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1. Introduction
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The objective of this study is to investigate the compressive strength and microstructural evolution of recycled aggregate concrete
(RAC) containing coarse and fine clay brick aggregates. The compressive strength tests, scanning electron microscopy (SEM)
observations, and X-ray diffraction (XRD) tests were performed on RAC and natural aggregate concrete (NAC) containing
different coarse and fine crushed clay brick contents. The results showed that the compressive strength of NAC and RAC
decreased with the increase of crushed clay brick content, and the growth rate of their compressive strength slowed down with
the increase of age. At the same age and replacement rate, fine crushed clay bricks had less effect on the compressive strength
of RAC than coarsely crushed clay bricks. The compressive strength of RAC aged 60 days, mixed with 60% fine brick slag and
mixed with 60% coarse brick slag, is 10.49% and 14.75% lower than that of RAC aged 60 days and mixed with 0% fine brick
slag, respectively. Compared with RAC, the compressive strength of NAC was more significantly affected by grading. The
interfacial transition zones inside RAC had loose crystals and high porosity, with a weak adhesion between the crushed clay
bricks and mortar interfaces. The crushed clay bricks did not affect the types of concrete hydration products, and Calcium-
Silicate-Hydrate (C-S-H) and Ca(OH), crystals remained the early hydration products in RAC with crushed clay bricks.
Nevertheless, the crushed clay bricks inhibited the hydration reaction of the concrete, resulting in decreasing hydration
products in NAC, RAC, and RAC with crushed clay bricks.

solid construction wastes can mitigate the exploitation and
destruction of natural resources and promote the sustainable

Concrete is one of the most common and widely used build-
ing materials in highway engineering. In recent years, the
construction of expressways and urban highways has raised
issues concerning natural resources, sustainable develop-
ment, and environmental protection. The increasing demand
for concrete greatly increases the extraction and consump-
tion of sand, stone, and other resources. In addition, new
construction and reconstruction of highways generate mas-
sive waste concrete and waste bricks, occupying land and pol-
luting the surrounding environment [1]. Therefore, recycling

development of highway engineering.

Currently, RAC containing crushed clay bricks is the
major solid waste from building demolition, which has
become an important research direction [2]. Many scholars
have investigated the effects of different crushed clay brick
contents and different water-cement ratios on the mechani-
cal properties of RAC [3-7]. Disfani et al. [8] evaluated the
performance of RAC with waste bricks. The results showed
that concrete with less than 50% of crushed clay brick con-
tent could be used in the cement stabilized subgrade. The
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German guideline for the application of RAC [9]suggested
that the content of crushed clay brick should be between
6% and 10%, and the content above 15% could significantly
reduce the performance of RAC. Mills-Beale et al. [10] com-
pared the strength of RAC with different water-cement
ratios and found that the strength of RAC increased with
the decrease of water-cement ratio. This result indicated that
additional water should be considered for RAC, and the
application of RAC was feasible. Similar conclusions were
reached by Dang et al. [11] with studying the effects of fine
waste clay brick aggregates on the mechanical properties
and microstructure of concrete. A study by Xiao et al. [12]
revealed that the crushed clay brick content should be con-
trolled in engineering applications, and the moisture content
of RCA should be kept within the optimal range. Suo et al.
[13] found that soaking the recycled aggregates with the acid
solution could remove the old mortar from the surface, and
the order of material addition when mixing the RAC affected
its strength. Lei et al. [14] found that more uniform grading
of recycled aggregates resulted in a higher modulus of elas-
ticity. Appropriately, increasing medium and large particles
could improve the compressive strength of RAC. Li et al.
[15] found that adopting recycled coarse aggregates with
gradings of 16.0-31.5 mm and 5.0-31.5 mm at an appropriate
replacement rate could significantly improve the compres-
sive strength of RAC at 112d. Hu et al. [16] suggested that
the replacement rate of natural coarse or fine aggregates
should not exceed 70% and 90%, respectively. Yang et al.
[17] investigated the effects of crushed clay brick content
on the physical and mechanical properties of RAC. The
results demonstrated that a 50% replacement rate of crushed
clay bricks reduced the workability of RAC and increased
the difficulty of effective RAC compaction. Mehta [18] and
Aitcin et al. [19] found that various properties of RAC can
be satisfied with a certain mix ratio of cement paste and
recycled aggregates. Zhao et al. [20, 21] explored the devel-
opment law of mortar microfractures based on fractal theory
and nuclear magnetic resonance technology. Chen et al. [22]
studied the compressive strength of cement mortar with
different replacement ratios of recycled fine aggregates. They
found that the compressive strength of cement mortar with
recycled fine aggregates was significantly lower than that with
natural fine aggregates. Through indoor tests and practical
works, Ma et al. [23] found that RAC with coarse crushed
clay bricks could meet the performance requirements of
medium and low-strength pumped concrete.

