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Research on Fatigue Damage and Crack Propagation of Pre-Cut Seam Asphalt

Mixture Composite Beams

HUANG Dengke', LIU Hongfu™
(1. Wuhan Chengfa Testing Technology Co., Ltd., Wuhan, Hubei 433000, China;
2. School of Transportation, Changsha University of Science & Technology, Changsha, Hunan 410114, China)

Abstract: This study investigated the influence of reflective cracking on the fatigue performance of asphalt
pavements subjected to milling and resurfacing under varying service conditions. The fatigue life of composite
beams was evaluated via four-point bending fatigue tests, considering the effects of different stress ratios,
soaking durations, air void contents, and types of tack coat. Meanwhile, the digital image correlation (DIC)
technique was employed to analyze the crack propagation behavior of composite beams. To accurately
characterize the failure of composite beam specimens, the dynamic modulus was employed to define damage
variables, enabling the calculation of critical fatigue damage for the composite beams. A nonlinear fatigue
damage model, accounting for critical damage under multi-factor influences, was subsequently proposed. In
addition, a modified Logistic function model was developed to analyze crack propagation behavior and fatigue
life of composite beams under diverse stress ratios, air void conditions, and tack coat configurations. The results
indicate that at different stress levels, the modulus of composite beams decreases with crack propagation, and
the decay rate is proportional to the crack growth rate. At the same stress level, the modulus decay curves and
crack propagation curves intersect as the life ratio increases. This intersection marks the transition from a stable
state to an unstable state, beyond which cracks propagate rapidly and the modulus declines sharply until
specimen failure. The modulus ratios corresponding to these intersection points are consistently within the

range of 0.5-0.6. Based on these findings, it is recommended that milled and resurfaced asphalt pavements be
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maintained promptly before their modulus decreases by 50%. This research provides a decision-making basis

for the maintenance and management of asphalt pavements.

Keywords: road engineering; asphalt mixture; digital speckle; bending fatigue test; predictive model; crack

propagation
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Table 1 Technical specifications of 70* base asphalt and SBS-modified asphalt

707 7§ SBS Bt H
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B A (25°C,100 g,58) 0.1 mm 67 60~80 54 40~60
NS4 —1.0 —1.5~+1.0 0.217 =0
FEFE(15°C,5 cm/min) cm =100 =100 — —
FEFE(5°C,5 cm/min) cm — — 34 =20
AL R R ERTE) T 49 =46 85.0 =60
60 "C3ly Jy Fh Pa-s 200.7 =180 2.4 <3
(15 °C) g/cm’ 1.022 S 1.029 S
TN A C 285 =260 311 =230
o i % 99.8 =99.5 99.9 =99
R R Y B B A 5 =5 5 =5
PR 52 (25 °C) % — — 77 =75
i FF A E MBI HT , 48 h i fb 5 22 T — — 1.4 <2.5
A % —0.252 <+0.6 0.1 <+1.0
(gj‘cRTTFFOoTT))ﬁ BB EF A (25 °C) % 65.2 =61 76 =65
B B AE (10 °C) cm 9 =6 21 =15
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Figure 1 Gradation curve of asphalt mixture
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Table 2 Factors and corresponding levels in the
four-point bending fatigue test
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Figure 2 Four-point bending fatigue test
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Figure 3 Test setup for DIC measurement
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Figure 4 Fitting curves of fatigue life and stress level of

composite beams under different conditions
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Figure 5 Variation of modulus attenuation parameters m and n
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Table 3 Critical fatigue damage defined by dynamic modulus

for composite beam specimens at different stress levels
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Figure 8 Variation of crack propagation with fatigue life of
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composite beams under different stress conditions
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Figure 9 Variation of crack propagation of composite

beams with fatigue life under effect of various factors
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Figure 10 Crack propagation and modulus ratio of composite

beams versus fatigue life ratio at different stress levels
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