
Research Article
Use of Preplaced Casting Method in
Lightweight Aggregate Concrete

Qiang Du,1 Qiang Sun,1 Jing Lv,1 and Jian Yang2

1School of Civil Engineering, Chang’an University, Xi’an, Shaanxi 710061, China
2School of Civil Engineering, Birmingham University, Birmingham B15 2TT, UK

Correspondence should be addressed to Qiang Du; q.du@chd.edu.cn

Received 21 December 2016; Accepted 15 March 2017; Published 27 March 2017

Academic Editor: Andres Sotelo

Copyright © 2017 Qiang Du et al.This is an open access article distributed under theCreativeCommonsAttribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This study addresses the use of preplaced casting method in lightweight aggregate concrete (LC) to provide a new perspective to
solve the aggregate segregation. In casting preplaced lightweight aggregate concrete (PLC), the lightweight aggregates are cast into
formworks and then fresh grout is injected to fill voids. PLC and conventional lightweight aggregate concrete (CLC) with three
different mixtures are compared to observe the degree of segregation. The properties of PLC and CLC are characterized by means
of cubic and axial compression, splitting tension and flexural tests, static modulus of elasticity, and drying shrinkagemeasurements.
Results show that the mechanical properties of PLC are improved with respect to that of CLC with the same mixture. The increase
of shrinkage is approximately 13% for the CLC and 6% for PLC when w/c ratio ranges from 0.4 to 0.5 due to effect on interlocking.
PLC shows an increased tendency in elastic modulus by approximately 2.5% of 0.5 w/c ratio, 2.7% of 0.45 w/c ratio, and 3.3% of 0.4
w/c ratio at the age of 28 days compared with CLC. In conclusion, PLC has significant reduction in the weight on the premise that
it shows excellent mechanical properties.

1. Introduction

Lightweight aggregate concrete (LC) is known by its im-
proved advantage of lightweight antiseismic performance,
fire resistance, thermal-insulation, and sustainable develop-
ment. With the development of high-rise buildings, long
span structures, more replacing conventional aggregates with
lightweight, and recycled composites are constantly focused
on [1–3].The application of LC has been also investigated and
used in recent years [4–7].

Nevertheless, some limits in its engineering properties
prevented its wider application. A major problem that affects
fresh LC is the tendency for light aggregates with small densi-
ties to float from the mortar during the vibrating process and
on the stationary state, which decreases uniformity and has
greater variability in properties [8]. Therefore, the degree of
heterogeneity of LC is the key difficulty to improve mechan-
ical behavior and durability. Many researchers contributed
to analysis on segregation resistance. In terms of physical
properties of lightweight aggregate, Li and Ding studied

five different types of lightweight aggregate and investigated
the volume quantity, vibrating time, and the characters of
lightweight aggregate including shape, surface smoothness,
and water absorption [9]. It is also recommended by several
researchers to apply themethod ofmix design for LC to avoid
the material segregation. Such mix methods improved the
material segregation problem and stabilized the quality of
LC by increasing viscosity in its fresh grout [10–12]. Barbosa
proposed an image processing based technique to evaluate
the segregation of LC. The tests showed that using this
uniformity analysismight be efficient to classify the aggregate
distribution on LC samples [13]. However, these studies
mainly focused on properties inherent to LC.

The common volume fraction of coarse aggregates in
conventional concrete (CC) is in the range of 35%–40% [8].
Compared with CC, LC is well recognized that it requires
higher demand of cement grout [14, 15]. Thus, the high
percentage of grout weakens the effect on interlocking and
framework structure, which even results in segregation,
laitance, and bleeding during the vibrating. As a relatively old
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Table 1: Chemical compositions and physical properties of ordinary Portland cement.