In summary, most of the existing studies on RAC focused
on the mechanical properties and durability of concrete with
natural coarse aggregates partially replaced by recycled
coarse aggregates or recycled fine aggregates and natural
coarse aggregates. As a result, the utilization rate of construc-
tion solid waste is too low to affect the increasing amount of
construction waste in China. Currently, there is a lack of
research on RAC with high recycled aggregate replacement
rates or RAC made entirely from recycled coarse and fine
aggregates. In addition, most studies on waste bricks focused
on partial replacement of natural coarse aggregates with
crushed clay bricks or partial replacement of cement with
ground clay bricks as mineral admixtures. Although the
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strength and durability of the obtained RAC could meet the
practical requirements, the recycling rate of crushed clay
bricks is still limited. Little research has been conducted on
the effects of size, content, and age of crushed clay bricks
on the physical and mechanical properties and microstruc-
ture of RAC. For the above shortcomings, this study focuses
on the influence of the content of coarse and fine clay brick
on the compressive strength of recycled aggregate concrete
and its micromechanism.

In order to study the effects of size, content, grading,
and age of crushed clay bricks on the compressive strength
of RAC, waste brick aggregates were used to partially
replace recycled aggregates in RAC. In addition, scanning
electron microscope (SEM) and X-ray diffraction (XRD)
were employed for the in-depth analysis of the microscopic
mechanism. This study can provide a useful reference for
recycling waste concrete and coarse and fine crushed clay
bricks.

2. Materials and Methods

2.1. Materials. The red brick mixed in the test is the waste
red bricks in the process of building demolition
(Figure 1(a)). After crushing and sorting (Figure 1(b)), the
particle sizes of clay bricks are 4.75-9.5mm, 9.5-19 mm,
and 0-4.75mm. The crushed clay bricks are shown in
Figure 1(c).

The recycled aggregates were obtained from waste con-
crete retaining wall blocks (Figure 2(a)), which were provided
by the Wutong Plant of Hunan Yunzhong Recycling Tech-
nology Co., Ltd. After crushing and sorting (Figure 2(b)),
the aggregates were divided into three ranges: 4.75-9.5 mm,
9.5-19mm, and 0-4.75mm. The recycled aggregates are
shown in Figure 2(c).

The basic test methods specified in Sand for Construction
(GB/T 14684-2011) and Pebble and Crushed Stone for Con-
struction (GB/T 14685-2011) were used to measure the basic
properties of the RAC aggregates and crushed clay bricks, as
shown in Table 1. The cement for the concrete is PC32.5
Portland composite cement, which was provided by Hunan
Ningxiang South Cement Co., Ltd. The cement indicators
are shown in Table 2.

2.2. Design of Mix Ratio. Since the water absorptions of
recycled aggregates and crushed clay bricks are very different
from that of natural aggregates, it is necessary to consider
the effects of additional water. A trial mixing was conducted
using the preliminary mix ratio in Table 3. In maintaining
the water-cement ratio at 0.40, the amounts of sand and
water were adjusted until the slump met the design require-
ments. Finally, the standard mix ratio that meets the design
and workability requirements was obtained, as shown in
Table 4. Table 4 includes the additional water for coarse
and fine recycled aggregates. The additional water for
crushed clay bricks can be adjusted according to the water
absorption rate in Table 1.

2.3. Fabrication and Curing of Concrete Specimens. The
specimens for the compressive strength test were made
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(c) The crushed clay bricks

FiGurk 1: The crushed clay brick aggregates used in the tests.

(c) The recycled aggregates

FIGURE 2: The recycled concrete aggregates used in the tests.

from a standard compressive strength test block mold of  2.4. Compressive Strength Test. The compressive strength
150 mm x 150 mm x 150 mm and cured in a standard curing ~ test for RAC with recycled fine and coarse aggregates or fine
chamber with a temperature of 20 + 2°C and relative humid- ~ and coarse crushed clay bricks was conducted following the
ity above 95%. Standard for Test Method of Mechanical Properties on
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TaBLE 1: Properties of RAC aggregates and crushed clay bricks used in the tests.

