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Abstract. In order to study the high temperature performance of LM-S modified asphalt mixture and SBS 
modified asphalt mixture, repeated loading creep test was used to study the influence of temperature and 
deviatoric stress on the axial permanent deformation of the two kinds of asphalt mixture. At the same time, 
Permanent deformation, ε@5000, flow number FN and creep rate were select to evaluation of high 
temperature performance from different directions. The results show that the ε@5000 and creep rate are failed 
in the condition of high temperature and large deviatoric stress,so it has`t widely practicable. The flow number 
FN is also limited by the conditions, which leads to the distortion of the flow number at lower temperature 
and smaller deviatoric stress so it is not easy to direct used as the evaluation index. Axial permanent 
deformation can reflect the permanent deformation in different cycles which is an excellent index to evaluate 
the high temperature performance of the two kinds of asphalt mixture, it is recommended to use axial 
permanent deformation to compare the LM-S modified asphalt mixture and SBS modified asphalt mixture 
The experimental results show that the axial permanent deformation of the LM-S modified asphalt mixture is 
always less than that of SBS modified asphalt mixture,it indicating that the high temperature rutting resistance 
of the LM-S modified asphalt mixture is better than that of SBS modified asphalt mixture. 

1 Introduction 
As one excellent modified asphalt mixture, SBS modified 
asphalt mixture, has always been favored by road workers. 
DaquanSuns research shows that SBS modified asphalt 
has very good anti-aging property and Xu, Songs study 
also points out that SBS modified asphalt has great 
regeneration ability, and star type SBS is superior to linear 
type in high-temperature and anti-aging aspect[1]-[2]. But 
the SBS modified asphalt can only be used in middle and 
high class roads due to its high price, while a large number 
of middle and lower class roads still use base asphalt for 
the economical reason, which restricts SBS modified 
asphalt further development[3]-[4]. In order to solve the 
problems of SBS modified asphalt, such as easy 
segregation, high requirements in transportation and 
storage etc, the LM-S modified asphalt mixture which 
studied by road workers is the obtained corresponding 
asphalt mixture by dry-mixed. It could save investment 
cost greatly for no requirement of modified asphalt 
production equipment addition[5]. The modified asphalt 
mixture performance is stable, especially at high-
temperature, which attracts more and more people’s 
attention[6]. Wang Chaohui and others of Chang'an 
University compared the impact of different mixing 
methods on road performance through indoor tests. The 
results showed that the high-temperature performance of 
asphalt mixture produced by dry mixing method is better 
than that of asphalt mixture produced by wet mixing 

method. In order to compare the high-temperature 
performance of LM-S modified asphalt mixture and SBS 
modified asphalt mixture, and to find suitable high-
temperature performance evaluation indicators, the 
following research is carried out. 

2 Test 

2.1 Test materials 

（1）Asphalt binder 
The subject research uses two types of asphalt binders: 

SBS modified asphalt and base asphalt. The basic 
performance of two asphalt binders both meets the 
"Highway Engineering Asphalt and Asphalt Mixture Test 
Regulations" (JTG E20-2011). The specific test results are 
shown in Table 1 below. 

Table1. Technical indicators of asphalt binder  

Technical indicators Unit 
Test results 

SBS modified 
asphalt Asphalt 

Penetration（25℃，100g，
5s） 

0.1m
m 65.3 85 

Ductility（5cm/min，5℃）
≥ cm 28 16 

Softening Point），≥ ℃ 56 50 
density（15℃） g/cm³ 1.031 1.028 

Viscosity（135℃ kinetic 
viscosity） Pa*s 2.6 1.3 
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（2）Mineral aggregate 
The coarse aggregate used in the subject research is 

basalt, the fine aggregate is limestone machine-made sand, 
and the ore powder is finely ground from limestone. The 
basic performance index of the mineral also meets the 
requirements of the "Highway Engineering Aggregate 
Test Regulations" (JTG E42-2005). The test results are 
shown in Table 2, Table 3 and Table 4 

Table2. Technical indicators of Coarse aggregate  

Technical indicators Requirements Test results 
Water absorption/% ≤2.0 0.65 

Robustness/% ≤12.0 5.2 
Apparent relative 
density/（g/cm³） ≥2.60 2.849 

Adhesion Five grade Five grade 

Table3. Technical dicators of fine aggregate  

Technical indicators Requirements Test results 
Mud content/% ≤2.0 0.65 
Robustness/% ≤12.0 5.2 

Apparent relative density/
（g/cm³） ≥2.60 2.849 

Table4. Technical dicators of Mineral powder 

Technical 
indicators Requirements Test results 

Apparent density/
（g/cm³） 2.5 2.702 

Water content/% 1 0.8 
 

Particle size 
range/% 

 

<0.6 100 100 
<0.15 90～100 98 

<0.075 75～100 95 

Appearance Non-agglomerated Non-
agglomerated 

Hydrophilic 
coefficient <1 0.6 

Plasticity index/% <4 2.3 
Heating stability Recorded No deterioration 

2.2 Test method 

（1）Test plan 
Add modifier LM-S in the mixing process of base 

asphalt and aggregate to produce LM-S modified asphalt 
mixture (dry mix), SBS modified asphalt mixture still 
adopts conventional production methods. Adopt Marshall 
design method for mix design. 

