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It is a promising and effective method for waste treatment by using coal gangue to make lightweight aggregate concrete. However,
lightweight aggregate concrete with low-density coal gangue ceramsite is prone to cracking during volume shrinkage, which limits
its application in the construction industry. In an attempt to resolve the problem of cracking in shrinkage, this study investigated
the effect of prewetting time and shrinkage reducing agents on shrinkage volume and concrete strength through a series of
concrete shrinkage and strength tests. The experimental results show that shrinkage volume reduced at a prewetting time of 12 hrs
or with a 2% addition of D-230 polyether amine reductant. With the optimal conditions of 12 hrs prewetting time and 2% addition
of the reductant, the concrete shrinkage volume significantly decreased with a negligible impact on its strength. Appropriate
amount of shrinkage reducing agent and adjustment of prewetting time of coal gangue ceramsite are necessary to reduce the
shrinkage rate and improve the stability of the specimen. This is of great significance to wide application of lightweight aggregate

concrete with coal gangue ceramsite.

1. Introduction

Coal gangue is a kind of solid waste generated by the coal
mining and washing. Long-term storage not only takes up
space but also causes serious pollution and destruction of the
surrounding environment [1-3]. The treatment and utili-
zation of coal gangue has attracted the interest of many
researchers [4] since the 1970s. Coal gangue has been widely
used for power generation, the extraction of chemical
products, and the creation of chemical fertilizers and
ceramsite [5-9].

Coal gangue can be converted into low-density ceramsite
aggregates, which can be used to make low-density coal
lightweight aggregate concrete, usually with an apparent
density <1950kg/m* [10].There are three types of coal
gangue ceramsites (CGC): self-igniting coal gangue, burning
coal gangue, and coal gangue mixed with binder [11].
Utilizing coal gangue to make CGC instead of natural,
ordinary aggregate can reduce coal gangue disposal and lead

to a significant reduction in the consumption of natural
aggregates in the construction industry.

Compared with ordinary concrete, lightweight aggregate
concrete has many attractive characteristics, such as lower
density, higher strength, better antiseismic performance,
and so on [12]. Many studies have been conducted on the
preparation and expansion behavior of this concrete (the
densities not exceeding 1950kg/m’) in the presence of
additives including carbon fiber, waste materials [13, 14],
and reductants [15-21]. However, owing to the high water
absorption and porosity, large volume shrinkage of light-
weight aggregate concrete causes the formation of cracks.
These cracks connect to flow paths for gases, water, and
aggressive substances. It is harmful for the durability and
compromise of the performance of concrete structures [13].
This limits its application in the construction industry to a
large extent. Many attempts to tackle this problem have been
made in LWAC. For reefs aggregate, Cheng et al. [22]
studied the drying shrinkage behavior of the concrete with
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different moisture contents. It is found that increasing the
moisture content significantly reduced its shrinkage rate and
the concrete made of saturated reef aggregates showed good
performance in reducing autogenous shrinkage. For satu-
rated lightweight aggregate, Henkensietken et al. [23]
studied the effect of the amount of cementitious material on
LWAC shrinkage and found that specimens with larger
volume fractions of SLWA reduced its shrinkage rate. For fly
ash-clay ceramsite, Wang et al. [24] studied the effect of
ceramsite prewetting on LWAC autogenous shrinkage by
using microstructural analysis of the concrete and found that
moisture content had influence on the shrinkage but was not
dominant. For the shale ceramsite, Gong et al. [25] verified
that the presence of a reductant can reduce the drying
shrinkage and autogenous shrinkage of the concrete, thus
mitigating the cracking issue. These studies have shown that
adjusting the prewetting time or addition of a certain
amount of reductant can effectively suppress shrinkage of
the concrete. However, for coal gangue ceramsite, systematic
tests on wetting time and shrinkage reducing agents have not
been reported in any prior study. Three problems remain: (1)
the lack of a quantitative relationship between CGC pre-
wetting time and concrete shrinkage, (2) the lack of a
quantitative relationship between the amount of SRA used
and concrete shrinkage, and (3) the lack of a quantitative
understanding of the combined effect of lightweight ag-
gregate prewetting time and SRA amount on volume
shrinkage and concrete strength.

