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Ready-mixed concrete has been used as a support in mine roadways, where the impact load of blasting excavation can cause
damage to the concrete support of the roadway. However, limited studies are available on the effect of water content, storage
period, and impact pressure on dynamic mechanical properties of ready-mixed concrete in uniaxial load and passive confining
pressure states. To investigate the effect of water contents (0%, 1.0%, 1.5%, and 2.0% bymass of dry sand), storage periods (0 d, 3 d,
7 d, 15 d, 20 d, and 30 d), and impact pressures (0.6MPa and 0.9MPa) on dynamic mechanical properties of ready-mixed concrete
in uniaxial load and passive confining pressure states, the dynamic compression test using split Hopkinson pressure bar (SHPB)
has been carried out. In addition, the microscopic test based on the scanning electron microscope (SEM) is conducted to analyze
the effect of water content and storage period on the microstructure of ready-mixed concrete. ,e experimental results show that
under the conditions of uniaxial load and passive confining pressure, the dynamic compressive strength of ready-mixed concrete
decreases with the increase of water content and storage period but increases with the increase of impact pressure. At the same
impact pressure, the dynamic compressive strength in passive confining pressure state is larger than that in uniaxial load state.,e
dynamic stress-strain curves of ready-mixed concrete in uniaxial load and passive confining pressure states can be divided into
three stages: elastic stage, plastic stage, and failure stage. ,e peak strain increases with increasing impact pressure, and the peak
strain in passive confining pressure state is more than that in uniaxial load state. ,e degree of damage for ready-mixed concrete
specimens increases with the increase of the storage period and water content; however, the damage of specimens in passive
confining pressure state is less than that of specimens in uniaxial load state. Meanwhile, an analysis to the microstructural
mechanism of water content and storage period inside of ready-mixed concrete has been performed.

1. Introduction

Concrete is an important building material that is used in
complex construction conditions such as platforms, nu-
clear power plants, mines, tunnels, and wellbore protective
layers [1–3]. Research data indicate that more than 95% of
Chinese coal mines are mined by underground well
mining [4, 5]. Mine roadway plays an important role in
providing underground engineering for ventilation, pro-
duction, transportation, and blanking, using concrete
structures for supporting the mine and the tunnel wall to
ensure the safety of the mine [6, 7]. At present, the

construction method adopted by most mines is onsite
artificial mixing in the mine construction area, which
results in the following problems [8, 9]: (1) ,e space on
the construction site becomes more crowded, reducing
work efficiency and affecting construction progress. (2)
Inaccurate measurement of raw materials leads to in-
accurate concrete mix which has a great impact on con-
crete performance, resulting in waste of raw materials and
increasing cost. (3) ,e dust concentration of mine
roadway increases, which seriously affects the mine en-
vironment and causes damage to the physical and mental
health of the staff.
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To solve the above problems in the actual engineering of
the mine, according to the requirements of green con-
struction, ready-mixed concrete that is a new material used
for mine roadway and inner wall support is proposed [10].
According to the ready-mixed concrete (GB/T 14902-2012)
[11], concrete produced at the mixing station and delivered
to construction site by means of transport equipment is
defined as ready-mixed concrete, which has the following
advantages: (1) high construction efficiency, reduced con-
struction period, and cost savings; (2) centralized configu-
ration, ensuring accurate mix ratio, and improving project
quality; (3) application convenience, green health, and en-
vironmental protection.,erefore, the static mechanical and
physical properties of ready-mixed concrete have been in-
vestigated by many scholars. Alhozaimy [12] studied the
effect of retempering on the compressive strength of ready-
mixed concrete in hot-dry environments and found that due
to water addition, the reduction in compressive strength was
proportional to the associated increase in slump, which
could use the change in slump to predict reduction of
strength in the case of jobsite water additions. Gebremichael
et al. [13] added ready-mixed concrete into returned fresh
concrete (RFC) and obtained that mixing RFC with ready-
mixed concrete was a suitable alternative for recycling RFC,
which meant higher economic value and environmental
benefits. Zhang and Ma [14] studied the influence of water
content and expansion agent on the microstructure of the
ready-mixed shrinkage concrete and pointed out that the
inclusion of 6% expansion agent could excellently improve
its internal compactness, while the increase of water content
led to the increase of porosity and the decrease of com-
pactness. Basar and Deveci Aksoy [15] investigated the effect
of waste foundry sand (WFS) on mechanical and micro-
structural properties of ready-mixed concrete, indicating
that the addition of WFS as partial replacement of sand
increased the water absorption ratio of the concrete mixtures
and also reduced the strength and density of ready-mixed
concrete. Zhang and Ma [16] studied the effect of different
water contents and storage periods on static compressive
strength of ready-mixed concrete, which obtained that the
static compressive strength of ready-mixed concrete de-
creased with increasing storage period and water content;
meanwhile, the mechanism of this phenomenon was
explained.

