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Cement emulsified asphalt composite material (CA composite cement) has the excellent properties of cement and emulsified
asphalt cement. As a composite cementing material, cement emulsified asphalt concrete can be one of the choices of road paving
materials. However, under the effect of temperature and wheel load, the performance of it may get worse; especially, the creep
behavior of CA composite cement has an important influence on the stability of pavement structure. This paper mainly focuses on
the research on the creep and creep recovery performance of CA composite cement, determines the raw materials and proportions
of CA composite cement, and formulates experimental research programs such as creep and creep recovery tests and stress
scanning tests. The creep and creep recovery test research of CA composite cement was carried out, and the influence of creep and
creep recovery characteristics, temperature, and A/C on the creep mechanical properties of CA composite cement was analyzed.
The results show that the creep compliance of CA composite cement decreases with the increase of aging degree, the static
mechanical properties tend to be elastic as a whole, and different factors such as temperature and A/C have different effects on the
viscoelastic-plastic mechanical properties of the material.

1. Introduction

Cement emulsified asphalt concrete is a road paving material
formed by using cement and emulsified asphalt as a
cementing material, and together with suitable grading
aggregates through cold mixing, cold laying, and rolling.
Obviously, cement emulsified asphalt concrete has achieved
the goal of significantly reducing energy consumption and
pollutant emissions in the production and construction
process. At the same time, it uses the characteristics of the
emulsified asphalt in the material system to release water
during demulsification and the water requirement during
cement hydration to promote the strength development of
composite materials, which will absorb the flexibility of
asphalt concrete and the rigid characteristics of cement
concrete, and has outstanding advantages such as energy-
saving and emission reduction, complementary perfor-
mance, and strong constructability [1-7]. As a cementing

material, cement emulsified asphalt composite material does
not have similar normative indicators such as penetration,
ductility, and softening point to evaluate its performance.
Therefore, there is a lack of appropriate method indicators
when preparing cement emulsified asphalt composite ma-
terials to characterize and judge the rationality of its material
composition [8-13]. When the composition ratio of cement
and emulsified asphalt changes within a certain range, the
cement emulsified asphalt composite material behaves as a
viscoelastic material, especially with different material
compositions and different ages, and the viscoelastic
properties of the composite material have obvious changes
[14-16].

Ji [17] determined the various index parameters, initial
mix ratio, and construction mix ratio of CA mortar filling
layer through the research and analysis of the raw material
selection principle of CA mortar raw materials. From the
perspective of construction technology and material
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selection, some performance suggestions have been im-
proved. Song et al. [18] studied the characteristics of the
durability, stability, and mechanical properties of CA mortar
based on the typical material selection and material ratio of
CA mortar, analyzed its main influencing factors, and de-
scribed the structure formation and the microlevel evolution
mechanism provides technical support for the operation and
maintenance of the CA mortar layer of the slab ballastless
track. Fu et al. [19] presented the results of observations of
scanning electron microscope micro/macrocrack develop-
ment and simultaneous measurements of temperature-de-
pendent stress-strain relations of hardened cement pastes
and mortar under a steady thermal state and a displacement-
controlled loading process. Lucas et al. [20] and others
comprehensively analyzed the damage development process
and mechanism of asphalt mixture, combined with the
principle of viscoelasticity, established the damage model of
asphalt mixture, and obtained the model parameters by
fitting the results of the uniaxial creep test. Saber et al. [21]
analyzed and studied various creep damage development
rules and their mechanisms and clarified the way of creep
damage development and changes from a microscopic point
of view and the basic rules of changes over time. Xu and
Wang [22] put forward a digital simulation modeling and
test method for viscoelastic mechanical properties of CA
mortar by comparing the results of the creep test and digital
simulation experiment of CA mortar.

At present, the research on the creep performance and
creep damage development law of CA composite cement has
achieved certain results and has laid a solid foundation for
the study of the viscoelastic mechanical behavior of the
material. However, the different influence on viscoelastic
plastic has not been studied systemically. This article mainly
studies the creep and recovery characteristics of CA com-
posite cement, analyzes the influence of aging on its creep
performance, discusses the influence of different factors such
as temperature and A/C on its viscoelastic mechanical
properties, and will further supplement the cement research
on related fields of asphalt composite cement.

