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Field performance of large-scale deep excavations in Suzhou
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Abstract: The performance of large-scale deep excavations in Suzhou, China is comprehensively examined based on a great
deal of field data, concerining the excavation of Suzhou Modern Media Plaza (SMMP), 11 rectangular excavations (i.e., aspect
ratio of length to width is around 1.01~2.68) constructed by the bottom-up method and supported by auger-cast-in-place piles,
and at least 23 long and narrow metro station excavations supported by diaphragm walls in the same area reported in literatures.
On the basis of the analysis of monitoring data, some major findings are obtained: (1) the average of the maximum lateral wall
deflection, dyy, is 0.08%H, for the rectangular excavations and 0.20%£H, for the metro excavations, where H, is the excavation
depth; (2) the depth H,,, where dy,, occurs, falls between H,, = H.-10 and H,, = H, + 5 for the rectangular excavations and
between H,, = H.~7 and H,, = H. + 8 for the metro excavations. H,, of the excavation propped by steel-reinforced concrete
struts is a little smaller than that propped by steel pipe struts; (3) the maximum ground surface settlement, d.,, is around
(0.01%~0.09%) H. for the rectangular excavation of SMMP supported by diaphragm walls and around (0.04%~0.27%) H. for
the metro excavations. The ground settlement zone is about 4.5H, behind the retaining walls for the metro stations which is
larger than that of the rectangular excavations; (4) the ratio of dyy/dny is around 0.13~1.07 for the excavation of SMMP and
around 0.22~1.65 for the metro excavations; (5) the vertical

column movement, d, is around (0.07%~0.26%) H, for the E&TE: ERARRFIETH (51378389); LigligEZ& Aok
BB E LI (1322027)
IFSEHR: 2014 -07 - 14

rectangular excavations and around (0.10%~0.23%) H, for the

metro excavations; and (6) the peak value of the envelope of the
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derived apparent earth pressure is 0.80yH, for the large-scale rectangular excavations and 0.87yH, for the metro excavations.

They both occur at the depth from 0.21H, to 0.64H.. The envelopes proposed by Terzaghi & Peck and Japan Society of Civil

Engineering significantly underestimate the peak values of the apparent earth pressure of the large-scale deep excavations in

Suzhou.

Key words: large-scale deep excavation; diaphragm wall; auger-cast-in-place pile; excavation shape; deformation behavior
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Table 1 Deformation control criteria for excavations in this study
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Fig. 1 Site plan of excavations
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Fig. 2 Cross section 1-1 of excavation
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Table 2 Physical and mechanical parameters of soils
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Table 3 Summary of rectangular excavations in Suzhou
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Fig. 4 Relationship between maximum deflections of retaining

walls and excavation depths
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Fig. 6 Relationship between normalized maximum wall

deflections and wall penetration ratios
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Fig. 7 Relationship between normalized maximum wall

deflections and normalized system stiffnesses
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excavation depths

Bl 10 LR 2 BR T m R DR E s . Hod, K&
10 (a) RoRHIR 6,/ Ho 55 d/ H, (o d A EIEYTIL
GEEERD MR R ATTRE IR MR FH T i 4
B 1 R R S DT DU 2 R A Peck™
i TP, 0 HAERRITTRE R AR TTIX
AR, T AT I, M4~MS8 (13 2T %
HEAE E/NT MI~M3. (AN, A RS 5 R0 %
SILHERE AT BORDIRE R AEAE (0~1.5) H,

JEEE N, 102G d/H>2.0 I, 55 5 H T a] Z0g AN
I IR SR FH R 3 8 58 B4 1 2k 2R sl B o ke s
RUCRE LI MR B A BOR DR Il 7E
(0.5~1.0) HJulW, 4 d/H>2.0 I, HRDIBEE
#/IN. Hashash ZECOMRAESE Hmods TREZ —10ET
/RS TR ST TRE S, #7110 ()
IR (K55 i 2 1 B il 280 48 2% o Tan 250105 1%k
ST AE AT AT, R IISCHR[SO1 B H A TN it 2
AT R g b DX b 2K 2 ST B S MR DR 1 L %
2o AR SR I 2 T [ b 1 A AR L B DX 1)
PN A 2 FE U e R RN, AT AR A (0~
1.5) H JuEIMUTRAE, mifl (1.5~5.00 H e
G2

o MG A TEMI-M3

A’/ /

/ O HUFEELERE A& THEM4A~MS

o
+

K1 Bt BEEAKEL - SpBeh L
N
DB AT BV B (SR AR R

(a)

