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A novel recycled aggregate concrete was prepared by replacing the natural aggregate with recycled lightweight aggregate.
Subsequently, the mechanical properties and compressive stress-strain constitutive relation of the recycled lightweight aggregate
concrete (RLWAC) were explored. For this purpose, the recycled lightweight aggregate (RLWA) replacement ratio (0%, 25%, 50%,
75%, and 100%) was selected as a variable, and the compressive strength of 15 cube and 30 prism specimens was evaluated. /e
failure morphology of the specimen was subsequently characterized, along with the cubic compressive strength, axial compressive
strength, peak strain, ultimate strain, and other performance indices. /e influence of the replacement ratio for the specimen
indices of the RLWAC was also analyzed. It was observed that the dry apparent density of RLWAC decreased gradually on
increasing the replacement ratio. Compared with 0% replacement ratio, a decrease of 6.50%, 11.39%, 21.84%, and 27.54% was
observed, respectively. On enhancing the RLWA replacement ratio, the compressive strength, peak strain, and ultimate strain of
RLWAC were observed to be gradually reduced. As the replacement ratio was increased from 75% to 100%, the peak strain was
noted to decrease the most by about 6.8%. As the replacement ratio was increased from 50% to 75%, the ultimate strain decreased
the most by about 14.2%. Based on the experimental findings, the functional relationships of the strength indices and the
conversion value of each strength index with the replacement ratio were also established. Finally, based on the model proposed by
the existing model, the stress-strain equation of RLWAC was developed, and the fitting results were observed to be in good
agreement with the test results.

1. Introduction

Owing to the piling of construction waste in China, the
effective use of the waste has become a serious concern [1, 2].
In this respect, after the construction waste is crushed and
graded, a fraction (or even all) of the natural coarse and fine
aggregates can be replaced as per the specific composition.
Subsequently, water and cement can be added to form
recycled aggregate concrete (RAC) [3–5]. /e recycling of
waste concrete not only significantly reduces the con-
sumption of natural resources and alleviates the pressure on
the increasingly scarce resources, but it also has a more
practical significance for protecting the environment [6, 7].
However, the sources of the recycled coarse aggregate in the
recycled concrete are relatively extensive. In previous studies

[8–10], the recycled coarse aggregate has been mostly de-
rived from ordinary concrete; however, the RLWAproduced
from the RLWAC structures after dismantling has not been
explored in detail [11, 12]. Lightweight aggregate concrete
(LWAC) is mainly composed of porous lightweight ag-
gregate or artificial ceramsite as the coarse aggregate, in
which the dry apparent density is not higher than 1950 kg/
m3. LWAC has the characteristics of lightweight structure,
superior deformation performance, and heat preservation
[13]; thus, the weight of the structure is reduced and ma-
terials are saved [14, 15]. As a result, LWAC ismainly used in
large-span bridges, high-rise buildings, roadbeds, and
pavement. As a source of construction waste, LWAC can
achieve resource utilization of RLWAC construction waste
through RAC technology [16–18]. RLWAC is a novel
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concrete made up of the waste LWAC after mechanical or
artificial crushing, screening, grading, and other processes in
accordance with the designed proportion attained by par-
tially or completely replacing the natural coarse aggregate
(NCA). Moreover, adding RLWA to ordinary concrete not
only inherits the advantages of LWAC, such as low self-
weight, excellent thermal performance, and optimal seismic
characteristics [19–21], but also improves the low strength,
poor elastic modulus, and other mechanical properties of
LWAC [22, 23].

