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Analysis of Pile-anchor and Soil-nailing Composite
Supported System under Complex Environment

JIN Junwei' ,DU Haoming” ,ZHANG Zhigiang® ,GUO Yuancheng' ,SONG
Weikang'
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Abstract; The research focus on the pile-anchor soil-nailing composite supporting method under
complex environment which nearby electric tunnel and anti-air cavity. The finite element method is
used to simulate the construction progress and the electric tunnel and anti-air cavity considered.
During the study vertical and horizontal displacements of the roof of the support structure , horizon-
tal displacement of the deep soil and the settlement of the surrounding buildings and the displace-
ment and internal force of the pile are analyzed. Meanwhile the simulation results are compared
with the measure results. The results show that during the construction progress,the maximum ver-
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tical and horizontal displacements at the top of the support structure are 20. 6 mm and 7. 4 mm, the

maximum deep horizontal displacement of soil is 8.4 mm and maximum the settlement of sur-

rounding buildings is 2. Imm. All above results meet the standard requirements. In conclusion, for

the complex environment of deep excavation with electric tunnel and anti-air cavity, the pile-an-

chor soil-nailing supporting system is effective for the stability and safety of pit foundation and

nearby buildings.

Key words : complex environment ; pile-anchor soil-nailing composite supporting system; finite ele-

ment analysis ; monitoring analysis.
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Table 1 Soil parameters of excavation engineering

+)2 Sl TJREE/m EHEE/(KN-m™) FRI/kPa NEEEES/(°)  E4iKE/MPa
1 At 3.7 18.0 5.0 15.0 5.0

2 MR 1.3 18.8 22.2 15.9 6.4

3 ¥t 2.8 18.4 14.2 26.1 13.9

4 ¥+ 3.8 18.2 13.0 22.8 19.0

5 MR 1.9 18.4 22.0 14.5 10.2

6 i+ 4.6 18.5 15.2 26.0 14.5

7 gL+ 2.9 18.6 21.5 17.1 10.6

8 ¥t 5.9 18.4 16.0 23.1 19.0

9 MR 8.9 35.78 18.6 21.5 17.1

IR N 12.3 m, A, BIRIF T

2 1.5 m 5 —HIHZ 0.3 m, BAR T oI B O A AT B HL I T
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Table 2  Soil-nailing and anchor parameters

iy H%/m FF/m ABKE/m SEBKE/m Wi/ () FRI/AN  SE KR/ mm
1 0.80 2.5 — — 10 — 100
2 1.50 2.5 — — 10 — 100
3 2.20 2.5 — — 10 — 100
4 5.00 25.00 8.00 17.00 40 220 200
5 7.50 20.50 6.50 14.00 40 200 200
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Fig. 8 Excavation depth and construction state
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Fig. 14 Vertical displacements of slope crest

0.

ﬁﬁﬁﬁéﬁééééé
&=

S
HHHH
222

LhEsder e

B ) D s sy

K B /mm
B 15 %2 HEKFENE

Fig. 15 Deep horizontal displacements of soil



BT 7S S AR BRI T AR AT S5 S i 619

B [ i /mm
5 4

g
n

o

OOOV\‘—'MP‘IOOOO‘—'II)I\O\O\‘—'NOOQ‘
TYTY TS TratNYTY T
OO~ o —

$85833833 737755093
T 1 [ o Lo T
AN AANNANNANANNNNN NN
— e T g e o g T e e ] e ™ e o
CoQooooPCoCcooco o000
AANANQRAQAANANARAARNANAQRAAAQ

B 16 LTRSS R

Fig. 16 Vertical displacements of buildings

R 14 AT .7 8.9 5 i Ak R ULRE
35k 4.3 mm 6.6 mm 7.4 mm. A RICiT
A S B e KUTREE R 7. 5 mm , HEA
LRI SR AR TR 7. 4 mm,
R RLEEOR. R A IROCITIE TR A
AP TRULREAE 2012 4R 10 7 35 JF 4545
W R TR AR

W2 LKL R N T8 3 U6 HEAT
I (LR 15) . SRR AR RS e K
{0 8. 4 mm A7 BROCIHRAF R AR KF
MR IKAEN 8.7 mm, IR)Z HARBEARNI S |
R AF A B AR 3 23 B4 R 3K B 7 il £, 6 2
ML EDK.

