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techniques for complex facilities in urban areas and proactive providing technical support for the development and utilization of

underground space.

Key words: soft soil; deep excavation; deformation control; environmental influence; dewatering of confined groundwater;

deformation control; small strain stiffness model; excavation supported by permanent structure; ultra-deep water-proof curtain
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Fig. 1 Determination method for deformation criteria
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Analytical methods and controlling techniques for deformation and
environmental influence of deep excavations in soft soils
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Deep Excavations, Shanghai 200011, China)

Abstract: It has become a challenge to accurately estimate and reasonably control excavation-induced deformations as well as
consequent influences in soft soil areas with the increasing excavation scale and complexity of adjacent facilities. The analytical
methods and controlling techniques for the excavation-induced deformations and their subsequent influences have been
systematically investigated. The environmental protection grade and deformation controlling standard for the excavations in
soft soils are proposed considering synthetically both safety and economy aspects, which provides a basis for protection of
different types of facilities close to the excavations. Furthermore, a simplified analysis method is established, helping engineers
to get a quick estimation of excavation-induced influences. A sophisticated analytical method considering small strain stiffness
of soils is introduced, and a practical method to determine the parameters of small strain constitutive model is proposed, making
it possible to evaluate the excavation-induced deformations properly in engineering practices. To tackle the difficulty of
quantifying the impact of aquifer pumping, a computational method is proposed to determine the key hydrogeological
parameters and to evaluate the pumping-induced deformations based on the field group well pumping tests. Moreover, various
green, low-carbon and low-environment-impact controlling techniques are proposed, including preliminary and permanent
combination techniques, digital micro-disturbance soil mixing piles, automatically force-compensating concrete struts,
ultra-deep soil mixing walls etc. The proposed methods and techniques have been successfully applied in many excavations,
promoting further development of fine evaluation methods for __
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Fig. 2 Schematic diagram of excavation-induced influence on

existing buildings
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Fig. 3 Schematic diagram of influence of deep excavation on
tunnel deformation
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Fig. 4 Flowchart of determining deformation criteria for deep

excavation based on allowable deformation of adjacent facilities
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Fig. 5 Statistic analysis of ground settlement of deep excavations

in Shanghai
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Fig. 6 Measured data of deep excavations of Grade I and II
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Table 2 Deformation control criterion for deep excavation design
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Fig. 10 Comparison of measured ground settlement with predicted value calculated by simplified method
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Fig. 21 Typical cross-section of ultra-deep excavation
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Fig. 23 Schematic diagram of analysis process for deformation of

surrounding environment caused by confined water precipitation
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Fig. 24 Time-history curves of water level drop in observation

wells

= = -6 1-7_ciFsci-5
%ﬁi\ﬁﬁwﬁ%
_} SE 359

8C9-

"¢ _t3-3-efCo|
50 60 70 80

0 10 20 30 40
25 SEN AR AL E
Fig. 25 Contour plot of measured surface subsidence
W8 Sl ST I Al K e = A [ (0 AR 25 5T 2% 1) S
PRKSCH ISR . B E R T & R ) A S
IKIF ARG O, KRR I SE PR 1E 0 ve Ed g g
JZ. HOKESESE, KK i b i SE IR E A it
S KT AR o 38 I S SR S
KL A, SIE TR @) K@, JZEE R U
WK ZH, Wk s iR



14 " + I B ¥ #H

2024 4E

R5 RORFEEHNG K@, BKIHESH
Table 5 Hydrogeological parameters of layers @) and @)

o o, BERBCFHME/(mdY)  BUKEK
25 TEZK T T T S

@1 AEAI g 25.0 21.8 23%103
@2 R4 b 28.0 24.3 2.4%10°3

ShA YRS R R KRR E KA B
K, KM BB FNET E R AR DTE, [E@,.
@y @5 JZ2 [ 45 FE IR B 100% I (1K 3350 B Al 40 31
71.6, 131.8, 16.6 mm, RFNFT{ERHHZRIIE R 220
mm. SEMHR S ORUTE RN 47.7 mm, H51HEAE
LR £=0.22, BPFS 30 T Ffh A0 R K 51 R s R i b
256 R
3.3 A[EKEAFEZMAGERD LS D BB

