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Numerical Simulation and Monitoring Analysis
of Double-ring Bracing System in Super Deep
Foundation Pit

CHEN Xi, XU Wei, DUAN Chaojing
(College of Civil Engineering, Tongji University, Shanghai 200092,
China)

Abstract: A study was made of the deformation law and the
mechanics characteristic of the double-ring bracing system in
super deep foundation pit through numerical simulation and
monitoring analysis. Based on the example of double-ring
bracing system in foundation pit for anchor, the full three-
dimensional finite element model was used to simulate the
excavation of the whole foundation pit. Interaction between
the bracing structure and the soil were also taken into account
into calculation. Compared with the measured, the results
indicate that traditional design is conservative when applied to
the design of double-ring bracing system characterized by
space effect and arching effect, and the stress of lining is
affected mainly by temperature change during the construction

rather than the deformation of concrete diaphragm wall due to
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the small deformation of bracing structure.

Key words: super deep foundation pit; double-ring bracing
system; three-dimensional finite element; contact; mechanics

and deformation
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Fig.1 Structure of the foundation pit (unit: mm)
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Fig.2 Finite element calculation model of the

foundation pit for South Anchor
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Tab.1 Thickness of each soil layer of the foundation

HEZEE/m

e T il
Do s K+ 2.0 2.0
O, IRV AR + 4.1 4.1
Oz, 3%, Ry 1.9 1.9
Duze » IR FAS + Je ks 9.0 7.0
@1, Bk 3.0 —
@3 B RE 1 13.0 18.0
®@: . 8 6.0 —
@Dz 3B RALERE 1.0 1.0
@3, BRATE 3.0 9.0
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Tab.2 Constitutive characteristic parameters for

the material

T2 HWMRIE/MPa B ¢/kPa RS/
0 1. 65 21 8.9
1 2.16 21 4.6
D 11. 26 7 31,8
Dz 8.5 20 14,1
@1 29, 4 6 33.2
@s 14. 26 23 13.5
@; 52. 46 6 33.2
ar 5 000 2 940 46.3
@3 10 000 2 940 46. 3
@D 20 000 3180 46. 4
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Tab.3 Work conditions analysis

TH T AR i35
1 BIYEHRE 715387 MR HEE
2 T HE T RSk ik MR HEE
3 T8 1 Btk

N . 25 1.8 m,
t o ETERAE R L migg LS
5 F258 2 B4k
6 MELE 2 2 1 mBEpH
7 FEE 3 ELE
8 HLH 32 1 mBERK
9 T8 4 Bk
10 MiTH 42 1 mEPNH
11 FiE8E 5 B4k
12 ML 52 1 m BN
13 Tz 6 Bk
14 MTE 1R 15 mENH
15 F258 7 B4k
16 MTE 22 1.5 mERA
17 Fisg s Bk
18 MTH® 32 1.5 mERR
19 FEE I BRLEk
20 MiTH 42 1.5 mERHR
21 THE4 10 B L4k
22 MLH 1R 2 mBEHNH
23 FHEE 1L B4
24 WiTH 2 2 2 m BEWHt
25 FEE 12 B+ JE 4m
26 HLH 32 2 mBERNK
27 T2 13 Bk ALALMIFFZ 4m
28 WiTH 42 2 m Bt TR B it T 4 R 5 Ay

=4 WTESENAETE
Tab.4 Stress and displacement of concrete

diaphragm wall

T {rﬁ%j: {rﬁ%j: ;A EH BAERE

fi#/mm  fB/mm N S/MPa R 1 /MPa
3,4 1. 07 0. 89 0. 044 —1.101
5,6 1.08 1. 29 0. 169 —0. 968
7,8 1. 34 1.73 0. 282 —1.283
9,10 1.73 2. 20 0.196 —1.633
11,12 2.08 2.72 0. 236 —2.007
13,14 2. 40 3.17 0. 270 —2. 385
15,16 2.75 3.63 0. 303 —2.721
17,18 3.10 4. 05 0. 337 —3.146
19,20 3.56 4. 66 0.736 —3.662
21,22 4,18 5.33 0. 838 —4, 157
23,24 4,72 5.81 0. 969 —4, 544
25,26 5.11 6.01 0. 346 —4, 862
27,28 5. 40 6. 47 0. 557 —5.084
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Tab.5 Stress of Lining under Each Work Condition

