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A Study on the Failure Mechanisms of the Mixed-face Tunnels
in Decomposed Granite

A F F Shin, Jong-Ho
o] o &7 Lee, In-Keun
Abstract

The purpose of stability checks of tunnels is to assess the safety of a tunnelling method or to determine the supporting
face pressure in pressure-balance tunnelling. Traditionally, analytical approaches have been used for the evaluation of
tunnel stability, which often require the assumption of failure mechanism. Consequently the accuracy is highly dependent
on the assumed failure planes. The failure mechanisms were mainly obtained from centrifugal model tests and only
applicable to homogeneous and isotropic soils. Having complicated boundary conditions, the safety evaluation of the
NATM tunnels with mixed-face ground condition can not be easily made. An attempt to identify failure modes of the
tunnel is made using a numerical method. It is found that a numerical approach simulating tunnel collapse is desirable
for investigating the failure mechanism. It is identified that the parameters indicating the failure mechanism are
incremental displacement vectors, accumulated plastic deviatoric strains and velocity characteristics. Based on this study,

a general approach to investigate the failure mode of a tunnel with complicated boundary condition is proposed.
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il) Roof and sides failure mechanism

i) Roof failure mechanism
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ii) Roof, sides and botton iv) local collapse

failure mechanism
(a) i) to iv), Failure mechanisms of a
cohesive soil(Davis et al., 1980)

v : angle of dilation

O

initial failure
mechanism

o

ultimate failure
mechanism

{(b) Failure mechanisms of
cohesionless soil{Atkinson
Brown and Potts, 1975)
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i} Elliptical failure mechanism of fi)Local failure mechanism
tunnel heading in a cohesive soil of a circular tunnel heading

{Davis et al., 1980) {Davis et al., 1980)
(a) Undrained heading failure mechanisms

£ )

Prismatic failure
mechanism(Broere, 1998;
Anagnostou et al., 1997)

Conical failure mechanisms
for tunnel heading in a cohesive
frictional soil{Leca et al., 1990)

(b) Drained heading failure mechanisms
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top soil <

Depth

(a) Typical weathering profile
of Seoul granites

a : permeability
b: strength T U
¢ : compressibliity

{(b) Typical variation of
soil properties

decomposed
granite soil

1 highly weathered

moderateiy to
slightly weathered
granite

Depth

(c) Typical location of tunnel
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Collapsse of a single track tunnel {SSCO, 1994b)
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200m

EL-00 M

) 4

fhii/alluvium L4
(%=15.7kN/my’, Ko=0.54) - material parameters
EL-0f
decomposed
granite soii ¢' = 2408872
¢
(%=19.6kN/m®, K.=0.45)
EL-20§ 1
@
highly to moderately J ¢ = 10+7.52
weathered granite V-
(% =21.5kN/m’, K,=0.42) AR
EL-32 h
slightly weathered ¢' = 100+8002
to unweathered granite v =58
(%=24.5kN/m°, K.=0.35)
EL-50
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A&t A RZEE 2m ofF o] YAsh= 222 1
Hach FBido] & Ato|ng 3 R 2919
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g "t 221 HHEAFRAE 7P eH,
o|2RH HoR= HEASTS HAs] w3 73] A
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A& ST IEL ATE Lee(1991)0]] 93 HE=3
Al ZAMEIQITE. Tof w2 T 79 B]luel Zo] &
Z33EE AT Y EAL EUrh o] EA
S 1H3}7] Y3t} FHE A(pre-yield)H 52 Lee(1991)
o Ao 7]2% Jardine(1985)¢] 221 Z=7|{<
(logarithmic periodical function)?] vjAlg et Ed=z
AR Qi)

[

a
- = R+ Scos[&{ log 19 (I;'JD ] ]

