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In order to study the dynamic characteristics of the self-compacting lightweight aggregate concrete (SCLC) under uniaxial
compression, 10 different strain rates (10−5–10−1/s) were set up to examine the uniaxial compressive dynamic performance of
ordinary concrete, lightweight aggregate concrete, and SCLC, respectively. +e failure modes and stress-strain curves of the
samples under different loading conditions were obtained through experiment. +e dynamic characteristics of the SCLC were
analyzed by comparing the failure modes and testing data under different loading conditions. +e following conclusions are
drawn: the failure modes of the SCLC belong to destruction of shale ceramsite, which are similar to that of the lightweight
aggregate concrete. +e peak stress and elastic modulus of the self-compacting lightweight aggregate gradually increase with the
increase of the loading strain rate, but the extent of increase of the peak stress is lower than that of the ordinary concrete and
lightweight aggregate concrete. Affected by the loading strain rate and the random coupling of concrete, the peak strain of the self-
compacting lightweight aggregate shows a relatively discrete changing trend. At the same time, the compressive dynamic
performance of the SCLC was analyzed from the perspective of failure mechanism with a quantitative point of view.

1. Introduction

Self-compacting concrete (SCC) is a rather new kind of
concrete compared to other concrete materials. In addition
to the advantages of ordinary concrete, SCC also has three
unique characteristics as follows: first, it can be compacted
directly relying on its own weight during the stirring pro-
cess, without extra vibrating and compacting procedures;
second, due to inherent characteristics, SCC can avoid
the generation of original defects in the early stage; and
third, SCC is able to resist external environmental erosion
after hardening [1]. +e SCLC refers to the SCC in which
lightweight aggregate is used to replace coarse aggregate. It
not only has the advantages of SCC but also is featured with
low density, high strength, and strong antiseismic perfor-
mance. +us, it overcomes the defect of ordinary concrete
that the coarse aggregate is inclined to sink and the defect of
lightweight aggregate concrete that the lightweight aggregate
is inclined to float up, under large fluidity. In view of this, the
SCLC has broad application prospects in the future [2, 3].

As a multiphase material, the mechanical properties
of concrete mainly involve three characteristics, i.e., non-
linearity, randomness, and dynamic rate dependence; as
a consequence, concrete exhibits complicated mechanical
performance in engineering applications, not only subject to
static load but also dynamic load. For example, an engineering
structure can be affected by the effects of seismic load, wind
load, impact load, and blasting load, which are all closely
related to the dynamic rate dependence effect of concrete
[4, 5]. Among earlier studies, Menzies and Sparks [6] and
Bischoff and Perry [7] have examined the dynamic rate de-
pendence of ordinary concrete and found that the stress-strain
curve is significantly influenced by the dynamic rate de-
pendence. Li et al. [8, 9] carried out massive experimental
studies on the dynamic rate dependence of ordinary concrete.
Based on the elastoplastic damage theory, they elaborated the
dynamic rate dependence effect of ordinary concrete and
analyzed its failure modes. Shi et al. [10] examined the dy-
namic rate dependence of large aggregate and wet sieve
concrete. With respect to lightweight aggregate concrete,
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10 different strain rates were set up in the literature [11] to
comparatively analyze the dynamic characteristics of ordinary
concrete and lightweight aggregate concrete; the results in-
dicate that the influence of dynamic rate on lightweight ag-
gregate concrete is more significant than that on ordinary
concrete. However, the existing studies on SCLC aremainly to
analyze the basic mechanical properties, durability, and
working performance, while no research has been carried out
on compression dynamics. +erefore, studies on the com-
pression dynamic performance of SCLC have an important
engineering significance [1–3].

+is paper carries out an experimental study on the
dynamic performance of ordinary concrete, lightweight
aggregate concrete, and SCLC under compression. Ten
different strain rates (10−5∼10−1/s) were set up to obtain the
stress-strain curves and failure modes for different concretes
by using the hydraulic servo testing machine. +e dynamic
characteristics of the three kinds of concrete were then
compared and quantitatively analyzed by extracting the peak
stress, elastic modulus, and peak strain (the strain corre-
sponding to the peak stress) from the stress-strain curves.
On such basis, the relationships between the strain rate and
peak stress and between the strain rate and elastic modulus
were established for different concretes.

