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Abstract. In order to solve the research deficiencies of influence of segregation on the performance 
of asphalt pavement, the segregation simulation and performance test were conducted. In terms of 
different grading deviation, the classification standard of segregation was divided into four levels. 
Subsequently, asphalt mixtures corresponding with different segregation levels were used to 
conduct pavement performance tests. The results indicated that the reduction of the fine aggregate 
segregation will improve the Marshall residual stability of immersion. With the increasing of 
segregation, the moisture stability performance of asphalt mixture was not significantly decreased. 
Whether it was the increasing of segregation of fine aggregate or coarse aggregate, the high 
temperature stability of asphalt mixture was decreased.  

1. Introduction 
Segregation is defined that the production gradation of hot asphalt mixtures mixed evenly in a 
mixing plant are not in conformity with the design gradation, in other words, the inhomogeneity 
changes of physical and mechanical properties appear in the asphalt mixtures. Aggregate 
segregation, compaction degree and temperature segregation are three kinds of phenomenon 
existing in the construction process of asphalt pavement [1~2]. According to the aggregate 
segregation, it is considered that the void in the area where coarse aggregates concentrate will grow, 
with the appearance of moisture damage. Meanwhile, the resistance to crack and tensile strength of 
mixtures in this area are weak, leading to the serious reduction of fatigue life. On the contrary, the 
void and asphalt-aggregate ratio in the area where fine aggregates concentrate will decrease and 
increase, respectively, leading to the pavement damage such as permanent deformation, flushing 
and push-up [3~5]. 
  At present, the researches on the segregation of asphalt mixture mainly focus on evaluation index 
and measurement method. The researches for segregation mechanism, effect of segregation on 
pavement performance of mixtures and forming process of segregation in construction are very 
limited. Therefore, the aims of this paper are to study the pavement and physical performance of 
asphalt mixture after occurring segregation so as to improve the construction quality of pavement. 

2. Segregation Simulation of Asphalt Mixture 
2.1 Standard Grading 
Before the simulation of segregation, a standard grading should be chosen to closely combine with 
the actual construction, shown as in Fig 1. 
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                           Fig 1 Grading curve 
 
2.2 Design of Gradation Segregation 
In this paper, the classification standard of segregation was obtained by referring to the design of 
critical segregation grading [6], shown as in Tab 1. 

Tab 1 Classification standard of segregation 
Type No  

segregation 
Mild 

segregation 
Moderate 

segregation 
Severe 

segregation 
Grading deviation <10% 10%～20% 20～35% 35% 

It can be seen from Tab 1, the boundary value of mild segregation, moderate segregation and 
severe segregation are 10%, 20%, 35%, respectively. In terms of this classification, the design of 
segregation grading must make sure the grading deviation between each gradation and standard 
gradation are three kinds of boundary value. Subsequently, the segregation grading curves were 
obtained and shown as in Fig 2 and the asphalt-aggregate ratio was shown as in Tab 2. 

Tab 2 Asphalt-aggregate ratios after segregation 
Segregation type Asphalt-aggregate ratio 

Mild segregation 1# 3.7 
2# 4.7 

Moderate segregation 3# 3.2 
4# 5.3 

Severe segregation 5# 2.5 
6# 6.0 

The aggregates used in the following test were a kind of limestone and the binder was SBS 
modified asphalt. The specifications of materials were satisfied the 
technical specification for construction of Highway asphalt pavement [7]. 

 
Fig 2 Segregation grading curve 

3. Pavement Performance Tests of Asphalt Mixture 
3.1 Test of Immersion Marshall 
The test of immersion Marshall is a method to evaluate the moisture stability of asphalt mixture, 
which is more emphasis on the resistance to moisture damage. The following formula is used to 
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calculate the Marshall stability of immersion [8]: 
1

0 = 100MSMS
MS

×                          (1) 

Where, MS0= Marshall residual stability of immersion, %; MS1=Marshall stability of immersion 
for 48h, kN; MS= Marshall Stability, kN. 
3.2 Freeze-thaw Splitting Test 
The freeze-thaw split cycle is a means to evaluate the moisture stability of asphalt mixture, which is 
different from the Marshall stability of immersion, and the immersion environment of the 
freeze-thaw splitting cycle is more rigorous and more close to the actual situation[9]. The splitting 
tensile strength ratio is calculated by the following formula [8]: 

2

1

100= ×T

T

RTSR
R

                              (2) 

