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Analysis of soil disturbance for different ground improvement methods
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Abstract: When the surrounding environment of the construction site is relatively complex, such as adjacent to existing
subway shield tunnels or old buildings with shallow foundations, the impact of ground improvement on the surrounding
environment deformation should be strictly controlled. Combined with field monitoring data and numerical analysis
results, the effects of ground improvement methods on the soil deformation to surrounding environment are analyzed,
such as trench cutting re-mixing deep wall method (TRD), metro jet system pile method (MJS) and soil mixing wall
(SMW) . The effect of the three methods on the soil deformation of surrounding environment can be controlled at the
millimeter level, which is suitable for ground improvement under complex environmental conditions. The research results
show that the surrounding soil deformation decreases with the increase of the distance from the reinforcement location,
and can be reduced by adjusting the construction parameters. The soil deformation of surrounding environment is also
related to factors such as soil properties, the weight and mobility of the equipment. A number of subway projects in
Hangzhou have confirmed that TRD and MJS have little impact on the soil deformation to the surrounding environment.

Key words: ground improvement; soil disturbance; complicated environment; construction parameters

0 531 B B A L0 0 S M R SR IR RS, AR
ST AR SRS, AS T4 B 3

BRI ARROING, AL AR TR, MR T2k B8, |
TP AT BRI, WAGE b A B RS T R b K R e R

Weis HHA: 2020-06-27

EETHE: WTARH IR0 E AR R (2017C03020),

fEHfET: 2 (1979— , T, WHIBUNA, AR, SR TN, FZAFHERAY R TR w2 E T/E. E-mail: 38919553@4g.com.
“HEWAESE: 2B (1985—), %, YLFEJLLA, i+, m&TREN, FENFAE L TREMR AT, E-mail: liying3104@163.com.



336 o A

i P

20208 H

L5 (TRD). &5 A s R BemifE (MIS) Fil=HhK
VLR (SMW)D £, ML Jin [ 6 3 3R B AR T 1Y)
SRR S A8 T 28R b, iS5 14k
PER . IR NSRRI R A . BT TR,
A BAEVHG AL TRD. MIS A SMW ix 3 Fhith ik
I T2 JE BRI M A T s e R A,
F& D 52 (1) 7V

1 TRD RIS

TRD &% 4k U HIF 2 B2, /K-t
it TG E%E 1) 55 B KR T4 P a8,
2w K Z IR IR I R b KRS, T AELEAR
IV ERIR ST TRE N T % .

TRD B 1A 58 R b B o TR 5 Bk
WESE. B 1A 2 B gh 7 B 3 /N nie i i) £
P2, X E AN 5] s TSN “=
W, RURATIENE . RO AE . iR, TA R
FESASE 52 m, K8 m, EE N800 mm, HEJE
NP R+ 2 TB AR 50 m, KB 12 m,
JEER 700 mm, BEEKHARLEA/NTF 3 m. TC
TR N 56.73 m, KN 8 m, B> 700 mm.

Bl 1 4 TRD SR A 140 MR ik . it T
Wi, sEAMRIIEBIE N, BT=R%. e
BRI, HERPTRRERBOR, H 10 m JuRE AR
DUBEARAL AR, 10 m Yu AN EA T e, W s 3

SN 208 10 mo [ 2 2 TRD 155t 39 ) J&
B EREE KRR, (). (b, (¢) 737 EEah
2m. 4m A6 m b AARMIARVE ) IS5 R . B T
G EARIR B R MR, RS S8E
T ERIZREL, RMEZ 5 mm. AR KL
FERRIR LI R R s, sORE S THIER LR
3m AT, 40 mIRE LRI AREARTIS) . RIE
FHIFI,  AA KA RS B -5 55 4 7K P B 25 ) 386 KT
/N o

FH B W0 i L AR AL RS, AR R B Bt
AT TR i n] 58 B 3 BoR T Uik 1548
JE& K Pk T 76 AR TRD Jith 156 B i F %8 m) 6 4%

K 3 (a) FoRMIbiNEZisiEmiH TRD JEE N
700 mm, N 21.0 m, S5FEMREEKTEEZ
10.0 m. TRD L& #JR% A 2k 220 AT K E L
200 m. Mk 2 DIRD R S AR R S 2. R
0 S 7 A e 0T i ) % T A b Ak A 3k PR ) DA
TR RE, DUFEAN 1~2 mm.,

K 3 (b Bl FYHETH TRD JEE N

700 mm, VRN 35.0 m, 5EHIREIE KT IE R 4
26.0 m, HJEMIBEERPPATKES 120 m. i+
JZ DIRP A E RO RS R E o WA 5 s it 1
X} JE BRI (1 RE e AR N 3, SRR BATER
DiBEEN 1~2 mm, mEEN NTLRIIFEES
1 mm.