08.0 05 10 15 20 2.5C 30 35 40 45 50

03 =T T )
/8 50" ) L ,‘/
0.2 S e
- - Hsieh%|51I
504 -~ Hashash&""
< — &I
: T ey

o o HMUFESLN A TEMI~M3
O TS A THEMA~MS
° A HTFEESHE MBI
0w GEILEERERE AL
0779’: o 7/
Q)

10 SR RITPERTS
Fig. 10 Profiles of observed settlements

ZitrlE 10 (@) A 10 (b) ATBURIL, K4 HD
R 3l L DU Bt 5 M OB S W B 2K T T T A
Y, %5 Tan 2500 b B2 bk 420t 3 DL
WESTEE RAR T o

K10 (b) KIRIIZ 0/0um 55 d/ H IR FR o WT L
B, ATLREMEG F R EE s AifE (0~3.0)
H JGHE M. SR, HE 10 (@) WA, 76 2.0H,
DAL, BRI HIE T2 [N T M4~M8
AR DTRRRL AT AR W, 3 BOZLEIT I ) feo A
KU 0u/0um B R IILZEH NN 10 (b)
TR AR A BE IR DO R 2T O . Uik IR



%3 RbH], A IR NI O R EEGIEGTATEA AR I 7B 465

e

\

KAEAL T (0~1.5) H JGHIN, 7EIEHE SME#k
HT 2.0H, KIRAETE; i X R M 3% S B5 H §
{10 2K 2 s L S8 I b 3R T A 2 1 3 ] S A 2 38 5 24
4.5H AL, B RMEALT (0~2.0) HJERIHN . IXPIFIA
IR AL TR I M I ST PB4 KT Hisieh 250"
B &bk R I A RS R, 9F/N T Hashash 250
Bl st v A L HE R
4.3 w5 omBIXFER

Bl 11 RRIE Sum 5 0 IR R. FILLEH, &
TFEH Oyl Onm Z2ALVEFE K 0.13~1.07, “F¥ME N 0.64;
SN B X SR FH b 3% 29 8 L 1 Uk 3 T S/
Snm BTG N 0.22~1.65, “FI{H N 0.76. Wang 257
B ) b A b DR R AR AL A PR L A Vi )
TEFEYT S/ Som MRV ARGy 0.4~0.9, LG
ANFATRE; Tan 2Ot b et X R I 3 1805
PRl A2 T PR MR 23 T S/ S IR GBS
IR 0.1~2.0, JLIEHE T ARSC RG] 55 X
EINAIOE R

0r o wrEes AT

A HUFEESENRE MR
60 | = HFLEEEME 7:7%%@?/

5?0200

1 0o 5 O HIEZR

Fig. 11 Relationship between maximum wall deflections and

maximum ground settlements

4.4 HERER

BEYUHZ R, ZhUR AR I AE
St T g AL R I SE AR S B — s R I
Bl 12 RRIRREYO AR (0o HEEVUFZIR
FEMIRR . Ho, S0 WIERRAERER, &2 FRDT
Feo mTLUEH, 7EdpMhiX, R AGFLHER AT A~
TESERG FIY AR TR SR B AL RES BE B (1) 07 T2
FEGU AT BE DU E ARG T W2 X, A (0.07%~
0.26%) H., “FIIE R 0.14%H,; FMHbX R HL N %
255 33k L 7 110 M 2k 2 3 6 e 7 A B B AR A Y LA
(0.10%~0.23%) H., “FYJEHHN 0.14%H. WU, A7
FERE DR/ NS G UHZ ARG, S HETURIR, £
FEERIER K RA K. Tan ZEUOUp0F i X R FH i

