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Abstract

In this paper, taking the foundation pit project of No. 1 Meixi (3b block) of Changsha Zhongjian as
an example, through the preliminary geological investigation and multi scheme demonstration, the
preliminary soil nailing wall supporting structure and the foundation pit supporting scheme of
sloping hanging net and plain spraying are determined. The FLAC3D is used to simulate the sup-
porting scheme, and the stress field distribution rule and supporting structure of the foundation
pit soil during the excavation are simulated and analyzed. The results show that: 1) The axial force
of soil nail is tensile force. At the same time, with the development of excavation engineering, the
stress of soil nails changes accordingly. The numerical simulation results show that the maximum
axial force of soil nails is 5.2 t. 2) The axial force distribution of soil nail in the length direction
follows the principle of “neutral point”, that is, the middle value is large and the two sides value is
small. The maximum axial force is located at the potential slip surface. The axial force of the soil
nail near the slope is greater than that of the deep part of the soil nail, which indicates that the soil
nail is not only subjected to the force exerted by the deformation of the soil, but also to the pull-out
force exerted by the shotcrete surface on the soil nail. 3) With the progress of excavation, the stress
of soil nail increases gradually. This is mainly due to the increase of excavation depth and soil de-
formation of foundation pit slope, which transfers the displacement force and expansion force of
soil to soil nails.
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1. 518

BT R P T SRR S 2 SR B R R B — R RSO HOR [1]-[8] . HT BLBRIE VX (The New Austrian
Tunneling Method)f 5 W, T 78 HERYI, BN HEARP, s 2500 T BRI AR 8 576 T4 5
MR, SR TS BT BISHCE 2 Mt BRa AR A B E i T 24+ [9] [10]. BEZE 5L
BRI R 8 R BCE BRI WL T, Ao HATSZy R 7 ik EEA LUR IR : 1) B8 rik[11]; 2) IR
SPATE[12] [13] [14]: 3) ABRICIL[15]: 4) ARRZEME[16] [17] [18]. RIS AR KEM TS/,
X — M IR LR BT 55 S R AR R RIT R AL, IR R 2 FGR I8 I J B A B
S, M AEFE AL TIESREG A, — AR R R SN B T o AR RSP 4 TR LE AT
B RABTUAS B5 N IR 3 A0 K7 AEE — & FIAS AL, ATTAE DA T VP A% R 4T S8 1 AR 1t e Je e 4
o HHENEARI AR, BT 7T REMNTES, el ih 53R L5 KN . AT R VR4
FIBE 4, DR I T S UAE A0, AT DU T TR A ¥Rt TR (48 SR FE[19] [20] [21] [22]
[23]. A A BRICH & RRLE S ANSYS AR A BR 240 R B A /) FLAC3D #MitL, Ja#&
BHEBER, 2B ITHE LB, #xtEsm[24] [25] [26].

KK R — 5 (3B M) IS H U NN, R FLAC3D 275 H A1 #3% M A se Y AT 3L
ERR AT, 57 S AR 45 AT IR, DR B — G 255 5 W45, LS A X T AH AU
TR R 2 A (LGS TAR IR — 2 5% .
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2. MRFHHELA
2.1. izt =

TN R 11 B, R 1R 2 H(Qas™): B2 F: FHIITA (Qu™): 3 E: #hk
PORR ORI 8 +(Qas™)s 45 4 )2 BB RS 1 (Qus™): 45 5 J2(Quo): Bt %56 2: Kiky
1(Qu2)s 7R M E(Qul): B 82 MM 1(QusY): 8 KE: BME(Qu): 92 Brt(Qus):
10-1 B B (Qar™): 4510 2 4I80(Qad™): 25 11 2. MR 1(QM).
2.2. Mk R SR

AU TR A BRI, BRI S B N e st KT 7 w2, B2 K, NIRRT
BRAIS BRAKIZ S 8 AR BRI LRI o 73 E SRR LT 1.5 mo HRAE RGBSR DL 10 TR T
200, F BN K EKE ML G751E REU K = 0.5 mid, R E/K &K 2 4G5I REUIK =8.0 mid.

