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Abstract: When constructing tunnels in soft rocks with high ground stress, it should be considered that the soft
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rock has low strength and strong expansibility, and is extruded by high ground stress. Therefore, it is
unavoidable to cause large deformation of soft rock if the construction measures are not appropriate, which
brings great difficulties to the engineering construction. Based on the theory of surrounding rock loose circle, the
unified strength criterion is adopted to analyze the stress state of surrounding rock with consideration of the
influence of intermediate principal stress. Then the radius calculation formula of loose circle of surrounding rock
of large deformation soft-rock tunnel is obtained. Based on the case of Xiejiapo tunnel of Anlan Expressway, it
is found that the distribution of surrounding rock loose circle of large deformation soft-rock tunnel is not uniform
along the cross section. And the loose circle tends to be large in the side wall and small in the vault, and
increases with the increase of deformation grade and decrease of support reaction force. Combined with field
test, it is found that the thickness of loose circle of grade Il large deformation is 6.5-7.0 m at vault and 7.0-7.5
m at side wall; the thickness of loose circle of grade [l large deformation is 7.5-8.0 m at vault and 8.0-8.5 m at
side wall. Therefore, the length of the system bolt should be optimized based on the thickness of the loose
circle. By monitoring the optimized section, it can be seen that the deformation of surrounding rock is reduced
significantly and the stability is improved effectively.

Keywords: tunnel; bolt suppert; surrounding rock loosening circle; unified strength criterion; intermediate

principal stress
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Table 2 Classification criteria for large deformation of

soft rocks in Xiejiapo Tunnel
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Table 3 Mechanical parameters of surrounding rocks
i T LR FiE ) c/kPa WEEH S /() ZHEy/(kNem °)  HEWE 0/MPa  HUHHRE 0/MPa  $LI5FF ¢ /MPa
YK17+740 12 36.5 19.6 27.7 7.85 6.55
YK17+4290 10 36.0 17.6 26.4 7.73 6. 44
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Table 4 Pressure calculation of surrounding rock

Wi AR ORI B HEA/m PRIEN RS JFISEE B/m RS RBON IR F Py/kPa BATE S P,/kPa
HETi 220 0.42 14.5 1.2 4312 275.184
YK17+740 13
fuga 14.5 1.2 5174 330. 221
HETH 270 0.46 14.5 1.2 4752 247.104
YK17-+290 113
Uk 14.5 1.2 5702 296. 525
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Table 5 Theoretical calculated values of the loose circle in the large deformation section of class I and Il section of

Xiejiapo Tunnel
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Table 6 Measured distribution range of loose circle Of

test section
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Table 7 Optimization of anchor length

KABE WERKE AREHZE JMERE Mk
A
ER L,/m B L,/m L./m B L/m
HETR 6.5~7.0 8.00
II 0.3~0.5 0.2
5% 7.0~7.5 8.50
HET 7.5~8.0 9.00
I 0.3~0.5 0.2
5% 8.0~8.5 9.50

Xt i AT R R G A T A BB T AT A 5 e A R
SRR, I QR KA B i S i K AE R
236 mm, i II S BCH RASIE 5 A2 0 TR RAE
T 20 % o R 78 B JA) 10 e i R A 377 mm, i
I B RAZ T e A2 0 11 B3 RAS T, #a /NF
DE A I 28 T B, 3% BT AR I Bl S sl e ) P 2 A
BT B2 T A A A ) R AR T

4 i

TEGE— ok 2 Be 09 e ml b 4 TSl T s
RS T B 3 1) B A A 8l B8 E AR 3 U IRFE IR
P B% 38 X A RS TE 1T 9 T 25 3 29 1 T gk 47 F
b 2l BB B T MBI 37 S e A B e R AR
JE W% 18 [ 2 gl B B o3 A 3 B AR p Ak 1 400 38
SCR AR B A e T A I . RS
Wr:

1)K Gt — ot B2 E W, 25 18 v ] 32 09 ) % il e

JO7 A3 R 25 B S i A5 B S ] T BOE KA R R
1 A 3 18 AR T 20 BAEBOR KA TR B E
Wt 35 R AL T8 O B B R, S R 0N A Bl e
JEE AW HE K

2)) e ML L 3 B s DX 0 0 R 7 5 B R UK CF
7 1) B R F L 1), 45 B3 e T R B A
AL, B K AR TE g 18 A 3 18] J5 S5 A Ak W 1 b A 23
A s 52 B i KT BRI, HLAE T 42 )5 B8 N 7 BT
AN W 38 DR B R AR K A SRR R X R A 2 R S
P, O e O PR 1 IE AL, ATk B A 8 ) L
AISRER:TS

3) KA A B 11 114 B R R A MU, SR TR B AT
SCHPTEAR I R K AR IR B T8 S 45 R AT AR e
AR A AR T, B Tr iy .

S 2% Lk

(1] VS, SR, I, & 60 30 B i R ) Bk S 4
HARFE m ROk RS AT I]. SRR H AR, 2018, 55
(5): 1-10.

WANG B, GUO X X, HE C, et al. Analysis on the
characteristics and development trends of the support
technology of high ground stress tunnels in China [J].
Modern Tunnelling Technology, 2018, 55(5): 1-10. (in
Chinese)

ANDRIANI G F. Comment on “Petrographic features

influencing basic geotechnical parameters of carbonate

—
Do
[

soft rocks from Apulia (southern Italy)” [Eng. Geol. 233:
76-97]1[J]. Engineering Geology, 2021, 285: 106053.
GOODARZI S, HASSANPOUR J, YAGIZ S, et al.

—
w
[

Predicting TBM performance in soft sedimentary rocks,
case study of Zagros mountains water tunnel projects [J].
Tunnelling and Underground Space Technology, 2021,
109: 103705.

