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Fig. 2 The calculation models of typical pavement structures
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Table 1 Material parameters
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Fig. 5 Comparison of maximum settlement at different locations
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Fig. 8 Local settlement nephogram Fig. 9 Settlement in the center of load area
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Fig. 10  Settlement in x direction Fig. 11  Settlement in y direction
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Fig. 12 Crack distribution diagram Fig. 13 Fracture degree of rupturable face
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Fig. 14 Crack distribution diagram of surface course
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Fig. 15 Initial damage nephograms of surface course
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Fig. 16 Crack distribution diagram of base course
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Fig. 17 Initial damage nephograms of base course
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Fig. 19 Initial damage cloud nephograms of bed course
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Fig. 20 Pavement structural model Fig. 21 Top view of model
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The settlement and damage characteristics of pavement structure
under impulse load

LIN Qindong'?, FENG Chun', TANG Dehong', LI Shihai'? YIN Lingyun®’, WANG Ranjiang’
(1. Key Laboratory for Mechanics in Fluid Solid Coupling Systems, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China;
2. School of Engineering Science, University of Chinese Academy of Sciences, Beijing 100049, China;
3. Engineering Design Institute of Rocket Force, Beijing 100011, China)

Abstract: As the road plays a more important role in the missile’s unsupported random launch, it is of great
significance to study the settlement and damage characteristics under the impulse load of the launching
cylinder to improve the weapon deterrent force of China. The object of study is low grade road structure.
Firstly, based on the statistical information of low-grade road structures in Henan, Shandong, Yunnan and
Guangdong provinces, a 1/4 simplified calculation model for typical low-grade road structures is established.
An explicit numerical analysis method CDEM based on FEM and DEM is introduced, and a plastic-
localized-rupture coupled constitutive model is introduced to realize three-dimension full-time simulation of
pavement settlement under impulse load, explicitly reveal the process of crack initiation and expansion, and
realize the transition of the pavement structure from continuous state to discontinuous state. The correctness
of the road numerical model and the calculation accuracy of CDEM are verified by comparing with the
results of Falling Weight Deflectometer. Then the typical asphalt concrete and cement concrete road
structures are selected for numerical simulation and analyzed from the aspects of the settlement, fracture
degree and damage characteristics. The results show that the settlement time-history curve is consistent with
the trend of the impulse load, and the settlement reaches the maximum at the peak point of the impulse load;
the fracture surface is mainly generated during the period of sharp increase of the impulse load, accounting
for 97% of the final total fracture area; the fracture surface is roughly divided into the vertical surface in the
layer and the horizontal fracture surface between the layers, the failure type includes tensile failure and shear
failure; the upper part of the pavement structure produces an annular fracture surface, and the lower part
produces a radial fracture surface.

Keywords: low-grade road; impulse load; settlement and damage; CDEM; FWD
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