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Analysis of Deep Excavation Deformation of Shanghai Metro
Station Using HSS Model
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Abstract: To analyze the deformation of the metro station deep excavation in Shanghai, the
excavation process of a typical metro station in soft soil area was numerically simulated by using
PLAXIS 3D with the small strain hardening model (HSS model) of soil and appropriated model
parameters. The horizontal displacements of retaining structure and the settlements of ground
surface behind walls were compared through the field monitoring data. The results show that the
deformation in the excavation can be effectively simulated by the HSS model with appropriate
model parameters. The simulated results are consistent with the measured results, which has a
good engineering practical value. The relationship between the maximum ground settlement and
maximum horizontal displacement of the retaining structure agrees well with the measurement

statistics in Shanghai. The maximum horizontal displacement of the retaining structure usually
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occurs near the excavation surface. The long and narrow shape of the metro station deep

excavation has an obvious space effect that the deformation near the middle span of pit is larger

than that near the corner, which should be carefully considered in the design and construction of

long and narrow metro station excavation.

Key words: excavation engineering; deformation analysis; three-dimensional numerical simula-

tion; HSS model

0 51 &

W 5 SOl T ) A BT A R L 3 s T ) M) R AR
PETT BT TRRAT B T RN A S TR B9 Bt
MBS Z L 5E . FEIRIHZ RS 51 A h 5
ARIE 3K LRI 23 X 52 2% B T M T B 05 3 R R
SO | 3B ) 300 25 A A O SR R IR L DT S M 45 4
{1 TE T ALt X B BT I 42 5 R 1 AR OB AT T
RS EPSiE

Rt T e D00 4 e T TR R T T P A A
Ak /N AR BR S T A R BE AE /N R AR 2% AR R R
A7 BE AR LS L TR 7 AT R R I T AR Y AR T 43
BTN oA o 2% R AE /N AR 26T B4 1 BE A
K FIREAE 25 %R PR AR A R BT

b R B A A AR R S il 3R AR AT Oy B — Tl A AL T
Bt. Schanz 4 f L4 A M RE AL A5 B (HS
B ZAE RS IR T R BT iR LA R B BT AZ i R
FhO R 2 A R L H R R BB B R b A B /N AR MR
FEVE. Benz 5500 7 (R AL A R (3 B Aib Lok 1
A/ 107 728 [ B ) T 2 e P A AT A T 2 A/
IO A8 S, A4 BY V)W) B A A G R BT L) R g D
B0 4k 55 DIASE i 70 0 B X I A BT NS v o o 4R T
/NI 7 AR A AR Y CHESS RS ) L ff 4 1 /)8 7 2% I BE Ay
P AT A L TR B, Schweiger %17 F
BG4 BRITE 10t 7 HS SR HSS 45 7
FIEEJR-E R AL, 45 3 3R W HSS L1 B2 5 3 4 b
BN EESTAETE . E DRSS Ml E Wi g E HS
BRI SR IFARYE S 73 A J7 k8 1 A B /D i AR
SHCGE R yor o ZETFAEN SR I WA g R
PN 25l e a0 7 3 DX PR 2 4 SR A 0 B BT D) A
BT TR AN T A LENERSHORE. R
K AN AR G ARG Y S S B
Xf HSS B S AT T 0F5¢ . AR R4 X 1 i
SR R AT T A N T I R A B E A U T
VEIEAT T W AR MR A EST R v, i U S AT
TR RSSO AT BROC TS ik L 45 A HSS
TS b il X R BT AT T T2 B A . JBIGE i

ST A R e B S A TR B B Bk HSS
B2 R & R IU(E 7 3k » EL ] 5 2R 6 i ) R Bt
TR 4k A BRITBE 20 BT BEA PR B3 Bk 47
TREEYT B 23 18] B

AR SCEE X B BB SO IR U T A2 i R
AT T =4 BROC B, R T RE S 5 1B R /N
A8 R A ) HSS AL, S At 1 HEST 30 45 4 i 72
AR FNGT A 3 2 0 K A2 8 B = 4 =5 6] 207 L I 5 B
Yy I IS AE R AT 1% L LU O B X Bk
Tl TRAE ST TRER LI 73 B M il $2 it 2%

