¥23% HF 1o
2023 4F 10 A

I S

Science Technology and Industry Oct. , 2023

o Vol. 23, No. 19

£F ABAQUS MMM R A ABH TR

HREE, BVE, RKET=E, £ L

(HfEAITRBFHREARAE, 2 M 7300200

WE:ATASARMARABEGPIRZ A ABER TEEEAE FARAMLTSTEARAB IR ZHM G KX F, A
A #ALH H 5k ABAQUS i = 2 A AR A7 AT, A RAV . MAREME G SFABSEMES"H oA, £
MR 12 BRATHEMEARR, FHETABS BN A  CHBESBERTHENI RS L EAZHB LA, A
MERLIRAEm  LEEAREKRER D EFARWAELEHARN R KA EIE D AR 3 m AW 1/3 A3z F AT,
AT RARAFNRRA, ARABEBEL LA LGP ARKXR MBS EE THERA 1/3~1/245F
Ao B R R AR A A R3S e AR R A SRS R UG R A A A A0°BP 5 0k I8 T d A BT ik & KA 1. 449,
AT AT AE AR A AT WG 3R G4 Y 0 AR A T R A AR ] BB 4G 3 KA MR AR R M R HGR AT R B AR HE G B AR R
REAEMALRRIE o ER S5 IRIUT 38 b He 3 Ak B 538 n i 30 A8 2 L3k 3] Peak m B 22 09 2R,

KRR M T AL B A ABAQUS S A i 5 A 3R AR F M
XERS:1671—1807(2023)19—0145—06

FENES TULT3 XHERFRERG A

X 4 4 1 A G IR B AR — BRI AT 1 A
SRR, T H AR AR 7 R R N R AR i
R BRI A AL 22 B R MR RO . X T30
W TARR AR BLE R 7 5 T BoA pUi B L pr
T 3 BT B O 3 BT I L R AT
g A AE G R PR AL/ 3 T
8 B T Al DX 0 TR 3l W P /N 3 T 5 52 3
FUEAR A T A T X5 4 A HE R, B AR T B D 2 G A
SRNZ MR X T R A R B T 2
2R W ORI A A X5 2K S A BT ) 52 MR SR ) B
AR /I B4 5 TR RERE 2007 A M B s BB Y
S BRI SR B AP A A 3 THT T X i 3 [ A
SE W 300 AT AR AP P T A0 R 5 T A e e
HE + 22 HEAE RE 0% i 3 S g 10y T 280 5R 5 T S R
FWIBEH P TR 1) 42 B AL L /NEUAR T 1) S R L X i
TALF AR WA W4 7 SO A L 22 4 BOR B 22 b B
bR R L

(EO) T RO A B 8 AR HLER A 32 ) 4 R D T
FAIF TS 19 A5 o B — 2 AR X R e P 5 i )
UL BN R L3R AR S R A T BT LAY T
P13 TR R T AR B A FF R . 7 AR 5% 2 3 T A

Y75 B #A:2023-05-31

W2 b R 5 W R AR5 T 50 AR AR R A
PP AR 0 SCAP AR R 1 32 TR S A 2% 3 R
HERIHE IS 5 53 A AT T 20 A 9 ELAR R 7 [7] —
WEEAE T A RIBERL AN [RIAE (A A4 A B AN [ A ]
PE R HERSF S50 i 5 0 R e MR R B D &R oy
MERF5E T 45 2 5028 A 0ot i 39 R e M A S i
1 EBES

FE T T 0 AR RSO X X =24 m X
20 mX 14 m, L AR A5 ORBER S 8 m, BEAR
K 0. 25 m, SRR T 20 3 R v A6 L SR A s
LR AR 45705 05 16 B 3 A A R A R A A
BIRSHOLER 1, B ful o MR i F R R 1w
b5 Bz f, LA SR A B R A0 3R 1T 3 DLTRT AH I 67
B AR DT . HE S Al BEAR S AR B )
JEE 82 0 AR ST pRE 45 T [ 1, EE 4 R B0k 0.5, 1%
T SR FH 0 Bz fh . ok PR AT A AR I Ak Rl 3 B ST O R
FAZS AR A% ) 43 B AR SR T 35008 2K, A% ] 43 3
PR PR S BROT IS A B P\ 2 At S T A
FTT L ARIE R4 (C3DSR) o« Ry T HUIE 1153 (A kG aff 4 2
A B S Xk - A B TR A A A7 ] P37 B T T R R AR
T, BT R BSR4 i BEE = M BT (C3D6) , H

