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Numerical investigation on the fracture propagation

mechanism of highway tunnel lining
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Abstract ; As the major flaw of highway tunnels, lining cracks of highway tunnels is increasingly seriously. In order
to study the mechanism of crack propagation in highway tunnels under loading, this article conducts numerical
simulation on the crack propagation with discrete element software PFC, demonstrating the disaster mechanism of
crack propagation in highway tunnels, and establishing the corresponding prediction models. The results
showed that: integral safety of lining is subject to pre-existing flaws, and the positions of pre-existing flaws
are generally relatively more dangerous in lining; the depth of pre-existing flaws plays an important role in

the timing of crack coalescence,i. e. ,the deeper the pre-exsiting flaws are, the less time is needed to achieve
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crack coalescence in the lining; the depth of pre-exsiting flaws has a great influence on the variation of crack

opening, i. e. the deeper pre-exsiting flaws are, the increasing opening those fracture apertures will be, and

there is an obvious abrupt change when the flaws coalesce.

Keywords: highway tunnels; cracks of lining; PFC; mechanism of crack propagation
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Fig.1 Calibration process of mesoscopic

model parameters in PFC
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Fig.3 Numerical calculation model in PFC2D
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Fig. 4 Position of the pre-existing crack on

the lining in the numerical model
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Fig. 5 Growth process of the crack at different time step

i bz g T S RE AP RS &2 €A GRS Qe I
Bl Ab ) 19 77 A B3 01 v O R S BB D) SR B B W A )
I ENIVE S SN S ENA AP B IR ) K T3 QI S
R P A T B AR S » Ui A Ao 8 3L 9 o
PN e KWL HR, 52 2 PUE R BU i, 22
NS R Ak 0 2 5 O S G 19 07 L 7 B U A B 2R LR
BRI P DL SR

AR SCHIF ST 9 A A 02 B X & 2R B A L 25 3
B ARAS T SRR IKTT BE RT3 i S A 2 (UL 6) .

Bl 6 2Bk T O 2 mm, IR 5350 O 300,
400,500 mm [} R TKITHE BE ] A A2 fL T 2. 24
i B BT D 300 mm i, S BLEK T EEAE 6 000 3
B I TR 6 9 s Bl A T H R BEAT 5K T R 2 R
FFREAE 0. 4 mm Ze Ay s e » 78 R K AL T I 5

(£
=3
S
x
—
=)

7.00 x 10
£ 6.00 x 10
=
5.00x 10
= J
4.00 x 1073 -
e ~ e _f
%3.00*103- , ————
2.00 x 10| /
1.00 x 107°F ¢
|
! N N f )
0 50 000 100 000 150 000 200 000 250 000
WL
#: — 300 mm —-— 400 mm 500 mm

Bl 6 HYKFEEBEETALMHLE(MHKFAE 2 mm)
Fig. 6 Curve of expansion gap of different

cracks (The initial value is 2 mm)

AR A SO B R B BR SXk E. HRBEIR 400
mm Ff, 2 EIKIFEEFE 10 000 T84 T 8 2% 18
T B A WY 2878 5 fE 187 000 T8 i, il E
SO HR YR 5K T RE W 8 s £ 198 000 5P
I, PUE R ST AT 8 7 AR Bk ER A . SR
300 mm [ T E S 5K I BT 320 10 22 1 il 2K
Xt HE a3 M LA 25 PE BT O 400 mm 1L 4 )
1% 4 VR AT BRI JEE ) R AIR . Y P SR BR IR T
500 mm i, FUE SR B 5K T EEAE 6 000 315 A I JF
W3 Of HA BT A R AZ 5 £ 167 000 15325
I BB RSO IR T 5K T B R 4 s 72 178 000
THE A I B 2 ST A . v A B R R A HL
WEEHERT EAWAT B K6 R, HiE R
30 TR JEE 0T Ao A AN PR N i) 1SR BT 1) 5K T I A R
Wi o 5 552 B A B3 DA A 9 A6 2R B 558 A 18 il
AT AL IR LLGRAE BR324 . X L 4R ih e 45
X ST RE s HE TR AR SO ) v RBUTR BE Y 9
JEE R B0 T T A 0 5K T 2 1140 2 Wi L A 45 0 o o
A — 2L

4 #Hig

D)4 W S 9 5 22 I R O 5 B A 0 ik 2 S0k
SR S A A TR 2L Y T A 2B AE A W) R
PR o 3 I A B AHE T PO 2 0 10 3 e A ) A3 e A2
B EBUY R A 4G RE AL 2 2 S Y £

2) 1 . 2 SC A TR B X 2 B0 I R AT B
Wi o it 5 91 2R SO AL 18 3 1 2R 0D e ) 114
P 1) 328 3 D /)

3) Tl R BUH TR B Xk R BRI I 1 AR A A R
SR B PR R ECTR BE I3 0 PR R BUKOT JE
T3 R I AE U A B A AR AL SRR T
FH DI B AL X 2 6 R 3 4 4 VA A B B B S
SCFF



90 P RAREHRERKRE IR

% 40 %

P4 ¥

[ 1] AYDAN O. Crustal stress changes and characteristics
of damage to geoengineering structures induced by the
Great East Japan Earthquake of 2011 [J]. Bulletin of
Engineering Geology &. the Environment, 2015, 74.
1057-1070.