1 R R E izt

T2 M R TR 0 3 b A T L RS 13 B2k
AR L R L Gy PR R T Tan %0 LT 58
27 26 m, K25 188 m, JFIZRE N 17.5~26.2 m, H
RVG 2 AT A ofe 5 DL K R IR T 2 A AR
HEBCZH B (B 1 Ry B0 ~F- i A o5 A R . T
(A2 Ry < FF A2 7R 8 R b o B 1. 58 LR IR 42
PO e B MBS HE B 2. R ARIFAZ 5 WS ST
RIVite T S %, S 30 Hp 0 A0 e T TR S A B R T
2 AN ST R X BE L AR SCER X LB R bR o B 1 R AT
98, PRUEBL 1 IFAZ9E 8 Ry 20~22 m, K 2 60 m,
RAIFIZHE N 17.5 m, i+ 20 WA 2, H
o A EREE, T 32 m fEE N ik
b MBI B A Rk L R 2. 0~6. 0, 48
T 40,4 m kb iy KK s ~ B SR + L B + 2
T A A Sy A 1 R S5 8 L K 0 T K A A T b
#£T 1m,

2 ERFPAER

FEHUR MR 1 SR RE 25 6 P9 S HE 1 O sl AT 32
Pro ARUERL 1 EBICRH 5 2N X, R 800 mm
JELf M T SR HEAT B SE BT A 1 S R
800 mm X 900 mm fY Bl e 4K i TR B + 4%, A N
SEHE R AR 609 mm  BEJEE 16 mm (4N S8
A TR S PE K R RIEE O 4~8 m, A X
B KRR FE Sy 2~3 m, b HL X HL R K A7



66 EHAFE TEFIR 2021 4
K3 L B
G4
C6 t :
c7 r G5 L G6
C5 r
R cs c9 ciot cu ci2 —&b
RBIHFecCl4
C27 C21 Rk B 1 ’_‘_G‘?""
- 1
C22 C20 C19 Cl18 4C17 Cl6
L ST B s C15
G10 ¢ G9 L Gs
AL B '
o 35 4 Q0 1 2 T D 5 A R T L $C1~C27
Ho R g 020 30 * 1R YU HG1~G12
Bl ERFERANSHE
Fig.1 Foundation Pit Plane and Layout of Measuring Points
o Bmeme m 5 13 98 5B 9800 mm X 900 mm _ LAY ) 35k BRURIARSE 7R S B0( H 5E o R BN A A AR e A
[ ommans = M P R 5 2 W 0 T I S 6 B B o A
K3 —1o0m s I $609X 16 N , . = L
i ) AT ) R BEARAE . A B R A R A R SR L AR 4R
R | R EB R . 0 R B A R
o - pc P —
o IELAR B 72 B T R o B T B R
Sisa (GG TR ARRUE)(DG/T] 08-61—2018)1 rhif
T MR B 2K 50 A AR B 0 5 G b A 1 85 A AR
g
3 | y=rooin-u ) FES IS A T L3 T 2 50 0T 42 9 B 1L 404
N e = HSS BRI 7E HS AR § Bl L % & 1 /N A8 36 Fl
308 TR DAL = R B U A5 £ Bt 2 7 AR 184 R T R R A R L, B AR
T omr o TP HUEHEE T 35T TR 0. Bk, A
P 9 =18.6kN*m™ R e
el omaw - L R H A = PR AR R 55 8 SR ] HLSS #8EA
¥y | P TleSkN e 3.1 HRTEEER
g8 — — DA IR
2| LSRR K H PLAXIS 3D 4 BR JC 43 #1014 £ 57 4R 3% 1

2 TESHMERIESNE

Fig. 2 Profile of Excavation and Layout of Soil Layers
BRI B h & BT RO . i By 1k 4B 3T Sk
G0 AR OK AL B 5 BOAS H A2 450 X I 1 R ) i B
A7 7 U 0 5 RS S0 30 69 1 K MRS T AR
REBNGOUT FEGTIT R 3 H IR Jy BRI 1)
W I AN 2 BR A O BE B4 3z 2l . L BT S A ) T A
K2 .