T AR E RS/ MPa AR E RS/ MPa
3,4 0. 080 —0. 269
5,6 0.071 —0. 325
7,8 0. 054 —0.334
9,10 0.075 —0. 445
11,12 0.106 —0.611
13,14 0. 241 —0. 875
15,16 0.299 —0. 858
17,18 0. 301 —0. 988
19,20 0.312 —1.079
21,22 0. 336 —1.126
23,24 0.343 —1.132
25,26 1.017 —1.783
27,28 1. 006 —1. 609
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Fig.3 Final displacement and plastic zone distribution of the soil
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Tab. 6 The measured and simulated values of stress

in GJ06
i BHS S8/ MPa 8/ MPa
GJ06-A-18 —22.8 —2.8
GJ06-B-18 —4.2 —2.8
GJ06-A-24 —17.5 —3.9
GJ06-B-24 —10.0 —3.9
GJ06-A-30 —15.6 —5.0
GJ06-B-30 —13.0 —5.0
GJ06-A-36 —3.8 —2.8
GJ06-B-36 —13.2 —2.8
GJ06-A-40 —1.8 —1.8
GJ06-B-40 —4.0 —1.8
GJ06-A-42 0.7 —19
GJ06-B-42 —5.7 —19
GJ06-A-44 0.9 —2.0
GJ06-B-44 —4.3 —2.0
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Tal. 7 The measured and simulated values of stress

in GJ09
i B4 5 S/ MPa I HEAH/ MPa
GJO9-N-12 —7.6 —L8
GJ09-S-12 2.5 —1.8
GJO9-N-18 —16.3 —2.3
GJ09-5-18 —16.9 —2.3
GJO9-N-24 —2.3 —2.5
GJ09-5-24 —4.8 —2.5
GJO9-N-30 —22.7 —2.1
GJ09-5-30 —5.5 —2.1
GJ09-N-36 —0.9 —L3
GJ09-S-36 —4.2 —1.3
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Tab. 8 The measured and simulated values of stress

in NC01
i B4 5 S/ MPa I HEAH/ MPa
NC01-A-21 20.0 —0.9
NC01-B-21 15.1 —0.9
NCo1-A-27 —0.9 —0.5
NC01-B-27 —1.4 —0.5
NC01-A-33 12.9 —0.3
NC01-B-33 9.7 —0. 3

TEBETT B, HR RGP AR Sy i T 2 S 355 1 L
SCIE ERY RT3 45 R R A B B R Z 3 8]
JERT F3 A, SR T 72 L, 1 SETTH5 B3t 0 A +
J7 RN T AR AL T AR, B i T S O 4k
AT 2R F B H MR AR PR AR AR R 0T

THEBIRRIE S 5% B 5. R E BHA Y
P R T B R A T 0 I ST A B M | FR A
TSR » N BUE PP R EE ST S P S5 A B
ARFEEL /N i LA A o T T 2 S A B T 7 2R Y
P 3 A o 3 A i e 380 ] ) 3 BE AR A A
MR HZ AR AR .
3.4 HiSbEXEASGH

SR FIHEA A T P S b T — 3 s
T3t FEPAT SR AR LI P T7 10 L 4571 19
Jr i LA X B i g A A S AR s 4 A% HITE (TYO0L ~
TYO04) , FHl AR 6 R+ kA, bt 24 AL+
it B 4~5. 38 TY04 M SALTE &5 —
J& EARTTH2 5 B S BB RO B T3 485 SR % L
S et e BER I A th £ An &l 8 Jrom. A Sl
(X g R 7 A AR B I i 2 2R R O, S
EHESTHEEFHES. BB 2
SR

LR/ kPa
100 150 200 250 300 350 400 450 500
T T T T T T T T 1

=it
e Sl

8  EyusMul TYO4 i s 4k + 5 07 BE R B 25 10 dh 4%
Fig.8 Soil pressure-depth curve of TY04

4 ZEig

AR SCRFEFEATE T Al WU B BRI A R R S 4 4
a0 AR SRR, A 2 = 4RI U S i 7 8
S5 S B A T B 0 LR PR R TR B BT ST 9 4
M52 3 P BE AR I R AE HEAT T OH5E. i 0T
%ilt\;t