Label SiO
2

Al
2
O

3
CaO Fe

2
O

3
MgO SO

3
Specific gravity Fineness (m2/kg)

Cement 20.36 5.67 62.81 3.84 2.68 2.51 3.14 329

concrete technique, preplaced aggregate concrete (PAC) has
a unique method where preplacing coarse aggregates with
high volume are initially packed into the formworks after
which grout is injected into the voids [16]. Such void space is
effectively filled by the grout, which has a predominant effect
on the properties [17, 18]. This method is of great advantage
to allow aggregate particles to increase contact points and
interlock with each other, which is unique to promote LC
behavior and especially provide a new perspective to solve the
aggregate segregation [19, 20]. The study on the performance
of PAC has been a matter of great interest for limited
researchers [20, 21]. The most recent study appears to be
Coo and Pheeraphan [22, 23], in which they investigated the
effect of sand and fly ash on PAC mechanical properties. It
was found that optimized proportions of sand and fly ash
replacement improve mechanical properties of PAC while
no significant effects of coarse aggregate gradation were
observed. For further research, they studied reinforced beam
shear capacity of PAC. Najjar et al. [24] also attempted to
study the damage mechanisms of PAC when exposed to
chemical sulfate and physical salt attacks. It showed that
PAC specimens exhibited high sulfate resistance. Obviously,
previous researches have mainly concentrated on cement
replacement materials of PAC grouts. However, there is
little information available on the application of PAC used
in lightweight concrete. PAC use can make the aggregate
particles distribution of the cementitious material reach to
the state of dense packing and the relative displacement
of aggregate particles will not occur. Thus, the method of
preplaced lightweight aggregate concrete (PLC) can be a very
effective way to improve the segregation and show better
homogeneity in LC.

As stimulated by above facts, this study addresses the use
of preplaced casting method in the LC. Two sets of preplaced
lightweight aggregate concrete (PLC) and conventional
lightweight aggregate concrete (CLC) with three different
mixtures are designed to observe the degree of segregation.
A series of tests are conducted according to relevant stan-
dards to evaluate the properties and performance including
compressive strength, unit weight, specific strength, splitting
tensile strength, flexural strength, drying shrinkage, and
static modulus of elasticity. This modified casting method
is applied to find out whether PLC could be suitable for
lightweight aggregate comparedwhen it decreases the cement
amount.

2. Experimental Program

2.1. Materials. All materials used in the experiment included
ordinary Portland cement, spherical shale ceramsite used as
lightweight aggregate, fine aggregate, cellulose ethers (CE),

Table 2: The properties of LA.

Label LA
Bulk density (kg/m3) 737
Particle density (kg/m3) 1350
Cylinder compression strength (Mpa) 5.8

Water absorption (%) 8.8 (1 h)
10.5 (24 h)

Table 3: The grading of LA.

Sieve size (mm) <5mm 5mm 10mm 16mm
Residue on each sieve (%) 0.6 31.1 68.3 0

air-entraining agent (AEA), water, and a polycarboxylate-
based high range water reducer (HRWR). The chemical
compositions and physical properties of cement are presented
in Table 1. The fine aggregate used was provided from local
river with a fineness modulus of 2.7. The bulk density and
absorption capacity of fine aggregate are 1350 kg/m3 and 1.6%,
respectively. The lightweight aggregate used in this research
is spherical shale ceramsite with continuous grading. The
properties and gradation of LA are shown in Tables 2 and 3.
The water used was tap water. As water reducer, the HRWR
with a solid content of approximately 45%was used to achieve
the desired better workability for all concrete mixtures.

2.2. Mix Proportions. The two sets of different casting
method including CLC (Set 1) and PLC (Set 2) were designed
for comparative analysis and CLC was considered as control
concrete. Based on the principles of designs of light aggregate
concrete mix, different mix proportions were calculated by
using absolute volume method according to JGJ12-2006 [25].
The dosage of lightweight aggregate per cubic meter of LC is
bulk density of LA. Different strength grades were designed
by changing different water to cement ratios. In the case of
each set, three water to cement ratios (0.4, 0.45, and 0.5)
were observed. Due to the less grout of PLC used in the
experiment, the dosage of grout is decreased and calculated
by staying the w/c ratio and grout flowability the same.
The mix proportion and actual material ratios are shown in
Table 4.

