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Mechanical Method Construction Scheme for Ultra-long Connection Channels
in the Composite Formation Area
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Abstract: To address the challenges of high risk and extended construction periods associated with conventional methods for
building long-distance connection channels, this study introduces a mechanical method in the composite formations of South China
for the first time. Research focused on the overall project plan, selection of construction methods, equipment choices, and segment
structure design, which led to the successful implementation of the project based on these findings. The following conclusions
can be drawn: the mechanical method of connecting channels can solve engineering problems with long distances, large angles, and
large inclinations and is applicable to composite formations in South China; it is feasible to change the assembly method of pipe
segments from radial insertion to longitudinal insertion followed by radial insertion, by modifying the pipe segment design scheme.
Keywords: urban rail transit; mechanical method for cross-passages; composite formation; equipment design; segment structure
design; assembly modes
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Figure 1 ~ Sketch map of the construction project
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Figure 4 Ground-structure model of the construction project
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Figure 5 Deformation of the main tunnel using the pipe jacking
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the shield tunneling

3.2 wEFIFIt

X 4% 30 108 418 E AL A i 00 b 2 o A7 A T A
B, B R R RS A L, R R
AL R A B A G S IR g
PN Gy 4o 55 o[RS ARA P REAT I AL = 2R Y DF
Ve DR IAFAE 2338 e TR R B, il By 3 Dt iy
RO BT, BRI 28, STk it .
P CA b, SRR T BA R AR DB

1) vt R T LTI i 14t
Z AR AR I B, JIAR I AL 38%,  [R] S 3G
BI15 NI m 2. Wl 7 iR, JIE 0
JE I AV 2 NIRRT, R AE o e AT R,

K7 IR PRI A

Figure 7 Position of the foam nozzle



EONEERBEZBEYIWERETTFHE

TG s - B AE DI R, AT R PR ) A &%
TV IIRER .

2) PR AE IR IS 4 AR BB,
B2 N1 I g 0 0 1 I 1 S % S Y | SO g E S PTY
TV

3) TG il o HEdE RGEIAT S 15 ARET, 5
4 MATE, W3 6 43 453, nor X B E T
#e7, A7 Bh TN i o
3.3 BRIt

WL BR R IE 18 TyE OIS 2 ], JE ARk
BRI 8 Fan, 43k 5B, ARG 1 Bk Tk (R
D 64°), 2 BRATFEHL (R0 1 68°) M 2 BRpRvEBR([5 L
1 80°).

K8 JRT5 & v PuRE
Figure 8 Schematic diagram of pipe segments
in the original plan

TR ALK IRCEL %18 8 i Q-Q I
T, 75 5 At 2 T B F6) A/ T o7, E52 A0 3 PAY 9K o7
IXFRIE RAESMU IS T AR S T0TEAT 1) N AS Bl )
T, X BOEEE F ERIR ORI AT =
KRR E T BRIE W A2 5.5 m Zefa i, 52 R
TIRE A LS K (K 4.2 m), HESENGET
TR EAN 0.7 m, 3 I A daf TR B 2 ik 12 652 A
AR HJE R T T I e TRBRSE A i df N, AR L
e 2/3 HBEJEAR AN, TR (St T TR
PR L e vt AR AR I HEN o IXFE 1 B T e
Jr AR X BAT s A, (HER SR
b, fAAE— NN, NESHZE RS
AR, e R R A A B, AT A

A5 JEMREARTE I8, 558G Bk )
57 30 ) R % it BLAR ) A2 A%, 3 1 AT
FEAR T HE N ) B TRERAE SO A FH T # AR 20 o,
W REBETE NS, s CRE S, I RR B sk — R
B oty 20, MR B T T DL SRR e ot 44
Y TIE

BT E ALK A R, AR R UEE B T
PSRBT — e PRI T, A P i o L
RGNS, Gy o R A TR [ 0
s A S A A

R 4677 22 R3S 0.55 m, AT 3 58
Gk, oxiE RAERE AL PRI, R P
SR 1G22, DRI 7 I 257 S P A58 AN P 4 ik,
TR 0.55 m I BA e, 2 EEESE U 4 ) ToTER 1) [54]
O AN A

e TG N AN 0, FH TS MA N 0. Bt
T BN xv JEFINLHERE W ETA TR RE N 1o WM e
T 5 AR R HAR AR W RS AT D, il 9 B
e WO Z HieAEAN A 0,32 H©), Fi@ss
@Y xOy VA2 L e ek 0,43 211G, K5
FIGUT x HiJ7 M BB RS 1, WK @5 @K EE
BRI PR R BR xo  FHARAT JLAT O 28 ) LA 31 2 1)
[ x [A] IcosO,sin 6, K IEAH R

