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Abstract: To explore the influence of water content and particle gradation on the evolution of residual shear
strength characteristics of coal gangue subgrade fill and reveal the underlying mechanisms, this study employed
drained repeated direct shear tests to evaluate the mechanical responses of coal gangue under varying conditions.
Additionally, discrete element numerical simulations were conducted to analyze, from a mesoscopic perspective,
the evolution characteristics of particle displacement fields and contact force chain networks during shearing. The
results indicate that the shear stress-displacement curves of coal gangue exhibit strain-hardening behavior, which
can be well fitted by a hyperbolic model. The residual shear strength decreases significantly with increasing water
content, accompanied by a reduction in interparticle friction and interlocking effects. This trend is more
pronounced in samples with higher fractal dimensions (well-graded). At the mesoscopic level, specimens with
lower fractal dimensions are dominated by a coarse-particle skeleton with highly concentrated force chains,
whereas those with higher fractal dimensions show enhanced fine-particle filling, leading to a more uniform
distribution of contacts and reduced shear stability. This study elucidates the macro-mesoscopic coupling
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mechanisms and provides an important theoretical basis for material design and long-term stability prediction of

coal gangue subgrades.

Keywords: roadbed engineering; coal gangue; residual strength; particle size distribution; mechanical

mechanism; fractal dimension; interlocking effect
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Tab.1 basic physical and mechanical indicators of
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R T®E JERM padka Mk HHLE S|
/(g-cm™) 1% 1% /e Y% WK%
2.13 27 12.1 5.8 28 38
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Tab.2 chemical composition of coal gangue

(=% J i 580 % (=% J i 580 %
Sio, 56.897 SO, 0.300
ALO, 29.655 P,0; 0.075
Fe,O, 5.200 MnO 0.057
CaO 2.408 Cl 0.033
K,0 2.062 Cr,0, 0.022
MgO 1411 710, 0.017
TiO, 1.064 NiO 0.012
Na,O 0.776 0.011
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Fig.6 shear stress-shear displacement curve of coal gangue under different fractal dimensions
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Tab.3 experimental and model fitted values

D RN ) o/kPa AEABTYIUCEL r/kPa 7 /kPa R, k, all0’ b/10°
1 212.49 234.04 0.93 157.33 6.35 4.27

300 3 189.03 207.83 0.91 130.04 7.69 4.82

5 161.93 174.98 0.92 144.93 6.92 5.73

1 312.09 346.68 0.94 308.61 3.23 2.88

450 3 274.43 292.83 0.93 289.67 3.44 3.41

5 244.23 266.18 0.91 250.63 3.99 3.74

1 1 416.14 469.18 0.88 409.41 2.44 2.13
600 3 365.98 415.84 0.87 301.11 3.31 2.42

5 24487 285.72 0.85 405.52 2.46 3.52

1 442.53 538.67 0.82 302.11 3.31 1.85

750 3 395.65 475.91 0.83 288.02 3.46 2.12

5 361.41 414.39 0.87 339.14 2.94 241

1 259.72 285.39 0.91 254.34 3.93 3.52
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1 315.68 376.32 0.83 168.86 5.92 2.65
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300 3 165.35 172.86 0.95 278.73 3.58 5.78

5 153.76 157.59 0.97 248.88 4.01 6.34
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