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Asphalt concrete is a typical rheological material, which is hard brittle at low temperature and reflects soft plastic facture at
high temperature; the temperature has a great influence on the mechanical properties of asphalt concrete. In order to
eliminate the environmental pollution caused by hot asphalt construction, cationic emulsified asphalt can be used. -is paper
transforms the temperature control system for static and dynamic triaxial test equipment, which has achieved static and
dynamic properties of emulsified asphalt concrete under different temperatures, and researched the temperature sensitivity of
emulsified asphalt concrete materials including static stress-strain relationship, static strength, dynamic modulus of elasticity,
damping ratio, and so on. -e results suggest that (1) temperature has a great influence on the triaxial stress-strain re-
lationship curve of the asphalt concrete.-e lower the temperature, the greater the initial tangent modulus of asphalt concrete
and the higher the intensity; the more obvious the softening trend, the smaller the failure strain of the specimen and the more
obvious the extent of shear dilatancy. When the temperature is below 15.4°C, the temperature sensitivity of the modulus and
strength is stronger significantly. (2) With the temperature rising, the asphalt concrete gradually shifts from an elastic state to
a viscoelastic state, the dynamic modulus gradually reduces, and the damping ratio increases. When the temperature is above
15.4°C, the temperature sensitivity is obviously stronger for the dynamic elastic modulus and damping ratio. (3)-e static and
dynamic properties of asphalt concrete are very sensitive to the temperature. -e test temperature should be made clear for
the static and dynamic tests of asphalt concrete. -e specimen temperature and the test ambient temperature must be
strictly controlled.

1. Introduction

Asphalt concrete is made of asphalt, aggregate, filler, and other
cement together to form a synthetic material, is the material
more and more widely used in transportation and water
conservancy projects, and has an important social and eco-
nomic value. In order to eliminate the shortcomings of tra-
ditional hot asphalt construction heating and environmental
pollution, we consider the use of nonheated emulsified asphalt.
For the porosity and short storage time of the conventional
emulsified asphalt concrete, as well as the difficult to have the
fatigue strength, surface closure requirements, and other de-
ficiencies, the use of cationic emulsified asphalt was considered.

Highway traffic load, seasonal difference, climate dif-
ference, cold area and hot zone, sunshine and reservoir water
temperature differences, and other factors have the impact of
asphalt concrete engineering properties [1–6]. Asphalt
concrete is a typical rheological material. It has different
constitutive characteristics under long-term load and cyclic
load, and it exhibits hardness and brittleness at low tem-
perature. It reflects soft plasticity at high temperature, and
the effect of temperature and static force on the mechanical
properties of asphalt concrete is very big.

Based on the static and dynamic triaxial test of emulsified
asphalt concrete under different temperatures, this paper has
researched the temperature sensitivity of static stress-strain
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relationship, static strength, dynamic modulus of elasticity,
and damping ratio for emulsi�ed asphalt concrete materials.
Also, it provided the basis for temperature reliability eval-
uation of material with emulsi�ed asphalt concrete.

2. Static Triaxial Test

2.1. TestingMethods. We used cationic emulsi�ed asphalt in
this test, and the solid content is 52%. �e density is
1.01 g/cm3, penetration is 95.5mm, ductility is 160 cm, and
the softening point is 43.2°C. �e mineral aggregate is
crushed dolomite; the padding is ore powder of dolomite
and PO42.5 cement. �e mix proportion of asphalt concrete
test is shown in Table 1.

�e mixture ratio of aggregates and �llers is pre-
liminarily determined by the dense skeleton stacking test
[7], and then the asphalt content test is designed to analyze
the in�uence of bituminous stone ratio on Marshall sta-
bility, �ow value, and porosity of asphalt concrete, so as to
determine the best mixture ratio. �e relationship between
Marshall stability, �ow value, porosity, and oil stone ratio
is shown in Figures 1–3. In terms of these three factors, the
performance of oil and stone is better when the ratio of oil
and stone is 6.7%.