>
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> =A+Bcos[ar{ loglov(%%} ]

o

714 G=AIIE ATAle, K=AHRAAS, =
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EL-00~EL-08 E=1.47x10" (kPa) [ v=0.32
EL-08~EL-20 : ¢'=2+40.667z, z:&T ¢ =31°
EL-08~EL-32
EL—-20~EL-32 : ¢ =10+17.5z ¢ =42°
A B C(%) a Y Edmin(%) Edmax(%) Gmin (kPa)
G—value
1,515 1,485 2x107* 0.955 0.818 9.0x107® 0.35 9,706
R T S(%) 8 A Evmin (%) evmax(%) Kiin (kPa)
K-—value
475 465 2.0x107* 0.848 0.872 5.0x1073 0.50 6,438
EL-32~EL—50 £=1.00x10°+1.06x10° 2 | ¢ =100+50z | & —56°
A, B, G a, y= 450lH, e, e, 2 AA E HAHH H7tHES E=&3517] st A datol] it o5t

o) HPEoIth ¢,=
+(e;— &%+ (62— €3)%/6}]"° FEIZ(post-yield) HF-L
th2-9] 3214 Mohr-Coulomb 22 §A}8lstATh

(el+ez+e3)/3, Ed=2[{(51_52)2

F(o)= -1=0 @

I
(p'+a)gl6L)

714 J=[{(o,~ 0>+ (0~ 03)* + (0, — 03)%}/6]"°
olm, a=c'/gl0), g0+ HAGHANA FEH
o] FeE Holsh= e, 6,2 Lode's angleojct. 3
E(EL-00~EL-08)} 32m ©]3} A|¥HEL-32~EL-50)¢]
uA AL SHRHoR s

Coupled Equation2- E<=A|=0] x|A o] I asict) ¥
dZ22A] 2 FH A 719 W3t 34 U
Ehde EaASE e golne 2aY 2w
oAl AE HAFAHE el Roloh o]HF EAS
A48 1nst7] Yste] EL-08~EL-3237tof tfjstod
£ Vaughan(1989)] |48 FoALRY oL
Log Law7} ARE-E it

log . k=—Bp'log .k, or k=k, e ®)

A7NM RA, B=AHEAAS(m/EN), =%
828, p~ARHFRESEHANY EALE 9
n|gtct. B=0.0043 m*/kN, k,=1.9x10° m/sec ®] gto] A

L&Ak
5. Ao d et mimFILF
5.1 mha|o7 &2

| X|IAlZ2tole

QrollAl At wieh o] X8 AR RE v

A ojolg ot FAHOE ZA Bat ik 23
4 9] A= Gauss Point 22 HHo|A 9 AFoz £
o2tk Wekd olF AT1E w3 we) g WA
= A4 Mdeg olafstr] Hefi= of| o
Ble) mqo] Wrsith SAsH o2 R Buy}
+= A1 gehu)ElE= Kovacevie(1994) 9]
A9 el gzt Eel HLdE JFud ¢ ok
aE 2AHAE olgstel ARHY BHdsES
&8 W, ANE TeEulEE SEHEE, A
HHAEE, T8l £EEA(velocity characteristics:VC)
olc}. o] 7He Bl 3-831] Sstol 2t netolg
of gt FAIAQl 1Eo] Wasict

TR MET F EXY A HI8k=T] lolA
1 712H FRe e & & otk B4 93
84 M H = T2 7] H(post processing)S ©]-8-3}
of WHe|o] Z7|et WS HHEA Yehd 4= glth H]
HRHH A 2 AHRAIA WYE WE 2 1}

initial incremental

displacement vector Initial state
/ /
'4
l" /’/
’
/
4
/
/' Total displacement
/; vector
Last Incremental /'
displacement vector /
® Collapse
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:  plane
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/ //
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2

8 9. Deviatoric Strain Space

el 4= Qe olE SR E ) ok v ARl 4]
9 44 FRUE: ARt AAY 4 5
(current movement)Hal-S LeldC), 18 82 H| A S|
Ao FEALHE et FHANE A HdE o
gl Aojrh. FHAMY FEASHEHE FHHE
W AAEE Aol7t 9SS Btk FEUAHES
A7t Es Ak gt e SH(EE da
A2 A3 © ol4ke] shHo] 2 % gl A
o ZEMY & 4 Utk 24FEUSE o] 2717}
32 38] 7H557Nacceleration)dtH o] EAl= 1 &%
£ AdeEge s Fart AME USE AARE
o}, wheba B3] wetao] Aukase] ¥y
g ANk BT BREtD ¥ 4 ok

ey 2R EE Rl Bald g Ay
ol i3t R AT S Poha) HeJsA
= i) weba A ZRugue e sl accele-
ration)7} 21| w3)o] FpsAjo] SARTiT
4 oot

