%31 5% 3 W
2018 6 A

N T FRFR(ARAFFIR)

Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol. 31 No.3
Jun. 2018

NE4S:1673-1549(2018) 03-0068-06

DOI:10.11863/j. suse. 2018.03. 11

BHMBRENREREITESZ A BERU

p<’—"1!é§}]] ’

HAR, BR R

(L EAJURERARA R, PNl BEE4E 61700052, 43 HPLL AR =B R TR, I 4ifH 621000)

W OE A AR b B 2 3k 0 2R 5 e B UG R8G5 A U], R TR A AR 55 b Ao
BB REN T S HMA A - KA AT FRTTABERL | M7 S HE A A A A S A R
B G AE G G ARG Fvh, A A A e B YA AR R 45 R A A A HEAR B M
BB B 69 38 e A AR Am ) 4 A MR A A ARG KGR, I/l A 0.6 B A R B R, B A AR
AME S AE A E A DRGSR AR N A T ARG TRB BB T I, DR A AT EE
B B A A B A AN BN, AR S B A, R B R R R BB T RAES R
o ARINLE R T VAR K AN A Ak o B 2 e TARAS R Mt AR A 3t i R B AL A e B g 2R

KB A AR B E R RK
HE S TU42

il =

ABUAE FLA Tl T R 3t o5 TR RN, A R
{5 RS BUT 20 B0 b8 B M 7= AR B R ) I, )
R F AR AR R GOR S R
PR p RERLSTE ARGy iR e il IR RNl R v €Y i
FAE— A 100 mm ~300 mm, FHEROTAE 1 BT 1 fE
AT B, PR AT 8 7 0 35 A 4 DR 2 R T R A A (LR
ER AR ORI 1 32 Ty R AR — 2 o B
Xt FE] AT S Bl PR A I ] 2 39 F) 49F 5 BR 1EA7 UET 40
45 A8 M BURETH A S BUl AE B J5 15 O 3, b
M7 T RIS, ELGH IR (14 A [R] A B 057 S48 00 T Ak
iz JIMERE 5 %2 T SR T AR b E e ity T
ol A FELAE ST 191 302 P R AP A 4 i P9 22 P ML, 4 1 A

%5 H #3:2018-03-14
EE£B: %Rk KF R A (MZY1701)

NXEkRERG: A

T ARER PSR RY (BB 2 %, A 5 T 52 b
TARRL . 2B LI PR RE 2%
FURFSE T ORI H D7 1%, 9 il i TR S 2 5k A T
WUES 50T, 58] TRON AT, SR AR il
AT A [ i % B2 ) 0 2R A (] 0 3 4 B P R A 7 K
(ERLAEL, B R 2R G A i ] % B X 300 3 A 5 P 45 e
PRI . BRIE' 32 AT ABAQUS 47 BT #k /4 Xt 31
Gk Ao 2 A% 138 VAR L 52 0 R AE AT BB
JHR A RO AR SO A5 LA b PhRAE T S T
TR AE 5 A S T A AR TR T, 45 21 1 WS I 7EA
(i) FF Gl 78 AP [1) A9 0 T B ol 2R A A 2850 0 9 LA ) 7
B I ST ORI AL A T S R LA T
3 THE TR BE R B3 7 R W 2 R S B ) At
FE P A AR AN I it 1L 2 OB A Y R

TEEE N2 $1(1966-), %, @ BOA, A TRT, TEAFLELTEF @R, (E-mail) 1085024518@ qq. com



%31 %% 3

v 8,5 S HEMR A 6 S R S 5 2 b AR S AL I 69

REHEAT T BRI, BT T 0 SR Bk R A BT 4K
RIS HEMIBERH S7 KV 7R 287 4 e A R

SBIRXI BT TS T 2 BB OR , (EX
FAHEAEAE IS [+ 02 5 Jon 1] AL PR 22 4 R0 BT Y
TSI AZ o EH LA A BR G fELAE UL 25 e A -
R =2 i B PR A X R PR

