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Abstract: The main task of excavations in soft ground is the deformation control, which is closely rated to their safety and
environmental impact. With the increase of the buildings and structures in the urban areas, the construction-induced
deformation has become the focus of the excavations. The characteristics, mechanism and environmental impact of the
deformation caused by each excavation phase are analyzed in a view of the whole-process control. Furthermore, the control
methods for the deformation and environmental impact of the excavations are classified into two types, i.e., the control based on
the retaining system of the excavations and that based on the protected objects adjacent to them. For the latter type, the active
control theory is proposed focusing on the deformation of the protected objects instead of the retaining system. This active
targeting technology integrated with the measurement and control for the protected objects is realized by controlling the stress
and deformation of the key zone. Finally, the strut-free retaining theory is proposed and a series of strut-free retaining
technologies are developed for the excavations in soft ground. The design of strut-free retaining for the excavations with
relatively large depth can be realized using these technologies. The theories and applications of the whole-process control, the
active control and the strut-free retaining system promote the deformation control of the excavations towards the efficient,
intelligent, green and low-carbon aim.
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Fig.1 Deformations of excavation retaining structures and soils
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Fig. 2 Horizontal displacements of soils due to trenching
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Fig. 3 Settlements of adjacent buildings induced by group
borehole effects
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Fig. 4 Centrifuge tests on single and group borehole effects
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Fig. 5 Ground surface settlements induced by single and
group borehole
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Fig. 6 Comparison of ground surface settlements with and without

simplification of group borehole
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Fig. 7 Simplified simulation of group borehole effects
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Fig. 8 Simplified simulation of group borehole effects
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Fig. 9 Comparison of measured and predicted settlements
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Fig. 11 Plan of excavations
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Fig. 12 Wall deflections induced by pre-dewatering of excavations
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Fig. 13 Wall deflections induced by pre-dewatering of excavations
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Fig. 14 Plan of dewatering wells and field monitoring paints
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Fig. 16 Deformation prediction model considering 4 effects of

pre-excavation dewatering
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Fig. 19 Measured lateral deformations of retaining wall
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Fig. 20 Comparison of ground surface deformations under

different lateral deformation modes of retaining wall
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Fig. 21 Comparison of ground deformations behind retaining wall

under different lateral deformation models of retaining wall
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Fig. 24 Variation of maximum tensile strain of longitudinal wall
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Fig. 26 Deformations of tunnels at different locations caused by convex deformation of retaining structures
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Fig. 27 Influenced zones determined by different profiles of
deflection of retaining structures
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Fig. 28 Settlements and dislocation of tunnel segments induced by

leakage of water and soils
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Fig. 29 Model tests with multiple leakage points
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Fig. 30 Simulation test for two leakage points under tunnel
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Fig. 31 Results of two-leakage-point tests with different spacings
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Fig. 36 Comparison of tunnel displacements with different types
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deformation of tunnels
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Fig. 46 Plan view of grouting program and grouting holes
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displacement of tunnels caused by TAM grouting
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N T Bk — DB FUR A R A BN B
DS FIVE, 2 3 I AAE B2 4153w 1 Bk s 1 ) 6%
DUT AR 0T 0 FUAl I S0 AR A 45
iR, IR E N T, s R 208
VR L, IR VAW SR AR, BUKEE.
ARPER . A5 VESRIUATE . R &R L=, MR
KA A 1.52~2.65 m, TZMSHERIRVENE 1.
Hrh @, Ve B &K mE 77.8%, Boviss, 5H
TNIQs B LB BRI R EAR ZE RO, 5@
J53 2 R i RN s A M A 22 1R K

Kl 50 B0 i 1A o R BE B I AR
RIGFLEERS 3 m A — MR SL, FHEAG 83 AN
®o HAEEERIIL 4.5 m & mix—HIL K,
FHCA M 00 2o A o e s B K s I AR ARG L. 7
8.0 m, Bl R LR 20.0 m FHUTH LA F 28.0 m
WRIZAL . TRV ik N@, W)=, 1 E 1@,
HRES@s Fi LR A RN b N @q YR
T2 R — b,

xR 1 T ERIBRAIFIERR

Table 1 Physical and mechanical parameters of soils

e

/m /KNm?3 /% /(°) /kPa
i

® Ai“ 3.66 175 — — 100 8.0
JEAY F'T

@) e 797 200 179 0549 226 —
wt

@, W 880 152 778 2079 15 21
@ #L 386 180 323 0977 17.1 214
ST

@ n 12.16 16.4 53.7 4.670 6.6 7.5
@s A 8.00 20.2 152 0.504 29.1 —
W
OATH+
@ IR
w1t
@ | 8
DEL i3
> i
[ S/
@5 M - 5 Vi : m
BT TN R

