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Glass-fiber-reinforced cement (GRC) is a widely used decorative material for wall facades. Conventional GRC products have poor
crack resistance, low construction efficiency, poor integration, and few environmental benefits, hence failing to meet the re-
quirements of building industrialization. To realize an integrated composite wall made fromGRC and precast lightweight concrete
(PLC) with a lasting anticrack effect, the anticracking properties of GRCmaterial as well as the connection mode of GRC and PLC
layers were studied.*rough long-term shrinkage test, the influence of fiber content, rubber powder content, and expansion agent
content on the crack resistance of GRC material was systematically analyzed. At the same time, the influence of connection mode
on the crack resistance of the GRC layer after compositing with precast lightweight concrete (PLC) was analyzed. *e results
showed that adding fiber can effectively improve the flexural strength of the GRC and reduce drying shrinkage, whereas adding
rubber powder can effectively improve its toughness and crack resistance. *e addition of U-type expansion agent (UEA) can
impart the cement mortar with a certain degree of microexpansion performance and help improve the drying shrinkage of the
GRC. Compared with other compounding methods, the smooth connection of the GRC and PLC can effectively reduce the
shrinkage of the GRC surface layer and improve its crack resistance. So, the new GRC material has good crack resistance
performance and facade effect. *ese research studies provide an experimental basis for the large-scale application of the panel,
and it has great advantages in improving the efficiency of prefabricated building construction.

1. Introduction

Most external walls of modern buildings use external
insulation and lacquer material. *e exterior walls typically
deteriorate in approximately five years, bringing security
risks [1]. Glass-fiber-reinforced cement (GRC) is a type of
composite material composed of a cement mortar as the base
material and alkali-resistant glass fiber as an additional
component. It is considered a green building material and
has characteristics such as energy savings and environmental
protection. At the same time, greenhouse gas emissions from
building construction can be reduced [2]. Precast light-
weight concrete (PLC) is a kind of precast lightweight ag-
gregate concrete. It is made of light plastic particles, ordinary

sand, cement, and water. *e PLC strength grade in this
paper was LC15 (i.e.15MPa) [3]. A GRC-PLC-integrated
composite panel (Figure 1) can effectively ensure wall
insulation and reduce the generation of waste, waste gas, and
wastewater in buildings. *e type of fiber used has a sig-
nificant influence on the plastic shrinkage and cracking of
concrete. Experimental results have shown that glass fiber
imparts better mechanical properties and economy when
added to concrete products [4–7]. El-Dieb and Reda Taha [8]
reported an improvement in the self-compacting perfor-
mance of concrete when incorporated with glass fibers,
thereby reducing cracks and increasing its strength. Li et al.
[9] studied the effect of glass fibers of different dimensions
on the flexural performance of GRC and experimentally
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showed that the higher the dimensions of the glass fiber, the
better the strength and toughness of the GRC material.
Because of the alkalinity of cementitious materials, the GRC
becomes brittle, and the material strength is reduced. *e
use of additives can prevent GRC embrittlement [10–13].
*e results of cracking and shrinkage experiments con-
ducted on GRC materials and the analysis of fracture
characteristics have shown that the addition of fly ash,
rubber powder, expansion agent, and other materials can
help effectively reduce the cracking and shrinkage of GRC
[12–18]. Wu et al. [19] studied the shrinkage performance of
GRC-based materials and showed that GRC materials made
from different types of cement exhibit drying and autoge-
nous shrinkage to varying degrees. When using GRC, the
durability and strength of the material are important factors.
By predicting the strength, durability, and aging degree of
GRC materials, various strength and durability models have
been proposed, assuming excessive loss of strength, to
perform accelerated aging tests. *e aging degree of GRC
materials can be analyzed through nondestructive testing
[20–23].*e cracking and deformation of GRCmaterials are
significantly affected by the temperature. Correia et al.
[24, 25] found that a GRC panel cracks and deforms ex-
cessively because of the thermal effect, GRC thickness, and
dry humidity.*erefore, the effects of temperature and GRC
thickness should be considered when monitoring the
shrinkage strain of GRC panels.

In summary, current research on the physical and
mechanical properties of GRC, such as the crack resistance,
has mainly focused on a single GRC precast component,
while studies on composite precast components made of
GRC and PLC are lacking. But GRC and PLC are two
different building materials, with different shrinkage
properties. *e shrinkage of PLC is smaller than that of
GRC. After the composite, the PLC layer will hinder the
shrinkage deformation of the GRC layer, thus tensile stress
will be generated in the GRC layer. When the stress exceeds
the tensile strength of the GRC, the GRC layer will produce
cracks, which affects the overall facade effect of the deco-
rative, integrated precast concrete component. So, it was
studied from three aspects: reducing GRC material
shrinkage, improving the tensile strength of GRC materials,
and determining the most effective connection method for
the GRC and PLC layers.

