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Ningxia is located in the western part of China, which abounds with desert resources. .e application of desert sand in concrete
has not been fully studied. In order to study the failure mechanism of desert sand concrete under impact loading, dynamic impact
experiments on desert sand concrete and ordinary concrete were carried out by using the 74mm diameter split Hopkinson
pressure bar (SHPB) experimental apparatus. .e dynamic mechanical properties of desert sand concrete under different impact
velocities were analyzed. .e random distribution program of round coarse aggregate in desert sand concrete was designed to
generate the random distribution of coarse aggregate by ANSYS/APDL language. .e dynamic failure process of single-graded
concrete and two-graded concrete was numerically simulated and compared. .e results showed that desert sand concrete and
ordinary concrete have obvious rate-dependent effect. Detailedly, the ordinary concrete is totally destroyed when impact velocity
is 10m/s, but the desert sand concrete still maintains the cone shape at impact velocity of 18m/s, which indicates that the impact
resistance of desert sand concrete is better than that of ordinary concrete. When impact velocity is 5m/s, the single-graded
concrete and two-graded concrete are both destroyed, but the desert sand concrete is not damaged.When impact velocity is 10m/
s, the dynamic failure mode of single-graded concrete, two-graded concrete, and desert sand concrete is basically the same. When
impact velocity is 15m/s, the single-grade concrete shows different dynamic failure mode from that of desert sand concrete and
two-graded concrete.

1. Introduction

Concrete is commonly used in civil engineering material.
For better understanding of concrete, many researchers are
devoted to studying the properties of concrete materials and
concrete structures [1–5]. For four-component ordinary
concrete, fine aggregate and coarse aggregate account for
70% to 80% of the volume of concrete [6], which plays the
role of structural frame of concrete. However, the mining of
fine aggregate and coarse aggregate has a tremendous impact
on surrounding environment. .erefore, it is important to
seek substitutes for fine aggregate and coarse aggregate and
make efforts to produce high-quality concrete. Ningxia is
located in inland area of northwest China and surrounded

by desert on three sides, being rich in desert sand resources.
.e application of desert sand as medium sand in concrete
for engineering can not only reduce the burden of envi-
ronment, but also have the advantages of making use of local
materials and reducing engineering cost. At present, many
researchers have carried out studies on the engineering
properties of desert sand concrete [7–18], but research on its
dynamic mechanical properties has just started. Besides,
there are no corresponding national specifications for desert
sand application in concrete as fine aggregate [19]. .ere-
fore, improving the ability of concrete structures to resist
dynamic loading such as earthquakes, shocks, and explo-
sions is a burning issue tracked by domestic and foreign
researchers. For example, Abrams [20] first discovered the
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rate sensitivity of dynamic compressive strength of concrete.
Besides, Jones [21] carried out an experimental study on the
relationship between loading rate and compressive strength
of concrete, which becomes another milestone for the de-
velopment of dynamic mechanical properties of concrete. In
addition, Sparks and Menzies [22] used the dynamic loading
test of cylindrical specimens to prove the rate sensitivity of
concrete. In 1993, HJC constitutive model was proposed by
Holmquist et al. [23], who believed that the damage was
mainly brought about by the accumulation of equivalent
plastic strain. In the past years, researchers usually used the
dropping impact hammer to carry out the concrete impact
experiments, in which the stress-strain curve could not be
obtained because the inertial effect was neglected. However,
the SHPB experimental technology can overcome this dif-
ficulty and thus becomes the most commonly method to
explore the dynamic mechanical properties of concrete at
present. .e initial prototype of SHPB (split Hopkinson
pressure bar) apparatus was proposed by Hopkinson [24],
which made a big breakthrough in the study of dynamic
properties of brittle materials such as concrete [25–28] after
improving. For instance, Hu et al. [29, 30] made great efforts
on the dynamic mechanics of concrete by SHPB technology.
Besides, Lv and Song [31] used a large-scale hydraulic servo
static and dynamic universal test machine to perform the
dynamic compressive experiment of concrete. In addition,
Zhang and Li [32] proposed a method for selecting material
parameters of HJC model. Furthermore, Ning et al. [33–37]
carried out a lot of experiments to study the properties of
concrete under impact loading. Apart for experimental
studies, many researchers simulated the dynamic mechan-
ical properties of concrete by numerical simulation [38–40].