50 NI HEMEE
Fig. 50 Profile of field tests
Rl 1) Y 2R 51 ) A () P Ak P L A % G P 51
JIiR o 5 Ela2 g 51 ) AR RS 4 A0 KBS 1S
e YO N AN, 51T FE@ui e = v A T KA
Z MRS, T e Y R A R A S AR /N o
I A FL IR BN T @R e 2 9 AR AR . AR TERR
i, HKSP ) 0 s g 3 /N TG P A
08 T A IR A R N S PR SR el 1R B RN
@R, SBOLE TERMF . Xyl 5REE.
FEGRTE 7 R ARR I ZE L, SR A IR R AR B
FEFAET N kb, S o S AR R SR T B
RRARZAK, 0 AR DX 3 A J T RR 5 10 2 g AR T
BEAT L [ RS 42 ) 2 X LS IR o

FKFALEE /mm
-4-2 0 2 4 6 810

IS /mm
-4-2 0 2 4 6 810

0 1

2_

4+t

6

8_

10F B : ™

12}
g 14t by
£ 16 ®
18 2
K 20

= MR SR 0l SR
o MR SR 3 el Jotelobo funl il

() MPIEFHER mik K FALRS (b) MBI mAbACF-fi%
51 HOBAE £ HMREER 5 R L ok P

Fig. 51 Horizontal displacements due to TAM grouting in

stratified soils in Zhuhai
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Fig. 55 Field tests on lateral deformation of piles due to capsule
expansion
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Fig. 56 Plan and profile of field test tunnel and excavation
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Fig. 59 Settlement control by recharge of artesian aquifer
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Fig. 60 Variation of water level in aquifers during and after
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artesian aquifer I
FT BRI g R, BIRESE [ MUK K& /KEX B
AT AR5 7K R R R FTAT Y, LIRSS R A

JEACK T, FEGUANHEAT [BEXT AR AL A I BOR
B R B TTA BT BRI R EEK 48 h, R BLEDT
A& B KB KA BN FIRE L 10 R R, &l 62 i
o BEJE RS 1 WUREEKZ KB, [B1HE 72 h
G, FEHUMRMEKE . B T HURER. 5101 ok
2 BR R4S 204 5z, KALAATHELII R . i [l e
X5 11 -2 0K S T2 7K AL R 328 ) ROR AR R 2%

B 62 i, [RHEERTA ROD R T N R K 5
AL FEGTAN T KL T B, L A RIS A K o o
KA R E R KA. T H., BT AUERR ER A X

M Y (RS 5 K2 BEAT R R I . PR, (]
FETT RN — R RO AR T L sh P R

—A-HG1- 3%[%&5%)
[-A-HG1- 5§ I ;MEE)

5| E)
-o-HGZ—l—i% I -1;3’:}35%)

HKIER)
~-HG2-2-1(% Il 264K FEJZ)
~-HG2-2- %11-2 &R

‘9 A,( y& &a&wq\\.e_%.o _@\9_0‘»\_0&0 QO@ o
AR q?“z"»‘“% RN '\f& \
&@@@@@&$q¢¢¢$¢%%$

VIRV
[ 62 EIAFRMKEXEE | Bk ESKBEEENEEKE
SIR:: o
Fig. 62 Variation of water-level in aquifer due to recharge of
artesian aquifer I after commencement of dewatering

inside diaphragm

4 AP EITIELF
4.1 TXIEZIFRIE

BEGT AR B S AR T N SCHE S /R R SS R
P X A WA PR RS S R . e & 55
PN, RMBNISHE IR, A kAE
P AN SCEEIRER T LT o5 3, 25T 05 12
Hhhia, R =AM T, 07 ISR N
SCHE S S W BA AT RIRCR IF . TARBOY W 5
Mt sie. ERIITRESCEAERN], S8 ICH S
TRV A SRS A 8 EAFAE — el

(1) Besg L e 88 o ST sCi B it TAE
&, MR E TS . K TAEIBRL T3 E
TERR B RN, QUK B SR AR
AL B, HARR 22 B ARRse R, @l mEs
THZREAMR, —OGER T 589 L XOTHZIRE 5



51 WL R X TR AR AR 1 7710k S AR 23
m CLAIEST, LRSS AR EORM AR, & RS @R LIRS P A — @ KL,
FIRFE-L N o BRPUERUN, Ht THAERK, RS54l

