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Concrete is widely used in bridge foundation, water supply, and drainage engineering. On the one hand, the saturated concrete is
always in the saturated state. In the cold winter, northeast China and the alpine region suffer from freezing disaster. On the other
hand, it has to continue to bear the dynamic load action of vehicles and running water, which makes the stress state of saturated
concrete more complicated under the coupling action of low temperature and dynamic load. In order to study the mechanical
properties and fracture characteristics of saturated concrete under the coupling effect of low temperature and dynamic load,
the impact compression tests of concrete under normal temperature 20°C, -5°C, -10°C, and -15°C were carried out with a
diameter of 74mm split Hopkinson pressure bar (SHPB). The stress-strain characteristics, energy dissipation, and failure
modes of specimens under different low temperatures were studied. From a detailed point of view, the failure mechanism of
low-temperature water-saturated concrete is expounded. The results show that under the same dynamic load, the dynamic
stress-strain curve of saturated concrete changes obviously with the change of low temperature. The dynamic compressive
strength of the natural specimen at room temperature is high while that of the water-saturated specimen is low, and the
dynamic compressive strength is opposite at low temperature. At the same temperature, the energy time-history curves of
concrete in the saturated state are different from those in the natural state, mainly in the plastic section. The energy time-
history curves of saturated concrete are different at different temperatures, and the energy dissipation rate of saturated concrete
increases linearly with the decrease of temperature. Under the experimental conditions, the dynamic strength of saturated
concrete increases linearly with the decrease of temperature, and the peak strain of saturated concrete decreases linearly with
the increase of temperature. With the decrease of temperature, the fragmentation of saturated concrete under the impact of the
same air pressure gradually increases, and the integrity of the specimen gradually improves. Low temperature can improve the
impact resistance of saturated concrete, which is consistent with the failure law of natural state concrete. The water-saturated
low-temperature state of the concrete void is filled with ice crystal particles; for low-temperature water-saturated concrete in
the impact of the dynamic load, the microstructure is affected by the ice crystal structure which is not easy to change; the
specimen along the axial force direction microdefect development produces a crack, the crack along the parallel to the pressure
direction of cracking, through the two ends of the specimen, and finally produces axial splitting tensile damage. The research
results have important theoretical significance for the safety design of low temperature saturated concrete structures.

1. Introduction

Concrete is a typical nonuniform material, widely used in
the construction field, bridge foundation, water supply, and

drainage engineering; concrete mechanical properties are
greatly affected by temperature and humidity. During the
construction of Qinghai-Tibet railway, the influence of low
temperature environment on the mechanical properties of
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concrete cannot be ignored [1–6]. The Nazixia Dam is located
in a cold climate, and its concrete slabs are required to be sta-
ble at low temperatures [7]. In bridge foundation, water supply
and drainage project, immersed concrete faces with frost heav-
ing dangerous under low temperature state, while the struc-
ture should continue to bear the dynamic load of vehicles,
running water, and so on. Therefore, it is of theoretical and
engineering significance to study the mechanical properties
and fracture characteristics of saturated concrete under the
coupling action of low temperature and dynamic load.

Wang et al. carried out tests on the compressive strength
of concrete cubes at -60°C~20°C, and the results showed that
the compressive strength of concrete cubes increased linearly
with the decrease of temperature within the test range [8].
Zhang e al. tested the compressive strength of concrete
under -165°C~0°C and found that the growth was obvious
between -40°C and -80°C, while the growth was slow after
-120°C [9]. Dahmani et al. found that the properties of con-
crete at low temperatures are determined by porosity, and
the strength of concrete decreases when subjected to
freeze-thaw cycles [10]. Domestic scholars also tested the
low temperature compressive strength of concrete mixed
with different additives (such as rubber, polypropylene fiber,
and asphalt) [11–13]. Fang et al. carried out bending-tension
tests on ultrahigh performance concrete with discrete short
fine steel fibers at -20°C and 20°C. It was found that with
the decrease of temperature, the bond between steel fibers
and concrete became stronger, the slip between them
decreased, and the ductility became smaller [14].

