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Low-temperature Fracture Characteristics and Mechanism of Enhancing
Crack-resistance of Grouted Mixture Based on Discrete Element Method

XU Yin-hang', JIA Li-hao', DU Yin-fei’" , XU Jun-quan®, ZHU Bi-he’
(1. Wuhan Municipal Engineering Design & Research Institute, Wuhan 430015, China; 2. School of Civil Engineering,
Central South University, Changsha 410083, China)

[ Abstract] Grouted mixture exhibits excellent anti-rutting performance, but its low-temperature crack resistance is inadequate, and
the influence of the interfacial contact parameters between the aggregate skeleton and the grouting material on the crack resistance is not
yet clear. To clarify the low-temperature fracture characteristics of grouted mixture and the influence of the interfacial micromechanical
parameters between the aggregate skeleton and the grouting material on crack resistance, a discrete element numerical simulation model
of grouted mixture was established using discrete element method. The micromechanical parameters were calibrated through real low-
temperature bending tests. The interfacial failure mechanisms and characteristics during the fracture process were analyzed. Subse-
quently, the interfacial micromechanical contact parameters between aggregate skeleton-aggregate skeleton or aggregate skeleton-grou-
ting material were adjusted to investigate the changes in crack resistance performance indicators of grouted mixture under different pa-
rameter conditions. Results indicate that the majority of cracks in grouted mixture are tensile cracks ( accounting for 87.0% ),
predominantly occurring at the interface between aggregate skeleton and grouting material. Reducing the bond elastic modulus both be-
tween aggregate skeleton and between the aggregate skeleton and grouting material, increasing the interfacial bond tensile strength be-
tween the aggregate skeleton and grouting material, can enhance the crack resistance of the grouted mixture. However, reducing the
bond elastic modulus leads to an increase in the number of microcracks within the grouted mixture. Among these parameters, the inter-
facial bond tensile strength between aggregate skeleton and grouting material has the most significant impact on crack resistance. When

the interfacial bond tensile strength is increased by 50. 0% , the flexural tensile strength of grouted mixture increases by 25. 1% , the
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maximum flexural tensile strain increases by 29. 3% , and the number of cracks decreases by 20. 0% . The study provides a reference

for optimizing the crack resistance performance of grouted mixture.
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FiAE/ mm ET %
16.0 100.0
13.2 85.0
9.5 35.0
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Fig. 3 Schematic diagram of the parallel bond model
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Fig. 5 Low-temperature flexural test
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Fig. 6 Force-displacement curve results of grouted mixture
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chains in the discrete element numerical simulation model of
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Fig. 8 Crack distribution of grouted mixture in numerical simulation and real experiments
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Table 4 Adjustment of the micromechanical
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Fig. 9  The influence of the interfacial bonding elastic modulus

between aggregate and aggregate on flexural strength and

maximum flexural strain
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Fig. 10 The influence of the interfacial bonding elastic

modulus between aggregate and aggregate on the

number of cracks
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Fig. 11 The influence of the interfacial bonding elastic
modulus between aggregate and grouting material on

flexural strength and maximum flexural strain
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