2. Materials and Methods
2.1. Materials

2.1.1. Cement and Emulsified Asphalt. The cement used in
this paper is Portland Ordinary Cement No. 42.5 produced
by Baoji, Shaanxi. The properties of the cement were tested
in accordance with JTG E30—2005, and the results are
shown in Table 1. The emulsified bitumen must be cationic
emulsified bitumen, and the demulsification speed should
not be too fast to facilitate the full mixing of the internal
components; that is, the emulsified bitumen with slow
cracking or medium cracking should be selected. The
properties of slow-cracking emulsified asphalt are shown in
Table 2. In order to reduce the difficulty of mixing and
comprehensively consider the requirements of the mix ratio
[23], additional water is needed to control the water-cement
ratio during the material mixing process, and the water-
cement ratio is determined to be 0.8.
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2.1.2. Additives. The additives used in CA composite ce-
ment mainly include defoamers, water reducers, and
thickeners. Due to the cement hydration process and
mixing process, it is easy to produce more air bubbles in the
mixed fluid. If it cannot be discharged in time, the molded
test piece will have a larger porosity, which will affect the
various mechanical properties of the test piece. It will have
a greater impact [24]. The purpose of adding defoamers is
to reduce the content of bubbles during the molding
process of the specimen. The basic properties of defoamers
are shown in Table 3. In order to ensure that the CA
composite cement has a certain viscosity during mixing
and avoid material segregation, a thickener needs to be
added to increase the viscosity. The thickener is diluted to
25 times with water at a ratio of 1:24 during use. The basic
properties of the thickener are shown in Table 4. The main
purpose of the water reducing agent is to reduce water
consumption while ensuring the fluidity and workability of
the cement. It can reduce the water-cement ratio to a
certain extent and improve the bonding performance of the
CA composite cement. The basic properties of water re-
ducing agent are shown in Table 5.

2.2. Material Mix Design and Ultraviolet Aging Test

2.2.1. Mix Design. In order to study the effect of material
ratio on the mechanical properties of CA composite cement,
the material ratio of CA composite cement was determined
as shown in Table 6. The water content of the emulsified
asphalt in the mixing ratio design in the table is 45%. When
the mass ratio of different asphalt to cement is changed, the
ratio of the water-cement ratio was controlled to be 1:0.8.

2.2.2. Ultraviolet (UV) Aging Test. The UV aging test was
carried out in an ultraviolet aging box. After the actual
measurement, the ultraviolet radiation intensity on the
surface of the specimen under the stable working state of the
aging box was 13.85 mW/cm®. The aging time of this study
was 12h.

2.3. Creep and Creep Recovery Test Plan. The dynamic shear
rheometer (DSR) shown in Figure 1 was used to carry out the
mechanical performance test of CA composite cement,
including the creep and creep recovery test [25]. Based on
the existing theoretical results, when the complex modulus
of the specimen changes from 100% to 90% during the stress
scanning process, the materials were all within the online
viscoelastic range. The scanning stress range was set from
100 Pa to 1,200,000 Pa, and the stress scanning test was
performed on the CA composite cement specimens with
different mix ratios. Use the vernier caliper to measure the
length, width, and thickness of the test piece, input the size
parameters, then fix the test piece on the fixture, and use the
dynamic rheological shear instrument to carry out the stress
scanning test. During the test, the change of the complex
modulus was observed in real time.
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TaBLE 1: Basic properties of cement.

Specific surface area (mz/kg) Initial setting time (min)

Final setting time (min)

3D intensity (MPa) Ignition loss (%)

300 50

560 17 5

TABLE 2: Basic properties of emulsified asphalt.

Cement adaptibility Content (%)
ontent (%

Evaporation residue
Penetration (25°C, 0.01 mm)

Demulsification speed
Ductility (cm)  Softening point (°C) . ! P

Qualified 54 70

125 47 Slow cracking

TABLE 3: Basic properties of defoamers.

