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Summary

The change of rock property is a important variable for the stability of
non-supported beam tunnel. It is necessary to interpret with property proper
to ground condition for the accuracy of interpreting the stability, but only a
few studies on volcanic rock in Jeju Island have done, and theses are
containing the changeability or uncertainty according to soil condition.

This study compared existing data with the stability of tunnel according to
the property of a sample ore collected from volcanic rock of non-supported
beam tunnel distributed in Jeju Island with laboratory test of rock and RMR
mass classification, and carried out the numerical analysis of tunnel’s stability
according to rock property with MIDAS/GTS Finite Element Analysis
Program. As the result of analyzing basalt of non-supported beam tunnel, it
indicated smaller strength parameter than existing data, and the value from
laboratory test of rock was greater than strength parameter by RMR mass
classification, it can be considered that deformation behavior by RMR mass
classification is considerably generated. And as the result of analyzing
deformation behavior, it is considered that the change on depth criterion has
the greatest influence on the stability of cavity.

As the result of analyzing volcanic tuff of non-supported beam tunnel,
strength parameter by RMR mass classification is great, thus it has an
influence on deformation behavior, and it is considered that existing
calculation had excessive strength parameter. And as the result of analyzing
deformation behavior, it is considered that the change on internal friction
angle has the greatest influence on the stability of tunnel.

As the result of numerical analysis of scoria in non-supported beam tunnel,
it has higher risk even now, and it is considered that there will be
instantaneous destruction due to environmental factor such as the change of

rock property.
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B2 AN glow Fe o] FI e TEAA sy o) el
A7t 2 Wolgh, wHe] 2 AxJedo] FHHT FAR FF Wl 2 H9

ol

7} wrA g guto] mEdlxm ARG o7 WP AA AV US B
2R 35 B Y& Ao

P, = P, (in situ stress)

/ u;, : elastic displacement
D, : critical support pressure defined by

initiation of plastic failure of the
rock surrounding the tunnel

u,, : plastic displacement

Support pressure p; —

Inward radial diplacement u#, —3»

Fig. 2.8 Relation between radial displacement and support pressure.
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Auel 708 4L FAR FF PN FAR FTE YR Fah We
2 Aoz 22e JbAE F Ax ohiel =eHYL WASE Aotk FE
£, #aze soy 1elm 2943 2L AR ¥Ae FAR FF FA &
wre] 39 & WASE Aol ofue Fig. 299 2ol FAR FE WAF Al
st que k.

<«—— Direction of tunnel advance

-3 stable tunnel

é :,.,-;-'_- S = = = = = =psupported tunnel
0 RO

8 i

;i —p (instable tunnel
2

\

Fig. 2.9 Displacement curves for a tunnel in different stability conditions.
2) BB Hadn e HP5A

Fig. 279 Fig. 299 o] ZgwexEe FEFFY F 1/30] EATG. A4
7} wtgEn by 2EE X dAE Anase ¥ AYE T2 AT
o] o]2olx7] Yo o] WHL FEY & givh watH w7t ¥ AAR
#2 ugsly] Aol gure] MPo] AT o F u, T2 dFATh ARAT 4
AT guts dAF HEo] o]Fo|ArtA ARAE Fig. 210014 Zo| &3
oz Wy dozch d7AM u,e ARAY Adeddddeln p,e AHd
ARgozA AR FEH HFAt.
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support system yicld

|

Pom

cquilibrium

Support pressurc p, —J

- U, ~>e usm -

Inward radial diplacement #, <3

Fig. 2.10 Response of support system to tunnel displacement.

2xn 259 2¥(closure)ol H&atE AN WYL ArAY} FAL F
5 =W oule] E4 2 27 AP dEFrh AHEF A0l WA
A7 srd Jye ojg2r. 2y ARAZ A AXEHU(F Fig. 29904 v,
A agd) AEd A4ude g ohule =R ARAL F & =TT

dct. sd, ARA AgsHo| XEEHU(F Fig. 2109014 p,,ol FHohd) o

19

de=aw mAsy] Aol AnAel FHgHst TABh FAYE AnE A
% o] £ 714 zAel 1A%t Fig. 210014 dehd Fdg FHsteds A
A Wat dge F7) dE ge® FF AU YT FFolY ¥
A AuAel de 71Ee poaA go. adee 27 A%8Y £E, &

el AE, ARA 54 So| 2¢8 uAEs ATl s ArA 4™ s1El

m} @ 5] of ok e},
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3) k-2 K] AFY o] FH

AGTZES 98 gure] 2AE o FH A ANHS 2 g3 AL
93 f42e APz =HAEY olH Yo WIe WMAE AN 23
g Aure] W YA ohutel B4, WY 12n FAXR FFS A7
Zo} o)Egu} UK BHeAFL B AxRSe] MYt A7) WEA o &
oz nj$ Bzad FAd &3t gw-xH weAFE 47 Astd
Hoek$t Brown(1980)& th&3 22 o2& A AlsAch. Hoek$t Brownd A4
QtP, 71 e 948 ZAR FHAAA BAHE S JF FAR FF W
AR sttt o714 kel 7] BAXNE A¥vPoR HIHAL A7
2249 2o

22
i

MN
flo

0, = 03+ Mmoo, + so? (2.4)

4714, 0,& AUFELY, ok AAF Y, 0,8 AEFAEZEC mF st &
whe] S 4SOl A3t 3 o F G BHANE SHaye2 Al
NEHNH mH sE 24 AAEHAS m 3} 5,2 dARAT. B Foel
wgste A4ue 2 92e) B4GAze Flllinterface)l FF2AL H g3
W a4dgge Wy 2 Hdel WFe ANE + Ak o YA AAol A&
& 45 s G 2o

