%20 K % 4m HAFFE TEFIR Vol. 29 No. 4
2012 12 A Journal of Architecture and Civil Engineering Dec. 2012

NEHES:1673-2049(2012)04-0025-07

4 480 55 40 5% M 3 9 (A AR 5

REM, T 5L
CEMBLT RS EARTHESZB .l 22 730050)
WEATHENLOEERAE N MBS BE I LA EZRALWE DAL, KA Peik 548
BB £ 584 FLACT 3¢ 21 2 47 5 8 Fe bk X 47 BALBEMAR 05 % 9 28 L ¥ 36 TR )7
AR HT T AR F ARG ) B BIR R AR o R BCRACHAE AL A TACE AR AT S TR
HREATH F AR, BREV DS BRI IE PRGN 5L EIFE T A AR, DA
EERBNERG R IR ET 24T TS BN oA A, Ak TRZRBT —

BT Fe B,
KW AR SR IV LATER TR A SAF; AR AT L4 &40 HAE M
FE 2SS TU435 XEktRERD A

Research on Numerical Simulation of Slope Grading
Flexible Reinforcement

ZHU Yan-peng, WANG Li-wen
(School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China)

Abstract: In order to study the classification of soil nailing and pre-stressed anchor supporting
slope anchoring effect and the cooperative working performance, a fast Lagrange difference
software FLAC®® was adopted to finish the numerical simulation of grading supporting on the
slope around Lanzhou. A comparative analysis of the plastic zone and the safety factor was made
between unreinforced and reinforced slopes according to the construction order of grading
reinforced slope. The displacement change of the slope, and the force character of soil nailing and
pre-stressed anchor were also studied. The results show that horizontal displacement and vertical
displacement of the soil are controlled effectively, and the safety factor of slope stability is
improved significantly due to the reinforcement. Inner stress distribution law of soil nailing and
pre-stressed anchor are also studied. The conclusions have reference values for engineering
optimum design.

Key words: slope grading reinforcement; soil nailing; frame pre-stressed anchor; safety factor of

slope stability; numerical simulation

0 3 = SBT3 v T S AP A O — b s A [
4 7510 E A B B ) B BN 8 7 vk Z — . A

A2 IR E S I BN B R, BT HEZR BN Iy B AT A B R R A S AR,
Py R RAEAE W K BB E A, HAT. 3 R TSR SR E GE R E 2R X

%5 B 8 :2012-07-10
BEE£mB :EEXARBF=EASDH(50978129)
TEZ B REMS (1960 5 H R R 082 8 L F 55 A4 F: 0, L2580 4, E-mail : zhuyp@lut. en,



26 AHAFE TRFR

2012 4

v JEE A2 BR AR R A D — Bl oA RO R 3 i
AREE) ARG SE P B [ 4 i B 2 TR SR BT
HESEH

BT S HE SRR ) AT A5 A R R P I AR R Y
SIS [ e A K P AR A S T RS R
e BRARAT LT A BEAY 3PP 07 58 S s o [ /9
LA, HRTIX 7 T AR 5E AR AR TR S BB
i Je > HLOR 22 28 o T X6 B0 90 300 39 [ — S 285 1) i A
PSB85 A X s b DXOHE 2 TR ) A SE
PEMBOT SR R L AT T R T BA
8T B I A6 BT S BORUEE B (R 545 &
T RS AR T R A A X R
AT I0C A i [ S A St AT 1A RO T A5 R IR
W SR FH TURE 7 i 2R R AT 5 B A BT S8 AT 3 3
il 18] 23 R B M OK B 22 4 5 2 B OF E I ARG
FIG s 1 S5O0 BT AT 5 5T 4 S iR AT
WA M WEIE T AR BT 2 5 B b 1 BT RIG AF 19
W o0 A LA S RGO i RS AR AL o TR 55 BE 301 35
TE S bR A v A R RE B X 0 R AN [) i [ 25
R EAT 53 G S 72 W A — ORI 14 3120 336 B BT 4
PN RSO A A S bR LR R A BROE 4y
BF FLACT XS 37y o 18 i # w2 Fh S dm a5 1
(9 7 2447 AT AU 0 A T 30 3 R IS 9 6 2
AR S IBVEREIR K SR R A5 3] T — 28 B S 4
w0 TR A — NS H M E.

