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Monitoring and Analysis on Composite Support System with Soil
Nailing Wall-pile Anchor-inner Bracing
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Abstract: The field measurement of the whole construction process of a deep foundation pit
engineering in Zhengzhou city was carried out. Through analysis of monitoring data such as the
horizontal displacement of slope top and top beam, deep horizontal displacement of support pile,
the horizontal displacement law of composite support system with soil nailing wall-pile anchor-
inner bracing was studied. Combined with the engineering example, the finite element model was
established, the measured data and numerical analysis results were compared to verify the
applicability of model parameters, and then the influences of inner bracing position, anchor lock
value on the deformation of support structure were summarized. The results show that the
horizontal displacement of slope top is mainly controlled by the upper soil nailing wall in the
composite support system with soil nailing wall-pile anchor-inner bracing. The deep horizontal
displacement curve of the support pile in this system is generally “P” shape, and the maximum
displacement occurs near the inner bracing, which is produced before forming strength of
reinforced concrete inner bracing. As the elevation of inner bracing moves upward, the maximum

displacement of pile moves towards the bottom of foundation pit. In the composite support
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system, the determination of the elevation of inner bracing should be based on the location of

protected objects outside the foundation pit.

With the increase of anchor lock value, the

maximum horizontal displacement position of pile body moves down and the maximum horizontal

displacement decreases. When the engineering geological condition of the site is better, the

horizontal displacement of support structure can be controlled by increasing the anchor lock value

appropriately.

Key words: foundation engineering; horizontal displacement; field measurement; numerical simu-

lation; composite support; soil nailing wall; pile anchor

0 3

Xof T B A 2R B TR ORI LAY S B
AR AR 1 S 4P o JEE RS JE 2 il 225K . & & S ik
FMk B 2 b B 3R T S B TR
JRl L BR824 PF S A I o TR SHE S R R o i) O B
B3 TR R e PN SRR B AR A Bk . ARSI
XA AR P+ 25T 12~18 m FEHTHY
GRS A B T SR R S
1o L ARSR ] BT HE ST A5 R AT L b Fe b B A
A3 WL B AR 3 1 I AR R S AP A T LA AL
P RGO o 4 SR R ) R ST IR R
A LR AR DB R R A 5T N #8185 07 . A
REAT 2808 O 555 JAD ™ T DR I A9 e 22 A e 370 % o
SCAP . TRV, B2 A S8 M R TR R B 5 e A RE it T
Bl R IR o 7 HE T IR AR L A 4% 1] DL PR X — [ AL £
FING-HER-IN R A SO IR R — TR R .

N THESN S SRR HNEEE A
— PR RRGS . BEAET L RN R S
SCPVR RN T 7k 2T T k.l E TR R
B HESTAS TE B AR 5 T P45 13l o B A T of T
Bl BRSSP A T s R AT L
X IAT I A AT S AT VR A 5 3K e A
PAAE 5URE A2 & S TR O o1 o ikl 2 4T S 9
TR N ) SRR AT T RIESE L O BT
Bl S SO AR AR R AT 9 32 JI s /N T RVRE 2R A T 4
TATRE SR R BT Z 01 N AR AR — B R 2
SFUOVEEST T AT HE-BES S A SO P R R G
5 G E R X LN RS b R TR
FEARERE S 6 s 87 AR SR B X LR S TR AR A
F, g B T R By 2 3 4 A 2 1 DL E AT IS B TR
P AT -HE R 5245 S0 TR R Ah BRZ R TR IE BT Y T7 35 5
B AR S A IR TT R, 0 BCHERE A 1
BT ST B TT A2 4 B v B8 22 JE BRI R S 4P 6 4,
Z I AR HEAT T 4301 s R B KR FE R LT T

[

FESC] T T AER - N PR A SO IR R T IR R BT
FZARI G OL 3R T HER- P 3 5 SO Y R ORI T
PEHLIE.

