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The application of recycled concrete can alleviate environmental pollution and has great practical value. In this study, microwave
irradiation technology is used to treat recycled concrete in order to obtain reinforced recycled coarse aggregate. Then, the quasi-
static and dynamic mechanical properties of concrete (C), recycled concrete (RC), and recycled concrete irradiated by microwave
(MRC) were studied, and the effect of the replacement rate of coarse aggregates on its mechanical properties was also studied. The
results showed that the quasi-static compressive strength ofMCR is higher than that of CR at all replacement rates.With the increase
in the replacement rate, the quasi-static compressive strength of MCR decreases gradually, while the quasi-static compressive
strength of CR decreases first and then increases, reaching the minimum value at 60%. The dynamic mechanical properties of CR
and MCR all have an obvious strain rate effect. The dynamic increase factor (DIF) has an exponential relationship with the
natural logarithm of the strain rate. The dynamic constitutive model of RC was established based on composite material
mechanics and viscoelastic theory. The research content can provide guidance and basis for the study of mechanical properties
and constitutive relationship of RC.

1. Introduction

Concrete is the most commonly used building material in
the overall construction industry. According to the relevant
reports, China’s annual output of concrete is about 1.4 billion
tons, accounting for about 48% of the world [1]. As the main
material of concrete, the demand for coarse aggregate in engi-
neering practice is likewise huge [2]. Excessive rock mining
will destroy the ecological balance. The demolition of old
buildings generates construction waste and occupies numer-
ous land resources. Accordingly, it has brought enormous
pollution to the environment [3].

Recycled concrete, also known as recycled aggregate con-
crete, is obtained by demolishing old buildings and then pro-
cessing them through a specified process. Also, with a certain
ratio through secondary mixing, the new concrete was
formed in accordance with the recycled aggregate and natural
aggregate [4]. To ensure the safety and stability of RC

structures during service, it is essential to research the
mechanical properties of this material. The development of
RC is of great significance to environmental protection and
resource recovery and reuse. On the basis of existing
research, concrete recycling technology needs to be further
promoted [5].

Many scholars have conducted experimental research
and theoretical analysis on the mechanical properties of RC.
Among them, S. Laserna and Montero [6] adopted four
replacement rates to study the mechanical properties of
crushed stone RC and pebble RC. Nobuaki et al. [7]
researched the influence of water–cement ratio on the corro-
sion resistance of RC. Chen and Song [8] conducted compres-
sive and flexural experimental studies on RC with different
replacement rates and pointed out that there is a certain rela-
tionship between the content of recycled coarse aggregates
and the mechanical properties of RC. Limbachiya et al. [9]
selected two types of concrete, Portland cement and fly ash,
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but found that the recycled aggregate content had no obvious
effect on the strength of RC. Overall, the performance of RC is
different from that of ordinary concrete (OC), which is
reflected in low strength, poor durability, and large disper-
sion. The main reason lies in the presence of old mortar on
the surface of the coarse aggregate. The old mortar has low
density, large porosity, and low strength. In the production
of new concrete, poor contact between coarse aggregates
and mortar has a significant impact on the mechanical prop-
erties of RC [10]. In order to make better use of coarse aggre-
gates, Hu et al. [11] used four chemical reagents to strengthen
the physical properties of recycled aggregates and studied its
crushing and water absorption rate. Panduracngan [12] ana-
lyzed the primary factors affecting the bond strength of
recycled aggregate concrete by using acid, heat, and mechan-
ical treatments. Yang et al. [13] andWang [14] accomplished
the enhancement of recycled coarse aggregates by using dif-
ferent chemical reagents and adding mineral powder. By
soaking recycled aggregate in PVP solution, Mansur et al.
[15] and Wan et al. [16] studied the influence of chemical
solution on the bonding properties of mortar and aggre-
gates and pointed out that the mechanical properties of
RC were significantly enhanced. Gjorv and Sakai [17],
Ismail and Ramli [18], and Tam and Tam [19] removed
the mortar on the surface of coarse aggregates by soaking
and regenerating coarse aggregates in acid solutions of dif-
ferent types.