1 ARTERFE

g4 2N T JUMN R TE 31 3mSR A R
ZE5T B FLAC™ g 57 A7 B 22 43 A5 AU, 4 4 it 2 it
JT o 0 30 3% 53 S HEA T B AL
1.1 FLACYEARFEE

FLAC™J& th 2 [ Ttasca /A "] WF & #E H 19 3% 2
IS 2E o A o — R R T = 4 AU R 22 40
T 8 T[] R ) 2 ) R S BB A3 T . R
T UG s AU A A B At b ) 1) =4 ) 74T
R TERE R RS AR 43 AT AR AR R K AR T 43 DA
Rt ek 7 55 SCAP A A (R AR UL A O T HL A L 3 1Y
(=
1.2 I#EHR

22T U R T 23 I [ AR AT 22 O T LM
TER IR &R . M4 20 37 ) 2 k), B BT 2o 2
DA P/t e W w0 e | R [ R (U e S A 4
W AR R B 13~19 m, e B ACBE . B T 3% 2L F%
W, Z A0+ Koty i B C A W50 A 5 A T R

G o I 3 R T EE B R AV R A E G
— & R B
1.3 EEXRE

T AE ST AT AT AL 25 A i i TR Y S
Br S 3 IE O L A8 R B

(1) AP S5 46 Sy S 1T 0 7% ) R

(2 FFF 5T 5 8 [ A AR S8 R 45 1 2
TGRS 26

(3) 3l T /K A TR R SR B b A
JE LR K 5
1.4 HEEBERSHIER

AR IOUN K iE KO+120~K0o+160 B
1 5 A, b TR 35 BE & 3B AR A o o B B AE 50°~T70° 2
], HA A . B AR T2 3 40 O ) 3 4 45
26207 SR Ak I R FH WY GO, S AP W e 3
PEMP R AT . — SN YR BT S S 1R € - T )22
HEAT S, e L5 6 HE 15T A ARIR A B )
MR FE SR T8 77 58 AT AT S, e 3k 4 HE
BikF. AT SR E LA L,

"""" BAEER S,
| [+ ¢ v e -+ Ve wgme s la weme 4 4 s A I T 2
g x|...@. .. @ & — s
28| 150011500 L 1300 L g
~~~~~~ [ E T T T T

1 | i
e e s s et o s R Y S *E gtg *ﬁ %

(NI mi.
]DEEDEDEE S S S K
0 S R

| C1C— 1 + +
1590 3000%7 1,500

500

8800
2500X3

800
()

(a) OSLI

19300
10500

8800

(b) I

B 1 A3 5y 2% hn B L K & E (8 4L :mm)
Fig. 1 Elevation and Section Plane of Slope
Grading Reinforcement (Unit:mm)
ECR EROREUR SR LN Akl (G AN L
RBE L TN ST S HESR L) DL R s R 1 — 52 5%
Wi 0 BT P Y R S5 g B T 0 7 A ST — A TR



% 4 K F Wy 3 AP RF M AP RALAE BT A

27

BULNE 2 frs . 3 4R R I S2R Zone BT AR
L. 345 Mohr-Coulomb SR #EN . + )2 514 K&
12 SR 3 15 B 3 TR R BN 22 R T 52
B0 ShellSEL #2481, {H AL 5 18 5 5 7T 1Y 3 I8 40
AN 2 58 BT W BE 5 5T S 007 7 AT SR FH 4l 2
JC CableSEL 401, 4 [E 5 b 1 B IH{E R 60 kN; HE
R B2 B 5T BeamSEL B4, J1 47 2 R I 4
SR A U] SR e S AP S AL Y ) 2 S R0y il T
FE B 50 o PR S 1 SR AT, W 2~4.,

B2 Z#itE&R
Fig.2 3D Calculation Model
x1 BEEIWBTESH

Tab.1 Calculation Parameters of Slope Soil
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' h/m |(kN e+ m 3) kPa o/ (") /kPa
FIE A+ 5.8 16.0 13 30 40
AR | 119 12.8 21 26 50
WG | 13.6 22.0 30 35 80
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Tab.2 Calculation Parameters of CableSEL
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Tab.5 Safety Factors of Slope Stability
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Fig. 6  Allocation of Analysis Points for
Vertical Displacements (Unit:m)
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Fig.7 Vertical Displacements of Slope
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