The present study is conducted to fill these research gaps
by investigating shrinkage and strength properties of coal
gangue ceramsite lightweight aggregate concrete. A series of
concrete shrinkage and strength tests were undertaken for
different CGC prewetting times and SRA doses, separately.
Through these experiments, the effects of CGC prewetting
time and SRA on concrete shrinkage and strength will be
analyzed, and the results will provide effective guidance for
solving the concrete shrinkage problem.

2. Experimental Investigation

2.1. Materials Preparation. Ceramsite is a main component
of coal gangue ceramsite lightweight aggregate concrete and
accounts for approximately 50% of its total volume. Its
properties have significant influence on the performance of
the concrete. The coal gangue ceramsite used in this study
was produced by Chaoyang Hualong Kejian Co., Ltd, and its
morphology is shown in Figure 1. This product has similar
physical characteristics and particle size distribution to
ordinary concrete, as seen in Tables 1 and 2, respectively. It is
widely used for concrete testing experiments.

JEEFMINE® D-230 polyether amine, with an average
molecular weight of approximately 230, was used as a re-
ductant. Limestone sand with a particle size ranging from
0.15mm to 2.34 mm was used as a fine aggregate. Tap water
was used in all experiments. In this study, the dose of the
added reductant ranged from 0.5% to 1.0% while the water-
cement ratio ranged from 15% to 20%.

The fraction of the coal gangue ceramsite with a particle
size ranging within 9.5~16 mm was 87.8% (see Table 2),
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FIGURE 1: Morphology of the coal gangue ceramsite used in this
study.

which meets the standard requirements for concrete ma-
terials (ASTM C330/C330M).

The cement used was P O e A32.5 grade slag Portland
cement. Its physical properties and chemical composition
are shown in Tables 3 and 4, respectively.

The compressive strength at 28 d was 40.1 MPa, as shown
in Table 3, and the loss on ignition was 1.06%, as shown in
Table 4. The physical properties of the cement in terms of
strength, chemical composition, and loss on ignition meet
the quality requirements laid out in GB175-2007 entitled
“General Portland Cement” and also meet the test
requirements.

2.2. Design of Mixing Proportions for LWAC and CGC. In
JGJ12-2006, which is entitled “Technical Regulations for
Lightweight Aggregate Concrete Structure,” the strength
grade for structural LWAC is specified. In this test, LWAC
was designed with compressive strength grade LC30. The
initial mixing proportions are in Table 5. The following
experiments are adjusted on the basis of the proportions.

2.3. Preparation and Experimental Procedure

2.3.1. LWAC Mixing and Curing. In the LWAC mixing
process, the following stirring procedures were applied: first
stir the cement, ceramic, and fine aggregate evenly, and then
add the appropriate amount of water and superplasticizer
(Figure 2). The mold size was 100 mm x 100 mm x 515 mm,
and the mixture well mixed by hand was placed in the mold
to vibrate for 120s; after 24 h, it was stripped for standard
curing, and finally, the test was performed. Similarly, the
following CGC prewetting procedure was followed: weigh
the CGC; immerse the CGC in water for a certain period of
time; drain the water to keep the saturated surface dry; and
vibrate the mixture for 60s.

The specimens were cured at a temperature of 20 +2°C
and immersed in a saturated solution of Ca(OH),. Then,
concrete performance tests were carried out according to the
GBT50081-2002 standard.
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TaBLE 1: Physical characteristics of coal gangue ceramsite (based on GB/T 17431-2010).

Type of aggregate Packing density (kg/m3) Apparent density (kg/m3) Compressive strength (MPa) Water absorption rate(%)

CGC 975 1730 35 507 650 7.02 743

TaBLE 2: Particle size distribution for coal gangue ceramsite.

Sieve size (mm) 19.0 16.0 9.50 4.75

Cumulative screen residue (%) 0 12 99.8 99.8

TaBLE 3: Physical properties of the cement.

Flexural Compressive

Setting time (min) . strength strength . . . Y Density
Stability (MPa) (MPa) Fineness 80 ym sieve residue (%) (g/m?)
Initial setting Final setting 3d 28d 3d 28d
204 312 Qualified 3.8 6.5 18.3 40.1 5.6 3.03
TaBLE 4: Chemical composition of the cement.

CaO (%) SiO, (%) AlLO; (%) Fe, 03 (%) MgO (%) SO;5 (%) Loss on ignition (%)
63.48 21.30 5.55 3.46 2.54 2.67 1.06

TaBLE 5: Mixing proportions for LWAC with CGC.

Mix proportions (kg/m?)