S E

ZYEBRANTEEA0 E B A b R AKS
TR 25 DT B P S, RIS R R ) A A
HW—FEIE, EESHAPER. EEE T
NKIZBNH =GRS AT, T AR ST AN 20 Y
Bl DL B - 2 W o A i e TH R, 7R R BT
PRGN 505 AR BE K 7 oA BRI, B E AR 8
ESHG WIEHZE MBI R EBE R R
ARG D, FHAEBA R IR W INE
LA G AT VAT, B RISTA BRI
W A L E KRR IRTE L. SR TR S 2 AR A
AR SRR RS 38, 7R R B R R
TARBITIREIEOL, FHR A5 2 S AL B I H R T
Bs B AL THUE M () S FTEN B TS
MR TREARE, WA R 7 FEK SRR EEITE; X
TAH B MHERRIBEESE, T F6 R R AL £
PR AR 2 T BEE TR .

OISR Z) 7000 m?, HHAZIREEN
17.1~22.1 m. YU EgMIFE shek 4 5 281X 0] p%1E
216 m, JLMIEE SR 2 S LRBRIEL) 38 m, FEIE IR
BIZIN 17 me ik Z o8 Bl A, REEE
— RS KB N AR S K EACKIEE, TERK
JEJEREE 110 m 7&K E/KEH . By 3 X5k
S S, SR FH B AT P A B I K R K
JEKACBR T 2 o FEYUSEH AT R T B KR, DA
B 8 K SCHL TR S HO RTS8 R IE UK
JEKBEAK TR, FALBA YT RGN = 4RSI R
A IR S HORE R T B, HKE
MR HE A A RIE AN TS K IS DU o RIS
P EARFFZ THL, B B il KK A, A48l 53#r
R R T AR R KIS - 5 FEEBUF A2 M B %
JKEFTA] A 180 d, T 54T BIFE DT 42 56 B 75 K7 B

o GEREW, HUAMEMIA R M KA FEIRLIAN 1.5 m,
7 76 0] T 4/ Rl b S e 84 R B T 3 4 R X
H, ST AR KA BRI LN 0.6 m.

HRYE L E RO EIR, 125 2 LRI 2N 7
Hahn, R B SRR ARG Bk X R E
HRYE 17 m %8, THEAS 22k REE R bR = 1
TR E L 26 Fras, TG 2 5 251X [A]
BEIE ) i KUTBEZI N 2 mm, 50 X 3 ) 5 K
DUREZ909 3 mm; T PG R UL 4 5 45 X TR] RS 1
RRKUUREZIN 1 mm, 5880 X 38 i K R iR 2
N2 mm. WEIFREH, T TRE SRR R
F7E e K B 7K A 52 1 S BRI AT I 4 5 22 2k BE A 11
BRUIBEZN 5 mm (& 27) , Mk 2 SR K0T
B9 0.75 mm, /2 T HUERI AR ER, AR
VS TBUER . ELRIITTE RN,

26 FUM et SRRRE IRIR AL TP E L
Fig. 26 Predicted contour lines of soil settlement at depth of
subway tunnels
i /d

£
£
%
& 73 —o-scp0-o-sci21
= ——SCY22 ——SCJ23
-6 - —<—SCJ24 —>—SCJ25
By —0—SCJ26 —0—SCJ27
-7F —0—SCJ28 —+—SCJ29
—%-SCJ30 —=—SCJ31
_8} —e-SCJ32—4-5CI33
% SCJ34 —4—SCI35
_9| —#SCI36-—SCI37
—&—SCJ38

-10-
27 BEAiSKreHAEI ek 4 S 2 Se AR
Fig. 27 Measured settlements of Metro Line 4 during excavation
3.4 FEFEIKEEKIMEEMARE RS D77 E
FyrkEad e, BARFLRIP K HES, R
RO A 3G I R 4 W R AR AR TR
RSN SV VYA D/ s 9 S w N E N
N, SR EIEE TR, A X xHE i
SN o R MIRIE DT K S 3t I e R 2 iR i 5 N



513

F IR, BRIRIESUARTE G S A T ik S R BR 15

T R I RE, RSB 5 N 135
GAER, R R KR S RS ) Pl
HREZ MR ERER, A BERFE L.

