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Tunnel Expansion Excavation Scheme for
Metro Engineering with STFE through Xi’ an
Ground Fissure Control Section

YANG Wanjing, GAO Qiang

Abstract Objective: To optimize the conventional construc-
tion method of 'vertical shaft underground excavation + shield
tunneling with forward thrust’ for metro engineering crossing
ground fissure sections in Xi’ an, an excavation scheme based
on the new construction technique of 'shield tunneling followed
by expansion’ ( abbreviated as STFE) is studied. Method:
Based on the protection and control project of Xi’ an Metro

Line 15 Fujunmiaocun Sta. to Zhucun Sta. (Fu-Zhu) interval

tunnel that crosses F9 and F’9 two ground fissure belts, a pilot
application of the new construction technique is conducted. The
basic process and design principles of the STFE method are in-
troduced. Six shield tunnel expansion excavation schemes for
the control section are proposed by focusing on the feasibility,
advantages and disadvantages of each scheme. Taking into ac-
count construction convenience, land subsidence control, and
structural stress behavior, a recommended scheme is presented.
Result & Conclusion: The STFE method eliminates the a-
mount of vertical shafts and the reinforcement soil mass at tun-
nel ends, ensuring continuous shield tunneling operation, and
solving the problem of limited ground operation conditions in
control sections. Thus, the expansion excavation cross-section
can be significantly reduced without considering forward thrust,
thereby reducing engineering costs. During shield tunnel ex-
pansion excavation in the control sections, lateral and vertical
supports can improve tunnel support structure deformation.
However, the role of temporary invert arches or horizontal
struts is relatively limited, and it is not substantial for setting
under the conditions of guaranteed ground dewatering meas-
ures. Vertical struts can significantly improve the stress condi-
tions of the expansion excavated tunnel supporting structure and
should be retained. Considering the construction disturbance
problems caused by cutting sections with lateral and vertical
support, the 'full- section + double vertical struts expansion
excavation’ is recommended for the project.

Key words metro tunnel; Xi’an ground fissure; shield tun-
neling followed by expansion; expansion excavation scheme
First-author’s address Xi’ an Construction Engineering

Quality and Safety Supervision Station, 710061, Xi’ an, China
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Tab.1 Physical and mechanical parameters of stratum
structure in expansion excavation section
, o W WEIy g
HZE HH/m (/em’)  kPa /(%) T L

Jult 4 0-~3.0 1.90 25.0 15.0 0.39
ik 8.0~11.0 2.12 0 34.9 0.25
i+ 11.0~21.0  1.75 30.7 21.9 0.33
WA 21.0~25.0  1.92 35.7 23.0 0.33

WEZEE+ 25.0~60.0  2.01 26.3 21.0 0.30
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Fig.2 Construction flow diagram of shield tunneling followed

by expansion

FEANE TR AR R

1) MR AN E o P YT Bk
TET = A e P @A Jon 1, Jon 1 B [ s A Sy 27 B 8%
T TE T A E S B 42 8 g s |
45 3 m NAER 1 m, B 55 1 RIS AL E T 6 B
Fo TEJEAEIIK 28 d A 5e BUKEMEHEAE T, i s+
RTCMIBRGTERREEA /N T 0.8 MPa, 25 RE(<1.0 x
10 ecm/s,

2) JEMZE, PaZ BB 200 Z2 m JE % 1E
R REAEPRRE, B T T HEUE o e, R Bk
IEHSRAEDRRE R TE R 1.5 m,

3) YiZHiMEA TAE, OMFRBK, ik 43 O
EIHATREK KR A BEIE 1 m LI QA
NG O . A IR R AL E B AT
FL R E S 3 m R AT/ S8 YO, b
1 60° ~65° EBIMIAAEI . GG g\ hir %

- 139 -



RS IE RER . RH 14b fENFLE S5 515 by B
PR SR R SE PR e P EE Iy 10 3R, FEAE
BRI HAT ZURGER, By ik gk g Ty R g R
12 301 I 4 R AE BT 7K R BE R ATR

4) PR, T ICR % IRt A 4, 45 W
MH9.50 m x9.57 m(TE x &) /M 7.88 m x
8.02 m( B x V&) o GRY 42 I 1] A 1 By B ] L
BB SETT R A T A sk T A i T
SIS PR AT AL 3 7 8] JE R P42 o B T e s
NSRS RS 3 m i ¢ 42 mm {35/ &
AT