Table5. Program of test 

Equipments CONTROL UTM-100 
Preload /KPa 20 

Load mode and waveform 
Loading 0.1s and unloading 

0.9s, half sinusoid 
intermittent loading 

Confining pressure/KPa 138 
Deviatoric stress/Mpa 0.7、0.9、1.1 
Test Temperature/℃ 40、50、60 

Test termination N=10000 or 5%
（NCHRP9-19） 

（2）Triaxial repeated loading permanent deformation 
test method 

The test specimens were kneaded and formed by the 
rotary compactor SGC rotary compactor, and the mixture 
specimens were formed into cylindrical specimens of φ
150mm×175mm, and then cored and cut with a φ100 
water drill to obtain a cylindrical test piece of φ100mm
×150mm. Finally, use sandpaper to polish to ensure that 
the surface unevenness of the test piece does not exceed 
0.05mm. Place the test specimen at the corresponding test 
temperature for at least 5h but not more than 10h. Ensure 
that the temperature inside and outside of the specimen 
reaches the predetermined test temperature. Set the test 
parameters and start the test based on test plan 
requirements. 

3 Results and analysis 

3.1 The influence of temperature on permanent 
deformation 

Since the permanent deformation under other deviator 
stresses is consistent with the change rule under the 
standard tire pressure of 0.7 MPa, for the convenience of 
comparison, only 0.7 MPa is used as an example for 
illustration. It can be seen from Figure 1 and Figure 2 that 
the permanent deformation at different temperatures: as 
the number of loading increases, the permanent 
deformation of SBS and LM-S modified asphalt mixtures 
will continue to increase, which means the more 
equivalent axes act on the road surface, the greater of 
permanent deformation of the pavement is, because a load 
must produce a certain amount of permanent deformation 
each time , the road surface actually shows the permanent 
deformation accumulated under a certain axis; the higher 
the temperature is, the greater the permanent deformation 
could be, and when the temperature exceeds 50 ℃, the 
permanent deformation will increase sharply and the 
specimen will be destroyed quickly in a short time. That 
is to say, temperature has a huge influence on permanent 
deformation. The higher the temperature, the greater the 
permanent deformation. This is due to the increase of 
temperature and the softening of cement, which makes the 
specimen easy to damage, especially when the 
temperature is close to the softening point of cement. 
Permanent deformation will increase rapidly until it 
breaks.  
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Figure 1. Permanent deformation of SBS@ 0.7MPa 

2

E3S Web of Conferences 293, 02029 (2021) https://doi.org/10.1051/e3sconf/202129302029
GCEECE 2021



0 2000 4000 6000 8000 10000
-5000

0

5000

10000

15000

20000

25000

30000

35000

40000
（

Pe
rm

an
en

t d
ef

or
m

at
io

n

）

cycle

 40℃
 50℃
 60℃

 
Figure 2. Permanent deformation of LM-S@ 0.7MPa 

3.2 The influence of deviator stress on 
permanent deformation 

Also because the permanent deformation at other 
temperatures is basically the same as the change at 40°C 
(only the third stage will appear in the permanent 
deformation curve of the mixture at higher temperatures) 
for the convenience of comparing the effect of deviator 
stress on the axial permanent deformation. Only take 
40°C as an example. It can be seen from Figures 3 and 4 
that the permanent deformation under different deviator 
stresses: as the number of loading increases, the 
permanent deformation of both SBS and LM-S modified 
asphalt mixtures will continue to increase, which is the 
same as the previous. The greater the deviator stress is, the 
greater the permanent deformation will be. When the 
deviator stress is 0.7 MPa, the permanent deformation 
curve is smooth. When the deviator stress reaches 1.1 
MPa, the slope of the permanent deformation curve 
increases significantly compared with 0.7 MPa. Which 
means that the greater the axle load is, the greater the 
permanent deformation will be. This is because the 
asphalt mixture is a viscoelastic material, the axial strain 
will increase with the increase of stress, and the 
irreversible permanent deformation of the material with 
large strain will also be greater. In the end, a larger 
deviator stress shows a larger axial permanent 
deformation. 
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Figure 3. Permanent deformation of SBS@ 40℃ 
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Figure 4. Permanent deformation of LM-S@ 40℃ 