Type of defoamers Active ingredients (%)

pH value

Valid period (d) Stability

Silicone defoamers 11+3

6.5~7.5 360

No stratification

TaBLE 4: Basic properties of thickener.

Variety Thickening performance Durability Solid content (%) pH Viscosity (MPa-s)
Cylin Excellent Good 30 3.5 42

TaBLE 5: Basic properties of water reducing agent.
Density (g/cm3) pH Solid content (%) Sodium sulfate content (%) Chloride (%) Total alkali (%)
1.07 8.8 21.32 0.93 0 1.3

TABLE 6: Material ratio.

Mix ratio Cement Asphalt Water Water reducing agent Thickener Defoamers
0.3 1.0 0.3 0.548 0.015 0.075 0.003
0.6 1.0 0.6 0.458 0.015 0.075 0.003
0.9 1.0 0.9 0.368 0.015 0.075 0.003
1.2 1.0 1.2 0.278 0.015 0.075 0.003
1.5 1.0 1.5 0.188 0.015 0.075 0.003

FIGURe 1: Dynamic shear rheometer.

2.4. Stress Scanning Analysis. In order to analyze the in-
fluence of stress level on the creep and creep recovery
performance of CA composite cement, six different stress
levels were selected. The stress levels are different. During the
creep test, CA composite cement will produce different
degrees of creep. The damage will affect its creep behavior
and creep recovery behavior. To this end, it is necessary to
conduct a stress scanning test in advance to determine the

creep stress corresponding to different stress levels. During
the stress scanning process, the complex modulus of the
material decreases as the scanning stress increases. When the
complex modulus decreases not more than 10% of the initial
value, the material properties are considered to be within the
linear viscoelastic range. The stress levels are, respectively,
selected from the benchmark of 50%, 100%, and 150%, and
200% used as creep loads in this paper, and the test tem-
peratures were 30°C, 45°C, and 60°C, respectively. The stress
scanning test obtains the corresponding stress when the
complex modulus drops to 90% of the initial value, and then
the creep stress corresponding to different stress levels can
be obtained. The creep load is shown in Table 7.

3. Results and Discussion

3.1. Creep and Creep Recovery Characteristics of CA Composite
Cement. According to the aforementioned CA composite
cement’s creep and creep recovery test plan, creep and creep
recovery tests at different temperatures and different stress
levels were conducted. According to the test results, the
creep and creep recovery compliances are shown in
Figures 2-6.
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TaBLE 7: Creep stress table.

Stress level (%)

A/C Temperature (°C)
50 100 150 200
30 0.15 0.30 0.45 0.60
0.3 45 0.07 0.14 0.21 0.28
60 0.05 0.09 0.14 0.18
30 0.14 0.27 0.41 0.54
0.6 45 0.09 0.18 0.27 0.36
60 0.04 0.07 0.11 0.14
30 0.10 0.20 0.30 0.40
0.9 45 0.05 0.10 0.15 0.20
60 0.09 0.17 0.26 0.34
30 0.09 0.17 0.26 0.34
1.2 45 0.03 0.06 0.09 0.12
60 0.02 0.03 0.05 0.06
30 0.08 0.16 0.24 0.32
1.5 45 0.03 0.06 0.09 0.12
60 0.01 0.02 0.03 0.04
4.0 4.0 4 8 -
3.5 1 3.5
3.0 1 ~ 301 _ 7
g g 25 £
1 7, 20 B
o £ 15 ] SR
= = =
~
~ 1.0 4
0.5
0.0 T T T , 0.0 : : : ) 3 : : : )
0 300 600 900 1200 0 300 600 900 1200 0 300 600 900 1200
t(s) t(s) t(s)
—=— 0.15MPa —4— 0.45MPa —=— 0.07MPa —a— 0.21MPa —s— 0.05MPa —4— 0.14MPa
—e— 0.30MPa —v— 0.60 MPa —o— 0.14MPa —v— 0.28 MPa —e— 0.09MPa —v— 0.18 MPa

()

(]

FIGURE 2: A/C=0.3 creep and creep recovery compliance curve. (a) 30°C. (b) 45°C. (c) 60°C.