O Il 1 1 ]
| w
E ] i
E -
o]
. TA
1210 (800 mm, 52.0 m, 8.0 m)
TB
i (700 mm, 50.0 m, 12.0 m)
i TC
4 (700 mm, 56.7 m, 8.0 m)
B4+——T—"T""T—T T T T T T
0 5 10 15 20
BR /KR 85 K P B B /m

E 1 TRD RiERTEifithRE
Fig. 1  Surrounding ground settlement during TRD
construction

AREIm

50 I 1 1
0 5 10/0 5 10/0 5 10

(b) 4m (c) 6m
KR T fmm
El 2 TRD &R AL AR B K AL
Fig. 2  Deep horizontal displacement of surrounding soil
during TRD construction

(a) 2m

TRD Jidint i A M 5 i s mi BE 5 - R A
xR, W T T EA KB Jypbxs i L 578 7
FOSEME, FRHCCA R fE . (1) il T3 p S &k
FEP R, BB R T AR I A RIS 2 A REAT
M EEINE (2> FLRET, Bl R HEAT i s e ok



4 W

LM, SE. R IE I [ 2 B AR R W 4 b 337

e GG TSH: (3) ML, AWriEBRIE
THBHRAEHIEB N AR E P (4) PIFRIAE
ATHESZHRIN, SZ9BE N B RAEH B e, T
[ L, (IR G VeI DR R BE A = B IR
PASE R0 SR RO E AR A s (B) T 4 /N2 A
W, EMREI SR, JHEHDT RO, Bl
BF] S EZIRT RN

ZV—ﬁ JEG ) I R AR EREE R
1 S J20,130 To
£ “Io O |[=F®n
£ s
R ol TRD I
2 T
=
% _q
_2 . . . .
0 10 20 30 40
AR Tt s I S e
() MM IREEH
2
iif] JE R B 3 3 VR
2| 130 320 T PN R
] ol LT (RE)
£ ! O®) 8L )
= TS AT L
QHE 0 TRD
i:_{
=
X1
—2

0 20 30
bR R M N S
(b) HUMI b RITH
3 TRD RUIES B EHRRIE & T
Fig. 3  Vertical deformation of shield tunnels caused by TRD
construction

2 MJIS RRAESZAE 434

MJS K Bl B 25 R 22 FLA S B M py Y 3
FEATHMEI, AT Bt K R A7, AR50 0 e
WA A e (0 R s e O A, i HH 0 2R 2 et
TAAIE R A . T MIS R i T R,
H HARFFR K FFSLHE, FEARA S 0] A Bl ki %
ABERFTE, TZIREE R, R EL,
HIRBI LI/ . MIS 7 Bk TR (1K) 35 Jin 5] )3
JE L E

B 4 o i 28 >R FH s 25 BR R R 0 F B SR AS 1
MJS AT A 18] & 3 E AR TR IZ KPR, KA RS
WiAE 5 mm UL, HAESETEAMEE N 12 m £
FAER, 1E 12 m PR LU R RS )2 R B 88 in i
N

0 — I2 4 6
LA AKFEALFE /Imm

4 MIS piERT B TR BK LS
Fig. 4 Deep horizontal displacement of surrounding soil
during MJS construction

MJS AT i 320 A (1) 5 1) 4, ] P 50{E A A
AT B, My AL 77y 1.2 N 77
BN 12m BHEEK N 15.0 m B, BAR MIS SHE(N]
R J& T 22K g,  HERATE Al Hh 32
ACPALREAEIOR, FEMEMR 12 m AMEma] 2%, Hy
RUTPEFINEE T 2KG, B ABRIT b 2 I P
K, 1£ 14 mAMRDIFEEL T%. [ &1
RUTFERS KT KPR . § LRI, B
TARIKFALRE R, CABEAEAR 1 m bR, § L%
18 1.2 f5 N 55 B R K42 7 4 0.78 mm,
2.0 i 7565 B I R K P2 #2 4 2.83 mm.