LG R SR R R W 7 8.9 5
SR Z I UURE R 225 1.5 mm (1.6 mm,
2.1 mm A BRICIHAAT ST ST B 7oL
BRI AEA 1. 3 mm, SR TIN5
ZHAL INIE 16 AT LA A RT3 2
5z A — B SE I b i S
VORI RAE A 2. 1 mm, 3l 2 BB ZR .

4 %5 B

(1) ARG T AR H AE A7 A5 J7 R 3E Al
B 2 3l A S 2t 3R I T, SR B 4T 2
B SCIPAE R IS R g g T R B 4 R R AT Ak
HZERR WA T H S S5 H & B A AR
P ) A AR

(2) 3 1 R A BRIC T, 5 S 47
AR TR FSE 1] 31 8% &I SR TR |
RIEVTIR)Z TR LR 2EAT X Lo #r, &5
RRUIA FRITTT 2 AR S i 5t Tad e v
8 L AR B ]

&% 3k

(1] e NRILFT AT 55 A & #1503, Al 5

Y AR BLRE . JGI120—2012[ ST b 5T
AR STl i heAt: 2012,
(Ministry of Construction,P. R. China. Techni-
cal Specification for Retaining and Protection
of Building Foundation Excavations;JGJ120—
2012 [ S]. Beijing; China Architecture and
Building Press,2012. )

[2] e, T4, TR, b IR

FEFRI B TR BE AR MR T [T ]. A 2T
2£,2009,30(5) ;1362 - 1366.
(XU Zhonghua, WANG Jianhua, WANG Wei-
dong. Deformation behavior of deep excava-
tions retained by bored pile wall in soft soil
[J]. Rock and soil mechanics,2009,30(5) :
1362 - 1366. )

[ 3] LIU Xianshan,LIU Shaowei. Study on deform-
ation characteristics of deep foundation excava-
tion in soft-soil and the response of different
retaining configurations [ J |. Geotechnical and
geological engineering, 2012, 30 (2): 313 -
329.

[4] KATZENBACH R,LEPPLA S,RAMM H. De-
sign and construction of deep foundation sys-
tems and retaining structures in urban areas in
difficult soil and groundwater conditions [ J].
Heiko kutting procedia engineering, 2013, 57
(2):540 - 548.

(5] SRED XA, AT, 55 AEA S ik i ) fas

TEMARTSE [ 1], 3 28 [0 5 L4z, 2009,
5(5):1020 - 1024.
(GUO Yin, ZHAO Gang, SUN Yuan, et al.
Test study on the internal force and deforma-
tion for anchored bracing pile [ J]. Journal of
underground space and engineering, 2009, 5
(5):1020 - 1024. )

[6] 2R S22 B S P SRS TR IR B
WA N BTFE[ D], EPK: PR ,2012.

(LI Zhen. Study on deformation behavior and
its impact factors of deep foundation pit sup-
ported by pile anchorage in construction cite of
complicated geological conditions [ D ].
Chongqing : Chongging University,2012. )



620

Tk B B OR E eE R (A SRR )

%33 %

[11]

[12]

[13]

[14]

[15]

PR IR, 5, 55 R R e fg 55
YU TR N SR R 32 01 SR A i 20 #
[J]. TRE%2,2013(11) ;15 - 20.

(HOU Yujie, FENG Xiaola, MO Yun, et al.
Weighted and deformation characteristics anal-
ysis of internal support system in Tianjin high
silver CBD foundation pit excavation engineer-
ing[ J]. Geotechnical investigation and survey-
ing,2013(11) .15 -20.)

AR M T RE AR B AR S R T A
INERCERIR AT [T]. H AR TR %4, 2015
(1).:129 -138.