*e research ideas of this paper are as follows. First of all,
an anticrack GRC formula was developed. Considering the
temperature and humidity, the effects of fiber content,
rubber powder content, expansion agent content on the
crack resistance of the GRC surface layer were systematically

studied. And the flexural strength and dry shrinkage of the
material were measured. Second, according to the different
connection methods of GRC layer and PLC layer, seven
panels of 1m× 1m were prepared, and the shrinkage ex-
periment was carried out for 365 days in environments with
different temperature and humidity. Among them, the crack
resistance of GRC layer was the core of the test. Finally,
according to experimental results, the anticrack GRC for-
mula and reasonable connection method between GRC layer
and PLC layer were determined. Findings from this research
contribute to the application of GRC-PLC composite panels
and promotion of prefabrication.

2. Materials and Methods

2.1. Materials

2.1.1. Raw Materials. *e main materials used in the ex-
periment were GRC cement mortar and precast lightweight
concrete. *e GRC material was made on the experimental
site, and raw materials of GRC were cement (for use as PW
52.5 grade white silicate cement); sand (for use as river sand,
the fineness modulus is 1.4); water-reducing admixture (for
use as PCA-1 polycarboxylate superplasticizer); fiber
(shortcut alkali-resistant glass, the density is 2.68 g/cm3, the
elastic modulus is 72GPa, the tensile strength is 1700MPa,
and the diameter is 14 μm); rubber powder (for use as
redispersible emulsion powder), and U-type expansion
agent (mainly composed of aluminum sulfate, aluminum
oxide, aluminum potassium sulfate, and other expansive
sources, which can improve the crack resistance of mate-
rials). PLC was used in the form of a ready-mix concrete
provided by commercial concrete company. After the
composite wall panel was poured, the surface of the wall
panel was covered with plastic film for curing. *e curing
method was three times of watering in the morning, middle,
and night, lasting three days, and the targeted strength of
PLC was 15MPa.

2.1.2. GRC Mix Proportion Design. In the preparation
process of GRC materials, some experimental studies have
shown that their fluidity and shrinkage are affected by the
contents of glass fiber, rubber powder, and expansion agent
[26–31]. Adding glass fiber can help reduce the generation
and expansion of cracks; however, too high or too low a glass
fiber content will produce different degrees of cracking in
GRC materials [26–28]. Adding rubber powder into a GRC
material can reduce internal voids, improve the hydrophi-
licity of cement, and improve the flexibility and fluidity of
the GRC material. *e addition of an expansion agent into
concrete can help reduce the bonding cracks between the
hydration products and aggregates and reduce the cracks
due to drying shrinkage of materials [26, 29, 31].

*e materials used in the new GRC anticrack formu-
lation research include cement, sand, fly ash, metakaolin,
water-reducing admixture, glass fiber, rubber powder, and
expansion agent. *e fly ash and metakaolin used can re-
place a part of the cement, reduce the amount of cement,
decrease the hydration rate, and reduce the cracking and
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Figure 1: *ree-dimensional model of a GRC-PLC-integrated
panel.
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shrinkage of GRC materials. *e emulsified rubber powder
has the effect of bonding polymerization and improves the
bonding strength between the cement, aggregate, and fiber.
*e crack resistance of a GRC material can be improved by
adding glass fiber and U-type expansion agent. Table 1 lists
the foundation mix proportion of the mortar. Table 2 lists
the designed values of the fiber, rubber powder, and ex-
pansion agent. *e contents of fly ash, metakaolin, water-
reducing admixture, rubber powder, and expansion agent
are a percentage of the total cementitious materials, whereas
the fiber content is the percentage of the total mass of the
sample. *e content of fly ash and metakaolin was fixed at
10%, and the water reducer is content was fixed at 2%. In this
study, the water-to-cement ratio of the mortar was designed
as 0.28. It is proposed to reduce shrinkage and improve the
tensile strength of cement-based materials, and the effects of
fiber, rubber powder, and expansion agent on the me-
chanical properties and crack resistance of GRC were sys-
tematically studied: (1) the effects of 1%, 1.5%, and 2% fiber
incorporation on the flexural strength and drying shrinkage
properties of mortar were studied; (2) the effects of 1.5%,
2.5%, and 3.5% rubber powder on the flexural strength and
drying shrinkage properties of the mortar were analyzed;
and (3) on the basis of 1% fiber content, the effect of adding a
certain amount of expansion agent on the drying shrinkage
properties of the GRC was studied.

2.2. Experimental Equipment. In the experiment, concrete
mixer was used to stir the GRC materials. *e mixer has
advantages of convenient operation, high mixing efficiency,
and convenient cleaning. It is an ideal concrete mixing
equipment for laboratory use. *e flexural tester was used to
measure the flexural strength of the specimen. *e maxi-
mum test force was 1 kN when the single lever was used, and
the maximum test force was 5 kN when the double lever was
used. *e accuracy was in the range of 0.4–1.0N. *e
comparator, depending on the requirements, can help de-
termine the GRC specimens at each age of the shrinkage rate.
*e static strain tester was used to connect the surface strain
gauge and embedded strain gauge to monitor the shrinkage
strain of the composite panel over a long duration. Figure 2
shows the experimental equipment.