UML) 24> TRESCEIER] MIS H T JE 4
Wi T B AN 7 n [ B B A SR N R Rk
MU 5 S ERRIE RO N CIEE 1 5 E kR
B, JERETN 1 SRR Em T “L” B
MJS Il , @l 5 fras. MIS FIE 2N 2 800 mm,
KEBEANT 40%, ME+ 28 d 58EANT
1.0 MPa, 5B~ RIKPEE RSN 1.0 m. BRI &b
T BE ) 5 AR R 22 (VAU e s =
[ 5€ B PR TE AR TR W] 6 BT, B m AR TR I DT
F%, UiPFEZ) 1.5 mm; & K/KFALFEZ) 0.5 mm;
B 18 e KK SR Z) 1.0 mm; MJS [ % I A4 Fi
EAR TGN, a8 5 R R %A

3 SMW RE#HEEZAE 43 4
SMW 75 3% [+ [X R T2, 2 Ll i

BRI — 8 R B AR BEAT B, RISk
AL SR K PR s A ) B 1 I 3R AT S B AR, TR



338 HoOE 4

i 20208 H

MIShfE  1.00 1.00 1.00 1.00

55 L& X ] %1

E5 MERGTEME
Fig. 5  Soil reinforcement around tunnels

24 —a V% e KPR —a /KT UREL
1 i
£ MﬁﬁmeN%@&
g O
:E
—1 ]
~2]

0 10 20 30 40 50
JF e o 3 A

E6 MISTHELSHAEMFETR
Fig. 6  Deformation of shield tunnels caused by MJS
construction

TE L B N RS R . W TR, e T ) s S e
RS, HT BB R, S50 hE A KTEHK «

B 7 oI5 H SMW . EGHE J5 Wl 380 iy 44
KPR 2R, KV HEdE AR 850 mm, L
S 9 g, R 15.0 me WA 1 AN AL 2 A EAEA
[F K P FEAE S 0.8 m AL EARIIAVE, Rk
KA 2) 5 mm. ZEMEARSL 4.8 m kbt A B T 3R 4k
MRVE, TARKFBIREN 0.2~1.7 mm. FAERT
AT 32U, BEAL 4.8 m b UTEE R
1~2mm, HEA 0.8 m b A YTFFE Y 4~6 mm.

SMW SR &) 30 B 85 P s i 3 i 4 £ 7
Ao B ERIEE T 2 Fh, S mER R
ity AL R FAE S BRI 1, 33— N
R NS4 R AR ARG, 3 e 45 o e A
BT R A MRS o S UE B A I R KK B
P FE I T S it L ER08 > SMW. BT ] 320 444
HI3EN . B 8 B AR HE B 056 BT R EE ) SMW
TR LA 4 33 B85 5% b A IR J2 7K ST e 1 5 i
AR, EEEEEE A 0.25 m/min B, JKIRECERK, %
TN, I AP R N . B R
0.5 m/min B, J& 1 A4 KA A2 Bl /K K L 38 K T
SN G R o KK LEARTRIS , 3 B AR A
Xof J Bl AR AR TAR ) s e B R BE K

0

5t J
£
10 a
K

15 - e

r ——ll i 2
20 1 1 1

KL RS Imm

El7 SMW Bt Al R R KRS
Fig. 7 Deep horizontal displacement of surrounding soil
during SMW construction

6
#3%E 0.5 m/min /
£ \\\ \V’
1= 4 S~
® Teel
H2 7 T RsTT
H33 4 0.25 m/min
0 T
0.8 1.0 1.2 14 1.6
IKIKEE

B8 skxtb SR LATR AR
Fig. 8  Effects of water-cement ratio and drilling
speed on soil deformation