3.3 Comparison of high-temperature 
performance of SBS and LM-S modified asphalt 
mixture 

（1）Comparison of permanent deformation 
Since the permanent deformation change rule under 

the combination of standard tire pressure 0.7MPa with 
40°C and the combination of 1.1MPa with 50°C can 
represent the test results under all other combinations, for 
the convenience of comparison, only take 0.7MPa-40°C 
and 1.1MPa-50°C as examples to illustrate. It can be seen 
from the permanent deformation of the two asphalt 
mixtures in Figures 5 and 6: The permanent deformation 
of LM-S modified asphalt mixture is less than that of SBS 
modified asphalt mixture, and the greater of both 
temperature and deviator stress, the more significant 
effect can be shown. This indicates that the permanent 
deformation resistance of LM-S modified asphalt mixture 
is stronger than that of SBS. It is said that LM-S modified 
asphalt mixture is more advantageous than SBS in high-
temperature areas and large axle load sections. 
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Figure 5. Permanent deformation of asphalt mixture@ 

0.7MPa-40℃ 
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Figure 6. Permanent deformation of asphalt mixture@ 

1.1MPa-60℃ 
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（2）The comparison onε@500 
The research results show that the accumulated 

permanent deformation of the repeated loading test under 
5000 cycles can well reflect the high-temperature anti-
deformation ability of the asphalt mixture. It can be seen 
from the two asphalt mixtures ε@5000 in Fig. 7 that: as 
the deviator stress increases, the ε@5000 of two kinds of 
asphalt mixtures are constantly increasing, the greater the 
deviator stress is, the greater the permanent deformation 
of the asphalt mixture after 5000 cycles is, which also 
shows that the deviator stress increases while the the 
asphalt mixture performance at high-temperature will 
decrease; at the same time, it is found that ε@5000 will 
increase as the temperature increases, which means that 
the high-temperature deformation resistance of asphalt 
mixture will also decrease when temperature rise. 
Observation found that the two asphalt mixtures ε@5000 
can be strictly distinguished only at 50℃. At 40℃, it is 
difficult to accurately judge the high-temperature 
performance of the two asphalt mixtures ε@5000. At 
60℃, asphalt mixture will soon be destroyed under large 
deviator stress and ε@5000 even not exist. It is also 
difficult to determine the high-temperature performance 
of the asphalt mixture according to the size of ε@5000. 
This means that, only at 50℃, ε@5000 can be used as 
evaluation indicator of the high- temperature performance, 
which will have a more obvious effect, and it is difficult 
to achieve in higher or lower temperatures. 
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Figure 7. ε@5000 of asphalt mixture 

 
（3） Comparison of flow number FN 
The same research results show that for repeated 

loading tests with confining pressure, the flow number FN 
can be used as a basic index to evaluate the high-
temperature performance of asphalt mixtures. It can be 
seen from the flow number FN of the two asphalt mixtures 
in Figure 8 that the flow number of the LM-S modified 
asphalt mixture is generally greater than that of the SBS 
under the same deviator stress and temperature 
combination, indicating that the high temperature of the 
LM-S modified asphalt mixture performance is better 
than SBS. With the increase of deviator stress, the flow 
number FN changes little at 40°C, and basically does not 
change with the deviator stress, in other word, the flow 
number is not sensitive to the change of deviator stress at 
40°C. It becomes sensitive when the temperature reaches 
50°C and the deviator stress goes to 0.9MPa or higher. 
When the temperature reaches 60℃, the flow number FN 

decreases rapidly with the increase of deviator stress, 
which means that the flow number is very sensitive to the 
change of deviator stress. Although we can draw the 
conclusion that the flow number of LM-S modified 
asphalt mixture is generally greater than that of SBS, since 
the flow number FN at 40°C is as high as 9500 or more, 
and the test termination limitation is only 10,000 cycles, 
the results are obtained within 10,000 cycles. The flow 
number is often not the real flow number. This is also the 
reason that the flow number is concentrated at about 9500 
times at 40°C. At this time, the flow number cannot reflect 
the high-temperature performance of the actual road 
surface. While, at 60°C, the specimen will be destroyed 
quickly when the deviator stress is large, the flow number 
is very small at this time and the variability is large, which 
also cannot reflect the high-temperature performance of 
the asphalt mixture. 
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Figure 8. Flow number FN of asphalt mixture 
 