2.3. FETEYIEHFRGF
877 L B e s oy =YL B iy E= o =Y i U

Table 1. Physical and mechanical indicators of major soil layers
= 1. EETRYIENZER

1 2 3 4 5 6 7 8 9

L& L VR OB gi:ﬁ Wt BEEL BE OREEL Bt

JEFE(m) 0.3~2.35 2.43 1.84 2.46 3.39 1.69 1.83 3.12 1.44

PR 5 (MPa) 43 4,04 5.59 6.44 8.05 8.33 6.35 9.32 5.59

B & (MPa) 1 1.1 2.29 2.63 3.29 3.20 2.44 43 2.29
( JTO;%E; fig) 1.7 1.9 1.9 2.0 2.0 2.0 1.9 2.0 1.9
% J1(KPa) 15 20 30 27 15 32 12 31 30
WA () 15 20 20 21 21 20 20 20 20
K A 0 0 0 0 0 0 0 0 0

3. B irEat

ATRRRFEGT S S =A 1-17, 2-2°0 33 #I (A 1, 18 2, K 3) R AT Ly T, Xt 4-47 5%
O R 3, HAT S RSO 2, 53, #4; ZWHEAR TS ELA 4.
4, N - NTMEE

LBEANZAENHIN AR ERE LG, RIG VMG E KA AT AR N J7. B2 A, 55
HHEA N ST AN B IE: 1) B EBIE;: 2) fHBRFLBEE 17 NS 5 8 I IR] AR % R 45
R R

Aoy = f(Aly,0y,+) (1)
s Aoy ——BMETKE, ij=12;
f()——EEHMENE, BAFMRIPRE, MRE SN AT
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Figure 1. Diagram of 1-1’ profile
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Figure 2. Diagram of 2-2 profile
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Figure 3. Diagram of 3-3’ profile
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Table 2. Soil nailing support parameters of 1-1’ profile
2. FHmE 11U 5T XS

5 HEE IR (m) AT K (m) A5 e B K- (B (m) A () BALE AR (mm)
1 13 8.0 118 13 5~15 100
2 2.8 10.0 118 13 5~15 100
3 4.3 9.0 118 13 5~15 100
4 5.8 9.0 118 13 5~15 100
5 7.3 6.0 118 13 5~15 100

Table 3. Soil nailing support parameters of 2-2’ profile
< 3. Hm 2-2’ 5T X EH

5 BRI (m) AT K (m) A5 e B K- [E] R (m) A () BALE AR (mm)
1 13 8.0 118 13 5~15 100
2 2.7 9.0 118 13 5~15 100
3 4.1 8.0 118 13 5~15 100
4 55 6.0 118 13 5~15 100

Table 4. Soil nailing support parameters of 3-3’ profile

4. BHE 3-3LITIFSH

s LR (m) LETRE (m) AL E KF- A (m) Hifa () BALELAR(mm)
1 13 6.0 1918 13 5~15 100
2 2.8 9.0 1918 13 5~15 100
3 4.3 8.0 1918 13 5~15 100
4 5.8 6.0 1918 13 5~15 100
5 7.3 45 1918 13 5~15 100

4.1. MRgTFEHHE
— LR R Ak 2R A, (] DU RT3 W A AR B AP ) . S IE Sy R [24]

[27]:
ou. 60‘ij
M| 7% | gg 2
p{ar} 2% +Ppg, 2
ou. 1
p{a_;:lzxzaijgjkAxk + Pg; (3)
Bk
a_f
or m i
A A
F =) 0,6,A%, m=pA
K LR 5 125

F=ol¢, (xl((l) —x ) +0o7E; (xlﬁz) —x ) +orEy (xlﬁs) —x? ) +oie (xﬁ” - xf)) (4
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RATIEFTA N AIFIAEER, £ 2t t+ At SIS AR A2 DRI o A2 T — AN AP AR ) R R :
S, A At) R
ui[t+?j—ui(t 2j+mAt+gi (5)

2% A6, AR I BUE AT — AR, A B R A B 0K e 3(4) h B A W
AR R, R R RO R N AR, BB IE DL A& A bR F T (B) Y SRAG BB gL -

t+=

x(t8) — ) 4 u[ 2 ]At ©6)

4.2. NHFNEIER
A A AR R BAR AR, BRI sh, WAMBIERN F7. NI I3 Ty RN -

O_'ij :O-aﬂ‘]ia‘]jﬂ ™
cosd sin@

J. = — 94

! [—sine cose} =

X & —— KNARFESIIEIE TR 5K E .