2.3. Specimen Preparation

2.3.1. Preparation of Specimen for Flexural Experiment.
In the experiment, the fiber and cement were mixed for 3min,
and it was put into concretemixer (the capacity of themixerwas
60L, and the rotational speed of the stirring shaft was 45±2 r/
min). *en water and sand were added, and the mixture was
poured into a 40mm× 40mm× 160mm mold after mixing.
After molding, the specimens were cured in a standard envi-
ronment for 24h (temperature 20°C±2°C, relative humidity
above 95% RH). When the standard curing specimen was
removed from the mold, it was placed in an adjustable tem-
perature and humidity box, and different relative humidity
(RH� 40% and RH� 70%) values were set. Table 3 presents the
number of specimens. *e fiber contents were 1%, 1.5%, and

2%. *e rubber powder contents were 1.5%, 2.5%, and 3.5%.
Under RH� 40% and RH� 70%, specimens of different ma-
terial contents were prepared, and three specimens of each
content were made. *e specimens were cured to the specified
age, and the corresponding specimen was removed from the
adjustable temperature and humidity box. *e flexural exper-
iment was carried out using a flexural testing machine. *e
flexural strength at different specified ages was tested in ac-
cordance with ISO 679:2009 [32]. *us, the flexural strength of
GRC materials was measured under different RH values.

2.3.2. Preparation of Specimen for Drying Shrinkage
Experiment. *e molding and curing processes employed for
the drying shrinkage specimens were the same as those
employed for the flexural specimens. A 25mm× 25mm
× 280mm triple mold was used, and nail heads were placed at
both ends of the triple mold to make dry shrinkage test
specimens. After molding, the specimens were cured in a
standard environment for 24h (temperature 20°C±2°C, relative
humidity above 95% RH). After removing the mold, the
specimens were placed in the adjustable temperature and hu-
midity box for curing, 20±2°C, and different relative humidity
(RH� 40% and RH� 70%) values were set. Curing to different
ages, dry shrinkage experiment was carried out to prepare the
specimens, as shown in Figure 3. Table 4 lists the number of
specimens. *e fiber contents were 1%, 1.5%, and 2%. *e
rubber powder contents were 0%, 1.5%, 2.5%, and 3.5%. UEA
content was 8%. Under RH� 40% and RH� 70%, specimens of
different material contents were prepared, and three specimens
of each content were made. A comparator was used to measure
the specimen length at different curing ages. So, the drying
shrinkage of GRC materials was measured under different RH
values. *e calculation formula for the drying shrinkage rate of
the cement mortar at different ages is as follows:

Pt �
Lt − L0

250
× 100%, (1)

where Pt is the drying shrinkage rate on day t (mm); the
effective length of the mortar specimen is 250mm; Lt is the
measured length of the mortar specimen on day t (mm); and
L0 is the initial length of the mortar specimen (mm).

2.3.3. Specimens Prepared Using Different Connection
Methods. A total of seven composite panels were used in the
experiment. Table 5 lists their dimensions and parameters,
where T0 was a pure GRC panel without fiber, T1 was a pure
lightweight concrete panel with a thickness of 60mm, and
T2 was a pure GRC panel with a thickness of 15mm. *ese
two types of panels were used as the basis for the experiment.

T3–T6 were GRC-PLC composite panels made
according to Figure 1, which ignored the concrete structure
layer and the insulation layer, as shown in Figure 4. *e T3
and T4 panels have different GRC material thicknesses. It
was used to study the effect of different GRC material
thickness on the shrinkage performance of composite panel.

Based on the actual application of the composite panel, the
common connection modes for composite panels include
smooth connection, rough connection, and laying steel mesh
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connection. T4–T6 differed in terms of the connection method
of the composite interface, withT4 having a smooth connection,
T5 having a rough connection, and T6 having a steel mesh
connection. *e influence of the connection methods on the
shrinkage performance of the composite panels was studied.

*e design ideas of these panels were as follows: T0 was a
panel without fiber, which was mainly used to observe the
development trend of cracks, so as to determine the location of
the strain gauge. T3–T6 took the GRC thickness and the

connection methods as variables to determine the suitable
structure type of GRC-PLC composite panel. *e shrinkage
experiment was carried out for 12 months to monitor the
change of shrinkage strain in GRC and PLC with different
temperature and humidity.

Before the experiment, the wood formwork was checked
and cleaned.*e ready-mix lightweight concrete was poured to
a specified height while minimizing bubbles using hand-held
vibrating rods. To weigh the required GRC anticracking

Table 1: Mortar mix proportion.

Type Cement (kg/m3) Sand (kg/m3) Water (kg/m3) Fly ash (kg/m3) Metakaolin (kg/m3) Water-reducing admixture (kg/m3)
Content 888 1248 322 56 166 31

Table 2: Values of fiber, rubber powder, and expansion agent contents.