KO 3 TiiHe B AR Do &0-Hfid 1 =0 ) 7 i
Figure 9 Schematic diagram of the spatial contact surface
between the key block and adjacent blocks

FIH MATLAB % SHINART, 205, 7R
720 HEASA 300 KAk A 3100, Rl DASEILA
FAEG RN JE AR AR AP, BT A s
KEA 0.45 m I, PFEERIBRZI 30 mm. HUILHHE T
¥ oot )y A4z i MBSO SN 3N 42 )
TN 05 2, WA G 1S B oy e 10 s .

P BT 10 Pron it oy S0 A TR B R 5 %
BV, AR A T LV B A AP AT VR R (15 00
MBS T E R PGB T AL R, B GERe

URBAN RAPID RAIL TRANSIT = 95



ETHIREIZE - 375 F6H 2024 F 12 A

242 B 350 mm & 50Ch 310 mm, M ARETFFLAN R
Wk AR BEAS/ N T SO sk, K 11 s

10 HH5E F A PuR
Figure 10 Schematic diagram of pipe segments
in the current plan

AR AR

(@) B IR IR TAL )y %

P T T

(b) B PRI TR
K11 L% e IR 0T L

Figure 11 Comparison of bolt hole schemes

TR RS2 )71, H AT A 20 R AR —
RIS T TR 2 BEST, AR T )
BRI B R s . TR L A AR FH B Ik
T B 3 2 AR BB R s B 2 S A b, IR
RN IR R 2 2 A LU AR ARk . RIS,
B TR T OO 2 AT R AT . AR
Hhgekl, b B AR R R 55 MPa/m, fill 1B+
PRIEIR R 200 MPa/m.

96  URBAN RAPID RAIL TRANSIT

XA B AURE B R A 0.85 (T
SLHEATAE Pz Jaor i, a8 R sl 12 Prose il 12 7]
DAt M2 52 5 O 0.85 A R s R T ol H B
AURE - B A, SRR BT S R R DU
(R0 P R D P P BE v

Wax: 0.0L: 018151, 1 0L: 81 6113

- T
N

46, 191930001
45, 0472364001
12.0%

9.7%
+1. 157826001

o
-1, 18638e+001

e
—-3. 5315804001

o
-5, 87628e+001

0. 1%
-8, 2209844001

“Wim: 0.0L: -105.64, 10L: ~105 867 5. 7%,
Win: 0. 0L: 105 64, 1 0L: -105 667 L EisTasil

hr
(a) AL
"nx 0.0L: 66, 164, 1 OL- 66, 1953
= FEE
/@«.\\W ';:—:i\\ =
— - 23 G D20sTeL
4 7448504001
s
42, 9610264001
%
0. 7719509000
-9, 0863104000
-2, 79046001
~4. 6742804001
"
% 1oL f 6. 5581144001
)
-0, 441930001
e .
2267404002
2.4%
y 43, 014994001
/ 5, 1625600001
4 "
7 +2, 5101344001
/ ~7. 4220364000
( 1w
J 3. 9941264001

0%
~7. 2471564001
10. 0%
-1, 143964+002
Win: 000 -137.017, 1.0L; -137.§% 19. 0%

Max: 0.0L- 122.§%5, 10L: 102 63

(c) MR A 1085
12 A
Figure 12 Bending moment diagram
h T R A TTRRACER B RS R R M 5
FER BRI TN, A8 R Bk P8 B A — S HLTE
B R
4 JRH it
AHUBIE IS B TG H BB AEIN 2 20 d, H 44
BE 3 B IBCASm AR It TN, JLRHES ERERFE 2 000~



EONEERBEZBEYIWERETTFHE

4000 kN 2 [H], Wil 13 Prax. o] LB A k) i bE
Pk 1 R R AR A, WA T, Sk R R A
KA TR Y, BEINHE ) 2 2 900 kN Zitr, )51
P 0 R E L5 A AR I R A B
3800 kN /iAi.