NSRRI M Ak R
YUk MG v HE 2 5 (0.05%~0.30%) H,
J (0.05%~0.18%) H., X 5ASCHRAHMN K476 H
AHUT o

50

o BETLMEVEREH T S A TR &
o M FEELERE MBI D T
ol ® ST RS

30 -

: oS
3 N y // @
b <
“ 20 F //QW ,é\& @m
N AN
AT
o 4 =
10 - /// ’,A,*?émfi
7 /,A'/
6]
0 Il Il 1 Il Il ]
0 5 10 15 20 25 30
H/m
12 SHETESEMAZRENXER

Fig. 12 Relationship between column uplifts and excavation
depths
4.5 RWLEH
BT WS s A oY= P WLk (11 R & LN [
GUN SCHEARSE, BRI, )R SCHER O AT S 545 2
YER TR ity ERRM AR ) (P LIS =
SCPE IR ) CRHE IR S5 Kl D) 53 Al 28 A 1) I 1)
1), KA Terzaghi ZPPE K I Tk, H8IRN
TR IR BETT ) o AU ] 13 s o AR LR i %
FHZ AL TR TG L, T RBY D)5 S, = 58 kPa,
Iy =19.0 kN/m’s A LAFE H, A TRESEGTI R 1K
JIEAE N 0.70 yH, o 11K Terzaghi 524331 1- K
D15k, HRM R EACh 0.22yH, , HA
SCTH R AP R 22 . IX ] REJE i LA R R R 5
EH): B TR E P S i MR AR A, H A
Yoz abuUR)a, B S s R f 2 BT
LA 2 10 mAab (B3, 5), RIEE 3 S 3 AR BT
(K 2), X FEOE SR WOk Cal e f
J6H 4 5000~8500 kND, [AITT LA S B304 (M -+
Ji 77 bR Terzaghi 252130 169 20 A B 3 53R 45 1)
UL R BRI Z
FHPE 13 mI%a, o5 DR Al L E A R 9
I T T TR (AR TR W s
ERIEAE N 0.80y H, , HILETHZIILL T (0.21~0.64)
H AL, IFAE (0.64~1) H i Bl N ZEHEN 2 0.5y H,
I HE DR SR FH B i S 5 7 K 4 2k ZE it BT
T AR I EE LG A 087y H, ,  HELAE 210 LA
T (0.21~0.64) H AL, JFAE (0.64~1) H oW ZE
W 075y H, o HAR L ARZEZSPE R L R0



466 a5 oE L OB ¥

2015 4F

TR EBIE A, BEA T (0.2~0.4) yH, A,
HIAEFFFZIICA R 0.4 H AL, % TS5 35 S b fi 1
KZER . X AR LA R R SR a0 4.1 15Tk,
HARREEY A RGNIBEBOR, (H2 R R EEREES T
FHAZENBATIAS AT E G 1R 5 R AR ORI AR T, RIS
2 DIRCEN P NN | 8 &S E I WEARIEY
BE ST HA ARSI EN LS. Bk, #
RECR AR R 5 P e DX R R R B W L s )
SIATIEAT RO HER IR TR0, W Z50R BT R R I —
LR BN LT S A

B=PJyH,
0.0 0.2 0.4 0.6 0.8 1.0
00 \\ ' ! ! ' 7'7'Terzaghi%|52|
' 5 -
02 Laalm o \m\ a — HRES
, Yaaaomo, o0 ! (FEATE
8 EFW :: BEE & & A: o AT
W A HhgkE
041 L8 N | mj%g%
= ! ; !
I 4 A AM A:
06 il GEGPWEIO00 § | AXRATFHEFAE
; ; N 2 BRFL
N ' 7 =19.0 kN/m?
0.8 - ﬁ ; ) $,=58 kPa
i / H,=157m
i 1
1.0 lema axch ao an

13 BHPEMFNLTEHO%KE

Fig. 13 Derived apparent earth pressure envelopes

5 4 it

AT LA R AL B IARAL B3 5ok T
PR 50, IR A CHOE I 2 2 AN E ST TR S E s
SIS PH H DA 2 1 FA K R BE s PR DL R K
ZIC MRS YT AR TR, 1 R4

(1) W E RS K oy A2 SRRt e 2z ik
JUSEFEGUAR T AR TRER I “Hb N i S/l fLE
TEEHREE L S, DR RHE T
BB T T B B AR T B2 R 1 B 1 5
i) .