Number Fiber content (%) Rubber powder content (%) U-type expansion agent content (%)
1 1 0 0
2 1.5 0 0
3 2 0 0
4 2 1.5 0
5 2 2.5 0
6 2 3.5 0
7 1 0 8

(a) (b) (c)

(d) (e) (f )

Figure 2: Experimental equipment. (a) Concrete mixer. (b) Flexural testing machine. (c) Comparator. (d) Embedded strain gauge.
(e) Surface strain gauge. (f ) Strain tester.

Table 3: Number of specimens.

RH (%) Materials (content) Number (pcs) Remarks

40 Fiber (1%, 1.5%, 2%) 9 *ree specimens were prepared for each content
Rubber powder (1.5%, 2.5%, 3.5%) 9 *ree specimens were prepared for each content

70 Fiber (1%, 1.5%, 2%) 9 *ree specimens were prepared for each content
Rubber powder (1.5%, 2.5%, 3.5%) 9 *ree specimens were prepared for each content

4 Advances in Civil Engineering



material based on the design mix proportion, a concrete mixer
was used for mixing; subsequently, water and the water-re-
ducing agent are added in a sequence every 8min. After the
GRC material was stirred, it was poured on the surface of the
lightweight concrete, and the surface was levelled using a roller
brush while ensuring a bubble-free surface. *us, the effects of
GRC layer thickness and type of composite method used for the
composite interfaces (smooth, rough, and laying steel mesh) on
the shrinkage properties of the GRC-PLC composite panels
were studied. When pouring T5 and T6 composite panels, the
composite interface was processed using rough and laying steel

meshes. *e strain gauge was placed in the pouring material at
the same time. When pouring PLC, the embedded strain gauge
was placed inside it. When pouring the GRC, the surface strain
gauge was prevented from sinking and contacting the PLC
given the softness of the GRC material. It was placed using a
wooden stick on the template, and a string was used for fixing.
Figure 5 shows the placement of the strain gauges and the
experimental process. *e two strain gauges were connected to
the static strain tester, and the panel surface was covered using a
fresh-keeping film. Water was sprayed onto the panel surface
for seven days in the morning, midday, and evening. *e

Figure 3: Preparation of drying shrinkage test specimen.

Table 4: Number of specimens.

RH (%) Materials (content) Number Remarks

40
Fiber (1%, 1.5%, 2%) 9 *ree specimens were prepared for each content

Rubber powder (0%, 1.5%, 2.5%, 3.5%) 12 *ree specimens were prepared for each content
1% fiber + 8% UEA 3 —

70 Fiber (1%, 1.5%, 2%) 9 *ree specimens were prepared for each content
Rubber powder (0%, 1.5%, 2.5%, 3.5%) 12 *ree specimens were prepared for each content

Table 5: Parameters of a new GRC-PLC composite panel.

Specimen
number

Specimen size
(length×width× height)

(mm3)

PLC material thickness
(mm)

GRC material thickness
(mm) Interface connectionmethod

T0 1000×1000×15 — 15 —
T1 1000×1000× 60 60 — —
T2 1000×1000×15 — 15 —
T3 1000×1000× (60 + 10) 60 10 Smooth
T4 1000×1000× (60 + 15) 60 15 Smooth
T5 1000×1000× (60 + 15) 60 15 Rough
T6 1000×1000× (60 + 15) 60 15 Laying steel mesh

GRC suface
PLC layer

Figure 4: GRC-PLC composite panel.
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Figure 5: Composite panel production process. (a) Location of surface strain gauge. (b) Location of embedded strain gauge. (c) Mixing
GRC. (d) Vibration rod vibration. (e) Roller brushing. (f ) Smooth connection. (g) Rough connection. (h) Laying steel mesh connection.
(i) Embedded strain gauge. (j) Surface strain gauge. (k) Fixed surface strain gauge.
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shrinkage strain value of the GRC-PLC composite board was
continuously monitored, and the temperature and humidity
were recorded every morning, midday, and evening.

3. Results and Discussion

3.1. Effect of Material Compositions on Flexural Strength and
Drying Shrinkage Properties of GRC

3.1.1. Effects of Fiber and Rubber Powder Contents on
Flexural Strength of GRC. Figure 6 shows the flexural
strength histogram of mortars with different fibers and
rubber powder contents under a relative humidity of 40%.
Figure 6(a) shows that when the fiber contents are 1%,
1.5%, and 2%, the flexural strengths of the mortar cured for
28 days are 11.9, 13.5, and 15.6MPa, respectively. *is
shows that the flexural strength of the mortar can be
improved with the increase in the fiber content. *e main
reason is that the glass fiber can improve the tensile
strength and deformation ability of the mortar, and it can
prevent the expansion of the original microcracks in the
mortar and delay the generation of new cracks [33]. Based
on a 2% fiber content, after adding 1.5%, 2.5%, and 3.5%
rubber powder, the flexural strengths of the mortar on the
28th day were 16.1, 16.7, and 15.2MPa, respectively, as
shown in Figure 6(b). *e flexural strength of the mortar
can be continuously and effectively improved when the
rubber powder content is <2.5%. *e main reason is that
the flexural strength of the mortar is improved when
adding an appropriate amount of rubber powder. *e
emulsified rubber powder has the effect of bonding poly-
merization and helps improve the bonding strength be-
tween the cement, aggregate, and fiber. However, when the
rubber powder content is >2.5%, the flexural strength of the
mortar begins to decrease. With the increase in the rubber
powder content, too many voids are introduced [34], which
increases the overall porosity of the mortar and reduces the
bonding degree between the fiber and the mortar, thereby
reducing the flexural strength of the mortar. *erefore,
when the rubber powder content is <2.5%, the flexural
strength can be continuously and effectively improved.