]

M A0 EH NS, A cosd~1sind~A0, N

1 A0 o
J”{—Aa 1} _—

[ ik,
011 = 0y dydiy 031,35 + 03,0113, + 05,0153,
=0y, +Op A0 +0,A0 + CpAO? (8)
Aoy, =20,A0([H Koy, = 0,5, AOTR/NE, AG? =0)

BRI T, o IIETETN
Aoy, =—20,A0 9)

HF, H
Oy = 0dpdo 053205 + 01,3135 + 05,3535

=0,,A0’ —6,A0-0,A0+0%, (10)

=0, —20,A0+ 0, A0
K5I A TG, A

Aoy, =-20,A0 (11)
Y sl
Oy = 0y d11dy + 05131505 + 01,3113 + 023155,

X (12)
=-0,A0-0,A0" +0,, +0,,A0

Aoy, :(0'11 _O'zz)Ag (13)

R HIRNASIZ RIS, JEIX LeAE IR TN 2 % B ).
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5. EMEREESHISE
5.1. L FRE

RIEGAL TRV THE R X MR A XN, rEACMHRIRE, R40 E2 B, A i@{EF], HuPRAr EAL
W, SERRILTUAK T, AN TN AIZ) 102 x 371.9 m?, FEALMIFFEiE R AR T 6 m, T34 8 m.
HRIE 7 TAE MR 2540, T 7 BRCRA LU R 1) RATE 87 2) BORFEEM R B SC I T &R,
5 TAEEL S SLhRIEH, ARUPEUERRB R~HE 2 30 m x 20 m x 20 m,
5.2. HASHELE

WA g Y3 2 SRR R S R S EUUE .
5.3. ITEHER

ARIRILHES ZA A, e Tl —3EYi 2 6 m (R REm 2, ArFaEypdeil). T 3
YUIF2R 8 m (it 7 REIH 1, AL F BT AR M) LA =BG T 4298 8 m (Wit 77 K51 3, A T2 bT g i) .
T EE AT B 5571 I 4~6.,

FLAC3D 3.00

Step 4674 Model Perspective
11:04:15 Mon Dec 07 2009

Center: Rotation:
X:1.500e+001 X: 20.000
Y: 1.000e+001 Y: 0.000
Z:1.000e+001 Z: 20.000
Dist: 9.295e+001 Mag - 1
Ang: 22500

Block Group
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Itasca Consulting Group, Inc.
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Figure 4. Section 2 model diagram

B 4. #EZHEEE

FLAC3D 3.00

Step 6152 Model Perspective
20:21:25 Mon Dec 142009

Center: Rotation:
X:1.500e+001 X: 20.000
Y: 1.000e+001 Y: 0.000
Z:1.000e+001 Z: 50.000
Dist: 9.205e+001 Mag.: 1
Ang.: 22500
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Figure 5. Section 1 model diagram
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FLAC3D 3.00

Step 4705 Model Perspective
20:07:19 Mon Dec 142009

Center: Rotation:

X: 1.500e+001 X: 20.000

Y: 1.000e+001 Y: 0.000

Z:1.000e+001 Z: 30.000

Dist: 9.295e+001 Mag.: 1
Ang.: 22.500

i

ZZZ

S

Itasca Consulting Group, Inc.
Minneapolis, MN USA

Figure 6. Section 3 model diagram
6. FIE=tREE

5.4. IPgtapviRil

+4T K H FLAC3D H ()4 2% 45 14 (cable), Wi5f v &E 1 5e 45 1 (shell-type) . 4T iR &t 1 2 THIFI S 5L
g 5 ML 6 s