(4] Tomd, WA, Dk . m AL 7 724 48 % I 72 TE

R AE 5 45 R A g (D). + R TR 2R, 2017, 50
(Supl): 129-134.
DING Y Z, TAN Z S, MA D. Study on large
deformation characteristics and control measures of soft
rock tunnel in fault zone with high geostress [J]. China
Civil Engineering Journal, 2017, 50(Sup1): 129-134. (in
Chinese)

[5] KARAMI M, TOLOOIYAN A. Investigating the
elastoplasticity of an Australian soft rock based on
laboratory test results [J]. Engineering Geology, 2020,
276:105762.

(6] \IHE, B BOCE R IE AT BF 1) 11 R S L 50
[J]. 55+ J1% 2020, 41(3): 1039-1047.



82 R 5 R ¥E TR FROP & L) % 45 %
LEI S X, ZHAO W. Study on mechanism of 114. (in Chinese)
circumferential yielding support for soft rock tunnel with [13] ol , arse2e, W/ . BT U0 4 — o B2 98 14 D
large deformation [J]. Rock and Soil Mechanics, 2020, T EJE I = fa e M A ST [T B R 24 4z, 2003, 28(5):
41(3): 1039-1047. (in Chinese) 522-526.

[7] BEL . FET Mogi-Coulomb 5 F& #fE W] (1% % 18 ] 5 B AR XU S Q, YUM H, HU X R. The stability analysis of
HOI PR R A [T] RS 5 BB TR, 2014, 36(6): circular tunnel based the twin shear unified strength
54-59. theory [J]. Journal of China Coal Society, 2003, 28(5):
LYU C Z. Elastic-perfectly plastic solution of tunnel 522-526. (in Chinese)
surrounding rocks using Mogi-Coulomb strength criterion (14] BEBERE, 945, T 5PNy, 55 . @ Hh N ) B0 B 18 K AR P
[J]. Journal of Civil, Architectural &. Environmental KR ML IR Je 3T AP SR A 5 (J). A 8%, 2015, 60(3):
Engineering, 2014, 36(6):54-59.(in Chinese) 223-228.

[8] ikflde, X4, {E/A0R . 3T Bl —SZ P fefiE #e 1 XUE X H, ZHANG J, SU Z M, et al. Instability
1R B B T AR R T ) ) S Pk RO ST (T). BOK TR mechanism and supporting measure for highway tunnel
R, 2015, 48(1): 139-148. with high ground stress and soft surrounding rock [J].
ZHANG D H, LIU S H, REN S Q. Research on Highway, 2015, 60(3): 223-228. (in Chinese)
selection of preliminary support for tunnel in high ground- [15] ZE R, XA, Rk 4as . 222k b & N ) Ch B
stress soft rock based on surrounding rock-support B K AR Y LA K Ay br HEAF ST [T]. AR BE R
characteristic curve theory [J]. China Civil Engineering 2015, 52(1): 62-68.

Journal, 2015, 48(1): 139-148. (in Chinese) LIGL, LIU Z C, ZHU Y Q. On the large squeezing

[9] KOVACEVIC M S, BACIC M, GAVIN K, et al. deformation law and classification criteria for the
Assessment of long-term deformation of a tunnel in soft Lanzhou-Chongqing railway tunnels in soft and high
rock by utilizing particle swarm optimized neural network geostress rocks [J]. Modern Tunnelling Technology,
[J]. Tunnelling and Underground Space Technology, 2015, 52(1): 62-68. (in Chinese)

2021, 110: 103838. (16] 47 A . A8 W i 3 R A2 ] 4 i 12 AR (7], BAR g 3 £

[10] LUNARDI P. The design and construction of tunnels A, 2019, 56(2): 175-181.
using the approach based on the analysis of controlled YANG M G. Large deformation control techniques for
deformation in rocks and soils [J]. Tunnels and the muzhailing tunnel [J].  Modern Tunnelling
Tunnelling International, 2005, 5(1): 3-30. Technology, 2019, 56(2): 175-181. (in Chinese)

[11] BRECHR, By fd, ke, 5 . v b B ) 0 R 18 R ik — (17] 5858 . feg 0 0 ) % L6 3 g = o A
R A 5 AR TR BOR [T]. kI TR 2R, 2013, 30 FE[D]. P42 P42 Tl K%, 2019.

(3): 50-57, 76. MENG Y Y. Study on mechanical characteristics and

ZHANG M Q, HUANG H J, HE Z J, et al stability of surrounding rock in deep buried tunnel with high

Technology for control of deformation of high stress soft geostress [D]. Xi” an: Xi” an Technological University,

rock tunnel with release-constraint balancing method [J]. 2019. (in Chinese)

Journal of Railway Engineering Society, 2013, 30(3): [18] SINGH M, SINGH B, CHOUDHARI J. Critical strain

50-57, 76. (in Chinese) and squeezing of rock mass in tunnels [J]. Tunnelling and
[12] XVEMs, EA W, RmE, & . SN I HCARE K H Underground Space Technology, 2007, 22(3): 343-350.

AP XA B A 1 5 LR,
2020, 39(1): 105-114.

LIU Y P, XIA C C, WU F B, et al. A combined
support technology of long and short bolts of soft rock
tunnels under high ground stresses [J]. Chinese Journal
of Rock Mechanics and Engineering, 2020, 39(1): 105-

MEZGER F, ANAGNOSTOU G, ZIEGLER H 1.
The excavation-induced convergences in the Sedrun
section of the Gotthard Base Tunnel [J]. Tunnelling and
Underground Space Technology, 2013, 38: 447-463.

(s %)