Figure 7 shows the flexural strength of the mortar with
different fiber and rubber powder contents under a relative
humidity of 70%. As shown in Figure 7(a), when the fiber
contents are 1%, 1.5%, and 2%, the flexural strengths of the
mortar cured for 28 days are 12.1, 15.8, and 17.9MPa, re-
spectively. Compared with the mortar cured under a relative
humidity of 40%, the flexural strength of themortar cured for 28
days with different fiber contents is higher. *e main reason is
that the hydration of cement under 70% relative humidity is
more sufficient, the hydration strength increases, and the
bonding force between the fiber and the cement-based material
is further enhanced [35]. Figure 7(b) shows that with the in-
corporation of the rubber powder, the flexural strength of the
mortar is consistent with that of themortar prepared under 40%
relative humidity. When the amount of rubber powder is
>2.5%, the flexural strength of the mortar decreases. With the
increase in the amount of rubber powder, the flexural strength
increases first but then decreases on the 28th day.

3.1.2. Effects of Fiber, Rubber Powder, and Expansion Agent
Contents on Drying Shrinkage Properties of GRC. *e ex-
periment of drying shrinkage was based on “Standard test
methods for drying shrinkage and cracking possibility of
cement mortar and concrete” (GB/T 29417-2012) [36] in this
paper.*is standard code has explained how to carry out the
drying shrinkage experiment. However, the standard code
did not specify the limit of drying shrinkage. *erefore, our
drying shrinkage experiments were based on this
specification.

(1) Effect of Fiber Content on Drying Shrinkage Performance
of GRC. Figures 8(a) and 8(b) show the drying shrinkage rate
of mortar specimens with different fiber contents prepared
under 40% and 70% relative humidity, respectively. As
shown, an increase in the fiber content from 1% to 2% has
little effect on the drying shrinkage performance of the
mortar. *is is because the fiber can reduce the water loss
area of the mortar, and the water transfer path is prolonged
[37]. Moreover, the disorderly distribution of the fiber
blocks the connectivity of the capillary in the mortar and
reduces the capillary tension generated by the capillary water
loss and contraction. *erefore, it is can reduce the dry
shrinkage of the mortar. *erefore, in terms of the drying
shrinkage characteristics, the fiber content should be no
more than 1% to effectively inhibit the increase in the drying
shrinkage rate. When the relative humidity increases from
40% to 70%, the shrinkage rate on the 28th day can be
reduced by approximately 40%, which is evidently beneficial
for reducing the shrinkage rate of the mortar specimens.
Increasing the curing humidity during the curing process
can significantly reduce the drying shrinkage of GRC
materials.

(2) Effect of Rubber Powder Content on Drying Shrinkage of
GRC. Figure 9 shows the shrinkage of mortar specimens with
different amounts of rubber powder prepared at 40% and
70% relative humidity. *e two line graphs show a rapid
increase in the shrinkage rate within 0–7 days, indicating
that the incorporation of rubber powder led to an increase in
the shrinkage rate of the GRC and that the shrinkage rate
increases gradually after seven days. Compared with the
mortar without rubber powder, the dry shrinkage of the
mortar is evidently increased with the increase in the
amount of rubber powder. *e main reason is that the
addition of rubber powder increases the number of
microholes in the mortar, thereby increasing the capillary
tension and causing shrinkage. *e drying shrinkage curves
under 70%RH and 40%RH exhibit the same trend; however,
the GRC drying shrinkage under 70% RH is relatively low.
*is shows that the drying shrinkage of the mortar can be
effectively inhibited by increasing the curing humidity.

(3) Effect of U-Type Expansion Agent (UEA) Content on
Drying Shrinkage Performance of GRC. Figure 10 shows the
effect of the expansion agent on the shrinkage performance
of the GRC under different humidity environments. As
shown, when the humidity is 40%, the drying shrinkage rate
of the GRC is significantly higher than that of the GRC

Advances in Civil Engineering 7



prepared at 70% humidity, indicating that the humidity can
improve the drying shrinkage performance of the GRC. At
40% relative humidity, the drying shrinkage rate of the GRC
with the expansion agent is significantly lower than that of
the GRC without the expansion agent. After 15 days, the
drying shrinkage rate of the GRC with the expansion agent is
lower than that of the GRC cured at 70% humidity. *e
components have a certain hydration and expansion

capacity in the U-type expansion agent. Adding the ex-
pansion agent can prevent the early-age shrinkage strain and
reduce the risk of early-age cracks [38]. At the same time, the
drying shrinkage of the mortar can be inhibited by in-
creasing the curing humidity.