The research on concrete performance at low tempera-
ture is mainly limited to static performance and freeze-
thaw cycle. There are abundant research achievements on
concrete impact test [15–18]. Zhu et al. cured basalt fiber
concrete at -30°C and carried out a drop hammer test on
the specimens at room temperature. It was found that basalt
fiber could improve the impact resistance of concrete at low
temperature, and there was a linear relationship between the
fiber content and the impact resistance [19]. Huang and
Xiao used a 155mm large-diameter SHPB device to conduct
impact compression tests on φ150mm × 300mm light-
weight high-strength concrete. The failure of concrete spec-
imens is mainly brittle failure. With the increase of impact
velocity, the failure degree of specimens will gradually
become higher [20]. Yan et al. conducted dynamic compres-
sion experiments on concrete with different initial damage
degrees and found that the dynamic compressive strength
of concrete decreased gradually with the increase of initial
damage degrees. When the injury degree is less than 20%,
the influence is more significant than 40% [21]. Many
experts have also done a lot of research on water saturated
concrete [22–24]. Sun et al. conducted acoustic emission test
on rock, concrete, and rock concrete as one medium under
uniaxial load under dry and saturated conditions and found
that the peak value of impact number of saturated specimens
was slightly behind that of stress [25]. Wang et al. on natural
drying condition studied the water quality change of geolog-
ical polymer concrete, ultrasonic wave velocity, compressive
strength, flexural strength, and splitting strength and ana-

lyzed the saturated state of geological polymer (GC) basic
physical and mechanical properties of concrete; the influ-
ence of saturated state of the GC static mechanics perfor-
mance has obvious negative impact. Its compressive
strength, flexural strength, and splitting strength are lower
than those of dry condition [26].

In order to study the mechanical properties and fracture
characteristics of saturated concrete under the coupling
effect of low temperature and dynamic load, low tempera-
ture and saturated concrete were taken as the research
object. Impact compression tests of concrete under normal
temperature (-5°C, -10°C and -15°C), saturated water, and
natural state were carried out by using a diameter of
74mm split Hopkinson pressure bar (SHPB). The dynamic
stress-strain characteristics and failure modes of saturated
concrete in different low temperature states were studied,
and the dynamic strength, peak strain, absorption energy,
and fracture characteristics of specimens were analyzed with
low temperature. Compared with natural concrete, the
research results have important theoretical significance for
the safety design of low temperature saturated concrete
structures.

2. Test Design

2.1. Specimen Making and Scheme. Ordinary Portland
cement was chosen to cast C40 concrete in the test. The
cement is P·O 42.5 ordinary Portland cement produced by
Huainan Bagongshan Cement Factory. Gravel for artificial
gravel has a nominal particle size of 5~15mm (continuous
grading). Sand is medium fine sand, and particle grade is
good, with over 1mm sieve. Use ordinary tap water. The
water-cement ratio of concrete is 0.46, and the mixing ratio
C : W : S : G = 1 : 0:46 : 1:48 : 2:20. Concrete was poured
with a rectangular template and vibrated with a shaking
table. According to the GB/50081-2002 standard, concrete
curing is done at temperature of 20± 2°C, and relative
humidity of >95%. After standard curing for 28 days, the
cylinder was taken out, cut, and polished by ZS-100 vertical
drilling core machine, and a cylinder specimen of φ 74mm
× 37mm was obtained, as shown in Figure 1.