Aggregate particles with a size of more than 4.75mm in
concrete are called coarse aggregate, and the grain com-
position of coarse aggregate directly affects the mechanical
properties of concrete [41]. At present, a lot of research has
been conducted on the mechanical properties of single-
graded concrete, but few studies are carried out on multi-
graded concrete. .e difference between single-graded
concrete and multi-graded concrete lies in whether one or
more continuous graded stones are directly mixed in the
concrete. Based on the review of previous research [42, 43], a
new study to obtain the dynamic characteristics of ordinary
concrete and desert sand concrete is conducted in this paper.
.e finite element analysis software ANSYS/LS-DYNA was
utilized to simulate the single-graded concrete and two-
graded concrete under impact loading, and the dynamic
failure process was simulated to reveal the dynamic failure
mechanism of desert sand concrete..e experimental results
provide a guiding significance for the popularization of
concrete and a theoretical basis for the application of desert
sand concrete in civil engineering and hydraulic
engineering.

2. Experimental Investigations

2.1. Test Setup. SHPB apparatus has been one of the main
experimental setups for testing dynamic mechanical prop-
erties of concrete specimens. In the present study, a 74mm

diameter SHPB experimental apparatus is used to obtain the
dynamic properties of desert sand concrete and ordinary
concrete, in which one dimension and uniformity hy-
potheses are applied. .e experiments were carried out in
Shanxi Key Laboratory of Material Strength and Structural
Impact, Taiyuan University of Technology.

As shown in Figure 1, the specimens are clamped be-
tween the incident bar and the transmitted bar. First, the
launcher shoots the bullet to impact the incident bar, and the
incident bar impacts the specimens..en, incident wave and
reflected wave will be obtained by the strain gauge on the
pressure bar. Because wave impedance is different between
specimens and incident bar, part of the incident wave will be
reflected, forming a reflected wave that will be obtained by
the strain gauge on the incident bar. .e other part of the
incident wave passes through the specimens into the
transmitted bar and becomes the transmitted wave which
will be obtained by the strain gauge on the transmitted bar.
In order to obtain the effective data in SHPB test, the tests
need to reach the stress equilibrium state; i.e., all data in the
test meet the requirement that the sum of the incident and
reflected stress wave coincides with the transmitted stress
wave.

2.2. Test Specimens. In the test, ordinary medium sand in
concrete is substituted partly or completely by desert sand.
Mu Us desert sand is obtained from Yanchi County, Ningxia
Hui Autonomous Region. .e physical performance index
of Mu Us desert sand is listed in Table 1. .e result of sieve
analysis of Mu Us desert sand is shown in Table 2, and its
chemical composition is given in Table 3. It can be seen that
Mu Us desert sand belongs to extra-fine sand. For com-
parison purpose, the chemical composition of ordinary sand
in concrete is also listed in Table 3. It can be seen that the
SiO2 content of Mu Us desert sand is similar to that of
ordinary sand. Reference [10] carried out a test of mortar
and concrete made of Mu Us desert sand, and the results
indicated that the Mu Us desert sand can be used as en-
gineering sand.