In summary, (1) the incorporation of 3mm alkali-re-
sistant glass fibers can help reduce the drying shrinkage of
the mortar to a certain extent and significantly increase its
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Figure 6: Flexural strength of mortar with different fiber and rubber powder contents when RH� 40%. (a) Fiber content. (b) Rubber powder
content.
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Figure 7: Flexural strength of mortars with different fiber and rubber powder contents when RH� 70%. (a) Fiber content. (b) Rubber
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flexural strength, thereby improving the crack resistance of
the matrix.*e greater the amount of fiber, the more evident
the effect. (2) In the blending amount range of 0–3.5%
dispersible rubber powder, with the blending of the dis-
persible rubber powder, the flexural strength of the mortar
first increases and then decreases. It can improve its crack
resistance. However, the incorporation of the rubber powder
will reduce the flexural strength and increase the capillary
tension because of the introduction of more pores, which
aggravate the drying shrinkage of the mortar. (3) UEA can
prevent harmful cracks in the concrete due to shrinkage
stress and improve the compactness and impermeability.
*e results showed that cement mortar with 8% UEA can
exhibit a certain degree of microexpansion performance.

3.2. Drying Shrinkage Performance of GRC-PLC Composite
Panels. *e shrinkage of a GRC-PLC composite panel in-
cludes temperature shrinkage, drying shrinkage, plastic
shrinkage, carbonization shrinkage, and autogenous
shrinkage. Faez Sayahi et al. [39] believe that cement
shrinkage and deformation is the main cause of cracking.
*erefore, the composite panel cracks can be reflected by
monitoring the shrinkage strain of the panel.

T0 was a GRC panel without fiber, which was com-
pleted on June 1, 2019. T0 was not composite with other
materials, so it can shrinkage freely. However, after three
months of T0, there were cracks in the middle of the plate
(Figure 11(a)). *is phenomenon shows that the different
position of the panel has different shrinkage strain,
resulting in different shrinkage stress. At the same time,
according to the distribution of cracks in the panel, the
middle of the panel was free to shrinkage and deform,
resulting in the shrinkage stress exceeded the ultimate
tensile strength of GRC materials, and producing cracks

finally. *erefore, it was reasonable to place the strain
gauge in the middle of the panels (Figure 11(b)). And
T1–T6 were not found cracks in the monitoring period,
which can indicate that the new GRC-PLC composite
panel met the resistance requirements.

*e temperature and humidity changes affect the
shrinkage of the composite panel, and these changes were
recorded during the test monitoring period. Figure 12 shows
that in the first three months, the temperature drops from
summer to winter, and the temperature in winter stabilizes
at approximately 5°C for the next two months and then
shows a rising trend toward spring and summer. For an
entire year, the indoor temperature and humidity were
recorded in the morning, noon, and evening, and the av-
erage value was used to draw the temperature and humidity
curve charts. Due to the change of the actual application
environment of the panels, the monitoring time of the panels
was set as one year to improve the integrity of the
experiment.

3.2.1. Dry Shrinkage Properties of Pure GRC and Pure PLC
Specimens. Table 6 lists the maximum shrinkage strains of
the six specimens based on monitoring data obtained
experimentally.

T1 and T2 represent pure PLC and pure GRC specimens,
respectively, which can be used as the test basis for comparison.
*e shrinkage strains of the other specimens can be referred
from the analysis of the basis specimen. Figure 13 shows the
shrinkage strain curves of the T1 and T2 specimens with time.
*e figure shows that the hydration reaction is intense at the
beginning of the test and that the strain of the T1 specimen
gradually increases with time. At this time, the lightweight
concrete is stretched because of expansion. Later, as the
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Figure 8: Drying shrinkage rate of mortar with different fiber contents under (a) RH� 40% and (b) RH� 70%.
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hydration reaction gradually weakens and the temperature
changes, the strain of the T1 specimen changes from positive to
negative, indicating that it is in a state of contraction. In the early
stage of the experiment, the hydration reaction of the T2
specimen is intense, which stretched theT2 specimen because of
expansion. *e strain in the T2 specimen shows a wave-type
fluctuation with time because of the influences of temperature
and humidity in the later period. Compared with that shown in
Figure 12, the drying shrinkage of GRC material is significantly
affected by the temperature and humidity, resulting in a fluc-
tuation in the strain of the T2 specimen.

*ese two panels were used as the basic comparison
panel for the experiment. Rafał Stanisław and Barbara [40]
believe that the shrinkage of lightweight concrete was not
greater than that calculated for normal weight concrete of a
similar strength class. At the same time, it can be seen from
Figure 13 that PLC and GRC have different shrinkage
performances. *e shrinkage strain of PLC is smaller than
that of GRC. After the composite, there was a strain dif-
ference between the two materials. *erefore, the influence
of different connectionmodes of PLC and GRC on shrinkage
performance was studied.