It can be seen from Figures 2-6 that at the moment =0,
that is, the moment of stress loading, the CA composite cement
will produce instantaneous deformation, and the magnitude of
instantaneous deformation closely related to the stress level. As
the stress level increases, the instantaneous deformation also
increases. This part of the instantaneous deformation includes
instantaneous elastic deformation and instantaneous plastic
deformation. As the stress level increases, when the stress ex-
ceeds a certain value, plastic deformation will occur instanta-
neously at the moment of loading, and this part of the
deformation cannot be recovered. After instantaneous defor-
mation occurs at the moment of loading, it then enters the
deceleration creep stage. In this stage, the creep rate gradually
decreases and then enters the constant velocity creep stage. In
the constant velocity creep stage, the compliance rate is basically
constant. For CA composite cement with different proportions,
the creep stress has a significant effect on its creep behavior.
When the creep stress is small, in the 600s creep time, the creep
curve only includes two stages of deceleration creep and
constant velocity creep. When the creep stress is large, as the

creep stress increases, the creep rate in the deceleration and
constant velocity phases increases, and it quickly enters the
accelerated creep phase. In some cases, due to the creep in the
accelerated creep phase, the rate of change is relatively large, and
the creep damage occurs within ¢=600s, but the subsequent
creep recovery phase is not entered. From the comparison of the
curves of the creep recovery stage after t=600s, it can be seen
that with the increase of the creep stress, the creep recovery
compliance increases, and with the increase of the creep stress,
the deformation recovery ability of the CA composite adhesive
decreases. The residual strain of the material increases.

It can also be seen from the figure that the creep com-
pliance and creep recovery compliance of CA composite
cement basically coincide under low-stress levels, which is in
line with the physical characteristics of creep compliance and
creep recovery compliance. Within the range of online vis-
coelasticity, creep compliance and creep recovery compliance
as the basic material parameters of viscoelastic materials have
nothing to do with the stress level. Creep compliance and
creep recovery compliance are determined by the nature of



Mathematical Problems in Engineering 5
8 1 20 -
7] 18 |
16
6 ~
T T 144
T 44 7, 10
< 3] 8
=, = 6
4 3
1 1 2 ]
0 T T T ) 0 T e )
0 300 600 900 1200 0 300 600 900 1200
t(s) t(s)
—=— 0.14MPa —4— 0.41MPa —=— 0.09MPa —a— 0.27MPa
—o— 0.27MPa —v— 0.54MPa —o— 0.18MPa —v— 0.36 MPa
(a) (b)
10
9
TN 8
&
P
w
= 6
—~
5
4 1 T T T "
0 300 600 900 1200
t(s)
—=— 0.04MPa —4— 0.11MPa
—o— 0.07MPa —v— 0.14MPa
(c)
FIGURE 3: A/C=0.6 creep and creep recovery compliance curve. (a) 30°C. (b) 45°C. (c) 60°C.
8 20 1 10 -
18 -
7
16 1
~ 6 —~ —~
Tw T«s e T:c 8 3
&3 £ 12 &
?‘3 4 c'hg 101 72 7 3
* * 8 1 *
= 3 = 6 = 64
~2 — —
44
5
1 2 n
(U T T T ) 0 T T T , 4 T T T )
0 300 600 900 1200 0 300 600 900 1200 0 300 600 900 1200
t(s) t(s) t(s)
—=— 0.14MPa —4— 0.41 MPa —s— 0.09MPa —— 0.27MPa —=— 0.04MPa —4— 0.11MPa
—o— 0.27MPa —v— 0.84MPa —o— 0.18MPa —— 0.36 MPa —e— 0.07MPa —v— 0.14MPa

(a)

(®) (©)

FIGURE 4: A/C=0.9 creep and creep recovery compliance curve. (a) 30°C. (b) 45°C. (c) 60°C.

the material itself and its external loads. However, under the
condition of high-stress level, during the creep test process,
the material has large creep damage, which causes the creep
deformation of the material to increase, so its creep and creep
recovery compliance increase accordingly.

