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ABSTRACT 

 
Asphalt pavement can repair its distress and improve the service life significantly thanks to the hot 
summers and long rest periods. This phenomenon is called the self healing behaviour and is believed 
to be one of the important factors for designing of the durable asphalt pavement. This phenomenon has 
been noticed for more than forty years [1]. Yet the underlying mechanism is not clear so far.  
 
Laboratory healing experiments were carried out as shown in Figure 1. By applying a loading-healing-
reloading cycle to the specimen, the damage self healing capability of various bituminous materials 
were investigated [2]. Experimental results confirm the existence of self healing phenomenon (Figure 
1c). Less damage, higher healing temperature, longer healing time and compressive stress are 
beneficial for self healing improvement.  
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Figure 1: Laboratory self healing measurements: (a) direct tension self healing test specimen;  

(b) test program; (c) example of test results at TEafter of 3mm 
 
As a visco-elastic material, the damage-healing process of bituminous materials is always coupled 
with visco-elasticity. A damage-healing model is developed in Equation 1 based on viscoelastic 
continuum damage mechanics [3]. 1 ( )tα− is defined as a degradation factor  due to damage, and a 
nonlinear damage evolution law is also applied as shown in Equation 2.  
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[ ]( ) 1 ( ) nmc t tα ε α= ⋅ ⋅ −&                                                                        (2)                        
Where,  ( ), ( )t tσ ε  denote for the stress and strain; , ,j jE E η∞ are parameters for Generalized Maxwell 
model for visco-elasticity; , ,c m n are the damage parameters. 
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Figure 2: Modelling of self healing tests: (a) Example of stress distributions; 

(b) Monotonic simulation; (c) healing simulation 
 

Table 1: List of damage parameters before and after healing 
 c m n 

Control 0.009 0.01 1.4 
Immediate reloading 0.042 0.01 1.8 
Healing-0.1h@20C 0.017 0.01 1.65 
Healing-0.5h@20C 0.014 0.01 1.65 
Healing-3h@20C 0.011 0.01 1.5 

 
The simulation was done using ABAQUS with a user defined subroutine UMAT.  Within the model, 
healing is treated as the recovery of the viscoelastic behaviour as a reverse process to damage.  
Figure 2 shows the stress distribution of the simulated direct tension specimen. Figure 2b shows the 
simulation of the monotonic test and the degradation factor1 ( )tα− . Figure 2c shows the development 
of the degradation factor eliminated visco-elasticity before and after healing. Table 1 lists the damage 
parameters used in the simulation.  
 
The simulation shows that healing decreases the damage speed, which can also be seen from the 
decrease of the damage parameter c as shown in Table 1.  
 The proposed model can simulate the damage-healing process successfully. More attention should be 
paid to further interpret the change in damage parameters and the internal healing mechanisms 
(delayed visco-elastic healing or viscous healing). It is believed that understanding of this 
phenomenon is very important for designing more durable asphalt pavement as well as modifications 
on bituminous materials. 
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