In order to study the influence of desert sand on the
mechanical properties of concrete, the dynamic compres-
sion experiments on concrete made of desert sand were
carried out. Two groups of specimens denoted asM1 andM6
were made. For comparison purposes, the ordinary concrete
specimens prepared were denoted as OC. .e mix ratio of
OC was determined by Specification for Mix Proportion
Design of Ordinary Concrete [44], and the compositions of
the concrete phase of specimens are listed in Table 4. .e
type of Portland cement was 425# (branded as Saima). .e
coarse aggregate was artificial gravel, and fine aggregate was
artificial sand washing, both produced in Zhenbeipu of
Ningxia. In the SHPB test, in order to eliminate the influence
of friction and inertial force on the specimen, it is necessary
to control the aspect ratio of the specimen. Gray [45]
suggested that the aspect ratio of the specimen should be in
the range of 0.5∼1.0..erefore, the specimens were designed
as 74mm diameter and 70mm height cylinders. After
demolding, the specimens were wet-cured in the laboratory
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until being tested. .e two surfaces of the specimens were
ground to ensure nonparallelism of the two surfaces, to be
no more than 0.02mm after 28 days’ curing.

To guarantee the reliability of the experiment results, 6
concrete specimens were made under each impact velocity
according to the standard of concrete specimens making.
.e desert sand concrete specimens and ordinary concrete
specimens are shown in Figures 2(a) and 2(b), respectively,
and the experimental specimen after grinding is presented in
Figure 2(c). It can be seen that the surface color of desert
sand concrete specimen is different from that of ordinary
concrete specimen, which can be explained by the different
composition and formation location of sands. .e desert
sand has no scouring effect of running water, which can
retain some nutrients, while the river sand is just the
opposite.

2.3. Experimental Results andAnalysis. Figures 3(a) and 3(b)
show the original waveform of desert sand concrete at
different strain rates obtained by SHPB. It can be seen that
under the same strain rate, there is no significant difference
between the voltage-time curves of concrete specimens M1
and M6 except for amplitudes.

“Two-wave” and “three-wave” method are usually used
to process SHPB data after the incident wave, reflected wave,
and transmitted wave are obtained through experiments
[46, 47]. In order to reduce the insensitivity of the strain
gauge and the error of resistance, K value needs to be
calibrated by hitting the incident bar without adding the
specimen. .e calibrated K value is the ratio of strain ε to
voltage U which is measured by the high dynamic strain
indicator. .e stress σ, strain ε, and K value are determined
by the following equations:

Damper

Strain gage

Transmitted barIncident barBullet
Source of parallel light Specimen

Amplifier gage High dynamic strain indicator

Transient wave-form recorder Data processing system

Launcher

Timer

Buffer bar

Figure 1: Schematic of SHPB experimental apparatus.

Table 1: Physical performance index of Mu Us desert sand.

Index Apparent density (kg·m−3) Bulk density (kg·m−3) Porosity (%) Mud content (%) Fineness modulus (%)
Measured values 2624 1400 40.95 0.14 0.194

Table 2: Sieve analysis of Mu Us desert sand.

Size of sieve (mm) 0.600 0.300 0.150 0.097 0.075 0.050 <0.050
Sieve residues (%) 0.20 2.46 13.88 47.19 28.26 7.26 0.26
Quality grading (g) 1.00 12.30 69.40 236.00 141.30 36.30 1.30
Accumulated sieve residues (%) 0.20 2.66 16.54 63.73 91.99 99.25 99.51

Table 3: Chemical composition of Mu Us desert sand.

Ingredient SiO2 FeO Al2O3 CaO MgO K2O Na2O Loss on ignition (%)
Desert sand 82.66 1.85 8.72 2.00 1.51 0.12 0.07 2.9
Ordinary sand 86.55 0.98 9.74 0.96 1.09 — — —

Table 4: Mix ratio of concrete.