3.2. Effect of Aging on Creep Properties of CA Binder. The
indoor ultraviolet accelerated aging test is used to simulate
the aging of cement asphalt composite material in the actual
use environment. The aging time is 150 h, 300 h, 600 h, and
900 h and the test results are shown in Figure 7. It can be seen
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from Figure 7 that, as the degree of aging increases, the creep
compliance of the CA cement with the same raw material
ratio in the creep recovery phase and the absolute value of
the incremental compliance increase in the deceleration
recovery phase decrease, while the creep compliance of the
gap between the curves gradually stabilizes as the recovery
time increases. The above shows that the instantaneous
elasticity, delayed elasticity, and viscous flow deformability
of CA cement all weaken as the degree of aging increases,
which is the same as the conclusion obtained from the creep
test. As the degree of aging deepens, the deceleration creep
and deceleration recovery phases of the CA cement are
gradually shortened. When the aging time is 900h, the
deceleration creep and deceleration recovery phases of the
CA cement of each ratio tend to disappear. As the degree
deepens, the CA cement will gradually change from vis-
coelastic body to elastomer and tend to be hard and brittle.

In the initial period of aging, the asphalt component in
CA binder is rapidly oxidized by UV, and the light com-
ponent in the system decreases rapidly, which leads to the
rapid decline of the flexibility and deformation ability of the
material. With the aging process, the active light compo-
nents easy to react in asphalt decrease, and the aging speed of
asphalt slows down, which results in the change of

viscoelastic deformation capacity of the material. When the
aging time is long enough, the creep deformation capacity of
CA binder will tend to be stable and will not change with the
aging time.

3.3. Influence of Temperature on Viscoelastic-Plastic Me-
chanical Properties. The changes of Ji (600)/] (600), Jx
(600)/]y (600), and J; (600)/] (0) with temperature are
shown in Figures 7-11. From the subfigure (a) in
Figures 8-12, it can be seen that, under the same stress level
conditions, Jx (600)/] (600) increases with increasing
temperature; that is, the ratio of viscoplastic strain to total
strain increases, indicating that the temperature increases
and the viscoplastic deformation of CA composite cement
increases. It can be seen from subfigure (b) in Figures 8-12
that, under the same stress level conditions, Jx (600)/Jy
(600) increases with increasing temperature; that is, the
ratio of plastic strain to recoverable strain gradually in-
creases to large, indicating that the temperature rises and
the proportion of residual deformation gradually increases;
from subfigure (c), it can be seen that, under the same stress
level, J; (600)/J (0) decreases with the increase of tem-
perature. That is, the ratio of elastic strain to elastic-plastic
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strain decreases, indicating that the temperature rises and
the deformation recovery ability gradually weakens. The
above analysis shows that, as the temperature increases, the
proportion of recoverable deformation of CA composite
cement decreases, the proportion of nonrecoverable de-
formation of viscosity and plasticity increases, and the
ability of CA composite cement to resist deformation and
deformation recovery ability decreases. This is consistent
with the influence law of stress level. In the material
composition of CA composite cement, the temperature
sensitivity of asphalt is greater while the temperature
sensitivity of cement is lower. When the temperature rises,
the asphalt material softens and fluidity increases, resulting
in a gradual increase in the proportion of viscoplastic
deformation. At the same time, as the temperature in-
creases, the elastic properties of CA composite cement
decrease, resulting in a gradual decrease in the ratio of
elasticity and viscoelastic deformation.