Test indexes

RAC aggregate

Crushed clay bricks

0-4.75 mm 4.75-9.50 mm 9.50-19 mm 0-4.75 mm 4.75-9.50 mm 9.50-19 mm
Apparent density/(gecm ™) 2.60 2.65 2.61 2.30 243 241
Water absorption/(%) 8.20 4.58 343 11.30 11.55 10.72
Flat and elongated particles/(%) — 7.7 6.8 — 7.6 7.8
Crushing strength/(%) — 23.6 — 29.3
Liquid limit/(%) 27.3 — 27.8 —
Plastic limit/(%) 22.2 — 23.4 —
<0.075 mm/(%) 2.7 — 35 —

TABLE 2: Technical indicators of the cement.
Setting time/min Flexural strength/ Compressive

Standard consistency/(%) & (MPa) strength/(MPa)

Initial setting Final setting 3d 28d 3d 28d
28 128 235 4.4 7.6 17.3 33.2

TABLE 3: Preliminary mix ratio.
Mix ratio/(kg-m’3) . e .\ 3

Cement Water Sand Coarse aggregate Water-cement ratio Sand ratio/% Additional water/(kg-m™)
462.5 185 576.4 1070.8 0.40 35 86

Ordinary Concrete (GB/T 50081-2016). The specific test
scheme is shown in Table 5. Similar to recycled aggregates,
the fine and coarse crushed clay bricks were graded accord-
ing to the threshold of 4.75 mm and separately mixed into
the concrete according to the designed mix ratio. The size
of the test piece is 150 mm * 150 mm * 150 mm, and the test
loading rate is 0.4 MPa/s.

2.5. Microscopic Tests. SEM and XRD were employed to
examine and analyze the microscopic structure, hydration
reactions, hydration products, and crystalline mineral com-
ponents at the interfacial transition zones between different
aggregates and cement mortars.

3. Results and Discussion

3.1. Effects of Coarse Crushed Clay Brick Content on the
Compressive Strength of RAC and NAC. Figures 3(a) and
3(b) show the relationship between compressive strength
and age of NAC and RAC at different coarse brick contents.
As shown in Figure 3(a), the compressive strength of NAC
gradually decreases at each age with the increase of coarse
crushed clay brick content. In addition, the compressive
strength increase rate of NAC slows down with age, which
is consistent with the findings of Hu et al. [16]. The main
reason is that the strength of waste brick aggregates is lower
than that of natural aggregates. At the age of 3d, the com-
pressive strength of NAC with 60% coarse crushed clay
bricks is 17.3 MPa, which is 22.07% lower than that with

0% coarse crushed clay bricks. At the age of 60d, the
decrease reaches 30.66%.

As shown in Figures 3(a) and 3(b), the compressive
strength of RAC is significantly lower than that of NAC with
the same content of crushed clay bricks. For example, at the
age of 3 d, the compressive strength of RAC with 60% coarse
crushed clay bricks is 11.3 MPa, which is 27.98% lower than
that of NAC with 60% coarse crushed clay bricks. Therefore,
the compressive strength of RAC with different coarse
crushed clay brick content has a relatively large dispersion.
Nevertheless, with the higher content of the crushed clay
bricks, the compressive strength at each age is lower, and
the increase of compressive strength slows down. Thus,
crushed clay brick content is a key factor affecting the com-
pressive strength [24].

3.2. Effects of Fine Crushed Clay Brick Content on the
Compressive Strength of RAC and NAC. Figures 4(a) and
4(b) show the relationship between the compressive strength
and age for NAC and RAC with different fine crushed clay
brick contents. According to Figures 3 and 4, the change of
compressive strength over time for NAC and RAC with dif-
ferent fine crushed clay brick contents is similar to that with
coarse crushed clay bricks. However, the line distribution of
the compressive strength data for different fine brick con-
tents is closer in Figure 4 than in Figure 3, indicating less dis-
persion of the data. For example, at the age of 60d, the
compressive strength of RAC with 60% fine crushed clay
bricks is 25.6 MPa, which is 10.49% lower than that with
0% fine crushed clay bricks. Under the same conditions,
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TaBLE 4: Standard mix ratio.
Mix ratio/(kg-m’3) . o .\ 3
Cement Water Sand Coarse aggregate Water-cement ratio Sand ratio/(%) Additional water/(kg-m™)
493.8 195 576.4 1070.8 0.40 35 86
TaBLE 5: Compressive strength test scheme.
. . Coarse crushed clay brick  Fine crushed clay brick
Experiments Concrete type ~ Water-cement ratio content/(%) content/(%) Age/(d)
. RAC 0, 15, 30, 45, 60 0, 15, 30, 45, 60
Compressive strength 0.4 3,7, 14, 28, 60
NAC 0, 15, 30, 45, 60 0, 15, 30, 45, 60
45 35
40 - 30
T 35 2
£ £ -
= 301 5
£ 25 2
R 2 154
7 ]
= 1 .
10
50 ] 5
10 - 5
5 T T T T T 0 T T T T T
03 7 14 28 60 65 03 7 14 28 60 65
Age (d) Age (d)