In this experiment, two kinds of concrete in saturated
and natural state were adopted, and low water-saturated
concrete was taken as the main object of study. After 28 days
of maintenance, the specimen is treated with water, and in
order to ensure that the specimen is in a full state, it is
soaked under negative pressure for 72 hours. The freeze-
thaw box (as shown in Figure 2) was used to deal with the
temperature of the two kinds of concrete at room tempera-
ture (-5°C, -10°C, and -15°C). Due to the large discreteness
of dynamic experiment, in order to ensure the repeatability
of experimental results, five concrete test blocks were
selected under the same curing condition during the impact
compression test of the sample. Because concrete is thermal
inert material, in order to ensure that the temperature of the
specimen does not change too much in the test process, a
simple insulation box is made, together with the sample into
the low-temperature curing box. The test block is then
placed into a sealed bag, then put into salt water, and frozen;
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the test block is put into the refrigerator; the internal tem-
perature stabilization of the refrigerator requires a process;
when the specimen reaches the set temperature, it needs to
be stable for 24 hours, so the freezing time is set to 48 hours.
During the experiment, it was taken out together with the
foam box, and the impact test was carried out quickly to
reduce the heat loss inside the concrete specimen and to
ensure that the temperature was kept in the effective range
during the experiment as far as possible. Before the experi-
ment, the temperature in the simple foam box was measured
to meet the requirements of the test temperature.

2.2. Test Device and Test Method. The 74mm diameter var-
iable section SHPB test device of Anhui University of Sci-
ence and Technology was used in the impact test, as
shown in Figure 3. The length of the impact bar was
0.60m, and the lengths of the incident bar and transmission
bar were 2.40m and 1.20m, respectively. The impact bar,
incident bar, transmission bar, and absorption bar are all
alloy steel with a density of 7.8 g/cm3, elastic modulus of
210GPa, and p-wave velocity of 5190m/s. The type of resis-
tance strain gauge used to collect voltage signals on the inci-
dent bar and transmission bar is BX120-2AA, and the strain
gauge grid length is 2mm, which can meet the requirements
of dynamic measurement accuracy. CS-1D dynamic strain
gauge and TST 3406 dynamic test analyzer were used for
data signal acquisition.

Based on one-dimensional stress wave propagation the-
ory, a two-wave method is used to calculate the stress, strain,

and strain rate of specimen under impact [27].
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The energy carried by incident, reflected, and transmit-
ted waves can be expressed by the following formula [27]:
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The dissipated energy of the specimen is expressed as
[27]

WA tð Þ =W i tð Þ −Wr tð Þ −Wt tð Þ: ð3Þ

Under different environments, the energy dissipation
rate of specimens directly reflects the strength of energy dis-
sipation. The energy dissipation rate can be defined as the
ratio of the dissipated energy of specimens to the incident
energy [27].

η = WA tð Þ
W i tð Þ

, ð4Þ

where εiðtÞ, εrðtÞ, and εtðtÞ are the incident strain, reflected
strain, and transmitted strain at time t, respectively, dimen-
sionless; ls is the thickness of specimen (m); C0, E are the
compressional wave velocity and elastic modulus of the
compression bar (m/s and MPa), respectively; A, AS are the
cross-sectional area of the pressure bar and the cross-
sectional area of the specimen (m2); and W i is incident
energy, Wr is reflected energy, Wt is transmitted energy,
and Wt is dissipated energy (J).

3. Test Results and Analysis

3.1. Stress-Strain Curves of Specimens. In order to control the
variables and study the influence of low temperature on the
dynamic mechanical properties of saturated concrete,
0.25MPa air pressure was used to impact the specimen in
the test. The stress-strain curve of low-temperature and sat-
urated concrete is shown in Figure 4, and that of low-
temperature and natural concrete is shown in Figure 5.

In order to better explain the characteristics of saturated
water concrete under the coupling action of low temperature
and dynamic load, the dynamic stress-strain curve of low-
temperature concrete specimen (natural) in Figure 5 is

Figure 1: Partial sample.

