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Finite Element Analysis of Nailing Support in Deep Foundation Pits

XUE Xin-hua,ZHANG Wo-hua

(Key Lab. of Soft Soils and Geoenvironmental Eng. , Ministry of Education,Zhejiang University, Hangzhou 310027, China)

Abstract: The mechanism of action, deformation and stress state of soil nailing were analyzed using the finite

element method. In the finite element model, the modified Goodman Jointed Element was adopted to simulate

the interface between the steel nail bent in plane and the elastic-plastic deformed soil body. The model then was

applied in an engineering design. Comparison with monitoring results and inspections in engineering practice

shows that the soil nailing model is quite effective and feasible. The model may find wide application for design

and construction in soil nailing engineering.

Keywords: soil-nail support;joint element;foundation ditch;deformation analysis

T TSP — A A AR BR L R T
AR N L BT, LTS ROHE B — A
Gi— B J7 % 9 H AT R TE 2 07 Ik S . REC M
I IR R 3k 1% 2R 5 3k DARRE 43 A (P9 R
T E AR E ) AR B AR E A REFEAN 23 AT AL TE
73— RRABRITTT % - H AR A BRI 70 15T
e E AR 2 HIR g EEA T EAME 5 X
PR AL S b TR AR T R e ORI T
SER] AR AE A 36 T 4B T3 2 1 T 22 S5 AR KA 9 A1 A
A TA] A A S o 007 SR FH 3% ik T B TR AL . AT ke, AR SC
SR FH R 9 422 i 17 B0 0 5 45 5 A BRSP4 95 368 £ 4T 309
PEAT B BUR T ARG R BOR

1 AMTEE S

L1 AARE
AT AT RO - D R ET A TR R AL

*  UCHSH B :2007—07—12
AT EEK A RE UG A T B H (50379046).

T T AR 1) 5 2) BT AL T 2 SR A £
S PR A, T U R A& IE 9 Mohr-Coulomb 3 ¥
PERIRL,

T Z 0] AR 6L S B /N L BT AL T M R
5 AT A 2Z [] (4 AH X5 6 B8 B8 KA, BT Ak T 98 IR
Ao PR S I MR AT A BE R S N E
214 S5 T A T R 0 B AT B N T R

|z, | < o.tang; +¢; (D
ST AL T IR PR S BT N R
|z, | = o.tang; + ¢; (2)

gy ey 09 Ry BT B AT RN B A AR RIAT R BE R

T3 3 ST BT 055 B S B Copy v 0 ) R AR L 426 fih - A 7
JE YT I

¢; = .6 3

tang, = Q.tang.; << tang 4

PEE A BEHT R (1977 —) I L W AR BN des + TR Iy WA 58 LA .



% 6 4 BE AT A

FORAR AT L ORI HH 73

AL, O ST 1) 55 BE AT 0 AR K . O BT 1)
FEPT IR K 5T o8 e RS .0, .0, HON 1;
AT o oE e Ar B el W s e, 0, = 0.0, <

U gt kT R MR 2 T T B B A

tangi
B —H Q. .0, METE O, 1)ZI‘EU EAT S MR
FHREIR 2 | A 50 10T A 0K KIS L T A5 RS ST A A 6
SRR . SCHRLS JEE 3. X [8 Z5 IR 25 R 4 i)
Q. WOy 1, — e ab 7m0, B 2/3, 9085 H 52 m Q. 1
1/2,
1.2 #% iE# Goodman # 7T

BTG A A T B R R A M R AT
REET BB E AAIRRWER. BT 14X
1R s ) HE 3 K 8 3 23 A [) A 32 i A 1 fL
Bt v 3 T AT 7K 8 3 A A5 R R4 e T ) A R AR B
SRS AR KA AS R 5 B W R S B R
AERMBIN S . A EE S gk, T2
W JUT- 56 42 J2 3k B 5 g 1% 338 Z AR T . IR Ot X o 26
SR o TE B M A B fl T B A AR TR R L R

