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Simulation analysis of wetting deformation of

carbonaceous mudstone cutting slope

LIU Xin-xi, DENG Zi-jun, LI Sheng-nan, CHEN Liang, WANG Wei-wei, ZHANG Zhuo
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: To explore the wetting deformation laws of carbonaceous mudstone cutting slopes, the
parameters of Duncan-Chang EB model were determine by carrying out triaxial compression tests. The
wetting deformation of carbonaceous mudstone cutting slopes with different slope heights and slope
ratios were simulated by FLAC®P. The simulation results indicate that the maximum horizontal
displacement and vertical displacement of 16 m secondary carbonaceous mudstone cutting slope with a
slope ratio of 1:1.5 per level in dry and wet occurred on the top of the firstly slope and the secondary
slope, respectively. Both the maximum horizontal and vertical displacement after humidification
increased. When the slope ratio remains constant, the horizontal and vertical wetting deformation of the
slope increase with the increase of the slope height. The vertical wetting deformation is about 5~10
times of the horizontal wetting deformation. At the same slope height, the change of the horizontal and
vertical slope wetting deformation is not obvious with the increase of the slope ratio.
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Fig. 1 Effect picture of confining pressure and axial load
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Fig.2 Comparison of test results and FLAC3P simulation

results
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Table 1 Duncan-Chang EB model parameters

RS K n Ry  c/kPa  ¢/(°) K K m
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A 62543 0.082 0.72 42 33 875.602 67.58 0.54

43 HETELERSH

WY THEMLVE, 78 FLACYY o1, AR
H-9k EB Z#5 0 S A [F—A> Wi s Ay gk 47
B, 1FEIF WA AN KPS B
ey SRR ] I SR LR, T A
PR BARTEBL, FEXF— a3 3 TOURN 33 i
SRS S BLEAT T BAREUE S, RS Bt
HERLEE R K 3,4 s,

ME 3.4 FRTLUEH, T&. WA T adm K
KPR 35 R AR A — a3 3 T Ak, HKTALFS
AR A DY AR s k. T MBS T Hdp K Bl fr
R 35 AR — G e T, B m) A2 R% H 3T
M EETNRIRZ Z . T 18 2 FeRES T i s
BPEAT 2.63 em. 4.71 em KK T I5 A2,



5 1 % % 37 &

i)‘ioz?mi
(b) BEJTHMFECRAL: m)
B3 FATRARAEBFHLEA

Fig. 3 Displacement contour map of slope in dry
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Fig. 4 Displacement contour map of slope in wet (unit: m)
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Table 2 Simulation results under different slope heights and

slope ratios

. KFHIE B AT
KAiF/em KA F/em {E/cm

37 L[g

wEm W TE mE Te ms o BH
i i

8 1:125 092 154 7.22 12.68 0.62 5.46
8 1:150 094 1.71 7.28 13.09 0.77 5.81
8 1:175 099 172 7.45 13.21 0.73 5.76
16 1:125 274 493 16.60  29.02 2.19 12.42
16 1:150 263 471 17.52 30.65 2.08 13.13
16 1:1.75 253 431 17.74  30.09 1.78 12.35
24 1:125 553 857 32.64 5234 3.04 19.70
24 1:150 557 790 33.68 55.11 233 2143
24 1:175 516 747 3450 57.05 2.31 22.55

HHEE 2 AlA0, AREIER T, 4388 m
B, KPR KB AR TE ZHIA 0.15 cm, BH
75 1A KIBAL A TR 245 0.35 cm; 243 16 m
B, KT R KB AR TE ZHIE 041 cm, BE
05 [ KIBA A T Z 083K 0.78 cm; 43N 24 m
i, K7 A KB AR TE Z{HIE 0.73 cm, BH
5 1A R K IR AL AR T ZE A T5 2.85 cm. BEIE = ARG N,
K BT AR A AR T ZE(H IR . EH . AH
[F) 3 m AN S LR, 3 Bk B E T AR
TEAEIIAAZE RN, B3 LEXHEB AL AR R /)

2 2 AT, M 8 m A 24 m, HIELL
1125 B, BE TR AR TR LR K T 1A
ARTEH) 5.6~8.8 fif: Wby 11 1.50 I, BEHIT
[ AL AR T 202 K 7 R AR TE 1) 6.3~9.2 £i%;
PN 10 175 B, BT BRI L R K
FRAL AT 6.9~9.8 fi5. RMH: EHENIF,
HYRAL A AR BT I K LT, R ) B T [
BT, 202 7KF 7 BB TR 5~10 5.