Specimen
Desert sand

replacement ratio
(%)

Water
(kg·m−3)

Cement
(kg·m−3)

Fly ash
(kg·m−3)

Medium sand
(kg·m−3)

Water reducing
agent (kg·m−3)

Aggregate
(kg·m−3)

Desert sand
(kg·m−3)

M1 0 190 475 52 609 1.58 1127 0
M6 100 190 475 52 0 2.90 1127 609
OC — 125 300 50 300 2.5 500 —
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(a) (b) (c)

Figure 2: Concrete specimens (74mm diameter, 70mm height cylinder). (a) Specimens of desert sand concrete. (b) Specimens of ordinary
concrete. (c) Specimens after grinding.
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Figure 3: Voltage-time and stress-strain curves of desert sand concrete. (a) .e strain rate of 29/s (M1). (b) .e strain rate of 30/s (M6). (c)
Stress-strain curves.
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σ � −
1
2
ρ0C0c2, (1)

E0 � ρ0C
2
0, (2)

ε � −
v2

2C0
, (3)

K �
ε
U

, (4)

where C0, E0, ρ0, and v2 are stress wave speed, Young
modulus, elastic bar density, and striker bar speed, re-
spectively. Equation (3) can be achieved by combining (1)
and (2). According to the corresponding relation of K value,
(4) is utilized to obtain the strain of the incident wave,
reflected wave, and transmitted wave. In order to calculate
the stress σ(t), strain ε(t), and strain rate _ε(t) of specimen, the
two-wave calculation method has been used, and the for-
mula is shown as the following equations:

ε(t) � −
2C0

L
εr(t),

ε(t) � −
2C0

L


t

0
εr(t)dt,

σ(t) �
A0E0

A
εt(t),

(5)

where εr(t), εt(t), L, A, and A0 are the strain of reflected
wave, strain of transmitted wave, original length of speci-
men, original cross-sectional area of specimen, and cross-
sectional area of incident bar, respectively.

Based on (5), the stress-strain curve of concrete made of
desert sand at various impact velocities can be obtained, as
shown in Figure 3(c), and each stress-strain curve is the
average value of stress-strain curves under three similar
strain rates. It can be concluded that the peak stress obtains
the highest value at a strain rate of 91/s and the lowest value
at a strain rate of 30/s. With the increase of strain rate, the
peak stress of desert sand concrete increases as well. Like
ordinary concrete, desert sand concrete has obvious rate
effect.

Figure 4 shows the dynamic failure results of desert sand
concrete and ordinary concrete specimens under different
impact velocities. Impact velocities of M1 specimens were
5m/s, 17m/s, and 22m/s; those ofM6 specimens were 5m/s,
18m/s, and 26m/s; and those of OC specimens were 5m/s,
10m/s, and 15m/s, respectively.

When impact velocity was 5m/s, M1, M6, and OC
specimens were not damaged. When impact velocity was
10m/s, OC specimens were destroyed seriously, and a
large number of fragments were produced. However,
when impact velocity was 17m/s, M1 specimens were
generally square-shaped with partially shedding on the
side surface. When impact velocity was 18m/s, M6
specimens were cone-shaped with a large amount of
shedding at the top and side. .e damage degree of OC
specimens was more serious when the impact velocity was

10m/s than that of 15m/s. In addition, when the impact
velocity was 15m/s, the number of fragments was more
than that of 10m/s as shown in Figure 4. According to the
above phenomena, the following conclusions can be
drawn:

(1) With impact velocity increasing, the fragments of
desert sand concrete change from intact to larger
pieces and small pieces. .is is because under low
strain rate, some microcracks have enough time to
nucleate and the thus the destroyed fragments are
large, but under the high strain rate, the stress in-
creases too fast, and most microcracks are developed
to nucleate at the same time, resulting in more small
fragments.

(2) When impact velocity was 10m/s, the ordinary
concrete is destroyed completely, while the desert
sand concrete still maintains the cone shape at 18m/
s. To some extent, the impact resistance of desert
sand concrete is better than that of ordinary
concrete.