—a— 0% coarse crushed clay bricks

15% coarse crushed clay bricks
30% coarse crushed clay bricks
—¥— 45% coarse crushed clay bricks
—&— 60% coarse crushed clay bricks

——
— A

(a) Compressive strength of NAC at the water-cement ratio of 0.40

—a— 0% coarse crushed clay bricks

—e— 15% coarse crushed clay bricks
—a— 30% coarse crushed clay bricks
—¥— 45% coarse crushed clay bricks
—&— 60% coarse crushed clay bricks

(b) Compressive strength of RAC at the water-cement ratio of 0.40

F1GURE 3: The compressive strength of NAC and RAC with different coarse crushed clay brick contents.

the compressive strength of RAC with coarse crushed clay
bricks decreases by 14.75%. Therefore, the effects of fine
crushed clay bricks on the compressive strength are rela-
tively small.

At the same age and replacement rate, the compressive
strengths of NAC and RAC with fine crushed clay bricks
are slightly higher than those with coarse crushed clay bricks
at the same age. For example, at the age of 28 d, the compres-
sive strength of NAC with 15% fine crushed clay bricks
(35MPa) is 4.17% higher than NAC with 15% coarse
crushed clay bricks (33.6 MPa). At the age of 60 d, the com-
pressive strength of RAC with 30% fine crushed clay bricks
is 27.5MPa, which is 5.36% higher than that with 30%
coarse crushed clay bricks.

The reason for the above results may be that the coarse
crushed clay bricks (coarse aggregate) are the structural skel-
eton of the concrete and the main source of compressive
strength, while fine crushed clay bricks (fine aggregate) fill
the pores in the concrete and have little effect on concrete
strength. Furthermore, the coarse crushed clay bricks have
a larger particle size, resulting in a smaller total surface area.
This structure reduces the interface area of crushed clay
bricks and cement mortar, leading to a decrease in the com-
pressive strength of the concrete.

3.3. Effects of Different Gradings on the Compressive Strength
of RAC and NAC. Figure 5 shows the effects of different
gradings on the compressive strength of RAC and NAC. In
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FIGURE 4: The compressive strength of NAC and RAC with different fine crushed clay brick contents.
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F1GURE 5: The compressive strength of

this figure, RAC-1 represents RAC with continuous grading;
RAC-2 is RAC with single particle size gap grading (9.5-
19mm); NAC-1 represents NAC with continuous grading;
and NAC-2 denotes NAC with single particle size gap grad-
ing (9.5-19 mm).

According to Figure 5, the compressive strength of RAC
at each age is significantly lower than that of NAC. In addi-

NAC and RAC with different gradings.

tion, the compressive strength of concrete with continuous
grading at each age is higher than concrete with single par-
ticle size grading, and the difference becomes more obvious
with the increase of age. Due to the large pores in the
large-sized recycled aggregates and the lack of small-sized
aggregates to fill the pores, the compressive strength
decreases due to the increased porosity. Compared with
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(a) Initial compression state

(b) Maximum compression state

FiGure 6: Compression failure of RAC with 60% coarse crushed clay bricks.

RAC, the compressive strength of NAC is more significantly
affected by grading. Before the age of 14 d, the compressive
strength of RAC with continuous grading is similar to that
of RAC with single particle size grading. With the increase
of age, the difference in the compressive strength of RAC
with the two gradings gradually becomes larger. At the age
of 3d, the compressive strength of RAC with continuous
grading is 14.9 MPa, which is 3.87% higher than that of
RAC with single particle size grading. At the age of 60d,
the compressive strength of the former reaches 27.2 MPa,
which is 21.43% higher than that of the latter.