EERN:FEEQ992 ), F , HABIA HFERAIEBHAFAREARAE, LEF AL ART QA ELNFES
IRBA;EYE 996 . k. HHEABAHHALERIEASLHARARAD. M. R T AAB IR, RE =
(1988—), B, HHKBA HFA LA IBHZHRRARAE, LT . HEFTOAZLAFAIRED A HEHA985—), 5,
HHFZMA HHFERIRHAFHARARAL GRAIRF AL . AT O A E L TREHR A0 KT AEL,

145



BHEA L

$H23k 1o

A XS TTIE AR A S T AA , BAIE2E R C3D8R, 285 %t
R 1 53 1 R A B
65 360, NLICMECHK 68 944, AR TR A% 43 K%
WG I 18 B Al e 1.8 2 R .

®1 BEBEBH
/| PR R/ RS | A | BT | AR
(kNem *)| i /MPa| kPa |1/ | b | 2KH0 | #R
414 20. 2 8 32.4 | 17.7 | 0.32 | Seik |k
WOEBE| 25.0  [3.7X10Y — — | 0.20 | K| Bk

1 HIFEE RS

[ J3/Pa
CFH: 75%)
~3.797X 10!

2 MBNNBEE

2 HETEERSH
2.1 WHELE

AE 370 35 TVURT e o 349 A7 fep 2, B 9% 15 kPa, 438 44
Ik, 3 120 kPa, 7486 BAEFF 0RO i
B 3 Fion . 3 43 AT AT A AR A T
FHME B4y A T A5 3 A0 5L B ST L B T A A B
R e /0N, B T 0, Bt A AT A SR 17 3, S R
A T 1) A G S8 18 i IS B 1 38 K, S5 S AE BE RS 98/
T O LA AN B R B KA B AE W R R
4 mB 1/2 FEAAAL B AL, 771 KA —14. 6 kN » m, IE
B KAE 5. 06 KN o ms 2 il 28 £ 2548 /0 B 45 566 7
B AT A)  BER 37 1 A B R M R R T e R A
R (S I X i i 1 N SR < 1= LR 1 B i
7 faf B 1 B W A, R T 40 A B A AR B 1
HLER B A Bk A K H5 500 AR S 6F B 28 A A B 1Y
F RO 0 5,

146

—=&— |5 kPa
| —e—30kPa

—A— 45 kPa
7r —v—60kPa
—&—75kPa
6+ —4—90kPa
»— 105 kPa
st —&— 120 kPa

s 0 s 0 5
ZHE/(KN-m)

B3 AEAEHTHAMEEESSE

2.2 WREXEA

TEBR A 2 HT T 3RO AE AL 5 + R )
3 I O N << R o VT IS O (T R U 9 = ol
T oy MBS AU 2 8 FE I #far AR T B &
A A LR (3 38 s s T 8 2 38 K 90N A TRLA
BRI RN NHET AR 2 m &b+ R Ty
fH—E 3, HABETH AR 5 m &b 38 K o B 38
PR T 5 BE  HERE S R X R T R, R ) iR KA
231, 38 kPas #EME KB I 4 R 07 fH 28 SR /) 53X
5T B Al [ B2 IR S AW G R BT R A A Al
[ BOEF T R &R .