249) I AohgEe A
A ATHFES JHHHS 4 o
g Hoh A ARE @& = ok gnkskE A

(h— e+ (eb-eD’/6 192 Tshe Ho] ehgd
RolH B3] nzle} Balste] AHBUAULE] w3
27} AmZA L] oulE 7 4 Y& oItk Fige]
AP on)E tehhgich vz Ee) Sl

2 giotel 0¥ AL L4HDAYB| AFHE W
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velocity ~_-.
characteristics

b= 45— ¢/2

a3

1/2(¢— ¢
1% 10. Velocity Characteristics} Slip-line2}2] &A|

T FEHR Y] w2 HHGFoIH, olF FEE= &4
AHAPEL S4H0E BHFORHN wotE 4= ¢l
o} AGHFES Ve HAPIEE gEFH, AT
T 9 ARG =N oW Anatyg Ik A
o] 7Hs3ltt £3] o] AABIFPEQ FaMo] T £
T S 2 A% Bt s o] Pe] Hr

o] £ uetu|g 2 wioty ko] taHe £ E4
Z(VC)&} vjagte 2 &% 4 qick 29 109 2
ute} o] VC= F8Y Wit (45+¢'/2)24E ol F
™ Slip-linex} AHE. ¢'= ¢ ¢ H¢ VC 2} Slip-line
< %3] YA s, Dilation( ¢)°] = 7-%- Slip-line
I VC7} o|f+= Z&s 0.5( ¢ —¢)7F Aok

VCEHEE Slip-line NetworkS Teld 4 ooz
o|2RE FEIIHo| thgt HHE & 4= Qltk. SR}t
7 9] 7HsAL VCE Slip-lined} ZEHH ] o] uHeF
283 ARAGHPEY AFFGE dA AET e
# mhekdh 4= gl

52 BZEX|UHY S#9ty Hdo| mijd7iulE

SPFEARN B Bl =X 8Y 2IE dof
A AR ZHAA ] Azt S EE =AML
Aot A o] A A L B oj7fFol A tHFE
WAooz FEH 219 SHAYEHZ 3= Projecting
Back#| 2|7} £7}3}t] A|3}-&(unloading) 80%E 32|35}
£ AH0lA sde] FEEUT o] A2 WAvI=
oA FHA 02 LKGHFPEC] 20%F ol T
go Ao HIF LS & 4 Ack w23 4
o] 80% AAHUE w7t 53 AHgR}elt 7+
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EL-08.

-----

EL-15.4

ooooo

EL-236pere™™™ "0 " L T e . e .
scale
. 2m
..... n—
*  vector
..... scale
. 50mm
———
{a) 50% unloading
EL-08.0 YTy
EL-15.4
EL-23.6 ppyy@¥¥ ™" '+ ¢, e 0 0 e
*  vector
,,,,, scale
50mm
L]

{c) 70% unloading

EL-15.4

EL~23.8

vector
scale

50mm

¢ —
EL-08.0
EL-15.4
EL-23.6

vector

scale

50mm

——

) —

(d) 80% unioading

38 1. SATY T SEHHYE HE

FEH M E(incremental displacement vector)

2% 118 2204 22 Ahge o] Unloading Perce-
ntageo] W& FEHLHE Q] UPFFE HQl Aot
Unloading Percentage: Z2Z23ia} A7 Aty
AF o T 2427 Husel Spuguy
< B2 $4& Ik ok 23y 2349 Ayt g4
B Ao Waktith B Axelel ZXo)A
A FEHANE Hole AHE 57 Wi

