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Study of long-term stability of new support structure in carbonaceous
phyllite tunnels with ultra-large sections

YUAN Xiao-shuai, ZHANG Qing-song, LI Shu-cai, LI Li-ping, LIU Qin

(Research Center of Geotechnical and Structural Engineering, Shandong University, Jinan 250061, China)

Abstract: In connection with Lan-Yu railway Liangshui Tunnel’s characteristics of soft rock and large span, a kind of new type
support structure including thickening shotcrete and secondary liner and double deck is adopted. A laboratory triaxial creep test to
on-site specimens is carried out to study the creep properties of the carbonaceous phyllite. According to the test results, Burgers creep
model is adopted to describe the long-term rheological behaviour of carbonaceous phyllite. Combined with on-site practical support
ways; the fast Lagrangian analysis of continua in 3 dimension (FLAC’®) is used to simulate surrounding rock’s rheological
mechanical behaviour in DK357+976 after the completion of this tunnel. Surrounding rock’s deformation and supporting structure’s
mechanical behaviour during operation are analyzed. The research results show that secondary liner can effectively reduce
surrounding rock’s creep deformation; and only part of vault shotcrete will yield 100a later. The on-site new support ways can ensure
long-term stability of the tunnel.
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Fig.1 Photos of the tunnel liner’s damage
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Fig.2 Stress-strain curves of carbonaceous phyllite
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Fig.3 Strain-time relationship curves of triaxial creep
test of carbonaceous phyllite
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Fig.4 Sketch of FLAC®® numerical model (partial)
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Table 1 Basic parameters of rock mass
Gl 3 PR T MBS Db
J(KN/m) /GPa Y™ /(°) /MPa
24 1.0 0.4 0.3 27 0.15
K2 WEASHE
Table 2 Basic parameters of anchor bolt
Bt SO KE O fHOER KIER KREEES
/mm /GPa /m kN #i/GPa /MPa
22 52.5 6 114 3.0 0.27

K3 WEMIHEASHE

Table 3 Basic parameters of steel beam with double deck

PP SR AR SR 1, SR L PURSREE P g
/GPa B Jem® Jom®* Jem®* /MPa /MPa

1.0 0.3 484 5438 136 981 400

R4 BEIHPESSHE

Table 4 Basic parameters of concrete liner

A VREEL O ERE gopkiE AL Fi S NPEREE
LF% 2 (N /GPa T MPa  /(°)
W C25 25 28 017 495 48
R 035 25 40 020 845 56
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Fig.5 Nephograms of displacements of tunnel’s
surrounding rock after preliminary bracing(unit:m)
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Fig.6 Curves of vault subsidence during creep
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Fig.7 Nephograms of principal stress distribution
of shotcrete layer after 100 a (unit:Pa)

~3.000 0x10’
-2.000 0x10’
-1.000 0x10’
-8.000 0x10°
~7.000 0x10°
-6.000 0x10°
-5.000 0x10°
-4.964 8x10°

-8.000 0x10°
~7.000 0x10°
-6.000 0x10°
-5.000 0x10°
-4.000 0x10°

-3.000 0x10°
-2.000 0x10°
-1.000 0x10°
0.000 0x10°
5.512 3x10°

B8 100a 5w ENMNFHE CEAL: Pa)
Fig.8 Nephograms of principal stress distribution
of secondary liner after 100 a (unit:Pa)

AT 73T R B, AE 100 a [R3EM A2
LR AT N T AN, 2 N R i AR I
[AIBEA SR OC R o BN RN, N Je I
EHIT TR R AR i

5 4w

(1) KW T s P it 13k R v Al 2 7 A K
BT, RHMEWIBE AP RN HE SR 8 2 5
P70, AT RALE N T3 A AR B E AR TR

(2) 3BT II ) = A =R A,
SE T R ST HUAE G AR B ——Burgers I AR R,
LI 73T 22060 B % P 7K B T 1 2R S 4 2y 130
FsE Mk, ARBUTRERE, LMt g%.

(3) WHHEEREN] . RIFUT BCE AR BN
WG, BRIEELA(E 3 a WINIRARARTE S B E T
T0%LL s A e AT RN BRI B PR A
AR TE s HISCH AT RN HESEAE 100 a
AN IE BIVEAAE IR Jee MR DR R, I T A e Vs i VR e 1
JEAE R R, A R PR E AT . 2
EURAS TN, AN BEIN TR SE K, BEA
RENEICR, RN RN, N R, BE
BRI TR e LI BRI, B B S A R I B A
100 a WATG & 22421, AR BB KW AT 2 2 K

(4) ARIA TG FE I il AR S A Sl AL R i
BV A AN AR AR pR T LA A R B Iy 28
XT3 AR IS AL AR EE T F S AR 5 i AR
CRERBINHIGT, Wt BEAE A AR IR AR 4
T, BEE SCH A S2 R K I8 E P A 1) 5 e A
k9T

2 % 3 M

(11 PV B A AR 2 S TR T Ay T 1EJE (D).
FA0 5 TRE2AAR, 2007, 26(6): 1081—1106.
SUN Jun. Rock rheological mechanics and its advance
in engineering application[J]. Chinese Journal of Rock
Mechanics and Engineering, 2007, 26(6): 1081 —1106.