Figure 2: Freeze-thaw box.
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compared. It can be seen that under the condition of the
same coupling value of low temperature and dynamic load,
the dynamic stress-strain curve of saturated concrete
changes obviously from that under natural state. The most
significant difference can be seen from the stress peak value.
At normal temperature, the dynamic strength peak value of

saturated concrete is lower than that of natural state, while
at low temperature, the strength peak value of saturated
concrete is higher than that of natural state. It can also
be seen from the stress-strain curve that concrete under
different temperatures in the natural state has obvious
dynamic yield platform stage, while concrete under normal
temperature under saturated state and concrete under nat-
ural state both have obvious yield platform stage. However,
at low temperature, the platform at the yield stage of satu-
rated concrete is not obvious and becomes “steeper.” In
order to further reveal the characteristics of saturated con-
crete under the coupling action of low temperature and
dynamic load, the dynamic stress-strain curve of low-
temperature and saturated concrete in Figure 4 was ana-
lyzed in detail.

It can be seen from Figure 4 that the dynamic stress-
strain curve of low-water-saturated concrete mainly includes
three stages. (1) The OA stage in Figure 4 is stress-increasing
stage, where the stress-strain curve is linear elastic stage. The
crack in concrete gradually develops. When approaching to
elastic limit, the strain increases fast. (2) In the second stage
of stress decline, the stress plateau gradually decreases at
normal temperature, while the stress rapidly decreases at
low temperature and then decreases slowly at CD. The main
reason is that with the penetration of microcracks, the inter-
nal integrity of the specimen structure is aggravated, the load
transfer route is constantly reduced, and the bearing capacity
decreases. At room temperature, the water particles in satu-
rated concrete play a lubricating role in the bite force and
friction between concrete and aggregate, so that the force is
more uniform. For low-water-saturated concrete, the crack
is filled with ice, which makes the strength of concrete
increases. Hence, the strength of the concrete specimen with
decreasing of temperature. Due to the increase of ice body,
the original porous concrete medium is filled with brittle
ice body, but after the late decline, there is a small area of
slow decline. The analysis of the reason mainly considers
that in the process of crack propagation, the occluded and
frictional energy generated between aggregates will weaken
the freezing effect of ice body and produce certain deforma-
tion under the action of stress. (3) In the DE section of spec-
imen stress rapid decline stage, as the specimen cracks, the
specimen is broken and the cohesion of the structure is
almost exhausted.

3.2. Energy Time History Curve of Concrete Specimens with
Low Water and Sufficient Water. Dynamic mechanical prop-
erties and energy calculation results of impact specimens are

Figure 3: SHPB test device with variable cross section of 74mm diameter.
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shown in Table 1 through data processing and theoretical
calculation. Under the action of the same impingement air
pressure, the relationship between incident energy, reflected
energy, transmitted energy, and time of saturated concrete
and natural concrete at room temperature and -5°C is shown
in Figures 6 and 7.

It can be seen from Figures 6 and 7 that the initial kinetic
energy obtained by bullets under the action of the same air
pressure is the same, so the impact incident energy of the
specimen is approximately the same, which also indicates
the reliability of the test equipment. It can be seen from
the figure that all kinds of energies increase with the increase

of acting time, and the energy changes are not obvious
between 0 and 50μs. After 50μs, the growth slope of
absorbed and reflected energy is faster than that of transmit-
ted energy. For saturated concrete at normal temperature,
the reflected energy is higher than that at -5°C, and the
transmitted energy is lower than that at -5°C, as shown in
Figure 6 according to the conservation of energy. Satisfying
the water absorption of low-temperature concrete is greater
than the normal temperature condition, the natural condi-
tions at room temperature, and low temperature state energy
time history curve with a similar pattern, size is not the
same, but the energy difference is also different. The differ-
ence between the reflected energy and absorbed energy of
water-saturated concrete at room temperature is large, but
the maximum absorbed energy of water-saturated concrete
at -5°C is slightly larger than the reflected energy. However,
for the same temperature, the value of reflected energy is
greater than that of absorbed energy. The above results show
that the saturated state has significant influence on the
energy dissipation of concrete at both room temperature
and low temperature.

