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Table 1 Microscopic parameters of contact model

Linearpbond model
Linearpbond effective Linearpbond Normal bond Tangential bond Coefficient of  Angle of
modulus/GPa stiffness ratio strength/MPa strength/MPa friction friction/(°)
1 1.4 10 10 1.5 50
Burger’s model
Maxwell bulk Maxwell viscosity Kelvin bulk Kelvin viscosity Coefficient of
modulus/MPa coefficient/(MPa-s) modulus/MPa coefficient/(MPa-s) friction
1 90 10 1 1.5
1.2 CFRP % H 1Rl
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Fig. 6 Tensile load-axial strain curves of CFRP sheets
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Table 2 Model parameters of CFRP sheets

T/MPa E/GPa #/(mm-ply ™) /(°)
918.07 47.54 0.167 30
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Fig. 10 Damage patterns for coal samples constrained by different numbers of CFRP strips
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Fig. 11 Mixed contact model for coal samples at failure constrained by different numbers of CFRP strips
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Table 3 Force chains in coal samples at failure constrained by different numbers of CFRP strips

Number of strips Number of contacts Maximum contact force/N
2 30511 434.7
3 28852 534.9
4 29378 678.2
5 28609 570.7
6 25655 979.5
7 25747 1121.7

2.3 T REI¥ME CFRP FH B REHNAY R

T JE 5 55 7 R (ELARCADL IS, PRCP 6.0 R 1F REWSAR 4 b 1 BUARERE N B RCR S fb it # o &1 12 08
AR R CFRP 2% 2 ROBEARE B IR I 19 2R 2= 18] 20, b, by 0 0 BT U1 RS, L fifh REr . £ 4
G T AR BB ST, SR TR 12 RS 4 AT, 2 4% CFRP 4% (o 28 AR 1 R 80 2 22 hi il
AL, BIYIRBCEE A 7, VI RE0Y OB Hofil, REUERBRE P B 51 0 A, S AR IR R B 5k
PLREIR o 3 4% CFRP 2%l f BEMEAE 1 RS0 T BN FEMREL, ML T 2 4% CFRP 457 (3R, LB U1 5R
SUgcR R 2, s RSO SRR RSO 2 EREU 10 9, BB SR I KPR, JR i & A
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Fig. 12 Spatial distribution of cracks in damaged coal samples constrained by different numbers of CFRP strips
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Table 4 Number of cracks in the failure of coal samples constrained by different numbers of CFRP strips

Number of strips Number of tension cracks Number of shear cracks Total number of cracks
2 1420 7 1427
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Fig. 13 Crack evolution curves for coal samples constrained by different numbers of CFRP strips under axial compression creep test
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Microscopic Simulation Study on Uniaxial Compressive Creep
Characteristics of Coal Samples Constrained by Different
Numbers of Carbon Fiber Reinforced Polymer Strips

LI Qingwen, GAO Xiang, TAN Zhenglin, ZHANG Shuaishuai, XU Kangkang, CAI Shiting

(School of Civil and Architectural Engineering, Liaoning University of Technology, Jinzhou 121001, Liaoning, China)

Abstract: To investigate the influence of carbon fiber reinforced polymer (CFRP) strip with different
number on the creep mechanical properties of coal samples under axial compression, a coupled numerical
simulation using PFC*® and FLAC’” software was conducted, and a hybrid contact model combining the
Burger’s model and the Linearpbond model was established. The reliability of the numerical model was
validated based on laboratory uniaxial compressive creep tests of unconstrained coal and coal samples
constrained with 6 strips of CFRP sheet. The mechanical properties and energy evolution of coal samples
constrained with 2 to 7 strips of CFRP sheet under uniaxial compression were studied by numerical
simulations. The results show that as the number of strips increases, the initial axial strain of the coal sample
tends to increase overall, with a significant increase in axial strain during the accelerated creep stage, and the
maximum internal contact force in the hybrid contact model tends to increase overall. The ratio of the contact
quantity of Burger’s model to that of Linearpbond model is about 1 : 9, and this ratio in the numerical
simulation model could reflect the creep mechanical properties of coal samples. Increasing the number of
CFRP strips restricts radial deformation, increases the number of shear micro-cracks, causes more severe
shear damage within the coal sample, and the failure mode of the coal sample changes from tensile failure to
shear failure. As the number of strips increases, the total energy, elastic energy, and dissipated energy all
increase, and the change in elastic energy is similar to the change in total energy before the coal sample
experiencing creep instability.

Keywords: carbon fiber reinforced polymer; strip number; uniaxial compressive creep; Burger’s model;
PFC’-FLAC™ coupling
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