—&— [5kPa
—e—30 kPa
—A—45 kPa
—v— 60 kPa
—&—75kPa
—<4—90 kPa
»—105 kPa
—e— 120 kPa

or £/
0 50 100 150 200 250
L ES1/kPa

B4 ARTHTHBMEEERLIESD

2.3 ML

(AR AT A 25 PR T2 RS AP 5 BT . B
TN AT 28 AFL 9 AN W 34 K 25 A o T 37 3% {2k 1 5
R A8 AR BE T B /N AL B8 O 3. 82 mm, fe KR AL RS
30. 95 mm, AL AL AL FEA PR — B AR BL T
TAORS AT Ak F AR PP [R] 32 T3 4180 £ T 1 B



Wi 7545 35 T ABAQUS 1R} A 4 SR 380 RF AT 5T

—a— |4
| —&—2#

v— 44

0 15 30 45 60 75 90 105 120
fir#k/kPa

B 5 A [E e & R R B A A T G RS

3 SHEAMm

Y R R 43 BT s i M TR A B Y N 4
SR TR e S W 0 3 B AR E M 0 KN R 8 Y
Bii i B A e S0 K e CEE S I g TR R L
L) (GB 50330—2013)HL il J1 5 F 1 J1 09 LU (E B oy
NYEREMEREF., 24 F.>1 0, s sat T8 @ 4k

Y Fo=10F, Ak PRk 28 Y Fo<1
Hﬂ‘alﬁﬁﬁi%iﬁ@iﬂ:o YA TR L AR
i 300 3 B 2 4 B B SR RS T) T A% B, — BN Ry
F.>>1. 35 BRI 2 — SN B AE — M T 00 T K,
AR E M I T 5 A i PR T A 3k RN
TR AR R — AR R TR A
AN TRV R A AR} £ B S () 1] P % HE 55 A8 1 S 800
RS EUR & Wik d A CINENE i G N TR - ¢
7 Ak 32 3 AR E T 1 R
3.1 FEBEALR 0

VLT S AR TR 39y o7 R B B A B THT S5 9 m,
P 3% AR 20 35 1 S TR B h B AR Ak L 4 BT I 5 R B R
RERID Y AEff 0=0 RIS E MR BEFf 6=40° 3 Fp
T AE AN TR A ) R P R B AR B0,
6 i,

i &1 6 AT, b T 00 3 R AR RARIRAS T
F.=1.1,0=0"F1 0=40"H Fh T B F i I £ & 1 &
K35y I 2 150 M 57 B %) 1 0O, EL A 40° K A
FeE MR T ELMEAR  AE R BEAL S O 3 m BRIV 25
FLE 1/3 AbFesE M R BUR K, AL AT 0°R) F. =
1. 31,0k 40°mf F,=1. 373, 5 A3 K% + M
Fe e BB In 7 19, 1% M1 24. 82% ., KT 3 m W E
P 22 B0t 25 R 57 ) B8 0 T /0 o AEL /0N 1 W
ANK o 3K A B T T B TR IR b A AR I
THATH S %, B BEAE A B A BE B 1/3~1/2

1.30 F

Bt RN

0 1 2 3 4 5 6 7 8 09
BEMEAL E/m

E6 AEBHLES FLHWEER
N, f T B & 44 B AT 2801 0 Bl S SR L At g K
4 BEL IR s AT 88 300 e A 1k R B0k i K fH,
3.2 AEEHfBENZRE

R E AR B E S FOCR T, DR
Weff 1/3 Kbk U HE ST R BE SR 0,107, 20°,
30°,40°.50°,60° B Ay A5 AL , 1 isf A ] 15 kA 4} £ 8
SRt R BRI S R INE 7 iR,

FH 3 BT AT RS A AR A v o 3 A R AR 0 R e
PERECR 1. 194, B AF 2 3 o M 2R B0l o 1 B A
JEE 0 184 T 564G RS /N FE R E AR Bl 40° A8 A B
KB RAH 1. 449, B E e/ 71 B R e M R B I
AR A 60°HT 2R 1. 365 , A A U2 B bR 2 b s e B
PERECH 1. 373, ST IR R e M RO B L
R VBE 1G5, A BT TR R B A RO
TR E MR S R 40° B AR A BE A B I AR E
ZB BRI T 15% F0 21. 36 %, 1 e AT 7R 3 3
ARV T Hp A R BB T A b 3 5 0 B ) A R R
FE T A SRR A A R T A AR ]
HE A AE A 5] i Ak £ B 1 5 = RO 1 4 A 800 4 T
mE 8 fiR .,