(DT ELIR R R B EE T IZ RS
TR IR R HR 0 W T LI i B AT H B IR
JEHEAR BB BARR/NE BOR 2005 T2 B
J5 TR, R 2 Se i L 1 STAME R TE A 1
B B R S L R A AR AR AR T oA
PLE T, T SR AT 2R,

(2) S0 F 3BT 324 2 355 O 17 40 387 B9 oL 0 7K -3
AR, RAAR T BEHE SR T WU MY SRS R



E 3

A o 5 SR SR TY PR B YL STHP A5 40 O B A 100 5 B S04 185

A HH 1R 2% ) 25500 R BRSO R A S S AR S
AR /NTE) g BRAR G R A T R TR ST Y.

(3) PR I EBEAE FIFE T3 0 S 3 G548 W LB
FEL i b T 7 S 5% AT » BRUSUR AT B IR BT S 45
Py B AR TL A8 /0N s BT LA e BT 1T 38 S 60 B i
FEAE RN I3RS o5 32 b A, T HE T30 I A IR 3 AR
A 8 oAl R R X A2 3 A AR RS e, BRI, P 34 )
IVIAE-ZNDE=€ o

CAD TS T IR 5, 4 . FE A B AR R 3 2
R, SCME 5T REBS LS BB S
MW+ R4, AW B IR T E 4L 5 Ik
fi EE IR AR R AR A R T B SE I R R
15O

(5) RN X i B SR 1 23R . B
ARAEK - RLRS LK I DR 5 Bl 1 » R BV R 29 Oy (1
3~2/DIFW, FEEZ) 10 m.

S E 30k

C1] #fh, 28008, BRul. FHE R EHREREN P SRR
HERRLVEPMET]. BREAR, 2005(12).893.

XU Wei, LI Shachui, CHEN Can. Deformation calculation and
safety evaluation of support structure of the south anchor pit of
Yangluo Bridge[J]. Architecture Technology, 2005(12):893.
FEFFAE, R_¥. HERIAHILHHREERR P TRES
FEEBABEX PN S0 0% 5 THE2), 2004
(6):1906.

LU Xinzheng, SONG Erxiang. Analysis on safety coefficient

[2]

and failure model of support system for deep foundation pit for
Runyang Bridge [J]. Chinese Journal of Rock Mechanics and

[3]

L4]

[5]

L7]

[8]

Engineering, 2004(6):1906.

PR, B, AT E SR S MR Y R
[J]. M FasE 5 TR, 2007,3(5):959.

LI Shaohui, XU Wei. Mechanical property research and design
proposals on the rock-socketed diaphragm[]J]. Chinese Journal
of Underground Space and Engineering, 2007,3(5):959.
SVEW, EPR. ERTERFRIMI. bx: PERF TN
AL, 2009.
LIU Guobin,
construction of deep excavation [ M ].
Architecture & Building Press, 2009.
TR, oL, AR, S5, KRUEDIME T 28 MR B ot 52
(11. &+ 4%, 2010(5).1579.

LET Mingfeng, PENG Limin, SHI Chenghua, et al. Research
on construction spatial effects in large-long-deep foundation pit
[J1. 2010¢5); 1579.

ERAL, IR, BRI WESUBHNE g5 RS A
+ AR, &L %, 2008,29(11).3089.

NIE Qingke, HU Jianmin, WU Gang. Deformation and earth
pressure of a double-row piles retaining structure for deep
excavation[ J . Rock and Soil Mechanics, 2008,29(11):3089.
0T, ToCH, M, %. NREREXBEREET TR
FIRL AT ], HbF 25 [B] 5 TR 24, 2010,6(1):179.

GONG Xin, DING Wengi, LAI Yunjin, et al. Application of

double-ring bracing system used in foundation pit[J]. Chinese

WANG Weidong. Handbook for design and

Beijing: China

Journal of Underground Space and Engineering, 2010, 6
(1>:179.

EZWR, IRE, FXEE. WERKREEWNFEIPERE
WE5HHI]. &L H%,2006,27(7):1204.

JIANG Xinliang, SUN Liangtao, ZONG Jinhui. Construction
monitoring and analysis of double large-diameter annular arched
girders support system in double foundation pit excavation[]].
Rock and Soil Mechanics2006,27(7):1204.