() YHEGTHFIZRERT 5 m B, A2kt
Jit T H I () A8 T B FC56 L AR e e, 55 b i)
B WER 7K N SCHER R o YT SRS R &
B R MU FAR TE A2 BE 05 AR A, B0 K THIAR
YU, AR SR AR VR P SRR, AR H B
m: OMFERIEAN BT, KPP SR — IR IR B 254,
HAPEHEFE (Wb AKURFARRT) Fn T REE M v] 5 3
HUCH AR R M BHEFERLSIE T 20% ~40%:
@jits TR, P30 AR ER & F 5T T
20%~40%, THIFEK: 20~60 d; @i THEE K, W
T TR = P S 1 it T SR FH 57 3l AR B ¥ it T 7
3 HFEC T2 T 2546 it THME B3 K. Bhah,
K SCEETR BRI P2 A KR AR A e
DA, HHAKT N P AR oSBT & AR ) T
Ak it T

AIRREE R R O Nt 2R R I K 34 A b SR
BOR. MR 2018 FHIGIFRAW), A EE AT R
Hemos & 5 EER I L E N 51.3%, a4
FEBY Bl HE I 4 B RRHE Y 28%. DRItL, X
R R 60%~80%MIHZREM T —E—H T =2
(B MIEEYT, FEXTRE 4 a1 X
WETCSCHE SC Nt 9 (25 1, 228 0t 7T BT IR
T RIS S PSR S R AR T, B
KT —RIIANGEE N T (B wRgse E RIIF
FEORPE T Al R YT TR 1 — R 510 S+
K, AFEHR, REEES T B E N S ISR
FETNRUH RTINS, STBESTE N SCHESCH, fRR
WSS ARAEE R R A R, SEBAE G s 4
BRI TR, @ — ARG A AT BRI
R TREHA.

4.2 RELZIF

X R AL A, Rl TR IR,
REAE YU B SO AR TR — e AR 1) 1Ak (AR
JEb) SRIGERGTA A L S R SCEEAE R, TR
IEESZP IR, i 63 (b) fias, M ER Kk
FEGTIR B R BB N .

XA A 1R S A M B o i e
—MANFRE T IR B E SR, B R AR —
PR i 80T LA R, 1 208 T HAE v i g ik
APAFEIBE ST Ik 64 FTzR, FAERIZELe 2=
SEUISR T AT [R] B 25 RS R R b R e R [ R
PR RIS B S S R R FE SR 7, B
T RE B AT 3 MR R Ol TR
ELMEEER, YUK A RS

HI IR AR IR @XESTA K T8RSk
YR, dEwTEE—b Al ERR I R, RIS
PEIEZE M SRS R B e P Y A v
5 DL S R S5 s T A B xof 42 - A K 1A RS R BR 1 AR
s HUG XA HUR LT — 5 IR EEVE A 4 1
PUHSERATHIRAZIE, & 8w A 18 Rk LR
M o

Bl Ak

(a) BHEAXY

(b) REL+BHEA

63 RIELIIF
Fig. 63 Retaining walls with earth berm
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Fig. 65 FEM model for double-row retaining piles
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Fig. 66 Types of multi-level retaining excavations
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Fig. 67 Case histories of multi-level retaining excavations
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Fig. 68 Failure modes of multi-level retaining excavations
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Fig. 69 Failure modes of multi-level retaining excavations with
respect to width
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AR EEPLE I b 4 PRI R B, R S E
SCH RSO BURE— 52 M BE RS BE, BE S AR AN A
N RE A (E 71 (@), REEH A ST

BE— 0 B2 N SRR AT 7
K 72 9 B . B HRBURIAE | R B S
ORI A5 2 A AN A SCH S5 R b S AR T LR . 3
FSCAP IR A0 R AAEAE . K. B SE A . HEl
72 WA, SRR, RHERIEA R B B E
SR S B B K BLRE BRI, iP5 s



26 w + TR F Ok

2022 4E

B RAEAERMETL, TRt BB AL A Pk R 5 ik AL
BRAEN S . BERIFZEE 72 migER, BEY
PR B RS B 120 mm, T 8 BLAE + A (15
R 20° ) FEERAIAE A YIS R FE AN
16.0 mm, Sk /ML 3

10 1520 253035 4045 50 55 0 5 10152025 303540455055 60

FHER B fem FHEBREE fem
(a) foiR} A (b) REAE 8
71 WARREN, G RIEHS IR RIRE

Fig. 71 Model tests on inclined retaining piles in sand
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Fig. 72 Wall deformation of vertical wall for different retaining
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Fig. 73 Strut-free inclined retaining structures
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Fig. 74 Comparison of deformations of strut-free inclined retaining piles and braced vertical retaining piles
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Fig. 78 Effects of self-weight on ultimate depth of excavations
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Fig. 85 The mechanism of different retaining structures
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