At present, the research on the performance index of the
RLWAC and stress-strain equation (full curve) is in the
preliminary stage [24, 25].Wongkvanklom et al. [26] studied
the influence of the RLWAC replacement ratio on the
properties of structural lightweight concrete. /e results
showed that structural lightweight concrete containing 25%,
35%, and 45% RLWA had a 28-day compressive strength of
30.3, 19.8, and 16.5MPa, respectively. /us, only 45% of the
RLWA replacement ratio was observed to exhibit lower
performance than the requirement. Huang et al. [27] studied
the microstructure of RLWAC, and four types of interfacial
transition zones (ITZ) were observed between the cement
paste and lightweight aggregate of RLWAC. /e ITZ be-
tween the new mortar and RLWA covered with the old
mortar was noted to be the weakest, whereas the ITZ be-
tween the new mortar and RLWA with no coverage of the
old mortar was the strongest. Bogas et al. [28] studied the
effect of the RLWA replacement ratio on the concrete
characteristics. It was observed that after replacing the
lightweight aggregate with RLWA, the compressive strength
and splitting tensile strength increased by up to 14% and
32%, respectively. Bogas et al. [29] also studied the influence
of RLWA on the long-term performance of concrete. As
observed, the incorporation of RLWA enhanced the car-
bonation and chloride ion penetration resistance of the
nonstructural LWAC, and the increment of the carbonation
resistance and coefficient of diffusion varied up to 70% and
20%, respectively. Kazmi et al. [30] proposed a new com-
pression casting RAC approach, and the compressive
strength and elastic modulus of the compressed RAC
specimens were observed to be higher than the uncom-
pressed RAC specimens. Munir et al. [31] established a
general axial stress-strain model of the steel spiral confined
normal aggregate concrete, RAC, and treated RAC, which
exhibited optimal applicability and could determine the
permissible content of RCA. Overall, domestic and foreign
scholars are mostly focused on RAC and LWAC research,
and the study of RLWAC is still in its infancy. Due to
RLWAC’s advantages of reducing the structural weight and
saving natural aggregate, it has a wide application prospect,
thus requiring further study [32, 33].

In this study, the compressive strength of RLWAC was
characterized, and the influence of the replacement ratio of
the RLWA on the compressive strength, peak stress, peak
strain, and other performance indices was discussed. /e
functional relationships of the strength indices and con-
version value of each strength index with the replacement
ratio were also established. Finally, the stress-strain equation
of the RLWAC was developed.

2. Test Program

2.1. Materials. P·O 42.5 ordinary Portland cement was
selected in this study. Ordinary tap water was used as the
mixing water. /e continuous graded gravel was employed
as the natural coarse aggregate, with the particle size
ranging between 5 and 31.5mm. /e recycled lightweight
coarse aggregate was obtained by the artificial crushing,
grading, screening, and drying of the waste shale ceramsite
LWAC specimen with LC20 and LC25 grades from the
structural hall of Henan Polytechnic University. /e
crushed RLWAwas uniformly mixed at a volume ratio of 1:
1, with the particle size ranging between 5 and 31.5mm.
/e maximum size of the coarse aggregates was 31.5mm.
/e particle size distribution (China, GB/T17431.1-2010) is
presented in Figure 1, and the coarse aggregates are shown
in Figures 2(a) and 2(b), respectively. Furthermore, the
basic physical properties are presented in Table 1. As
observed, the water absorption ratio of the RLWA was
determined to be 9.46%, which is much higher than that of
the natural coarse aggregate. It is due to the reason that the
surface of the RLWA is rough, with numerous internal
pores. /e measured concrete mixture exhibits optimal
workability, and the collapse degree lies in the range of
170mm–190mm.