However, concrete structures are not only subjected to
static loads but also subjected to dynamic loads such as
mining vibrations, rock blasting in the support of mine
roadways, and underground engineering [17–20]. ,e
blasting excavation impact load of the artillery mines will
cause the instability of the roadway. According to statistics,
more than 50% of artillery mines in China have the dynamic
instability problems of roadway, which are mainly due to
impact pressure and gas leakage [21, 22]. ,e support
structure of the mine roadway produces passive support
reaction force on the wall of the ready-mixed concrete,
which can be affected by various possible powers during the
support. It is very important for the safety of the roadway to
withstand this part of the power by the support structure of
ready-mixed concrete. Due to the rate sensitivity, the

dynamic mechanical properties of concrete are different
from its static loads [23–26]. Jiao et al. [25] used fractal
theory to establish dynamic damage constitutive relation of
high-strength concrete and obtained the theoretical and
experimental curves of test with good relationship. Kim et al.
[26] studied the effect of maximum coarse aggregate size on
dynamic compressive strength of high-strength concrete,
which found that the larger maximum coarse aggregate sizes
resulted in larger heterogeneity of specimens. Ma et al. [27]
analyzed the dynamic mechanical properties of coral con-
crete with different strain rates, observing more remarkable
rate dependence in dynamic compressive strength of coral
concrete than other cement-based composites. Li et al. [28]
studied the dynamic mechanical characteristics of filling
layer self-compacting concrete under impact loading, which
obtained that the dynamic strength increased with the in-
crease of strain rate.

However, the theoretical and experimental study
achievements of predecessors on mechanical behavior of
ready-mixed concrete cited above are primarily concen-
trated on static mechanical properties (static compressive
strength, static tensile strength, and static flexural strength)
and dynamic strength of concrete. Limited studies are
available on the dynamic mechanics of ready-mixed con-
crete in uniaxial load and passive confining pressure states.
,e primary objective of this paper is to investigate effects of
different water contents (0%, 1.0%, 1.5%, and 2.0% by mass
of dry sand), storage periods (0 d, 3 d, 7 d, 15 d, 20 d, and
30 d), and impact pressures (0.6MPa and 0.9MPa) on the
dynamicmechanics of ready-mixed concrete in uniaxial load
and passive confining pressure states. ,e dynamic impact
compression test based on the variable section split Hop-
kinson pressure bar with a diameter of 74mm and the 45#
steel sleeve used in passive confining pressure states is
carried out. ,e dynamic compressive strength, dynamic
stress-strain curves, dynamic elastic modulus, and failure
modes are obtained in terms of water content, storage pe-
riod, and impact pressure. Moreover, the microscopic
mechanism of the water content and storage period on the
dynamic properties of the ready-mixed concrete is analyzed
using scanning electron microscope (SEM) analysis, and the
test data are provided for the ready-mixed concrete in the
underground engineering support.

2. Experimental Program

2.1. Materials and Mix Proportions. Ordinary Portland ce-
ment (P.O. 42.5) is selected for the concretemixtures in the test.
Its stability is qualified, and the fineness is 2%. After testing, the
compressive strengths at 3 d and 28d are 22.7MPa and
59.2MPa, respectively. Crushed stone is used as the coarse
aggregate with 10∼15mm in particle sizes, and fine aggregate
uses natural sands whose fineness modulus is 2.98, which is
obtained from the shore of Huai River. ,e water from
Huainan tap water is used for specimen preparation, which is
in conformity with standards of water for concrete (JGJ 63-
2006) [29]. ,e weight method is used for the proportion
design of the mixture in the study. ,e ratio of water-cement-
sand-stone is 0.45 :1.00 : 2.07 : 2.07 by weight. In order to
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investigate the effects of the water content and storage period
on dynamic mechanical properties and failure mode of ready-
mixed concrete, four percentages of water contents and six
storage periods are adopted in this experiment.

2.2. Sample Preparation. All specimens are prepared to the
experimental procedures described as follows: (1) ,e nat-
ural sand and stones are placed in an electric blast drying
oven set at a temperature of 105°C for more than 12 h to a
constant weight, which is cooled and sealed for storage to
prevent absorption of moisture from the air during cooling.
(2) Water used in the experiment is 0%, 1.0%, 1.5%, and
2.0% by weight of dry sand, which is added to the dry sand,
then sealed and stored in an airtight container for 48 hours
to ensure uniform dispersion of water in the sand. (3)
According to the above design mix ratio, the prepared ce-
ment flour, dry stone, and sand with different water contents
are put into mixer and water is added and stirred to make a
ready-mixed dry material. ,e prepared ready-mixed dry
material is sealed for storage. In order to prevent damage to
the sealed bag during handling, the storage method uses the
inner high-pressure flat pocket as a sealed bag and the outer
snake-skin bag is stored as a load-bearing bag. Considering
the actual demand of ready-mixed dry material during the
construction, the storage period of ready-mixed dry material
in the test is selected for 0 d, 3 d, 7 d, 15 d, 20 d, and 30 d.

