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Fig.1 Geological longitudinal section of tunnel
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Fig.2 Planar location relationship between building foundation

pit and subway running tunnel
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foundation pit and subway running tunnel
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Fig.4 Schematic diagram of horizontal deviation correction
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Fig.5 Schematic diagram of vertical deviation correction
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Table 4 Calculation results of vertical deviation correction

T W T /kPa U ] {4 /m
1 300 0.056
2 450 0.19
600 0.33

Table 3 Residual error of data point fitting results

— TEHAEEE | SRR | R KPR | B2
BRIEFEES/m | /kPa /m /m R
1 3 450 6 0.066 | 4.2077
2 45 450 6 0.059 [-0.599 9
3 6 450 6 0.049 |-2.5329
4 45 300 6 0.022 | 9.772
5 45 450 6 0.059 [-6.8392
6 45 600 6 0.085 [-6.0765
7 3 300 6 0.042 [-1.6735
8 3 300 9 0.057 |-1.1394
9 3 300 12 0.065 | 0.101 1
(2) &) 2 5

IR AR A (2) R o, R AR
Ives I N CIRE B RSl | STERI R L AR A IDEEE 5
IIHTERR , e IR A D A 5N

S, =t x0.013%X P, X Eﬂ (4)

EIE R B BT, 2SR5 R an & 11 By
N AR R B AR WA 4.
4.5.3  Afwid REbEE [ B OB

A BT, 21 (i R b [ BRI
) ARG AL TE | 0 0 o e i T e e #41 J3E
RN, T L2200 BE AR 7] A2 T A K 13 om [B1H 2
7 cm, 21 it PR W 16 1 BRI AR AL, TSR G R B
B A A Y o

F 6055 21 (R 4098), 2023 E 4 BHAR
Vol.60, No.2 (Total No.409), Apr.2023

190

5 il

51 FIFARIRIE AR

VLR T o TR AN B P45 15 m 38 PRI A it
GHEL, S St K- 2 e, P 8 1) 24 O

(1) 7K 24 s - B A RN 35 (1] 15 % 1) et 1]
AT A A o Al 1R A5 7E B 25 % 1 3 ~ 8 m [
WARAETE A B 6 HE, HEBE A LI EE R 1| m, 0045
BifLZREIE T 3 m, F K S 45§ 7 0.3 ~ 0.8 MPa,
T R T AL R PR ), 328 B B T AR FH e e T

(2) "% i) 24 s+ B AL 790 00 A 5 o g D 20
FTE ) 2 i o Aol R4 B 5 P U B 2 45 1 7E 3 m,
VYRR E DN IA] 1 m () A, ) A 3 HE, HEREAR B
TR BE XS DR R E B FL B RETE T 6 m, 71K
T RS SACY 24w B B ]
52 \REF I HIRE EEIE A

HRAE B IR 58 | 7K T 24 Mt 9 BB 25 Bk 3 d5 izt 1) 2
HEHE IR A I F R R R B AR, X R A B TG
Wi, 8 1E 2 S0 % Rt T8 o R i ad
0.5 MPa J& , WO AR A BE 2 T, b T 5 2%, 9]
WIRCR 22 B IE AR H AR F17E0.3 ~ 0.5MPa
FlENRE N O Ao o e e A W LIRS 3 i WO W B s 2 T

i X I I 5 A SRR LA S
TR IKCE AR A K ) TR FRE Y. = 0.13, 1%
2 A2 (4) B IE RS = 0.70,

53 RIRAOM



RN R IR R T T 2MRIE B ik B M B AR

B R E £ R

MODERN TUNNELLING TECHNOLOGY

YT )1 0.3 MPa, L 3 m,Q N9 m,E N
5.19 MPa, ¢ 5 12°, HN Wi, fRA AR (3), 1557k
- g 52 % 228 s AR (4) , 15 3 85 ey 24
P 5r # R128mns” SR B IE A X8 5 5 2em
2 Mg KL T A 2 B S i Rl B A7 T R 2 Dy
20, , HAAS B I [ 3 S0 5 [ )

X SAE FH ™ A ) JE AL R 1 2] S B 261 T 1 3
AW, % b 2H i i 0 5 RS 58, BB KSPA B de K
[l R 21.91 mm, KLY INE 12 iR . BE
TH 1% ) VRS i A [ 3 4R 17.25 mm, B i) 21 (R
WE 13 R,

E
£
i)
E
B
%
POEEP R L PLOELERDP O PSS EL &
P PP R ST E S
HLR/m
K12 At AR KA L
Fig.12 Comparison of horizontal displacement before and after
correction
20
10
=N\