2.2. Design of Mixture Proportions. /e replacement ratio of
the RLWA was varied as 0%, 25%, 50%, 75%, and 100%
(weight percentage of the RLWA to the total coarse aggre-
gate). /e specimen with a 0% replacement ratio acted as a
benchmark, and the benchmark mixture proportion was
440 kg/m3 of cement, 1066.32 kg/m3 of natural coarse ag-
gregate, 0 kg/m3 of recycled lightweight coarse aggregate,
634.08 kg/m3 of sand, 208 kg/m3 of net water, 0 kg/m3 of
additional water, and an effective water-binder ratio of 0.47
(the effective water-binder ratio is the quality ratio of net
water to cement)./e amount of the othermaterials remained
unchanged. By changing the amount of the natural coarse
aggregate, recycled lightweight coarse aggregate, and addi-
tional water, the specimens with replacement ratios of 25%,
50%, 75%, and 100% were developed. /e amount of the
natural aggregate was 799.74 kg/m3, 533.16 kg/m3, 266.58 kg/
m3, and 0 kg/m3, respectively. /e amount of the recycled
lightweight coarse aggregate was 139.68 kg/m3, 279.36 kg/m3,
419.04 kg/m3, and 558.72 kg/m3, respectively. In addition, the
amount of additional water was 13.21 kg/m3, 26.43 kg/m3,
39.64 kg/m3, and 52.85 kg/m3, respectively. Overall, 15 cube
and 30 prism specimens were used, with 3 cube and 6 prism
specimens developed for each replacement ratio.

2.3. Preparation and Loading of Specimens. A pressure
testing machine (SYE-2000) with a maximum test force of
2000 kN was used. As per the “Standard for test methods of
concrete physical and mechanical properties” (China, GB/
T50081-2019), the cubic and axial compressive strengths
were analyzed at a loading rate of 9 kN/s. /e recycled
lightweight aggregate replacement ratio was used as a var-
iable. Subsequently, 15 cubes with dimensions of
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150mm× 150mm× 150mm were used to analyze the cubic
compressive strength test. Furthermore, 15 prisms of size
150mm× 150mm× 300mm were also employed for ex-
ploring the axial compression and stress-strain curves.

3. Test Results and Analyses

3.1. Dry Apparent Density. /e studies have shown that the
dry apparent density has a direct relationship with the
compressive strength and replacement ratio of the speci-
mens [34]. For different replacement ratios, 3 groups of cube
specimens with dimensions of 100mm× 100mm× 100mm
were generated. After standard curing, the specimens were
dried to a constant weight in an electric drying oven (SY101-
2) at 105 °C, followed by the measurement of the quality./e
measured dry apparent density under 0%, 25%, 50%, 75%,
and 100% replacement ratio were 2353 kg/m3, 2200 kg/m3,

2085 kg/m3, 1839 kg/m3, and 1705 kg/m3, respectively. As
can be observed, the dry apparent density of RLWAC is
lower than that of ordinary concrete [34]. On enhancing the
replacement ratio, the dry apparent density of RLWAC is
noted to decrease gradually. Compared with a 0% re-
placement ratio, a decline of 6.50%, 11.39%, 21.84%, and
27.54%, respectively, is observed.

Based on the measured values of dry apparent density,
the relationship between the dry apparent density and
replacement ratio was fitted, as shown in Figure 3. As can
be noted, the dry apparent density of the specimens ex-
hibits a linear relationship with the replacement ratio.
Using the replacement ratio as a variable, the functional
relationship between the dry apparent density and the
replacement ratio was fitted by using the principle of the
least square method, and the obtained relation is shown in
the following equation:

(a) (b)

Figure 2: Coarse aggregate. (a) Natural coarse aggregate and (b) recycled lightweight coarse aggregate.
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Figure 1: Sieve analysis of coarse aggregates.
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y � 2367.8 − 662.8c,

R
2

� 0.98,
(1)

where the dry apparent density is expressed by y and the
replacement ratio of the recycled lightweight aggregate is
denoted by c.