In addition, many scholars have improved the perfor-
mance of concrete by adding composite fibers, steel fibers,
and other materials to concrete. By studying the quasi-
static mechanical properties of concrete with different fiber
contents, the optimal fiber content can be obtained [20].
This method makes use of the excellent ductility of fiber
materials and reduces cracks in concrete, which is a good
recycling concrete utilization technology and has been
widely used [21, 22].

There are many achievements in research on the perfor-
mance of RC, mainly in quasi-statics. However, there is no
unified understanding of the mechanical properties of RC
with different replacement rates, which may be caused by
the different types of recycled aggregates or the different
mix ratios. In the process of service, in addition to the com-
mon quasi-static load, the RC structure will inevitably suffer

from impact load, such as explosion, earthquake, or weapon
attack [23]. In addition, as a concrete material, the dynamic
strength of concrete has obviously improved under impact
load [24]. There are few studies on the dynamic mechanical
properties of RC, and the relationship between dynamic and
static strength has not been established. The old mortar and
ITZ on the surface of recycled coarse aggregate are the pri-
mary factors affecting the mechanical properties of RC. Most
of the existing studies improve the physical and mechanical
properties of RC using physical or chemical methods [25].
As a new technology, microwave irradiation technology is
based on the principle that in the microwave heating pro-
cess, the old mortar is severely dehydrated and becomes brit-
tle, which can be better separated from the aggregate by
mechanical means.

In this study, we conducted experimental research on the
quasi-static and dynamic mechanical properties of C, RC,
and MRC. Quasi-static compressive strength, dynamic com-
pressive mechanical properties, and microscopic mechanism
with different replacement rates are compared and investi-
gated. Also, the dynamic constitutive model of RC is estab-
lished. The research work has filled the gap in the research
of dynamic mechanical behavior and dynamic constitutive
relationship of RC and also provides guidance and basis
for the safe service design of RC structures.

2. Experiment

2.1. Preparation of Recycled Coarse Aggregates by Microwave
Irradiation. The concrete blocks with relatively complete
crushing and medium mortar and aggregates were selected
from the waste buildings, as shown in Figure 1(a). An EV
923KF6-NA microwave oven was used to irradiate the con-
crete blocks. The rated frequency was set to 2450 Hz and
the rated voltage to 220 V. To achieve the purpose of sepa-
rating aggregates from the mortar without causing serious
loss of aggregate strength, the microwave irradiation time
was set at 8 min and the microwave frequency was set at
800 W. Combined with related studies [26], the selection
rate was statistically about 50%. An FLIR T400 infrared ther-
mal imager was used to photograph the test blocks after
microwave irradiation, and its temperature distribution is
shown in Figure 1(b).

(a)

~157.8°C 164.8

18.6

(b)

Figure 1: Temperature distribution diagram after 8 min of microwave irradiation at 800 W: (a) concrete block; (b) temperature distribution.
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Jaw crushers were used to crush the recycled aggregate.
After sieving, the aggregate with a particle size of 5 ~ 20mm
was selected and prepared according to the continuous grading
method. According to the experimental requirements, three dif-
ferent coarse aggregates were prepared, namely, natural coarse
aggregate, recycled coarse aggregate, and microwave irradiation
recycled coarse aggregate. Then, the coarse aggregate was put
into the vacuum drying oven at 105°C for 24 h before use.

2.2. Specimen Preparation. The experiment used ordinary
Portland cement, and the strength grade is 42.5R. The fine
aggregate is the river sand. The water used is distilled water.
The mix proportion of various types of RC is shown in
Table 1. C represents concrete, RC represents unmodified
recycled concrete, and MRC represents microwave irradiated
recycled concrete.

After pouring, the concrete was preserved in a standard
curing chamber for 28 days. The quasi-static specimen was
processed as 100 × 100 × 100mm cube, and the dynamic
specimen size is 72 × 50mm cylinder.