3 ZHBRTRESH
ST 5 BT 5 e S 0 1A T Ay

B M SR DT A2 G R A R T B A B I i AT 4y
Bro BUBAAITE H L O T 0/ A i BN A
S0 5 ) AR TR R B R FE ST AZ IR EE Y 2 A ~4
i B — 0 FE 450 3 BE B S BRI IR Y 3 ff ~4
fif o PRUEEL 1 HEGTFIZIRE N 17.5 m, FI A BRIT
ST (1 v U R 65 m, S AY I B IR LA i A 60
m, AT 210 m X140 mX 65 m BRI, %K
(ERETRY pR A | L 40 45 0 R0 S 3 AT A AR
RERY b RIS T 10 745 6 9 1Y AT 4R 55 K PR T A
U, 4T 225 R 6 1 A = AIE AR R IR, S
PR 2 5 AR SR AT BT, . K S R A
7 A% B Tan 880 45 119 S2 B 9 S P56 B



% 64

Rih¥e, F AT HSS AW L i sk iR AL T35 LB 447

67

HEATAAN . FR T S 0 A i S R S B AR B B 4E
FH o X BEGTAR T 52 W 5 /I o R I 7 A5 7R o ok 25 g S5
TEHX — PR 5SS [] Fsf X006 A s [ 37 7%
TEAE Y BURVESE R F A SO Sl S S B By
79 743 NFAIE 135 236 NI .
3.2 BERTERSHIESZE

+- kA Fg A R SR HSS KA, RS J A o
AU ) g R HSS B B 0 kR 4
A 3CHRC18 iz I H i + )2 Y B ) 24 2 4005 B LA
SR, T A AL R BT 5 o B R PR
I R HE K AT . #E PLAXIS 3D 45 B oC 4Kk £

o HEKAT AR AR B FLBR K AT LA i sl i
FL UK J7 ik 18] 38 1 X — 2R B8 T8 B k5 1Y
e FEASBUIN B R S A5 R ) RO Il AT LR
ASHEAKAT Sy U2 A b A B £L B K T8k R L PR
W E 7 SR LB K T B R % A 3 ] TR
B 1 1 55 1) e S UL T A8 5 R PR A% e 3 A%k
Wf o AR SCHE A BIF 5T 28 370 T 472 3 2 X ) L B0 055 1 52
M) o 2 B8 S IR0 5 DR MRS TR e ) 2 b AR 1 Y
R AN HEAKAT g % T35 a2 18 58 19 0 4 J2= 0% 4k
KAT R . 2 LR HSS BRI BB 1.

FR1 BFEELEHSERSH
Table 1 Parameters of HSS Model of Soil Layers

TR e ¢ /kPa | ¢ /(" Ko Exl/MPa | Ex{/MPa | Exf/MPa | G§'/MPa | 7,.7/10* m Ry
O#+ . O+ | 0.934 4,73 31.78 0.42 3.81 4,31 26. 47 93. 4 3.2 0.65 0.95
@3 WK+ 1.014 5.98 30. 13 0.45 3.45 3.88 24.10 79.9 3.2 0.65 0.94
@R A + 1.402 10. 33 24. 41 0.54 2. 04 2.15 14.77 44. 4 3.2 0.65 0.59
O #+ 0. 989 5.61 30. 62 0. 44 3.56 4.01 24. 82 83.7 3.2 0. 65 0.95
©: Bib 0.982 7.58 27.25 0.54 5.26 6.63 34,53 114.1 3.9 0.7 0.95
@ ¥ gy 0. 809 2. 20 31.33 0.48 8.68 10. 93 52. 24 133.4 3.9 0.7 0.95
@k %+ 0.995 5. 70 30. 50 0.44 3.53 3.98 24. 64 82.8 3.2 0.65 0.95

Tere ALK s R AT BB R T 5 AT RN BESE A 5 Ko RIIR #1000 R 0 5 80 Eseh A s off T 225 sl 0 000 52 119 2 2% 7 1 1 B) A

= of >
i BN

LT B 70 45 b A AR D7 38 44 IR S PR T 00
PRSPl . Ml 4 2 455 A SCHE 88 SR P PR AR L L
TFIESLIE RS 1 G TR BE 1 N SCHEE b Rl R M AR
N30 GPa, RS LA 0. 2. 4N 45 S 45 Y 90 1 B i
5 200 GPa,