T HE B 20 b 7SR Biot = 2 [ 45 #6133, szfr
(ST TR RE B8 R T2 B2 LR /K I [ # F5
BT B e, — MR KRS b A
FTA3MT o M AT TR BT BN LTI = e A, ARG
T2 RGIAREIE T B, KPS, B
TS LARTER AT HS-Small A8 3EA TR
PO FE G Tl A9 Je AR P2 AR bk, ot
SRR 7K AL HE BT A K ANl P4 7K o AR 7K P K
AR I O S A DX kA R R P S I T e
IR I TR, AR S B 75 150 A 7 T i3 B [ R e
IKRFEEIN ] o 38 B B ATA PR B LI A S % (R
FEOL R 1 FEAEAF AL N KA KA, FEAR BT
P22 BEK SCHESESLIUN YT T FR MR, SR A#
R AT 15 2 B G T2 AR KB 0 51 e 1A B AR T

i IR IR IE I H YT AR Y 2366 m?, 2R
16.4~18.4 m. FHEHTARMIFE B BEA A A O KL 3.7
m, ZKHEN 8 EANHRE T AESR LG, SR A MR,
PEK 30 mo MR E NS A iR, REREE KR
FOK BRI TR R R SKE SR, TERUEE B 80
m AL EKEH. YRS — e s
A VU TE KPR TR T SR S i %6, 4RI 8 B
AR KA B AR MR 1000 mm JE T %425,
R SRR B AR, TRIE 46.35m (K 28). 455
BEIEHIAGRIGZE R, DLNATE 4 DRI, [FIR &
EYUAMEE 6 TR K H 3 [FIE S F O, R
N39m. HLNEE 9 KT, IFTEYIIMLE 6
1B K L 3

RS
{ 00 $650
” | ~0.650 -1.700 3l o] Dlorse: 0
SOFEE £y ¢ m ===
SR BER T A - -6200 a0
3 Pra T o 16:50
| gt = B |5.80
| -14.200 || [10.70
MIOF ST E o ——— 1] [12.60
e j |
[ . E—
<| © mymEt | c1e00 ) hoo
f il | 122.00
<[ © pst RETTCTN e
L3175 XNB Wk T3k 127.00
“ TR 29.00
S| @ BEH ‘7 -35.000 (W) ] (20
1 miE T
1 WaKEB | 38.00
[35.00
—47.000 R EREK I
St o R
S RABAL: m
- B m

28 HAVEEIE

Fig. 28 Typical cross section of excavation

AR SEBRIEGT S et 7 RN B S A5 3L
(7 FH B = 2 B0 23 B AR« R Y SR B oA,
HAMREAL R HS-Small £25Y, Hit HSHURIERTE
TIERE . PRk K T R IR M@, JE 1)
7 AU K e S s S B K B8 R 8. XX
PR TR T OESE . SCHE. SIAR RN AR .
o R EE SRR FIAR S TCAREAN,, ST R S BTt
L, SEAEANSLAERER FAE TR, O S S i T
BEEEXT ST M, R K. I HEASE
P TR 1R) AL R S Bt Tk REEAT AR, . )R
FIIHZZAT, ST AKGEATE T FEK. JHZ2 13 m
JETT A6 JE BYT PR B 7K, SR 58 7K Sk IR RS
FBE7K o FEHTN IR IRE B K K [RII - ST4h AR KU
DA e P FHREAT 3 1 [

K 29 gt 1 THEAS B ARG AR U R 3 T A K Sk
BEER AT DL FTLAZE DT AR H IR RV Y
IR RTS8 I R A
B R, AR K BRI, e SRR M
IEIBERZIY 3 my GUAh BRI E KF T FE
Wi, BEESEEGUKTERES KGN,  TUANFER I
o BRTTE, THE TR R A K Sk A T LA
EHGTTAETBR N, U R AT E RS &
BT 5 2 BE B AU R oK R ia s R .