2.3. Specimens Preparation andMeasurement. Themethod of
casting PLC involves two stages: materials mixing and grouts
injection into frames with preplaced lightweight aggregate.
The fresh grouts were prepared using the mixture procedure
through the study. First, the dry ingredients were initially
mixed on a pan type concrete mixer for approximately
5min. Then the grout mixer started to agitate with the
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Table 4: Mix proportions (kg/m3).

Mix group Mix code Cement Sand LA HRWR AEA CE Water

Set (1)
1-1 450 729 737 4.50 0.05 0.23 225
2-1 450 729 737 4.50 0.05 0.23 203
3-1 450 729 737 4.50 0.05 0.23 180

Set (2)
1-2 435 705 737 4.35 0.04 0.22 218
2-2 435 705 737 4.35 0.04 0.22 196
3-2 435 705 737 4.35 0.04 0.22 174

Table 5: Testing results of compressive strength and unit weight.

Mix code
Cubic compressive strength

(MPa)
Axial compressive strength

(MPa)
Unit weight
(kg/m3)

7 d 28 d 56 d 7 d 28 d 56 d 28 d
1-1 31.68 35.89 39.41 25.49 28.72 31.55 1820
1-2 32.55 37.10 41.82 26.16 30.30 33.47 1780
2-1 32.06 37.01 40.65 27.29 32.99 33.57 1832
2-2 33.14 40.14 44.07 28.10 33.32 35.58 1792
3-1 35.36 42.11 46.83 28.42 34.28 37.94 1841
3-2 38.73 44.31 48.71 31.31 36.87 39.36 1809

measured water. Homogenized dry ingredients from the
concrete mixer were then all loaded into the grout mixer,
continually agitating until all dry particles were completely
hydrated for approximately 3min. All admixtures were then
added to the mixture and mixed continuously for another
2min. Specimen samples used for mechanical tests were
all collected by injecting grout into frames with preplaced
lightweight aggregates. All specimens were then transferred
to the curing room and were wrapped with wet burlap when
demolded after 24 hours.

Samples for grout compressive strength tested were pre-
pared by pouring the fresh grout into 40 × 40 × 160mm
molds. Concrete specimenswere cast into 100× 100× 100mm
molds for cubic compressive strength and splitting tensile
strength. Molds of 100 × 100 × 300mm were used for axial
compressive strength. In addition, prisms of 100 × 100 ×
400mm and prisms of 100 × 100 × 515mm were used for
measuring the flexural strength and drying shrinkage. For the
compressive strength, the specimens were tested at a constant
rate of a load of 3.0 kN/s. Meanwhile, the compressive load
was applied by using a servo-controlled hydraulic testing
machine of 1000 kN capacity.The flexural strength was tested
at a constant rate of loading 0.1 kN/s and the splitting tensile
strength was at 0.5 kN/s.

3. Results and Discussion

3.1. Compressive Strength. The test results for compressive
strength including cubic compressive strength and axial
compressive strength of CLC and PLC at the age of 7 days, 28
days, and 56 days are shown in Table 5. The results presented
are the average value of three specimens from each concrete
mix.

Figure 1 shows the overall test results of cubic compressive
strength with all mixes up to 56 days. As seen in the figure,
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Figure 1: Cubic compressive strength of CLC and PLC.

tested PLC compressive strength range attained in the three
different w/c ratios is from 35.89MPa to 44.41MPa (28
days of curing time), which is within the strength range of
commonly used lightweight aggregate concrete in previous
studies [11]. Compared with test results of CLC and PLC,
the compressive strength losses of CLC are approximately
3.4% for 0.5 w/c ratio, 8.5% for 0.45w/c ratio, and 5.2% for
0.4 w/c ratio. PLC mixture incorporating crushed aggregate
exhibited a little higher compressive strength than CLC at
the same w/c ratio. This may be attributed to the interaction
that crushed lightweight aggregates provide better interlock
than that of CLC [26, 27]. In Figure 3, it can be seen
that the external stresses are transferred through contact
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Figure 2: Axial compressive strength of CLC and PLC.