. 28 d compressive strength (MPa)
Cement Water Sand CGC Apparent density (kg/m3)

420 155 564 702 1749 38.4

F1GURE 2: Forming a concrete specimen.

2.3.2. Compressive Strength Test for LWAC. The test ma-
chine was an NYL-200D. The instructions were as follows:
place the specimen in the center of the lower press plate,
keeping the center of the specimen in line with the center of
the press plate (Figure 3). Start the press with the lower
surface of the press plate facing upward. When the specimen
is close to the upper plate and the upper pressure surface is in
contact with the balanced test body, apply a uniform con-
tinuous load at a loading rate of 0.6 £0.1 MPa. When the
deformed specimen is close to destruction, stop adjusting the
throttle of the press, and continue to load until destruction.
Then, record the failure load. The compressive strength of
LWAC was calculated as follows:

Fou == (1) ' T o ¥
FIGURE 3: A picture after the specimen is damaged.




where f, denotes the compressive strength of LWAC, MPa;
F represents the specimen failure load, N; and A is the
specimen bearing area, mm”.

F and A are readily measured experimentally. From
equation (1), the compressive strength for the test specimen
size can be calculated. However, it must be noted that the
product of this value and the size conversion factor (set to
0.95 in this study based on the standard set in GBT 50082-
2009) is the final compressive strength for the standard size
concrete.

2.3.3. Shrinkage Experiment for LWAC. The LWAC
shrinkage test comes from GBT 50082-2009 entitled
“ordinary concrete long-term performance and dura-
bility test method standards.” After the specimen is
modeled, it should be cured for 24 + 2 h with a membrane
(Figure 4). The specimen’s initial length (L,) is measured
by an HSP-540 contraction expansion instrument, and
then the specimen is placed in an environment in which
the temperature is 20 + 3°C and the humidity is 60 + 5% at
the proper time point to measure the specimen’s length
(L,). The resolution for the length measurement is
0.01 mm.

The shrinkage rate for the specimen is calculated by
using the following formula:

(2)

where ¢ is the shrinkage rate of the concrete at time ¢, t is the
time elapsed after the initial length is measured, days; L, is
the measured gauge of the specimen, that is, the distance
between the inner sides of the concrete specimen, mm; L, is
the initial length of the specimen, mm; and L, is the length of
the specimen measured at t, mm.

The shrinkage rates for the three specimens are averaged
to calculate the shrinkage rate for the group, and the res-
olution of the final shrinkage rate is approximately
1.0x10°°.

3. Results and Discussion

3.1. Effect of CGC Prewetting Time on Volume Shrinkage of
LWAC. Five sets of LWAC were prepared according to the
reference mixture proportions (see Table 5 for the mixture
proportions). The selected prewetting times for the
ceramsite are Oh, 1h, 6h, 12h, and 24h. Three specimens
were formed for each concrete test set. After the specimens
were molded for 1d, they were demolded, and their initial
length was determined according to the GBT 50082-2009
method. Thereafter, the shrinkage and strength of the
specimens were measured at 1d,3d,7d, 14d, 28d, and 56 d.

As seen from Figure 5, the shrinkage of LWAC develops
gradually. LWAC shrinkage increases with time. Early on,
the slope of the curve is large, indicating that the LWAC
shrinkage rate is maximal. In the later stage, the LWAC
shrinkage tends to level off. For example, the shrinkage rate
for concrete at 3 d is more than 70% of the shrinkage rate at
28d.
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It can be seen from Figure 6 that the shrinkage rate for
LWAC decreases as the CGC prewetting time increases, but
this decrease is not constant. When the prewetting time goes
from Oh to 1h, the shrinkage rate at 56d (in Figure 6(b))
decreases by approximately 25 x 10~® mm/mm, while when
the prewetting time goes from 12 h to 24 h, the shrinkage rate
at 56d (in Figure 6(b)) decreases by only approximately
9x10”°mm/mm. This is because CGC water absorption
increases rapidly in the early flooding stage, and the ab-
sorption rate reaches 5.07% at 1h. However, when the
ceramsite is almost fully saturated after 12h, the water
absorption rate for the ceramsite is only 0.38%.

Therefore, the described approach is an effective way to
reduce the drying shrinkage of LWAC for longer prewetting
times because the prewet ceramsite contains a certain
amount of water, and some of the water is gradually released
in the late hydration process; thus, the relative humidity
decreases slowly to compensate for the shrinkage. However,
when the prewetting time exceeds 24 h, the moisture content
of the CGC has negligible variation, and the effect of the
prewetting time on the shrinkage reduction rate is
insignificant.