A4 AW Y E(plastic deviatoric strains)

a9 12& EHg23to] AAHHAA Y= 244
S5-3o we S Bl Aojok 2 HYE-S Spring-
lineol| A A|2tslod X HE gFate] Selzich. HAHYE
SnAel AFEE AHS FFEHA Y Y&
ARG & 4 QUrh o] Azt RS HE s
tshd EdutI = o 7i(shoulder)ofl X AJZkate] 214
o2 Uiy, A AR B vl FA AT 2
o] o] AL Qlgf FA5FF HFE EHRlrt

& E M Z](characteristic velocity)

% 132 EldZ&3} §7 Velocity Characteristics
(VO)S TS el Holth. = SHE By
o ol it HRE EsbshEz Wael: 2R o
HAF gt 2@ YRR go| & AuE 2
sto] Hoh A gy &S A%A sEch

EL-08.

833

Az
a:3
C:5
D:8.0
€
F:1
G:t
H:2

Cmaos
RRRRE

EL-15.4

E-23.8
80% unloading

70% unloading 80% unloading

Plastic deviatoric strain contours
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EL-08.0;

EL-15.4 'H. *ﬁ

EL-23.8
60% unioading

80% unloading

70% unioading

Velocity characteristics

72l 13, SAXMof| 1 Velocity Characteristics] %}

o] £ EAAE EAY o FZEFo| FHUIEL
YR|EH= Coaxiality7} YTl 7HSc) ¢ = ¢ 9
73 Sliding2 £ =549} Z-2 HH A dojdrh
2 XM= ¢ =0.5¢ S ARE-3FF I(non-associate
flow rule), whabA| o] ¢ v DY AT} £EEHJ2]7} o]
Fe= 42 o 8082 A EQI

SR

23] QAT W Uehbs FEuAE S
e By Amaehololq AlAEe] HYARE olof
X AuAg o 7be4 g Hol: itk A A
Mg S AUFL i 911G Bep 7
Ao 2 ANHFI Yk HY Axetel 47 3 ¢
Y ol7jREe] &4 AUHY S| AFHL USS
olid, o ATHg VCe} FYstR o] FEolA iut
9] FHs Aol a2 uldich

direction of piastic
shear strain development

EL-15.4

e,

EL-20.0
s _,//

T8 14, SEHUER|EHE NATMEIES] DIRHZIHE

slip line

328 B=2APESE=2E A7 Hds

2 gj40) ATk uS whe 23190 2 Tt
DA oA TR HUB Aot & A
e ARE 23 ok & S SAolA AAE Hao
FUEe gaNeelA BaE datel Zol gl
Hojlq Ruka7h AlAEm o] 2RE shalwo] X4}
77 Avks) LA s & AR

53 EE 9! &

EJBPFE AWy NATME 2 9] taf7tU &S =
AR S AAEAT Aqr)edle eSS 2
8= vjAY FELAA0] Aot 4L B
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g2 2% AASEE SHYHE UEhHA] Y=t
o] 7p &L ZotA]R] & Fojrh o] AL At
EAQRF AFert %2 gepnlE ] ghE AAAAT S
24 gtajof o2 g frtto 24 FIUHE F=5)
£ 2 ok eAEELS HE3 FARY S AR
Zo| Zasty E3] njAdgndo] A2 £33 1ty
HE Aoshed] g0 € Aot} HH o= A&
S Fdh= % ¢ =2 Mohr-Coulomb #3153 AR5t
A HEg 2% AF-2 Mohr-CoulombEd 1} Z2-2- o
+£RYE {ARRBIEE 27t glE AeE wdEnh

g7ty Fe] A setules 25 F32(post
processing) 2 B3 =aF o2 vieholol it
ol% FEBIHHEr 4L tha FA4 ot} & FE
HAME 2R E AZtH o R Helo] AiH A7), W
a1 7H48le] A RE gdls FlojBE B o
2 7§93 #Hx7}t Rk 4 Qlok v o) U] £ wt
ghag e,0 VCE Huis] HeFHog AAEE= a4
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ZFoty g MAshs Aol vhE3sitt
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& =RolME ol2fd Hi Y EA& wrgsta, 51
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o224 AT EL S5 5 USE 2k o
7 E2 B3 ¢A s 270 =53 mEo
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£ 4 FpAe 29 ALY
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