3.2.2. Surface and Internal Dry Shrinkage Performance of
T3–T6 Composite Panels. Figure 14 shows the variation
curves of the surface and internal shrinkage strains with
the time of specimens T3–T6. At an early age, hydration
of cement leads to a reduction in volume that induces
autogenous shrinkage. Because autogenous shrinkage
occurs in cement mortar, the performance of thermal
expansion was different between cement motor and ag-
gregates. *e internal shrinkage stress was incompatible,
and it cannot reach the self-equilibrated state of stress
[41]. By comparison, the shrinkage strain of these
specimens shows an increasing trend over time because of
the hydration reaction; the specimens begin to expand in
tension, and the strain gradually increases at the be-
ginning of the experiment. Later, as the hydration re-
action gradually weakens, the GRC materials and PLC
begin to shrink, and the strain on the surface and inside of
the specimen changes from positive to negative. In ad-
dition, as shown in Figure 14, the shrinkage deformation
trend of GRC layer and PLC layer is basically the same,
suggesting that the shrinkage deformation between GRC
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layer and PLC layer is coordinated. Compared with T3
and T5, the deformation coordination of T4 and T6 is
better, which is beneficial to the overall crack resistance of
GRC-PLC composite panel.

3.2.3. Influence of GRC Material <ickness on Shrinkage
Performance of Composite Panel. To explore the influence of
GRC thickness on the shrinkage performance of the com-
posite panels, GRC specimens with two different thicknesses
were designed for the experiment: 10mm (T3) and 15mm
(T4). Torres et al. [42] believe that the amount of cement
used affects the aggregate coating thickness, which has an
effect on the porosity and other mechanical properties of the
concrete. Because the thermal expansion performance of
GRC and PLC materials was different. *erefore, GRC

thickness will affect the shrinkage performance of composite
wall panel.

Figure 15 shows a comparison between the pure GRC
material and GRC composite panel of different thicknesses
in terms of their surface shrinkage performance. At the
beginning of the test, the shrinkage strains of the specimens
T2, T3, and T4 increase because of the hydration reaction. At
this time, the specimen is in a state of expansion and tension.
Later, the hydration reaction weakens, the specimen is in a
compression state, and the shrinkage strain tends to stabi-
lize. *e strain value of the T2 specimen shows a wave-like
fluctuation after 28 days, and the change trends in the T3 and
T4 specimens are different, indicating that the GRCmaterial
thickness has a certain degree of influence on the surface
shrinkage properties of the composite panels. From the data
listed in Table 6, the maximum shrinkage strain of the T3

(a) (b)

Figure 11: Difference of panels. (a) T0. (b) T2.
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specimen is reduced by 56% compared with that of the T2
specimen, and the maximum shrinkage strain of the T4
specimen is reduced by 54% compared with that of the T2
specimen.

Figure 16 shows a comparison diagram of the internal
shrinkage performance of pure lightweight concrete materials
and GRC composite panels of different thicknesses. At the
beginning of the test, because of the hydration reaction, the
specimen is in the state of expansion and tension, and the
hydration reaction is weakened in the later stage; the specimen
is in a state of compression, and the shrinkage strain tends to be
stable. *e figure shows that the internal shrinkage strains of
specimens T1, T3, and T4 exhibit a downward trend in the later
stage, and the shrinkage strain of the T4 specimen is lower than
those of specimens T1 and T3. From the data listed in Table 6,
the maximum shrinkage strain of the T3 specimen is increased
by 0.7% compared with that of the T1 specimen, and the
maximum shrinkage strain of the T4 specimen is reduced by
1.3% compared with that of the T1 specimen.

Compared with simple GRC panel, the shrinkage defor-
mation of the composite GRC layer was obviously small (as
shown in Figure 15). *is phenomenon shows that the PLC
layer obstructs the shrinkage of GRC layer, thus generating
tensile stress in the GRC layer. And until the end of the ex-
periment, the tensile stress always existed, but theGRC layer did
not crack. *is indicates that the shrinkage stress of the GRC
layer is less than the tensile strength.

In the early stage of the experiment, the shrinkage defor-
mation of the composite PLC layer was smaller than that of the
simple PLC board. However, near the end of the experiment,
the deformation is basically the same (Figure 16).*is indicates
that in the early stage of the experiment, there was a shrinkage
stress in the PLC layer, but with the passage of time, the
shrinkage stress was gradually reduced. To sum up, after GRC
and PLC are compounded, the crack resistance demand of GRC
layer is higher.

In addition, the shrinkage deformation curves of GRC
layers with different thicknesses are basically the same (as shown
in Figure 15). In terms of the production process, the GRC layer
of 15mm thickness is easier to ensure that the forming quality is
that of 10mm thickness.