After the corresponding storage period is reached, according
to the standard for test method of mechanical properties on
ordinary concrete (GB/T 50081-2002) [30], the concrete is made
by using a self-made concrete mould. ,e finished concrete
samples are placed into a standard moisture room with tem-
perature maintained at (20±2)°C and relative moisture above
95% for curing, and the curing duration is determined to be 28 d.
Coring machine, cutting machine, and grinding machine are
adopted to core, cut, and grind the specimen of ready-mixed
concrete,which is processed into cylindrical shapewith a height of
37mmand a diameter of 74mm, as shown in Figure 1. To reduce
the effect of the processing differences on experimental results,
specimens are carefully polished to ensure that surface planeness
of the sample is controlled to ±0.005mm and the vertical de-
viation of the upper and lower surface is ±0.25° [31]. Additionally,
ultrasonic testing methods are adopted to preliminary screening
test specimens, and samples with similar P-wave velocity are
selected for the SHPB test by the two impact pressures (0.6MPa
and 0.9MPa) in uniaxial load and passive confining pressure
states. ,ere are 48 groups of samples in the research, and eight
sets of parallel specimenswere prepared to control the accuracy of
the result. For abbreviating, the samples are numbered by some
symbols, and themeaning of abbreviation is in the following.,e
samplesWC0-SP3-IP0.9-ULorWC0-SP3-IP0.9-PCare onbehalf
of the sample with 0% water content, 3d storage period, and
0.9MPa impact pressure in uniaxial load or passive confining
pressure states.

2.3. SHPB Test

2.3.1. Apparatus and Experiment Procedure. SHPB equip-
ment has been successfully used to investigate the dynamic

behaviors of materials, such as rock [32, 33], concrete [34, 35],
mortar [36], and frozen soil [37]. A split Hopkinson pressure
bar with a diameter of 74mm in the experiment is employed
to investigate the dynamic mechanical behavior of ready-
mixed concrete in uniaxial load and passive confining
pressure states, as shown in Figure 2.,e apparatus consists of
the launching equipment, a striker bar, an incident bar, a
transmitted bar, an absorbing bar, the buffer device, and a
data acquisition unit, and the length of the striker bar, in-
cident bar, and transmitted bar are 0.6m, 2.4m, and 1.2m,
respectively. ,ese bars are made of high-strength alloy steel
with Young’s modulus of 210GPa, the P-wave velocity of
5,190m/s, and the density of 7800 kg/m3. Two strain gauges
are mounted on the incident and transmitted bars to record
the origin strain signals, and the front of the incident bar
adopts the pulse shaper, which is benefit to the stress equi-
librium of the specimen [38, 39]. For the SHPB test of ready-
mixed concrete in passive confining pressure state, the sleeve
is made of 45# steel whose tensile strength is 600MPa, the
yield strength is 355MPa, and the elastic modulus is 210GPa,
which is used as the hoop constraint for the specimen. ,e
basic dimensions of the sleeve are shown in Figure 3.

,e impact compressive test of ready-mixed concrete
with different water contents and storage periods in uniaxial
load and passive confining pressure states is tested by using
two impact pressures of 0.6MPa and 0.9MPa. ,e detailed
steps of uniaxial load and passive confining pressure mea-
surement are as follows: (1) ,e semiconductor strain gauge
is attached in the axial vertical direction of the steel sleeve to
measure the radial dynamic response of the sample. (2)
Appropriate lubricant is evenly smeared on the surface of the
sample and the inner wall of the passive confining sleeve,
which reduces the friction among the sample, the inner wall
of the sleeve, and the contact surface of the bars. (3) ,e
concrete specimens are put between the incident bar and the
transmitted bar; meanwhile, the axis of the specimens, the
incident bar, and the transmission bar are kept collinear. (4)
Opening the gas pressure switch, striking the incident bar by
striker bar, and collecting the fragment of the ready-mixed
specimen are operated in sequence.

2.3.2. Data Processing. ,e SHPB test of ready-mixed
concrete in uniaxial load and passive confining pressure
states is based on the basic assumption of uniform stress and
one-dimensional elastic stress wave theory, ignoring the
inertial effect and friction effect of the sample [40]. As shown
in Figure 4, the striker bar produce impacts on the incident

Figure 1: Ready-mixed concrete specimens.
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bar, and the incident stress pulse occurs and propagates
along the incident bar to the interface of the incident bar and
specimen, where part of the pulse causes the cylindrical
sample to be radially deformed and the other generates a
reflected pulse and a transmitted pulse due to the wave
impedance of the incident bar and specimen.

According to the one-dimensional elastic wave theory,
the wave velocity C0 transmitted evenly along the rod is
calculated by the following equation:

C0 �

��
E0

ρ0



, (1)

where ρ0 is the density of the bar material and E0 is Young’s
modulus of the bar.

,e stress σ(t), strain ε(t), and strain rate _ε(t) in the
concrete sample can be calculated according to the three
wave methods [41]:

σ(t) �
E0A0

2As
εI(t) − εR(t) − εT(t) ,

ε(t) �
C0

ls

τ

0
εI(t) − εR(t) − εT(t) dt,

σ(t) �
C0

ls
εI(t) − εR(t) − εT(t) ,

(2)

where εI(t), εR(t), and εT(t) are the strain of incident wave,
reflected wave, and transmitted wave, respectively; A0 and
C0 are the cross-sectional area and the elastic wave speed of
the bar; As and ls are the cross-sectional area and height of
ready-mixed concrete specimen, respectively; t is the du-
ration time of elastic wave.