3.2. Failure Mechanism and Failure Morphology. /e failure
mechanism of the RLWAC specimen is similar to that of the
ordinary concrete specimen [35, 36]. During the initial spec-
imen loading, the surface of the specimen has no obvious
change. As the load increases gradually, the internal stress of
the specimen begins to increase. As the load continues to
increase, the crackle sound representing the colloidal cracking
is observed, and the internal cracks of the specimen continue to
expand. Small cracks and microcracks appeared on the surface
of the specimen, which gradually expanded and transfixed. As
the load reaches the ultimate value, the specimen is eventually
destroyed. However, the failure morphology of the RLWAC
and ordinary concrete specimens is noted to be different.
Ordinary concrete exhibits a quadrangular pyramid failure
mode. Due to the porous and brittle characteristics of the
RLWA, the cube specimens fail along the direction parallel to
the crack. In prisms, the microcracks first appear on the
surface, followed by expansion and transfixation. Finally, the
specimen is damaged due to the massive blocky spalling. /e
failure morphology of the cube specimen is shown in
Figures 4(a)–4(c), respectively. On the other hand, the failure
morphology of the axial compression is shown in Figures 4(d)–
4(f), respectively. As can be observed, the failure region of
RLWAC mainly exists in the interfacial transition zone be-
tween the mortar and RLWA.

3.3. Stress-Strain Curve. /e compressive stress-strain curves
of the specimens as a function of the replacement ratio are
shown in Figure 5, with each curve obtained by averaging the
whole curves of 3 prism specimens. /e stress-strain curves of
the RLWAC specimens with different replacement ratios are
observed to be different. However, the curves generally
comprise the ascending and descending segments with peak
points. On increasing the RLWA replacement ratio, the stress
at the peak point is noted to gradually decrease. For the same
replacement ratio, the descending segment of the curve exhibits
a steep trend in the beginning, followed by a levelling off, and
the shape of the specific curve is noted to be significantly
different without obvious regularity. /e descending segment
of the stress-strain curve is noted to be the steepest at 0%
replacement ratio, while the descending segment is the gentlest
at a replacement ratio of 50%. Compared with the other re-
placement ratios, the specimen with 0% replacement ratio has
higher strength and larger peak strain; thus, the curve is noted
to be the steepest. On increasing the RLWA replacement ratio,
the porosity and brittleness of RLWA becomemore significant,
and the rate of decline of strength and peak strain becomes
faster, comparatively. Further, the curve is noted to be gentle at
50% replacement ratio.

4. Analysis of Influencing Factors

4.1. Compressive Strength. /e compressive performance of
the RLWAC specimens is shown in Table 2. As can be
observed, the cubic and axial compressive strength values
decrease with increasing the replacement ratio.

Furthermore, it can be seen from Table 2 that the cubic
and axial compressive strengths of the RLWAC specimens
attain the design strength level, and the ratio of the axial

Table 1: /e basic physical property of coarse aggregate.

Aggregate category Grain size (mm) Bulk density (kg/m3) Apparent density (kg/m3) Water absorption
(%)

Voidage
(%)

Natural coarse aggregate 5.00–31.50 1481.00 2500.00 0.62 40.76
Recycled lightweight coarse aggregate 5.00–31.50 776.00 1389.00 9.46 44.13
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Figure 3: Relation curve between dry apparent density and replacement ratio.
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compressive strength to the cubic compressive strength of
the RLWAC is higher than that of ordinary concrete.
However, at a replacement ratio of the RLWA of 100%, the
cubic compressive strength of the specimen is lower than the
axial compressive strength. /is is due to the reason that the
coarse aggregate in RLWAC is composed of the RLWA, and
the dry apparent density of the RLWAC reaches its mini-
mum. /us, due to the porous and brittle characteristics of
the RLWA, the failure morphology of the cube specimen
becomes close to that of the prism specimen, and the in-
crement in the cubic compressive strength is limited. In
addition, the discreteness of concrete also contributes to the
observed phenomenon.