3. FiniteElementAnalysisofDynamicMechanical
Properties of Desert Sand Concrete

3.1. Finite Model. More and more researchers pay attention
to the effect of gradation on the mechanical properties of
concrete. In order to study the failure mode of different
concrete, numerical simulation method of desert sand
concrete, single-graded concrete, and two-graded concrete is
the same. In the numerical simulation, the size range of the
coarse aggregate of single-graded concrete and desert sand
concrete is 5∼20mm, and the maximum particle size is
20mm; the size ranges of the coarse aggregate of two-graded
concrete are 5∼20mm and 20∼40mm, and the maximum
particle size is 40mm. .e Explicit 2D Solid (PLANE162)
element in ANSYS/LS-DYNA software is used to establish a
two-dimensional finite element model of concrete. .e
concrete is considered as a two-phase composite which is
composed of coarse aggregate and cement mortar. In order
to simplify the calculation, we assume that the shape of
coarse aggregate is round. Hou [48] proposed that the shape
of aggregate has little influence on the mechanical properties
of concrete. .erefore, the aggregate used in this test is
round coarse aggregate. .e number of coarse aggregates is
calculated based on Fuller’s graded curve [49] and Wal-
raven’s function [50], and a random distribution program of
round coarse aggregate is designed to generate the coarse
aggregate by ANSYS/APDL language [51]. Finite models of
desert sand concrete and single-graded concrete are all
chosen cylinder specimens with diameter of 74mm and
height of 70mm. .e finite element model consists of three
parts: the upper and lower parts are two rectangle rigid
plates, and the middle part is concrete specimen. .e upper
part plays the role of an actuator which exerts different
impact velocities on the concrete specimen..e lower part is
fixed, providing a certain restraint to support the specimen.
.e free mesh method [52] is used for the grid divisions of
coarse aggregate and cement mortar, and the mapping grid

Shock and Vibration 5



method [53] is used for the grid divisions of the upper and
lower rectangle rigid plates. .e number of grid elements
directly affects the accuracy and computation time of
computer calculation results. .us, the size of the grid el-
ements is chosen as 2mm. Finite element models of desert
sand concrete and single-graded concrete are shown in
Figures 5(a) and 5(b), respectively.

3.2. Constitutive Model and Parameter Selection.
Dynamic constitutive model of concrete is the theoretical basis
for studying the dynamic damage mechanism of concrete. In
this paper, HJC model is chosen as the constitutive model for
coarse aggregate and cement mortar. .e HJC constitutive
model is a concrete rate-related damage constitutive model,
which fully considers the large deformation of concrete ma-
terials under high strain rate. It can better describe the me-
chanical behavior of high-speed impact and projectile
penetration concrete, including damage equation, yield surface

equation, and state equation. .erefore, it is the most com-
monly used constitutive model for studying dynamic me-
chanical properties of concrete. .ere are three main methods
to determine the parameters of the HJC constitutive model.
One is to use the data in literature for reference, generally
applying the original data of the model or making slight ad-
justments. .e second one is to obtain the parameters
according to empirical formulas. .e third one is determining
these parameters through experiments [54]. In this study, the
model parameters of desert sand concrete, single-graded
concrete, and two-graded concrete are all obtained by fitting
the experimental data and referring to literature. .e pa-
rameters for cementmortar and coarse aggregate of desert sand
concrete, single-graded concrete, and two-graded concrete are
listed in Tables 5 and 6, respectively.

.e simulated result of peak stress of desert sand con-
crete compared with the experimental result is given in
Figure 6(a). When impact velocity is 10m/s, 15m/s, and
18m/s, compared with the experimental results of the peak

(a) (b) (c) (d)

(e) (f ) (g) (h)

(i)

Figure 4: Destruction results of concrete specimens under different impact velocities (74mm diameter, 70mm height cylinder). M1: (a)
5m/s, (b) 17m/s, and (c) 22m/s. M6: (d) 5m/s, (e) 18m/s, and (f) 26m/s. OC: (g) 5m/s, (h) 10m/s, and (i) 15m/s.
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stress of desert sand concrete, the simulated peak stress
increases by −0.9%, −10.7%, and 6.7%, respectively. Com-
parison of impact failure morphology of desert sand

concrete between experimental and simulated results at
impact velocity of 18m/s is shown in Figures 6(b) and 6(c).
From the development trend of microcracks of the simulated

Rigid plate

Cement mortar

Coarse aggregate

Rigid plate

Impact velocity Impact velocity

(a) (b)

Figure 5: Finite element models. (a) Desert sand concrete. (b) Single-graded concrete.