3.4. Influence of A/C on Viscoelastic-Plastic Mechanical
Properties. The viscoelastic and plastic mechanical prop-
erties of CA composite cement are mainly determined by
the interaction of cement hydration products, asphalt, and
asphalt and cement hydration products. Among them,
cement hydration products mainly affect its elastic prop-
erties, and asphalt mainly affects its viscosity properties. As
well as plastic properties, the interaction of asphalt and
cement hydration products affects its delayed elastic
properties. Therefore, it is necessary to analyze the influ-
ence of the composition material ratio of CA composite
cement on its viscoelastic-plastic mechanical properties.
The changes of parameters Jx(600)/J(600), Jx(600)/]x(600),
and J;(600)/J(0) with A/C are shown in Figures 13-15. It

can be seen from subfigure (a) that, under the corre-
sponding force level condition, Jx(600)/J(600) increases
with the increase of A/C; that is, the ratio of viscoplastic
strain to total strain increases, indicating that with A/C
increases, the proportion of viscoplastic deformation of the
specimen increases; as can be seen from subfigure (b),
Jx(600)/]4(600) increases with the increase of A/C, and the
strain and plasticity can be restored. The strain ratio
gradually decreases, indicating that as A/C increases, the
deformation recovery capacity gradually decreases; as can
be seen from subfigure (c), J;(600)/J(0) shows a decreasing
trend as A/C increases; that is, the ratio of elastic strain to
elastic-plastic strain decreases, indicating that A/C in-
creases and elastic deformation recovery capacity
decreases.

The above analysis shows that, with the increase of the
CA composite cement A/C, that is, the increase in the
amount of asphalt, the elastic performance of the CA
composite cement weakens and the proportion of viscous
deformation and plastic deformation increases. The viscous
component in the CA composite cement increases with the
proportion of elastic components increasing. The elastic
performance of CA composite cement mainly depends on
the hydration products of cement, while the viscoplastic
performance mainly depends on asphalt. Therefore, as the
amount of asphalt increases, that is, the greater the A/C, the
elastic performance of CA composite cement decreases and
flows. The deformation ability is enhanced, and the mate-
rial’s ability to resist deformation and deformation recovery
is weakened. In addition, in the law of J;(600)/J(0) changing
with A/C, when A/C=0.9, there is a fluctuation, which is
mainly caused by the microstructure composition and
material ratio of CA composite cement. Performance
changes are related.
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In summary, it can be seen that the stress level, tem-
perature, and A/C have a greater impact on the viscoelastic-
plastic mechanical properties of CA composite cement.
When the stress level is high, the material is prone to
damage, and the greater the stress level, the greater the
creep damage, resulting in a significant change in the
material’s viscoelastic and plastic mechanical properties;
temperature and A/C mainly affect the ratio of viscous and
elastic components in the material relationship, and
temperature and A/C changes will lead to changes in the
relative proportions of viscous components and elastic
components in the material, leading to changes in the
deformability of CA composite cement. With the increase
of temperature and A/C, the ratio of viscoplastic defor-
mation of CA composite cement increases, and the ability
to resist deformation and the ability to recover from de-
formation are weakened.

4. Conclusion

In this paper, the creep and creep recovery tests of CA
composite cement are carried out. Based on the results of
creep and creep recovery tests, the creep and creep recovery
characteristics of CA composite cement and the effects of
aging on their creep properties are analyzed. The effects of
temperature and material ratio on the viscoelastoplastic
mechanical properties of CA composite cement are studied,
and the conclusions are as follows:

(1) As the degree of aging increases, the creep com-
pliance of CA cement decreases, the creep defor-
mation ability decreases, the proportion of creep
recovery deformation increases, the proportion of
residual deformation decreases, and the deceleration
creep and deceleration creep recovery stages tend to
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disappear, and the overall static mechanical prop-
erties of the material tend to be elastic.

(2) With the increase of temperature, the proportion of
recoverable deformation of CA composite cement
decreases, the proportion of nonrecoverable defor-
mation of viscosity and plasticity increases, and the
ability of CA composite cement to resist deformation
and deformation recovery ability decreases.

(3) The elastic performance of CA composite cement
mainly depends on the hydration products of ce-
ment, while the viscoplastic performance mainly
depends on asphalt. Therefore, as the amount of
asphalt increases, that is, the greater the A/C, the
elastic performance of the CA composite cement
decreases and increases the flow deformation ability,
and the material resistance to deformation and de-
formation recovery ability is reduced.
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