2. Experimental Overview

2.1. Sample Preparation. +is study examined three kinds of
concrete: ordinary concrete, lightweight aggregate concrete,
and SCLC.+e ordinary concrete is prepared using ordinary
Portland cement P.O 42.5 and urban tap water, with the
designed strength of 30MPa (C30); the fine aggregate used is
made of natural river sands; the coarse aggregate used is
made of gravels at the particle size of 4∼16mm; and there are
no other additives. +e lightweight aggregate concrete has a
designed strength of 30MPa (LC30); its difference from
ordinary concrete lies in that shale ceramsite is used to
replace the coarse aggregate (i.e., gravels). +e SCLC has
a designed strength of 30MPa (SCLC30); its main differ-
ence from ordinary concrete and lightweight aggregate
concrete lies in the use of mineral powder (fly ash) and
water-reducing agent. +e “Ordinary Portland Cement”
GB175-2007 stipulates that the hydraulic cementitious
material made of Portland cement clinker, 5%–20% of mixed
materials, and an appropriate portion of gypsum through
grinding is called ordinary Portland cement. +e strength
rating of cement is a sign reflecting the strength of cement,
and the compressive strength is generally used as a mea-
surement indicator. Its testing standard is mainly the
strength of cement mortar after hardening for 28 days. If the
compressive strength of an ordinary Portland cement at 28 d
is 42.5MPa, then the strength rating of this cement is 42.5.
+e cement used in the present study is ordinary Portland
cement P.O 42.5. +e ingredient ratios of the three kinds of
concrete are shown in Table 1. +e physical properties of
shale ceramsite are shown in Table 2.

+e pouring method of ordinary concrete (light aggre-
gate concrete) is significantly different from that of the
SCLC. In the pouring process of ordinary concrete (light

aggregate concrete), the coarse aggregate, fine aggregate, and
cement are poured into the mixer all at once according to the
ratio, as shown in Table 1. After stirring evenly, the mixture
is slowly added and mixed with water. +e well-mixed
concrete materials are then poured into a mold of
100mm× 100mm× 100mm, which is transferred onto a
vibrating table for compacting. +e stirring method for
lightweight aggregate concrete is the same as ordinary con-
crete. For the preparation of SCLC, the cement, fine aggregate,
and mineral powders are poured into the mixer first. After
stirring evenly, the mixture is slowly added and mixed well
with water containing water-reducing agent. Finally, coarse
aggregate is poured into the mixture for thorough stirring
[1, 2]. All the test samples are cured for 24 hours first, taken
out from themold, and then placed in a standard curing room
at the temperature of 20°C± 3°C and humidity of 95% for
28 days to achieve the designed strength.

2.2. Test Equipment. +e hydraulic servo is used in the
present study to examine the influence of strain rate on
concrete. +e whole set of equipment consists of a hydraulic
actuator, a load displacement acquisition system, and a
central control unit. +e equipment is built in with a high-
precision load sensor and a high-precision displacement
sensor, and the measurement data can be automatically
recorded by the attached program. +e precision of this
equipment satisfies the desired experimental requirements,
as shown in Figure 1.

2.3. Test Loading. Based on the objectives of this study,
the concrete cube is designed into a dimension of
100mm× 100mm× 100mm, with the strength of 30MPa.
In view of the friction effect of concrete during the loading
process, three layers of polyethylene plastic film with ad-
ditional two layers of mechanical butter for each are applied
to eliminate the friction on the loading surface. +is anti-
friction method has been widely recognized by scholars both
at home and abroad.

+e concrete materials correspond to different strain
rates under different loading conditions, i.e., creep
(10−8∼10−6/s), static loading (10−6∼10−5/s), seismic action
(10−3∼10−2/s), impact (1∼ 102/s), and explosion (102∼103/
s). A total of 10 different loading strain rates are set up, which
are 1.0×10−5/s, 5.0×10−5/s, 1.0×10−4/s, 5.0×10−4/s,
1.0×10−3/s, 2.0×10−3/s, 5.0×10−3/s, 1.0×10−2/s, 2.0×10−2/s,
and 5.0×10−2/s, respectively [4]. Specifically, 1.0×10−5/s
refers to the static loading strain rate, while the dynamic
loading strain rate is ranged from 1.0×10−4/s to 1.0×10−1/s,
considering the loading rate of seismic action. +ree concrete
samples are tested for each strain rate, and the mean value is
taken for analysis. +e stress-strain curve of each concrete
sample is obtained from the hydraulic servo.

