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Abstract: Current research on tunnels crossing active faults primarily focuses on individual tunnel cases, while the
group tunnel effect in tunnel groups has not been systematically addressed. The influence of high internal water
pressure on deformation mechanisms is rarely considered. This study employs physical model tests and numerical
analysis under high internal pressure to investigate the fault resistance of tunnel groups. The results demonstrate the
following: (1) Corrugated expansion joints significantly enhance fault resistance, delaying and reducing peak
longitudinal strain (with maximum tensile strain reduced by 69% and compressive strain by 48%) and converting
shear failure into coordinated deformation. (2) Group effects intensify the fracturing of surrounding rock during
dislocation, resulting in a complex “Y-shaped intersecting crack system.” (3) The sides of adjacent tunnels exhibit
higher strain responses than the outer sides (with peak compressive strain at 87% and longitudinal tensile strain at
35%), indicating tunnel-rock-tunnel interaction. (4) Earth pressure between tunnels increases abnormally due to
group effects, while the pressure on the outer sides remains largely unaffected. (5) The mechanical response of the
lining (axial and shear force) strengthens with smaller tunnel spacing but diminishes and stabilizes as spacing
increases. This study reveals the failure mechanisms of high-pressure hydraulic tunnel groups, providing insights for
fault-resistant designs in seismic zones.

Key words: tunnel engineering; group tunnel effect; active fault; high-pressure hydraulic tunnel group; anti-
dislocation performance; corrugated expansion joint
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Fig.1 The fault dislocation model device used in the test
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Table 2 Scale ratio of similar materials in model tests

JURTR~F(geometric %5 (density) 345 & (elastic Lot ol P4 BE % #f1 (internal friction [ 4¥(strain) ¥ f7(stress) A Lb(Poisson’s
dimensions) C, C, modulus) C,. (cohesion) C, angle) C, C, C, ratio) C,,
50 1.5 75 75 1 1 75 1
R3O AR B 2 JE R SRR RUAE
Table 3 Physico-mechanical prototype and model values of similar materials
MR o HAEBUR o WA AL BRI
o Bl (weight . RN . . o )
(similar density)/ (elasticity (cohesion)/MPa (internal friction (Poisson’s (compressive
materials) (type) (kN - n?llﬂ) modulus)/GPa angle)/(*) ratio) strength)/MPa
JRAUE 26.0 28.000 - - 0.20 13.700
R
BT 18.1 0.400 - - 0.24 0.520
JRZUAE 22.5 5.600 0.440 38 0.30 -
(k=)
BT 15.8 0.079 0.007 36 0.31 -
JRZUAE 16.2 0.820 0.220 22 - -
BT 11.8 0.014 0.002 19 - -




FasE oM

Tl
REEAMAY

H2 kR E

Fig.2 Internal water pressure simulation device
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Table 5 Operating condition parameters of group tunnel

o BB S E) W& 17 5 T2 SR T B MK IE B& I 15+ E
(NoJ) (tunnel length)/  (displacement)/ (angle between tunnel and (fault zone (segment (internal pressure)/  (distance between
’ cm cm fault zone)/(*) width)/cm length)/cm MPa tunnels)/cm

1 150 10 70 15 15 0.027 20
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Fig.10 Fracture pattern of overburden rock under group tunnel
conditions

i
— —ee
[i] 52 ]

/2

RN S A, B IR R ARG 2 2% =T
B T A TGN R B R N AR K T 35.12%, 9h1A)
B K N AR KT 87.50%; B il 2 7] 5 K i 3 AR 4
KT 32.75%, WA KENAIEKT 37%.

(2) B3

BT 0T R TE AT RV 1) AR o3 AT mp R, R T R
Tl IR DX 34 A 7E W J2 i B A o B, o B g M i
@, SHTE RTINS G, BRm RAR ARk Hh 4t 18] 13
B o BRI R0 B A8 1) 928 s i 3 A R 7
BT AR AR, SXoF o 9] T30 T 358 S &M ) 2 Wi A5 BR o
55 R THUAH LG, B OO [ d KRB AR B K T
30.28%, Ml KRR K T 34.64%.

WEER T, BT B AFE— 2 A EAE
FH, 5SSOI A0 Aol 1 52 7% i R 28 7 B 58 271 o
BEIFER [ N AR WEAE 3 AR AEE AT, RN
S ) AR 4 R 280N, = A T R AR AR
54 BREEEEONTE

IR FEREIR R0 AR sgma, X A, B
AL A TABEINE R AT T T, IRANER
N TR RS F R UL} TR S IV e
HZE B 14 fios .

XF TR T, W AL ) b A s R A
FEBE A ) R NE S, X% T

Bl 11 BER TR AROA TS
Fig.11 Ultimate failure pattern for group tunnel scenario T, zuﬁﬁi tﬂfﬂwaﬁﬁ EI/J “ *’Aﬁﬂllz 7 5 “ ﬂEﬁ? x” 130 —
1200~ - —=— 20mm 1200~ ;. —=#— 20mm 1200~ —=#— 20mm
=i —o— 40mm W7 2 —o— 40mm W7 2 —e— 40mm
800 - T S 800/~ T Somm 8001 — Somm
—¢— 100mm —¢— 100mm —¢— 100 mm
g 400 8 400 8 400}
5o 2 o 2o
—400 —400 —4001
i [ 7 ] Nl I 5 ) ekl I 0l
1 1 1 1 ] 1 1 1 1 1 ] 1 1 1 1 1 ]
- 8001# 2# 3# 4# 5# 6# 7# - 8001” 2# 3# 4# 5# 6# 7# - 8001” 2# 3# 4# 5# 6# 7#
frE fir frE
(a) A TR A i 4 (b) B i A ik (c) BRI 2E 1%
(a) Left wall of tunnel A (b) Left wall of tunnel B (c) Left wall of single tunnel
1200 - o —&— 20mm 1200 ~ o —=— 20mm 1200 ~ - —&— 20mm
BrZEd —e— 40mm WiEH  —e— 40mm WiEH  —e— 40mm
800 L —&— 60mm 00l —4— 60 mm 00 —4— 60 mm
—v— 80mm —v— 80mm —v— 80mm
—4— 100mm —o— 100 mm —4— 100 mm
€ 400 £ 400 2 400
= B B
20 Z2ooo0 20
—400 —400 —400
& fi] 7€ ] B fi] & ) B I 2 )
1 1 1 1 1 ] 1 1 1 1 1 ] 1 1 1 1 1 ]
- 8001# 2# 3# 43 5# 6# 7# - 8001# 23 3# 4# 5# 6# 7# - 8001# 2# 3# 4# 5# 6# 7#
(A fir (A
(d) A AIAT 18 (e) B {47 12 5% (f) HulA Ak
(d) Right wall of tunnel A (e) Right wall of tunnel B (f) Right wall of single tunnel
Bl 12 B SR N e B A AR A it 2%

Fig.12 Longitudinal strain variation curves of multi-tunnel and single-tunnel
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Table 6 Increment of maximum strain and earth pressure of multi-tunnel compared to single-tunnel

b5 EAGETANE'S s Y Te s VAR Y ENGETANAS s PRI A 3 BVEVAL: 5o
(tunnel) (longitudinal tensile strain (longitudinal compressive strain (hoop tensile strain (hoop compressive strain (earth pressure
increment)/% increment)/% increment)/% increment)/% increment)/%

A 35.12 87.5 30.28 34.64 48.0

B 32.75 37.0 17.54 19.63 37.5
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