3.3. Relationship between Temperature and Dynamic
Compressive Strength and Peak Strain of Water-Saturated
Specimens. From the analysis of Section 2.2 and Table 1, it
can be seen that the water-saturated state has a greater
impact on the strength of concrete, and it can be seen from
the table that the ratio of the strength of the water-saturated
concrete to the strength of the natural state is 0.82, indicat-
ing that the water-saturated water molecules have a deterio-
rating effect on the dynamic strength of the concrete, and
when the temperature reaches -15°C, the strength ratio of
the water-saturated concrete to the strength in the natural
state is 1.10, indicating that the transformation of water mol-
ecules into ice molecules has a certain enhancement effect on
the dynamic strength of the concrete. There is a certain low
temperature state that can compensate for the deterioration
effect of saturation. In order to further reveal the relation-
ship between the dynamic strength of water-saturated con-
crete under low temperature and dynamic load and the
relationship between peak strain and low temperature of
water-saturated concrete under low temperature and
dynamic load, the law of concrete under water-saturated
state is more detailed, and the relationship between low-
temperature dynamic compressive strength and peak strain
of natural concrete is compared and analyzed, and the rela-
tionship between dynamic compressive strength and peak
strain and temperature of water-saturated concrete is
obtained as shown in Figures 8 and 9.

It can be seen from Figure 8 that under test conditions,
the dynamic strength of saturated concrete increases linearly
with the decrease of temperature. After linear fitting of data,
the linear correlation coefficient between dynamic strength
of saturated concrete and temperature is R2 = 0:998. The
dynamic compressive strength of saturated concrete
increases by 34.37MPa when it drops from normal temper-
ature to -15°C. Compared with the natural state, state full
water dynamic compressive strength of concrete under nor-
mal temperature is low, the analysis reason mainly is a kind
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Figure 6: Energy distribution of saturated concrete.
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of porous concrete is hydrophilic material, feed water condi-
tion of concrete softening of water particles and lubrication,
and creep tendency, so that normal temperature state full of
water dynamic compressive strength of concrete material
has weakened a lot. As the temperature decreases, it can be
seen from the fitting curve that the dynamic compressive
strength of concrete under saturated water is equivalent to
that under natural state between 0°C~-2°C. However, the
effect of temperature is not considered in the test, but the
results are reliable combined with theoretical analysis. When
the temperature is lower than 0°C, the free water in concrete
turns into ice crystal. On the one hand, the crystal has a cer-
tain strength to fill the void of concrete; on the other hand,
the process of freezing water into ice under the effect of
low temperature increases the cohesion and internal friction
angle of the specimen itself, which weakens the softening
and lubrication effect of water together. Within the test

range, when the temperature reaches lower temperature,
the dynamic strength of saturated concrete increases, and
the main reason can be explained by the model of friction
crack slip [28–35]. Concrete is subject to impact load, cracks
will develop and extend from the microcracks in the speci-
men, and for this moment, the concrete can still withstand
a large load; cracks in the development and extension of
the original cracks will produce friction slip between the
cracks that have been generated. Concrete friction slip needs
to overcome the following aspects of resistance: (1) the adhe-
sion force between the two friction surfaces and (2) the resis-
tance encountered when the concave and convex particles
cross each other, which is closely related to the roughness
of the friction surface, and for the destruction of low-
temperature water-saturated concrete, the ice crystal struc-
ture will increase the adhesion of the friction face and will
also increase the roughness of the friction surface. In the
crack propagation, the friction resistance of ice crystal struc-
ture slip is the most important factor. The lower the temper-
ature is, the greater the friction resistance of slip is, and the
higher the stress of crack initiation and growth is, and the
compressive strength also increases. The schematic diagram
of the slip model is shown in Figure 10.

