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STABILITY AND STRENGTHENING ANALYSES OF SLOPE ROCK MASS
CONTAINING MULTI-WEAK INTERLAYERS

XU Baotian" 2, QIAN Qihu', YAN Changhong®, XU Hongfa'
(1. PLA University of Science and Technology, Nanjing, Jiangsu 210007, China; 2. School of Earth Sciences and Engineering,
Nanjing University, Nanjing, Jiangsu 210093, China)

Abstract: Three weak interlayers were found in the rock mass of Jiudingshan slope by outdoor investigation,
which control the stability of the slope. The deformation characteristics of the slope rock mass are studied using
numerical simulation. The results indicate that: (1) large relative slide will be induced by the direct excavation, and
the maximum horizontal displacement, 1.25 cm, happens on the slope surface where the weak interlayer P,
emerges; and (2) the relative deformation makes the strength of the weak interlayers reduce to be the residual one,
which makes the slope more instable. The maximum shear stresses at the middle and front of the weak interlayers
P, and P, are 239.0, 172.4 kPa respectively. When the slope is strengthened by anchors, the axial force increases
rapidly near the weak interlayers, which indicates that the anchors make the stability of the slope be improved. The
stability coefficient of the slope after reinforcement calculated by strength reduction method is 1.65. It is shown
that the numerical simulation can give the variation process of deformation and stress in the slope, and it is helpful
for engineering optimization, informational design and construction.
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Fig.1 Geological cross-section of slope engineering
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Table 1 Physico-mechanical parameters of rock masses
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Fig.2 Isolines of horizontal displacement(unit: m)
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Fig.6 Diagram of axial forces distribution in anchors(unit: N)

7 20, N e s R SR DS FAR /I
FEXL IR E, AR Py B85 J2 B A /NG £
STYPBPEIRGS, TRES /N DR B, (ET I
I BEARRROE ME I AR B o ARIRZES, S5 J1f
A RIS VR 5 1 5 4 T LR Bt AN A AR BIER

step 7
2.970E+01 <x< 9.661E+01
1.542E+00 <y< 6.845E+01

Boundary plot

| |
0 2E 1

Plasticity Indicator
* at yield in shear or vol.
X elastic, at yield in past

K7 AES AR AE X A
Fig.7 Distribution of plastic zone after reinforcement by

anchors

AN 3R A AR R AR, R A SR AT
PRIE T SN e A A E TE RO 1.65, £ W]
ORI M ] 4 It S0 AR TR T AT AW 1) 2 4
it %o

5 & i

2t LA BT, AN e:

(1) X2 HERE IR AATA, BRI
JE TS I SRR R AR AR B A il B
JE PERGT I SRR I ARRHIT Bl it e 55 ) J2 o
BEAR A SR AR GRS, it O R AR

() I THEISRZ R BB UIAR T,
PUBY AR E AR A AR, AR 75 2 (1 4 55 e J2 o L
SRR T 545 B i ke e T R B a1
I FRAS, UEWISZ 3 45 HK58 K2 A AREE 5
ez LG LAk .

(3) By Iz LB I o A B AT RIS
A JE AR AR AL, B U Je Al o7, 52 80 37 T 458 S J= MY
U, MBSO E S R A e I T S PR B IR T 32 T 1]
Ja T EREAR, - E R D A R A O B
I, FHEOLPRE.

(4) RAIRSEIN I i, A 98 S S22 BRI B Al
TSGR, R BAT R R A, RESR
e R AR, R BRI A E ME ORI
[ It 2D UE] T LA RS R R R R P
SRR o

(5) BULAEREN], NI B BRI 5T
WA TE BRI, w] LU EL O 5 S et 2 35
AT SN S A A R e & FRAS T B0 B AT A
AR B B s, TR TR AL . 5
ST At T TR A B R S A

& ik (References):

(1] 5KRTSL, EBBG HIRA. SRS FRRE A e ML 55 43 47 ).
FBA NS TSR, 2000, 19(2): 140 - 144.(ZHANG Dingli,
WANG Yuehan, QU Tianzhi. Influence analysis of interband on
stability of stratified rock mass[J]. Chinese Journal of Rock Mechanics
and Engineering, 2000, 19(2): 140 - 144.(in Chinese))

(21 XU3CT7, BEPRAR, F%T, S SRISIEERIL R A S
WIS 155 TR, 2006, 25(1 1): 2 663 -2 669.(LIU
Wenfang, SUI Yanchun, ZHOU Jufang, et al. Catastrophe analysis of
rock mass slope with weak intercalated layers[J]. Chinese Journal of

Rock Mechanics and Engineering, 2006, 25(Supp.1): 2 663 - 2 669.(in



*3964 « HA S TR 2009 4
Chinese)) waves[J]. Chinese Journal of Rock Mechanics and Engineering, 1999,
3] R, Bk SHESIZE MR BU R L RLT]. 6t ) 18(2): 161 - 165.(in Chinese))

(4]

(3]

(6]

(7

(8]

(]