�e mixing material is treated with microwave before
compaction, so that the emulsi�ed asphalt is completely
demulsi�ed and the water in the emulsi�ed asphalt is evaporated
by maintaining the temperature at 120∼130°C. �e molded
specimen is subjected to a static test on a triaxial apparatus.
�ere is no drainage during the test, and the use of body
variable measurement is required rather than an external
body. Temperature has a great in�uence on the mechanical
property of the asphalt concrete, so we need to control the
sample temperature in the process of the triaxial test. �e
temperature of the asphalt concrete triaxial test is

controlled by the copper coiled tube between the inside wall
and outside wall of the pressure chamber.�e copper coiled
tube is �lled with freezing liquid, and it is circulating all the
time. And a temperature sensor is placed inside the
pressure chamber to monitor the water temperature. �e
thermostat solenoid valve controls the water temperature
to keep ±0.5°C range of the test temperature [8].�e triaxial
temperature control system is shown in Figure 4.

Table 1: �e mix proportion of asphalt concrete.

Asphalt-
aggregate ratio
(%)

Aggregate gradation (%)
10–20 5–10 3–5 0.075–3 Cement Mineral

powdermm
6.7 10 21 25 38 3 3
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Figure 1: Relation curve ofMarshall stability and asphalt-aggregate
ratio.
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Figure 2: Relation curve of �ow value and asphalt-aggregate ratio.
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Figure 3: Relation curve of porosity and asphalt-aggregate ratio.
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Figure 4: �e static triaxial temperature control system.
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�e specimens are molded by using the compaction
method. �e asphalt concrete whose mix proportion is
shown in Table 1 is tested on the static triaxial apparatus at
5.4, 15.4, and 25.4°C.�e specimens are kept in water bath at
constant temperature for 24 hours before the test. �e
specimen size is Φ101mm×H200mm, and the porosity is
1.9%. �e cell pressures of the test are 0.1, 0.3, 0.7, and
1.0MPa, and the shearing rate is 1.0mm/min.

2.2. Temperature Sensibility of Stress-Strain Relationship.
�e typical stress-strain and volumetric strain-strain re-
lationship of the asphalt concrete are shown in Figures 5
and 6. We can see that the asphalt concrete shows softening
at low cell pressure, and its failure strain is small. But with
the increase of cell pressure, it shows gradual hardening, and
the destruction of deviatoric stress increased signi�cantly
and failure strain is also larger. At the beginning of the test,
the volume change-strain curves showed shear contraction
and followed dilatation. �e performance of shear dilatation
is more apparent: at lower cell pressure, the dilatancy is more
obvious.

Asphalt concrete is a typical rheological material, and
the temperature has a signi�cant impact on its mechanical
properties. Figure 7 shows the stress-strain relationship

curve under the same cell pressure at di�erent temperature
conditions. Table 2 shows the results of destruction strain
under di�erent temperatures and cell pressures. Table 3
shows the E-μ model [9] parameters of the triaxial test
under di�erent temperatures. �e results can be seen as
follows:

(1) When the temperature is under 15.4°C, the stress-
strain relationship curves are grossly softening, and
the temperature has a great in�uence on the initial
tangent modulus and the failure strain. But when the
temperature is over 15.4°C, the stress-strain relation-
ship curves show hardening type, and it signi�cantly
reduced the temperature sensitivity of initial tangent
modulus and failure strain.

(2) At low temperatures (5.4°C), the initial phase of the
stress-strain relationship curves for the asphalt
concrete is steeper, It means the initial tangent
modulus is greater, and the softening phenomenon is
more obvious, especially when the cell pressure is
low, and the corresponding failure strain is small
(<5%). But at higher temperature conditions
(25.4°C), the asphalt concrete shows hardening
phenomenon, the failure strain is increased by 7%,
and the initial tangent modulus signi�cantly reduced
compared to that at lower temperature. It is only 25%
of low modulus or less.

(3) As the temperature decreases, the steeper the initial
stages of asphalt concrete stress-strain curve are, the
higher the initial tangent modulus is. �e lower the
temperature is, the more obvious the softening
phenomenon is and the smaller the failure strain of
the sample is.

�e temperature also has a great in�uence on the vol-
umetric strain of asphalt concrete. Figure 8 shows the
volume change-strain curve under the same cell pressure but
at di�erent temperatures. As the test results show, under
high pressure (≥700 kPa) and temperature conditions
(25.4°C), the volume change curve of asphalt concrete shows
shear contraction, but with the reducing pressure and
temperature, the curve is gradually changed to shear di-
latation, especially under lower temperature (5.4°C) and cell
pressure (≤300 kPa), with almost no shear shrinkage. �e
di�erences of volume strain corresponding to the same axial
strain are up to 8%.

