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Tab.1 Physical properties of mudstone samples

45 lkEHS | LB | ARELEEER | SKEROD | MWAEOD | FAKEOD | RO
NYO01 0. 336 0.234 0.0 0.0
NYO02 0. 291 0.192 0.0 0.0
I NYO03 0.303 0.211 0.0 0.0 0.0 0.0
NY04 0. 330 0.232 0.0 0.0
NYO05 0. 330 0.217 0.0 0.0
NYO06 0. 317 0. 266 2.4 18.
NYO07 0.292 0. 209 2.4 20.
11 NYO08 0.321 0.212 2.6 20. 2.5 20.6
NYO09 0.282 0.209 2.6 22.
NY10 0.298 0. 206 2.5 20.
NY11 0. 329 0.224 5.4 40.
NY12 0. 264 0. 190 4.6 43.
111 NY13 0. 295 0.213 4.8 40. ¢ 4.8 42.2
NY14 0. 267 0.196 4.7 43.
NY15 0. 264 0.196 4.6 43.
NY16 0.292 0.197 6.1 51,
NY17 0. 309 0.213 6.3 50.
v NY18 0. 290 0.199 6.1 52. 6.1 52.4
NY19 0. 299 0.202 6.1 50.
NY20 0.262 0.196 6 56.
NY21 0. 290 0.208 9.3 79.
NY22 0. 251 0.194 8.8 87.
\% NY23 0.268 0.206 9.2 85. 9.4 82.6
NY24 0. 299 0.241 9.6 79.
NY25 0.312 0.235 10.3 81.
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Tab. 2 The results of mudstone under tri-axial compression

15 Fl VSR | GRANIRE | BEIR AR i R 1k WM R | MEMERE | MR
(MPa) (MPa) (MPa) 0 iR i (GPa) (GPa) £
0 42.5 6.2 1.07 1. 000 4.23 25. 87 1.000
5 59. 4 10.2 1.49 0.715 4.95 17. 80 0. 688
I 10 63. 1 26. 6 1.56 0. 675 4.32 6.91 0. 267
15 74.7 35.1 1.83 0. 569 4.97 3.44 0.133
20 96.5 71.7 2.19 0. 440 4.68 1.18 0. 046
0 29.7 1.7 1.18 1. 000 3.63 17.50 1.000
5 34.6 10.9 1.19 0. 858 2.88 15. 87 0. 907
11 10 57.4 20. 9 1.75 0.517 3.32 4.72 0.270
15 73.2 46.5 1.97 0. 406 3.69 2.48 0.142
20 88.9 71.1 2.15 0.334 4.11 2.16 0.123
0 18.7 1.0 1.46 1. 000 1.25 6.77 1.000
5 29. 1 6.8 2.02 0. 643 1.53 2.02 0.298
111 10 32.3 14.6 2.77 0.579 1.58 1.02 0.151
15 54. 4 16.0 2.91 0. 344 2.19 1.06 0.157
20 61.7 55.0 3.34 0. 303 2.28 1.76 0. 260
0 6.2 0.6 1.55 1. 000 0. 44 0.77 1.000
5 19.1 4.7 2.36 0. 325 0. 85 0. 67 0. 870
1Y 10 24.5 14.9 2. 89 0. 253 0. 94 0.73 0. 948
15 36. 4 29.6 3.25 0.170 1.05 0.28 0.364
20 52.6 37.6 3.88 0.118 1.34 0.15 0.195
5 9.5 2.3 2. 64 — 0.75 — —
\ 15 25.2 13.5 3.98 — 0.74 — —
20 33.6 28.0 4.61 — 0. 84 — —
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Fig. 4 The stress-strain curve of group I Fig. 5 The stress-strain curve of group II
70 60
60
Ezu 50 2
- 40 =
%i 30 Ea_j
% 20 %.
10
9 0.01 . 0.03 . 0.05 0.07 0.02 0.04 0.06 0.08 0.1
Ky e Ji A il ) 154
Bl 6 TIT 2 R 4 R o o 75 gl 24 B 7TV 4R AR ) A i 2%
Fig. 6 The stress-strain curve of group III Fig. 7 The stress-strain curve of group IV
(2) F KRBT 3
X 4~ 8 A 2 A o8 Bt kA B, ] an
LA 51 K A 30 0 0371 5
AR (5 N 1 10~ 12 iR . g m
M 10~12 AT D, 2 7K Z8505 e 5 09 i PR AR i 5 5
W {1 5 IR IR N A8 A5 AR K RE e, Bl o 3 7K R 4 =
P 22 G 5 I G 8 0125 N —sure
WK DU TR TV 208 5 R S 191, S5 I 4 i — 20MPs
TS T ALY 0 R R W19 R I 8 S T oo% ee o8 Bl 02
5 4. 23GPa,42. 5MPa #1 1. 072, 55 TV 4 4 Bl 4

F4) LA A SR B B AR N AR 430 K 0. 44GPa
6. 2MPa Fl 1. 55% , #L ML B FEAR T 90 %6, W {H 58
JEREAR T 85% BRI AR K T 45% . X FER
HFRAENE SR 00, PR A A RIS A5 M LTy AR RN, 5T 5KEH.
e WK HAMO A & T AR KA, R R R R E LB R I O i S
U 2 1) 5k B AR it I, X — ik R AN TR 9 TR .