Goodman #& #IFP J&
R P e

S
I

—_—

L T TR TP T M N
DT » A L 00 A O ui %)
(s K 3k TP N AR R ot AP
R Ao A Ay (T
17 SR s skt | s\
PRI R Bk (Y em G|
FERA R A SRR |,

R DR 125 o) P R A A 2 il
RN AR R e, fyy M1 IR Goodman HiT
B2 fol T 7 1) A 2 B Bh . PR 3 SOOGE L A R
11 THEIE X% Goodman $fni§ﬂﬂﬁﬁ/\’ﬁﬁ§ﬁ SPE
DA - 5T BT A R AR BRI R A AR TE o %48 TE R R A
RERE 2T T ¥ S i BB A% 2% FE 42 fil 1T 1) 98 30
LR SE ZRIE XA G BN I 1 Fs.
TERFALFRR s—¢ W IZ IR N S

A5
rl ko 0 07 (e,
o, 7= 10 k, 0]<e, (5
il s ot

I ks R,y kg 5350 D YT B BT A — SR U 1 3k 1) K
NI B s kg =Lk, /Ay sy s o 9 BTG AR IO 25
AR AR X D) 18] 95 1] 2 8% OB A2 ) Ko B 5 £

R 7 I RS W 1 B BE 7 () S 2RV AR A L O
DI B A LA AR R AR AR AR s — ¢ Ry B G R W

— DR R AR

SR
"k, 0 k0 —k O —2k 0
0O 2, 0 0 0 0 0 —2k
B0 k0 —k O —k O
0 0 0 2 0 —2, 0 0
S —k, 0 kO k0
0 0 0 —2k 0 2t 0 0
—k, O —k O kO kO
L0 —2, 0 0 0 0 0 2k,
(6

T e Sy BT 58 B 6 SV TN AR 0] I =1, 3% 2
— > 8X 8 Wi 1) SR FR A B

SR BT Ry FR AR R 2R Y A 2 R R AR AR
F 50 R A bR AR () B AR bR e 5 A BE G S LT T
R AR AR bR FR P BT I BE R GR AR -

[K;] - [Tsz[K/][Ts] D)

1.3 AWTARF 6 % H

Fie FRAT IR #L i8>k ] Visual Fortran 4’5 1 34
VAR o sk I AN R SN T S T VT 05 N =3 I D
F IR Z L TFIE M Z 0 3 IR T DL gy i g — il T 3R
MRS R . R AR R E A LU LA R

1) $2 fish i B 06 R B IE 1Y Goodman FRLIT . B HEH
SR fil Y B h S 2 RIE A S IR s
A RL SR R PR

2) MR P Sk i i AL VR TR T 08 M 2
F1, A DOEE H T 30 i A #4520 0 B0 a1 5 A%
T2 ¥ 00 4 A SO T 5853 #r

3D G il T AH L A JE Ak BEAR Y T A R R R T
ST B A K B L O N B Bl BRI Y BT
ERSRWRLE €/ 0E N

4) g 5 AR P Bt s A BRI X i B A ) A 4
SUE BT E B S T R s 20, B TR A X
S F B 55 00 7™ 4 i BRI E 1A% X HEAT A DL e AR
J7 R R A R SR A R IR A

SYFRF RS A B 0 Ak 28 77 %, B BRI
WA (1 24 25 i kAR R AN T A2 4k

FEIFHEIE A& 2 s

2 B 5T

2.1 IR
FILGOITAZ B 13 m, T B 45 fif 204 20 kPa,
ﬂﬂ"Fﬂ({‘jﬂ\j 6.0 m,ﬂﬁﬁ‘fi‘/ﬂy\i?}:—l‘ﬁw\%

i& W?FE mﬁffﬁﬂﬁo %E%ﬁ/\%ﬁ,ﬂﬁﬂjg
Eﬁ5.78 m,



74 T R E A

R FF Ik

%29 %

LB T =1

TSR

IS AAIE, Bk T LR ST BT RBE R

W Li=isl

TERRS RIBE RS

[afoaon | [ewmommenr, ]

|ﬂ$*llﬁ’éﬁ!u‘r.1h%ﬁﬁ, FHEATTHR IR S A BRI B

&

ey
|
ey

PERRTHELH

Bl 2 HRITETFER
92 BB L A L DU B o .S A D
HIAPRL AT 55X 8 53 A7 PR RE D 5. 28 m,
953 JZ AL KA LA A R
WA R T AT R ) XA R RS 45 . & L2
YIS AR AR DL 1.
&1 2 Leme ) IR