In order to perform the dynamic performance test, the
loading method mainly adopts hybrid control of force and
displacement. Firstly, force control is conducted mainly to
achieve a preloading purpose from 0MPa to 0.05fc and then
unloading to 0MPa. +is process is repeated for three times.
+en, the displacement control loading mode is conducted
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according to the strain rates mentioned above, i.e., imposing
loading by displacement control until the test sample is
broken.

3. Test Results and Analysis

3.1. Failure Mode. In the experimental research of concrete
materials and concrete structural applications, failure mode
analysis based on test results plays an important role. For the
purpose of the present study, which is to examine the dy-
namic performance of SCC, the failure mode analysis also
has an important meaning. +e failure modes of concrete
were obtained from the experiment, as shown in Figure 2.

As shown in Figure 2, the concrete loading surface forms
uniform cracks under the uniaxial static load (1.0×10−5/s),
and the failure is mainly the shear failure of lightweight
aggregate. +is is significantly different from the failure
mode of ordinary concrete under static load, which is mainly
the failure of bondingmaterials, while the aggregate does not
break. With the increase of the loading strain rate, the
number of main cracks on the loading surface of lightweight
aggregate concrete is reduced to 2∼ 3, and the cracks would
continue developing until the test sample is totally broken
through. Meanwhile, the cracks under dynamic load are
mainly oblique cracks, which is consistent with the failure
mode of ordinary concrete in the dynamic characteristics

test. +is is because, with the increase of the loading strain
rate, the cracks of lightweight aggregate concrete cannot
fully develop like the cracks of ordinary concrete under static
load; on the contrary, the sample action time is getting
shorter and shorter due to the dynamic effect, unable to form
a uniform stress state in a short time. As a consequence, the
cracks would not develop uniformly and form the failure
mode, as shown above. Different from the failure mode of
ordinary concrete, the failure of lightweight aggregate

Table 1: +e ingredient radio of concrete.

+e mass of each ingredient in 1 cubic meter of concrete (kg)
Concrete strength Cement Water Coarse aggregate/shale ceramsite Fine aggregate Mineral powder Water-reducing agent
C30 461 175 1252 512 — —
LC30 460 200 670 650 — —
SCLC30 388 197 300 710 166 8.32

Table 2: Physical properties of lightweight aggregate.

Cylinder
strength
(MPa)

Bulk
density
(kg/m3)

Apparent
density
(kg/m3)

Hygroscopic
coefficient
(1 h) (%)

Hygroscopic
coefficient
(24 h) (%)

Porosity
(%)

Maximum
particle

size Dmax (mm)
Lightweight
aggregate concrete 6.9 789

(1400∗) 1398 2.18 3.28 48.2 16

∗Bulk density value of gravels.

Figure 1: +e experimental equipment.

1 × 10–5/s 1 × 10–2/s

(a)

1 × 10–5/s 1 × 10–2/s

(b)

1 × 10–5/s 1 × 10–2/s

(c)

Figure 2: Failure modes of concrete samples under uniaxial
compression at different strain rates: (a) C30, (b) LC30, and (c)
SCLC30.
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concrete is mainly the shear failure due to the dynamic effect,
rather than the failure of bonding materials. +e dynamic
performance failure modes of ordinary concrete and
lightweight aggregate concrete under uniaxial compression
are consistent with the failure mode descriptions of these
two kinds of concrete in the literature [11].