3.2. Effect of CGC Prewetting Time on the Strength of LWAC.
Figure 7 shows that the prewetting time improves the
mechanical resistance at 14 and 28 d, and the only decrease is
observed when the test is performed early (at 7d). This
improvement is probably because the strength of the con-
crete and the cement stone depends on the interfacial ad-
hesion of the aggregate and the cement stone. The denser the
interface area of the structure, the greater the cohesive force
and, hence, the higher the strength of the concrete. This
trend probably also originates from a deficiency in the
LWAC preparation due to a minor operation error. At 7 d, as
the moisture content of the CGC increases from 0 to 7.43%
(from CO to C4), its ability to absorb moisture from the
cement slurry decreases, resulting in a decrease in the water-
cement ratio at the interface. The larger the water-cement
ratio at the interface is, the greater the porosity is, so the early
strength decreases. At 28 d, with the further progression of
the hydration reaction, the internal humidity of the cement
slurry gradually decreases. The water return capacity in-
creases with an increase in the prewetting time, so the ce-
ment in the interface area can be fully hydrated. This causes
an increase in the density of the interface structure, so the
compressive strength at 28 d increases. As seen in Figure 8,
with an increase in the degree of ceramsite prewetting, the
strength growth rate for LWAC also increases. The growth
rate for LWAC (C0) prepared with dry ceramic is 17.5%,
while the growth rate for LWAC (C4) is 35.9%.

In the results of the preceding analysis, it can be seen that
the strength of the LWAC decreases at a certain rate in the
early stage after CGC prewetting, and the internal curing
effect on the prewet ceramsite enhances its strength. This
enhancement will increase with the degree of prewetting.

3.3. Effect of SRA on the Volume Shrinkage of LWAC. In the
experiment, five groups of LWAC were prepared by
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FIGURE 4: Shrinkage test device and concrete specimen.
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FIGURE 5: Effect of prewetting time on shrinkage rate for different
CGC prewetting times.

adjusting the dose of SRA (0%, 0.5%, 1.0%, 2.0%, and 4.0% of
the cement mass, respectively): the groups are denoted as CO,
D1, D2, D3, and D4, respectively. The initial length of the
specimens was determined by the GBT 50082-2009 method,
and then the shrinkage was calculated at the following time
points: 1d, 3d, 7d, 14d, 28d, and 56d.

It can be seen in Figure 9 that the addition of SRA
considerably reduces the shrinkage of LWAC. With an
increase in SRA, the LWAC shrinkage decreases gradually
for each sample time point. For example, the shrinkage
rates at 14d, 28 d, and 56 d for C1 are approximately 79%,
82%, and 79% of those for CO0. In the case of C1, when the
concentration of water is approximately 1.3%, the cement
paste internal capillary solution for the surface tension
drops significantly, thereby reducing the negative pres-
sure inside the gap and reducing the shrinkage of the
specimen.

However, the shrinkage rate for LWAC instead de-
creases with an increase in SRA content. As shown in
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FIGURE 6: Shrinkage rate for different prewetting times (a) at 3d
and (b) 56d.

Figures 10(a) and 10(b), the shrinkage rate for LWAC is
influenced by the amount of SRA, which decreases
monotonically with decreasing slope. A slower shrinkage
reduction rate beyond 2% can be seen in both graphs.
When SRA content increases from 2.0% to 4.0%, the
shrinkage at 3 d decreases by approximately 6%, and the
shrinkage at 56 d decreases by 3%. This slower reduction
after the 2% dose can be explained by the reduction of the
solution surface tension. When SRA makes up over 2.0%
of the cement, its concentration in the water is more than
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FIGURE 9: Effect of SRA dose on concrete shrinkage.

5.0%. Considering the dependence of the solution surface
tension on the SRA, the reduction in surface tension slows
after a certain dose, leading to a smaller effect of SRA on
LWAC shrinkage. This finding is also consistent with the
dose recommended in the product specification (1.0-3.0%
of the mass of the cement).
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3.4. Effect of SRA on LWAC Strength. As described above, five
different percentages of SRA (0%, 0.5%, 1%, 2%, and 4%)
were used in the construction of the cement test groups.
Three sets of samples were prepared in each test group. After
1d of stripping, they were placed in saturated Ca(OH),
solution. According to the methods of GB/T 50081-2002
“Test method of mechanical properties of ordinary con-
crete,” the compressive strength was measured at 7d, 14d,
and 28 d. Then, the compressive strength of the concrete was
measured.