3 BHRBEREY ZARSN

3.1 EE¥ERR
3.1 mHE—4a¥MayiE

T E—Y R BERIE 3 fis. —IRIERERE
WER Y22 BO T L, R AT B S
PSR, SRJ5 TT I T 38 R 2Rk

b) R YRER

a) PAZHPIRA

) I HE5EM d) F)3C A R
3 R (W) ¥zs B

Fig.3 Diagram of scheme I ( full-cross-section method)

expansion excavation
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method) expansion excavation
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Fig.5 Diagram of scheme III ( full-cross-section + temporary

lateral struts method) expansion excavation
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Fig.6 Diagram of scheme IV ( full-cross-section + single

vertical strut method) expansion excavation
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3.2 FELRE

D7 G — T fi] B i TAE A, (2 il TR IR AR BR
R4 I TRI AR R A, 38 1S 3 P 5 A A e g
PEEZZE | M JZ A8 0 42 i B R KBS, i o T 56
R I OI 8 2 A~/ 1, 38 0k B A0 £4E 5 o b b
TET A5 PGPS E (L 3 ] 3 A 0 285 S P wfle L f
IIE, I AMHE SR B3R R IF DAL 5 BN ) 4R
T SoRIBUONY BT A AR, R B B iE
J it oy H B A RS 5 B 5 B B I 1 A s T
AR 4 m il T TR e LG

758 Z vl IR A4 2 2 R 1 b JZ K IS
HAEF SRR, BUAh, R SEBIN Bk 1.2 54k
HRES LB AP FZ 301, 75 I 1 B 4 A5 3 J2= U0
Wieo DRI, J5 98 = 207 SN Tl R 4 | 4 e B
Y SR RE DO I Sy | D Sl ) Y o8

K9 Jy Midas #{F 315 A R 942 9 450
(35 cm J§& C25 WiSf{REE L + 75 cm [H] F A% A} 4K
) REPE RSP (3 0k 20 T8, (BB 75 cm) 4]
A LA PEHER, RS S TR, RS
F20 190 kKNm, 7EBETRALE, K- J5 [0 4549 %2 F1 A
B0 R IS, HE OO 52 ) G AN i,
PR L) 4. 74% o L5478 2 3 X BRI 2 AR 5C T
REGAI TR, 75 B K BORA R B 2600, HuJZ 45
T4 B B R PR, S0 KO 2 18N
PRI, 52 B K o A B A B AN

DBJ 61-98—2015 P4 22 3uf 1 pfL 18 53 T 7% i
HORPAE ) BER M 2t TR ORI 4% I 7E 30 mm L)
WMo SEIEJE LA 22 AL 3l, PRI ™A% 42 1
IR R RN G R R iR IE PR N
BRAESEIUPIMN , 2970 94 KNm; 2544 5% ) 038 500
B, o AT R T b R TR, 3 LADR B o

LE LRTIR, TR KA A B T, P4 22 3 X M )R
IR /I | AN 2 16 B A 42 il P A 48, HEBR
PAETHR T R = TR R BEA R T 1
DUREPE , HEBR 7 58 — 5 B 18 S8 45035 T I 7 oo 6] 2
T SO T 0, HEBR J7 58 DU 5 XURE % 7 SN L AL
B, AT TR E Y 12 %

4 £5iE

1) “BEIEWHZ + EH e R B BOb gk TR
DB PG 2 M A U By B i) T N T i, BRI
RIS A S Sk o I B TR A, A i T AR O
2% , AT HE H B DR U e T 2% 52 IR T 2 ) R A X[

- 141 -



B/ (kKNm)

- +1.900 85E+002
3% 11,603 06E+002
ST% 11,305 26E+002
4.3%

= 1,007 47E+002
3% 17,096 75E+001
9.1%

+4.118 82E+001
1L0%, 1 140 89E+001
10.0%
-1.837 05E+001
12.4%
~4.814 98E-+001
12.4%
27,792 91E+001
~*~1.077 08E+002
9% _| 374 88E+002

-1.672 67E+002

(N

190 kNm

6.7%

a) SR

Z4H/(KNm)