+e compressive dynamic performance failure mode of
the SCLC is different from that of the ordinary concrete
and lightweight aggregate concrete. When the loading strain
rate is relatively low (i.e., 1.0×10−5/s, 5.0×10−5/s, and
1.0×10−4/s), the failure mode of SCLC is 45° oblique
shear failure; when the loading strain rate is greater than
1.0×10−4/s, the failure mode of SCLC becomes tapered
column failure. Meanwhile, similar to the lightweight ag-
gregate concrete, the failure of SCLC is always attributed to
the shear failure of lightweight aggregate. +is is because the
compacting strength of lightweight aggregate is significantly
lower than that of the new gravels.

3.2. Stress-Strain Curve. +e stress-strain curves are ob-
tained from the uniaxial compressive tests on the three
different kinds of concrete. +en, the dynamic character-
istics are compared and analyzed by extracting the peak
stress, peak strain, and elastic modulus from the stress-strain
curves. +e dynamic characteristic stress-strain curves of the
three kinds of concrete are shown in Figure 3.

+e stress-strain curve of concrete differs significantly at
different strain rates. Specifically, the peak stress is obviously
different; with the increase of the loading strain rate, the
peak stresses of all the three concretes are gradually in-
creased, while the changes in the peak strain and elastic
modulus are relatively insignificant with the change of the
strain rate and need to be further elaborated. At different
strain rates, the stress-strain curves of ordinary concrete,
lightweight aggregate concrete, and SCLC conform to the
basic characteristics of uniaxial compression and exhibit
good continuity and smoothness. Meanwhile, with the in-
crease of the strain rate, the energy consumption ability of
concrete increases significantly. +is is consistent with Zeng
Shajie’s conclusions on the dynamic characteristics of or-
dinary concrete: the dynamic characteristics curve of or-
dinary concrete is featured with continuity and smoothness
and consistent with the basic description of the uniaxial
compressive experiment; with the increase of the strain rate,
the energy consumption ability of ordinary concrete in-
creases significantly. To highlight the differences among the
three kinds of concrete, the declining part of the stress-strain
curve of SCLC shows obvious brittle failure characteristics
compared with that of the ordinary concrete and lightweight
aggregate concrete, and its plastic deformation ability is
relatively poor.+is is possibly because the SCLC has a lower
content of coarse aggregate, and the compactness of its test
sample is higher than that of the ordinary concrete and
lightweight aggregate concrete.

3.3. Peak Stress. In the dynamic characteristics study of
ordinary concrete, peak stress is an important parameter in
the stress-strain curve, and the dynamic improvement

coefficient is generally used to explore the influence of
dynamic rate dependence on the peak stress of ordinary
concrete, i.e., [9]:

αDIF−σ �
σd
σs

, (1)

where σs denotes the peak stress of the stress-strain curve
at the static loading of 1.0×10−5/s, σd denotes the peak
stress of the stress-strain curve under dynamic loading
conditions, and the corresponding strain rates in this
study are 5.0×10−5/s, 1.0×10−4/s, 5.0×10−4/s, 1.0×10−3/s,
2.0×10−3/s, 5.0×10−3/s, 1.0×10−2/s, 2.0×10−2/s, and
5.0×10−2/s, respectively.

+e dynamic improvement coefficient can also be used
in the present study to examine the dynamic characteristics
of the three different kinds of concrete. +e peak stresses of
the stress-strain curves obtained from the tests at different
strain rates are shown in Table 3.