2.3. Test Equipment and Principles. The quasi-static com-
pression test was carried out using a servo hydraulic press
tester, as shown in Figure 2(a). The dynamic compressive
test was conducted with a split Hopkinson pressure bar with
a diameter of 76 mm, as shown in Figure 2(b). The length of
the striker, incident bar, and transmission bar are 400 mm,
3200 mm, and 3200 mm, respectively. The bars are all alloy
steel, the elastic modulus is 700 GPa, and the P-wave velocity
is 5172 m/s.

The testing principle of the SHPB system is established
based on the one-dimensional propagation theory of elastic
wave and the assumption of stress uniformity [27]. In the
process of data processing, the stress, strain, and strain rate
of the specimen can be obtained by transforming the strain
signals measured by the incident bar and transmission bar
[28]. The calculation equations are:

σ tð Þ = EcAc
2As

εI tð Þ + εR tð Þ + εT tð Þ½ �, ð1Þ

ε tð Þ = Cc
ls

ðt
0
εI tð Þ − εR tð Þ − εT tð Þ½ �dt, ð2Þ

_ε tð Þ = Cc
ls

εI tð Þ − εR tð Þ − εT tð Þ½ �: ð3Þ

Where εI(t), εR(t), and εT(t) are the incident strain,
reflection strain, and transmission strain, respectively; Ec,
Ac, and Cc are the elastic modulus, cross-sectional area,
and longitudinal wave velocity of the pressure bar, respec-
tively; As and ls are the cross-sectional area and the length
of the specimen.

In order to study the effect of the replacement rate on
strain rate sensitivity of RC, impact tests were carried out
on each group of concrete with strain rates of 60 s–1, 90 s–1,
and 120 s–1, respectively. In order to eliminate the influence
of specimen differences on the test results and ensure the
accuracy of the test results, the quasi-static compression test

Table 1: 1m3 recycled concrete mixture.

Type No.
Amount of concrete materials per cubic meter (kg/m3)

Water cement ratio Water Cement Sand Natural aggregate Recycled aggregate

C C 0.5 185 370 637 1157 0

RC

RC-30

0.5 185 370 637

810 347

RC-60 463 694

RC-100 0 1157

MRC

MRC-30

0.5 185 370 637

810 347

MRC-60 463 694

MRC-100 0 1157

(a) (b)

Figure 2: Equipment for quasi-static and impact compression tests: (a) servo press tester; (b) split Hopkinson pressure bar.
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and impact compression test were repeated three times under
each condition.

3. Result Analysis

3.1. Quasi-Static Compressive Strength.According to the quasi-
static compression test, the quasi-static compressive strength
of CR and MCR was obtained at different replacement rates,
as shown in Figure 3.

Figure 3 shows that the quasi-static compressive strength
of MCR is higher than that of CR at each replacement rate,
and the difference between MCR and CR reaches the maxi-
mum value at the 60% replacement rate. With the increase
in the replacement rate, the quasi-static compressive
strength of MCR gradually decreases, while CR first
decreases and then increases, reaching the minimum value
at the 60% replacement rate. When the replacement rate is
30%, 60%, and 100%, the average quasi-static compressive
strength of CR is 33.42 MPa, 25.82 MPa, and 27.87 MPa
and that of MCR is 36.86 MPa, 35.29 MPa, and 31.96
MPa, respectively. The quasi-static compressive strength of
MCR is increased by 10.29%, 36.67%, and 14.67% compared
to CR when the replacement rate is 30%, 60%, and 100%,
respectively. It can be observed that the quasi-static mechan-
ical properties of RC are enhanced to a certain extent after
microwave irradiation, and the growth rate is the highest
when the replacement rate is 60%, and the improvement
degrees of 30% and 100% are close.

3.2. Dynamic Stress–Strain Curve. Dynamic compression tests
were carried out on RC and MCR with different replacement
rates, and the stress–strain curves obtained are shown in
Figure 4.

In Figure 4, the dynamic stress–strain curves of RC and
MRC under impact load can be roughly divided into three
stages, namely, linear elastic stage, plastic hardening stage,
and strain softening stage.