3.3 ARTEBITREY

BB AU N SRR T AR TR S R S 4
%) 2 5 34 ¥ BRI H B9S2 PRt TS & . i T DT
TR SR BTN 34 A 1k K M S L BB Y B 2 T
TN B A7 B A2 00205 PR H I BRI Oy B b
(4T A B T B K XS ST A K AL i 2 AR /DN . % R ST
HRIK BB T R RE AT DL Z00 A 1 i DL S BT 42 o
oI R K BN T B AT AR AR WA 4 T T2 R
L K S AR B0 7 1 R B DL R 5 1) B K TFAZ . TR B
— MG Z A B o R TN Y AR 2R 2K Sk
WEAFFZE T 0.5 m, F R R R 5T N K AL B 2
FEE LA 0.5 m, FEGTAMY LK SRy KRR
KA. BEE FE U AZ AT L BTN K Sk 8 W
fik. FEHTIUJE 5 m g Bl N B E 20 kPa i %8 o) i
B, R AU BT 0 00 M . R B HL R T 42 0 fn
%2 i,

= I 4 K B DD S 0 2 S R 5 ET A A 8 4 A S K 0 1 5 2 I B 5 o SR AR ) K ST AR
SRR B Re J =K BT DI W R L s Br A S s S Ry p

=100 kPa, 87k w=0°, 4 - 1 F W S KL Riner =0. 67,

x2 HER1ERFEESF

Table 2 Excavation Sequence of Standard Section 1
iy 4820 T

0 TR 16 N 13

1 it T R 2 R NG T 3 e 2

2 FHZZE MR LT 1,50 m, 585 1 1897 R EE L S

3 FAZEME LT 5.85 m, BEEHS 2 MR L

4 FIER ML LT 9.35 m, BB 3 MG L

5 FEEHWRLIT 12,05 m, B85 4 38 W S

6 FEEHWRLIT 14,55 m, B85 5 8 W8 S8

7 FIZEMWELLT 17.50 m

4 BEEHELERSH

Bl 4R S5 4 U 7 53 4
34y th T AEUARMEBL 1 JFAZ B AN [F) AL I
TARUERE 1 AR i C17 il 7R 90 1 C20 0 45 B
HE 370 [ 4 St 000 A% S 000 LR X 1 07 Ak ) 3 B A A0
fE . A CL7 0 3 5 I A A SOL{E mT LA S £ T
FZRNEE A JRR L S RAZ I AE A 24, 1 mm., 1] #E
U KAETEAE Ry 16. 4 mm, S0 F1R 8L FBl 70 5% Bt
KA Y J AR 4 R TFIZ WAL 493 T 12 m
Ab o FETFZENE S5 JR AT, S KA TEAE O 33. 8

4.1



68 EHEMAFE TR 2021 #
501
FEl 477 3% 0] £8/mm
0 1'0 2|0 3.0 4|0 5.0 6.0 7|0 g 40+
8
i £ 30f
g —10 K = SEWME
@ =3 20F L *ﬁ?ﬂ(ﬁ
w —15 kS
= 20 % 10f
& = SEMMECT 2 21 HUR)
B 25 = SLMHETFIZ 2 H5E) 0
—30k £ = SEMMECGT 12 2 54)2) C9 Cl0 Cll Cl2 Cl6 C17 CI8 Cl9 C20
= BRMECTZ B YUR bIp=y
—35- - EMECT 2 2] 585)8)
- il B4 RE A AL N ST B A R
l%l?’—'i‘.i:‘{i”;%/mm Fig.4 Maximum Horizontal Deformations of Different
0 1|0 2[0 3.0 4|0 Points in Simulation and Measurement
—st MFAH . —4EA7 BRTA R R AR R I T S bt h 38 AR B
ﬁ,\i_“" KT uig i A8 JE 3 — 4 4 R WK 5508 Mgk IR S i AT
% —15 N o Dpe ] S e -
5, WP 58 15 235 TR D) 0 SR ) = A A5 80 30 47 M 6k T O
S = SEMEJTIZ B YTR) g
B —25 —-— i,ﬂﬂg(gggi5§) fﬂjﬁiﬂﬁﬁnéfio
— 5z | 542 . —
—sop 44 BT 4.2 BSMBRIES
=355 ~ BAMECTIZEIE5E)