ST G 50 B A U U] 5 O A V) 1) R
TP 95 O O S S R (EASEPDURE Y (7)o A0 1l R 55 98
SN AT LOE AR A st BRI A4, O % %
ARV N AR AR HRIEE R 3R 745 P9 BE S8 A X A £
A TR B4 520 , RE B 5 PR B OB A o B S AR - &
PREREG P BADURE R AT 2800 3 BB AT 100 38 1)
BOR) S BEFEHHE R A 1) 32 0 LB R B A1 B2 X
X IISBERE E PE R W, SRR A 14 5 R A 7 50, 3R
TR AR S R 1) f 203, DA ol R AP A R i 3 AR i 3 )
FERI BT AR

L s e

1.1 SEEHTRTE&EN

Xt R E PR, SR SR Pk L 9
FESTIE A A

C, =C/F (1)

©, = anﬁan(gﬁﬁg) (2)

s C A @ S AR T RE S 412 (3t AR 3 ) i N EE 452 £ 5
C,, @, JeHER -1 f s 2 4 B RS PR R A% B BT BT 9%
JEEXS IOL ARG 2R 1 s N B A 5 F, R R AT IR B 2 4
1.2 WHBHESBELENHFEN

TACRARE L 300 39 R 22 ) T L2 3 s g R ] £ R
AL DL SR BT 2R ) 1) ) A
PEUNTEL 1 Fr s LU0 AY ol R ATE R ak 1) L5 )~ R
e 2 R

B 1E 2 o Fo/L 5 F,/L 90 OR A L oC .
PR R Sy ik Ay C FC, O RORAE S 135
SRS V)R Sk R R TT 5 o5 BT @, ok Fr
1 _E AU 1] 55 9k 180 A B A s P O R AT A v Y
Ko g Ak, SR DD ) FTE 1) (9 SN 5 0, DA RS

i 2
L 7
Lo
L
ks
1 A
2 omp
¢ s w 23
(o) BT I B4 1 5 B BT AS (b B4 e R )

1 ERREE BT 88 N F A E

max

e
i
J
S onp
A 3
(a) BV K B 3k 0] f Sk i B (b)is 7] Jeth Hie v D)

B2 EHMBEINE R TTIE EEE I E
TR )5 @ FORTORIAE 5 Ak B AR S, KT
HHS 5300 on Fl off 7 o
1.3 BuaI#kiEs

BRI b A LA EER & IE Mohr — Coulomb #52
RUGEA T3, T R U Y I P o R 2T Mohr —
Coulomb HEN (5KHLBTVIZE) , WA 3 Fi7R

B3 Mohr - Coulomb J& iR # T

J M BRI U Mohr — Coulomb i iz #E I 4 78 M i A
PR B BRI S =0, ]

f'=0,-a3N, +2c /N, =0 (3)

S = 0 SKRALBEIRHE N 3R MR B B C e
KL

f=o0-0 (4)

Kb o RFEESM, c WKRERTT, o HEkiEE, H
f:



70 w2 T FRFRARFFIR)

2018 56 A

N :1+s%nsg (5)
¢ 1 - sing

%ﬁ—ﬁﬁxﬁﬁ g3 {Eo Haij({a

Th = = (6)
tangp

SRR 8 BT Y S8R 7 sh Ak hir S8 T I s 1)
PREL & T g AR R, RS A

gs =0, —0'3N¢ (7)
N = 1 +s%ng[1 (8)
Y1 - sing

A o NBIIKA . BRE g AR A AR DCHRIR Shid U, 5 Ak
g =0, (9)
1.4 MBEWEBENZN
FET 4 by TR r 14 55 i) Gl 2R AV 5 4 1T BT, 24 SR A 1)
A BB E UG, TR AL R 2 RECT BT
T 7, BVRSORIAE S5 A D AR L Y B MBI )

i
.H:

=1
|

s

L T T L T T T o L T L T 1 L L L

};",]3 o] |'|?{:

