$43% HoW " L T #M ¥ Vol. 43 No.9
2021 4F 9 H Chinese Journal of Geotechnical Engineering Sep. 2021

DOI: 10.11779/CJGE202109011

MBHERR R BRI & S 1 B SR ER

AN, BAE, HESR, ¥KF°, TXRE", K E"S
(1. KZRFARESFBE, BVE PU% 7100645 2. BRpG TR HE AR S B AR TRSEE, BRiG SEH 7120005 3. sFA258— A RK#I &8t Fibe,
Bepi 7842 7100755 4. Ak BRI RT RS, WdE AEKE 050011; 5. RES _HISEASEEEE, TR A2 860000)

W OB DA 318 M HERURREE TR B SRR U B A IR TEEO L 7 AR 5 4 17 VR S R
BRI 310 B B BN E 5 B LB, VAT A . BRI LA B B 7 B T 5 R B
S R SR VAT RV S R R L DA 22, TR R TR B MERA R e ks 45
120° 3 FEI P FE 5 S L W S5 0 R P A B BSOS, S0 00,55 A5 T2 e B A £ B 4 48 B B 52
BRI R e X, AR TR S . B RO A0 A AR, SO TR
AR B FLBE % T T T 0 2 4K, 08 PR R MO 2 (2 P45 RS B BN, 30° ~60° 3
P P FIRTAS 6 m 90 B A TS0 B KRB R TR s SRR SR J R B,
FE 0 A T4 55 PO R S AR ST 25 KT 032 ) AT A5 3

SEEN: RN TR MBORRUR BER: TR SR

FESES: U451 XHRFRIRAS: A XEHS: 1000 - 4548(2021)09 - 1666 - 09
EE @ &XI099%4— ), B, B0, e, EENFRE LT TR 8RR . E-mail:
zanwb@chd.edu.cn.

Experiments and numerical simulations on pressure-arch effect for a
tunnel in loose deposits

ZAN Wen-bo" %, LAI Jin-xing', QIU Jun-ling', CAO Xiao-yong?, FENG Zhi-hua' 4, SONG Fei-ting':*
(1. School of Highway, Chang’an University, Xi'an 710064, China; 2. School of Civil Engineering, Shaanxi Polytechnic Institute,
Xianyang 712000, China; 3. CCCC First Highway Consultants Co., Ltd., Xi'an 710075, China; 4. Hebei Provincial Communications
Planning and Design Institute, Shijiazhuang 050011, China; 5. A Traffic Department of the Second Mobile Brigade of the Armed Police,

Nyingchi 860000, China)

Abstract: A tunnel in loose deposits, located in the National Highway No. 318, is referenced to investigate the stress

disturbance characteristics and mechanism of pressure arch through a combination of physical tests and numerical simulations.

The radial and circumferential stresses, formation and stability mechanism of the pressure arch are analyzed. The results show

that the loose zone and extent of rock mass are larger and extend to the surface at tunnel arch, whereas a smaller zone and a

larger extent are observed at tunnel sidewall. The rock mass within 120° at the arch shows an obvious radial loosing and

circumferential arching effect. The rock mass within the range of 0~0.55 times the excavation span is identified to be the

pressure-arch zone at the sidewall where the radial and circumferential stresses obviously increase, resulting in a high-stress

concentration zone to bear the load of pressure arch and its surrounding rock. The arching coefficient has a significant spatial

variation, meanwhile, it increases linearly with tunnel excavation and has the largest value at the vault, followed by that at the

sidewall, in which the excavation space effect shows a marginal influence. The arching coefficient within the range of 30°~60°

increases greatly when excavating within the range of 6 m before and behind the tunnel face, but it tends to be stable sooner.

Both the experimental and calculated pressure arches exhibit pointed-arch shapes. Their formation is of great significance to

maintaining the tunnel stability and reducing the stress of support structure.
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Table 1 Proportion of similar materials (%)
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e 357 34.8 9.7 10.5 9.3

*2 RERRBEMEISH

Table 2 Parameters of materials of prototype and model
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Fig. 5 Variation of stress of surrounding rock above vault
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Table 3 Parameters of surrounding rock and support
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Fig. 12 Variation of shape of pressure arch of surrounding rock
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Fig. 13 Comparison between calculated and measured stresses

AR LA ) BEIR FE AR AL, 454 T ) Bl Fe
AEZ3 3045 2 7L I A B B S U3 A L Ahid
FHRBE , FA BRI IG 45 A% AR b s S TR AU
WA 4. WTLLEH: BRI AS 2 f ST A 4% s
PR TR S AR 12 F103.6 m, 1T BB AU X R
WILF N 2 M0 m, X5 FTRE S N0 B i 45
S — B, YISO T A AL A R PR
PN S BE N T E FIRCR B2 AR5 245 2
TR TR BEAR ZE 409 10%, BB SCIE IS B ) 4y
Hrif g [ 1 BN AL )T 10 e AR TTAT I

ASCHUE T EAF R R BRUIRE . KPS S KT

PB4 I F1/kPa
o
8

0 2 4 6

TREBI S AR BN 5 fin. ATLUVEH: iHHS
SN )R TR T 3B 23 0 16.3 F112.6 mm, 7K
WSS 2 SR 11.2 A1 8.85 mm,  ELREE A —
SEARZE, 8 DR A2 B 1R A M ) 81 T T P
FERBIIN s TS S0 E A AR TR R /N
HAATEF—5=g, XWAEAE T A BE B A
BT () CHE U
=4 EHEAMEFEEE

Table 4 Inner and outer boundaries of pressure arch
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Fig. 14 Shape of pressure arch for tunnel in loose deposits
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