= BEMMECTIZ 2 5E4E)
(b) C20% mi/KF %

B3 EFERkTEMUR
Fig. 3 Horizontal Displacements of Retaining Structures

mm, A i RAZTE AR 23. 1 mm, 520 FIASE DL 19
7 dik fie KAS T PR 5 R IFIZ AL . 98T 15
m 4b . THAZRI RS AR I . 52 e KA AE N 46. 5
mm, AR RASTEAE N 29. 3 mm, e KL % A
FEVCIR ML R 17,5 m kb #5550 A A58 400 A L
SR s /)N » 249 S SR B 70 263X AT R R 1% A
37 B 3T ) 728 B 42 A e AN B0 07 S B, S A ASE AL
R TP . 5 Ou S50 2 1 IR S 02 4
AN B NI L BE A S BT TR BN W
AR FE 70 [ 4 45 4 O 0 RS A 28 T R LI
RARIE S A A 2 i R U FZ Ak

M C20 I A5 A AL 1 S I AR ALAE X LR
AN TR T2 B B 9 B 37 405 g 0 % e KR AR 3 460 . B
SE fe R K A A A TR B 5 5 m ZE Ay L
BEALL Y Fie KA A AR AR TR ML

P 4 D o BE 1AL ) L9 254 4 R B
SEDNAE 5 AR A XS LG o BT A I S ) e R A S
FHME N 31, 6 mum, Xof R A A L) fi R N A% 6L 1) F- 4
{4 26.9 mm,A22 4. 7 mm. ZHEH /N, K4
A R S L [0 ok IO A AU AR 4T 1 % = 4
A BR AR L BE 6% A7 250 M 5 4D K g Rl 47 285 4 10 A2 T
(7 Hof 70 A 2 114 2 i) A% 17t A5 e A B 62 T R B K
PR g i C10, C11, C17, C18 By 43 1 [l 47 45
ey e A B 1] S O T B A A 0 L R €17
DA RS KT 2 A% A C20 0 8 X5 1o 61 47 235 4y

Bl 5 Sk BT TF 42 B B0 I 5650 rp E8 14 37041 M
FEUTRATT LR X O A7 B0 o5, G5 A S X L
G5 I 50 S5 B A T ke 2% o AH A ERAR 09 3 LA 1Y
BAEXT LR S 0V 7E T BT I A b 3R D0 R
2 B AT L AR A G MR T BT AN s R DT AR IE L
SR 255 70 B 0% 50 T b T30 35 370 425 ok e rp A1 Y
Hb U0 R . S BT A M TR Y f KA R 32, 1
mm, ZAEFERESTH 5 m JEE N R FFAE IR 0. 29
£ o BARLIA ST A1 b R TR e KAE R 23. 4 mm, {7 B
FEFEGTH 3 m &b, W IEGTHIZIREEM 0. 17 £, &3t
(T A0 M 26 DT R il 26 I IR 3223 Hisieh 20 45 3 19
DURR M AR, ORI & G5 7+ C10 5 C11 &
ZIE), C10 5 CI1 I g i 52 I 57 359 5 kM 3% 6 Ky
34.0 mm, G5 W 55 &b i 2 00 KA B {5 o 29. 3
mm, B985 5 R B ALY BT Ah Hb 3% DT R I R (E
Sum 5 BE UL 1Y [ 470 25 40 K OF e KOS O Z HE
0. 80, fie M R TR SE A 0. 5 P47 45 44 e M
SMAE S Z HHR 0,94, X —Z5RE T PAREH#E
HE ATl X b 3R B KDTFE O A T 0. 484 ~ 2. 00im
(38 BV & HAF SR 0. 810k .