As shown in Figures 6 and 7, the compressive strength
and replacement ratio of the RLWAC specimens reveal a
linear progression, with the compressive strength of
RLWAC being lower than that of ordinary concrete. On
increasing the replacement ratio, the cubic and axial com-
pressive strengths of the RLWAC specimens are observed to
decrease gradually. /e observed phenomenon is due to the
numerous cracks and microcracks in the RLWA. On in-
creasing the replacement ratio, the initial damage increases
gradually at the macrolevel, and the strength decreases
correspondingly. On increasing the replacement ratio, the
cubic compressive strength is observed to decrease by
15.42%, 12.88%, 3.75%, and 22.90%, respectively, whereas

25%

(a)

50%

(b)

75%

(c)

25%

(d)

50%

(e)

75%

(f )

Figure 4: Failure morphology for different replacement ratios. (a) 25% replacement ratio. (b) 50% replacement ratio. (c) 75% replacement
ratio. (d) 25% replacement ratio. (e) 50% replacement ratio. (f ) 75% replacement ratio.
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Figure 5: Stress-strain curves of recycled lightweight aggregate concrete.
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the axial compressive strength declines by 3.09%, 0.93%,
8.11%, and 5.50%, respectively. As the replacement ratio of
the RLWA changes from 50% to 75%, the cubic compressive
strength does not change significantly. Furthermore, as the
replacement ratio of the RLWA changes from 25% to 50%,
the axial compressive strength changes insignificantly.
Compared with natural aggregate, RLWA has the charac-
teristics of porosity and brittleness. On increasing the RLWA
replacement ratio, the compressive strength of the specimen
decreases gradually. As the replacement ratio changes from
0% to 25% and 75% to 100%, the effect of RLWA content

compared with the replacement ratio on the compressive
strength is more significant, thus resulting in a more obvious
decline in the compressive strength.

Based on themeasured values in Table 2, the compressive
strength of the specimens was subjected to the dimensionless
fitting process, as shown in Figures 6 and 7. As can be
observed, the compressive strength of the RLWAC speci-
mens reveals a linear relationship with the replacement ratio
of the RLWA. Under the condition of solely changing the
replacement ratio and using the least squares method, the
obtained relations are shown as follows:

Table 2: Compressive performance of recycled lightweight aggregate concrete.

Replacement rate (%) fcu (MPa) fc (MPa) fc/fcu
0 37.62 25.55 0.68
25 31.82 24.76 0.78
50 27.72 24.53 0.88
75 26.68 22.54 0.84
100 20.57 21.30 1.04
Note. /e cubic compressive strength is expressed by fcu. /e axial compressive strength is expressed by fc.
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Figure 6: Fitting curve of fcu, c/fcu,0 and replacement ratio.
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Figure 7: Fitting curve of fc, c/fc,0 and replacement ratio.
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fcu,c

fcu,0
� −0.42c + 0.98 R

2
� 0.96 , (2)

fc,c

fc,0
� −0.17c + 1.01 R2

� 0.93 . (3)

where fcu, c and fc, c represent the cubic and axial com-
pressive strengths as a function of the replacement ratio,
respectively. Furthermore, fcu,0 and fc,0 represent the cubic
and axial compressive strengths of the RLWAC specimens at
a replacement ratio of 0%.

4.2. Peak Strain. /e peak strain (ε0) of RLWAC is shown in
Table 3. As can be observed, the peak strain decreases
gradually on increasing the RLWA replacement ratio, and
the relationship is noted to be largely linear./is is due to the
reason that the elastic modulus of RLWAC exhibits a little
difference for different replacement ratios before reaching
the peak strain. Furthermore, the axial compressive strength
of RLWAC decreases with increasing the replacement ratio
of the RLWA, i.e., the peak stress decreases gradually and the
degree of decline is more obvious. /erefore, the corre-
sponding peak strain of RLWAC decreases by increasing the
replacement ratio of the RLWA.

As the replacement ratio of the RLWA is increased from
0% to 25%, the peak strain of the specimen decreases by
2.9%. As the replacement ratio of the RLWA increases from
25% to 50%, the peak strain is decreased by 5.6%. Fur-
thermore, as the replacement ratio of the RLWA is enhanced
from 50% to 75%, the peak strain is noted to decrease by
3.5%. Finally, as the replacement ratio of the RLWA in-
creases from 75% to 100%, the peak strain is decreased by
6.8%.