Figure 3: Mechanism of transmission of stresses in PLC.

points between aggregate particles due to the specific stress
distribution mechanism of PLC. As expected, the interaction
of water to cement (w/c) ratios shows a significant influence
on compressive strength. The increase of w/c ratios from 0.4
to 0.5 resulted in a gradual decrease in compressive strength,
which could be attributed to its great effect on adhesion
component. Although using low w/c ratios increases the
compressive strength, it will influence the grout flowability.
Hence, the water reducer plays a critical role in the strength
[28].

The results of axial compressive strength show the same
tendency in Figure 2. It can be observed in Table 5 that
increasing the w/c reduces the axial compressive strength as
expected. Meanwhile, PLC mixtures exhibited higher axial
compressive strength than that of the controlled conventional
mixture.

3.2. Specific Strength. As seen in Table 5, the dry unit weight
values of CLC are higher 2.2% for 0.5 w/c ratio, 2.2% for
0.45 w/c ratio, and 1.7% for 0.4 w/c ratio at the age of 28
days than that of PLC, which is due to less grout used in the
PLC. As an important measure, specific strength is defined
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Figure 4: Unit weight and specific strength of CLC and PLC.

as the ratio of the cubic compressive strength to the unit
weight. It is indicated in Figure 4 that the specific strength
of PLC is higher 5.68%, 10.89%, and 7.08%, respectively, than
CLC at the similar mix design. The value of specific strength
is from 20.84 kN⋅m/kg to 24.49 kN⋅m/kg, which increased
as w/c ratio decreases in concrete mixture. Although the
method of PLAC used in the experiment decreases the
cement amount, its compressive strength has increase trend.
Therefore, PLC shows significant reduction in the weight and
excellent properties.

3.3. Splitting Tensile Strength. The splitting tensile strength
of concrete refers to the resistant stress capacity of damage
crack led by volumetric deformation because of moisture and
thermal gradients [29].The results of splitting tensile strength
are listed in Table 6 at the age of 7 days, 28 days, and 56
days. It is indicated that the lower w/c ratios increase the
splitting tensile strength both in PLC and CLC. However, low
w/c ratios may cause a honeycombed structure of particle
binding within the lightweight aggregate. Meanwhile, CLC
exhibits lower tensile strength than that of PLC with similar
mix design in Figure 5. For instance, the average splitting
tensile strength of PLC is higher 23% for 0.5 w/c ratio, 6.7%
for 0.45 w/c ratio, and 11.9% for 0.4 w/c ratio at the age of
28 days. It was due to the weaker interfacial bond of CLC
between lightweight aggregate particles and the cement mix-
ture [20].Themethod of PLCused in the experiment not only
decreases the cement amount, but also reduces cracks and
holes between the lightweight aggregate particles and grout
and the steam-fluid port in the frontal zone is also extruded,
which shapes a closer union. Moreover, it was also observed
that the splitting tensile strength of PLC increased along
with the increase of compressive strength, which is similar to
properties of CLC.

3.4. Flexural Strength. Figure 6 andTable 6 present the effects
of PLC and CLC of three different w/c ratios. PLC flexural
strength range in the study is from 2.97MPa to 4.22MPa
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Table 6: Testing results of splitting tensile strength, flexural strength, and static modulus of elasticity.

Mix code
Splitting tensile strength

(MPa) Flexural strength (MPa) Static modulus of elasticity
(GPa)

7 d 28 d 56 d 7 d 28 d 56 d 7 d 28 d 56 d
1-1 1.82 2.68 3.09 1.95 2.97 3.34 16.81 20.58 21.18
1-2 2.32 3.29 3.63 2.37 3.51 3.82 17.21 21.26 21.79
2-1 2.38 3.30 3.74 2.45 3.38 3.69 17.93 21.83 22.22
2-2 2.47 3.52 3.89 2.58 3.74 4.01 18.08 22.43 23.05
3-1 2.53 3.69 4.11 2.70 3.83 4.18 18.41 23.17 23.64
3-2 2.70 4.13 4.57 2.86 4.22 4.57 19.94 23.75 25.01
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Figure 5: Splitting tensile strength of CLC and PLC.