3.4. Analysis of RAC Compression Failure Characteristics.
Figure 6 shows the compression failure of concrete with
crushed clay bricks at different pressure levels. As shown
in Figure 6(a), near-vertical cracks appear near the vertical
edges of RAC with 60% coarse crushed clay bricks under a
certain load, most of which are in the lower and lateral parts
of the concrete specimens. As the load increases, more
cracks appear, and the existing cracks expand. In addition,
numerous new cracks appear on both sides (Figure 6(b)),
extending diagonally to form a V shape and increasing the
damage in the upper part of the concrete specimen. Because
many cracks appear in the same place, new and old cracks
gather and cause the cement and fine sand to fall off sepa-
rately. Since the aggregate and cement are tightly combined
in the upper part of the concrete specimen, a bulge is formed
and separated from the original bonding surface, with the
corners of the specimen gradually falling off.

Figures 7(a) and 7(b) show the damage morphology at
the interfacial transition zones in NAC and RAC with 60%
coarse crushed clay bricks after the compression failure test
under pressure. According to Figures 7(a) and 7(b), the fail-
ures in RAC with 60% coarse crushed clay bricks are at the
interfacial transition zones between the aggregate and
cement and inside the crushed clay bricks. The difference
in elasticity modulus between aggregate and cement mortar
is large, and the strength of crushed clay bricks is low. There-
fore, reducing the difference in elastic modulus between the
aggregate phase and the mortar phase can delay the forma-
tion of cracks, thereby increasing the strength of concrete
[6]. The old cement mortar on the surface of the recycled
aggregates in RAC with 60% coarse crushed clay bricks is

easier to be crushed due to its loose and porous structure.
The failures in NAC are at the interfacial transition zones
because the aggregate is strong and not easily crushed.

4. Microscopic Analysis
4.1. SEM Results and Analysis

4.1.1. Hydration Reactions with Different Crushed Clay Brick
Contents. Figures 8 and 9 show the SEM images of NAC and
RAC with 0% and 60% coarse crushed clay bricks at the ages
of 7d and 28d, respectively. As shown in Figures 8(a) and
9(a), the hydration products of NAC at the age of 7d are
flaky Ca(OH), crystals, vertical strips of hydrated calcium
silicate crystals (C-S-H), and irregular cement materials,
which exist in the interstices of concrete aggregates. Accord-
ing to Figures 8(a)-8(c), the hydration products in NAC and
RAC with 0% coarse crushed clay bricks and RAC with 60%
coarse crushed clay bricks decrease sequentially at the age of
7 d. This result may be attributed to the small particle size of
the recycled coarse aggregate and the large specific surface
area. This structure leads to high water absorption, depriving
the cement paste of abundant free water and making the
cementitious material completely hydrated [15]. As shown
in Figures 8(c) and 9(c), the crushed clay bricks do not affect
the types of concrete hydration products, and C-S-H and
Ca(OH), crystals remain as the early hydration products in
RAC with 60% coarse crushed clay bricks. Moreover, the
microstructure of RAC with 60% coarse crushed clay bricks
at the age of 28 d is denser than that at the age of 7d, and the
hydration products significantly increase. As a result, the
later hydration reaction is very violent, producing large
hydration products that form a dense structure around the
cement particles, thus substantially increasing the compres-
sive strength.

4.1.2. Analysis of SEM Images of the Interfacial Transition
Zone. Figure 10 shows SEM images of the interfacial transi-
tion zone between natural aggregate, recycled aggregate,
crushed clay bricks, and cement mortar at the age of 28d.
As shown in Figure 10(a), the interfacial transition zone
between the natural aggregate and cement paste is not obvi-
ous, indicating that the cement paste bonds well with natural
aggregates at the interfacial transition zones. Figure 10(b)
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(a) NAC

(b) RAC

FIGURE 7: Compression failure morphology at the interfacial transition zones.
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(c) 7d RAC with 60% coarse crushed clay bricks

F1GURE 8: Microscopic morphology of NAC and RAC with 0% or 60% coarse crushed clay bricks at the age of 7 d (magnified 3000 times).

shows the old interfacial transition zone between recycled
aggregate and old cement mortar, the new interfacial transi-
tion zone between recycled aggregate and new cement mor-
tar, and the interfacial transition zone between the new and
old cement mortar blocks. During crushing and concrete
sample preparation, the adhesion between the recycled
aggregate and the old cement mortar decreases due to colli-
sion and friction between the recycled aggregate and the old
cement mortar. The microstructure of crushed clay bricks in