,e axial stress of ready-mixed concrete can be calcu-
lated by the three wave methods, and the passive confining
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Figure 2: SHPB test apparatus of ready-mixed concrete specimens.
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Figure 3: Basic dimensions of steel sleeve. (a) Stereogram. (b) Transverse profile. (c) Vertical profile.
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Figure 4: SHPB principle of ready-mixed concrete with different states. (a) Uniaxial load state. (b) Passive confining pressure state.
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pressure applied by the sleeve to the ready-mixed concrete
sample needs to be estimated by the circumferential
waveform of the sleeve. �e force state diagram of sleeve
subjected to passive con�ning pressure is shown in Figure 5.

It is supposed that the passive con�ning pressure q is
distributed on the inner wall of the sleeve whose inner and
outer diameters are 2a and 2b. �e sleeve is always in an
elastic state, and the force of sleeve ignores the displacement
of the rigid body during the test. Based on the theory of
elastic thick-walled cylinder [42], the radial normal stress
and the hoop normal stress of the sleeve at each point can be
calculated through the following equations:

σρ �
a2q

b2 − a2
1 −

b2

ρ2
( ), (3)

σφ �
a2q

b2 − a2
1 +

b2

ρ2
( ), (4)

where ρ is the polar point of the force point inside the sleeve.
As can be seen from equation (4), the tensile stress on the

inner wall (ρ � a) of the sleeve is the largest and the tensile
stress on the outer wall (ρ � b) of the sleeve is the smallest,
which can be calculated through the following equations:

σφ( )ρ�a �
a2 + b2

b2 − a2
q, (5)

σφ( )ρ�b �
2a2

b2 − a2
q, (6)

where (σφ)ρ�a and (σφ)ρ�b are the tensile stress on the inner
wall and on the outer wall of the sleeve.

�e friction between the specimen and the sleeve is
ignored, and the compressive stress on the inner wall of the
sleeve is equal to the con�ning pressure of the ready-mixed
concrete sample supplied to the sleeve. According to the
hoop stress waveform on the outer wall of the sleeve, the
passive con�ning pressure is calculated by the following
equation:

σ3 � q �
b2 − a2

2a2
σφ( )ρ�b, (7)

where σ3 is the passive con�ning pressure applied to the
specimen by the sleeve.

3. Results and Discussion

3.1. Analysis of Dynamic Compressive Strength. Figures 6–8
illustrate the measured dynamic compressive strength of
ready-mixed concrete based on the experimental data in
uniaxial load and passive con�ning pressure states. In order
to better describe the in�uence of water content and storage
period on dynamic compressive strength, an important
characteristic parameter de�ned in the paper is the dynamic
strength loss rate η, which can be calculated according to the
following equation:

η �
σm − σ0

σ0
, (8)

q 2a 2b

Figure 5: Force state diagram of steel sleeve subjected to passive
con�ning pressure.
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Figure 6: Dynamic compressive strength of ready-mixed concrete
specimens with 0.6MPa impact pressure in uniaxial load state.
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Figure 7: Dynamic compressive strength of ready-mixed concrete
specimens with 0.9MPa impact pressure in uniaxial load state.
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where, σm is the dynamic compressive strength of ready-
mixed concrete with different water contents and storage
periods and σ0 is the dynamic compressive strength of ready-
mixed concrete without storage period and water content.

Figure 6 shows the effects of water content and storage
period on dynamic compressive strength of ready-mixed
concrete with 0.6MPa impact pressure in uniaxial load state.
It can be seen from Figure 6 that water content and storage
period play an important role in dynamic compressive
strength of ready-mixed concrete. At the same water con-
tent, the dynamic compressive strength of ready-mixed
concrete decreases with the increase of storage period, which
decreases rapidly with storage period from 0 d to 3 d and
decreases slowly with storage period from 3 d to 30 d. It also
indicates that the relationship of storage period and dynamic
compressive strength shows an exponential trend. Under the
condition of 1.0%, 1.5%, and 2.0% water content, dynamic
compressive strength of ready-mixed concrete with 30 d
storage period decreases by 44.35%, 49.44%, and 54.24% as
compared to that of ready-mixed concrete without storage
period. ,e mechanism behind this phenomenon can be
explained as follows. As the storage period increases, the
degree of hydration reaction inside the ready-mixed dry
material is higher, and hydrated products such as C-S-H and
AFt crystals are formed. ,ese hydration products enclose
the cement particles, which prevent or delay the continued
hydration of cement inside concrete made of ready-mixed
dry material. ,is ultimately leads to loose and low-density
internal structural features of ready-mixed concrete.
Meanwhile, these loose structures become the weak surface
of the ready-mixed concrete, which increases the number of
pores and enlarges the pore size, resulting in decreasing the
dynamic compressive strength of ready-mixed concrete.