Kk BER/m
- 16,

7Y .40 -20 0 20 40 60 80 100
X/m

29 FEAEEIEKKEREIEEE
Fig. 29 Contour plot of head drop of confined water layers of
east-west section
K 30 Ca) JyFEGTIGMI b R B IS RE AR
RAESAS TOL MRS ) o AR SRV R X LR 0L
THEAE RS G5 R AR, BB ITIZI0EET, &
SRS AT R, KR RO AL B AIEET T
¥, FFREALTIHZH ML THZEHR G, THEME
W KM 53 %A 30.5, 28.5 mm, HEHEM LR
MR SRR . B 30 (b) ARGt M
Ak D00 T AL 00 B TG B R TR T AR
HEME R, FTULEH, T SRR
EABN G, tHRAENS KT SEE . TR



16 N

2024 4E

RYEIRY], JUAMBRIIFERE R 2 MR A, HEEE
FHZFIBE K I BAT DTG K, X5 iRt X
YU R GO GEEHSE AR — 2. ZRIBOR Lok
R U < 7 1] ) R At o L AR 5 25 FE K RE ) T
SAEFEA—E, SEERYTRED AN 6.2, 4.7 mm,
YT A2 ) T HE ST AN B KO i T A R 5
Wi, IR THEARBI BTG T LSRR
MR GRE . EFVTRE L2 S5 S xS LE R BT, SRR
126 8 2 BT 7 i RE R S 42 A /K B 5 1
PRSI RIS o

I
_—"2/’/' v
¥ B
S PJrec2 o
' 2
rees v
400 10 20 30 40 50 0 10 20 30 40 50 60 70 80
S /mm SRR /m
(a) EFLHNE (b) shFEIIRE

30 M RELURMFS Fiith TR A S SEMMEXTEE
Fig. 30 Comparison between calculated and measured diaphragm
wall displacements and ground surface settlements

X R B AR KAE B RS TAE, R
FEFEHh ARG W] LA B A 2 /K SCH R 28, FE
Fenli b E WP RS UR ST T 5, FRRABR
IIMT G o3 2 AN 3 M T ik B R 2 B O i A
Bk AR I IA PR RO RE MR, AR 73 A A R AR e K%
W75, B DR A% 7 R ) SR R & TR
AR K R, Db BN FEGT AN R IR RE R Tt SEIxT
AR 7K % Al I8 38 T S0 1) 2 A i o

4 MEREMERS PR WIS

AR

A RIEGT S R T P S AP S5 A T L
BEARSIK S JHZEN RSN & 51 RIS I X 14
MIF BN IS B o A IR DU T 5 M R % ]
RANERNRG TR, MO TRy se it e,
TR Rl WAL AR AR MR X R 3 N7
T TR X R AP i o AR TRk S i i
BERSCAEHIIRIEE . BE S XL XHT At 1k
BEAT T[] 45 75 3% LAY Bl 45 kg DA R A 30 Al A
o ALFBBRATIHRE S 45 72 [l 37 45 44 5 R A it 2 1] 35
BB, CABUNTZ. BEKSE SR IR /13
FISZMASE I, AT 2R AR T ok Ji 10 B A Vi ) 52

Wil o X HEGT ALK 52 AT RE T 5 R 354, T LA
TS0 HL A B L R A5 A EAT 0 i LAY R HAR TR TP
(KIRE ST, AT PRAIEIX S G S A SE T A2 AR P
ZAMIERIZE, W RN 5% RS
AESRNE S . IR, EHMBIITRE T — K515
. KB IR AR SR BT T, AL
P RSP S 5 AR T SRS S EOR T
Peah A EER R B S T B3 AR I HOAR B
LR e K Pl IR MR OAR 4 AN D7 TR ZE R
4.1 XZIPEMS5EAMTERRBEERAR

SCHEH S RIS S HARES 5 FER AR 20 B
SR AR T SRR A OGS G,
T ERIRI R AR s it T i IRAEES S5
FIAS I AT Eh oy g Bl i S N S AN AR A & CRTP
B BRSSO RS & DL A
PEARES G AR ABY, ik 31 R,

RAUHZ S
(GBI )

MRS &
(B AR gk s | (BT SORAR K ARERE)

L ik

31 XIPEMEEHEREE

Fig. 31 Excavation supported by permanent structure
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Fig. 33 Layout of concrete strut using axial force servo system
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Fig. 34 An excavation in Shanghai using reinforced concrete strut

with axial force servo system
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Fig. 35 Schematic diagram of trench cutting re-mixing deep wall

method
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Fig. 36 Schematic diagram of cutter soil mixing method
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Fig. 37 Construction of water-proof curtain using TRD method
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Table 8 Comparison of parameters of N-Jet method with RJP and MJS methods
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Fig. 40 Jet-grouting piles used for horizontal water-proof curtain
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