Table 5: Model parameters for cement mortar.

Parameters ρo(kg · cm− 3) G(GPa) A B fc
′(MPa) C

Single-graded concrete 2.10 10.66 0.79 1.80 32 0.007
Two-graded concrete 2.10 10.66 0.93 1.60 32 0.007
Desert sand concrete 2.10 9.63 0.65 1.61 28.9 0.007
N D1 D2 εfmin Pc(MPa) Pl(MPa) μc

0.61 0.04 1.0 0.01 10.67 800 0.0007
0.86 0.04 1.0 0.01 10.67 1050 0.0007
0.86 0.04 1.0 0.01 9.63 800 0.0007
T(MPa) SMAX μl K1(MPa) K2(MPa) K3(MPa) fs

2.656 7 0.1 85 −171 208 0.002
2.656 7 0.1 85 −171 208 0.002
2.399 7 0.1 85 −171 208 0.002

Table 6: Model parameters for coarse aggregate.

Parameters ρo(kg · cm− 3) G(GPa) A B fc
′(MPa) C

Single-graded concrete 2.60 23 0.79 1.80 70 0.007
Two-graded concrete 2.60 23 0.93 1.60 70 0.007
Desert sand concrete 2.60 23 0.65 1.61 70 0.007
N D1 D2 εfmin Pc(MPa) Pl(MPa) μc

0.61 0.04 1.0 0.01 23.33 1200 0.0008
0.86 0.04 1.0 0.01 23.33 1200 0.0008
0.86 0.04 1.0 0.01 23.33 800 0.0008
T(MPa) SMAX μl K1(MPa) K2(MPa) K3(MPa) fs

5.81 7 0.012 85 −171 208 0.002
5.81 7 0.01 85 −171 208 0.002
5.81 7 0.01 85 −171 208 0.002
Note. ρ0 is the density measured by the laboratory; fc

′ and G are the static uniaxial compressive strength and shear modulus, respectively;A, B,N, C, and SMAX
are the strength parameters; D1, D2, and εfmin are the damage parameters; pl, μl, pc, μc, K1, K2, and K3 are the pressure parameters; T is the concrete tensile
strength; fs is equal to 0.002 as failure type parameter, which means principal strain failure mode, and the principal strain is equal to 0.002..e parameters of
HJC model are selected differently in desert sand concrete, single-graded concrete, and two-graded concrete, because of different materials and different
abilities of resisting destruction.
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results in Figure 6(c), it can be seen that the failure mode of
desert sand concrete is a conical destructive pattern, which is
similar to the experimental results in Figure 6(b).

.e comparison of simulated peak stress of single-
graded concrete and the experimental result is shown in
Figure 7(a). When impact velocity is 5m/s, 10m/s, and
15m/s, compared with the experimental results of peak
stress, the simulated peak stress increases by 8.5%, −0.9%,
and −3.62%, respectively. Figures 7(b) and 7(c) give a
comparison of impact failure morphology of single-graded
concrete between experimental and simulated results when
impact velocity is 15m/s. From the comparison of experi-
mental and simulated results in Figures 7(b) and 7(c), it can
be concluded that the failure mode of single-graded concrete
is also conical destructive pattern, which is similar to the
desert sand concrete.