/e relationship between the peak strain and the re-
placement ratio is shown in Figure 8. As can be observed, the
peak strain of the specimens shows a linear trend with the
replacement ratio. Under the condition of solely changing
the replacement ratio, the obtained fitting relation is shown
as follows:

ε0 � −0.27c + 1.55 R2
� 0.98 . (4)

4.3. Ultimate Strain. /e strain at 0.5 fc in the descending
segment of the stress-strain curve is taken as the ultimate
strain (εu), and the ultimate strain of the RLWAC specimens
as a function of the replacement ratio is shown in Table 4.
/e ultimate strain has not been measured at a replacement
ratio of 0%. /is is due to the reason that the stiffness of the
specimen is large at a replacement ratio of 0%, while the
stiffness of the test machine is somewhat insufficient. /is
leads to a sudden failure of the specimen, thus rendering the
measured data of the descending segment as discrete and
inaccurate. On enhancing the replacement ratio of the
RLWA, the ultimate strain of the specimens decreases
gradually, which is determined by the internal structure of
the RLWA./e RLWA possesses numerous pores and brittle
behavior, and the RLWAC specimen prepared by using the

RLWA exhibits an obvious sudden decline in the macro. On
enhancing the replacement ratio of the RLWA, the plastic
capacity of the descending segment in the stress-strain
curves decreases gradually. Correspondingly, the ultimate
strain, a quantitative indicator of plasticity, also decreases
immediately.

As the replacement ratio of the RLWA in the specimen
increases from 50% to 75%, the ultimate strain is observed to
decrease the most, by about 14.2%. Furthermore, as the
replacement ratio of the RLWA increases from 25% to 50%
and from 75% to 100%, the ultimate strain is noted to
decrease by about 3%. It can be observed that the ultimate
strain of the RLWAC specimens varies significantly with the
replacement ratio at a replacement ratio value of 50%.

/e relationship between the ultimate strain and the
replacement ratio is shown in Figure 9. It can be seen that the
ultimate strain of the specimens shows a linear increasing
trend with the replacement ratio. Under the condition of
solely changing the replacement ratio, the obtained fitting
formula is shown as follows:

εu � −0.61c + 2.28 R2
� 0.88 . (5)

4.4. Conversion Relation of Compressive Strength. For ordi-
nary concrete, the conversion relationship between the axial
and cubic compressive strengths is shown as follows [37]:

fc

fcu
� 0.76. (6)

As the determination of the mechanical properties of the
RLWA and ordinary aggregate is different, the conversion
relationship of the compressive strength of the ordinary
concrete is no longer applicable to RLWAC. As shown in
Table 2, the ratio of the axial compressive strength to the
cubic compressive strength in the RLWAC specimens is
closely related to the replacement ratio of the RLWA. Based
on the measured values, the relationship between the ratio of
the axial compressive strength to the cube compressive
strength of RLWAC and replacement ratio was subjected to
fitting, as shown in Figure 10, and the functional relationship
is shown as follows:

y � −0.31c + 0.69 R2
� 0.81 . (7)

5. Stress-Strain Equation

To further explore the stress-strain behavior of RLWAC and
its relationship with the replacement ratio of the RLWA, the
stress-strain relationship was subjected to the dimensionless
fitting processing, as shown in Figure 11 (σ0 is the peak
stress, i.e., axial compressive strength).

As shown in Figure 11, the ascending and descending
segments of the curve exhibit a large difference. In order to
obtain a more accurate stress-strain equation, the model
proposed by Guo [37] was used for attaining the piecewise
fitting, as shown in equation (7).

Advances in Materials Science and Engineering 7



y �

αax + 3 − 2αa( 􏼁x
2

+ αa − 2( 􏼁x
3 0≪x< 1

x

αd(x − 1)
2

+ x
x≫ 1

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

, (8)

where x represents the abscissa variable ε/ε0, whereas y
represents the ordinate variable σ/σ0.

