H39% oM W o= L B o2 i Vol. 39 No.2
2017 £ 4 H CHINA EARTHQUAKE ENGINEERING JOURNAL April, 2017

SRR, 257, Wk S A A5 20RO 0T 300 3 e s A 52 i R 3R ORI AT Y () ). i TR 27 i, 2017,39(2) : 0362-0368. doi : 10.
3969/j.issn.1000—0844.2017.02.0362

GUO Shuang-feng, LI Ning, YAO Xian-chun, et al. Study on Factors and Precision Affecting the Stability of Layered Rock
Slopes[ J].China Earthquake Engineering Journal,2017,39(2) :0362-0368.doi:10.3969/j.issn.1000—0844.2017.02.0362

BERRERiAEEE %R ImE R B E R EHR.

A, FOT, BRBAL, E R

QP EHT RS+ TRBIFER BV P62 710048; 2. 2% JNASE K2y £ AR TR B, Bl 22 M 730070)
WE.ERERAWRAGBR TR S AR EMBREF SR TN Y. ARAEFL S EER
Bl, ATEXRBRE, N EREZFARBER I LY B EZRTHERIN.FRYmE ZTHA
B ARBE HSERAPEMBRRN CEMEONEER o> BREE vy > B EMA a>F R
B > BN C'. b SR T 6 My B P B B AT 4R ad , A S B R A X R 6 8 R A K
3t A B oAt AR 0 A A R T Ao i AR 2 AR AR R & o R A Hra LR AR A
HRBETHMAEMEN AR Z LRI BB RARBATAOHEE, EREAN. —KED @
R 20~30 AR FEEALIMBRFTREAA 2~3m P THAMEEEZR  EBERHIAATE
YR E~wER AL LSRR B R LR, N, T Bk kAR RS, K
HAFRESH P HEAME , EART BIERHEL/10~12Q4 HEK) mKEAEE .,
g@|. BRBRAW: YraBE; ERAE; RERT; 2REHE
FESZES: TU457 MRS A XEHS: 1000—0844(2017)02—0362—06
DOI:10.3969/].issn.1000—0844.2017.02.0362

Study on Factors and Precision Affecting the
Stability of Layered Rock Slopes

GUO Shuang-feng', LI Ning'?,YAO Xian-chun', KOU Hao'
(1. Institute of Geotechnical Engineering » Xian University of Technology . Xian 710048, Shaanxi. China ;

2. College of Civil Engineering Lanzhou Jiao long University, Lanzhou 730070, Gansu s China)

Abstract: The stability of a layered rock slope is affected by many factors, such as slope height,
slope angle, structural plane strength, and so on. The degrees of influence of such factors vary,
and in most cases, depend on the comprehensive judgment generated from an actual engineering
exploration. In an orthogonal experiment that features two main parameters (factors and levels),
a factor refers to the set of elements that may directly affect the results of a test and may be sin-
gle or multiple. The level of factor refers to the specific value of the human factors in the experi-
ment. This paper analyzes the sensitivity of the main factor, which affects the stability of the rock

slope and determines the composition of the primary factor as follows: the slope height H >>slope
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angle f>>structural surface cohesion C>>structural surface friction angle ¢ >rock density ¥ >the
dip angle @ >>block thickness 2 >>rock cohesion. Next, we discuss the efficiency of the finite element
method in determining slope accuracy, which is also an important factor that can affect the stability of a
slope. By taking the numerical calculation of the rock slope of a typical single line sliding surface as an
example, the influences of element mesh size and boundary condition on the safety factor of slope stabili-
ty is analyzed. Some numerical simulation suggestions are proposed according to the calculation results,
and these suggestions are used to improve the accuracy of the numerical calculation of the known sliding
surface rock slope. In general, the common sliding surface application of 20~30 in the interface unit is
enough, and the mesh size is roughly set at 2~3 m to meet the accuracy requirements. We also find that
the smaller the mesh size is, the longer the time required, although the safety factor only showed a slight
change. There should be at least three or four layer elements under the potential sliding surface to ensure
the transition to the fixed support boundary. According to the preliminary forecast, in order to prevent
the wave reflection at the interface, element size should be controlled in the A/10~12 (where A is the
wavelength) , because of the encryption unit within the analysis of dynamic stability of slope, thus in-
creasing the scope of the model.

Key words: layered rock slope; influence factor; orthogonal experiment; mesh size; boundary rang

RO, 255 J2 MR S R R 2 OS] B 5 363

0 55§

JERE AR LT A —H S E R
TET 14 1203 26 00 B A R B 2 B MK K A TR i
Hh Rl AE R Y TR 0 o )2 B ) Sl T AR
A T B PR 1) AT 1) g = R 81 i B A AR
HAT A 005 PR AR 2 2P A 45 . BRI 2 50 2R
P13 AR S R AE T A DR BIL B A 7 A A AR K ) 22
S RE =42 T E b, Hb R
A% W ICE A IS i AR R O T .
TIRARE B 0 5 2 Ve R 2 R i S B AR iR
TR AR E M A B 0 S 20 g sl s ki HL
T A 5 ke TR 2R RIIE Bioied 8 o 77 6 AN B 72 1 BT LA
5852 2% L o 2% AR T 2 IR B 35 ) 5 e TR 5 AR
SE VST R B RERE R AT B AL R R
FTPREE LY,