As shown in Figures 6(a) and 7(a), with the impact
velocity increasing gradually, the peak stress of desert sand
concrete and single-graded concrete also increases, showing
apparent rate effect. As shown in Figures 6(c) and 7(c), the

simulated results of desert sand concrete and single-graded
concrete agree well with the experimental results. .erefore,
the constitutive model can be used to simulate the dynamic
mechanical properties of desert sand concrete and single-
graded concrete.

3.3. Results and Analysis

3.3.1. Comparison of Dynamic Failure Mode of Desert Sand
Concrete and Single-Graded Concrete. .e failure of dif-
ferent materials under different stress states is different,
which is related to the properties of the materials themselves
[55, 56]. .e failure process of concrete activates its internal
microcracks under the dynamic loading, and the micro-
cracks expand into nucleation, growth, and merger to form
macrocracks, which become the release stress zone and form
cumulative damage. When the cumulative damage reaches a
certain value, the strength and stiffness of the material
deteriorate and ultimately make the concrete specimen
fracture [57].
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Figure 6: Comparison of desert sand concrete between experimental and simulated results.
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Figure 7: Comparison of single-graded concrete between experimental and simulated results.
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.e parameters of HJC model in Tables 5 and 6 are
utilized to simulate the dynamic mechanical properties of
desert sand concrete and single-graded concrete. Figure 8
shows the impact failure process of desert sand concrete and
single-graded concrete. When the impact velocity is 5m/s,
there are no obvious microcracks on the specimen, and the
desert sand concrete is not destroyed, which is in good
agreement with experimental results. However, the single-
graded concrete is destroyed when the impact velocity is
5m/s, which is different from the experimental results. .e
reason might be that the actual situation of the experiment is
greatly simplified in the numerical simulation, and the
simulated results have great randomization. When the
impact velocity is 10m/s, there are no obvious microcracks
at the beginning; with the impact time increasing gradually,
many microcracks nucleate at the interface between cement
mortar and coarse aggregate in the lower part of the
specimen. At the same time, many newmicrocracks nucleate
continually. .e development of microcracks in desert sand
concrete and single-graded concrete is similar; the micro-
cracks first appear in the middle of the specimen, near the
lateral surface, then stretch, and unite, causing the specimen
fracture. When the impact velocity is 15m/s, the micro-
cracks of desert sand concrete nucleate in the upper part of
the specimen, then stretch downward, unite, and penetrate
the whole specimen, finally leading to the specimen fracture.
However, microcracks of single-graded concrete first nu-
cleate in the lower part of the specimen at the impact velocity
of 15m/s, which is essentially the same when the impact
velocity is 10m/s.

3.3.2. Comparison of Dynamic Failure Mode of Desert Sand
Concrete and Two-Graded Concrete. .ere has been no
reliable method to get certain data of dynamic impact ex-
periment of two-graded concrete with SHPB experimental
apparatus, as the results are too discrete. At present, means
of conducing dynamic impact experiment of two-graded
concrete are limited; thus, the dynamic mechanical prop-
erties of two-graded concrete can only be simulated by
numerical simulation. .e dynamic failure mechanism of
desert sand concrete and two-graded concrete under dif-
ferent impact velocities (5m/s, 10m/s, and 15m/s) is sim-
ulated by using the parameters of HJC model in Tables 5 and
6. .e impact failure process of desert sand concrete and
two-graded concrete is shown in Figure 9.

.e following conclusions can be drawn in Figure 9. .e
dynamic failure mode of two-graded concrete is similar to
single-grade concrete, when the impact velocity is 5m/s and
10m/s. .e dynamic failure mode of desert sand concrete
had no difference compared with the results in Figure 8, in
which the specimen is 74mm diameter and 70mm height
cylinder. When the impact velocity is 15m/s, the dynamic
failure mode of the two-graded concrete is similar to that of
the desert sand concrete, which is the same as the results in
Figure 8. However, the dynamic failure mode of the two-
graded concrete is different from that of the single-graded
concrete when the impact velocity is 15m/s. Under the
impact loading, the energy generated by the impact is too

high, and the stress wave has no enough time to propagate,
which causes the microcracks of concrete to first appear on
the upper part of the specimen and then stretch downward

t=14 μs t=62 μs t=167 μs

t=10.48 μs t=73.47 μs t=177.71 μs
(a1): Single graded concrete v=5m/s.

