Hans Journal of Civil Engineering /K T.#2, 2021, 10(9), 912-924 Hans )0
Published Online September 2021 in Hans. http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2021.109103

AETE LR EME #Z O L HHEAZAES LT
b AR LR S

— U A SURE O Bt T 75 SR bk Ja )

W4z, WekfAY, HeP, REANAL, AFH, HAR
YL A T WA PR AR, WL B

2B KRR TR R TS TR, Ll

Email: 617026641@qq.com, laiyunjn@126.com

Wk H . 20214F8H28H: M EM: 2021459 H22H: KA HI: 20214F9H29H

H E

BB L LRI LT B SR KSR EA AR LS RER A EE . ASCRA=Z%H
FRICHUE BN A WL A YRR 18 M TR O R3S B R S BT REAT 7 8, _RE T
PAEFE B RTAEA R 71, RATTRABUA B T WA T R TR E T IR
o ARICEX PG LR G RABE T HERET T ST FRARE, FEEOLRLARRM &M
PSRN ETHSFHRBEIMER, AEHETEFHENERETHEARE L ETEMESES

B R IN B TS BT B L E IR TEIT ISR AR R, B OV KB TS B &1, R T LK
. ARSI FTIEMG R T AR TR .

XA

e BeiE, FERLEFARIFIEE, ETEE, ARTHERDN, ETFEHFHY

A Comparison between Two Tunneling
Methods (SEM and THBM) for Large

Cross-Section Mountain Tunnel
—A Case Study of Qikeng Tunnel in Zhejiang Driven

Jigiang Hu?, Xiaoyang Min?, Jiping Si!, Xiaming Huang!, Yanfeng Zhi?, Yunjin Lai?

'Zccc Road and Bridge Construction Co., Ltd., Hangzhou Zhejiang
’Geotechnical Engineering Department, Tongji University, Shanghai

YESIH: W4k, R, Hradcr, WEME, I, BaEE KRB LS REE TR % O IR RS B R Sk
MR M), B TR, 2021, 10(9): 912-924. DOI: 10.12677/hjce.2021.109103


http://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2021.109103
https://doi.org/10.12677/hjce.2021.109103
http://www.hanspub.org

kR 5

Email: 617026641@dqg.com, laiyunjn@126.com

Received: Aug. 28", 2021; accepted: Sep. 22™, 2021; published: Sep. 29", 2021

Abstract

Sequential excavation method (SEM) and top heading and bench method (THBM) are two impor-
tant excavation methods for large cross-section mountain tunnels buried in weak ground. Based
on 3D-FEM numerical analysis of Qikeng Tunnel, which is located in Hangzhou city of Zhejiang
Province, this paper presents a comparison of tunnel’s behavior between when tunneling by SEM
and by THBM, using workface extrusion and crown settlement as appraisal indices and adopting
reduction strength coefficient method for the calculation of the slope stability of tunnel front face.
In the end, this paper carries out a comparison between the site measurements and calculation
results. The study of this paper shows that the core extrusion of workface, in SEM, depends heavily
on the shape and length of core rock, and that THBM, when combined together with forepoling, can
achieve the same goal as that of SEM in confining the workface extrusion and keeping front face
stable. The research approach and its conclusion can be used as reference for other similar
projects.
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Table 1. Properties of surrounding rocks

#® 1 BEVIENFSH

Gy T2 WEUIRE BRECR W AWEEEA RE R
’ v (KN/m®) k (MPa/m) E (GPa) u () ¢ (MPa) 0e ()
v 20~23 200~500 1.3~6 0.3~0.35 27~39 0.2~0.7 50~60
v 17~20 100~200 1~2 0.35~0.45 20~27 0.05~0.2 40~50
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Figure 1. Longitudinal geology profile
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Flgure 2. Sketch for sequential excavation method
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Figure 3. Sketch for top heading and bench method
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Table 2. Properties of surrounding rocks and shotcrete for FEM simulation
i< 2. BRTIHERBMESMEUEE T AEHZESH

k) R SR A AR B LN HiZR T3 W EE A
g (kg/im?) E (GPa) K (GPa) G (Gpa) v C (Pa) o)
v 2150 3.0 2.78 1.14 0.32 0.22 27
\Y 1900 1.0 1.67 0.36 0.40 0.10 22
M 2700 30 0.20