A BBl 377 435 460 7K S0 B 470 2 s 2 9T J 45 51 T LA
B A PR TR A T Ak SR ) S 4 SR AN
W) JF B AT A S SE 4 i BT AR T i Ze i Y
Wi B SR I HSS A58 700 KR N A 5 0 2 550 0 A 3
TN ST A5 0 AT, = 4G PR 0B R BE 0% R 4
PR B BE BT 2 A8 T8 1 2 TR 800

5 # &
O FAETRE AL 43 BT 2 SR 2 W1, R L HSS 8878 1



Rih¥e, F AT HSS AW L i sk iR AL T35 LB 447 69

B P 7 i BE B4/ m
0 40 20 0

YU 4 K YT %/ mm

B 5 HsbtRTBESTEE
Fig.5 Comparison of Ground Surface

Settlements Outside Pit

O B Z BOREL 7 T4 RE A 28 RS 0L 3t X 3t
RS 0 TR T A7 B ar i 48 AR A

(2) LS dyi i1 55 AR B 22 AR, SR ] — 4
TN AR AR TE R B X — B, R = 4E A R OT
T BEAT ZE T2 (0 B (A A AU Oy 4 B

(317 TR b B e 370 19 B 4 320 v A7 Y L9
SERIMIFL R T TR AL 1 BT S ) 23 [R] B4
BRI = 4 A R T R B 47 6 5T T 42 1 B (i
o e TR 0 E AT i v A L
BEX P I

S & k-

References:

(1] FEDR, BlR i, 1K R R
ASTE TR Ak Rk [T A TR R, 2012, 34
(10) :1792-1800.

WANG Wei-dong, WANG Hao-ran, XU Zhong-hua.
Simplified Method of Deformation Prediction for Ex-
cavations Retained by Embedded Walls in Shanghai
Soft Soil [J]. Chinese Journal of Geotechnical Engi-
neering,2012,34(10):1792-1800.

BURLAND J B. Small Is Beautiful — The Stiffness of
Soils at Small Strains[ J]. Canadian Geotechnical Jour-
nal,1989,26(4) :499-516.

ATKINSON ] H.SALLFORS G. Experimental De-

[2]

termination of Stress-strain-time Characteristics in
Laboratory and In-situ Tests [ C]//SMFE. Proceed-
ings of the 10th European Conference on Soil Me-
chanics and Foundation Engineering. Rotterdam:
Balkema A A,1991:915-956.

[4] SCHANZ T,VERMEER P A,BONNIER P G. The
Hardening Soil Model: Formulation and Verification
[C]//SMFE. Proceedings of the International Sympo-
sium., Amsterdam:Balkema A A,1999:281-296.

BENZ T. Small-strain Stiffness of Soils and Its Nu-

merical Consequences [ D]. Stuttgart: University of

£8]

L9]

[10]

[11]

[12]

[13]

Stuttgart,2007.

BENZ T,SCHWAB R, VERMEER P. Small-strain
Stiffness in Geotechnical Analyses[]J]. Bautechnik En-
gineering,2009,86(S1) ;16-27.

SCHWEIGER H F, VERMEER P A, WEHNERT
M. On the Design of Deep Excavations Based on Fi-
nite Element Analysis[J]. Geomechanics and Tunnel-
ling,2009,2(4) :333-344.

FETR, EiER AR, Bb 2 806 43 o 4 i b
A S B OF 5 [T, & £ J1 %%, 2012,33(8) -
2283-2290.

WANG Wei-dong, WANG Hao-ran, XU Zhong-hua.
Experimental Study of Parameters of Hardening Soil
Model for Numerical Analysis of Excavations of
Foundation Pits[]]. Rock and Soil Mechanics, 2012,
33(8):2283-2290.

22 iR BRSO RG  /N R AR By
i E g A E Nl se r s [T ], & & )12, 2016, 37
(11):3263-3269.

LI Qing, XU Zhong-hua, WANG Wei-dong, et al.
Field and Laboratory Measurements on Shear Modu-
lus of Typical Shanghai Clay at Small Strain[J]. Rock
and Soil Mechanics,2016,37(11):3263-3269.
RRZLGHEWA, TEEE S5, WX # + HSS A
ZHM B AT T & £ TR A=, 2017, 39 (2)
269-278.

LIANG Fa-yun, JIA Ya-jie, DING Yu-jin, et al. Ex-
perimental Study on Parameters of HSS Model for
Soft Soils in Shanghai [ J ]. Chinese Journal of
Geotechnical Engineering,2017,39(2):269-278.