(2) KM T S A TR 7 TR
RN Oy IR 0.08%H, o KT FLHE AT H
P TEIEYT S PIIEN 0.13%H,s KL FIELE
i Bl TR A% TE VR ZE 5 R T S T YIMEN 0.20%Ho

(3) RAEGFLRESEBE FEl 1) 7 AT 9 4544
R R (Hy) FEET (He10, HAS5) 3G
BRI PN s SR FH BB e S 58 R4 K 4 T b 2k 2l 5T I
Hy YERT (HA7, HA8) JUEIWN . KR
PEIFETU) Hop B8/ TR LI SCPE YT Hio

(4) TN M DX LT 4 2 g ad N b E A T
0.7~1.0 Yol N, ZHRZRIE CEI/y h*) T4

HT 100~1000 G P4 s (HBf A 1\ Lk 2 3 RGN
FERISE N, B4 4544 d R S 28 R 18 2 1R/

(5) X B 5 e KHER YIS (S, RAIHL T
RGO TR TEHEYT Sy MG (0.01%~
0.09%) Heo SKHIHL I S8 Fl 3 (1 K 4 Hb ik 2 i
BB O HIVER N (0.04%~0.27%) H,.

(6) Fn M HLIX FE BT RS 5 Hh 2R 0 B 3= 22 R A A
Peck™ Wil 23 i T X (b1, BEEE L AUKE ) . M
BRAE L IEY U 5 R DI e Bl 2 4.5H,, KT
T TR LG URE G MR DB R e ) (R TR 2H) .

(7) SR F M T IR 4 AR TR TE ST Son/
S TG R 0.13~1.07; SR MR IZELLRS [l 1K 4%
JEHVER 20 YT O/ O M1 4 0.22~1.65,

(8) R “Hh FIESEEY” « “BNFLREENE
MR IELERE” BRI LR AR B PR A Bl 11 2
BOrkEBEDUE (6o LREFEXH, HMEA 0.14%H,.
SEREREDUR NG IEYUBAR . $ LSRR K.

(9) KRG FLRERAE BB S AR v 10 oK %
T TERGTRM A IR ZR A 0.80 y H, ,  HIIRAE
THELA T (0.21~0.64) H, 4b; HHL T %255
PR S5 T bR 4 3l JE BT R L T ) 0 4% SR U (LA
0.87yH, , HIAETHZMLLT (0.21~0.64) H k. %
I Terzaghi 2521, LI HAS F A TR S @l 1 1k
VA i S A e N R R WAL 21

SE K-

[1] TAN Y, LI M W. Measured performance of a 26 m deep
top-down excavation in downtown Shanghai[J]. Canadian
Geotechnical Journal, 2011, 48: 704 - 719.

[2] LIAO S M, FAN Y Y, SHI Z H, et al. Optimization study on
the reconstruction and expansion of an underground rail
transit center in Shanghai soft ground[J]. Tunnelling and
Underground Space Technology, 2013, 38: 435 - 446.

(3] BRALEE. I IRFE LT R 420k 45 K 1 22 42 B ARAP R HERIE T
[D]. L [FHFK2%, 2014, (WEI Shi-feng. Investigation on
safety and protection criteria of metro stations adjacent to
deep excavations[D]. Shanghai: Tongji University, 2014. (in
Chinese))

[4] LIAO S M, LIU J H, WANG R L, et al. Shield tunneling and
environment protection in Shanghai soft ground[J].
Tunnelling and Underground Space Technology, 2009, 24(4):
454 - 465.