5 TR, 2005, 24(13): 2 350 -2 355.(ZHAO Yonghong,
YANG Zhentao. Research on fracturing around cemented slot in rock
specimen[J]. Chinese Journal of Rock Mechanics and Engineering,
2005, 24(13): 2350 - 2 355.(in Chinese))

K PR R v R N Ve ER DI pAL SR ea ik AL
Je RN D). TRE 1%, 2002, 19(2): 36 - 40.(JIN Feng, SHAO
Wei, ZHANG Lixiang, et al. A thin-layer element for simulation of
static and dynamic characteristics of soft interlayer and its application[J].
Engineering Mechanics, 2002, 19(2): 36 - 40.(in Chinese))
RO, Bk, WA, 55 SR ORI B L
WSAPLB SR B R[], A ) 5 TR, 2001, 20(3):
415 - 418.(L1 Jianhua, YAN Ronggui, CHEN Shouru, et al.
Mechanism and control method of complex landslide of steep cut
slope with brandy-inclined joints in high-grade highway[J]. Chinese
Journal of Rock Mechanics and Engineering, 2001, 20(3): 415 -
418.(in Chinese))

Mrighigs, =0 O, ZEAHE, S WUZ TR B 5T 20 AR FR .
FA NS TR, 2002, 21(1): 48 - 51.(CHEN Jingxi, ZHANG
Guang, YUAN Conghua, et al. Analysis and treatment of bedding-slip
cut slope[J]. Chinese Journal of Rock Mechanics and Engineering,
2002, 21(1): 48 - 51.(in Chinese))

OKUBO C H. Rock mass strength and slope stability of the Hilina
slump, Kllauea volcano, Hawai'i[J] Journal of Volcanology and
Geothermal Research, 2004, 138(1/2): 43 - 76.

AL, SRAH, RAEA, S RS2 I L) R (1 2
WG], TR AR, 1999, 7(1): 65 - 71.(REN Guangming,
NIE Dexin, MI Decai, et al. A simulation study of physico-mechanical
properties of intercalated gouge in layered weak zones[J]. Journal of
Engineering Geology, 1999, 7(1): 65 - 71.(in Chinese))

Wr #, BRITE, BERAVE, B JCR S LR KRR A Gt
SH WHIWIN 8T [T, 5 A 225 TREEER, 1999, 18(2): 161 -
165.(CHEN Rong, CHEN Zhuchang, XUE Songtao, et al. The

response analysis of strata with extremely soft layer to incident SH

[10]

(1]

[12]

[13]

[14]

[15]

[16]

BN, VFOTL, AR IR AR AR S M T B 1 R e
WESE[I. & 4%, 2005, 26(7): 1 063 -1 067.(LI Kegang, XU
Jiang, LI Shuchun. Study on property of rock mass discontinuity shear
strength in the Three Gorges reservoir area[J]. Rock and Soil
Mechanics, 2005, 26(7): 1063 -1 067.(in Chinese))

SR, TARET, VPR, . 5= A E T 5 1
M1 BIRIEK TR, 2007, 27(1): 101 - 106.(GUO Junhui,
YAN Changhong, XU Baotian, et al. Analysis and evaluation on
stability of Masanfeng soil slope[J]. Journal of Disaster Prevention and
Mitigation Engineering, 2007, 27(1): 101 - 106.(in Chinese))
Itasca Consulting Group Inc.. FLAC users manual(version 5.0)[R].
Minneapolis: Itasca Consulting Group Inc., 2005.

X B, WEENE. FLAC . 926l 5N AR RM]. dbat: ARAS
Ji HRAE, 2005.(LIU Bo, HAN Yanhui. Guideline for principle,
example and application of FLAC[M]. Beijing: China Communications
Press, 2005.(in Chinese))

VR, UL, BROUK, 45 3R k2 ) 2R R s i
T[T # )%, 2008, 29(11): 3 077 - 3 081.(XU Baotian, YAN
Changhong, CHEN Hanyong, et al. Experiment study of mechanical
property of weak intercalated layers in slope rock mass[J]. Rock and
Soil Mechanics, 2008, 29(11): 3 077 - 3 081.(in Chinese))

FBN, B AT FRICIRBETRATE LS E Yo N ] A
i )15 5 TR, 2004, 23(19): 3 381 - 3 388.(ZHENG Yingren,
ZHAO Shangyi. Application of strength reduction FEM to soil and
rock slope[J]. Chinese Journal of Rock Mechanics and Engineering,
2004, 23(19): 3381 -3 388.(in Chinese))

RGN, wkds, Ediz. Wmpsiep 1R <X @iy i
RS HARAKA BRI, 5 T TR, 2006, 28(3): 332 -
336.(WU Shunchuan, GAO Yongtao, WANG Jin'an. Assessment on
double anchor construction project of subgrade retaining wall on slope
and its parameters optimization with numerical simulation[J]. Chinese
Journal of Geotechnical Engineering, 2006, 28(3): 332 - 336.(in

Chinese))