E5 N 1k X T2 A S IR R RO T B AR
T FTE A ST A Rl N S T T
T ETHR-HER - 2 A SO R R ST A ST
BEXhizE & X IR R M IR S T LR
SR AR SO K R T TR L) 3 A S A 4
A2 T8 B 4y s W0 MM o T T 8 A T s - T
PG SR R T AN TR S 5 S 18] i AR L P
(] AR B BLBE L 23 BT 1A S5 007 B % il R B {RL X 52
AR S A AR B R W TR ST IE A9 A5 TR B - N S
FRAEAE AT J7 1 0 A S D ALAS 1R T B 823 AN
i THEE S %

1 MFHAE
1.1 TIEHR
TR 1R R R B L

PR IHE BRAZ o 17 45 4 o 1 Ml 4 57 SR T ME 2R 45 4
ZIH SR KT, P T 106 m X

65.9 m,FEH ISR EE K 15. 9 m, FEHLEE Tl
[\ 18 4~ H .
1.2 XHFE

ARTAREEGULE 2N T — 9, R L 57 5-hE
W-NEEGXYPRA, LIS EERN 4.4 m,
F—4. 8 mbEFG,FH 9% 920 mm, - 5T 55 #%
BeRE AR 0.2 BEAT . B 2 HERETL KR 6
m, KRR R 1.5 mo, 324 S 4 A TR 6 T T
FELAEAR 1 200 mm, B K E N 22.5 m, F# 5.5
m R FEIREE AL, LB E 2 HE BN AR bR A
B —6.1,—9.6 m,KBEEH 22 m, KFE[BEHR 1.5
m, R LA N 150 mm, A A 15°. 45 1 HERT &R
i A 260 kN, 25 2 HEE R B R 210 kN,
BRIREE N TP E AR — 12, 3 m G T AR =D
b T R SR 900 mm X 900 mm, % C35 1R 5



122 EHAFL TRFR 2018 4
L R 47 T L 1 N
SR,
—0.400 _ N ;
1m = 5 ~‘\.\ ‘o “
E 7 N \.>
—4.800m g P

—_— 3\& —10 X - ’_:;: _________
2 by s R E 62 m il LI R
I T FIEE —9.7 m i T2 R
2 8 —15f8 .= === FEE—12.85m

S I ‘} - %ﬁ%ﬂﬁ‘?ﬁ&%il’ifi%
—16.300 m ol ) == TEEHE—159m .
— I 0 4 8 12 16 20
#E/m
2 4 BEIHATREAFMLS
v
A Fig. 4 Deep Horizontal Displacements Under
32800m Different Construction Nodes
—Zz_ Y

B 1 EiiessrH mE (846 mm)
Fig.1 Typical Support Profile of
Foundation Pit (Unit;mm)
1.3 DFHENRBED R
D SN TS Ak TIPS ERE AUINTERE ) S A
i st ) A5 Ak il 28 DL T 2, 3 45t T X L S 4 A
WIZKEAL R LR DL 4

161
12+

st

A7 #/mm

4t

12%75 1EI26E| 3EI17E| SHIGEI GEIZSEI Sﬁll4E[ 10}%35
M

B2 HIKFEAEHE

Fig. 2 Horizontal Displacement on Slope Top

8.
6.

4}

A7 #/mm

21

14268 3A170  SA6H 6M25H SAIGH 1083H
i

B3 BRAKEME
Fig.3 Horizontal Displacement of Top Beam

T ETHR I TUK - (788 Bl L SO A2 RS2 K. 26
L HEAES 2 HER & it T 5 52 o 35 TR P 167 4% 1) 348
O AR B AT WA A 3 2 W A R 0 3 TR P 6. %
(1 42 ) AR R A W L 3 TR S 0 B R 2l 1
FIm Bt 2Rl . B R T 5 B B P ST T8
BRI BEI (8] P 35 THOK - 07 3% JLF- 52 4R PR 1L 6]
BT TR B PN SRR B R 2 T A AR E g

RES . Tk Gk VB 1K A T JE AR
3 B s [) PRy R o) 5 0 O 5 3 L 5 R Bk T 42
753 T8 8 0B AR ) 1R A9 A TR BE H 9 SR A
SRR IR R 2 7.

568 2 K S5 B8 A PR S 4 it T A R R A
P S T 0 i A A /N .k e B N S
58 K V-5 B A e D ) 9 R

PR P 2,3 w] T el il T 58 B I« A6 K 1)
FL BTRMERE AL 4.6 mm (i %, KFENE
22 W SEHT A2 AW K BB BT R I2 58 58 K B
2y 7.8 mm, HI, & TRREDHREE 4 L%
FECHEFEEPEMRLAT 5 m LR W), NS TE 4]
3355 0 56 G 1) B T v 2 R T 42 % T a0 R SR A S Ak
FAE R I 52 ) L 32 73 6 A o AN T AH S8 0k f 4 2
S 1 S il 0 I e DR B R R R AR