Figure 11 illustrates that the SRA mixture has an adverse
effect on the compressive strength of LWAC. With an in-
crease in SRA, the compressive strength of LWAC gradually
decreases. Compared to the reference group (0% SRA), the
compressive strength for LWAC with 2% SRA decreases by
6% and 3% at 7 d and 28 d, respectively. When the SRA dose
increases to 4%, the compressive strength of the concrete
decreases significantly, by 10% and 5% at 7d and 28d,
respectively. This is consistent with Rajabipour’s study [26],
which suggested that when the SRA dose is less than 2%,
there is no adverse effect on strength, whereas the strength of
the concrete is reduced when SRA is increased to 5% of the
cement content.

3.5. Combined Effect of SRA and Prewetting Time on LWAC
Shrinkage. Figure 12 presents the conditions in which a
combination of 2.0% SRA and different prewetting times
(0h, 1h, 6h, and 24 h) are used. Based on the similar curve
trends with and without SRA, shrinkage suppression can
mainly be attributed to prewetting. It should be noted that,
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since the relative ratio of water to cement in the experiment
is 0.4%, the concentration in the water is approximately 5.0%
with 2% SRA, indicating an increasing concentration of
SRA. Therefore, tension is reduced a small amount, which is
able to prevent significant shrinkage.

Figure 13 displays a similar decreasing trend with respect
to the prewetting time for the shrinkage rate in both sce-
narios. When the prewetting time extends from 0 to 1 h, the
shrinkage rate decreases markedly. However, when the
prewetting time extends from 1 h to 12 h, the variation in the
shrinkage rate is subtle. The difference in shrinkage variation
after 1h can be clearly seen in the two graphs. The case
without SRA has a relatively larger reduction compared to
the other case.

More quantitatively, the shrinkage (mm/mm) for CO,
Cl1, C2, and C4 (in Figure 13(a)) at 56d was 497 x107°,
473x107°, 463 x107°, and 449 x 10~°. Compared with the
lightweight aggregate CO reference, the shrinkage (mm/mm)
of C1, C2, and C4 decreased by 24x107°, 34x107° and
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F1GURE 13: Shrinkage rate for concrete at 56 d (a) without SRA and
(b) with SRA (2.0%).

48 x 107, respectively. However, after the addition of SRA
(in Figure 13(b)), the shrinkage (mm/mm) for D3, E1, E2,
and E3 at 56d was 368x10°°, 348x107°, 343x10°°, and
338 x 107, respectively. Compared with the initial state of
D3, the shrinkage (mm/mm) for E1, E2, and E3 produced a
reduction of 20 x 1075, 25 x 10, and 30 x 10~°, respectively.
It can be seen that, after the induction of shrinkage and with
the incremental change in prewetting, the result is not as
pronounced as when internal curing alone is applied. This
difference is probably due to the inclusion of SRA in the
LWAC, which reduces the capillary solution surface tension.
In the case where ceramsite water absorption is constant and
the capillary diameter in the semisaturated state remains
constant, the smaller the surface tension of the pore solution,
the smaller the corresponding capillary tension drop. Thus,
lower surface tension weakens the effects of shrinkage in-
hibition. This speculation remains to be confirmed in later
research.

In this experiment, the effect of SRA on the shrinkage of
LWAC under different dose conditions is also studied by
using water-treated coal gangue ceramic. The water satu-
ration time was 24 h, and SRA concentrations of 0%, 0.5%,
1.0%, and 2.0% were selected for evaluation.

From Figures 14 and 15, it can be seen that the
shrinkages (mm/mm) of DI, D2, and D3 at 56d were
409 x107%, 381 x107°, and 369 x 107°, respectively, when
dry ceramic was used. These values are approximately
82%, 77%, and 74% of that seen in the reference group CO.
When saturated ceramsite was used, the shrinkages (mm/
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mm) of E4, E5, and E3 were 382x107°, 351x107°, and
338 x107°, respectively. These shrinkages are 85%, 78%,
and 75% of those in reference group C4. Compared with
the addition of SRA alone, as shown in Figure 15(a), the
combined incorporation of SRA and prewetting of the
ceramic, as shown in Figure 15(b), significantly reduces
LWAC shrinkage. However, the effect of SRA increase on
the drying shrinkage is not obvious, and the shrinkage rate
in Figure 15(b) is lower than its counterpart in
Figure 15(a).