http:// www.cnki.net



SR 34 A N S IRAC T T AR IS AT 5

1) £ FLAC® ZJF k& b, RAXHE-K
EB B2, FEHL T HR =l A R R R A IR AL T
JERTIERE, HEMSE RS R R —5, K.
-5k EB B BRI i b [z W R U S TR AL 2R I

2) SN 115, YEN 16 m ) 2%
IR T I HA AT M BUE . T RS
AR . BN RS —
TN, BRI SRR B RKE . BEAE
3 B K 2.08 cm. 13.13 cmo

3) AR A 3 3 L S B 3
WAL, SRR T R BT . W LA ]
i, B N, KPR E A AR
TR, B BT A AL AR I SE R, 208
IKFTT BB AR T 5~10 £ . SEAARE, % T
LR, 3K 5 B T A R A AR T A
AN .

2 E Wk (References):

(1] BT 5K R SR R T e o i 3 3 B LI BT 42
I FE AR E M T 0] R Ah A #%,2016,36(6):14-16.(LIU
Xin-xi,ZHANG Ping,DENG Zong-wei.Stability analysis
of cutting slope excavation process on soft rock
foundation with carbonaceous mudstone[J].Journal of
China & Foreign Highway, 2016, 36(6): 14—16. (in
Chinese))

(2] B XGHT 5 A R e o B R 5 T (YR ) o e R AR T
PR A AT [I]. 7 ER AC 38 Rl $2,2011(5):37-41.(LIAO

Chang-chuan,LIU Xin-xi,ZHOU Qun.The study on

deformation property of carbon shale slope in highway[J].

Western China Communications Science & Technology,
2011(5):37—41.(in Chinese))

(3] AAEEE R =, E PR, 5F A v KA T SRR LR S
1 i B AL [J]. %l R A 5 TORR 2020,36(2):7-15.
(SONG Gui-feng,CHA Zeng-yun,WANG Qing-long,et al.
Study on failure mechanism and reinforcement measure
of completely weathered rock slope[J].Journal of
Transport Science and Engineering,2020,36(2):7—-15.(in
Chinese))

(4] PR, -7 — B b 55 e BCE M R AR E v
WE 5 [7]. &+ TR 2% ) ,2003,25(5):543-547.(CHEN

[5]

(8]

[10]

[11]

Xiao-ping,QIAN Ping-yi,LIANG Zhi-song,et al.Study on
slaking stability of excavated high slope of argillaceous
soft rock[J]. Chinese Journal of Geotechnical Engineering,
2003,25(5):543—547.(in Chinese))

FEZ IR BRAE, 2R, A RN VB 25 A R R LR 4 i A
ENASFRE PEI] K 2R e A 2R # R, 2017,37(1):
33-42.(FU Hong-yuan,QIU Xiang,LI Guang-yu,et al.
Dynamic  stability = of  carbonaceous mudstone
embankment under rainfall infiltration[J]. Journal of
Chang’an University: Natural Science Edition, 2017,
37(1): 33—42.(in Chinese))

2, SR T AT UK S T A R U i P A R R
BT = CT 156 (1 7 AR PR (] A Bl 24 E AR
2£1,2016,47(6):2030—2036.(ZENG Ling,SHI Zhen-ning,
FU Hong-yuan, et al. Road performance of preliminary
disintegration of carbon mudstone and mechanical
characteristics based on CT-Triaxial test[J]. Journal of
Central South University:Science and Technology,2016,
47(6):2030—2036.(in Chinese))

R4 7 AN [ 2 iR 0 O v B AL IR S IR R O
BT [7]. 2 #% 5 75 18 ,2018(3):91-94.(GUO  Ming-chun.
Analysis on the influence of different rainfall intensity on
the stability of high cutting slope[J].
Automotive Applications,2018(3):91-94.(in Chinese))
BN, AR & HURL o RHB AL AR T = Sl I i 7T (0] £
112 .2007,28(8):1609-1614.(WEI Song,ZHU Jun-gao.