(GU Haidong, YANG Min. Experimental study
on supporting effect of scattered row piles in
soil nailing wall for foundation pit protection
[J]. China civil engineering journal ,2015(1) :
129 -138.)

MULLAPUDI R, AYOUB A. Nonlinear finite
element modeling of beams on two-parameter
foundations [ J ]. Computers and geotechnics,
2010,37(3) :334 - 342.

LIN Hang, XIONG Wei, CAO Ping. Stability
of soil nailed slope using strength reduction
method[ J]. Journal of environmental and civil
engineering ,2013,17(9) .872 - 885.

WEI W B,CHENG Y M. Soil nailed slope by
strength reduction and limit equilibrium meth-
ods[ J]. Computers and geotechnics, 2010, 37
(5):602 -618.

SCHWEIGER H F, VERMEER P A, WEH-
NERT M. On the design of deep excavation
based on finite element analysis [ J]. Geome-
chanics and tunneling,2009,2:333 —334.

LIU Jian,SHANG Ke, XU Xing. Stability anal-
ysis of soil nailing supporting structure based
on system failure probability method [ J].
Geotechnical special publication, 2014, 252 .
27 -39.

ZEIYE BRI AT RIS I g
MSEAERA B (V] A T 5 TR
#%,2011,31(3EF) 1) .284 - 291.

(LI Siwei, GAO Donghua, YANG Tiedeng.
Monitoring and numerical analysis of a deep
foundation pit[ J ]. Journal of rock mechanics
and engineering,2011,31(S1) ;284 -291. )
A A MGE A T B IR EETUTZ EH
F R G0N ) AR T R P BB S A [T ],
A TR ,2013,35 (BT 1) 484 —488.
(ZHA Pusheng, LIN Zhiyue, CUI Kerui. Nu-
mercal analysis of stress and deformation char-

[16]

[17]

[18]

[19]

[20]

acteristics of foundation pits under deep exca-
vation[ J ]. Journal of geotchnical engineering,
2013,35(S1) :484 —488. )

TR E R, USRS T S5 TRUE A o
SRR BRI EEFE[T]. 1 J157, 2010,
31(1):258 —-264.

(XU Zhonghua, WANG Weidong. Selection of
soil constitutive models for numerical analysis
of deep excavation in close proximity to sensi-
tive properties [ J|. Rock and soil mechanics,
2010,31(1) :258 -264. )

FICE. ARG T RGBS T].
HMRE S TR B, 2012(6) 19 - 12.

( WANG Wenzhong. Research on design of
foundation pit support in complicated condi-
tions[ J]. Journal of Jilin institute of architec-
ture and civil engineering,2012(6) .9 - 12. )
FIEIR AR S AR AR T AT TR
WIS ST [T]. MR A S TSR,
2011,7(5) :968 -976.

(WANG Haoran, XU Zhonghua. Design and
monitoring of the deep excavation in compli-
cated environment[ J |. Journal of underground
space and engineering, 2011, 7 (5):968 -
976. )

FEG. 544 R PR S TR R I A 1
ALV afa 1585 TR AR, 2013, 33 (3 T
1) .474 —477.

(WANG Shuguang. Deformation control of ex-
cavation engineering with complicated sur-
roundings| J]. Journal of rock mechanics and
engineering ,2013,33(S1) :474 -477.)

RSO AL sk ER. A R ETRRAL BT
ZRINE T B TR G M A [T ] P A
(5 B 1k ,2016,19(20) ;101 - 104.

( GUO Wensheng, DU Haoming, ZHANG
Zhigiang. Applicability analysis of foundation
pit engineering under composite soil — nailed
wall processing complicated environment[ J].
China management informationization, 2016,
19(20) .101 —104. )

BB, AU KRR, S5 BRAET TAR A A -
MR BUE AR [ T]. & L TR,
2008 ,30 (4] 1) ;155 - 158.

(JIA Di,SHI Feng,ZHENG Gang,et al. Elas-
tic modulus of soil used in numerical simula-
tion of deep foundation pits[ J]. Chinese jour-
nal of geotechnical engineering, 30 ( S1 ).
155 - 158.)



