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Abstract: To analyze the effect of subgrade moisture variations on the mechanical response of pave-
ment structures under environmental conditions in rainy regions, a prediction model for the dynamic
resilient modulus (My) considering stress levels and matric suction was established. A numerical model
of the subgrade and pavement structure was developed using COMSOL software. The M, was then
embedded into the constitutive relationship of the numerical model through the application of a coeffi-
cient-type partial differential equation. The applicability of the model was verified by comparing mea-

sured data with results calculated using specification methods. The temporal variation patterns of pave-
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ment deflection and fatigue life under different conditions of rainfall and groundwater tables were fur-
ther analyzed. The results showed that the resilient modulus decreased with increasing moisture con-
tent, while the deflection value increased. When the saturation of subgrade soil increased from 79% to
90% , the maximum pavement deflection increased by 126 pm. Additionally, when the groundwater
table rose from —5 m to O m, the maximum surface deflection increased by 62%. Both the fatigue life
calculation methods specified in Chinese and American pavement design specifications yielded highly
accurate results for asphalt pavement surface layers, with a maximum error of only 2%. As the
groundwater table increased, the maximum tensile stress at the bottom of the surface layer increased
linearly, while the fatigue life decreased. When the groundwater table rose by 5 meters, the tensile
strain at the bottom of the surface layer increased by 28.35% , and the fatigue life of the asphalt pave-
ment layer declined by 62.8%. These findings provide a theoretical basis for road structure design and
long-term performance assurance in rainy regions.

Keywords: road engineering; mechanical response; numerical simulation; subgrade soils; deflection

value; fatigue life
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Fig.1 Numerical model of subgrade and pavement structure
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Table 1 Parameters of physical properties of subgrade soil
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Fig.12 Variation of subgrade resilient modulus with depth

under different groundwater tables

RO / m
0002 04 06 08 10 12 14 16
——
—50
—100
< —150
i%
i
—200 —— GWT=0m

—— GWT=—1m
—— GWT=—2m
—— GWT=—3m
—8— GWT=—4m
—&— GWT=—b5m

—250 §
—300 T
—350
13 b o 28 AN 6] 3R 7KL 9 R i th ¢
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Fig.14 Effect of saturation on subgrade resilient modulus

and pavement deflection value
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Table 6 Effect of different rainfall conditions on tensile
stress and fatigue life at bottom of pavement sur-

face layers
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Fig.15 Effect of subgrade moisture on tensile stresses and fa-

tigue life at bottom of pavement surface layer
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Table 7 Effect of groundwater tables on tensile stress and

fatigue life at bottom of pavement surface layer

WRkR/ RN fjﬁﬁ/ LS
m I 48 /10 ° Dso-zorgen AASHTO %
0 83.3 44 048 44 849 1.79
—1 79.6 52 754 53 663 1.69
—2 75.8 64 061 65 099 1.59
—3 71.2 82 137 83 358 1.47
—4 68.8 94 114 95 446 1.40
—5 64.9 118 651 120 184 1.28
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