Sl

e
Fi= 7N

B4 BHEE m B G A T
PARUHE R AR AT T XA 5 BT, BEAR R 1
TSP R A BRSO, TR A S 2 K P 3 sk e
Ik,

PRVE mam e

‘lﬁcﬁ aﬂﬁcﬁ

(b) (c)

E5 REEMEEELX

MRYESCHR[ 14 ] BEIR B AR D =1.2 m A40 3 BEAE 7
AT 77 A - HE00 f%) Je K [0 BE (3 B4 07 07 1))
S = 4D, FLAAEE w7 SRR [ T
e BRI, A3 AT T AS [RIAE ) 5T B HE S R e o [
A7 PR PR M S L, 58 TR A A A D
BRI 4D o 3T 1, A BROCHETR EE 57 i A
KBS =4D,

2 MAMEZ MR ERRNE S

2.1 EIEE - AWRBESI RBH

TORIAE — AN 6 FiR , BE4E 0 0.2 m Ak ]
Pk S =4D = 0.8 m, ZZERAIYJZE N 25 =1.6 m, {3
TRUATE AR LAATE ToU0ms 25 3 20 BB 1T AV I i 5 00 3 5 i
FPE

I A AL Ry BRAH 393 JE Mohr — Coulomb 5%,
FOrP U R AR ARG £, AR RS8O 1.
PRAEAE 315k sy b A A B 15 Ak B b 0 5 3 i, 45 flh
TS OO RS TRT , 3 B A4 — A i A R L 3, 5 fi
T EBCE RN 0.02 Y FE 452 5 8, A BROTEE AL AN & 6
R

F1 EREGRSH
BOEE O OBRYEBIRE IARALE EEEEA KR g3

%%  E/MPa v ©/° c/kPa 5 /(kN/m*)
kit 60 0.3 25 10 20
WORAE 2,56 0.2 — — 24
=l

6 REME - AR R ~F
2.2 BB A B EE
R RSEADL 0 R FH B HE SRR A, S0 S TR A A i
EE, R T iR, $EBRL/1 0,0.2,0.4,0.6,
0. 8,1. 0 1y 5 2CHEA T L HE GBI AR A F0L 356, AR 4 1P 1
DU 722 42 280, 1 7 e R ) SR o [ 37



% 31 5% 3 4

vt B, 5 R HEMOA AR89 AR Tt B % A bk AR A BE 71

7 BN - hIK AR TR
0 3 X AN TR AP A AR PR AR AR S A 7 R (B AR AU, 45 3
HERORAEA R LB A 2 e R B 2) o a3k 2 T,
LEFBEE L/, e K5, 171 0.6
I, 22 4 A RO OR, 25 SRR, X T SR RRORAE , K A
BB AL P IRIRAL , AT #% RE ) Bl
R2 BHHARTRNERNNRERN

1./1 TRk 0 0.2 0.4 0.6 0.8 1.0
K/ m  — 10 1222 142 16.2 18.2 20
F, 1.2 1.283 1.325 1.326 1.349 1.339 1.328

&1 8 Sy FRLHERIIAE — 3 A (5 B 3 1t o BT, 2
HEZWEA AL B ( 1/1 =0) i, A b Ay 35
PR A T 3Rk 1) IR I BT DIy i kA T
RIS RE s B 1,/0 35T, T Sl A 2 1 1 o7 T 52 ¥ 1) IS
R, 2 L /1 = 1.0 B BT A B B E 28
0, ELAE 34 T 2 T 1) B R AR AR AR JS 0 e s 2 L /1 R
0.2,0.4,0.6,0.8 B, 135 T 2 4 100 ¥ 4 D T, AR i
SR RERM AL 578 R T R i B AT .