As shown in Table 3, the peak stress of normal concrete
changes significantly under dynamic loading compared to
static loading (1.0×10−5/s) and increases gradually with the
increase of the loading strain rate. When the strain rate is
equal to 5.0×10−2/s, the peak stress is increased by 33%,
while the peak stress of lightweight aggregate concrete and
SCLC is increased by 36% and 24%, respectively. According
to the test results of Menzies and Sparks [6] and Bischoff and
Perry [7] regarding the influence of strain rate on ordinary
concrete under uniaxial compression, the peak stress of
ordinary concrete is increased by around 40% when the
strain rate reaches 5.0×10−2/s. Shi et al. [10] reported that,
when the loading strain rate increased from 2.0×10−5/s to
2.0×10−2/s, the peak stress of ordinary concrete was in-
creased by 34.26%. Li et al. [8] examined the dynamic
characteristics of ordinary concrete with different strengths
and found that, when the loading strain rate increased from
1.0×10−5/s to 1× 10−1/s, the peak stress was increased by
30%∼40%. +e literature [11] studied the dynamic charac-
teristics of ordinary concrete and lightweight aggregate
concrete; when the loading strain rate increased from
1.0×10−5/s to 5.0×10−2/s, the peak stress of the two kinds of
concrete was increased by 34.36% and 54.48%, respectively,
suggesting that the dynamic characteristics imposed a
stronger influence on ordinary concrete than on the light-
weight aggregate concrete. In the comparison of the re-
lationship between the peak stress and loading strain rate for
the three kinds of concrete, the influence of loading strain
rate on the peak stress of SCLC, ordinary concrete, and
lightweight aggregate concrete is getting stronger. +e peak
stress improvement coefficient of ordinary concrete and
lightweight aggregate concrete under the influence of strain
rate is around 30%∼40%, while the influence of dynamic rate
on the peak stress of SCLC is significantly weaker than that
on ordinary concrete and lightweight aggregate concrete.
+e conclusions of this study regarding the influence of
dynamic characteristics on ordinary concrete and light-
weight aggregate concrete are different to the literature [11].

As shown by the analysis results, the peak stress of all the
three concretes increases with the increase of the strain rate,
which is consistent with the concrete failure mechanics.
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Under the effect of a high strain rate, the concrete failure
exhibits the phenomenon of hysteresis, resulting in the fact
that the peak strain of dynamic strain rate is significantly
higher than that under the static state and increases with the
increase of the strain rate.+is is clearly reflected in Figure 2,
i.e., the failure mode of concrete.

In order to further analyze and examine the influence of
loading strain rate on the peak stress of concrete from the
quantitative point of view, the dynamic strain rate and static
loading strain rate are processed by dimensionless treat-
ment, followed by logarithm calculation, and the dynamic
peak stress and static loading peak stress are also processed
by dimensionless treatment. +en, mathematical regression
analysis is carried out according to the following equation:

αDIF � 1 + alg
εs
.

εd
. . (2)

Based on the test data of peak stress points of the three
concretes at different strain rates, the mathematical re-
gression analysis, following equation (2), can derive the
relationship between the peak stress and loading strain rate
for different concretes, as shown in Figure 4.

As shown in Figure 4, the peak stress of all the three
concretes increases significantly with the increase of the
strain rate and is linearly correlated with the logarithm of the
strain rate after dimensionless treatment. +e relationships
between the peak stresses of the various concretes and the
strain rates obtained by mathematical regression are shown
in equations (3)–(5):

C30:

αDIF−σ � 1 + 0.0898lg
εs
.

εd
. . (3)

LC30:

αDIF−σ � 1 + 0.08102lg
εs
.

εd
. . (4)

SCLC30:

αDIF−σ � 1 + 0.05475lg
εs
.

εd
. . (5)

According to equations (3)∼(5), the peak stress increases
with the increase of the loading strain rate at different strain
rates for all the three concretes and is linearly correlated with
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Figure 3: +e uniaxial compressive stress-strain curves of concretes at different strain rates: (a) C30, (b) LC30, and (c) SCLC30.

Table 3: +e peak stress at different strain rates (unit: MPa).

Strain rate
C30 LC30 SCLC30

Peak
stress

Dynamic
improvement coefficient

Peak
stress

Dynamic
improvement coefficient

Peak
stress

Dynamic
improvement coefficient

1.0×10−5 25.72 1.00 26.09 1.00 34.77 1.00
5.0×10−5 26.54 1.03 26.89 1.03 35.26 1.01
1.0×10−4 27.33 1.06 27.54 1.06 35.46 1.02
5.0×10−4 29.28 1.14 30.21 1.16 35.79 1.03
1.0×10−3 30.44 1.18 30.34 1.16 36.58 1.05
2.0×10−3 31.36 1.22 30.89 1.18 38.88 1.12
5.0×10−3 31.63 1.23 31.07 1.19 39.90 1.15
1.0×10−2 32.67 1.27 31.89 1.22 41.59 1.19
2.0×10−2 33.94 1.32 32.52 1.25 41.66 1.20
5.0×10−2 34.20 1.33 35.43 1.36 43.14 1.24
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the logarithm of the strain rate after dimensionless treat-
ment. For the relationship between the peak stress of the
three concretes and the strain rate expressed by the slope of
the mathematical regression equation, the slope of SCLC is
significantly smaller than that of the ordinary concrete and
lightweight aggregate concrete. +e slopes confirm that the
influence of loading strain rate on the peak stress of ordinary
concrete is the strongest, followed by lightweight aggregate
concrete and SCLC.