Figure 6 also shows that at the same storage period, the
dynamic compressive strength of ready-mixed concrete

decreases with increasing water content from 0% to 2.0%.
Under the condition of 3 d, 7 d, 15 d, 20 d, and 30 d storage
period, dynamic compressive strength of ready-mixed
concrete with 2.0% water content decreases by 25.71%,
31.07%, 41.53%, 43.79%, and 54.24% as compared to that of
ready-mixed concrete without water content. ,e above
experimental results are similar to the previous study of
static mechanics performed by Zhang and Ma [16]. ,e
effects of water content on dynamic compressive strength
might be due to the following reasons: (1) As the water
content increases, the hydration reaction of the ready-mixed
dry material consumes the more cement and the amount of
cement inside ready-mixed concrete involved in hydration
reaction is reduced, which results in decreasing the amount
of hydration products and the compactness of the structure
for ready-mixed concrete. (2) ,e amount of water added
into ready-mixed concrete is constant in the process of
concrete production, which is equivalent to indirectly in-
creasing the ratio between water and cementitious materials
and reducing the amount of cementitious materials inside
ready-mixed concrete with increasing water content. It is
more likely to increase the internal porosity after hardening
for concrete. (3) ,at the addition of water is stirred during
concrete making process destroys the structure of the
formed hydrated product, which reduces the internal
structure cementing ability of the ready-mixed concrete.

Figure 7 shows the variation of dynamic compressive
strength of ready-mixed concrete specimens with 0.9MPa
impact pressure in uniaxial load state. From Figure 7, it can
be seen that the dynamic compressive strength of ready-
mixed concrete decreases with increasing water content and
storage period, which is similar to the result of specimens
with 0.6MPa impact pressure in uniaxial load state. How-
ever, compared with Figure 6, Figure 7 shows that impact
pressure has a significant influence on improving dynamic
compressive strength for ready-mixed concrete specimens.
In other words, at the same water content and storage
period, the dynamic compressive strength of ready-mixed
concrete in uniaxial load state increases as impact pressure
increases. In both figures, under the condition of 0% water
content and 0 d storage period, the dynamic compressive
strength of specimens with 0.9MPa impact pressure is
48.9MPa, increasing by 38.14% as compared to that of
specimens with 0.6MPa impact pressure (35.4MPa). As the
water content increases from 1.0% to 2.0%, the dynamic
compressive strength of specimens with 0.9MPa impact
pressure increases by 29.95%, 40.22%, and 36.42% as
compared with that of specimens with 0.6MPa impact
pressure under the condition of 30 d storage period.
Meanwhile, under the condition of 3 d, 7 d, 15 d, 20 d, and
30 d storage period, the dynamic compressive strength of
ready-mixed concrete with 0.9MPa impact pressure in-
creases by 22.43%, 20.90%, 32.85%, 31.66%, and 36.42% as
compared with that of ready-mixed concrete with 0.6MPa
impact pressure at the same water content (2.0%). ,is
experimental result is in agreement with the previous re-
search performed by Ping et al. [4], indicating that impact
pressure can effectively strengthen the dynamic compressive
strength of ready-mixed concrete.
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Figure 8: Dynamic compressive strength for ready-mixed concrete
with 0.9MPa impact pressure in passive confining pressure state.
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Figure 8 shows the e�ect of passive con�ning pressure on
the dynamic compressive strength for ready-mixed concrete
with 0.9MPa impact pressure. A comparison of Figures 6
and 7 with Figure 8 shows that the passive con�ning pressure
makes contribution to the enhancement of the dynamic
compressive strength of ready-mixed concrete. At the same
impact pressure (0.9MPa), the dynamic compressive
strength of ready-mixed concrete in passive con�ning
pressure state is more than that of ready-mixed concrete in
uniaxial load state; however, the degree of alteration is quite
di�erent. Under the condition of 0% water content and 0 d
storage period, the dynamic compressive strength of spec-
imens in passive con�ning pressure state is 60MPa, in-
creasing by 22.70% as compared with that of specimens in

uniaxial load state (48.9MPa). As the water content in-
creases from 1.0% to 2.0%, the dynamic compressive
strength of specimens in passive con�ning pressure state
increases by 25.80%, 41.04%, and 52.04% as compared with
that of specimens in uniaxial load state under the condition
of 30 d storage period. Meanwhile, under the condition of
3 d, 7 d, 15 d, 20 d, and 30 d storage period, the dynamic
compressive strength of ready-mixed concrete in passive
con�ning pressure state increases by 70.50%, 8.14%, 80.73%,
33.21%, and 52.04% as compared with that of ready-mixed
concrete in uniaxial load state at the same water content
(2.0%), which shows that the dynamic compressive strength
in passive con�ning pressure state is about 1.5 times as
compared with that in uniaxial load state.
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Figure 9: Dynamic stress-strain curves for ready-mixed concrete with 0.6MPa impact pressure in uniaxial load state.
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As can be seen from Figure 8, the variation of dynamic
compressive strength for ready-mixed concrete specimens
with di�erent water contents and storage periods in passive
con�ning pressure state is similar to that of ready-mixed
concrete specimens in uniaxial load state, which generally
shows a downward trend. However, dynamic compressive
strength for ready-mixed concrete specimens with 2.0%
water content and 7 d storage period decreases sharply, this
phenomenon may be due to the following two reasons. On
the one hand, there are many internal cracks, holes, and
pores inside the ready-mixed concrete specimens caused by
uneven vibration during the manufacturing process. On

the other hand, when the impact occurs, the upper and
lower surfaces of the specimens are not close to the rod.�e
above �gures also show that the dynamic compressive
strength decreases at a relatively slow rate within 15 d. As
the storage period increases from 15 to 20 d, the dynamic
compressive strength decreases rapidly, further increasing
with storage period from 20 d to 30 d, which results in
substantially constant for dynamic compressive strength.
�e dynamic compressive strength of ready-mixed con-
crete in passive con�ning pressure state is more than
30MPa, meeting the static compressive strength standard
value of C30 concrete.