B9 KM 1/1 %5 0.2,0.4,0.6,0.8 B, AT 4 1A
TREE BN 7 R, AT LA ST A4 137 g W (i DA R B/ NI
{9 L/0 4 0.6,0.8,0.2,1.0,0. 4, 5 W {0 4% A 5 1
AP ER( L/1 =0.6)  ARFAII I B (14 iy 288 K, [
ROR SRy 25 AR T A8 b,y T4 S 30 45 w1
BRI TR B8 A B 7E T BRI, AT DURE A 14
AT B AE I R TR A 0. 2 5K BE AL, LA
PR TIOR3, DD SRR A ) folT R S

K10 K24 1 /14 0.2,0.4,0.6,0. 8 B, fiANS +
TRTRBE B KSR H 2, T LA BT (A 7K S5 B8 e (A
KEVMIFER L/L 4 0.6,0.8,0.2,1.0,0. 4, 54k
IO 3 WP g 1 R ], 3R WA [ G R A A 57 B, A AR 72

(@) JC AL A 1 L

B8 HHMRMEMN - IR BIEERE

80000 -

70000 4 L e =02
60000 - —eees 1=0.4
- b/1=0.6
50000 -
£ xA=0.8
40000 L]
5 v e =10
30000 - ¥ A
. L]
20000 -
. o j\ g ¢ L L
10000 4 P . \'\g/‘;’;&‘.,- grj{_ﬁw#‘x
- 25, et = : : ‘
) T — x
0 5 10 15 20
T E/m

B9 HEMG T AR BRI R A7 i 2%

Z AT 385 TS BUE Lo B0 2R 5 B (ORI
AR B SO RO FE S 3% B, HAB JLFEBL T,
WA b IR A5 s L0 {4 0.2,0.4,0.6,0.8,1.0
I 453 A5 AT B A I TR AR 4. 27 m 18,52 m,5 m Al
10 m,7.2 m #110.52 m,8. 19 m A1 11.8 m,6 m Al 11 m,
AR BE LR VA AP 5 1 2,71 =0 I, i TR K
BER, 2 AL WA (R

(1) J2TF 5 BE Tk 3 v AROR A 5 170 18] 13 1)
P A SRR ST T AR — S 3 ) B B Y



72 W LR (B KA )

2018 56 A

7 /m
-025 -02 015 0.1 -0.03 0

f t t + = By
‘ . a2 |
\\ re - 2+

t *‘ ]
- = k=0 T
—a— =02 \\\;: r
=04 R’

Y
—— Wi=06 i"‘a_
bA=0.8 G

1

bl=1.0 4)5\_
1685

18 %
20

LTiHRE

E 10 HEME LR BRI K AL i 2%
Fobs BRI 12 I EIA BROCH A FrE A T S E AL

(2) W ANI] 302 3 Ak B SO AT 1A 7 A PR T AR AL, 75 5]
Bl L/ 1 BRI, 2 42 RO RIG W/, L7009 0.6 |/,
Er 6 SN AL R S L R AT R 4
(A g8

(3) 2300352 PN G A PR B R A A 7 0 3 T 5
PRI, SBA PN F A T R AR ) R AR B B Y DA
PR T AR5 1/1 750.2,0.4,0.6,0. 8 i, 5
$P Y Sl R TSI UT BT, S by R 11 e AR RS e A iy
JEs A LI .

(4) ORI AEREAAR K37 R W (ELHE -5 B AR g D
FRHE Y AR ), 25 B A B A 38 b FEAEAR b i B
NP3 R BECRSR B SRR BE (9 45 1 5 24 IORL B A TR B
J, PR T R I B, FRBL W B R A5

(5) 4 FRBIBEAE FTTT (9 24 5 35, 13 2% 18l B Ak
0 A AL AR — AR £ O SR AR R
BITEEAT I S 73 A it

S % X #k:

(1] 4545 A R A 25 M e B) 223k % ) ALh) A= iit 3t
2 %A 7 [D].AL R B k8 A5 B R FE,2009.

[2] &, o e, £ RAE, 5 A Ak A B 238 F 2
W EGR B B R 45 [J].8%52017(5):16-20.

(3] E 44,5k 2 AR 2 A A 40 3 4 3 4k X 4 3T
KA R SR AR ()% £ F 5 2015(8):2395-2401.