0

10448 S PNE P PP P S ELES P
O R A
-30
-40
-50
-60
-70
-80
-90

2 ] YT /mm

~ 4l

B /m

P13 20 i TR S AR X L
Fig.13 Comparison of vertical displacement before and after

correction

A TS R P ] K R AN R T 2 mm, Ml
iz BB 32 B , JE AL REIE M V- [BDIR F
TELIG, BRI S5 LE ]3] 1 A R B e

SEEUEI] , SR BEIE A I 8 d 1Ce R e 1 1
Ja 23, BER R TR I OT SR Il i, 45 5
BT
54 RARMMALEIYL

ARG 2 i TAR B S RBOR , A A B H N
41, FErp S P S R R AR AT, M HE 3

SR AT o SMIU LIS 1SR IR B
TEHE A SR s PSR AE el St 2 R Bl fRL2E
PRUEB RS RE R R I . BEA TR A S0t , T
WA S BB B W) LR AR R R A TR
F 3B R, L Z IO A AR B R, Hiti
B, O TR IR ARSI T DL, 3R Ak
O SUANTK, 21 i 1] R 8CR i Y 25 e B NSRS 1
2HEE IR IR O B, 2 TAE AR BB B SE h T
TR,

6 51N

4k

(1) HbJZ 250 9% n] A A0 O 1z 5 ek S A ik
B RAEMINFEASIE , N ITTIA B 2544 RN B I a IR
U2 [ 2R R ) 2 53 R 7K ST 2l 0 85 ) 2] e
FIALUF R VE T, 1 28 21 i 3 2 v O ) R DA T [5)
RE B T HE

(2) SR AR I A 1k RE A d- MBS 40U 28 SR X
S TE R (YA E P o9 SOy B 1 P e wh e X BT S )
b, s R E S B R e LR RS 8, B iE
Hola b OREAR 7% AT R IR 200 2 A A T
55 =¥

(3) K- ARACR =232 IR PR B R R T .
TR 3 A LR Z I, 188 o) 24 i 350 R AE 12
AR E I ST NS LT B2 R R T E
filo ARIEAKXHT, LIRSET ARSI MR AT
FIEASTR], 7K w2t S i R B AR U A ) > 1
WMEES > TG L % ) 2 Qi A R DU 5 3335 R g I
A . ARG AT 2 88 ) 2 O A =X, ol 5 T
SR H IR, 8 VR R IR LA
IR B RS
62 it it

AR SCLABRIN P S8 X 2555 3t 2 v T ) B2
A 5 R AT sk, Ir s e A X5
iz X TARRERIE , X i R IX b 2= HAT B 13 ]
P o AEEEIE A O Ll DX b J2 2 53 A e it —
HIBiE.

Bt s [l 1A S A o ml S 4 [ ]
XA [F] 2 2 SR kA T AR LA A A
AL XA FRE L2 1T B AN == P U i B 2
TTERT A S A TIEIE , 36 HER R R L X A ]
HZ 25T 1 JE S R D B IB IR A 2