0

10

20

30

40

50

St
re

ss
 (M

Pa
)

Plastic stage
Failure stage

A

B

C

Elastic stage

O
0 0.005 0.010 0.015 0.020

Strain

WC0-SP0

(a)

0 0.005 0.010 0.015 0.020 0.025

Strain

O

WC1.5-SP3
WC1.5-SP7
WC1.5-SP15

WC1.5-SP20
WC1.5-SP30

B2

B3

B1

B4

A5

A2

A1

A3

A4

B5

C1

C3
C2

C4 C50

10

20

30

40

50

St
re

ss
 (M

Pa
)

(b)

0 0.005 0.010 0.015 0.020 0.025
Strain

WC1.0-SP15
WC1.5-SP15
WC2.0-SP15

O

B2

B3

B1

A2

A1

A3

C1
C3 C2

0

10

20

30

40

50

St
re

ss
 (M

Pa
)

(c)

Figure 10: Dynamic stress-strain curves for ready-mixed concrete with 0.9MPa impact pressure in uniaxial load state.
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3.2. Dynamic Stress-Strain Behavior. �e typical dynamic
stress-strain behaviors provide an understanding of the
deformation and dynamic strength characteristics of ready-
mixed concrete with di�erent water contents, storage pe-
riods, and impact pressures, as presented in Figures 9–11. In
these �gures, Figures 9 and 10 present dynamic stress-strain
curves for ready-mixed concrete in uniaxial load state, while
Figure 11 shows dynamic stress-strain curves for ready-
mixed concrete in passive con�ning pressure state. It can be
seen from the �gures that the stress increases with increasing
strain before the stress reaches its peak and then decreases
sharply. Based on SHPB test results, dynamic stress-strain
curves for ready-mixed concrete in uniaxial load and passive

con�ning pressure states, as shown in these �gures, can be
roughly divided into three stages: (1) linear elastic stage
(OA), the stress of ready-mixed concrete linearly increases as
the strain increases, which is mainly due to the microcracks
inside the sample being not closed; (2) plastic yield stage
(AB), the stress of ready-mixed concrete has a relative slower
and �uctuating trend with the increase of the strain before
the stress reaches its peak, which is mainly because of
waveform oscillation at the incident loading stress wave
head; and (3) failure stage (BC), the stress decreases sharply,
whereas strain increases slightly, which shows that the
bearing capacity decreases after the stress reaches its peak.
However, from these �gures, the dynamic stress-strain
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Figure 11: Dynamic stress-strain curves for ready-mixed concrete with 0.9MPa impact pressure in passive con�ning pressure state.
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curves with different water contents, storage periods, and
impact pressures show the degree of alteration.

Figure 9 presents dynamic stress-strain curves for ready-
mixed concrete with 0.6MPa impact pressure in uniaxial
load state. It can be observed from Figure 9 that the value of
peak strain with 0.6MPa impact pressure shows a trend of
fluctuation with increasing storage periods and water con-
tents, while the peak stress of ready-mixed concrete de-
creases as storage periods and water contents increase.

Figure 10 shows dynamic stress-strain curves for ready-
mixed concrete with 0.9MPa impact pressure in uniaxial
load state. As shown in Figures 10(a) and 10(b), the value of
peak strain with 1.5% water content and varying storage
periods is 0.0152, 0.0145, 0.0129, 0.0116, and 0.0142, which
increases generally as compared with that of peak strain
without storage period and water content (0.0086). It can be
observed from Figure 10(c) that the value of peak strain with
15 d storage period and varying water content is 0.0144,
0.0129, and 0.0133, which is greater than that of peak strain
without storage period and water content. ,erefore, under
the condition of 0.9MPa uniaxial impact pressure, storage
period and water content can increase the peak strain of
ready-mixed concrete, but the reduction ratio of peak stress
varies with storage periods and water contents, which is
likely due to the structural damage of ready-mixed concrete.
,e experimental result is similar to ready-mixed concrete
with 0.6MPa impact pressure. In addition, a comparison of
Figure 9 with Figure 10 can find that impact pressure has
significant influence on dynamic stress-strain relationships,
which can clearly show that the peak stress and the peak
strain increase with increasing impact pressure from
0.6MPa to 0.9MPa, and initial slope related to the initial
modulus increases greatly.