/e measured values have been fitted by the least
square method, and the coefficients αa and αd as a function
of the replacement ratio of the RLWA are shown in Ta-
ble 5. /e relation curve of αa, αd, and c is presented in
Figure 12.

In order to obtain an equation involving the parameters
αa and αd with respect to the replacement ratio, the

Table 3: Peak strain of recycled lightweight aggregate concrete.

Replacement ratio (%) 0 25 50 75 100
Peak strain (×106) 1538 1494 1410 1360 1267
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Figure 8: Different replacement ratios of peak strain fitting curves.

Table 4: Ultimate strain of recycled lightweight aggregate concrete.

Replacement ratio (%) 0 25 50 75 100
Ultimate strain (×106) — 2103 2037 1747 1689
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Figure 9: Different replacement ratios of ultimate strain fitting curves.
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relationship between the parameters αa or αd and the re-
placement ratio of the RLWA can be obtained by analyzing
and fitting the data obtained in Table 5, as shown in the
following equations:

αa � 2.2 + 0.4sin7.0c R2
� 0.86 , (9)

αd � 11.0 + 4.3cos7.5c R2
� 0.95 . (10)

Fitting curve

Measured value
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f c/
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Figure 10: Different replacement ratios of fc/fcu fitting curves.
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Figure 11: Dimensionless stress-strain curve of recycled lightweight aggregate concrete.

Table 5: Coefficients αa and αd.

c (%) 0 25 50 75 100
αa 2.06 2.68 2.08 1.97 2.36
αd 16.20 9.27 7.51 13.70 11.60
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Figure 13: Continued.
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Taking c � 0%, 25%, 50%, 75%, and 100% in equations
(9) and (10), the values of αa and αd are calculated and
substituted in equation (8). /e comparison of the measured
and calculated curves as a function of the replacement ratio
is presented in Figure 13.

6. Conclusions

In this study, the compressive mechanical properties of 15
cube and 30 prism specimens were studied, and the influence
of the replacement ratios of the RLWA on the compressive
strength, peak stress, peak strain, and other performance
indices of RLWAC was explored. /e main conclusions can
be drawn as follows:

(1) /e dry apparent density of the RLWAC specimens
decreases with increasing the RLWA replacement
ratio. Compared with a 0% replacement ratio, the
decline is observed to be 6.50%, 11.39%, 21.84%, and
27.54%. Furthermore, the cubic compressive
strength of RLWAC increases with the dry apparent
density.

(2) /e cubic specimen fails along the direction parallel
to the crack, which is not consistent with the qua-
drangular pyramid failure observed in the case of
ordinary concrete. /e failure morphology of the
RLWAC prisms is noted to be similar to that of
ordinary concrete. Specifically, the upper and lower
penetrating cracks are formed, and the angle be-
tween the cracks and the horizontal plane ranges
from 60° to 80°.

(3) As compared with ordinary concrete, the cubic
compressive strength, axial compressive strength,
peak strain, and ultimate strain of RLWAC are noted
to be lower. Furthermore, these quantities are ob-
served to gradually decrease with increasing the
RLWA replacement ratio. Specifically, as the re-
placement ratio increases from 75% to 100%, the

peak strain decreases the most by about 6.8%. On the
other hand, as the replacement ratio increases from
50% to 75%, the ultimate strain decreases themost by
about 14.2%.

(4) Based on the influence of the replacement ratio on the
cubic compressive strength, axial compressive strength,
and other axial compressive performance indices, the
functional relationships of the strength indices and the
conversion values of each strength index with the
replacement ratio have been established.

(5) /e stress-strain curves of the RLWAC specimens with
different replacement ratios are noted to be different.
/e curves are generally comprised of the ascending
and descending segments, with the replacement ratios
significantly influencing the curve shape and trend.
Based on the model proposed by Guo Z.H., the stress-
strain equation of RLWAC could also be established,
and the fitting results were observed to be in good
agreement with the test results.
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