145 —=— RHE
—o— Wik
140+

1.35F

1.30F

BEARNE

1.25F

1.20

1.15

0 10 20 30 40 50 0
B A BE/(°)
B7 AEEHERAES FFOXR

147



B A=

F23g B9

i /m

T /m
WA UNAIROO—INWEAUNAI0O

T /m

—IRWE NI OO=INWE NI

T /m
=W RARUNAIROO— WA NAI00DO

148

WA NN OO WA LN

L e

e e b e B |

f=}

¥

IRRIRER R R R R R

2 4 6 8 10 12 14 16 18 20 22 24
7K BE B /m
(a) KRR I
FZ1377

Jessh e |eee]e |

[}

o o o L

L] ]

2 4 6 8 10 12 14 16 18 20 22 24
KB B /m

(©) 6=10°

F=1.423
‘e

I e e

(=}

wl-
N
ol
oo |

10 12 14 16 18 20 22 24
7K BE B /m
(¢) 6=30°

F51420

Il L L

(=]

e ]
2 4 6 8

10 12 14 16 18 20 22 24

S -
(g) 6=50°

B /m

=W EAEUNAIROO—INWE NI

e i e

b b i dRa el |

(=]

—=IWEUNAIROO—INWEUNDI0O

IRRIREE U S R R R R

|
2 4 6

8 10 12 14 16 18 20 22 24
7K BE B /m
(b) 6-0°
IF=1.391
‘e

el R (e e e

(=]

ek e e e e ek e ek
3

=W ENAIROO—INWEUNAINRO

|
2 4

LI
6 8 10 12 14 16 18 20 22 24
KB B /m
(d) 6=20°
FF=1.449
‘o

JEe| R R | e

=4

=IWEAEUNANROO—NWE NI

IREIEE R R R

v
L
o B
oo I

10 12 14 16 18 20 22 24

e e | | e S |

8 10 12 14 16 18 20 22 24

7K B B /m
(h) 6=60°

B8 HEARMANEREDIE



Wi 7545 35 T ABAQUS 1R} A 4 SR 380 RF AT 5T

3.3 [EIWE 8] BE R HE S A9 %

FERERL R 3 A 1/3 Ab BEARATRY A BE S 40° 1 5
Atk = o 4 BB 5% AS [R) A 18] B K AS [R] A HE 500t A2 1
RB I, A E 9 TR

FH 1 9 AT, B 2 AT (R) B Y 3 O I R E T R
BB/ o U/ IN R BE RO B )N 3 B R R
kB AR HLILE SR OGSO A 4 HE 00 190 i 5
MER [R]85 A 5 B3 09 06 &, BE (a1 3R i R, W 3l 4
25 5 WP RE v ] 55 s 35 O B B0 30 R 20 R
— RN A R [B] BE R 3 ~5 AR AR AR R LS AT AT Y,
Wit o A HE S 1Y 3 AR e PR R BRI B 2R
A HEAE IS 3 B AR FS e M REGE F) 2. 297, 5 L HERE
AHECHE N T 75. 34 %, I HLBE % A HEE 4k 22 38 Jin
FROEERBCA N Ry @&, Myl — s f
UG s B AR P Ak B 0 R OROR 1Y O R
BTN HE B o A A AR ) B RIATE (A 235 4 TE 25 2
75 A HEERE I8 B T AT AR .

B IR
: s

I\

I\.