3.4. Peak Strain. Different from the influence of strain rate
on the peak stress, the influence of strain rate on the peak
strain does not show any clear regularity. +ere are three
viewpoints currently, which are (1) the peak strain of
concrete increases with the increase of strain rate; (2) the
peak strain of concrete almost shows no change with the
change of strain rate; and (3) the peak strain of concrete
decreases with the increase of strain rate. According to the
related literature [9], when the strain rate is in the range of
1.0×10−5/s∼ 1.0×10−1/s, the peak strain of concrete varies
in the range of −30%∼ 40%.

In order to further analyze the influence of loading
strain rate on the peak strain of concrete from the
quantitative point of view, the dynamic strain rate and
static loading strain rate are processed by dimensionless
treatment first, followed by logarithm calculation, and
then, the dynamic peak strain and static loading peak
strain are also processed by dimensionless treatment, as
shown in Figure 5.

According to Figure 5, when the loading rate is ranged
from 1.0×10−5 to 5.0×10−2, the peak strain change rate of
ordinary concrete, lightweight aggregate concrete, and SCLC

is ranged −5.73%∼ 2.82%, −26.54%∼ 6.99 %, and −19.78%∼
10.04%, respectively. +e peak strain of all the three con-
cretes shows obvious randomness, and the coupling effect of
randomness and rate dependence leads to irregular changes
of the peak strain.

3.5.ElasticModulus. Elastic modulus is one of the important
parameters in the stress-strain curve, which plays an im-
portant role in the study of mechanical properties of con-
crete. +e parameter of elastic modulus is extracted in the
present study to examine the influence of loading strain rate
on the concrete dynamic performance [12].

In order to facilitate accurate quantitative study of the
elastic modulus of concrete materials, the 50% peak stress is
used as the elastic modulus:

E �
σ0.5

ε0.5
, (6)

where σ0.5 denotes the 50% peak stress and ε0.5 denotes the
strain value corresponding to the 50% peak stress, as shown
in Table 4.

According to Table 4, in relation to the static elastic
modulus (i.e., the elastic modulus of concrete at the strain
rate of 1.0×10−5/s), the elastic modulus of ordinary concrete
is increased gradually with the increase of strain rate. When
the loading strain rate is equal to 5.0×10−2, the elastic
modulus of ordinary concrete, lightweight aggregate con-
crete, and SCLC is increased by 41%, 64%, and 48%, re-
spectively. It can be seen that the influence of loading strain
rate on the elastic modulus of SCLC is less significant than
that on the ordinary concrete and lightweight aggregate
concrete.

In order to further analyze the influence of loading strain
rate on the elastic modulus of concrete from the quantitative
analysis, the dynamic strain rate and static loading strain rate
are processed by dimensionless treatment, followed by
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Figure 4: +e peak stress improvement coefficient at different
strain rates.
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Figure 5: +e peak strain improvement coefficient at different
strain rates.
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logarithmic calculation. Meanwhile, the dynamic elastic
modulus and static loading elastic modulus are also pro-
cessed by dimensionless treatment and then performing
mathematical regression analysis according to equation (3):

αDIF−E �
Es

Ed
� 1 + blg

εs
.

εd
. . (7)

Based on the test data of elastic modulus of the three
kinds of concrete at different strain rates, the mathematical
regression analysis, following equation (7), derives the re-
lationship between the elastic modulus and the strain rate for
different concretes, as shown in Figure 6.

According to Figure 6, the elastic modulus of all con-
cretes increases with the increase of the loading strain rate
and is linearly correlated with the logarithm of strain rate
after dimensionless treatment. +e relationship equation
between the elastic modulus and loading strain rate for
different concretes can be obtained using the mathematical
regression method, as shown in equations (8)–(10):

C30:

αDIF−E � 1 + 0.10151lg
εs
.