In the linear elastic stage, the stress of the specimen
increases rapidly with the increase in strain. The two have
a linear relationship and their slope remains basically
unchanged. At this stage, the stress wave reaches a stable
state after continuous reflection inside the specimen, and
all absorbed and accumulated energy is elastic energy stor-
age. Compared with the static stress curves, there is no com-
pressive phase in the initial stage, which is because RC and
MRC have strong brittleness and an obvious transverse iner-
tia effect under impact load. At different strain rates, the
slope remains basically unchanged at the same replacement
rate, and there are certain differences in RC and MRC at dif-
ferent replacement rates.

In the plastic hardening stage, with the increase in strain,
the rate of stress growth slows down, and the elastic energy
storage of the specimen begins to release, which is used for
the initiation and expansion of internal microcracks.
Because of the high internal integrity and strong brittleness
of the specimen, the internal crack extends rapidly under
the action of load and the plastic hardening stage of C is
not obvious. The specimen immediately reaches the peak

strength and fails after reaching the elasticity limit, while
the RC and MRC show an obvious plastic hardening stage.

In the strain softening stage, the stress decreases rapidly
with the increase in strain, the crack in the specimen
expands rapidly, and the specimen loses its bearing capacity
and causes macroscopic failure. Because of the large disper-
sion of the specimen, it shows different downward trends.

It can be seen that the plastic hardening stage of RC and
MRC accounts for more than that of C, which shows more
obvious plasticity. With the replacement rate increase, the
plasticity of the specimen becomes more obvious. At the
same time, the slope of the linear elastic stage decreases sig-
nificantly, and this stage is also defined as the dynamic elas-
tic modulus of materials. Because elastic modulus does not
have a strain rate effect, the dynamic elastic modulus of the
specimen is related to the replacement rate of coarse aggre-
gates and the type of concrete, but has nothing to do with
the strain rate.

3.3. Dynamic Peak Stress. The relationship between the
dynamic peak stress and the strain rate of RC and MRC is
shown in Figure 5.

As the strain rate increases, the peak stresses of RC and
MRC gradually increase, as shown in Figure 5, showing an
obvious strain rate effect, and the two are in a linear relation-
ship. At the same strain rate, the peak stress of the specimen
has a certain error range, which is due to the uneven distri-
bution of coarse aggregates in the specimen. The different
degree of cementation between coarse aggregate and
cementing material results in the difference in the internal
structure. At strain rates of 60 ~ 120 s–1, the strain rate effect
of RC and MRC is primarily due to the interfacial transition
zone (ITZ) interface damage and cracking at low strain rate,
while the matrix and coarse aggregates of RC and MRC are
damaged at a high strain rate. As a result, the strength of RC
and MRC is enhanced, and the strain rate effect is obvious.
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Figure 3: Quasi-static compressive strength of RC.
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Figure 4: Continued.
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Under the same strain rate, the peak stress of RC and
MRC are both fewer than C. The sensitivity coefficients of
C, RC-30, RC-60, and RC-100 were 0.32, 0.26, 0.24, and
0.25 and those of MRC-30, MRC-60, and MRC-100 were
0.29, 0.32, and 0.30. At the same replacement rate, the peak
stress of MRC is higher than that of RC, and the rate sensi-
tivity of MRC is slightly higher than RC. This is mainly

because the old mortar on the coarse aggregate surface falls
off under the action of microwave irradiation and the integ-
rity of the specimen is improved. The ITZ needs to absorb
more energy to crack when it is damaged, so it shows a
higher rate sensitivity.

3.4. Dynamic Peak Strain. The peak strain of concrete can
reflect the deformation characteristics of the material. The
relationship between the dynamic peak strain and the strain
rate of RC and MRC is shown in Figure 6.