4 HbH =

TR A A AR B A @ I [ T2, hn il %
FIEE . S ISMEER RN L EEIE. TRD
I SMW By & H E AT IS 100 t, 7= A Y Hh i 4%
B, PR TS Mg E o7 . B R
FIH K SMW X JE R R AT =20, i
R it 3 BB B 3, HIESie 1T, Mt hn &
SEUG BB TIELE 20 mm B E. FHET S, MIS
Wk HER, 1TEME, HTEWREE EJ7mEAA
PR o (R MIS ST FERUN, T DR T AR i ] B
it T TRV K o 2003 BE A 8 AT 0 58 75 25 FE %
HEESERSEA R LR N. TRD fl MJS
KRBT IR, B M = B R A, HANF
10 m; il SMW FEh0 R FE RIS iR R, H



4 W

LM, SE. R IE I [ 2 B AR R W 4 b 339

EETESSEUKRE Wk, BS A NHE.
TRD E4:VELF, HEEEAME, B TN, AT
R THIAR b 35 o 3] 75 &5 A Hofh T2

5 & 1

(1) TRD. MJS il SMW X} J& i 3R 8545 2 5
Wa S5y I IR 22K 2, T 55 20 S 1 B 5 o [
BIE N 25 A R &AL, BE. HLEIMESRE.

(2) 7 [R]Hh 0 [E] 75 2Ok J 120 34 855 3% T 5 i
FIRAERARARL ;R B AR AA AT R SRR, i R 2 ek
K, JEHARIRAZTE RN

(3) b I ] 0k J) 30 A 555 1) A8 T 5 e ] Je ek
ALHE TS HCRN, g hne 2 L 1L
JE77 KK A E S

(4) FM ki 2 0 TF2 CESE TRD A1 MJS
X} JE IR T RS2 N

SE

[11 EEZR, BokA, REY. TRD K)o HsEiE LI5S

SEME AT SR TR RIS D], & - AR AR, 2015,
37(S1): 1-5.
WANG Wei-dong, CHEN Yong-cai, WU Guo-ming.
Impact analysis and macro-deformation control measures
of TRD construction cement-soil mixing walls[J].
Chinese Journal of Geotechnical Engineering, 2015,
37(S1) :1-5.

[2] RE#, TR, WIKR. TRD TIEE Fifg EFr4xfl+
> 56.73 m HEJEA B IRIE R IR ). AL TR
1, 2013, 35(S2): 814-818.

WU Guo-ming, ZHANG Zhao-xiong, XIE Zhao-liang.

Application of TRD method in non-in-situ tests on

56.73 m-wall of Shanghai international financial center[J].

Chinese Journal of Geotechnical Engineering, 2013,

(3]

[4]

(5]

(6]

[’

35(S2): 814-818.
R, WIKR, %, 5. TRD LiE R HAERAED T
B[] RS TRk, 2011, 7(5):
945-950.

LI Xing, XIE Zhao-liang, LI Jin-jun. TRD method and its
applications in the deep excavation engineering[J].
Chinese Journal of Underground Space and Engineering,
2011, 7(5): 945-950.

MR, EEA, B, 45 TURECEHEX MIS TR
it 50k I 3 B A A SR R 5 R S BT [9]. BB TE AR,
2017, 37(11): 1379-1386.

YE Qi, WANG Guo-quan, YANG Lan-giang, et al.
Analysis of influence of MJS (metro jet system) pile
construction on adjacent existing buildings in soft soil
area in Ningbo[J]. Tunnel Construction, 2017, 37(11):
1379-1386.

BAEL, BEWE, TR b MIS Tkt TH
15 308 1) BB 20 BT [3]. MRS Al S TRE 224k, 2016,
12(5): 1315-1319.
ZHAO Xiang-shan,

Numerical analysis on the installation effect of MJS pile

LI Chun-tao, WANG lJian-hua.

in soft clay[J]. Chinese Journal of Underground Space
and Engineering, 2016, 12(5): 1315-1319.

IR, =PRI S iE L T Z S k). #
il 5450 T 8%, 2018, 36(2): 173-177.

ZHENG lJian-jie. Parameter comparison of perturbation
technique of Three-axle mixing pile[J]. Foundation &
Structure Engineering, 2018, 36(2): 173-177.

WEGE, WHREZR, gk, SMW TEbEiE T w2 1k
KA 7 S R B i AU [D]. AR, 2006, 37(12):
903-905.

JU Juan, YE Yao-dong, WANG Ru-lu. Test study of
impacts of SMW constructed pile on horizontal
displacement of deep soil[J]. Architecture Technology,
2006, 37(12): 903-905.