Additionally, a comparison of Figures 9 and 10 with
Figure 11 shows that the dynamic stress-strain curves for
ready-mixed concrete with 0.9MPa impact pressure in
passive confining pressure state. It is clear that the peak
strain of ready-mixed concrete gradually decreases with
increasing storage periods, which presents a more stable
trend as compared with that of ready-mixed concrete in
uniaxial load state, while the influence of water content
corresponding to the peak strain is consistent with that of
ready-mixed concrete in uniaxial load state. Meanwhile, the
peak stress and the peak strain increase with the application
of confining pressure, which is due to changing the force
state of sample, inhibiting the expansion of the internal
crack, and improving the resistance of the sample to damage.
,rough the analysis of experimental data, it is found that
compared with the water content and storage period, the
impact pressure has a greater influence on the confining
pressure. ,erefore, this paper analyzes that at the same
water content and storage period, the confining pressure
with different impact pressures is collected through con-
fining pressure waves. It can be observed from Figure 11 that
confining pressure σ3 increases slowly with the strain from 0
to 0.015; the confining pressure increases sharply, whereas
there is a slight increase in the strain from 0.015 to 0.021; the
confining pressure decreases quickly with increasing the
strain after the confining pressure reaches its peak. In

addition, the peak stress of confining pressure with 0.9MPa
impact pressure is much larger than that with 0.6MPa
impact pressure, which is consistent with the experimental
result of the previous study by Li et al. [43].

3.3. Dynamic Elastic Modulus. Dynamic elastic modulus
used to evaluate the behavior of deformation in this research
is defined as the slope of straight line formed by connecting
40% of the peak stress on the stress-strain curve to the origin
[44, 45], which is calculated through the following equation:

E �
Δσ
Δε

�
σ0.4 − σ0
ε0.4 − ε0

, (9)

where σ0.4 and σ0 represent the peak stress of 40% and the
origin corresponding to the strain ε0.4 and ε0 from
Figures 9–11, respectively.

,e calculated results, as shown in Figure 12, show that
the dynamic elastic modulus E is different due to the dif-
ference of intercepted line segment on the curve. Figure 12
shows that there is a certain fluctuation in the dynamic
elastic modulus; however, it can be seen from the above
figures that the dynamic elastic modulus decreases with the
increase of storage period in general. ,e above result is
similar to the conclusions drawn by Yang [46]. ,e main
reason maybe that the hydrated cement of ready-mixed dry
material reduces the hydration product of ready-mixed
concrete. Dynamic elastic modulus, with increasing storage
periods from 0 d to 15 d, decreases sharply, further in-
creasing the storage period from 15 d to 30 d, and changes
relatively slowly. As impact pressure increases, dynamic
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Figure 12: Dynamic elastic modulus of ready-mixed concrete. ,e
coordinates of the dynamic elastic modulus axis is modified to 0–50
GPa and divided into five parts in units of 10 GPa..
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elastic modulus of ready-mixed concrete without water
content and storage period ranges from 9.26GPa to
18.97GPa in uniaxial load state. Dynamic elastic modulus in
passive confining pressure state is more than that in uniaxial
load state in general, which shows that passive confining
pressure can improve the deformation of ready-mixed
concrete. However, partial dynamic elastic modulus in
passive confining pressure state is less than that in uniaxial
load state, which maybe that the probe is unstable in the
early stage of the test and the straight line segment of stress-
strain curve in uniaxial load state has a large discrete type. In
summary, for ready-mixed concrete in uniaxial load and
passive confining pressure states, E is a parameter influenced
by the interaction of water content, storage period, and

impact pressure. Meanwhile, passive confining pressure has
a greater impact on dynamic elastic modulus.

3.4.FailureModesof Specimens. At the same impact pressure
(0.9MPa), failure modes of ready-mixed concrete specimens
studied by the dynamic compressive test in uniaxial load and
passive confining pressure states are shown in Figures 13 and
14, respectively. It is clearly noticed that the degree of
damage for ready-mixed concrete specimens increases with
the increase of the storage period and water content. More
specifically, with the storage period and water content in-
creasing, the number of fragments increases and the grain
size of fragments becomes smaller. When the storage period

(a) (b)

(c) (d)

(e) (f )

Figure 13: Failure mode of ready-mixed concrete in uniaxial load state. (a) WC0-SP0. (b) WC2.0-SP3. (c) WC2.0-SP7. (d) WC2.0-SP15.
(e) WC2.0-SP20. (f ) WC2.0-SP30.
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is 30 d and the water content is 2.0%, the damage of
specimens in uniaxial load and passive confining pressure
states is most serious. As clear in Figure 13, under the
condition of uniaxial load state, the failure of specimens
expands from the edge to the center, which is more uniform
and thorough with increasing water content and storage pe-
riod. Meanwhile, a phenomenon like above happens to the
ready-mixed concrete specimens in passive confining pressure
state (Figure 13).When the storage period andwater content of
ready-mixed dry material are small, the ready-mixed concrete
specimen exhibits splitting damage, while those of ready-mixed
dry material are large, the specimen exhibits crushing damage,
indicating that the strength of the ready-mixed concrete

decreases and the brittleness increases. ,e result is similar to
the conclusions drawn by Wu et al. [47].