0 05 1.0 15 20 25 3.0 35 40 45

AR IR BE /m
(a) AN TR Ak ] BE
247
22¢F
20
S
E=]
g 18}
®
# 6t
14}
1.2 l/
0 ] 2 3 4
HEHES
(b) ARIEHES
B9 AEMEERIEHS FHXR
4 Zit

BT RS B9 O vk BESE T R AE T AR
BLEE Ko 52 J3 5 AL 8 4050 484 ol A0 F) A B 1A 3 28 fE AL

e s BE TR R AT T R s o b ARy
A 50 R A B R R R A SR R L S TR T
BEASE AN [ A7 AT AR A J3E AN () Ak ] B % R 5 45 A%
SRCE DR E LR B BUE R R RS T % 2
BB AR RS EME R . RIS E 2L .

B ARH R R A A B 25 5L 80 SO U 6 A B 1
BYG A TEAE AR v T A R R, P B
W] BL 52 71 73 A 2 X5 PR BE 58 70 A 45 OB AR AR T
TR TR VE T BE R BN 4 09 37 32808 s 4 % g {EL G
R AT S 1 R S TR BRI 1/3 e A Ak
I8 B e AL 33 A B AR AR R A 4 il T R R K T =
%, BRIV 2 A A ] BEIROBE R A 1/3~1/2 B G B
AT

2) I RR E Tk A BRI A WAL B i S B R
W/ TR B 1/3 o B AR E M R BOA B IR OR(E
TE U B ORI I AP 37 AR B B AR 1/3~1/2 IR E
P AR BB ] Sy i 3 B A3 R A T 1 AR E R R

3) Bt ARA AR A1 B2y Tl EIR 25 T 4 A W R Y
R PR E W R B R TN A T 3 N
B RAH 1. 449  F WHBURHE A BE A 20 7R 32 3R 17K
SRR T T LA G i R A K P 37 FS 1 A R L s i PR
il IR PRI KR D AR E A R R

A i 3 B 18] B 094 AN DB 34 O L i A T R RZ
/1 5 A R B 1 22 0 AR E A R B
O, T, BE ] BE G 3~ 5 AR 2 D) ST
(LR

&% ik

[1] AR5 VRS 5% 55 45, TR TR 4K = v e v A A0 18 IE 28 A
L] A 1% ,2022,43(5) :1299-1305,1316.
[2]  Whsese, £ i, LS. 4% 4% =2X0m i 1 i £ + 8l A8
TEPEREBUE TR T ], T a5 TR 24242022, 18(4) .
1284-1291.

(3] w3, i AR, T80k, 5. & W2l 4 £ 8% i AR K OF 7
BESREELERIRLI] S0 0% 5 TRk, 2023,42
(1) :235-245.

L4 bk, e 2 R, XUAT BIL L 45 S [R] A SO Bk 784 A 0 25 7R 2
RIS FE[I]. B FU K TR ,2021,41(3) :540-548.

[5] AROGH MH@E %, o4, 45, B A - b DX Bl 280 A7 3 o 3
TFEAE RO AR FE )], B B TR 2 4R CH R B O
2022,49(1);111-118.

[6] ZHE, a0, BLANAS L 55, 240 )2 5K CA 40 A SR A Bt e 7R 3 R
TR ER [T ], v A B2, 2022, 35(11) 1 97-106.

(7] 5%, TRE 0ok 45, BT AR Y h B4 3 Ak [
BORAML]]. Bl AR S T ,2022,22(30) : 13467-13476.

[8] HEIC,T7E, A2, 5. 455 A B 18 B0 i3 7 bk S
PEE RS [)]. A 8% . 2022.67(1) : 349-355.

149



BHEE A7l 23k B9

(9] WEMATLre, FHH:, 4. 25 4 b SE OB K F Rk 48 ) & R ML), M R U TR K 2F 243, 2022, 43(4)
FERERONATT 5E (). N F 932 241, 2022, 39(3) :543-553. 529-535.

(101 ABAAE L R 22, 0 2 bk, 46, MR 470 T 0 0 o 7 280 1 ik [17]  akbm o B, ok AR AR, . AS TR 0 R0 B2 % ) R = 4825 ik
rs[)]. Bl R AR S TR, 2023,23(11) :4810-4817. PeAa e Ay EBR [ J/OL]. A TR 244 . 1-14[ 2023-

(117 skJ7. B8R T, X0 8, 6. TG IR 5 5 BUE BB 08-16]. DOI:10. 15951/]. tmgcxb. 22060594,
OB T S B[] ], db 5t 388 K 2F 2 317, 2019, 43 (18]  FraKiE, sk M, D SCRI, 5. & 4% T 00 + 5 34 3 i 2% R i
(4):52-57. WWRRAELT ], B2 R 5 TR ,2023.23(14) :6190-6196.

