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The mechanism of deformation and failure of carbonaceous mudstone

interlayered slopes under rainfall

XIE Teng', LI Zhenglong®, LI Shengnan**, LIU Xinxi*, MO Xiaoqing

(1. Zhuzhou Chengfa Urban Renewal Investment, Construction and Operation Co., Ltd., Zhuzhou 412007, China;
2. School of Civil Engineering, Changsha University of Science and Technology, Changsha 410114, China;
3. School of Architectural Engineering, Hunan Institute of Engineering, Xiangtan 411100, China)

Abstract: The deformation and failure mechanism of carbonaceous mudstone interlayered slopes
induced by rainfall was revealed. The slope of Lantian Garden in Zhuzhou City was monitored for
rainfall, groundwater level, and horizontal displacement of deep soil layers. The groundwater level in
different parts of the slope is significantly affected by rainfall, arrange the single hole groundwater
level fluctuations in order of magnitude from largest to smallest, namely, landslide trailing edge
(fluctuation range of 0.1-1.6 m) , slope body (fluctuation range of 0.4-1.1 m) , and slope toe
(fluctuation range of 0.1-0.6 m). The sliding zone of the slope is located in the interlayer of fully
weathered carbonaceous mudstone. Moreover, direct shear tests and numerical analysis of slopes were

conducted on carbonaceous mudstones with different water contents. The results showed that as the
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water content increased, the cohesion and friction angle of carbonaceous mudstones decreased. The
increase in moisture content in the interlayer and excavation at the foot of the slope are important
reasons for slope deformation and failure. As the moisture content of the interlayer increases, the
plastic zone area of the slope gradually increases, and it develops and connects from the foot of the
slope to the bottom of the weak interlayer and then to the top of the slope. The maximum horizontal
displacement increases with the increase of water content in the interlayer, and the maximum
horizontal displacement shifts from the foot of the third-level slope to the bottom of the second-level
slope, and then to the weak interlayer. After excavation at the foot of the slope, the changes of plastic
zone and maximum horizontal displacement are consistent with those before excavation. However, the
increase of plastic zone and maximum horizontal displacement is more significant.

Key words: slope; carbonaceous mudstone; weak interlayer; numerical simulation; deformation

%40 %

mechanism

s JBe A TR E Y R b X A A )z e — A
Sy WAL 3B 7K AL T 1 i (0 RS BRCA2 B T Ue
HRZNPOTZ )5, A B AL s kT
PERE N K, R 20 15 R O RS IR B . S
LB B S AT FE , 5 ¢ S R e J= i 3 A M
RF R BERAEE SEEIEE R NI, H R
YRR & B it e e e )2 3 35 1 28 B i R AL LR A
HEE L,

RS E PR R TE 2, A &I
— N PR T s e SR T A 1 B [ T
ERNAR, X EAFZ2H T TIRATE .
TRURAE ST T RS 115 AR K R AL R
AR RN o TR TR AR L T R R e S A A (R A
UL, 7% B8 R 5 S 1) Ao JEE AR A F2 o 11
OX T TR TR A B B AR R T R S M. sk
SEOE T RUE T T B M NI, B B R
VRGBT )Z A0 T R 5 2 1 2R F T T
PR 5 R R I YA B R . B SRR T AR AN
AL 8 0 A, DA A R A0 S 3 A K R R R
PR, RS E AR A A . IR SR AR o)
e B S A E B T 18 T A5 A T O ARAR 8O, A A
LE T8 BB, A RN X 1 35 A R PR AR AR A4 o2 ik
BR . YANG G375 IWRORHR SR ST 1 5 F 1
P 57 25383 S 2 10 39 1) 2l g o 197 AR R IR DL L TA kg e
JZ A A LB K e T 22 Al FK B AR I 32 35 7
SEARR . IR RIE T & PO e R D A s
1) (3% TR I S 4P 45 it X 10 PR O AT FUAE T . HE
SEUHRTE T RS SR A T 3 A 3 AN TR
BRI DU B R AR A . AR ORI
DA T B B e 19 T3 21 R ar T 40 UL

94

VoA 5 o KT8 55070 e B e o R AL AR TR
1 7 EBE B . RPN RAGRBERI AT
AEIE WANLEE A 2 E (0 AT D
% B T I SR T KR AR T A YR o

I, AR SCUARR Y 7 8 S AE e /N 35 o AR HE
TR A B e | P AR (R T, B
FRZRPE R 8 e Bie o I J2 T3 B T R P S R L
B ORI A PN AR E PP SR B S

il

1 IEEL=

yl

1.1 A3EEER

S R ESE 30 % 67 T D T AR A T i R
A6 B /N X P PE RN, 3T 32 ST . W I XY A
Sk Ry 3 TRl P B Mo PR T BUE B TE X R A R
W AT A2 THZ R EE 29 3.0 ~ 4.0 m, R HE
J1E R AT SR o I T 58 U 4 0 B
T2, 3 TOL /N DX ) ) IR 5% L T AT 2%
AL T4 A 540 I 2 NAT I8 B 2o I, TP 5%
REBIEA e 38
1.2 HRAEER