（4） Comparison of creep rate 
Creep rate has always been used as a basic indicator 

for evaluating high-temperature performance. From the 
creep rate of the two asphalt mixtures in Figure 9, it can 
be seen that with the increase of deviator stress, the creep 
rates of the two asphalt mixtures are increasing. When the 
temperature exceeds 50℃ and the deviator stress reaches 
0.9MPa, the creep rate increases rapidly, indicating that 
deviator stress increases, fluidity of the asphalt mixture 
increases, while the ability of deformation resistance at 
high temperature decreases. At the same time, the higher 
the temperature is, the greater the creep rate is, that is to 
say that while the ability of deformation resistance in high 
temperature decreases when temperature increases. 
However, when the temperature reaches 60°C and the 
deviator stress exceeds 0.7 MPa, the SBS modified 
asphalt mixture will be quickly destroyed. The second 
stage is very short and it is difficult to accurately 
determine the corresponding creep rate. Under the same 
temperature and the same deviator stress, the creep rate of 
LM-S modified asphalt mixture is slightly lower than that 
of SBS, indicating that the deformation resistance of LM-
S modified asphalt mixture is slightly better than that of 
SBS modified asphalt mixture. This is because the binder 
viscosity of the LM-S modified asphalt mixture is slightly 
higher than that of the corresponding SBS, resulting in a 
stronger anti-deformation ability of the formed asphalt 
mixture, showing slightly better high-temperature 
performance than the SBS modified asphalt mixture. 
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Figure 9. Creep rate of asphalt mixture 

 
Through the evaluation of the high-temperature 

performance of the two asphalt mixtures by the different 
angle of four basic indicators: axial permanent 
deformation, ε@5000, flow number FN, and creep rate, 
the following can be concluded. The axial permanent 
deformation index reflects corresponding permanent 
deformation changing rules under different cycles. The 
changing law of deformation can significantly distinguish 
the permanent deformation of two kinds of asphalt 
mixtures in test condition, which can be considered as an 
excellent index to evaluate the high-temperature 
performance of asphalt mixtures. ε@5000 only takes 
accumulative permanent deformation corresponding to 
the first 5000 cycles, without considering the entire 
process of deformation; moreover, when the temperature 
and deviator stress are both large, the test specimen will 
be destoryed before reaching 5000 cycles, which means 
that the ε@5000 is not exist at all, so it is difficult to use 
this index to comprehensively measure the pros and cons 
of high-temperature performance of the two asphalt 
mixtures. Although the flow number FN exists in different 
conditions, but the largest number of loading cycles is 
10,000. The flow number FN under the combination of 
lower temperature and small deviator stress is very large 
or even more than 10,000 originally, the test instrument 
can only take the number of loading times corresponding 
with the minimum value of the current permanent 
deformation rate as the flow number FN in calculating. In 
fact, this value is very different from the real flow number. 
Therefore, if the flow number FN be chosen as the 
evaluation index of high-temperature performance, there 
will be the distortion problem under low temperature and 
small deviator stress. The creep rate uses the slope of the 
creep curve in the stable phase as the evaluation index. 
The curve in the stable phase changes smoothly, which 
can indirectly reflect the anti-deformation ability of the 
asphalt mixture to a certain extent. It has a certain 
objective representativeness, but similarly to ε@5000, 
when the temperature and deviator stress are both large, 
the test specimen will be destroyed immediately before 
entering the stable phase, or the stable phase is too short 
to get the accurate value of the creep rate, so the creep rate 
is difficult to fully measure the high-temperature 
performance of two asphalt mixture. 

 
 
 

4 Conclusion  
⑴For LM-S and SBS modified asphalt mixtures, the 
corresponding permanent deformation under different 
cycles can be observed by the axial permanent 
deformation any time, which can be used as an excellent 
index for evaluating the high-temperature performance of 
the two asphalt mixtures. 

⑵ The ε@5000 and creep rate under higher 
temperature and larger deviator stress are limited by 
conditions, so the corresponding value does not exist or is 
difficult to find. Both are not suitable to be directly used 
as an evaluation index, but these two are recommended in 
lower temperature and smaller deviator stress, especially 
the creep rate. 

(3) The flow number FN, due to the limitation of 
conditions, leads to the distortion of the flow number 
under lower temperature and smaller deviator stress, but 
it has better representativeness under larger deviator stress 
and temperature conditions. 

(4) Considering the two asphalt mixtures used in the 
study comprehensively, this article finally recommends 
the axial permanent deformation as a basic index for 
evaluating high-temperature performance. 

⑸  Different indicators of test show that the high-
temperature performance of LM-S modified asphalt 
mixture is better than that of SBS modified asphalt 
mixture. It is recommended to use LM-S modified asphalt 
mixture instead of SBS modified asphalt mixture to 
improve anti-rutting ability of pavement. 
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