4500

4000

3500
- - s
=2 3000 [ #+HAwIBR A WA
= L
I 2500 _
2000t oy o=
e 4 e
B 1500 - 72

1000} n s &

ERIEEA AR WSS A KR
500 F
0

0 5 10 15 20 25 30 35 40 45 50 55 60
R
K13 IBR i T it T o Rt ) A fl
Figure 13 The variation of jacking force
TP 236 LA It el 5t v e A C e i 45 SR 14
71, AEIRAS S TE it Tl R M I CR e K H 294 24 mm,
TR, 7 X ] 44T ) e 0
BAE T LB G Ty SERITTAT R, ATk e SEATRABLI H
RATER S

DBC4-1-4
Of ez . .t DBC4-2-4
| T S + DBC4-3-4
O A Wil LS ST S + DBC4-4-4
’ \ . +*«, + DBC4-6-4
3L \ < DBC4-7-4
E v
£ -2 .
e A .
E‘\% . see
B 16| ast
o
201 s " - A
X A %,
241 v
1

2 6 lIO 1I4 118 212 2I6 310 314 3]8 4]2 4£6
WK K d
B 14 T il 3k o v bt i e e st

Figure 14 Land subsidence process curve graph
5 e

ASCEERS ) MM 3 5 AR SE B W s u )
BT 0 PR 3l X TV 4K 296 30 T R FH By adt o T 1
I 0 TR A, AR 58 TTVEIEHE . B vt
BRSBTS, IR A TSSO, 19
N g

1) HUBGEIBR S0 T8 TVAAE R r A =2 A 1S

PP 524 b o2 A O v T g 7 U % e S
RS T AT T SO AT e

2) AUBRIE IR A T T3 mT it pe 1 125 (LR (1 FE 24
37.71 m) KIEF(ZY 6°) KA (LT 5%o) 1) T FEAEH .

3) XS TRR/ANAER N vk S R DR I )
R, B SUE R TR, U L T
R VEN R N RO F st N K VN ER GACIE AN
SEFAT I

4) LR IA W Tk VARSI H AR +
JE AT LR AW TAEE KOG MR G P, Ty
X A2 BB e TN R

5)  H ATALBR I 64 00 3 A v 2 IR T 2 bR T
W, T TRENE R R RS, HIRTERE, Wik
R ER 2 (3 Pk i TR N BRI TR ok,
BER 23 0] Ol S SEH UBR IR 4% 4 v i f Ak
FEALTE Z T RE.
S 3k

x

[1] | %, &, B2 F, F. WFT=RE TP
5B WINILIR R AL B[], kA, 2021, 46(5): 1896-
1908.

TAN Fei, WANG Jun, JIAO Yuyong, et al. Current situation
and development of urban underground space suitability
evaluation[J]. Earth science, 2021, 46(5): 1896-1908.

[2] TN, 3, 5 F. FHESAERAEENEARIKRE

JEH[]. Had 308 K5 F 4R, 2015, 50(1): 97-109.
HE Chuan, FENG Kun, FANG Yong. Review and prospects
on constructing technologies of metro tunnels using shield
tunnelling method[J]. Journal of Southwest Jiaotong Univer-
sity, 2015, 50(1): 97-109.

[3] Adwetd, (RER, EHE, 5. FHIEER AL E

AREIRA & 55 T Mo nAr[)] LM, 2022, 52037
2): 1905-1910.
FU Xiaojian, ZHANG Zhien, WANG Yanguo, et al. Analysis
on influence of freezing reinforcement of shield departure
tunnel portal on deformation of adjacent existing station[J].
Building structure, 2022, 52(S2): 1905-1910.

[4] Z% R, REE, B E. §RDETEAEEBRERE
36 TH R[] REiE R, 2017, 37(5): 609-617.

LI Zhiguo, XU Haiting, YANG Shiyan. Construction tech-

nology for cross passage of shield tunnel in water-rich

URBAN RAPID RAIL TRANSIT = 97



ETHIREIZE - 375 F6H 2024 F 12 A

(8]

sandy stratum[J]. Tunnel construction, 2017, 37(5): 609-617.

DENG Yingxiang. Hamburg Elbe Road tunnel project[J].
World tunnel, 2001, 22(1): 16-21.