3.2.4. Influence of Connection Method of Composite Interface
on Shrinkage Performance of Composite Panel. *ree types of
composite interface connection methods (smooth, rough, and
laying steel mesh) were set up in the experiment. By studying
the different connection methods of the composite panels, the
best connection methods for the two materials were selected.
Figure 17 shows the surface shrinkage strain curves with time of
the T2, T4, T5, and T6 specimens.*e time–strain curves of the
T4, T5, and T6 specimens show linear changes in the late
experimental period, though the variation ranges of the surface
shrinkage strain differ. *e surface shrinkage strain of the T5
specimen is lower than those of the T4 and T6 specimens,
indicating that the different connectionmodes of the composite
interface have a significant effect on the surface shrinkage
performance of the composite panel. FromTable 6, it can found
that the maximum surface shrinkage strains of the T2, T4, T5,
and T6 specimens are 1594.30×10−6, 731.48×10−6,
791.74×10−6, and 780.23×10−6, respectively. *e maximum
shrinkage strains of the T4, T5, and T6 specimens decrease by
more than 50% compared with that of the T2 specimen. Among
them, the surface shrinkage strain of the T5 specimen decreases
the most, reaching 62%. Compared with that of T5, the
time–strain curves of T4 and T6 specimens fit the curve of the
T1 specimen more closely. Chen et al. [43] studied the effect of
different interface connectionmodes on the drying shrinkage of
GRC and concrete compositematerials. It can be concluded that
different interface connection modes have different effects on
GRC drying shrinkage, while smooth connection can effectively
inhibit the generation of cracks.

Figure 18 shows the internal shrinkage strain curves of
the T1, T4, T5, and T6 specimens with time. Clearly, the four
curves exhibit the same trend, and the variation ranges of the

Table 6: Maximum shrinkage strain values of various specimens.

Category Surface shrinkage strain value (GRC) Internal shrinkage strain value (PLC)
T1 — 908.64×10−6

T2 1594.30×10−6 —
T3 703.91× 10−6 914.76×10−6

T4 731.48×10−6 897.20×10−6

T5 791.74×10−6 684.33×10−6

T6 780.23×10−6 773.57×10−6
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Figure 13: Strain curves of T1 and T2 specimens with time.
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time–strain curves of the T4, T5, and T6 specimens are the
same. *e shrinkage strain values of the T4 and T6 speci-
mens are greater than the strain value of the T5 specimen in
the early stage of the experiment.*is is mainly attributed to
the rough connection affecting the connection between the
GRC layer and the lightweight concrete layer. *is shows
that different connection modes of the composite interface
have an impact on the internal shrinkage performance of the
composite panel. From Table 6, it can found that the

maximum internal shrinkage strains of the T1, T4, T5, and
T6 specimens are 908.64×10−6, 897.20×10−6, 684.33×10−6,
and 773.57×10−6, respectively. *e graph shows that the
maximum internal shrinkage strains of the T4, T5, and T6
specimens are lower than that of the T1 specimen. Among
the three curves, the time–strain curve of the T4 specimen
fits the curve of the T1 specimen more closely.

Compared with simple GRC panel, the shrinkage
deformation of the composite GRC layer was obviously
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small, as shown in Figure 17. *e shrinkage deformation
of smooth connection was almost the same as that of steel
mesh connection and was larger than that of rough
connection. *is implies that the shrinkage stress in the
composite GRC layer was smaller when the smooth
connection and the steel mesh connection are used
compared with the rough connection. Near the end of the
experiment, the shrinkage deformation of smooth

connection is closer to that of T1 panel, which suggests
that compared with rough connection and steel mesh
connection, the shrinkage stress in PLC layer is smaller
when smooth connection was used. As far as the pro-
duction process is concerned, the use of smooth con-
nection is more efficient than the use of steel mesh
connection. *erefore, the use of smooth connection is
more reasonable.
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4. Conclusions

*is research investigated the crack resistance of the
GRC-PLC-integrated composite panels, through reduc-
ing material shrinkage, improving the tensile strength of
cement-based materials, and determining the most ef-
fective connection method. During the experiment of
about one year, the composite GRC layer did not crack,
and thehe following conclusions can be drawn:

(1) According to the monitoring results of T0 panel, the
cracks were usually produced in the middle of the
panel, where the shrinkage stress was the greatest.
*erefore, cracks tend to occur in the middle of the
panel.

(2) In GRC material formula, fiber, rubber powder, and
expansion agent are the three main components to
prevent GRC material cracking. *rough the ex-
periment of bending and shrinkage, the better an-
ticrack formula of GRC was obtained.

(3) *e shrinkage deformation of the composite GRC
layer is not sensitive to the change in thickness, but it
is sensitive to the connection mode of the PLC layer.
In terms of crack resistance and production process,
15mm thickness of GRC layer and smooth con-
nection with PLC layer are more conducive to the
application of GRC-PLC composite panel.

GRC-PLC-integrated composite panel is a new type of
prefabricated wall that can greatly reduce pollution, shortens
the construction period, and improves the construction
efficiency. *e researches in this paper provide an experi-
mental basis for the large-scale application of the panel.
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