2] BRILE, HRA, TLTY, 5 Rpk 5 X i K hs i
KIIREVERI T[], A0 0% 5 TR, 2010, 29(10):
2017—2026.
CHEN Wei-zhong, CAO Jun-jie, YU Hong-dan, et al.
Study of long-term stability of subsea tunnel in special
geological region[J]. Chinese Journal of Rock
Mechanics and Engineering, 2010, 29(10): 2017 —2026.

(3] Zeifate, xlimas, PMRIE, 45 TRRIFHCH BIEROR
HUBL A SZH AR, th AR K254 CL2RRO » 2000,



B2

JEINIAS: BT I 5 5T TR B DT B S 4 R YIRS P 561

39(4): 112—115.

LI Hai-yan, LIU Duan-ju, SUN Qing-guo, et al. Study on

failure mechanism and supporting technology of soft rock

roadway in a kilometer deep mine[J]. Journal of
Shandong University (Engineering Science), 2009, 39(4):
112—115.

(4] WRER, HEEE, FRE, & 85 —ZoK R 5] KEE R

KR E T 4 BT ). Eﬁ‘jj%, 2007, 28(Supp.):
417—422.
CHEN Guoqing, FENG Xiating, ZHOU Hui, et al.
Numerical analysis of the long-term stability of the
seepage tunnel in Jinping II Hydropower Station[J]. Rock
and Soil Mechanics, 2007, 28(Supp.): 417—422.

[51 i, SR, BREBER KRR E ). A+
J1%#, 1995, 16(2): 64—73.

PENG Shou-zhuo, DOU Yong-qiang. Long-term stability
analysis of the tunnel in conglomerate[J]. Rock and Seil
Mechanics, 1995, 16(2): 64—73.

(6] JIWI'E . HOKES A BEBEIE T2 ) 24T I
IRAERAE, 2009.

(7] SRAEE. /N gE KT T B G i 1y 27 1 S K s
PEWFIE[D]. FPK: HPRATE K2, 2009.

58, FERLE. AAWA AR FBLR IR T

[7]. My 24243R, 2008, 14(3): 274—285.

1[D]. PLBH:

&
S

R 555 T

Station, 2009, 25(1): 39—41.

[2] JIANG Y J, LI B, YAMASHITA Y. Simulation of
cracking near a large underground cavern in a
discontinuous rock mass using the expanded distinct
element method[J]. International Journal of Rock
Mechanics and Mining Sciences, 2008, 46(1): 97—106.

[3] YOSHIDA H, HORII H. Micromechanics-based

continuum model for a jointed rock mass and excavation

analyses of a large-scale cavern[J]. International
Journal of Rock Mechanics and Mining Sciences, 2003,
41(1): 119—145.

[4] XIANG L, ZHU W S, MA Q S. Application of damage
model in stability analysis of Shuangjiangkou

underground caverns[C]//8th International Conference on

Fracture and Strength of Solids 2010. Malaysia: Kuala

Lumpur, 2011: 462—463.

(5] Oy, HBYN 1R 2 R UA AR IN ) 2 — 2

ZHANG Yao, XIONG Liang-xiao. Rock rheological
mechanics: present state of research and its direction of
development[J]. Journal of Geomechanics, 2008, 14(3):
274—285.

[97 MARANINI E, YAMAGUCHI T. A non-associated
viscoplastic model for the behaviour of granite in triaxial
compression[J]. Mechanics of Material, 2001, 33(5): 283
—293.

[10] M 3CAR, skokm, sk, 45, 2T FLAC™ () ot

Burgers 1 45 #3455 455 74 lfl'J~{/\ﬂ:7iﬁﬁ?L[J]. A,
2010, 31(6): 1956—1964.
YANG Wen-dong, ZHANG Qiang-yong, ZHANG
Jian-guo, et al. Second development of improved Burgers
creep damage constitutive model of rock based on
FLAC®[J]. Rock and Soil Mechanics, 2010, 31(6): 1956
—1964.

[11] 7 5a k. THCa B ROt T3 44 52 ) A2 TR R AR
WEFED]. JEnt: JEatAdm ke, 2009.

[12] BLSC. ZRUE AR TS DX AR S5 R i B 2 B 3 A
PERFFUID]. P22 K22 k2, 2000.

[13] Itasca Consulting Group, Inc. Fast Lagrangian analysis
of continua in three dimensions (version 2.1), user’s
manual[R]. Minnesota: Itasca Consulting Group, Inc.,

2003.

W AT SR ASAEG [ 208 3¢ D). sl T E R

BEaDUE - 2k FUaT, 1993.

(6] fRubfrg, A, AL, BTN RIS 22 BUE
K 73 27 R e —— W R B 5 T R S IR IR (D). 5
+ 712, 1994, 14(2): 1—12.
XU Jing-nan, ZHU Wei-shen, BAI Shi-wei. Design of
mini multipoint extensometer in geomechanical model
test of cavern group and its application[J]. Rock and Soil
Mechanics, 1994, 14(2): 1—12.

(71 ERka. JURTAIAGRR OB J LA A - TR e v 5
TR S AL 240718 3C D). 3g: LA K2, 2009.

[8] ikiks, AKR4erh, 5. ARG T R 2 RA
TR KNI A%, 2011, 32(2): 623 —628.
ZHANG Qian-bin, ZHU Wei-shen, LI Yong. Design of
mini multipoint extensometer in geomechanical model
test of cavern group and its application[J]. Rock and Soil
Mechanics, 2011, 32(2): 623 —628.