However, the number of fragments in uniaxial load state is
more than that in passive confining pressure and the grain
size of fragments in uniaxial load state is generally smaller
than that in passive confining pressure, which indicates that
the effect of passive confining pressure can reduce the damage
degree of ready-mixed concrete. Due to the sleeve constraint,
the stress state of specimen is changed from a one-di-
mensional stress state to a three-direction stress state, which
inhibits the brittle fracture of the specimen caused by the
evolution of the damage, further improving the ductility and
resistance to damage of ready-mixed concrete specimen [48].

(a) (b)

(c) (d)

(e) (f)

Figure 14: Failure modes of ready-mixed concrete in passive confining pressure state. (a) WC0-SP0. (b) WC2.0-SP3. (c) WC2.0-SP7.
(d) WC2.0-SP15. (e) WC2.0-SP20. (f ) WC2.0-SP30.
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4. Microscopic Mechanism Analysis of Ready-
Mixed Concrete

In order to analyze the microscopic mechanism of the ready-
mixed concrete with different water contents and storage
periods, the microscopic test based on the scanning electron
microscope (SEM) are conducted. Representative SEM
images, as shown in Figure 15, illustrate that the hydration
products of ready-mixed concrete with different water
contents and storage periods have obvious differences,
which plays a fundamental role in internal structure.

It can be clearly seen from Figures 15(a)–15(d) that
under the condition of 1.5% water content, microstructure
of ready-mixed concrete changes with storage periods from

3 d to 30 d. ,ere are less fine threads on the matrix surface
of ready-mixed concrete when the storage period is less than
3 d, which corresponds to ettringite products formed from
the hydration reactions of cement. Meanwhile, the in-
terfacial transition zone of the ready-mixed concrete is low
density and loose structure, and there are more cement
particles with lower hydration degree, which indicates that
shorter storage period has little effect on the hydration
reaction of the ready-mixed concrete. As storage period
increases, the interfacial transition zone mainly contains a
large amount of loose flaky calcium hydroxide, which results
in the interface structure being poor. Internal structure of
ready-mixed concrete with 30 d storage period exists some
shrinkage cracks found in the interfacial transition zone.

2μm

(a)

2μm

(b)

2μm

(c)

2μm

(d)

2μm

(e)

2μm

(f )

Figure 15: SEM images of ready-mixed concrete with different water contents and storage periods. (a) WC1.5-SP3. (b) WC1.5-SP7.
(c) WC1.5-SP15. (d) WC1.5-SP30. (e) WC2.0-SP30. (f ) WC1.0-SP30.
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Figures 15(d)–15(f) show SEM images of ready-mixed
concrete with 30 d storage periods and varying water con-
tents. It can be seen from Figures 15(d)–15(f ) that the
hydration reaction of the ready-mixed concrete with 1.0%
water content is slow and the hydration products are less. As
water content increases 2.0%, the C-S-H gel of ready-mixed dry
material continues to increase and the cement particles are
substantially free of angular edges, forming a staggered
ettringite filled between the cement particles, which leads to
extending interface transition zone of ready-mixed concrete
and forming loose microstructure. Ready-mixed concrete
made of ready-mixed dry material with water is stirred, which
destroys the structure of the original hydration product that has
lost its cementation ability. Meanwhile, the unhydrated cement
particles are difficult to enter into these loose microscopic
hydration products [49]. ,erefore, the above reasons lead to
reducing dynamic compressive strength of ready-mixed con-
crete. ,is explains the effect of water content and storage
period on the macroscopic dynamic mechanical properties of
ready-mixed concrete from a microscopic point of view.

5. Conclusions

,is paper investigates the effects of water content, storage
period, and impact pressure on the dynamic mechanical
properties of ready-mixed concrete based on the SHPB test.
,e dynamic strength, the dynamic stress-strain curve,
failure modes, and microstructure of ready-mixed concrete
are analyzed. ,e following conclusions can be drawn from
the present study:

(1) ,e dynamic compressive strength of ready-mixed
concrete decreases with increasing water content and
storage period in uniaxial load and passive confining
pressure states but increases with the increase of
impact pressure. Meanwhile, at the same water
content, storage period, and impact pressure, the
dynamic compressive strength of ready-mixed con-
crete in passive confining pressure state is about 1.5
times as compared with that in uniaxial load state.

(2) Dynamic stress-strain curves for ready-mixed con-
crete in uniaxial load and passive confining pressure
states can be divided into linear elastic stage, plastic
yield stage, and failure stage. Peak strain and dy-
namic elastic modulus of ready-mixed concrete in
the passive confining pressure states are more than
that in uniaxial load state.

(3) When the storage period and water content are
small, the ready-mixed concrete specimen exhibits
splitting damage, whereas when they are large, it
exhibits crushing damage. SEM analysis revealed
that interface transition zone of ready-mixed con-
crete gradually expands as the storage period and
water content increase. Under the condition of 30 d
storage period and 2.0% water content, the damage
degree of ready-mixed concrete is most serious in the
experiment. Meanwhile, the effect of passive con-
fining pressure can reduce the damage degree of
ready-mixed concrete.
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