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STUDY ON STRESSINTENSITY FACTOR AFFECTED BY FRICTION
COEFFICIENT BETWEEN SURFACE LAYER AND SUBBASE

WANG Jin-chang® ZHU Xiang-rong® 2
(1. Department of Civil Engineering Zhejiang University Hangzhou 310027 China
2. Ningbo Institute of Technology ~Zhejiang University Ningbo 315104 China)

Abstract Cracking isamajor problem in the asphalt concrete pavement. Based on the linear fracture mechanics
the distribution discipline of the stress intensity factor (SIF) under the changed temperature is studied by the plane
strain FEM of ABAQUS software when the surface cracks or the reflective cracks exist in the asphalt pavement on
the semi-rigid base. It is obtained that the SIF increases with the length of the surface crack or the reflective crack
enlarging in the asphalt pavement. The SIF decreases with the friction coefficient rising when the surface crack tip
lies in the surface layer and increases with the friction coefficient rising when the surface crack tip lies in the base.
For the asphalt pavement with reflective crack the SIF decreases with the friction coefficient rising when the
reflective crack tip lies in the base. The SIF increases with the friction coefficient rising when the reflective crack
tip lies in the base and the reflective crack length is less than a certain value. The SIF decreases with the friction
coefficient rising when the surface crack tip lies in the base and the reflective crack length is more than a certain
value.

Key words highway engineering asphalt pavement stress intensity factor finite element method surface
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Fig.2 Elastoplastic and plastic Coulomb friction model
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Fig.3 Sketch of surface crack
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Fig.4 Sketch of reflective crack
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Tablel Structureand material parameters of asphalt
pavement
M enpa (kG M ) okPa dC)  (10° Y
012 1200 025 2400 22.80
030 900 030 2200 9.87
034 450 030 2100 0.50
200 50 035 2000 20 35 0.50
o 10 040 1850 5 5 50.00
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Fig.8 Distribution of normal stresses near the crack tip

2005
'E. - X
=i 0X
y
5
Fig.5 Mesh with singular element near the crack tip of surface 7
Fig.7 Local coordinate near the crack tip
crack
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Fig.6 Mesh with singular element near the crack tip of ) 3 ;12
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Fig.9 Distribution of shear stresses near the crack tip
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Fig.10 Distribution of normal stresses along radial
direction
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Fig.11 Distribution of the SIF of the surface crack(crack tip
lying in surface layer)
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Fig.12 Distribution of the SIF of the surface crack(crack tip
lying in subbase)
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Fig.13 Shear stress and deformation between surface and
subbase near the surface crack(unit  Pa)
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Fig.14 Distribution of the SIF of the reflective crack(the

crack tip lying in the subbase)
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Fig.15 Shear stress and deformation between surface and subbase near the surface crack when the reflective crack length
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Fig.16 Distribution of the SIF of the reflective crack(the crack

(1

(2

tip lying in the surface layer)

@)
©)

D ( )
2

3)

(References)

[J. 1998 18(2)
1- 8.(Sha Qinglin. Development and present research of the pavement
technique in China[J]. Journal of Foreign Highway 1998 18(2)
1- 8.(in Chinese))

[J. 1990 12(3) 22— 31.(Zheng Jianlong Zhang
Qisen. Finite element analysis of reflection crack and stress intensity
factors in half rigid pavementsJ]. Chinese Journal of Geotechnical
Engineering 1990 12(3) 22— 31.(in Chinese))

(4

(%]

6]

(8l

(9

(10

(11]

[12]

[13]

(14]

[M].
1995.(Wu Ganchang. Temperature Stress Analysis of Pavement on the
Semi-rigid Road Base[M]. Beijing Science Press 1995.(in Chinese))
[J.

1996 1(3) 37— 44.(WuGanchang Zhang Gansheng. Therma
stress intensity factor analysis for asphalt concrete pavement[J]. China
Journal of Highway and Transport 1996 1(3) 37— 44. (in Chinese))

[J.

1998 11(1) 21- 28.(Wu Ganchang Ling Tianging. The
analysis of developing mechanism of thermal crack of the semi-rigid
road base[J]. China Journal of Highway and Transport 1998 11(1)
21— 28.(in Chinesg))

[J. 2000 33(1) 93— 99.(Zheng
Jianlong Zhou Zhigang Zhang Qisen. Bridge-toughening analysis of
reinforcement materials preventing bituminous surface from reflection
crack by FEM[J]. China Civil Engineering Journal 2000 33(1)
93— 99.(in Chinese))
—_— [M].
2003.(Zheng Jianlong Zhou Zhigang Zhang
Qisen. Design Theory and Method Resisting to Fracture on Asphalt
Concrete[M]. Beijing 2003.(in
Chinese))
Shen W X. Distributed therma cracking of AC pavement with

China Communications Press

frictional constraint[J]. Journal of Engineering Mechanics 1999
125(5) 554— 560.

Timn D H. A phenomenological model to predict thermal crack
spacing of asphat pavementsiPh. D. Thesis|[D]. Minnesota

University of Minnesota 2001.

[J. 2003 16(1) 114- 118(Wang
Jinchang Zhu Xiangrong YeJunneng et al. SIF of the pavement with
cracks under dynamic loading[J]. Journal Vibration Engineering
2003 16(1) 114- 118.(in Chinese))
Hibbitt Karlsson Sorensen Inc.. ABAQUS/Standard User’'s Manual
ABAQUS/CAE User's Manual ABAQUS Keywords Manual
ABAQUSQUS Theory Manua[M]. America Hibbitt
Sorensen 2002

Karlsson

ANSYS [M].
2000.(Wang Guoging. Practica Numerica
Simulation Technique and Its Application in the ANSY S Software[M].
Xi'an 2000. (in
Chinese))

Northwestern Polytechnical University Press

[
1[D]. 2003.(Wang Jinchang. Anaysis of the
pavement structure and soft clay ground interaction under generalized
load[Ph.D. Thesis|[D]. Hangzhou

Chinese))

Zhgiiang University  2003.(in

[M].
Tianyou. Foundation of Fracture Mechanics Theory[M]. Beijing
Science Press  2003.(in Chinese))

2003.(Fan