B9 AT LLE H 0 e 5 R 2R 2 A 2B B 9 (b) R S KRN 2 4. 8 %6 i R Ay 2 1
TE S IRAE R AR LB (H T X Ik b A Y B LB, B S8 29 152pm ., S 5 KRN & 6. 9%

F8 V dLA ke AR N ) WA 2

Fig. 8 The stress-strain curve of group V
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Fig. 9 Mudstone sample scanned by LSM (X 100) for varying water content
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Fig. 11 Peak strength of different water content
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Fig. 10  Elastic modulus of different water content

T K AR e Y B A | DA L S JRE R B IR
AR Z BB 56 A A LA R AR B DT RS

E=aw-+0b (la)
o, = cw+t+d 1b
g = ewt g (1o

VRS (%)

L, wHEKE aboendoe Bl g HIUBFEHGE N
SAPERLRE 5 0, YU MELIR L 5 € U RBIR DAL
AR DO BEE 10~ 12 iyl 56 80 )

0 . 4 s s AHBIEIFA, KESTLEH.AAE SR
k0 S S (L O R 125 2 L (0 BRM

HEXF.
12 AR R W 2 5 T LA 7K % 8 4 M

Fig. 12 Failure strain of different water content
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#3 AR
Tab. 3 The fitting results

s E op er

(MPa) a b R ¢ d R? (%) 2% R
0 —0. 659 4. 594 0. 967 —5.71 43.41 0. 990 0.083 1.037 0. 981
5 —0.456 4.271 0. 924 —5.10 53.61 0. 965 0.150 1.255 0. 894
10 —0.575 4. 465 0. 992 —6.75 66. 95 0. 964 0.243 1.429 0.953
15 —0.482 4.727 0. 961 —5.90 79. 69 0. 959 0. 247 1.662 0.979
20 —0.455 4.723 0. 961 —7.17 99. 34 0. 984 0. 288 1.919 0. 960
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Fig. 18 Strength degradation index VS
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Fig. 17 Brittle modulus coefficient VS
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Experimental Investigation on the Effects of
Confining Pressure and Moisture Content on Post-Peak
Mechanical Behavior of Anjialing Mudstone

WANG Lai-gui*, ZHANG Hong-ji**, ZHANG Chun-hui®*, PAN Ji-wei', ZHAO Na*

(1. Department of Mechanics and Science Engineering, Liaoning Technical University, Fuxin 123000, Liaoning. China; 2. Huozhou Coal
Electricity Group CO., LTD, Huozhou 031400, Shanxi, China; 3. School of Civil Engineering, Hebei University of Science and
Technology. Shijiazhuang 050018, Hebei, China)

Abstract: In order to investigate the effects of confining pressure and moisture content on mudstone
post-peak mechanical behavior, mudstone samples collected from Anjialing mine Shanxi province were
divided into five groups with different moisture contents. Tri-axial compression test was conducted by
using YAW2000 electro-hydraulic servo testing machine, and full stress-strain curves of mudstone
samples with different moisture contents were obtained. Besides, mudstone micro-structure change
during the moisture content increasing process was observed by laser confocal microscope. Based on
experimental results, the effects of confining pressure and moisture content on the peak strength,
residual strength, elastic modulus, failure strain and brittle modulus of mudstone were analyzed;
mudstone micro-structure change during moisture content increasing process was also studied. Brittle
modulus coefficient and strength degradation index were introduced to describe the effects of confining
pressure on the post-peak strength degradation process and residual strength. Combining with SS
model in FLLAC, mudstone strain softening model was established by taking into account the effects of
confining pressure, to simulate the effects of confining pressure on mudstone strain softening. Results
show that (1) with the increase of confining pressure, the peak strength, deviatoric stress peak value,
failure strain and residual strength all increase, the post-peak strength decrease rate becomes slow.
The brittle modulus coefficient and strength degradation index can better describe the effects of
confining pressure on the post-peak strength degradation process and residual strength. (2) during
mudstone moisture content increasing process, the microfracture and size in mudstone sample
increase, its mechanical properties degrade, the elastic modulus, peak strength and residual strength
decrease, and the failure strain increases. There are approximately linear relations between mudstone
elastic modulus. peak strength and failure strain with the moisture content. (3) strain softening
model based on brittle modulus coefficient and presented in this paper can better describe full
deformation behavior of mudstone subjected to tri-axial compression.

Keywords: mudstone; post-peak mechanical properties; moisture content; confining pressure