Figure 6 shows that the peak strain of RC and MRC
increases with the increase in the strain rate, showing an
exponential relationship between them. Among them, the
peak strain of RC-60 is the largest and the peak strain of C
is the smallest. The peak strain of RC-30 and MRC-30,
RC-100, and MRC-100 is close. The peak strain of MRC is
slightly less than that of RC, indicating that the cementation
between the recycled coarse aggregate and mortar matrix is
reinforced after microwave irradiation. The elasticity of the
material is enhanced while the plasticity is weakened. In
addition, RC has many microdefects that will deform under
impact load, thus increasing the strain value of the specimen.

3.5. Dynamic Increase Factor. The DIF is the ratio of the
dynamic peak stress of the material to the quasi-static peak
stress [29], and the calculation equation is as follows:

DIF σð Þ = f d
f s
, ð4Þ

where fd is the dynamic peak stress of concrete and fs is the
quasi-static peak stress.

The relationship between the DIF and the strain rate of
RC and MRC is shown in Figure 7.
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Figure 4: Dynamic stress–strain curves of RC and MRC: (a) C; (b) RC-30; (c) RC-60; (d) RC-100; (e) MRC-30; (f) MRC-60; (g) MRC-100.
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In Figure 7, DIF of RC and MRC increases with the
increase of natural logarithm of strain rate, still showing an
obvious strain rate effect and an exponential relationship
between them.

Under impact load, the RC strain rate increases from 60 s–1

to 120 s–1, and its DIF increases from 1.2 to 2. This is because
when the impact load is small, the time for the microcracks
in the specimen to expand to failure is sufficient. Under the
action of stress waves, the primary microcracks are mainly
propagated and destroyed, so the DIF is small. With the
increase in the impact load, the microcracks in the specimen
cannot expand sufficiently and the specimen is in a passive
confining pressure state. At the same time, multiple cracks
occur in the interior, which consumes a lot of energy, and
the DIF continues to increase. With the further increase in
the impact load, the energy absorbed by the specimen is used
for the initiation and propagation of more secondary cracks;
more cracks are developed in the matrix and aggregate, thus,
the DIF increases continuously.

3.6. Microscopic Mechanism. A scanning electron micro-
scope was used to observe the microstructure of the concrete
aggregate and the mortar interface, as shown in Figure 8.

The cement mortar in C is comparatively compact, and a
large number of hydration products and crystals are gener-
ated during the hydration process. The arrangement and
distribution have no obvious regularity, and there are many
microscopic pores exist in the cement mortar, as shown in
Figure 8(a). The ITZ of C has a dense structure, and the
bond between the mortar and aggregate is good. With a
magnification of 2000 times, the gap between the ITZ is also
small.

Figure 8(b) shows that there are a few hydration prod-
ucts in mortar in RC, indicating that the RC has completed
part of the hydration process before production. The cohe-
siveness between the old mortar and the aggregate is poor,
and the ITZ has larger pores and cracks. The reason may
be that the recycled coarse aggregate is damaged during pro-
duction by friction.

In Figure 8(c), there are still small cracks between the
aggregate and the mortar in the ITZ of MRC. After micro-
wave irradiation, a large number of old mortars were
reduced, making the bond between new mortars and aggre-
gate better. Nonetheless, microwave irradiation could not
completely eliminate the old mortar on the aggregate sur-
face, resulting in tiny cracks when combined with the new
mortar.

According to SEM results, the internal microstructures
of recycled coarse aggregate enhanced by microwave irradi-
ation did not change much, and the number of microcracks
on its surface and inside was not obvious. For recycling and
reuse of waste concrete, the process of microwave-assisted
aggregate picking can effectively separate the surface mortar.
Also, the disturbance to the internal structure of coarse
aggregate is small, so microwave-enhanced recycled aggre-
gate technology has a certain application value.

3.7. Failure Mechanism. Under impact loading, the concrete
failure degree increases with the increase in the strain rate,
and its failure mechanism is shown in Figure 9.