Table 3. Properties of reinforcement bolt and forepoling pipe
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R L A EAR Ay LI
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Figure 4. 3D-FEM grid for sequential excavation method
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Figure 5. Sketch for top heading and bench method
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Figure 6. Core extrusion clouds of workface for sequential excavation method, unit: mm
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Figure 7. Core extrusion clouds of workface for top heading and bench method
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Figure 8. Displacement clouds around the tunnel for sequential excavation method
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Figure 9. Displacement clouds around the tunnel for top heading and bench method
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Figure 10. Sketch of models for analyzing the stability of front rock
10. BRI AIZEFM L TEaMEEFERE S TRE

ME 10 WTRAE Y, P O AR B A0, 90 7 S5l 50 py, $EH] T T BT
AT, Wik T E A AR IORRE s T LT ik W 8 L T el A B B, L A 0
T AT a R AR > R 0 gy (R A o I8N g, X, BRI RO RN T
{H7 A BN 1 FRE T DA B AT, Ik B 1R R A AR E I H AR R,
PRIV R T, BRI R .

4. BRTHEMIMESREEB ST

IR PR A E IR THZEA LR BN BUE BT 7 LS Tl AT PRI, R 7 B R &
gt T 05 58 o JF HRYE 5 7 i AR SAR R E 1 X BN GENAN L2 T 24 G E. E AT

DOI: 10.12677/hjce.2021.109103 920 TARTHE


https://doi.org/10.12677/hjce.2021.109103

Bk 4

EMZHEMEN K.
41 LTEMZETERTI SEHE

411 BEFEERZFIRE

HE g A By AR E VEIRAS I EL B R by, 10 H e MBS IE BT R A A . IR 27
T 5% H A2 T D il b v mT DA BRI A R 1 22 4 R MO 5 (S M 2 BT S i i it T 2 MR AT SC4 2
H[7]o BRI KA K MG (2013) Bt X B Rk B 1 i ReUE PR vk, SR 1 R M Il SRKCE
ﬁ%%%%ﬁﬁ%%ﬁ%ﬁ@moﬁiﬁkgwiﬁﬂ%ﬁﬁ$§%5ﬂ%ﬁﬁﬁL%%ﬁ%@%%ﬁ
FesEbndE, LOE AN FWE RTBEIE, e 4 Fron.

Table 4. Stability standard for core extrusion of workface
= 4. EFEFETRIESIRE

s . .
S i B51E <16m PSR >=16m
\Y 0.3% 0.45%
V 0.4% 0.5%
VI 0.5% 0.6%

XHFEYUhEE B, B 17.4 m, IV REE, E T YR R B AR R N A 7R 78.3 mm.
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Figure 11. Curve of the height of top heading vs. core extrusion of workface
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Figure 12. Curve of the length of top heading vs. core extrusion of workface
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Figure 13. Curve of the length of forepoling vs. core extrusion of workface
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Table 5. Comparison of crown settlement between site measurement and calculation, unit: mm
= 5. HIUTFEASDNERFAITESERILE, BA: mm

I b T ZK55 + 290 ZK55 + 285 ZK55 + 280 ZK55 + 275 ZK55 + 270
) SEE 15.9 19.1 116 15.9 12.6
LEMHIEE .
THHEAE 14.3 14.3 14.3 14.3 14.3
SEIE 12.9 10.7 12.3 11.6 13.9
TEMHIEE -
THHEAE 11.6 11.6 11.6 11.6 11.6
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Table 6. Comparison of core extrusion between site measurement and calculation, unit: mm
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3000 o T ZK55 + 290 ZK55 + 285 ZK55 + 280 ZK55 + 275 ZK55 + 270
) LA 36.7 42.6 31.2 37.8 33.4
E&MH2E .
THHEAE 62.1 62.1 62.1 62.1 62.1
) LA 12.4 14.7 9.8 13.3 11.2
TEMHIZE .
THHEAE 15.8 15.8 15.8 15.8 15.8
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