+ 4 y/kN+m* E,/MPa ¢/kPa w/° P
FRIE A 20 8.16 35 12 0.3
RS+ 19 8.00 45 15 0.3
ik KA AE ) 21 1500 35 40 0.15

2.2 KRS
HRRAMBEEE  Tom
WA LT LG e
Bt W S Bk, %0 fusm
WA R AT R L, s
BB S AR EETR [1sm
S PR (i S
YU A ACE R A fism
Wem A ok s sk L

WAL FE B BARIEE g 5 greppym e
HUA By A 3 S

A Ra ! Ut X BT S AR TR S T AR L R
T

2.2.1 A ES AXIHZE BT, E
N E HEAT THZ 1) o KU LB B i . % B 5 3 3
19 e J2 A6 A B T 4255 W S B 5 /0 o DRI R 3 53 Jek 1)

T REAR S AZUREE Y 1.5 A, 1) 21 3% A1 B ) R A 42
WHEM L5 5, irE P RHAMBIEMN f%250, &
B ] kA 32 Bt 0 A0 o e ) VR P A 1 TR AT R T
FEHMEIE ) Goodman 7 B 8 o o I 4% fish i . Hb J2 JF
205 HH 25 1 W% I TR 6 - T2 N HEE R B 1 AL 1R
e R ge . RS AR E il bR AR SC4h H
& 1E Goodman B.5C, F LABE 4014 fil 17 , A5 BR oC 355 2
B 2,
A2 HATEPARAFHHHK
+4T iy

W E AR 0.028 m JERE 0.1 m
SRR 20 X107 kPa Hi PR EF 125X 103 kPa
IR B 31X 104 kPa BfpE#H 22 X106 kPa
foiff 15° AR EE 0. 25 Pim ALEE 250 kN/m

MR HE T3 D3 P 4 R 1 4 B g 2 v o B R X
B4 1 160 AN FIT, 1 430 AN L o 2 A4S = A
TE BT, 85 AR 4T 96 5 320 A5 HBA T, 3 B4R Y IS
R T L5 1 20 A A T R FH KT O 1) 29
AR L& 4 TR

2 fil 5450
Y)Wl EE 4 000 kN/m

T
| RN I
AT

B4 R

2.2.2 IR AM ATRIL G BEE X 4 A 0
5. I 5 TR TR T B R

13 m) , B A M4 th B0 T — i 08 00 B0 0 7 1K {1 R
/I FEHU T H IR K AN 3 FLY I b 7 B Bk
Y 7Sy 4K 22 WS S R . 1 A R SR e
WL 6 R

PR X

Bl 5 JTHZ i MR DX 43 i 14
T ETNEIB A T A2 T 2K -5 8% L 3R 1 TR
ARIE T ELBCE T IR A7 AR KL B BT AR . 2k O
TFAZ S5+ i R b A e 9K P A 1) O 4 T8I 1 )
ik HMALETIE A0 T HARB AT I 1A 24
AR FITEST T A R I B . 1 7 FIAl 8 4



% 6 4 BT, R A AT LI A TR 75
r e e PERVETE A SCR T 7 ¥ Ay B RE X 2R AR
BRI,
-5
= HE Lk
10}
— (1] FE B BB, B LR, 6T S o 4 B 3 BT e B
e v ST — MBI (). 1 J1%,2002,23(1) :85—89.