SCHWOB A, CAGNAT E, CHEN 8§, et al. Tuen mun—chek
lap kok link: an outstanding subsea tunnel project in Hong
Kong[J]. Proceedings of the institution of civil engineers-
civil engineering, 2020, 173(5): 33-40.

RER, B—R, TTH, F. Ao THREEEN L)
IR VAT sk Bl B 3 5 R IR K E i A ) []].
W% 38 3 3% (P 3£ L), 2019, 39(11): 1759-1768.

ZHU Yaohong, GAO Yimin, DONG Zibo, et al. Field test
on structural mechanism of T-connected shield tunnel: a case
study of connecting passage on Ningbo metro line No. 3[J].
Tunnel construction, 2019, 39(11): 1759-1768.

REEE. F oM B Ak IR R 18 56 T KA AR R[C)/
2023 44 E TA2EIEAT b TH AR LR A0 ECE ),
2023: 4.

CHAO Conghui. Technical research on communication
channels in composite formations[C]. Collection of papers
from the 2023 national engineering construction industry
construction technology exchange conference (volume ii),
2023: 4.

WA, FR, ARE, F OTHRBEGE 4 T REME
W% B AP Tk KRAF R[] B AR (F &),
2021, 41(6): 1007-1014.

YAO Yanming, HUANG Yi, ZHOU Junhong, et al. Con-
struction methods for connecting passages in shield tunnel
of Ningbo rail transit line 4[J]. Tunnel construction, 2021,

41(6): 1007-1014.

[10] T3, LRE, EREF, F. PREFRSEE T Hk

T BB EACRAEHT 5 ARG 3 FRINE &
WEGAE T 56 T3 TAEAHI[J]. iE &R, 2020,
40(3 7] 2): 136-143.

WEI lJiaying, MA Yongzheng, MO Zhenze, et al. Study
on influence of ground settlement in T-joint connecting
passage with mechanical Pipe Jacking method: With the
example of the demonstration project of T-joint construction
of connecting passage with pipe jacking method in Wuxi
Metro Line 3[J]. Tunnel construction, 2020, 40(S2): 136-
143.

98  URBAN RAPID RAIL TRANSIT

[11]

[12]

[13]

[14]

[16]

AR, IR, . MK IRL R UM R T
A[J]. LdG 5L, 2020, 46(24): 78-80.

GUI Yanping, HU Xinquan, LIU Teng. Mechanical con-
struction technology of metro connecting channel[J]. Shanxi
architecture, 2020, 46(24): 78-80.

MRk, x#, EEMH. A MIRIBARKEFEMEEL S
BLag s R[], AR B aaE, 2023, 36(5): 32-37.

CHEN Da, LIU Jing, WANG Yidong. Application of
comprehensive geophysical prospecting technology in the
bedrock section of shield tunnel[J]. Urban rapid rail transit,
2023, 36(5): 32-37.

W, FAE. TE TP IR o X eI
THEHE AR, 2008, 26(5): 404-406.

WEI Gang, ZHENG Jintao. Discussion on computing
formula of jacking force in pipe jacking construction[J].
Municipal engineering technology, 2008, 26(5): 404-406.
AR A B S AR G R, B E DA
P AR4E: GB/T 51438—2021[S]. b7 P EEML T &L
H AR, 2021,

Ministry of Housing and Urban-Rural Development of
the People’s Republic of China. Standard for design of
shield tunnel engineering: GB/T 51438—2021[S]. Beijing:
China Architecture & Building Press, 2021.

kade, BRI E, BV, % L ERTHTE MR AT
P A AR R[I]. B X A5, 2007, 28(8): 1587-
1594.

ZHU Hehua, XU Qianwei, LIAO Shaoming, et al. Experi-
mental study on thrust force during tunnel excavation with
earth pressure balance shield machine[J]. Rock and soil
mechanics, 2007, 28(8): 1587-1594.

FI, L, RRE, FR ERTRILSRETE
MEEEER XA RBEETLN]. T HEAELREER

2016, 23(3% 7] 1): 52-56.

LEI Kai, MO Haihong, CHEN Junsheng, Li Kang. Research
on mechanical and deformation behaviors of shield tunnel
segment under the condition of upper-soft and lower-hard
composite stratum[J]. Guangdong architecture civil engi-

neering, 2016, 23(Z1): 52-56.
(%%: HKRE)