Figure 9 shows that the strain rate effect of the specimen
under impact load is a comprehensive reflection of the lat-
eral inertia effect and the crack evolution effect. Under the
impact load, the lateral effect is caused by the end friction
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and Poisson’s ratio effect, which will cause the confining
pressure to the outside of the specimen and will increase
with the increase of the impact load. In the crack evolution
effect, the matrix failure and ITZ debonding are the main
failure factors at low strain rates. According to the principle
of minimum energy consumption, the strength of the mor-
tar and ITZ in RC is far less than the coarse aggregate, so
the crack first expands and penetrates these two parts. Under

the high strain rate, the energy absorbed by concrete
increases greatly, reaching the energy needed for coarse
aggregate to fracture and destroy, so the failure of coarse
aggregate appears and the strength of concrete are obviously
enhanced.

With the increase in the replacement rate, the compres-
sive strength of RC decreases first and then increases. Com-
bined with the microstructure and failure mechanism of

Poress

Cracks

Cracks

(a)

(b)

(c)

Figure 8: SEM images of the microstructure: (a) C; (b) RC; (c) MRC.
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Figure 9: Dynamic failure mechanism.
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RC, there are mainly the following reasons: (1) Deteriora-
tion of mechanical properties of recycled coarse aggregate.
In addition to the old mortar, there may be microcracks
on the surface of the recycled aggregate. Compared with
natural aggregates, it has lower strength, higher water
absorption rate, and poor cementation. (2) The water
absorption of recycled coarse aggregate is enhanced. In
the concrete preparation process, the same water–cement
ratio is utilized, but the water absorption rate of recycled
aggregate is higher. With the continuous increase in the
replacement rate, the recycled coarse aggregate absorbs
more water, which decreases the water–cement ratio of
the specimen, and thus, the strength of RC is enhanced to
a certain extent.

Under the joint action of these two factors, if the influ-
ence of (1) is greater than that of (2), the strength of concrete
is constantly reduced. On the contrary, if the influence of (1)
is less than that of (2), the strength will be improved to a cer-
tain extent. Therefore, the strength of RC is lowest at the
60% replacement rate, but the strength of MRC decreases
with the replacement rate. The reason is that the strengthen-
ing effect of microwave irradiation plays a certain role in the
preparation of recycled coarse aggregate.

4. Dynamic Constitutive Model of RC

4.1. Establishment of the Constitutive Model. Concrete is a
composite material composed of the mortar, coarse aggre-
gate, and ITZ. According to the mechanics theory of com-
posite materials, the constitutive relation of materials can
be expressed as follows [30]:

�σ = L : �ε, ð5Þ

�ε =M : �σ, ð6Þ

where L and M are the stiffness matrix and the compliance
matrix, respectively.

The RC is composed of N phase materials, and the sum
of its volume fraction is 1. The corresponding stress and
strain of each phase material are as follows [31]:

�ε = 〠
N−1

r=0
Cr�ε

rð Þ, ð7Þ

�σ = 〠
N−1

r=0
Cr�σ

rð Þ: ð8Þ

In RC, the volume proportion of ITZ is very small, and
the stress in this part can be ignored. Thus, the stress of
RC under impact load can be divided into two parts: one
part is composed of the recycled coarse aggregate and the
other part is the mortar. The existence of the ITZ can be
equivalent to reducing the strength of the coarse aggregate,
which can be represented by the reduction coefficient k. It
can also be considered as the bond coefficient between the
recycled coarse aggregate and the mortar.

The average stress of the recycled coarse aggregate is
defined as �σ0; then, the effective stress of RC can be
expressed as follows:

�σ0 = 〠
k=1

k=0
kσ0: ð9Þ

Assuming that the reduction coefficient of coarse aggre-
gates and cement mortar in RC obeys Weibull distribution
[32], the following equation can be obtained:

�σ0 = exp −
ε

α

� �mh i
σ0: ð10Þ

Then, the constitutive relation of RC is as follows:

σ = C0 exp −
ε

α

� �mh i
σ0 + C1�σ1, ð11Þ

where �σ1 is the average stress of the cement mortar; C0 and
C1 are the volume fractions of the coarse aggregate and the
cement mortar, respectively.