when thew/c ratio decreases from0.5 to 0.4 (28 days of curing
time). PLC shows a little higher flexural strength than the
behavior of CLC. The mixing method of PLC improves its
transition zone structure and makes sure the surface of each
particle is covered with a homogeneous binder. It is due to
incompletely utilized aggregate strength and the flexural
strength relying on harden cement and interface binder;
therefore the interaction of each contact point is effective
connection [19, 27]. On the other hand, the data reflects that
the flexural strength of PLC and CLC in each mixture has
a clear tendency to increase along with the decrease of w/c
ratios. Thus the significant factor that affects PAC flexural
strength is the w/c ratio. The degree of increase of flexural
strength at 7 days is greater than 28 and 56 days with contin-
uous hydration process. A milder increase could be observed
in flexural strength at higher age especially in the age
of 56 days.

3.5. Drying Shrinkage. Shrinkage is generally defined as a vol-
umetric change of the concrete with time owing to physically
adsorbed water lost when exposed to a drying environment
[30]. The results of different mixtures are plotted in Figure 7.
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Figure 6: Flexural strength of CLC and PLC.

The shrinkage deformations were generally supposed to be
zero at the final setting time and measured drying shrinkage
was evaluated up to 90 days. For each mixture, there is
an obvious trend that the process of hydration leads to an
obvious shrinkage at early ages. This is mainly due to the fact
that the amount of cement and water present in the fresh
grout decreases when cement hydrates. On the other hand,
it should be noted that the shrinkage of PLC as expected was
found to be much lower than that of CLC. The increase of
shrinkage is approximately 13% for the CLC and 6% for PLC
whenw/c ratio ranges from0.4 to 0.5.This occurs because the
aggregate particles in PLC are reasonably connected and close
packed with the interaction of interlock, which compensates
the loss of drying shrinkage.

3.6. Static Modulus of Elasticity. The modulus of elasticity is
described as an ability to reflect stiffness and deformation.
Table 6 summarized the modulus of elasticity of PLC and
CLCat different ages. In Figure 8, PLC results in an increase in
elastic modulus by approximately 2.5% of 0.5 w/c ratio, 2.7%
of 0.45 w/c ratio, and 3.3% of 0.4 w/c ratio at the age of 28 days
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Figure 7: Drying shrinkage of CLC and PLC.
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Figure 8: Static modulus of elasticity of CLC and PLC.

compared with CLC. It can be observed that PLC exhibits
higher modulus of elasticity than that of CLC for different
mixtures.This can be due to the fact that PLC forms a skeleton
of lightweight aggregate particles resting on each other.Thus,
external loads will transmit through connection points in
the static granular piling. Generally, the modulus of elasticity
has an affinity for the elastic modulus of its components
and the proportion content by volume in concrete [16]. In
addition, the elastic modulus of elasticity of coarse aggregates
is generally higher than that of cement paste. Consequently,
the higher elastic modulus of PLC can be considered as a
consequence of the modulus of elasticity of the used coarse
aggregate.

4. Conclusions

(1) The method of PLC used in the experiment shows higher
performance in compressive strength, specific strength, split-
ting tensile strength, and flexural strength. Thus, PLC shows
significant reduction in the weight and better properties.

(2) Compared with test results of CLC and PLC, PLC
mixture incorporating crushed aggregate exhibited higher
compressive strength than CLC at the same w/c ratio; this
can be attributed to the fact that crushed aggregates provide
better interlock than that of CLC.Thus, PLC saves the amount
of grout on the premise that it shows excellent mechanical
properties.

(3) PLC exhibits higher modulus of elasticity than that of
CLC for different mixtures. This was attributed to the better
interfacial bond between lightweight aggregate particles and
the grout mixture, leading to effective connection.

(4)The increase of shrinkage is approximately 13% for the
CLC and 6% for PLC when w/c ratio ranges from 0.4 to 0.5.
Meanwhile, the shrinkage of PLCwas found to bemuch lower
than that of CLC due to the close pack with the interaction of
interlock.

(5) Above all, the method of PLC provides a better
solution for the segregation problem in the LC. PLC does
not need vibration to achieve a denser structure, which can
in turn save the cost in the practice. Meanwhile, PLC is
considered as an effective method for the difficult section to
operation and underwater concreting.
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