εd
. . (8)

LC30:

αDIF−E � 1 + 0.13023lg
εs
.

εd
. . (9)

SCLC30:

αDIF−E � 1 + 0.11178lg
εs
.

εd
. . (10)

According to equations (8)∼(10), the elastic modulus of all
the three concretes increases significantly with the increase of
the strain rate and is linearly correlated with the logarithm of
the strain rate after dimensionless treatment. +e changing
rate of elastic modulus with the strain rate can be expressed by
the slope of the mathematical regression equation, and it can
be seen that the slope of ordinary concrete is significantly
smaller than that of the SCLC and lightweight aggregate
concrete.+is is because that the elastic modulus parameter of
concrete is the coupling analysis value of the stress parameter

and strain parameter, where the influence of loading strain
rate on the strain parameter is rather discrete, and the peak
stress increases significantly with the increase of the loading
strain rate. +e coupling effect of the strain parameter and
peak stress parameter leads to the fact that the influence of
strain rate on the elastic modulus of ordinary concrete is the
weakest, followed by light aggregate concrete, while the in-
fluence is the most significant on the SCLC. Meanwhile, the
results also suggest that the loading strain rate has a stronger
influence on the peak stress of concrete than on the peak
strain of concrete.

4. Conclusions

+e present study examined and compared the dynamic rate
effects of ordinary concrete, lightweight aggregate concrete,
and SCLC and reached the following conclusions:

Table 4: +e elastic modulus at different strain rates (unit: ×103MPa).

Strain rate
C30 LC30 SCLC30

Peak
stress

Dynamic
improvement coefficient

Peak
stress

Dynamic
improvement coefficient

Peak
stress

Dynamic
improvement coefficient

1.0×10−5 13.54 1.00 11.24 1.00 13.21 1.00
5.0×10−5 14.60 1.08 11.62 1.03 13.29 1.01
1.0×10−4 14.61 1.08 12.07 1.07 14.40 1.09
5.0×10−4 15.13 1.12 12.12 1.08 15.24 1.15
1.0×10−3 15.65 1.16 12.38 1.10 15.33 1.16
2.0×10−3 17.28 1.28 13.59 1.21 16.12 1.22
5.0×10−3 16.19 1.20 14.54 1.29 16.77 1.27
1.0×10−2 18.21 1.34 15.46 1.38 17.35 1.31
2.0×10−2 18.25 1.35 17.70 1.58 19.07 1.44
5.0×10−2 19.10 1.41 18.42 1.64 19.55 1.48

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

1.0
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C30 mathematical
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Figure 6: +e elastic modulus improvement coefficient of concrete
at different strain rates.
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(1) Influenced by the strain rate, the failure mode of the
three kinds of concrete shows obvious changes. +e
cracks of ordinary concrete and lightweight aggre-
gate concrete develop from static state vertical cracks
gradually into oblique cracks affected by dynamics,
and the failure of SCLC develops from oblique shear
failure gradually into tapered column failure. At the
same time, the failure of ordinary concrete is mainly
the failure of bonding materials, while the failure of
lightweight aggregate concrete and SCLC is mainly
the shear failure of lightweight aggregate.

(2) With the increase of the loading strain rate, the peak
stress and elastic modulus of ordinary concrete,
lightweight aggregate concrete, and SCLC are in-
creased significantly. +e increase of peak stress of
the three concretes with the increase of loading
strain rate is 33%, 36%, and 24%, respectively, when
expressed in percentage. +e SCLC is significantly
less influenced by strain rate compared with the
ordinary concrete and lightweight aggregate con-
crete. +e influence of the loading strain rate on the
peak strain is rather discrete for all the three con-
cretes, which is mainly caused by the coupling effect
of randomness and rate dependence.

(3) According to the test data of this study, the peak
stress and elastic modulus after dimensionless
treatment are linearly correlated with the logarithm
of the strain rate after dimensionless treatment for all
the three concretes. Affected by the randomness and
rate dependence, no obvious relationship is observed
between the peak strain and loading strain rate for all
the three concretes.
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