Considering the linear increase of concrete with temper-
ature decrease in natural state, the correlation coefficient of
fitting is R2 = 0:991. At -15°C, the peak value dynamic com-
pressive strength of concrete increases by 18.48MPa. It can
be seen that the effect of peak compressive strength of satu-
rated concrete changing with temperature is significantly
higher than that of dry concrete. According to Figure 10,
the concrete material itself has many holes in the natural
state. Under the impact load, the crack propagation in the
concrete preferentially passes through the weak surface and
holes of the specimen, and the crack penetrates the weak
surface and holes along the stress direction. For saturated
concrete, due to lubrication and softening, the energy con-
sumed by cracks running through concrete is weakened.
For the same crack, the energy required is smaller, and the
overall bearing capacity of saturated concrete specimens is
reduced. However, at low temperature, the water in the holes
and voids of saturated concrete is filled with ice crystals, and
the filling strength of ice crystals is higher, which makes the
failure mode of concrete more inclined to axial splitting and
tensile failure. The crack produced by the specimen is more
parallel to the stress path, which reduces the guiding effect of
the weak face on the crack propagation, thus improving the
strength of the specimen as a whole.

Based on the relationship between peak strain and tem-
perature of saturated concrete in Figure 9, it can be seen that
the peak strain of saturated concrete decreases linearly with
the increase of temperature, and the linear correlation coef-
ficient is R2 = 0:97. For concrete under natural condition, the
peak strain of saturated concrete is always greater than that
of concrete under natural condition when it drops from nor-
mal temperature to -15°C in the test range. However, the
change rate of peak strain with temperature of saturated
concrete (slope 0.06) is larger than that of natural concrete
(slope 0.04). It can be seen that with the continuous decrease
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Figure 9: Relationship between peak strain and temperature of
saturated concrete.

20 15 10 5 0 –5 –10 –15
40

45

50

55

60

65

70

75

80
St

re
ss

 (M
Pa

)

Temperature ( °C)

Natural concrete
Saturated concrete

y = –1.0006x + 61.58
R2 = 0.998

y = –0.55x + 61.48
R2 = 0.975

Figure 8: Relationship between dynamic strength and temperature
of saturated concrete.

7Geofluids



of temperature, the peak strain of saturated concrete will be
smaller than that of concrete under natural state. The main
reasons are as follows: first, with the decrease of tempera-
ture, the brittleness of ice crystal structure in saturated con-
crete becomes stronger. At the same time, considering the
frost heave effect of ice crystal structure, the strength of sat-
urated concrete increases within the test temperature range,
and free water is mainly frozen inside the structure, which
mainly produces filling and solidification. Second, with the

decrease of temperature, the bound water inside the struc-
ture, including aggregate and sand, will also freeze, which
will cause frost heave damage to the structure. Therefore,
with the continuous decrease of temperature, the dynamic
limit strain of saturated concrete will gradually decrease [36].

3.4. The Relationship between Energy Dissipation Rate and
Temperature. Under different environments, the energy dis-
sipation rate of specimens directly reflects the strength of
energy dissipation. Based on Table 1, the relationship
between the energy dissipation rate of saturated concrete
and temperature is shown in Figure 11.

Figure 11 shows that the energy dissipation rate of satu-
rated concrete increases linearly with the decrease of tem-
perature, and the linear correlation coefficient R2 = 0:98.
Combined with Figure 6, the failure energy absorption pro-
cess of saturated concrete specimens was analyzed from the
perspective of absorbed energy and energy dissipation. In
the initial stage of impact, the stress wave was in the rising
edge, and the saturated concrete specimens were in the stage
of elastic deformation. The absorbed energy of saturated
concrete was stored in the form of elastic energy. With the
increase of incident energy, due to the wave impedance mis-
match between the specimen and the pressure bar, the inci-
dent end face of the specimen generates reflection energy,
and the poststress wave propagates back and forth through
the specimen in the transmission bar, specimen, and inci-
dent bar, and each energy is supplemented. As the stress
wave strength is greater than the ultimate compressive
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Figure 10: Schematic diagram of failure model of water-saturated concrete.
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strength of saturated concrete, damage evolution and accu-
mulation will occur in the saturated concrete specimen.
The primary microcracks in saturated concrete expand and
produce a large number of new microcracks at the same
time, and the absorption energy continues to increase, which
is also the main stage of energy dissipation. With lower tem-
perature, the microcracks of concrete internal full water,
microdefects by ice crystals, and low temperature damage
will not be able to make full water concrete according to
the original crack, weak surface development, and thus need
to consume more energy, but with the lower temperature,
feed water concrete and concrete energy dissipation is grad-
ually close to nature.