[4] &8 K8 R KE MAAE R 5 B £ R B SR
i+ R AR F SR A 2017 ,37(4):17-21.

[5] SRR ARE &, 7K A A5 B IR B 5T 3k 44

EBAE G W 6% [J].% & 5 R 5 41,2016,
16(2):154-159.

(6] FfIE AMpb Ay B A, 5 F2 bk ik AL A K P AR B ) B{A
B8 £ 5 2011,32(7):2219-2224.

(7] FhF A% 4 AL A B L 538 40 08 A 40 78 4 1 0 3F 3 3K
At R [J]. %8 £ T4 5 #,2009,31(10):1564-1570.

(8] Bli&3E: T 30 R ARF A Ak 20 A 40 0F 45 M &
AR5 BN F 5 425 4R,2009,28(7):
1353-1362.

[9] EAH B, T —A F R F T T LA g K
AR I (] Tk K AR B A A FR,2015,
37(3):91-96.

[10] ZIENKIEWICZ O C,HUMPHESON C,LEWIS R W.
Associatedand non-associated visco-plasticity and plas-
ticity in soil mechanics[J].Geotechnique,1975,25(4):
671-689.

(117 X B R 3K & P 70 F 45, 5 3 LT Bk A & B8 T
WY TAZ 6 R [].4538 FE 5L,2012(7):97-99.

(12] #445 R AT Frde, 5 K TR Iy 57 6 e 2
MEEE A B Rk R[] 2 £ T AR R,
2010,32(11):1671-1677.

(13] Fh4 45, FR 7P, £ 25 A A A 20 6 25 A A B 322 0 AR
AR S AHT].F d K F F AR B RAFHR2015
(10):3774-3781.

[14] KOURKOULIS R, GEOLAGOTI F, ANASTASO-
POULOS Iet al.Slope stabilizing piles and pile-groups:
parametric study and design insights [J]. Journal of
Geotechnical and Geoenvironmental Engineering,2011,
137(7):663-677.

[15] sLe & 3R5% 3K 51,5 L HE AL Ak Am ) 35 B 78 3
Ay FEAL ALK B [J].00 M 5 4R ,2013,31(4):399-405.

(161 &= 4.5 8 A, & 91 9,5 Ak 18] 38 o A 4T X x4 A
HEZ S 89 % of 0], W B K 4R,2017(4):47-

54.



%31 5% 3 M vt B, 5 R HEMOA AR89 AR Tt B % A bk AR A BE 73

The Numerical Simulation of Single Row Pile Stability Calculation and
Mechanical Performance

YE Zhonggin', XIAO Lunbin’, TAO Qingdong’
(1. China 19" Metallurgical Corportation, Panzhihua 617000, China;2. Mianyang Polytechnic,

Department of Architectural Engineering, Mianyang 621000, China)

Abstract: To study reinforcement effect and reinforcement stress mechanism of slope with the micropile, based on
strength reduction mechanical criterion and micropile-slope soil mechanical criterion, a resistance analysis mode of a single
row micropile-slope is established. Based on the mechanical criterion of strength reduction calculation of quasi side and
micropile slope soil, a single row micropile slope resistance analysis model is established, and the theoretical model is applied
to the finite element software for numerical simulation. At the same time, for numerical simulation’s conducting, the theoreti-
cal model into finite element software is applied. The results show that: with the increase of distance from pile to slope toe,
the slope safety factor of micropile reinforcement increases firstly and then decreases; and when lx/[is 0. 6, it is the optimal
reinforcement position. When there is no micropile in the slope or the micropile is arranged on slope top and toe, a whole
downward sliding plastic shear zone is existed in the slope,then the overall slip is occurred on the slope. When the micropile
is arranged on the slope side, the slope sliding fracture surface is cut off, and the form of slope body is transformed from the
original whole slip to the local slip deformation. The simulation results can provide a reference for the calculation of the engi-
neering stability of the slope strengthened by similar micropile, and then improve the effect of strengthening the slope with the
micro-pile.

Key words: micropile; slope; layout location; safety factor