(5] W 4. HBkBRIE EJ7 K AREN 8N AL S A Ut
FR[D]. L [AHF KA, 2007. (QING Er-chun. Research on

subway tunnel deformation due to large-scale unloading and



e

%3 RbH], A IR NI O R EEGIEGTATEA AR I 7B 467

\

its control[D].
Chinese))

Shanghai: Tongji University, 2007. (in

[6] TAN Y, WEI B. Performance of an overexcavated metro
station and facilities nearby[J]. Journal of Performance of
Constructed Facilities, 2012, 26(3): 241 - 254.

[71 WANG J H, XU Z H, WANG W D. Wall and ground
movements due to deep excavations in Shanghai soft soils[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2010, 136(7): 985 - 994.

[8] PENG F L, WANG H L, TAN Y, et al. Field measurements
and FEM simulation of a tunnel shaft constructed by
pneumatic caisson method in Shanghai soft ground[J].
Journal of Geotechnical and Geoenvironmental Engineering,
2011, 137(5): 516 - 524.

[9] TAN Y, WEI B. Observed behaviors of a long and deep
excavation construction by cut-and-cover technique in
Shanghai soft clay[J].
Geoenvironmental Engineering, 2012, 138(1): 69 - 88.

[10] TAN Y, WANG D L. Characteristics of a large-scale deep

Journal of Geotechnical and

foundation pit excavated by the central-island technique in
Shanghai soft clay. I: Bottom-up construction of the central
shaft[J].

Geoenvironmental Engineering, 2013, 139(11): 1875 - 1893.
[11] TAN Y, WANG D L. Characteristics of a large-scale deep

cylindrical Journal of Geotechnical and

foundation pit excavated by the central-island technique in
Shanghai soft clay. II: Top-down construction of the
peripheral rectangular pit[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2013, 139(11): 1894 - 1910.

(12] W%, BRES, Wk, S5 SN sk 4ol R e A Ty
AT I]. A L LRRAER, 2010, 32034 F] 1): 458 - 462.
(WU Chao-jun, CHEN lJin-jian, YE Guan-lin, et al.
Deformation characteristics of foundation pits of subway
stations in Suzhou[J]. Chinese Journal of Geotechnical
Engineering, 2010, 32(S1): 458 - 462. (in Chinese))

[13] skpl's, BEA7IC, XIRAE, &5 JRINHBER 1 S2ZEuh it
GURHP S AR TEAER AT (0], H 7R 22 0] 5 TRE AR, 2013,
9(HF] 2): 1961 - 1965. (ZHANG De-fu, TONG Li-yuan,
LIU Song-yu, et al. Deformation behavior of support
structures of deep excavatons in Suzhou subway line 1[J].
Chinese Journal of Underground Space and Engineering,
2013, 9(S2): 1961 - 1965. (in Chinese))

(14] oAb, W 5, B, &5 BRITBRIENN &5 5 R
BUAR PR S AT [T]. AT, 2014, 47(8): 112
- 119. (WEI Shi-feng, TAN Yong, LIAO Shao-ming, et al.

Field measurement of a semi-top-down deep excavation for
the shield-launching shaft of Qianjiang tunnel[J]. China Civil
Engineering Journal, 2014, 47(8): 112 - 119. (in Chinese))

[15] RIGERF A B DT BE(R ) A R A =L IR 3 gl
B AP R S IHZ BT & R]. L, 2011
(Architectural Design and Research Institute of Tongji
University Co., Ltd. Design of the excavation of Suzhou
Modern Media Plaza[R]. Shanghai, 2011. (in Chinese))

(16] XL PR TR IS RN B 5 SR [T). A4 )
22 5 TREAR, 1999, 18(381)): 763 - 770. (LIU Jian-hang.
Time-space-effect theory and practice for excavations in soft
clays[J]. Chinese Journal of Rock Mechanics and
Engineering, 1999, 18(S0): 763 - 770. (in Chinese))

[17] TAN Y, WEI B, ZHOU X, et al. Lessons learned from
construction of Shanghai metro stations — Importance of
quick excavation, promptly propping, timely casting and
segmented construction[J]. Journal of Performance of
Constructed Facilities, in press.