Highways &

Study on wetting behavior of coarse grained soil in
triaxial test[J]. Rock and Soil Mechanics, 2007, 28(8):
1609—1614. (in Chinese))

28 30 X2 T B AR ST A B SR RN AL AL TE A
BRI AT (0] 5 24 ,2015,36(1):41-46.(DU  Qin-wen,
LIU Yong-jun,CAO Zhou-yang.Large-scale triaxial tests
on metamorphic soft rock embankment filler for wetting
deformation characteristics[J].Rock and Soil Mechanics,
2015,36(1):41—46.(in Chinese))

KHT B 0 A R, A SRS SR KA ORI AL
AR TR B8 B T2 (9], 55 A )58 5 T RE 2 4 ,2006,25(5):
925-930.(LIU Xin-xi,XIA Yuan-you,LIU Zu-de,et al.
Experimental study on slaking deformation of intense
weathering soft rock wunder complicated stress
conditions[J]. Chinese Journal of Rock Mechanics and
Engineering,2006,25(5):925-930.(in Chinese))

JE) I Tl 3B R B 5 U ORELRDRHE AL AR T AR P BE T (0],
A+ TR, 2019, 41(10): 1943-1948. (ZHOU



5 1 B % 37 A

Xiong-xiong, CHI Shi-chun, JIA Yu-feng. Wetting
deformation characteristics of coarse granular materials
[J]. Chinese Journal of Geotechnical Engineering, 2019,
41(10):1943—-1948.(in Chinese))

Fi o A L. R IR K AR TR 20 (0] £ R 224,
1990,12(2):1-8.(YIN Zong-ze,ZHAO Hang. Deformation
analysis of earth dam during reservoir filling[J]. Chinese
Journal of Geotechnical Engineering,1990,12(2):1-8.(in
Chinese))

K P B, PV L 5, T o A R ) 25 AL AR T N A A A Y

[J].4 + T 2%4%,2010,32(1):98-103.(ZHANG Bing-yin,

SUN  Guo-liang, ZHANG Zong-liang. Degrading
deformation of rockfill materials and its constitutive
model[J]. Chinese Journal of Geotechnical Engineering,
2010, 32(1): 98—103.(in Chinese))

B, T F 3R PR R K R IR & K ORI AL AR TE A IR
TG AT [I]. /K B YR 5 7K TR 2248 ,2004,15(1):71-73,77.
(DONG Jian-zhu, WANG Rui-jun. Finite element
analysis of wetting deformation for Heihe earth dam
during reservoir filling[J]. Journal of Water Resources
and Water Engineering, 2004, 15(1): 71-73, 77. (in
Chinese))

JE 8, WREE K T A 55 28 8 A R RORE A TE 1 2 B2 A
B B8 A A A R R A T A (D). 5 0 5 2013,
34(S2): 18-21. (ZHOU Cheng, CHEN Sheng-shui, HE
Jian-cun, et al. Development of a hypo-plastic model for

earth-rock dams considering rock crushing and density

changing[J]. Rock and Soil Mechanics, 2013, 34(S2):
18—21.(in Chinese))

KT B, 2, AR T, S R AR AR R R B DU i
ARRIGEAT[I]. P E A B AER, 2019, 32(11): 137-145.
(LIU Xin-xi, LI Sheng-nan, XU Ze-peli, et al. Research on
creep model of carbonaceous shale under freeze-thaw
cycle[J]. China Journal of Highway and Transport, 2019,
32(11): 137—145.(in Chinese))

PR S A 2 R 5T T R = Al R R A A
J7 REHIBT FU[I]. 5 RRAT 2K ,2008,23(6):7-10,12.XTE
Ting-kun, LI Er-li, LIU Ru-cheng. Research on
carbonaceous shale general tri-axial test and constitutive
equation[J]. Opencast Mining Technology, 2008, 23(6):
7-10,12.(in Chinese))

KT 2 B, IR, 55 1 S R D S R R R A
7 AR AR R 0] R R K AR AR B AR RE S RL2019,50(5):
1210—-1220.(LIU Xin-xi,LI Sheng-nan, XU Ze-pei,et al.
Viscoelastic-plastic  creep model of high stress
argillaceous siltstone[J]. Journal of Central South
University: Science and Technology, 2019, 50(5): 1210—
1220.(in Chinese))

XK B IR ), 55,55 v N YR UM 0 AR L i A2
151495 B AL AP T [0, v [ 2 % 2 4R ,2018,31(2):280-288.
(LIU Xin-xi, TONG Qing-chuang, HOU Yong, et al.
Research on nonlinear creep damage model of high stress
argillaceous siltstone[J]. China Journal of Highway and

Transport, 2018, 31(2): 280—288. (in Chinese))