In summary, compared with the prewetting of the ce-
ramic or SRA alone, the use of both SRA and prewet ceramic
composite together can significantly inhibit LWAC
shrinkage, resulting in a significant “superposition” effect.

3.6. Combined Effect of SRA and Prewet Ceramic on LWAC
Strength. Figure 16 displays the effect of SRA, prewetting
time, and the combination of the two on the compressive
strength of LWAC under dry curing conditions. In the early
hydration stages, SRA and the internal curing compound
have an unfavorable effect on LWAC strength, but it is
smaller at the later stage and is slightly higher than that of the

reference group CO. At the same SRA dose, compared with
SRA alone, the use of prewet ceramsite results in higher
LWAC strength. This increased strength is mainly due to the
internal curing of ceramsite. The dense structure of the
cement slurry interface area increases the concrete strength
and ultimately compensates for the loss of strength caused
by SRA-induced delay of cement hydration. In the combined
case, with elapsed prewetting time, the late strength is en-
hanced to a certain extent.

In addition, at 7d, the LWAC strength in the com-
bined case is lower than that in the reference group.
However, the degree of reduction is much smaller than the
sum of the drops observed when using SRA and internal
curing individually. This result may be due to the addition
of SRA. Under this condition, the shrinkage stress of the
cement slurry decreases, and this decreased stress reduces
the formation of microcracks and other defects, finally
reducing the adverse effect on the strength. However, with
an increase in SRA content, LWAC strength decreases,
which indicates that the internal curing effect from pre-
wetting the ceramic cannot completely eliminate the
negative effect of SRA on strength when the SRA content
is too large.
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FiGure 16: Influence of SRA, prewetting time, and a combination of SRA and prewetting time on the compressive strength of concrete.

4. Conclusions

In this study, the prewetting time of coal gangue ceramsite
and shrinkage reducing agent were taken into account by
laboratory experiments. The effects of the prewetting time
and shrinkage reducing agent on the shrinkage volume and
mechanical properties of LWAC are discussed. The results
showed that prewetting time and shrinkage reducing agent
have great influence on the shrinkage of lightweight ag-
gregate concrete with coal gangue ceramsite. Appropriate
control of prewetting time and shrinkage reducing agent in
the sample preparation can increase strength of LWAC to
meet the concrete strength standard and considerably re-
duce the shrinkage of concrete.

As prewetting time of CGC is prolonged, shrinkage
volume of LWAC gradually decreases. For example, when
ceramsite is initially prewetted, the shrinkage volume re-
duction is most notable. When CGC is prewetted for more
than 12h, the effect of prewetting time on shrinkage vol-
ume reduction becomes insignificant. In addition, pre-
wetting time also shows influence on strength. For
example, after CGC prewetting treatment, the early
strength (at 7d) of LWAC decreases. The late strength of
LWAC increases and becomes higher than that without
prewetting treatment.

The incorporation of SRA has a significant effect on
shrinkage volume reduction of LWAC. For example, when
SRA is 2% of the cement, shrinkage volume of LWAC at
56 d is reduced by approximately 26%. When the SRA dose
is large, an increase in the dose has less effect on shrinkage
volume reduction. In addition, addition of SRA has an
adverse effect on the compressive strength of LWAC. For
example, when SRA makes up 2% or less of the cement, the
effect of SRA on the compressive strength of the LWAC is
small. When the dose increases to 4% of the cement,
LWAC strength decreases significantly. The compressive
strength decreases by 10% and 5% at 7d and 284,
respectively.

The combined application of SRA and prewetting shows
good and pronounced suppression of LWAC shrinkage.
Specifically, the combined application has a certain influence
on the early strength of LWAC. The late strength of the
concrete enhances and effectively compensates for the ad-
verse effect of SRA on strength.

Operation error in the preparation of LWAGC, i.e., not
mixing sufficiently, probably contributed to shrinkage
and strength changes. The adverse effect of this operation
error remains to be assessed and improved. It is sug-
gested that the effect of different methods on the light-
weight aggregate concrete with coal gangue ceramsite be
presented by microstructure analysis. It can reveal the
microscale mechanism of the dependence of concrete
strength on prewetting time and shrinkage reducing
agent.
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