(18] VEAHES, iy 5. J5 M [ B Ji p R DOt 1 22 4 Il
[7]. £, 2003, 19(4): 18 - 21. (WANG Zu-min, MA
Zhan-yong. Construction safety monitoring of deep base pit
for international convention & exhibit center in Suzhou[J].
Surveying and Mapping of Geology and Mineral Resources,
2003, 19(4): 18 - 21. (in Chinese))

(191 KU, W25, KRR, BEPEHE P BT RE R
FRBITUIL. SRMRE AR T AERR), 2010, 30: 236 - 238.
(ZHU Shi-zhe, YANG Hong-liang, YU Wei-dong. Study on
the excavation retaining technology of construction of the
auger-cast-in-place piles in the mix-in-place columns[J].
Journal of Soochow University (Engineering Science), 2010,
30: 236 - 238. (in Chinese))

20] £ #, ¥ M SESEHERDREE I R E RS
HrN. RN BR Y B i (LR BORIR), 2012, 25(2): 55 -
58. (WANG Jin, XU Juan. Numerical simulation analysis of
effects of soil parameters on ground settlement[J]. Journal of
Suzhou University of Science and Technology (Engineering
and Technology), 2012, 25(2): 55 - 58. (in Chinese))

211 ¥ 4, TP JRNARTS 2 TR DR AR T i 5 73
M. & LB, 2011, 25(1): 32 - 37. (XU Juan,
DING Hai-ping. Monitoring and analyses of the foundation
pit deformation for Suzhou Oriental Gate[J]. Geotechnical
Engineering Technique, 2011, 25(1): 32 - 37. (in Chinese))

[22] WhWf i, FRAL, BR OB, Ji M Hh X R AR b
TP HEARD]. W TEAR, 2012, 41(379): 22 - 25. (HAN



468 P

2015 4F

Shu-shan, CHENG Yue-hong, CHEN Yun. Double rows of
cantilever bored pile retaining technology for a deep
foundation in Suzhou[J]. Construction Technology, 2012,
41(379): 22 - 25. (in Chinese))

(23] 23R, siaih. SRR E BRI AEGT I 2 AT 7] /K
SC b TOFE M B, 2013, 40(1): 129 - 133, (LI Su-chun,
YUAN Yun-tao. Analysis of excavation monitoring for the
Phoenix International Bookstore in Suzhou[J]. Hydrogeology
& Engineering Geology, 2013, 40(1): 129 - 133. (in
Chinese))

[24] FHiglk, IR, IREHI B R DU 225 A PRI
7. #FZSE5 TRE2AR, 2013, 9(4): 843 - 847. (YUAN
Yun-tao, LI Su-chun. Integrated control of deep excavation
neartby the subway station[J]. Chinese Journal of
Underground Space and Engineering, 2013, 9(4): 843 - 847.
(in Chinese))

[25] % VE. SSRGS R vk S N ATSE[D]. M s B
WK%, 2013. (WU Yang. The foundation pit of the
optimization design and application research[D]. Nanjing:
Nanjing University, 2013. (in Chinese))

[26] #U5AF, HiavE. WRAETUCBo Al B ). T
MR, 2012, 42(10): 89 - 94. (LI Su-chun, YUAN Yun-tao.
Analysis of excavation retaining design and monitoring for
two adjacent foundations[J]. Industrial Construction, 2012,
42(10): 89 - 94. (in Chinese))

[27] £, 2R, WICE. TR RSB ].
WPy EaR, 2011, 37(12): 51 - 52. (WANG Wan-zhong, LI
Wei-min, WEN Wen-fu. Support design of deep foundation
pit of a soft soil in Suzhou[J]. Shanxi Architecture, 2011,
37(12): 51 - 52. (in Chinese))