(127 bRHE AR, 22 Ui 430 780 A% AS [ 38 A1 D 58 X 320 33 5% i) 1% 2% (L (197 W50, ¥ 01, X Se o, 5. 4 R 43 i L BR 5T 38 1
MU FE 1], 22 B, 2020,65(9) :50-54. fe5e B B A L)), 22 MR AR B =D L 2021,

(131 #AR, VLM 5, 5. AS [n) 2 R0 Bl 4 ) 43 A o g 2 57(5):622-626.
WESZ Jy s 43 A L1, S Rl 2% 5 TR 24, 2020.17(3) [20] BEAUE . 1 A0, X 2 5. 22 F 1F 28 B sk 36 9 16 480 140 3%
592-600. Fa g PERZ o R A3 T L. 3t R 25 i) 5 TR 244, 2019, 15

[14] THEF, b—m, T4 8, 5. 37 800 il 8 bk 3R 32 5t JF (S2):1003-1008.
EREME W 5E[]/OL]). KITR % B el - 1-10[2023- [21] AE¥E.ZERM, B % T B OB 8L 5 5 5
08-16]. http://kns. cnki. net/kems/detail/42. 1171. TV. R BE I O L SRR e e A (). A TR
20220824. 1159. 006. html. #2,2022,44(5) :836-844.

(151 E4eR, A g, $1 v 2, 45, B B A it 1 ok 2k 4% I 7 3k [22] dk/Nak, i es , sk A i, 2T FLAC3D f) 28 5 30 B bl
WFE 5 AT 1. A 8%,2022,67(10) :37-41. WA EX B PR EENZmW LT RS T

(167 <70, REF, B e, 45, 45 mn 5 M A0l B9 5 19 Bt v o £,2023,23(9):3831-383.

ABAQUS-based Study on the Bearing Characteristics of Inclined Mini-pile Slope Protection

CHEN Guojun, MAO Shaoxia, ZHENG Xueyun, REN Kai

(Gansu Civil Engineering Scientific Research Institute Co. ,Lanzhou 730020, China)

Abstract: In order to fully study the slope bearing characteristics of inclined mini-pile, load transfer law, the relationship between different pa-
rameter variables and slope stability coefficient, various models were established and analyzed by using numerical calculation method ABAQUS
software. The results show that the distribution of inclined mini-pile is approximately "S" shaped distribution, the bending moment value is the
largest at the position of 1/2 of the pile body burial depth, the bending moment is distributed along both sides of the pile body, and the bending
moment of the loaded section and the anchored section is obvious, the soil pressure behind the pile is bell-shaped distribution, with the increase
of the pile body burial depth, the soil pressure increases first and then decreases, and the soil pressure value reaches the maximum near the slip
surface. The stability coefficient of the slope reaches the maximum at 3 m from the bottom of the slope. i. e. 1/3 of the slope. so in order to
make the mini-pile play a more effective slope protection effect, the mini-pile should be set at 1/3 to 1/2 of the slope angle, with the increase of
the tilt angle of the mini-pile. the stability coefficient increases first and then decreases, reaching the maximum at the tilt angle of 40°, i. e.
nearly perpendicular to the slope 1. 449, the inclined pile body can better enhance the overall stability of the slope, with the increase of the pile
spacing slope stability coefficient gradually decreases, with the increase of the number of pile rows stability coefficient nearly linear increase, un-
der the same conditions, increase the number of pile rows can significantly increase the stability of the slope, to achieve the effect of rapid rein-
forcement of the slope.

Keywords: side slope engineering; numerical calculations; ABAQUS;micro pile;slope stability
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