[2]CHIU Y C, WANG T T, HUANG T H. Investigating
continual damage of a nineteenth century masonry
tunnel [ J .
Engineering, 2014, 167 :109-118.

[3]LEE CH, CHIUY C, WANG T T, et al. Application

Proceedings of the Ice-Forensic

and validation of simple image-mosaic technology for
interpreting cracks on tunnel lining [J]. Tunnelling &.
Underground Space Technology, 2013, 34(1) :61-72.

[4]LEECH, WANG T T. Invert anomalies in operational
rock tunnels: appearance, causes, and countermeasures
[J]. Journal of Performance of Constructed Facilities,
2016, 30(3):04015048.

[ 5] PHILLIPS J. A quantitative evaluation of the

sustainability or unsustainability of three tunnelling

projects [ J]. Tunnelling and Underground Space
Technology, 2016, 51:387-404.

[6]WUH N, HUANG R Q. SUN W J, et al. Leaking
behavior of shield tunnels under the Huangpu River of
Shanghai with induced hazards [ J]. Natural Hazards,
2014, 70(2):1115-1132.

[7]AMORIM D L N D, PROENCA S P B, FLOREZ-
LOPEZ J. Simplified modeling of cracking in concrete:
Application in tunnel linings [ ] ]. Engineering
Structures, 2014, 70(9):23-35.

[ 8 ] BIAN K, LIU J, XIAO M, et al. Cause investigation
and verification of lining cracking of bifurcation tunnel
at Huizhou Pumped Storage Power Station [ ] J.
Tunnelling & Underground Space Technology, 2016,
54(27):123-134.

[ 9 ] RICHARDS J A. Inspection, maintenance and repair of
tunnels; international lessons and practice [ J ].
Tunnelling & Underground Space Technology, 1998,
13(4) :369-375.

[10] ULUSAY R, AYDAN O, GENIS M, et al. Stability
assessment of avanos underground congress centre
( Cappadocia, Turkey) in soft tuffs through an
integrated scheme of rock engineering methods [J].
Rock Mechanics & Rock Engineering, 2013, 46 (6):
1303-1321.

L1 J5 e, AL ME L ol o 0. [ 105 5 B i IR AR LML) L
A E T R, 20015372,

FANG L C, DU L, ZHANG X F. Atlas of disease

prevention and control of tunnel engineering [ M J.

Beijing: China Electric Power Press, 2001; 53-72. (in
Chinese)

[12] CHARPENTIER D, TESSIER D. CATHELINEAU
M. Shale microstructure evolution due to tunnel
excavation after 100 years andimpact of tectonic paleo-
fracturing: Case of Tournemire, France [ J ].
Engineering Geology, 2003, 70(1/2): 55-69.

L1370 &= i, RITI. WEEE, 5. M%) R BN 4 B B
B 5 B K R A 5T [T & 4 1%, 2010, 31
(Sup2) :441-448, 468.
LI ZH, ZHU W C, FENG X T, et al. Effect of lateral
pressure coefficients on damage and failure process of
horseshoe-shaped tunnel [ J J. Rock and Soil
Mechanics, 2010, 31 ( Sup2). 441-448, 468. (in
Chinese)

[14] B @ BR TR /N B 20 I B G S 4 Bl B G B 25 A

FmBERET]. AL 1% .2008.29(2) « 483-490.