TR ZAKEA R I KECE P, Hiw K
MM IAEL) —8 m Ab, EDPN AR E ., X5
ST B I TR R AT 2l 22, 3 B AR A TR B+
P Sl R A A I S 4 Bl A B A TR P S
T B B HL S R A AR T A RE T A KRR
T3 Ab 5 A S AN TR L AT TR R - PN S P TV it
TR 15 R S b & A — e KR 5 P i R
WG AR A RERBL R, ek B b L EUIT
I 3 R Ty 1K 3 BT N S AR e B K CF
MR RS . Xt BB A7 W AT DA A L b s Ak K
P LA T N SR R .
2 HESH
2.1 BHRTEBPETL

K H ABAQUS A5 BR G 4 X 3k 51 71 42 18 72 v
FEHT A (AR S P 25 ) AR T HEA TASERL . AR ) R
R 90 mL P 60 m; FHIZH B9 RS 1K 29. 15 m,
TR 15.9 m, BRI AR A 4 47 S0P BT,
Mohr-Coulomb A4 45 Y 5 {4 | & 45 SR FH 4%



% 4 8

RIS, F 24T - NELAS I RABN S > 123

B s A 2 ) SR T JEE 45 Y b R AT B . LR
LSRR 1.2 FEAR BRI NA] 5 iR .
®1 TtESHSEUSH

Tab.1 Soil Layer Distributions and Simulation Parameters
P I, EEC FEI/ Wfﬁé% JE SR i/
(kN+m~%)| kPa [fii/()| MPa
1 ¥t 6.45 19.0 14 18 6.0
2 | Bt 2.06 18.9 24 15 3.5
3 Wt 3.39 19.3 14 20 8.1
4| itk | 4.80 18.9 22 18 5.5
5 ey | 11.73 19.9 3 28 28.0
6 AL 11.93 19.5 22 18 12.7
7| FitEL | 19.64 19.7 24 19 14.2
k2 ZHBH
Tab.2 Structure Parameters
ity | WE/GN - m™?) | S /10" MPa | AL
SCAHE 25.0 3.0 0.2
X 25.0 3.0 0.2
+47 78.5 20. 6 0.3
& 78.5 20. 6 0.3

BS5 BEERSHER
Fig.5 Basic Analysis Model

2.2 {HEIR

HETHNT .

T 1 BT — 4.4 m, R P R AT A
2 HEL 4T,

T 2 BB E —6.2 mL il T45 1 HEGE &
(—5.7m),

T 3 B E — 9.7 m, il T4 2 HEAE &
(—9.2m),

T 4B TFEE & —12. 85 mo it T 49 TR B
9 S NS B —12. 35 m,

TH 5 YL IE B HUE N —15.9 m,
2.3 ZMEEMERITLE S

25 LU T B K S 8% 52 DA 55 B HUL0E 19 X 1
UL 6, T80 5 T S E IR 2 7K F A B 52 D E 5 A5
U B9 X EE WL 7,

AL /mm

6 IR FABITLE

Fig. 6 Comparison of Horizontal Displacement on Slope Top

20

B7 REKFEMBILL
Fig.7 Comparison of Deep Horizontal Displacement
S THE K P A3 % M S AP R TR T2 K 1 62 8% 552 0 A 5
R 1) s A — B0, HACE AR 3 0T 0 1
A7 5 02 Bk BORY SE FE  LAT Be 4 IR 2 N2 Y
A7 BR AR TR Xk S 470 25 ) 1k A7 jE 400 B2 3 BF 98 9 503
A BRI 2R BIUE (B A5 BT 2 BN SR ST IE B 5 i

3 EBNZIT S SN

3.1 AXEME

TETOL 5 F - 70 0K A SCHE R T80 1.2 HESl
FPE bR — 7.5 m, B LT 1) FIAE TR b R
—4.4 m, BELTA 2 BEATIHRL BT A T 5 R R
PLTLL 1.2 N WS BER 2 KT A% T L i 2k 0L ]
8 o FEHT I I 45 F (14 75 TB FRAE X b L2 3.

0_
_5_ -
g S TTmea
E | rriEap —
B 10 e D0 -
o | e — T
—15f (L L L B TR
: -—- BRI
_ i
W09——4 8§ 12 16 20 24 28 32

& E/m
B8 HNIXEMERAANMREKEMLR

Fig.8 Deep Horizontal Displacements in

Different Inner Bracing Positions
Hik 8 ISR 3 Al 7E L ETHE-AERE-N IR R A
SCHR FR P BN SO RS S TTUK P B BRAT U



124

HHAFE TRFIR

2018 5

x®3

M X E G E R E R ERFE

Tab.3 Deformation Characteristics of Foundation Pit in

Different Inner Bracing Positions
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Tab.5 Deformation Characteristics of Foundation Pit

Under Different Anchor Lock Values
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