(28] sKATT, e, 1R, A ARIEBEA PUE A IX [k
ERIEUIE TEARBEIT[T]. R0 R 2 2R (D4R, 2012,
32(6): 76 - 82. (ZHANG Lin-yuan, ZHOU Shan-long, XU
Zhong-min, et al. Research on construction technology of
deep excavation adjacent to the existing running tunnels of
track traffic[J]. Journal of Soochow University (Engineering
Science Edition), 2012, 32(6): 76 - 82. (in Chinese))

(291 XA . HEbE I e AT P IR I D). FEIE
A ¥, 2011, 31(2): 215 - 219, 227. (LIU Jian-guo.
Application of soldier pile retaining system in super-deep
foundation pit in soft soil[J]. Tunnel Construction, 2011,
31(2): 215 - 219, 227. (in Chinese))

[30] JA/NHE. RN BIE A S5 N K ZE i G5 A Bk [J]. KA
AT, 2010, 8(4): 150 - 154, (ZHOU Xiao-hua.

Structural design for subway station in Suzhou trace
transport[J]. Journal of Water Resources and Architectural
Engineering, 2010, 8(4): 150 - 154. (in Chinese))

[31] BRAL, MIEE, sREF. S5 ek 58 8 iR R T RR I
W5 M. ZEHEAA, 2010(10): 61 - 65. (JIA Cai-hong,
YANG Guo-zhong, ZHANG Xue-ying. Field measurement
of an ultra-wide and ultra-deep metro excavation in
Suzhou[J]. Railway Engineering, 2010(10): 61 - 65. (in
Chinese))

[32] Fik % MBRZAESSRIRLUTZ S S T AU L D).
AR AR Tk oK%, 2011. (CHEN Biao. Optimization
study on excavating and supporting structure of deep
foundation pit in subway station[D]. Hefei: Hefei University
of Technology, 2011. (in Chinese))

331 Br %, BN, BRER. BT ER KBS UTZ R
FRIK R[], DS, 2011, 41(H8T)): 465 - 469. (CHEN
Biao, LU Xiao-jun, QIAN De-ling. The applications of
numerical analysis of oversize & deep excavation[J].
Industrial Construction, 2011, 41(S0): 465 - 469. (in
Chinese))

[34] FE/KVL. i MBI 42 sl R LT R S0 e 20 AT (0. A
KL 2Bt 20 (E ARBFEAR), 2009, 22(3): 38 - 43. (MU
Yong-jiang. Monitoring analysis on exterior-protected
construction of foundation-pit of subway in Suzhou[J].
Journal of Shijiazhuang Railway Institute (Natural Science),
2009, 22(3): 38 - 43. (in Chinese))

[35] BRMAS, BT, IR MR el b R LT I o A sl ], Bk
B H#IEZ, 2010(3): 27 - 30. (CHEN Shusjie, LTAO Zhen-yu. A
practical example for monitoring and analysis on deep
foundation pits at Leyuan station in Suzhou[J]. Railway
Investigation and Surveying, 2010(3): 27 - 30. (in Chinese))

[36] 2 MEH:. HuBkyRAE LT 57 Sk vt 5 1 Ix b
[J]. i 5 ¥, 2011(5): 82 - 85. (LI Yan-yan. Design
and construction of retaining structures and analysis of field
measurements for a deep metro excavation[J]. Railway
Survey and Design, 2011(5): 82 - 85. (in Chinese))

(371 BRENHE. HuBRRBELT 4 4548 vt 55 s 20 A (0], Bk
BRI BEEE, 2010(2): 24 - 27. (CHEN Li-ping. Design of
retaining structures and analysis of field measurements for a
deep metro excavation[J]. Railway Survey and Design,
2010(2): 24 - 27. (in Chinese))

[38] & &, BRI P s ik AR A 2 S D]. K
F: M TFESBE, 2012, (LI Ang. Parameters research

of column in subway station excavated by semi-top-down



e

%3 RbH], A IR NI O R EEGIEGTATEA AR I 7B 469

\

method with soft soil area[D]. Changchun: Jilin Jianzhu
University, 2012. (in Chinese))