YANG ] P, CHEN W Z. Effect of supporting time on
stability of small spacing roadway tunnel [J]. Rock and
Soil Mechanics, 2008,29(2): 483-490. (in Chinese)

C15] Jr e, EoAW. BRI H X Z & B S i AL 52 i
L)l bRz A TR AR, 2011, 7(2): 263-268.
FANG ] Q, XIA C C. Analysis on relationship between
tunnel depth and supporting time of secondary liner
[J]. Chinese Journal of Underground Space and
Engineering, 2011, 7(2). 263-268. (in Chinese)

C167] il 5. M i 78 1 00 °F 5% 3B 6 00 3 0 B AL 194 01 A 40

[J]. & Ji%. 2012, 33(1) . 268-273.
ZHOU Y. Numerical simulation for appropriate lining
time of tunnel considering rock mass rheological
conditions [JJ]. Rock and Soil Mechanics, 2012, 33
(1): 268-273. (in Chinese)

C17] ZRRZL L W IBe . #0300 4P X B ok 3 ) 25 e e M Ao

Bl A4 1%, 2005, 26(8): 1207-1210.
LI X H, JIN X G. Discussion on influence of initial
support to stability and deformation of surrounding rock
mass in soft rock tunnel [J]. Rock and Soil Mechanics,
2005,26(8): 1207-1210. (in Chinese)

C187 X7, IR 3 Bk ] F 425 [ A 1o 1 38 Ak 3k 7 M ) % o AiE F

LI &A% 5 IR %M. 2011, 30 (9):
1729-1737.
LIU N. Monitoring and characteristics study of stress
evolution of surrounding rock during deep tunnel
excavation [ ]J]. Chinese Journal of Rock Mechanics and
Engineering, 2011,30 (9):1729-1737. (in Chinese)

L1 R 5AME . AR, AR, 2% B I G o) ) b T 28 462 Y
g5 I]. A+ TR, 2006, 28(6):740-744.
LATH P, XIEY L. YANG X H. Model test study on

sectional form of highway tunnel lining [J]. Chinese



%54

T#F AR EEAT LY LR 91

[20]

[21]

[22]

(23]

Journal of Geotechnical Engineering, 2006, 28(6) ;740-
744. (in Chinese)

JWEZE, mitn, 20, S5, HUB0Z W % B TR
D1 BB A ke iR B OF 5 LT ], BRI E R A, 2006
43(1):12-21.

ZHOU X J, GAO Y, LI Z L, et al. Experimental
study on the uneven rock pressure and its distribution
applied on a tunnel embedded in geologically bedding
strata [ J]. Modem Tunnelling Technology, 2006, 43
(1):12-21. (in Chinese)

B AR, B, WA N HE BRI S50 9 )RR UK
MlafeEERmmRll]. a0 0% 5 TRER,
2006, 24(23) . 4346-4351.
XIAO L P, ZHAO Y G, SHEN Y S. Model
experimental study on style of structrual internal force
and stability of surrounding rock in double-arch tunnel
[J]. Chinese of Rock Mechanics
Engineering, 2006,24(23): 4346-4351. (in Chinese)
LR, I, 2ROk, FE X% JE 5 4 0 By R i 38 T 50
B AT BEAHTLI]. 2B, 2006(2); 184-188.

XIE HQ, HE C, LI Y L. A Study on frost resistance

Journal and

test of tunnel structure in cold areas and numerical

simulation [ J]. Highway, 2006 (2). 184-188. (in
Chinese)
BI J, ZHOU X P. Numerical simulation of zonal

disintegration of the surrounding rock masses around a
deep circular tunnel under dynamic unloading [ ] ].
International Journal of Computational Methods, 2015,

12(3): 1550020.

[24]

[25]

[26]

[27]

[28]

ZHOU X P, BI J. Zonal disintegration mechanism of
cross-anisotropic rock mass around a deep circular
tunnel under dynamic unloading [J]. Theoretical and
Applied Fracture Mechanics, 2012, 60(1): 15-22.
ZHOU X P, BI J, QIAN Q H. Numerical simulation
of crack growth and coalescence in rock-like materials
[JT]. Rock
Mechanics and Rock Engineering, 2015,48(3):1097-
1114.

(/NP St ¥ N OB 7 SR TR RO Y ¢ )
G [1]. B A J S TR %M, 2013, 32 (1)
2915-2924.

containing multiple pre-existing flaws

HOU G Y. Numerical analysis of subway tunnel
construction process based on excavation unloading
effect [ J]. Chinese Journal of Rock Mechanics and
Engineering, 2013, 32(1):2915-2924. (in Chinese)

oy W B SE TS AU SO A BB AT R LT ], P R A
#H%. 2010, 23(4): 70-77.

GAO F. Research on support load method in simulation
of tunnel excavation [ J]. China Journal of Highway
and Transport, 2010, 23(4): 70-77. (in Chinese)
YR, SRE A R8T 2R E 1Y R E M o B MR B
HARDD. BARERE A, 2004, 41(1):26-31.

LI Z G, ZHANG Y ]. Stability analysis for tunnels
with cracked linings and the techniques for repairing the
cracked linings [J]. Moden Tunnelling Technology,
2004, 41(1):26-31.

(in Chinese)

(%3 EZHH)