1 SO ¢ o/ A N VA A YN R 7S 0 T
(9 RE DL 98 « 7 3 K2 . 2017,

ZHANG Jiao. Small Strain Stiffness Properties of
Shanghai Soft Soils and Application in Deformation
Analysis of Deep Excavations[ D]. Shanghai: Tongji
University,2017.

JEL 1% 5% o Bl B 3 2 A L A AN BT AR I B AR Y
K8 WFE L)), RPF K254 B AR BR %2 L, 2018, 46
(3):312-317.

GU Xiao-qiang, LU Lu-tong, LI Xiong-wei, et al. Ex-
perimental Study of Small Strain Stiffness Properties
of Soil[J]. Journal of Tongji University: Natural Sci-
ence,2018,46(3) :312-317.

il B 30 T /N O A A 1 A BT S R LT Ak Bt
TR HID]. 1 [[3 R, 2018,

LU Lu-tong. Experimental Study on the Small Strain
Properties of Soil in Shanghai and Its Application in
Excavation[ D]. Shanghai: Tongji University,2018.



70

EAMFE TRFIR

2021 4

[14]

[15]

[16]

[17]

BRI 6T SCHL /NN AR B A AR 2 B R )
ST ORAE 2 B [T ] R TR A2 4, 2017, 39.(5)
898-906.

XIE Dong-wu, GUAN Fei, DING Wen-qi. Determina-
tion and Sensitivity Analysis of the Parameters of
Hardening Soil Model with Small Strain Stiffness[J].
China Earthquake Engineering Journal, 2017,39(5) .
898-906.

FrBE NS RE AL A ERLAE LI XOUR B g TR
MR I ], A £ TR 4. 2010, 32 1) :166-172,
YIN Ji. Application of Hardening Soil Model with
Small Strain Stiffness in Deep Foundation Pits in
Shanghai[ J]. Chinese Journal of Geotechnical Engi-
neering,2010,32(S1) :166-172.

S T = 0 A =l o A NYRE AL R IR A E ]
A=W o b e TR LT A+ TR,
2019,41(44 2):133-136.

CHEN Shao-jie, GU Xiao-qiang, GAO Guang-yun.
Comparison and Application of Small Strain Shear
Moduli from Field and Laboratory Measurements[ J .
Chinese Journal of Geotechnical Engineering,2019,41
(S2):133-136.

[N R - 3w VA N A SR T R
R ESHBE T AR TRRBIELT] &+ 5%,
2021,42(3) :833-845.

[18]

[19]

[20]

[21]

[22]

GU Xiao-qiang, WU Rui-tuo, LIANG Fa-yun, et al.
On HSS Model Parameters for Shanghai Soils with
Engineering Verification[ J ]. Rock and Soil Mechan-
ics»,2021,42(3) :833-845.

TAN Y., WEI B, DIAO Y P, et al. Spatial Corner
Effects of Long and Narrow Multipropped Deep Ex-
cavations in Shanghai Soft Clay[]J]. Journal of Per-
formance of Constructed Facilities, 2014, 28 (4).
04014015.

DG/TJ 08-61—2018., 4t T A bR e[S,

DG/TJ 08-61—2018, Technical Code for Excavation
Engineering[ S].

OU C Y,HSIEH P G,CHIOU D C. Characteristics of
Ground Surface Settlement During Excavation[ ] ]. Ca-
nadian Geotechnical Journal,1993,30(5) :758-767.
HSIEH P G,OU C Y. Shape of Ground Surface Set-
tlement Profiles Caused by Excavation[ ] ]. Canadian
Geotechnical Journal,1998,35(6):1004-1017.
EBIR b A, TG TR DT TR 42 0 TR gt SR 5
1 5 Ak 43 BT 7 1 (. 5 £ AR 241, 2010, 32 (8 1)
32-38.

WANG Wei-dong, XU Zhong-hua. Simplified Analysis
Method for Evaluating Excavation-induced Damage of
Adjacent Buildings[J]. Chinese Journal of Geotechni-
cal Engineering,2010,32(S1) :32-38.