The main reason is that with the decrease of tempera-
ture, regardless of saturated concrete and concrete in natural
state, the bound water inside the structure, including aggre-
gate, sand, and other internal water, also freezes, and the
overall brittleness of the specimen becomes stronger. The
dynamic compressive strength of concrete with low water

and sufficient water will increase, but it is more likely to be
broken, and the overall energy dissipation rate will tend to
be the same when the ultimate strain decreases.

3.5. Fracture Morphology Characteristics. Figures 12 and 13
show the failure patterns of concrete in low water and full
water and concrete in natural state at different temperatures.

It can be seen from Figure 12 that, under the impact of
the same air pressure, the fragmentation of saturated con-
crete gradually increases with the decrease of temperature,
and the integrity of specimens gradually improves. The
decrease of temperature can improve the impact resistance
of saturated concrete, which is consistent with the failure
law of natural state concrete. The axial splitting tensile fail-
ure and compression shear failure of concrete specimens
with low temperature and adequate water are the main. As
the temperature decreases, the crushing state changes from
crushing to axial splitting failure, and the axial through-
crack gradually decreases. Saturated concrete is seriously

(a) 20°C (b) -5°C

(c) -10°C (d) -15°C

Figure 12: Failure pattern of water-filled concrete.

(a) 20°C (b) -5°C

(c) -10°C (d) -15°C

Figure 13: Failure pattern of natural concrete.
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broken at room temperature, and the destruction range at
low temperature is smaller than that at natural state. Based
on the mesostructure of concrete, the damage and evolution
of saturated concrete are studied by analyzing the physical
and mechanical process of the change of mesostructure,
which can well reveal the damage mechanism and law of sat-
urated concrete. In order to reveal the mesostructure of frac-
ture and fracture of low water-saturated concrete, the surface
of water-saturated concrete specimen was observed by a
bester electronic digital microscope with magnification of
1000 times. The observations are shown in Figure 14.

It can be seen from Figure 14 that there are a large num-
ber of voids and defects (such as cavities, holes, and micro-
cracks) in concrete in the natural state. In the saturated
state, voids and microcracks are filled by water, as shown
in Figure 14(b). In the water-saturated low temperature
state, the surface of concrete is filled with ice crystal particles,
but the ice crystal particles do not completely fill and fill the
pores and voids as expected. That is mainly because the pro-
cess of freezing water does not just freeze at zero degrees
Celsius. To turn water molecules into ice crystals, they need

an attachment called a nucleus. For saturated concrete, water
molecules will preferentially form lattice on the contact sur-
face with concrete, sand, and cement and form ice body
structure on this basis. Therefore, the ice body of saturated
mortar does not always fill the pores. However, due to the
action of ice crystals, the weak surface of concrete is effec-
tively connected. Therefore, under the impact load, the
dynamic process of concrete defects in the natural state is
intensified, and microdefects in different parts of the interior
are simultaneously activated and developed, resulting in a
small number of cracks. Under the continuous action of
stress waves, a large number of microdamage and micro-
crack development, coupled with the development of inter-
nal structural defects, will produce cracks in the internal
structure of particles, along the cracks between particles
and grain boundaries. However, the microstructure of con-
crete subjected to impact dynamic load is not easily changed
by ice crystal structure, and the distribution of concrete will
change from a free state to directional distribution under
stress direction. When the specimen is subjected to uniaxial
impact compression, after the stress wave reaches the

0.100 mm

(A) Aggregate meso structure (B) Cement meso structure (C) Cement and mortar meso structure

0.100 mm 0.100 mm

(a) Mesostructure of concrete surface in natural state

(A) Aggregate meso structure (B) Cement meso structure (C) Cement and mortar meso structure

