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Numerical study of strength, deformation, and damage characteristics
of marble under true triaxial compression

WANG Haoran, WANG Zhiliang, WANG Haochen, WANG Shumin

(School of Civil and Hydraulic Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract; A discrete element particle flow procedure was adopted to investigate the mechanical behaviour of rock
under true triaxial conditions. The deformation and damage processes, the intrinsic connection between microcrack
growth and evolution, and the intermediate principal stress effects in marble specimens were analyzed under
different stress paths. Results show that the parallel bond model could accurately reflect the mechanical properties
and damage modes of marble under true triaxial compression. The effects of intermediate principal stress on the
peak strength, elastic modulus, failure angle, and failure mode evolution were significant. The octahedral theory
could well fit the failure stress of the marble under true triaxial compression, and the obtained failure strength
envelope had obvious linear characteristics. On the basis of the stress-strain curve, the crack expansion during the
compression was divided into four stages: linear elastic stage, crack stable expansion stage, crack unstable
expansion stage, and post-peak damage stage. With the increase in the intermediate principal stress, the brittle
failure characteristics of the post-peak section of the stress-strain curve became stronger. The failure modes of the
rock specimen changed from tensile failure to mixed tensile-shear failure, and the intermediate principal strain
changed from tensile to compression. The evolution of rock damage showed a spoon-shaped trend as the
intermediate principal stress changed.
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Fig.1 Numerical modeling

1.2 ESHERENMESR

LA B IV 1 B 8 0 IR 7 2
FEAHAR AN E ) 27 W 2 B L L
B AR LT 3 A B

D ARSI T (o) =0y = o) 37 IR
R ] 6 /8 D — 5 3 k2 I B,
HEA I o, AT

2) LR T B 7 1) b N
PR or B 5 L RIS 2 J7 ) T S 3 s L
7 R R SRR IR LRI o, 1 o, AR B 3
Y | IY, AL RIFE o

3) LR T B R oy 7 T P A
SRR oy o B B 2 7 1 AT HE R AR o,
AT, LV (o, ) SRR E o, )5
TR o, 0 1 T0% B2 UL

. : -

& I v II

Wi
B2 E=fiklermEige
Fig.2 Loading path in true triaxial test
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Tab.1 Damage stress state and damage surface angle for true triaxial simulation of marble

I/ NERN T o i) 2 5 g K FEN T WIS s/ NFER ] L EEI)| K FEN T I
o5/ MPa o,/ MPa 1 peak/ MPa 0/(°) o3/MPa o,/ MPa @1 peu/ MPa 0/(°)
5.0 5.0 172.0 — 80.0 80.0 442.6 —
5.0 15.0 186.2 61 80.0 120.0 503.8 63
5.0 30.0 199.0 63 80.0 180.0 561.9 63
5.0 70.0 213.5 63 80.0 240.0 597.1 62
5.0 100.0 215.5 62 80.0 280.0 613.8 63
5.0 130.0 213.9 63 80.0 320.0 625.8 64
5.0 170.0 202.0 64 80.0 380.0 640.2 63
5.0 197.5 197.5 65 80.0 440.0 644.3 63
20.0 20.0 225.4 — 80.0 500.0 635.0 62
20.0 40.0 252.2 61 80.0 560.0 618.6 63
20.0 60.0 268.9 63 80.0 598.5 598.5 63
20.0 80.0 280.6 62 100.0 100.0 517.2 —
20.0 100.0 287.4 62 100.0 200.0 644.6 60
20.0 130.0 293.5 63 100.0 300.0 702.9 63
20.0 160.0 300.0 63 100.0 400.0 740.2 62
20.0 200.0 292.5 63 100.0 550.0 756.9 62
20.0 240.0 282.1 64 100.0 650.0 733.9 63
20.0 273.3 273.3 65 100.0 713.6 713.6 63
50.0 50.0 332.1 — 120.0 120.0 592.6 —
50.0 80.0 375.6 62 120.0 300.0 784.6 59
50.0 120.0 413.0 62 120.0 450.0 845.2 61
50.0 160.0 436.5 63 120.0 600.0 869. 6 62
50.0 200.0 454.2 63 120.0 750.0 847.3 63
50.0 240.0 463.2 63 120.0 814.2 814.2 64
50.0 280.0 467.6 63 150.0 150.0 705.7 —
50.0 340.0 467.6 63 150.0 350.0 926. 1 59
50.0 400.0 451.0 63 150.0 600.0 1021.0 62
50.0 440.0 437.5 64 150.0 800.0 1028. 4 61
150.0 976.0 976.0 63
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Fig.3 Particle Flow Code calculation results and failure angle measurement
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Fig.4  Variation of ¢, ., and o, at a constant o, level
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Fig.5 Variation of E and ¢, at a constant ¢ level
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Fig.7 Deviatoric stress-strain relationship under different stress paths
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Fig.8 Plots of axial strain versus deviatoric stress, number of cracks, and acoustic emission
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Fig.9 Stereographic projection of cracks
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Comparison of macroscopic rupture and simulated damage patterns
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