Yokt B M2 A 5B 0 R 5 )2 AR RS
FVEHT ST, A1 i Z i T8 2 e SR e o\ e K 2 e i
RIS RN MR S o ik e TS O B
FMFaR=2:OBEF+LZ:EE45~63 m,
+ TSR, B AF . @ AL Tl s
2 )RR 45 ~ 8.2 m, 2 EE (AR (AR B,
A 1 TR IR, A o iR £ o B 5 Rk Ak
JEle A2 2K R ol R ol A B €, A R,
Ftl K, B A Je R BifLIB I R 1, )

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 4 W, 5§ %

WA A T & RN & & DI BT

(b) XAk s 5T e
Bl 463l E a5 R oL
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Fig. 2 Rainfall duration curve
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Table 1 Groundwater level monitoring of the slope m
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IX 18] AR DX [] 2EMH
3H 4H 5H 7H 8 H 9H 13H 17H | 20H
CX4 0.9 0.9 0.9 0.9 1.3 0.7 0.9 0.7~13 0.6
CX5 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.2~03 0.1
CX9 1.0 1.0 0.9 0.9 1.1 0.8 0.9 0.8~1.1 0.3
0.1~1.2/ 1.1/
bl CX10 1.4 1.3 1.4 1.5 1.4 1.2 1.5 1.2~15 0.3
03~1.5 1.2
CX13 0.1 0.2 0.2 0.2 0.3 0.4 0.2 0.1~04 0.3
CX14 0.3 0.3 0.4 0.5 0.4 0.6 0.5 0.3~0.6 0.3
SW4 0.9 0.9 0.8 0.9 0.8 0.8 0.7 0.8 0.7~0.9 0.2
7K29 3.7 3.8 3.8 3.7~38 0.1
e 15~3.7/ | 22/
CX1 3.1 3.1 3.1 2.0 1.5 1.5~3.1 1.6
% 25~38 1.3
CX11 2.1 2.2 2.3 2.2 2.3 24 2.0 2.5 20~25 0.5
7K28 3.8 4.1 4.2 4.2 3.8~42 0.4
CX2 59 6.9 7.0 6.8 6.9 59~17.0 1.1
Witk CX6 4.8 4.8 43 4.5 3.9 3.8 3.7 3.7~438 1.1 2.7~59/ 3.2/
CX7 3.0 3.0 2.9 3.6 2.7 32 3.5 2.7~3.6 0.9 3.6~7.0 34
CX12 33 3.2 3.5 3.5 3.8 3.8 3.7 3.9 32~39 0.7
SW2 4.3 4.3 4.2 4.5 43 4.3 4.1 4.4 4.1~45 0.4
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Fig. 4 Fully weathered carbonaceous mudstone after drying
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Table 3 Physical and mechanical parameters of rock and soil

mass of the slope

EERR N I/ BRI | WEERESRL | SRR _—
SF | (Nem?) | kPa ) MPa N
W Es + 20.0 49.8 20.5 8.40 0.27
i XA 7%
242 56.5 315 30.0 0.34
vl
450 kPa
=
S
g
RS e bR s KR R e

mudstone
TR %% HERE/(KN-m™) FRI1/kPa | NEEEESR/()
15.3 20.50 45.5 20.3
18.0 20.56 41.6 18.5
21.0 20.63 38.1 17.7
24.0 20.70 344 16.4
27.0 20.76 31.3 15.2
30.0 20.80 28.5 14.5
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Fig. 5 Numerical simulation model
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Table 4 Reduced parameters of silty clay

FORE | EEE/N-m™) | FRIIKPa | NEEE/(C)
153 20.0 49.80 20.50
18.0 20.2 48.80 20.09
21.0 20.4 47.81 19.68
24.0 20.6 46.81 19.27
27.0 20.8 45.82 18.86
30.0 21.0 44.82 18.45

K5 IRIS 0 IRIRAL R = A

Table 5 Reduced parameters of heavily weathered

carbonaceous mudstone

FORE% | EEE/(N-m™) | FRIIkPa | /)
153 24.20 56.50 31.60
18.0 24.44 55.37 30.97
21.0 24.68 54.24 30.34
24.0 24.93 53.11 29.70
27.0 25.42 51.98 29.07
30.0 2541 50.85 28.44
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Fig. 8 Horizontal displacement of the slope under different

moisture contents before excavation at the foot of the slope
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