Table 5. Soil nail material parameters

F 5 EITHMRISH

PR/ GP IR/ m? Jit B 555 2 / KPa IKYEFEEEHIEE/NIM JKYE RS 5L/ KPa

20 254 x 107 800 4 % 10° 89

Table 6. Concrete parameters
< 6. BRI EBH

FAPERR/ GP AR

2.1 0.28

6. WERMULERK D
6.1. LEHIE R IR
I BRI AER T, ST LA, ML XA LR C2 0 F R IRE . LM EBY

Ferh, HREOS B BEAT N MIIR . JTIZTHEERT, (RS ME RS, DE i dlinze. WK 7
Fs o

MAEINEE RKT, DT IEGTIR BV A iR s BN ) 2 B 2R 388 A (R, fEHR Y
IE#)75-0.056 MPa (115K AET)), BEEEGURLN, HEBUE KL N-0.38 MPa. HLAE R 5712
WIR A AR AR &

6.2. 5TaII3 4R
1) #1475 A (14 8~13)
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IR

Figure 7. Stress initialization cloud chart

B 7. MAMEEE

Figure 8. Excavation 1.5 m soil nail axis diagram
B 8. FFZ 1.5m L5741 HE

-)

Figure 9. Excavation 3 m soil nail axis diagram

B 9. FFZ3m :5THAE
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IR

Figure 10. Excavation 4.5 m soil nail axis diagram

[E 10. FH4Z 45 m LT3N E

Figure 11. Excavation 6 m soil nail axis diagram

B 11. 2 6 m T4 DE

Figure 12. Excavation 8 m soil nail axis diagram

B 12. 72 8 m £5TH#BDE

DOI: 10.12677/hjce.2020.97077

724

TARTHE


https://doi.org/10.12677/hjce.2020.97077

IR

50 4

' B
7 e B
- . e B
= —v— BN
=] \ o BRI
% 20- g :/'\v \A

. xz/ i S

4

10 ./o———o\.\. o
. o —e¢—o
:igi. _— " — g

I\-

o 1 2 3 4 5 6 7 8 9 10 1
X LATKE /m

Figure 13. Excavation after stabilization of soil nail axial force curve

13. FZRRER T4 L

2) T 2 LATHE (1 14~18)

Figure 14. Excavation 1.5 m soil nail axis diagram

E 14. F#2 15 m T4THAE

Figure 15. Excavation 3 m soil nail axis diagram
B 15. FF¥2 3 m 5T ANE
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Figure 16. Excavation 4.5 m soil nail axis diagram
B 16. FFZ 45 m £5T4HE

Figure 17. Excavation 6 m soil nail axis diagram

& 17. FFZ 6 m 15T5HE
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Figure 18. Axial force curve of soil nail after excavation stability

18. FHERER LTSI

3) HilTH 3 AT 571 (K 19~24)
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Figure 19. Excavation 1.5 m soil nail axis diagram
B 19. 42 1.5 m £5T4HE

Figure 20. Excavation 3 m soil nail axis diagram
& 20. FHZ3m LETHINE

Figure 21. Excavation 4.5 m soil nail axis diagram
B 21. FFZ 45 m L4574 E
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Figure 22. Excavation 6 m soil nail axis diagram
B 22. FFZ 6 m £5T5AE

Figure 23. Excavation 8 m soil nail axis diagram
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Figure 24. Axial force curve of soil nails after excavation stability
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1) WA Z G OKRE, LT EEA R ). FRN, BEEITHZ LRI, 22
MR, BUEEMAE R TR, HZd it BT PRS2 R K718 5.2t

2) HETHER BT IR L o A e SR, RO AR AR P EUE N . KA T A
TR RS T AL o SEIT I AT B 0 R T AT IR BU 0 IZ Ui, HATRR T HARZ T Ja Tt in (4 3h
JI8k, 385 B JR E T R MINAE AT BBk R

3) BEEITIZHIEAT, LATRIBHIE R X FER M TIHZIREIG N, YUl A2, #
TR FI R AR AR 70 A% i 4 AT P B

7. &t
1) MNEATZ HENRE, AT 1A R . BUEELE R BN, FFS R 4T &2 ik
71N 5.2 te
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