2~O%+1.8]4 57E+002

~ +1.541 32E+002

(,‘7-1/: +1.260 86E+002
o, F9.948 0TE+001
7215 52E+001

]‘57_]:;4,482 97E+001
1750 424001
. ~9.821 35E+001
L3714 69E+001
6447 24E+001

*-9.179 79E+001
7% _1 191 23E+002
7% _ | 464 49E+002

b) SIS + 1

253/ (kKNm)
.~ +9.432 SSE+001

7‘9; +7.166 97E+001
]‘l 9:/+4.901 40E+001
]8'10/12.635 83E+001
3,702 59E+001
21.6%
~1.895 31E+001
13.7%
o 1o 4160 88E+001
6,426 46E+001

4.8%

e -8.692 03E+001

ry -1.095 76E+002

= -1.322 32E+002
L -1.548 87E+002
-1.775 43E+002

3

©) SCH A + B
(CICIE I ol STE5-& Aty b el
Fig.9 Bending moment diagram of expansion excavated

tunnel supporting structure

[ STER AL SR 7N ERVS

2) RHUSEEIRYT TR R T o i 2
SEBLRIT Bt T ] 1 O S ) 2 B ) S S, 4 BRI
T TR AN 25 P g 2 A A PR o m s/, 2 %
7 S Bt R A BOR B — R R A2

3) (eI RFEKHE AT , 7422 DX P MR % i
Jil T M S A 1) T 7 850 M AV 4 R 452 1
BN EARAT ) T IZ S5 52 ) AR R

. 142 -

Pl N LM B o 255 5 I T e, A
T} + WU L Y27 A HRAE TR 1S 52T HLIX (]
W BB BB B R 20T 5

S 3Tk

[1]

(2]

(3]

(4]

(5]

(6]

[7]

RS HBERTL PRI U Ko BEMTSEC D],
Wi KA, 2009.
HUANG Qiangbing. Study on effect of the active ground fissure on
metro tunnel and its hazards control[ D]. Xi’ an; Changan Uni-
versity,, 2009.
Wkt Wtle, ML, A UL AR X MR BEE ) e
KBiiataitatsE )], A TR, 2009, 31(5) : 781.
HUANG Qiangbing, PENG Jianbing, FAN Hongwei, et al. Metro
tunnel hazards induced by active ground fissures in Xi’ an and rel-
evant control measures[ J]. Chinese Journal of Geotechnical Engi-
neering, 2009, 31(5): 781.
BPE A B R & T AR ol L300 53 R A 2 i 2 4
HARMAL :DBI 61/T 113—2016[ S]. V4% : PP ERSE EN 55 A R
AL /A H],2016:5.
Housing and Urban-Rural Development Department of Shaanxi
Province. Technical specification for urban rail transit tunnel
crossing ground fracture belt; DBJ 61/T 113—2016[ S]. Xi’ an:
Shaanxi Jinxiu printing Co. , Ltd. , 2016: 5.
BRILT. VLMK 2 SR G MM RAE R BTG ]. #R AT
Bagi, 2008, 21(4) :19.
FAN Hongwei. Technical measures for Xi’ an Subway Line 2 to
traverse ground fissures[ J]. Urban Rapid Rail Transit, 2008, 21
(4):19.
RTLMG , R, i , A5 HBEKRRIE o 7Y A LA R ST O
CREFEYT NN RELT]. AR HR, 2023, 60
(1).23.
LAI Hongpeng, YAO Yi, GAO Qiang, et al. Research progress of
subway tunnel passing through Xi” an ground fracture and applica-
tion prospect of 'shield tunnelling before expansion’ method [ J].
Modern Tunnelling Technology, 2023, 60(1) :23.
. b S48 37 3 b R % T 47 0 T TR B TR AR AL BT
[D]. V4% K2R, 2021
YANG Zhao. Study on settlement and construction method optimi-
zation of underground excavation of subway tunnel in ground fissure
site[ D]. Xi’an; Changan University, 2021.
KEAMG, L, AR B o DX 4 kR T
JEIHFFAERIFET]. BRiBizEdl, 2012, 34(3) :99.
LAI Hongpeng, ZHENG Jiajia, XIE Yongli. Study on characteris-
tics of surrounding rock pressure of undercut metro tunnel with
shallow buried excavation in loess region[ J]. Journal of the China
Railway Society, 2012, 34(3) :99.

(Wicki A 97:2022 - 11 -22)