[39] 7K, b 3%, HAroo. S NHUERIE TR R Y K&
SCPERN T IR IT I [I]. AR M R B 2 A (B AR B2 R,
2009, 24(35F): 107 - 109, 115. (LOU Cheng-bin, SHI Yi,
TONG Li-yuan. Study on the deformations and the law of the
axial strut forces of a metro station excavation in Suzhou[J].
Journal of Xuzhou Institute of Technology (Natural Science),
2009, 24(S0): 107 - 109. (in Chinese))

[40] MW, RA LT, I 7 RN R b X BETAR ] 43 B
[7]. Bk 5511, 2012(1): 54 - 58. (YAN Xi-jun, ZHU
Yan-bing. Deformation behaviors of an excavation in soft
clays considering the time-space-effect[J]. Railway Survey
and Design, 2012(1): 54 - 58. (in Chinese))

(411 £ o, XFAE, EEOLTT, 5. 250N IESUESNSTT
FERERE m A SOOI HTIN. 2R B R AR AR (E AR B TR,
2011, 41(2): 352 - 358. (WANG Qiang, LIU Song-yu, TONG
Li-yuan, et al. Back-analysis of m value of multi-braced
slurry wall in staged excavation[J]. Journal of Southeast
University (Natural Science), 2011, 41(2): 352 - 358. (in
Chinese))

[42] IRAEA. SNV BR AR SR ST TRE R I 55 0 AT (0], b
BRI R 5455, 2009, 19(12): 206 - 208. (XU Xiu-fa. The
monitoring of and analysis on the deep excavation of Suzhou
tube station[J]. Sci-tech Information Development &
Economy, 2009, 19(12): 206 - 208. (in Chinese))

[43]1 OU C Y, HSIEH P G, CHIOU D C. Characteristics of ground
surface  settlement during excavation[J]. Canadian
Geotechnical Journal, 1993, 30(5): 758 - 767.

[44] J/NE. SRIMBPUEASE 15 BT I SR Bt it 8%
M. /KA 585 TRE22 R, 2010, 8(4): 166 - 168, 208.
(ZHOU Xiao-hua. Design idea for deep excavation bracing

structure in No.1 line of Suzhou Trace transport[J]. Journal of
Water Resources and Architectural Engineering, 2010, 8(4):
166 - 168, 208. (in Chinese))

[45] MOORMANN C. Analysis of wall and ground movements
due to deep excavation in soft soils based on a new
worldwide database[J]. Soils and Foundations, 2004, 44(1):
87 - 98.

[46] CLOUGH G W, SMITH E M, SWEENEY B P. Movement
control of excavation support system by iterative design[C]/
Proc Foundation Engineering: Current Principals and
Practices, ASCE. New York, 1989: 869 - 884.

[47] CLOUGH G W, O’ROURKE T D. Construction induced
movements of in situ walls[M]. Reston: Geotechnical Special
Publication, Design and Performance of Earth Retaining
Structures (GSP 25), ASCE, 1990: 439 - 470.

[48] LONG M. Database for retaining wall and ground movements
due to deep excavations[J]. Journal of Geotechnical and
Geoenvironmental Engineering, 2001, 127(3): 203 - 224.

[49] PECK R B. Deep excavations & tunneling in soft ground.
State-of-the-art-report[C]// Proc 7th Int Conf on Soil
Mechanics and Foundation Engineering, International Society
for Soil mechanics and Geotechnical Engineering. Mexico,
1969: 225 - 290.

[50] HASHASH Y M A, OSOULI A, MARULANDA C. Central
artery/tunnel  project  excavation induced  ground
deformations[J]. Journal of Geotechnical and Geoen-
vironmental Engineering, 2008, 134(9): 1399 - 1406.

[51] HSIEH P G OU C Y. Shape of ground surface settlement
profiles caused by excavation[J]. Canadian Geotechnical
Journal, 1998, 35(6): 1004 - 1017.

[52] TERZAGHLI, K, PECK, R B. Soil mechanics in engineering

practice[M]. 2nd ed. New York: Wiley, 1967.



