolts and design
suggestions are also given based on the experimental phe-
nomena, so as to promote the application of IDB in engi-
neering. ,e results obtained from the tests are briefly
summarized as below:

(1) Appearance and development of cracks between the
IDB wall and shear wall are obviously affected by the
number of the anchor bolts.,e larger the number of
anchor bolts, the smaller the seismic load at the time

of crack appearance, the shorter the crack length, and
the smaller the crack width.

(2) ,e anchor bolts could obviously improve the out-
of-plane mechanical performance of IDB walls. Take
AB0 and AB2 as example; when the seismic action is
the same, the natural frequency of AB2 is larger, and
the acceleration and displacement (relative dis-
placement) are smaller.

(3) Although the number of anchor bolts is the same, the
displacement (relative displacement) and accelera-
tion of AB4-1 are smaller than those of AB4-2,
showing that the staggered pattern of the anchor
bolts is a better arrangement method than rectan-
gular arrangement.

(4) ,e positive angle of the buildings should be
strengthened to reduce the damage of IDB walls, and
the calculation formula of the number of anchor
bolts could be applied in the process of design.

Based on the test results (acceleration, displacement, and
failure mode) and structural calculation, the acceleration
and displacement requirements of different types of
buildings could be satisfied through adjusting the number
and arrangement of anchor bolts.,erefore, the study of this
paper could effectively promote the application of IDB.

Computational intelligence algorithms, such as monarch
butterfly optimization (MBO) [28], neutrosophic optimization
(NSO) [29], artificial bee colony (ABC) [30], and ant colony
algorithm (ACA) [31], are gradually used to analyze the seismic
response of the structures, so as to optimize the structural
design and improve the seismic performance of structures.
However, the impact of these intelligent algorithms has not
been considered in the specification; thus, considering the
engineering application of IDB, the structural analysis method
used in this paper is specified by Chinese code GB 50011-2010
[25]. Considering the optimal design of structures, the

Cushion block Filling materials

Local reinforcement

Figure 13: Design suggestion.
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intelligent algorithms will be used to analyze the seismic
performance of structures with IDB walls in subsequent
studies.
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