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Mechanical Behavior Analysis of Asphalt Chip Seals Based on
the Microstructure

LIU Li WANG Yugiang LIU Yu
( Xi” an University of Architecture and Technology School of Civil Engineering Xi” an 710055 China)

Abstract: Based on the microstructure a two-dimensional finite element model for asphalt chip seals was
built to analyze the mechanical behavior under vertical loads. The results show that the vertical
displacement of stones in chip seals at the inner edge of the wheel is the maximum and the rotation angle
is the minimum. On the contrary the rotation angle of the stones at outer edge of the wheel path is the
largest and gradually decreases from the outer edge to two sides. The horizontal strain in asphalt binder
is mainly compressive strain. The maximum shear strains at the outer edge of wheel path exist at the
interface between asphalt and asphalt mastic. The horizontal deformation and shear deformation at the
aggregate-asphalt interface are higher than in asphalt binder. The maximum Mises stress is on the
interface at the stone-asphalt and the greater shear deformation is in asphalt mastic under the stones
which easily lead to shear failure on the asphalt chip seals.
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Fig.1 Finite element model of asphalt chip seal microstructure
1.2 1 .
1.2.1 Table 1 Elastic material parameters of stone
N N base and subgrade
E M ; E/MPa m
Burgers Burgers 40 000 0.25
Prony 10 1300 0.35
E1.E2.nl.n2 20 C 40 0. 40
gl g2.71.72  Prony
1 ~3 2 Burgers
122 Table 2 Burgers model parameters of asphalt and
asphalt mastic
1 El/ nl/ E2/ n2/
1142 MPa ( MPa-<s) MPa ( MPa-s)
0. 625 0.543 0.175 0.0115
1.590 0. 920 0.230 0.8600

14.9 mm
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3 Prony
Table 3 Prony series conversion results of asphalt

and asphalt mastic

gl 7l g2 T2

0.7866 0.0384 0.2134 10.8663

0.9602 0.7257 0.0398 0.039 8
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Fig.2 Schematic of load total stress to microstress

3
Fig.3 Load schematic of asphalt chip seal
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Fig.4 Meshing of asphalt chip seal
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Fig.5 Vertical displacement of stones on chip seals
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Fig.6 Rotation angle of stones on chip seals surface

7

Fig.7 Horizontal displacement of stones

on chip seals surface
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Fig.8 Displacement in chip seals

9

Fig.9 Vertical displacement on each structure

layer of chip seals
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Fig. 12 Horizontal strain distribution in asphalt layer

13

Fig. 13 Comparison of maximum horizontal compressive

strain in asphalt layer

11 14
Fig. 11 Shear strain in asphalt layer
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Fig. 14  Shear strain distribution in asphalt layer
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N Table 4  Comparison of maximum mechanical indexes
. N between adhesive layer and asphalt layer
1.49 . /% /% /kPa
N 4.74 ~11.00 . 0.65 1.20 120
0.53 0.31 80
15 )
Fig. 15 Comparison of maximum shear strain ) i
in asphalt layer
2) Mises
1) -
2.4
( )
2) -
2.3
- 16
- 17
N N Mises
- 18
4
4 19.20
1.22 4 Mises 0.5%
.5 . N
Mises 1.0% 2
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Fig. 16  Horizontal strain in asphalt mastic

20

Fig.20  Vertical strain distribution in asphalt mastic

17

Fig. 17  Shear strain in asphalt mastic 21

Fig.21 Shear strain distribution in asphalt mastic
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Fig. 18  Vertical strain in asphalt mastic
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3) Al
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Fig. 19 Horizontal strain distribution in asphalt mastic
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