(a2): Desert sand concrete v=5m/s.

t=9.73 μs t=32.96 μs t=52.49 μs

t=14 μs t=35 μs t=58 μs

(b1): Single graded concrete v=10m/s.

(b2): Desert sand concrete , v=10m/s.

t=8.97 μs t=20.24 μs t=31.48 μs

t=12 μs t=19 μs t=27 μs
(c2): Desert sand concrete v=15m/s.

(c1): Single graded concrete , v=15m/s.

Figure 8: Impact failure process of desert sand concrete and single-
graded concrete (74mm diameter, 70mm height cylinder).
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t=31 μs t=137 μs t=205 μs

t=25 μs t=132 μs t=235 μs
(a1): Two grad ed concrete v=5m/s.

(a2): Desert sand concrete v=5m/s.

t=19 μs t=67.46 μs t=95.21 μs

t=28 μs t=71 μs t=122 μs

(b1): Two grad ed concrete v=10m/s.

(b2): Desert sand concrete v=10m/s.

t=15 μs t=29.23 μs t=48 μs

t=21 μs t=43 μs t=64 μs

(c1): Two grad ed concrete v=15m/s.

(c2): Desert sand concrete v=15m/s.

Figure 9: Impact failure process of desert sand concrete and two-graded concrete (150mm× 150mm× 150mm).
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until the specimen is fractured. .e failure process of
concrete specimens is that the stress wave propagates from
top to bottom, with repeated reflection, refraction, and
superposition inside the specimens to form the microcracks,
resulting in the complete fracture of the specimens.

In order to further study the dynamic failure process of
desert sand concrete and two-graded concrete, Figures 10(a)
and 10(b) show the simulated results of impact failure
morphology of desert sand concrete and two-graded con-
crete, respectively. .e size of specimen is
150mm× 150mm× 150mm. From the development trend
of microcracks in Figure 10, it can be concluded that the
impact failure morphology of desert sand concrete and two-
graded concrete still maintains the cone shape.

4. Conclusions

In this paper, a series of experimental studies on the impact
mechanical properties of desert sand concrete and ordinary
concrete were carried out, and the dynamic properties of
desert sand concrete were compared with those of single-
graded concrete and two-graded concrete by numerical
simulation. .rough studying the dynamic impact experi-
ments and finite element analysis of concrete, the results
show the following:

(1) When the impact velocity is 10m/s, the ordinary
concrete is destroyed completely, while the desert
sand concrete still maintains the cone shape at 18m/
s, which indicates that the impact resistance of desert
sand concrete is better than that of ordinary
concrete.

(2) With the increase of impact velocity, the peak stress
of desert sand concrete and ordinary concrete in-
creases as well, showing significant rate effect.

(3) When the impact velocity is 5m/s, the single-graded
concrete and two-graded concrete are destroyed, but
the desert sand concrete is not destroyed. When the
impact velocity is 10m/s, the microcracks of single-
graded concrete, two-graded concrete, and desert

sand concrete all appear at the bottom of the
specimen first and gradually stretch upward,
resulting in specimen fracture. When the impact
velocity is 15m/s, the microcracks of the two-graded
concrete and desert sand concrete first appear in the
upper part of the specimen, gradually stretch
downward, and ultimately lead to complete failure of
the specimen, while the microcracks of the single-
graded concrete first appear in the lower part of the
specimen.

(4) In numerical simulation, the dynamic failure mode
of single-graded concrete, two-graded concrete, and
desert sand concrete is in the form of cone-shaped
failure, which is in good agreement with the ex-
perimental results.
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