2.3. Temperature Sensibility of Static Strength. �e asphalt
concrete has a peak point under low temperature and low
cell pressure. It takes the peak point as the asphalt concrete
strength if the peak appears during the test, but if peak does
not appear, it takes the partial stress which corresponds to
the axial strain of 20% as asphalt concrete strength. Figure 9
shows the relationship of destruction deviator stress and the
test temperature. It can be learned from Figure 7 that the
higher the temperature, the lower the strength of asphalt
concrete. But the in�uence of temperature on strength at low
and high con�ning pressures is not identical. When the cell
pressure is 0.7MPa and 1.0MPa, the strength of asphalt
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Figure 5: �e relationship between stress and strain (T� 5.4°C).
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Figure 6: �e relationship between volumetric strain and strain
(T� 5.4°C).
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concrete almost decreased linearly, and when the con�ning
pressure is 0.1MPa and 0.3MPa, the destruction of deviator
stress happens, and test temperature curve is steep if the
temperature is rising from 5.4°C to 15.4°C, but the curve is
gentle if the temperature is rising from 15.4°C to 25.4°C,
consistent with the existing research [3]. At high temper-
ature, the lower the cell pressure, the smaller in�uence of the
temperature on strength.

Figure 10 shows Mohr’s stress circles of triaxial tests of
asphalt concrete under di�erent temperatures (T� 5.4°C,
15.4°C, and 25.4°C). Table 4 shows the strength parameters
of the triaxial test. It can be seen that the temperature in-
creased from 5.4°C to 15.4°C, the cohesion dropped rapidly,
and the angle of internal friction had no big change. And

temperature increased from 15.4°C to 25.4°C, the cohesion
change was small, and internal friction angle declined
largely, reducing the temperature to 7.1°C. In general, when
the temperature is below 15.4°C, the temperature sensitivity
of strength is signi�cant.

2.4. Comparison between Normal Asphalt Concrete (NAC)
and Cationic Emulsied Asphalt Concrete (CEAC). �e
comparison of the triaxial test strength at di�erent tem-
peratures are shown in Figure 11, and the results of the
triaxial test strength failure strain at di�erent temperatures
are shown in Figure 12. At the temperature of 5.4°C, the
CEAC specimen strength is higher than that of NAC
specimen, but the law is opposite at the temperature of
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Figure 7: �e relationship between stress and strain. (a) σ3� 0.1MPa, (b) σ3� 0.3MPa, (c) σ3� 0.7MPa, and (d) σ3�1.0MPa.

Table 3: �e triaxial test E-μ model parameters.

T (°C) K n Rf G F D
5.4 2096.0 0.202 0.888 0.594 0.143 0
15.4 738.2 0.212 0.890 0.529 0.090 0
25.4 500.5 0.202 0.897 0.481 0.040 0

Table 2: �e results of failure strain.

T (°C)
Failure strain (%)

100 300 700 1000
5.4 2.66 5.89 10.1 13.3
15.4 5.34 12.2 17.1 20.0
25.4 10.1 18.6 20.0 20.0
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25.4°C; at the temperature of 15.4°C, under low con�ning
pressure, the strength of NAC is higher, and when the
con�ning pressure is large, the strength of CEAC is higher.
�erefore, the strength of CEAC specimen is greatly
in�uenced by temperature, and the temperature sensitivity is
stronger. Compared with the NAC, the failure strain of the
CEAC specimen is smaller, especially at low temperature,
and its adaptability to deformability is worse. In conclusion,
CEAC has higher strength at medium and low temperatures,

but for the temperature sensitivity and deformation ability of
asphalt concrete, NAC is better. CEAC can improve tem-
perature sensitivity and deformation ability by adding
modi�ers [10].

3. Dynamic Triaxial Test

3.1. Testing Methods. �e test material is the same as the
static triaxial tests. �e triaxial test of asphalt concrete is
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Figure 8: �e relationship between volumetric strain and strain under di�erent temperatures. (a) σ3� 0.1MPa, (b) σ3� 0.3MPa,
(c) σ3� 0.7MPa, and (d) σ3�1.0MPa.