It is considered that the coarse aggregate of RC is elastic
under impact load before destruction, and its strength can be
expressed as follows:

σ0 = E0ε, ð12Þ

where E0 is the elastic modulus of the coarse aggregate.
The Z–W–T constitutive model is introduced to char-

acterize the mechanical behavior of the mortar under
impact load [33]. The Z–W–T constitutive model was
established on the basis of the nonlinear viscoelastic con-
stitutive model of homogeneous and isotropic materials
in the one-dimensional condition, combined with a large
number of impact tests of polymer viscoelastic materials
[34]. The model is obtained by the parallel connection of
two Maxwell bodies and a nonlinear spring, as shown in
Figure 10.

Ea

𝜂bEb

𝜂cEc

𝜎 𝜎

Figure 10: Z–W–T constitutive model.
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The constitutive equation of the Z-W-T model is as fol-
lows:

σ1 = Eaε + αε2 + βε3 + Eb

ðt
0
_ε exp −

t − τ

ϕb

� �
dτ +

Ec

ðt
0
_ε exp −

t − τ

ϕc

� �
dτ, ð13Þ

where Ea, A, and B are the elastic constant corresponding to
the stress of the nonlinear elastic equilibrium response; Eb
and ϕb are the elastic constants and relaxation time of the
low-frequency Maxwell body, respectively; Ec and ϕc are
the elastic constant and relaxation time of the high-
frequency Maxwell body, respectively.

Integrating equation (13) and then substituting it into
equation (11), the dynamic constitutive model of RC under

impact load can be obtained:

σ = C0 exp −
ε

α

� �mh i
E0ε +

C1 Eaε + Aε2 + Bε3 + ηb _ε 1 − exp −
Ebε

ηb _ε

� �� ��

+ ηc _ε 1 − exp −
Ecε

ηc _ε

� �� ��
: ð14Þ

4.2. Validation of the Constitutive Model. According to the
stress–strain curves of RC obtained from the dynamic com-
pression test, the established constitutive model is verified, as
shown in Figure 11. The corresponding value of the consti-
tutive parameters is shown in Table 2.

Figure 11 shows that the constitutive curve is in good
agreement with the test curve. The constitutive equation
can well reflect the dynamic mechanical properties of RC
under impact load, indicating that the dynamic constitutive
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Figure 11: Validation of the constitutive equation: (a) C; (b) RC-30; (c) RC-100; and (d) MRC-100.
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model based on interface debonding damage can well char-
acterize the impact mechanical constitutive relationship of
RC. Although there are many unknown parameters in the
constitutive equation in Table 2, the parameter values of
RC with different strain rates and replacement rates are
mostly fixed. Only α, m, A, and ηb change with the concrete
type and the replacement rate.

5. Conclusions

In this study, the quasi-static and dynamic mechanical prop-
erties of C, RC and MRC are researched. The dynamic fail-
ure mechanism and microstructure are analyzed and its
dynamic constitutive model based on composite material
mechanics and the viscoelastic theory is established. The fol-
lowing conclusions can be drawn.

(1) The quasi-static compressive strength of MCR is
higher than that of CR at the same replacement rate. With
the increase in the replacement rate, the quasi-static com-
pressive strength of MCR gradually decreases, while CR first
decreases and then increases, reaching the minimum value
at 60%.

(2) The dynamic mechanical properties of RC show an
obvious strain rate effect. The peak stress has a linear rela-
tion with the strain rate, the peak strain has an exponential
relation with strain rate, and the DIF has an exponential
relation with the natural logarithm of the strain rate. After
microwave irradiation, the number of pores in ITZ is
reduced and the compactness of the internal structure is
enhanced to a certain extent.

(3) Based on the constitutive theory of composite mate-
rials and the viscoelastic characteristics of RC under impact
load, a dynamic constitutive model considering the bond
performance of the coarse aggregate and mortar was estab-
lished by introducing the Z-W-T model. The constitutive
model is in good agreement with the experimental curve,
which can better characterize the deformation and strength
characteristics of recycled concrete under impact loading.
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