Figure 10(c) is loose and porous, which is looser than that of
the cement at the age of 28 d. However, the early strength of
the concrete with crushed clay bricks is relatively low due to
the rough brick surface and good adhesion to new cement
paste. The slow hydration reaction of the cement paste at
an early age leads to incomplete hydration and a small
amount of cement that can be bonded with crushed clay
bricks. At the later stage, the cement paste in the concrete
with crushed clay bricks is fully hydrated, producing large
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(c) 28 d RAC with 60% coarse crushed clay bricks

FI1GURE 9: Microscopic morphology of NAC and RAC with 0% or 60% coarse crushed clay bricks at the age of 28 d (magnified 3000 times).
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natural aggregate and cement recycled aggregate and cement
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(c) The interfacial transition zone between coarse crushed clay bricks and cement

FIGURE 10: Microscopic morphology of the interfaces between the three aggregates and the cement paste (magnified 3000 times).
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FiGure 11: XRD diffraction spectra.

hydration products that fill the pores on the crushed clay
brick surface. Then, the cement is bonded with the crushed
clay bricks so that the later stage strength of the RAC is sig-
nificantly increased. Nevertheless, the strength of crushed
clay bricks is very low and even lower when water is
absorbed, resulting in the concrete with crushed clay bricks
having lower strength than RAC.

4.2. XRD Results and Analysis. Figure 11 shows the XRD
spectra of the slurry mineral phases of the three RACs
(0%, 15%, and 60% crushed clay bricks) at different ages.
As shown in Figure 11, a small amount of C,S and C,S
peaks, a large number of C-S-H and Ca(OH), peaks, and a
small amount of AFt peaks can be observed in the hydration
products of RAC at the age of 7d, indicating a high level of
hydration reaction. In contrast, at the age of 7 d, the intensity
of C-S-H and Ca(OH), crystals peaks in the RAC with 15%
or 60% coarse crushed clay bricks gradually decreases, the

intensity of C,S and C,S peaks increases in that order, and
no AFt peaks are observed. Therefore, the hydration reaction
of RAC with coarse crushed clay bricks is insufficient at the
age of 7d, and few hydration products are produced. With
the increase of crushed clay brick content, this trend becomes
more significant, resulting in the lower early-stage strength of
RAC with coarse crushed clay bricks than RAC at the age of
7 d. At the age of 28 d, the C,S and C,S peaks in RAC almost
disappear, and the intensities of C-S-H, Ca(OH), crystals,
and AFt peaks continue to increase, indicating that the
hydration reaction of RAC is basically completed. Similarly,
the intensities of C-S-H, Ca(OH), crystals, and AFt peaks
of RAC with 15% or 60% coarse crushed clay bricks are
enhanced at the age of 28 d. However, the intensity of hydra-
tion product peaks is still lower than that of the RAC with 0%
crushed clay bricks, resulting in the compressive strength
trend of RAC with different coarse crushed clay brick con-
tents shown in Figure 3(b). Without sufficient hydration
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products, the porosity of the RAC microstructure increases,
causing the macroscopic manifestation of decreased com-
pressive strength.

5. Conclusions

(1) Crushed clay bricks reduce the compressive strength
of NAC and RAGC, this is because coarse crushed clay
bricks (coarse aggregates) are the main source of
structural skeleton and compressive strength of con-
crete, while fine crushed clay bricks (fine aggregates)
fill the pores in the concrete. Therefore, the compres-
sive strength of RAC with coarse crushed clay bricks
is lower than that of RAC with fine crushed clay
bricks under at same age and content

(2) The compressive strength of concrete with continu-
ous grading at each age is higher than that with sin-
gle particle size grading. Compared with RAC, the
compressive strength of NAC is more significantly
affected by grading

(3) The interfacial transition zones inside RAC have
loose crystals and high porosity, and the bonding
between the crushed clay bricks and mortar inter-
faces is weak. However, the crushed clay bricks do
not influence the types of concrete hydration prod-
ucts, and C-S-H and Ca(OH), crystals remain as
the early hydration products in RAC with crushed
clay bricks

(4) The crushed clay bricks have an inhibiting effect
on the hydration reaction of concrete, and a higher
amount of crushed clay bricks has a more signifi-
cant inhibiting effect. Since the hydration products
mainly play the role of filling and bonding in the
RAC microstructure, their reduced output can
decrease the compactness of the RAC microstruc-
ture, which ultimately reduces the compressive
strength of the RAC
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