0
500

1000
1500
2000
2500
3000
3500

(σ
1

–
σ 3

) f 
(k

Pa
)

3010 15 20 2550
T (°C)

100 kPa
700 kPa

300 kPa
1000 kPa

Figure 9: �e relationship between destruction deviator stress and temperature.
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performed on the dynamic triaxial apparatus, and the
specimen size is Φ101mm×H200mm. In order to control
test temperature, the pressure chamber has been modi�ed. A
copper tube is installed between outside the sample and the
inwall of the pressure chamber, and it controls pressure
chamber temperature by circulation of the internal water in the
copper during the test. Figure 13 shows the testing apparatus.

�e asphalt concrete triaxial tests conducted three
groups test at three di�erent temperatures of 5.4°C, 15.4°C,
and 25.4°C, and the trial con�ning pressures are 300 kPa,
600 kPa, 900 kPa, and 1200 kPa. Specimens are put in water
bath at a constant temperature which is the test temperature
for 24 hours before the test and then installing the specimen
on the dynamic triaxial apparatus. �e pressure chamber is
�lled airless with water at the test temperature, while the
water is starting to circulate in the copper tube. After in-
stallation, the sample is applied at ambient pressure and the
drain valve is opened to let the specimen be in contact with
the atmosphere. After it is applied, it should bemaintained at
a constant pressure for 30 minutes before starting the dy-
namic test. �e dynamic load is sinusoidal and vibrates �ve
times under each load, and the vibration frequency is 1Hz.

3.2. �e Temperature Sensitivity of Elastic Modulus and
Damping Ratio. Under the same temperature conditions,
when the dynamic strain of asphalt concrete materials is
10−4∼10−3, the elastic modulus variation is small (the
modulus change does not exceed 16.3% at the same tem-
perature, the same con�ning pressure, and the same con-
solidation ratio), and the damping ratio is also small (≤0.11);
it is substantially an elastic deformation phase. �e dynamic
stress-dynamic strain backbone curve of asphalt concrete
basically showed a linear relationship. �e dynamic strain
has little in�uence on the dynamicmodulus, and it can �t the
dynamic stress-dynamic strain backbone curve of the as-
phalt concrete triaxial test by a straight line through the
origin [11]. Figure 14 shows the typical backbone curve, and
the linear correlation coe¥cient of �tting is over 0.99, so that
the slope can be taken as a dynamic modulus of asphalt
concrete.�e elastic modulus of asphalt concrete is shown in
Table 5. (�e stress ratio (α) is obtained by σ1 (initial axial
pressure) and σ3 (initial con�ning pressure), α� σ1/σ3.)

Figure 15 shows the relationship curve of dynamic
modulus and temperature. �e higher curve is the temper-
ature, and the lower one, the dynamic modulus. But under
di�erent cell pressures, the e�ect of temperature on the dy-
namic modulus is di�erent. �e lower the cell pressure, the
steeper the relationship curve of dynamic modulus and
temperature, at the temperature of 15.4°C∼25.4°C. �e higher
the temperature, the greater the impact on dynamic modulus.
In general, when the temperature is higher than 15.4°C, the
temperature sensitivity of dynamic modulus was signi�cantly
stronger, but this is just opposite of the static modulus law.

Table 4: Triaxial test strength parameters.

T (°C) c (kPa) Φ (°)
5.4 462.5 27.5
15.4 268.2 28.6
25.4 292.5 21.5
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Figure 10: Mohr’s stress circles of triaxial tests of asphalt concrete. (a) T� 5.4°C, (b) T�15.4°C, and (c) T� 25.4°C.
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Figure 16 shows the typical curve of damping ratio and
dynamic strain of asphalt concrete. Under di�erent experi-
mental conditions, the damping ratio range of asphalt con-
crete is from 0.02 to 0.11, while under the same experimental
conditions, the damping ratio changes very little with the
increase of dynamic strain. Until now, there is no formula of
empirical calculation about the relationship of damping ratio
and dynamic strain of the asphalt concrete dynamic triaxial
test. In accordance with “Hydraulic asphalt concrete testing

regulations” (DL/T 5362-2006) [12], the average of damping
ratio is the damping ratio, so this paper takes the average as
the damping ratio of asphalt concrete. �e results of asphalt
concrete damping ratio are shown in Table 6.