0.100 mm 0.100 mm 0.100 mm

(b) Mesostructure of concrete surface under saturated state

(A) Aggregate meso structure (B) Cement meso structure (C) Cement and mortar meso structure

0.100 mm 0.100 mm 0.100 mm

(c) Microstructure of frozen concrete surface under saturated condition

Figure 14: Failure pattern of concrete.
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contact surface between the incident bar and the specimen,
the effective stress in all parts of the specimen is uniform
with the propagation of the stress wave in the concrete with
low temperature and adequate water. With the further
increase of the axial stress, the microdefects of the specimen
develop along the axial stress direction and produce cracks.
The cracks occur along the direction parallel to the compres-
sive stress direction, through the two ends of the specimen,
and produce axial splitting tensile failure.

4. Conclusions

In bridge foundation, water supply, and drainage project,
immersed concrete faces frost heaving dangers under low-
temperature state. Additionally, the concrete also faces
dynamic failure, when many cars drive on it. Hence, the
mechanics characteristics of water-saturated concrete under
the coupling of low temperature and dynamic load are stud-
ied. Water saturation and dry concrete impact compression
tests were conducted at a normal temperature of -5°C,
-10°C, and -15°C using Φ74 mm split Hopkinson pressure
rod (SHPB). The following conclusions are reached:

(1) In the case of the same coupling value of low temper-
ature and dynamic load, under normal temperature,
the strength ratio of water-saturated concrete to nat-
ural state is 0.82, and the water molecules in the
water-saturated state have a deteriorating effect on
the dynamic strength of concrete, and when the tem-
perature reaches -15°C, the strength ratio of water-
saturated concrete to the strength in natural state is
1.10, and the transformation of water molecules into
ice crystal structures has a certain enhancement
effect on the dynamic strength of concrete. Under
different temperatures, concrete in the natural state
and the natural state of normal temperature and
water-saturated concrete have obvious dynamic yield
platform stage, but at low temperature, the yield
stage of water-saturated concrete platform is not
obvious, and the material properties become more
and more “steep” and brittle

(2) In the range of the test, the various energies increase
with the time of action. There is no obvious change
of each energy between 0 and 50μs. After 50μs, the
increase slope of absorbed and reflected energy is
faster than that of transmitted energy. For saturated
concrete at room temperature, the reflection energy
is higher than -5°C, and the transmission energy is
lower than -5°C. The energy dissipation rate of satu-
rated concrete increases linearly with the decrease of
temperature

(3) Under the experimental conditions, the dynamic
strength of saturated concrete increases linearly with
the decrease of temperature, and the dynamic com-
pressive strength of saturated concrete increases by
34.37MPa when the temperature drops from 20°C
to -15°C at normal temperature. The peak strain of
saturated concrete decreases linearly with the

increase of temperature. For concrete under natural
condition, the peak strain of saturated concrete is
always greater than that of concrete under natural
condition when it drops from normal temperature
to -15°C within the test range. However, the change
rate of peak strain with temperature of saturated
concrete (slope 0.06) is larger than that of natural
concrete (slope 0.04).

(4) The results of the thesis study have certain theoreti-
cal reference value for the design, construction,
maintenance and reinforcement of bridge founda-
tion concrete, water supply, and drainage engineer-
ing building structures and outdoor low-
temperature concrete pavement in cold areas, and
for concrete structures that need to be built in water
and withstand dynamic load, it should be selected to
increase silicon powder and other fine admixtures to
reduce bubbles in concrete, or to select concrete with
higher strength labels to reduce the effect of satura-
tion deterioration. For the water-saturated concrete
structure in the cold area, although under the action
of low temperature dynamic load, the strength of the
concrete increases, but the brittleness of the concrete
increases, especially for some important structures,
the sudden instability of the brittle damage is unpre-
dictable, which will bring very serious disasters, for
these places should improve the reinforcement rate
of the concrete structure or increase the steel fiber;
carbon fiber, polyester fiber, etc. can improve the
overall ductility of the concrete under the condition
of ensuring the strength of the concrete
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