JZ ARSI RS E P ) 52 0 DR 3R R AR 03 D T PR R
FAME P ZE, A PR 2 1 PR A TS 0 IR 22 D 1 3 72 2
BRI A I 3R . NI 22 D IR M3 B J2= S
PR G5Ka) HE 3i 07 3 0235 A T S J3E 45 93 T A 7 A7 7
ATE L 3R 7K L M RE DA K N T 9 3 Al A Sk A 7
R H T T I SO 2 B 073k S B R E
R TR S N TN T R R (ER R
TR PN 2% i R R R A8 RN EE 5 1 BT — i R
FRE . DA I S BT A % I8 4% I 3R A ML O 1k
P8 R it R i 20 1) 1 6 U AR AT RfE R AL
HAT WU 1 1E 52 2 4 52 ey DR 3% 1) 1) e A0 #4 TEC  F
11 2 R W BUEPE BT . SRR MR R T it

Sy 0T LU GE AN [6) 2 800 1 B R e P i 5 ok
AN ST IR SR R T AR 45 2R Y O A A
225007 1 LR B M i) M5 2200 W ride . 55
S AEA BRIT 70 A v 10 A ) i 5 R ASS 18 0 ] R 5
WA R E PRI E R, ARk R g
T T ENTHORT B RO BUS 1 i 2 R AR,
ER 2 MW S AR 2 B 08 35 i b 1 e, i S B A
R Z 202 0 AR B R R R S 3L N A
W BEART HOXT 3 AR E M e R R LA . A
SCAR S 52 M0 J2 R e T 340 3 8 R P 4 % 0 PR 3% 19 Uk
PR BEAT IE IR 5 B 3, I HLAF 58 52 i J2= R 50 3¢
8 T R0RG R [ 0, DA T 28 358 2 R T 0 B A
—LEHL,

1 ERBEZmMERERLESH

1.1 EXEITSEENHE

W Y R YRR e T AR B R 2 REF,
THESHOT LR R M 52 M 300 358 A% i PR 3% P R 4
fl o B C.EE SR M7 . B8
F7 AR HE T S5 1A K B VR T 5 77 0 5 ) b 52 07 4%
PRI F2 AR 5 35 LU 3 v S5 AR B Ry b T S, A S
PL 12 sz e [N 38 ) AT R AR IR T A BT, X 12
FIH5 28007 5 o S S W M B B B H iR R
FE h CHIBWA o AR E v AIER ) C 451
N EE A o AR TRPER & E A IR L v AR
BUPLIR B A REE R N CRon RN A o

(1) 33 e B 43 ) 4 B v i 3 s s 3 L il



364 T

=

T #&

B¢ 2017 4F:

BIOMMIS 340 3 4 S8R AT (A . (2) 0 AR ok 4 5
SETRE S 1 23 SR IRUAE G S h TR 0 T 2% 3
e BESE R B I 6 R (3) BB KAl
WYL R AR 3 KT (DR R
PR R/INKE LR 2 3 RS AR 1E 5°~20° 2
PBR G Af J2 AR 5 0 38 (AR AR T 207~ 4572
PR Sy r (R 2R A B0 3B 5 AR KT 457 KA
BET A AR BOA S o (5) WA 1R T3 22 2 K0
LK T 7727 2 A AR TR A R b v WL ) A T
i
1.2 EXABHN

A IE 22 1A 56 JU 2, 8 o 2 4 0 K i A3
B rp IO T A R Y R IR R L I
B TR TOUEE S AR I S I 5 A
B 1R,

10,

30

A1l ERBEEAAR
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Table 1 The range of parameter values and the level of value
5% R 2 K1 KFE2 KFE3 S KFE4

AW E H/m 10 40 80 120
BB B/ () 15 30 45 60
WHERE h/m 5 15 25 35
HRWA /() 15 30 45 60
HARRE y/ (KN m ) 225 23.1 23.8 24.5
HRBR S C'/MPa 0.2 0.36 0.53 0.7
HRNEE A o /() 27 31 35 39
FHRTA E/GPa 1.3 2.9 4.5 6.0
FEIAR I o 0.35 0.33 0.31 0.30
FHEPRGRE F/MPa 0.09 0.20 0.30 0.38
iR B R 1 C/MPa 0.03 0.06 0.09 0.15
S5 N EEE M o/ () 12 18 25 34
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Table 2 Main effect of inspection

[RGB 2 A R

i Il 2% J5 #i1 df ¥y 2% F K46 Sig. Hey
e I B A 1.493.492° 36 41.486 13.389 000000
i 1 764.525 1 1764.525 569.455 .000000
Y R 913.519 3 304.506 98.272 .000000 1
YA 128.753 3 42.918 13.851 000012 2
1 Y5 38.571 3 12.857 4.149 015331 7
HIRFR T 32.002 3 10.667 3.443 .030642 8
HIRAE 76.828 3 25.609 8.265 .000463 5
S5 4 THT 9 JRE 42 A 80.288 3 26.763 8.637 .000351 4
LA TH R 123.863 3 41.288 13.324 .000016 3
A A 7.051 3 2.350 758 .527210 12
RIS L 18.523 3 6.174 1.993 .138828 9
HURBBL R 10.805 3 3.602 1.162 .342272 10
ESALbiE 56.057 3 18.686 6.030 .002787 6
RN EEHE A 7.233 3 2.411 778 516487 11
R 83.663 27 3.099
Mt 3 341.680 64

B IE Ry Bt 1577.155 63
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Fig.2 Finite element computing grid example

of the slope deformation
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Fig.3 Relationship between sliding surface element

numbers and the safety factor
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Fig.5 Finite element calculation model example of the slope
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Table 3 Parameter selection of rock mass table

ik 0 E C ¢
N v tango

%% /(gecm ?) /GPa /kPa /kPa
N2 2.3 5.6 0.40 595 0.68 110
Nz 2.35 7.4 0.38 770 0.73 130
N1 2.45 9.1 0.36 980 0.78 150
M2 2.50 14.0 0.34 1260 0.97 1 000
mt 2.60 23.1 0.31 1540 1.15 1200
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