6.1 i

F605E 20 (BE409H7), 2023 F 4 B H AR
Vol.60, No.2 (Total No.409), Apr.2023

191




AN K 8 B R

MODERN TUNNELLING TECHNOLOGY KA ERFIERZF L MRiE g Wsk F M E A KA
References

(1] B W, 00 PR g, R S5 FEr TR 4268 T FibZ 8 b Bk B A 6 R 5% 0 14 S0 B2 43 BT (0. 25 £ %%, 2012, 33(4): 1109-1116+
1140.
ZHENG Gang, LIU Qingchen, DENG Xu, et al. Field Measurement and Analysis of Effect of Excavation on Existing Tunnel Boxes of
Underlying Metro Tunnel in Operating[J]. Rock and Soil Mechanics, 2012, 33(4): 1109-1116+1140.
20 PSCH. MR TR H T2 S B 0 SRR FE D], AR 74 e 388 K, 2003.
QIU Wenge. The Study on Mechanics Principle and Countermeasure of Approaching Excavation in Underground Works[D]. Chengdu:
Southwest Jiaotong University, 2003.
3] B 5L BT SRR I TS IO I LR TSE (D). TR AR R, 2020.
ZHENG Zhuo. Study on Grouting Diffusion and Reinforcement Mechanism Based on Flowing Regularity of Suspension[D]. Jinan:
Shandong University, 2020.
[4] ZEARA, SRPHL . BETE St R TAR G AH LB S M. Jb: ARG HE Rk, 2014
LI Shucai, ZHANG Qingsong. Maghanism-and Treatment of Water Inrush for Tunnelling and Underground Engineering[M]. Beijing:
China Communications Press, 2014
[5] BEZUIJEN A. Compensation Grouting in Sand: Experiments, Field Experiences and Mechanisms|[D]. Delft: Delft University of Tech-
nology, 2010.
[6] BTl Tor 8 1 W, 55 . MUZEIRSEK- S NG THORIM. £ rp a7 H e, 2003.
HUANG Defa, WANG Zongmin, YANG Bin, et al. Grouting Construction Technology for Water—blocking and Reinforcement[M].
Xuzhou: China University of Mining and Technology Press, 2003.
(7] Ay . FEHE B HIE 5 SEERIM. JBURAAR, 33 . DEBH: ZRIE T2 Be i hedt, 1991,
NONVEILLER E. Grouting Theory and Practice[M]. GU Bolin, translated Shényang: Northeast Institute of Technology Press, 1991.
[8] (L EIK IS 5 TR E) UMELL . & LS TRl Blag i, 2001.
Cooperation Group of Theory and Engineering Examples ofi Géotechnical Grouting. Theory and Engineering Examples of Geotechni-
cal Grouting[M]. Beijing: Science Press, 2001.
(9] EAA. rh B IE S T TAMEEEOR M. WO R S H L, 2010.
WANG Mengshu. Tunnelling and Underground Engineering Technology in China|M]. Beijing: China Communications Press, 2010.
[10] 2R & . S MRS 12 AWML R K TR FHBFZE (D). BT : B ks, 2019.
ZHU Min. Studies on the Mechanism and Engineering Application for the Remediation of Existing Shield Tunnel Using Grouting
Technique[D]. Hangzhou: Zhejiang University, 2019.
(1] A8 B2 XTI AT BAT B A R M S AR P IS D). K KRR, 2016.
DU Yiming. Mechanism and Countermeasures of the Tunnel Deformation Induced by Adjacent Execavation|D]. Tianjin: Tianjin Uni-
versity, 2016.
[12] JAR SR . BDURE B H W 5 ) DL 3 DL IR A By BRG], kT e 5w, 2018, 21(12): 153-157.
ZHOU Cairong. Analysis of Common Diseases in Metro Shield Tunnel duxing Operation Period and the Control Measures[J]. Urban
Mass Transit, 2018, 21(12): 153-157.
[13] ERERL, 2 5, FHeR, 45 188 Wbk i o 5 18 7 U IO TR 1 AR AR TR AR AR 20 AT (], kT S 2@ A 5T, 2018, 21(12):
131-134.
WANG Qunmin, WU Yong, WANG Yesheng, et al. Deformation Features Analysis in the Renovation Process of Subway Tunnel
Segment Convergence[]]. Urban Mass Transit, 2018, 21(12): 131-134.
[14] 58 35 . it DX s 2 M BRI AR R T3 A R R ZE )] TARREARBIESE, 2022, 7(1): 9-12.
WU Ze. Study on Grouting Correction Technology of Metro Shield Tunnel in Soft Stratum in Reclamation ArealJ]. Engineering‘and
Technological Research, 2022, 7(1): 9-12.
[15] Fh5zims . H T e S TR T M. Jeat: Bl hiet, 1992.
DU Jiahong. Concise Manual for Grouting Construction in Underground Engineering[M]. Beijing: Sciencé Press, 1992.
[16] faf A= AN 3K M. PEFH: Z-AE T A2 B Ak, 1990.
HE Xiuren. Grouting for Reinforcement and Water Blocking[M]. Shenyang: Northeast Institute of Technology Press, 1990.

192 F 6055 21 (R 4098), 2023 E 4 BHAR
Vol.60, No.2 (Total No.409), Apr.2023




B R E £ R

= S SRz g oy g sz AL ) > Z e
RIRE I 1R FPMRIZ AR M I AR MODERN TUNNELLING TECHNOLOGY

[17] 3 A& . A TE A 5 TR B e 5 S M. M b R et 2004,
ZHANG Nong. Theo and)%zactice of Delayed Grouting in Roadway[M]. Xuzhou: China University of Mining and Technology
Press, 2004. S
[18] 2 (7% E&;ﬁ@fé&ﬁ B IIEIM). 2 ML LA R AR, 2013: 111,
LI Gagn MHANG Bingyin, YU Yuzhen. Soil Mechanics[M]. 2nd ed. Beijing: Tsinghua University Press, 2013: 111.
[ 5 SR IEEMLL A 2 R dERT WA LA, 2016: 303-305.
LI Guangxin. Advanced Soil Mechanics[M]. 2nd ed. Beijing: Tsinghua University Press, 2016: 303-305.

Quantitative Deviation Correction Technologies for Subway Shield Tunnels
in Operation threugh Compaction Grouting

< @@] GU Fulin* FU Yanbin®

(1. Urban Rail Transit Desigk%%%mh Institute, China Railway Engineering Design and Consulting Group Co., Ltd., Beijing
i

100055; 2. China Railwk ign Corporation, Tianjin 300308; 3. School of Civil and Traffic Engineering, Shenzhen University,

Shenzhen 518060)

Abstract: To address the problem of deviations in subway shield tunnels in operation caused by surrounding con-
struction projects, this paper puts forward a quantitative grouting correction method. Through the theoretical study
and finite element analysis of the compaction grouting process, the study focuses on the deviation correction mecha-

nism of compaction grouting on the shield tunnel, obtains the ke% i ters, and establishes the theoretical model

of the shield tunnel under the action of grout-

~

and calculation formulae for the vertical and horizontal dis %&
ing. The analysis results show that the compaction &~ u’k&g inthe strata can effectively correct the displacement and
deformation that have occurred in subway shiel %}s—/ln operation, which can be simulated by using the volume
strain method for compaction grouting. The‘$¢\ I displacement can be calculated by the layered summation meth-
od, and the main control factors of the correction effect are the grouting distance, grouting pressure, and grouting
range. By comparing the results of field tests and calculation formulae, the theoretical model put forward by this pa-
per is proved reasonable with credible conclusions.

Keywords: Subway operation; Shield tunnel; Compaction grouting; Volume strain method; Quantitative deviation
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