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Influence of Reflective Cracks on the Mesoscopic Mechanical Behavior of

Asphalt Pavement Structures

MA Hui',REN Zhongshan', WANG Min’
(1. Jiangsu Expressway Engineering Maintenance Technology Co., Ltd., Nanjing, Jiangsu 211100, China;
2. College of Civil and Transportation Engineering, Hohai University, Nanjing, Jiangsu 210024, China)

Abstract: To gain an in-depth understanding of the mechanical behavior of existing asphalt pavement
structures affected by reflective cracks, a macro-meso coupled model of a typical semi-rigid base asphalt
pavement was established based on a continuum-discrete coupling method. By incorporating reflective cracks
with varying vertical lengths, the stress transfer paths, mesoscopic particle stress states, and displacement
evolution of the pavement structure were analyzed. The results indicate that the coarse aggregate skeleton and
the surrounding mortar collectively bear more than 75% of the traffic load, forming a critical load transfer
system, and that a significant linear correlation exists between the vertical stress and effective stress of particles
along the primary stress transfer path. The vertical propagation of reflective cracks significantly disrupts the
original stress diffusion path, leading to force chain concentration, increased contact forces, and a substantial
rise in effective stress. When the crack extends to the pavement surface, the displacement field of particles near
the crack changes significantly, with enlarged displacement magnitudes, resulting in a pronounced degradation
of fatigue performance across all structural layers.
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Figure 1 Typical semi-rigid base asphalt pavement

structure

2 EmIAG AR

21 JL{gEE

SHE BT A A A A5 R RO B, T R A R
143 R 20 A7 A BEORT Ak o 6 T F n 2%k F BZZ-100
o 7 Bl 28, TR g 2807 0 A5 S5 D T o L[5 349 A fir 2K
A5 A0 4 B SRy U DR ep K, Oy AR R fin 2k DX e Y
BT OB R T a0 BE O 314 mm, BN R N
192 mm X 186 mm, W& 2 ffron o PRI, 2 il A8 72 1)
e B R R S T 5 A 2 O TR ST D g R T
MR B ], B K BE % Oy 600 mm, BE B O 240
mm, {5 & R 740 mm.,

314

(o)}

—

|
I
|
|
IN
______ R
|
|
U

186

2 WREPEFEH (LA mm)
Figure 2 Equivalent rectangular load on dual wheels

(unit: mm)
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Table 1 Individual sieve residue volume of pavement structural layer materials
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315 100.0 3.88 100.0 3.51 100.0 3.55
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Figure 3 Discrete domain model of pavement structure
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Figure 4 Coupled model of pavement structure (unit: mm)
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Table 2 Macroscopic mechanical parameters of

pavement structure model

A0 N/ (kgem °) PR/ MPa THAALE
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G HE 2 2100 10 000 0.25
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Table 3 Mesoscopic mechanical parameters of pavement

structural layer materials
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AERE AR 4.81E+07  2.00E+07 0.36
SMA-13 ER5ER 1.27E+06  5.07E405 0.30
BAER R 5®Y 1.27E+06  5.07E+05 030
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RN 4.81E+07  2.00E+07 0.36
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[ZE £ 5.61E4+05 2.16E405 0.30
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RN 4.81E+07  2.00E+07 0.36
3.0% ke HEEEER  T40E+H06  2.96E+06 0.30
REWAH M58 740E+06 2.96E+06  0.30
WG 4.01E+06  1.54E+06 0.30
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Table 5 Proportion of pavement load carried by different

components within the measurement area
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Table4 Comparison between measured and

simulated results
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Figure 5 Simulated conditions
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Figure 6 Load variation curves carried by different

components within the measurement area
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Figure 7 Scatter plot of vertical stress versus equivalent stress within characteristic measurement area
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pavement structures containing reflective cracks
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Figure 9 Force chain distribution in pavement structures

containing reflective cracks
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Figure 10 Displacement contour of pavement structure

based on discrete element model
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