Where, TSR= splitting tensile strength ratio, %; RT2= splitting tensile strength after freezing and 
thawing cycles, MPa; RT1=splitting tensile strength without freezing and thawing cycles, MPa. 
3.3 Rutting Test 
Rutting test is used to evaluate the high temperature stability of asphalt mixture [10]. The test 
temperature is 60℃ and the wheel pressure is 0.7MPa. The Size of a sample is 
300mm×300mm×50mm, and the dynamic stability is calculated as follows [8]: 

 2 1
1 2

2 1

( )t t NDS C C
d d
− ×

= × ×
−

                        (3) 

Where, DS= dynamic stability of asphalt mixture, /mm; d1=deformation at the 45min, mm; 
d2=deformation at the 60 min, mm; t2-t1=15min; N= Wheel rolling speed, generally is 42times/min; 
C1=1.0; C2=1.0. 

4. Test Results and Analysis 
4.1 Moisture Stability 
The test result of immersion Marshall was shown in Tab 3. It can be seen that there is no linear 
relationship between the asphalt aggregate ratio of asphalt mixture and the Marshall residual 
stability. The reduction of the fine aggregate segregation will improve the Marshall residual stability 
of immersion. Meanwhile, in the moderate segregation, the stability of immersion for 48h is slightly 
greater than the stability of immersion for 0.5h. In addition, the coarse aggregate segregation makes 
Marshall residual stability of immersion increased firstly and then decreased. However, no matter 
what kinds of segregation, Marshall residual stability can meet the requirements of more than 85%, 
as well as the requirement of more than 91.6% under the standard proportion. Thus, segregation can 
improve the moisture stability of asphalt pavement. 

Tab 3 Immersion Marshall stability of segregation grading 
Grading number 1# 2# 3# 4# 

Marshall stability of immersion for 48h（kN） 9.64 16.56 9.14 15.12 

Marshall stability(kN) 9.76 13.31 6.92 15.27 

Marshall residual stability of immersion（%） 98.8 124.4 132.1 99.0 
Besides, the result of freeze-thaw splitting test for evaluating the moisture stability was shown in 
Tab 4. It can be seen that the reduction of fine aggregate will contribute to the improvement of 
freeze-thaw splitting strength ratio. In terms of using the moisture stability of asphalt mixture with 
segregating to evaluate segregation types, the difference between 7% segregation and 13% 
segregation is not obvious. Meanwhile, with the increasing of segregation, the moisture stability 
performance of asphalt mixture was not significantly decreased. 
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Tab 4 Splitting tensile strength ratio of segregation grading 
Grading number 1# 2# 3# 4# 

splitting tensile strength after 
freezing and thawing cycles（MPa） 0.682 0.833 0.825 0.517 

splitting tensile strength without 
freezing and thawing cycles（MPa） 0.768 0.985 0.922 0.596 

splitting tensile strength ratio（%） 88.9 84.6 89.4 86.8 
4.2 High temperature stability  
Tab 5 showed the dynamic stability of asphalt mixture under different segregation grading. 
Compared to 15000 times/mm dynamic stability of standard mixture, whether it was the increasing 
of segregation of fine aggregate or coarse aggregate, the dynamic stability was decreased (i.e. the 
high temperature stability of asphalt mixture was decreased). But compared to coarse aggregate, the 
increase of fine aggregate was obviously greater impact on the dynamic stability of asphalt mixture.  

Tab 5 Dynamic stability of segregation grading 
Grading number 1# 2# 3# 4# 

deformation at the 45min, mm 1.082 1.606 1.374 2.470 
deformation at the 60 min, mm 1.140 1.730 1.458 2.627 

dynamic stability, /mm 10862 5080 7500 4012 
  Subsequently, the surface of rutting sample was analyzed intuitively, shown as in Fig 3. When 
fine aggregate segregation increased, the wheel track was very obvious.  
Compared with the 7% segregation, the rutting track of asphalt mixture with 13% segregation was 
obvious as well as the deformation.  

               
(a) 7% segregation                 (b) 13% segregation 

Fig 3 Rutting sample with the increase of fine aggregates 

5. Conclusion 
The performance difference of asphalt mixture with different segregation levels can be obtained by 
conducting correlative tests. With the increasing of segregation level of coarse aggregate, the 
Marshall residual stability of immersion will increase firstly and then decrease. In terms of using the 
moisture stability of asphalt mixture with segregating to evaluate segregation types, the difference 
between 7% segregation and 13% segregation is not obvious. Compared to coarse aggregate, the 
increase of fine aggregate was obviously greater impact on the high temperature stability of asphalt 
mixture.  
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