U/mm

B 6 iR R B

7 KR

T YT KA RS A SR A DR AR B . B & 7 AT DL
A R R ROKA- 2 # 1 AL T3 T b B B 3 0. 5

b H RIS & 48,12 mm, f &l 8 A LLE
HE o 7 A IR KR 1 Y U0 T30 BRSO 3.8 m
b ILYTRE RE S 48. 65 mm. M F I 1 43 BT AT
BT R A A H M 1) 2 A N TR SR . TR
FEGUEREE ]y 13 mo Jg AT, Ko KB & 78 fuif
U 0.005 0H=65 mm P, i R THER, % LR
SE BRI 42 05 B W I 25 SRR B T X — S S K UORE
44,25 mm, Fx KIKFEALFE N 31, 45 mm,

[ 8 IR Mk 14

1) % B P A 55T - T 25 il 4 BT 58 T AT
¥ 5 A R Y8 IE Goodman 5 BB G ELI 4 & 5 £
BT ) A S TR L ST T ARZR MRS RERL L IF T £
AR 5 A8 B O3 T gk — 20 %) BT RE B AR TR AR E HEAT T
Bro Wi as SRR W] % TR BT SO ROR AR A
Se A R BT EK

2) BT SCY R — PR (Y B S T ik A L
e FH X R 7 3 6 HE LB Y T A R e AT . T
it P T A (S A R 5 1 SR A T S R R

LIAN Zhen-ying, HAN Guo-cheng, LU Kai-ge.
Elastoplastic Numerical Analysis and Stability Study of
Soil-Nailed wall (JJ. Rock and Soil Mechanics, 2002, 23
(1) :85—89.

(2] BR#ER.HAF. KUK L8P TIEEGES 0T
(3. TR2EAR ,2001,23(5) 1618 —622.

CHEN Jin-jie, JIA Jin-qing, ZHANG Ming-ju. Parametric
Studies on Behaviors of Soil Nailing(JJ. Chinese Journal of
Geotechnical Engineering,2001,23(5): 618—622.

[3] Han J,Gabr M A. Numerical Analysis of Geosynthetic-
Reinforced and Pile-supported Earth Platforms over Soft
soil [JJ. Journal of Geotechnical and Geoenvironmental
Engineering, ASCE, 2002, 128(1) .44 —53.

(4] KB, i e A, 0 ) BR. IR SR 5T 4 BT S h i B fE 4 B

(CY//38Mem - AT AR . . 5 1 % 5 TR FIR K5
B, 1 DA KA A, 1999 :199 — 205.
CHENG Yong-feng, XIE Kang-he, CENG Guo-xi.
Numerical analysis of soil nail support for dee
Pfoundation pit CCJ//GONG Xiao-nan, YU Jian-lin,
YAN Ping. Theory and Practice of rock mechanics and
engineering. Shang Hai: Shanghai Jiao Tong University
Press, 1999:199—205.

[5] Goodman R E, Tayor R L, Breke T L. A Model for the
Mechanics of Jointed Rock (JJ. Soil Mech Found Div,
ASCE, 1968, 94(SM3): 637—659.

(6] BRI, REL VP EAE. L 5 45K b REHE i T 1) A2 T8 T

FOE Rl (). A L TR, 1994,16(3) - 14— 22.
YIN Zong-ze. ZHU Hong, XU Guo-hua. Numerical
Simulation of the Deformation in the Interface Between
Soil and Structural Material (] J. Chinese Journal of
Geotechnical Enigeering, 1994, 16(3):14—22.

L7] SREF m . 5F T PR IR0 S f o Ja s 35090 00 o 0 7
(0. H PR K24 2006, 28(2) : 52— 55.

ZHU Rui-jun, GAO Qian, QI Gan. Settlement Analysis on
Building Near Retaining Pile of deep Foundation pit(J]. Journal
of Chongging Jianzhu University, 2006,28(2) :52—55.

[8] SJGO5— 96, TR 1 DX #lt HT IR AL BT A BEAR ML CSD. 3K

Il s BRI T 3 22 I 22 Bt 1996.
Technical Code for Retaining and Protection of Dee
PBuilding Foundation Excavation in Shenzhen Region
(SJGO5 — 96) (S]. Shenzhen: Shenzhen Geotechnical
Investigation &. Surveying Institute,1996.

(s 53



	Jan0706 72
	Jan0706 73
	Jan0706 74
	Jan0706 75