Figure 17 shows the relationship between damping ratio of
asphalt concrete and temperature. �e higher the tempera-
ture, the greater the damping ratio of asphalt concrete, but the
in�uence of temperature on the damping ratio is not the same
under high temperature and low temperature. �e curve of
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Figure 11: Triaxial test strength comparison of normal asphalt and
cationic emulsi�ed asphalt concrete. (a) T� 5.4°C, (b) T�15.4°C,
and (c) T� 25.4°C.

0.0
2.0
4.0
6.0
8.0

10.0
12.0
14.0
16.0

ε a
f (

%
)

0.2 0.4 0.6 0.8 1.0 1.20.0
σ3 (MPa)

Normal asphalt concrete
Cationic emulsified asphalt concrete

(a)

0.2 0.4 0.6 0.8 1.0 1.20.0
σ3 (MPa)

Normal asphalt concrete
Cationic emulsified asphalt concrete

0.0

5.0

10.0

15.0

20.0

25.0

ε a
f (

%
)

(b)

0.2 0.4 0.6 0.8 1.0 1.20.0
σ3 (MPa)

0.0

5.0

10.0

15.0

20.0

25.0

ε a
f (

%
)

Normal asphalt concrete
Cationic emulsified asphalt concrete

(c)

Figure 12: Triaxial test failure strain comparison of normal asphalt
and cationic emulsi�ed asphalt concrete. (a) T� 5.4°C, (b)
T�15.4°C, and (c) T� 25.4°C.
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damping ratio and temperature relationship is steep at the
higher temperature section (15.4°C∼25.4°C). �e higher the
temperature, the greater the e�ect of temperature on damping
ratio. In general, when the temperature is over 15.4°C, the
temperature sensitivity of damping ratio was signi�cantly
stronger, and it coincides with the dynamic modulus law.

4. Conclusions

�e researches presented in this paper can be summarized as
follows:

(i) When the temperature is under 15.4°C, the stress-
strain curves are substantially softening, and the
temperature has a great in�uence on the initial

(a) (b)

Figure 13: �e temperature control system.
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Figure 14: �e backbone curves of the dynamic triaxial test
(T� 5.4°C, Kc� 1.5).

Table 5: �e dynamic modulus results.

T (°C) Stress ratio
Dynamic modulus (MPa)

300 600 900 1200
5.4 1.5 578 645 680 732
15.4 1.5 539 604 652 671
25.4 1.5 381 515 580 614
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Figure 15: �e relationship between dynamic modulus and
temperature.
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Figure 16: �e relationship between damping ratio and dynamic
strain.

Table 6: �e damping ratio results.

T (°C) Stress ratio
Damping ratio

300 600 900 1200
5.4 1.5 0.061 0.049 0.044 0.037
15.4 1.5 0.072 0.060 0.045 0.040
25.4 1.5 0.094 0.074 0.063 0.052
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tangent modulus and the failure strain. While the
temperature is over 15.4°C, the stress-strain curves
are substantially hardened, and the temperature
sensibility of initial tangent modulus and the failure
strain is significantly reduced.

(ii) At low temperature, the initial tangent modulus is
large and the softening phenomenon is obvious,
especially when the confining pressure is low, and
the corresponding failure strain is small; while at the
high temperature conditions, asphalt concrete is
hardened, failure strain increases largely, and initial
tangent modulus relatively decreases compared to
that at low temperature.

(iii) When the pressure and the temperature decreases,
the body change curves gradually transform into
dilatancy, especially at low temperatures and low
confining pressure, almost no shear contraction; the
volumetric strain of the same axial strain is different
because of temperature.

(iv) When the temperature is under 15.4°C, the tem-
perature sensibility of static strength andmodulus is
significantly stronger, but when the temperature is
over 15.4°C, the temperature sensibility of dynamic
modulus is strong, which is contrary to the law of
static modulus.

(v) When the temperature increases from 5.4°C to
15.4°C, the cohesion of the static strength indicator
drops sharply, but the angle of internal friction of
static strength index has little difference; while the
temperature increases from 15.4°C to 25.4°C, the
cohesion of the static strength indicator has little
difference; however, the angle of internal friction of
static strength index drops largely.
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