_Lmp e Pom
M——2[(4)+mgc+s] 5 (2.5)
D= = 1 (2.6)

m+4[?(1{,— Mo.)+ s]2
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P— Mo, s |2
N=2|———+ —;
m.o, m

2.7
P> P— M, A$(Ed Fue Wye] SHY o)

(1+v)
o) (p,- P)

u;
- (2.8
T

A7 u WAL,

%
Aol P ARStolth

&

re 2R FE Hj, ve ToidH|, Ex ¥4

P <P-Mo,Q A% = Ha Fud 245t 248 @& e 2ok

.=~ F M (2.9)

’ (2.10)
LF

AN RE @A MAcm UE BARANAY WAL Aotk

u; [l—eavli )
T 1-1972 (2.11)

4714 e o AL 2129 (@133 2ol FAAH A RE < V3 2

re Te
+= 21177.701.—!1 T> V3d A$E 1L1Delth

1 2

(2.12)
1
e 5
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U T 2
A= (27 - e)(—) (2.13)

A% 423 A@IDA o8 Axgel he Y Fue FuAFe] AL
A, 2931 k2E Auel fANE 9 xaeEe] FHES AUAREE
A@i0% H@15e g8 248 F 2169 A8 Augtel dE ANE A
¥g F Ak

E‘c{rt2 - (lrz‘ - tc)2}

k= (2.14)
© (1+vc){(1—2vc)v§+(r,.—tc)z}
p=Ls |1 i (2.15)
sm~ Eac.sc (7','+tc)2 .
P <P _d 7A$E H216)% 24
r.
u, = uso+—kiP,- (2.16)

A7 M Ex fazes] @dAF, te £adEee] FAL, v £AHES
SolaH 183 o, = £3HEY AFYEFEE YEUT u, = AR IAA

o] Z7|wgolt}
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1) RMR &+

RMR 229& 1972~1973d0] Z .T. Bieniawski 2|3l At= A 2™ Lauffer(1959)
o BExim APAZ BEEHWolu Wickham 5 (1972)¢) RSR #7% & 7122 A
@59l RMR 258 27ldE= Bda argoz ATHPAT g o
A7 Hewedst YolZth RMR BFH 2R ZAL ehitel i ko] 54
wal olug Bldel 4 Az ukeh Bd Hu F, ghuke] wFAS, e H
493 YRRz 5 gute 2y JAe = AP g8 =€ T 3
on g oyt BRYAE v F Uk

o] Zotd RFuge AN ZHo| sty = AFASZRY 7 7
Ax g 671x WEE ol &3t T

@ A% AZ4EAE (Deere, Miller 50| AT FFE HE)

@ RQD (Deere’t #AAIE & A8)

@ 2d£A9 7+4 (Deere’t AANE F& HE)

@ Ba&5H ZH

© 25t49) AHe} (Wickham, Tiedemann # Skinner7t 3483 7Hdel oz F
axo) o FHE AHE)
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Table 2.1 Basic RMR of RMR System

27 o U9
} o] W=
N >10 4~10 2~4 1~2 Y=g EAY
FAY | pEAS TE
BE ALE
TES O So50 | 100~250 | 50~100 | 25~50 1~5 | <1
A5 5
A% 15 12 7 4 2 1 0
R.Q.D.(%) 90~100| 75~90 | 50~75 | 25~50 <95
o4 20 17 13 8 3
ERELE
. >2 0.6~2 2~6 | 06~2 <06
7+ (m)
= 20 15 10 8 5
bR 3]
WAL :
brAR | F | Ee
A oo 2 = 7
Z 2B
pas |0 AL |BRE gy 2
= B9 <5mm
o] ¢} . <1 Az < >5mm
gasae 4y |(Eas| o T [T 1 o g 23
e 3 ok 7k < 1lmm | &< 5
ﬂ;?‘ =59 | gn | B3 dm’;‘
P B
o o R1a] Z3d 1~5m
v
o Ry m
A%
A% 30 |25 2 10 0
10m €
3 74 e <10 10~20 | 25~125 >125
A (2/%)
3 | AdFFd/
0 <01 |01~02|02~05 > 05
M ELi=
ad | oz gol o
ukA e Az . G wol 7 2ol &
5 15 10 7 4 0
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(1) g9 ARAEE T8 24

Ao AUANBL B3 T G WIAFE ol gt el AYAFE
dz8 4 gtk 8 59, RQDS M EASF #Au(EM/EL)Y ZaB#A7L ol &
715 @t o714 EME ¢hute] MyAS oy ELS 44 & FEYE o &
sto] AU APANA =AY APAF otk ute] WIFAF FA YoM A
% & FH(scale effect)ol tid A2 A7 A7 (Heuze, 198005 HH W, AU A3
oz 24g 4N WEASE FaHoz hite] AHAFEY 258 w4
Abalo] wrEZch. RQDSE WFASF #AH(EM/EL)Y FE#AE dehld
Fig.2.112} Zt}

rr

1-2 S | " L ' v ' v I
" o DWORSHAK ¥-4M ¢ 3%
(Deere ¥. 1967
1.0F ©Coon & Merritt(1970)3] A=
| @ ORANGE FISH #\
- 2 A AY(Oliver, 197D Bac e
0k ORANGE FISH &4 ¢
‘;' N FAYGY A Ay
(2 ® DRAKENSBERG A% a
~— - o ELANDSBERG A%
Z o6l ©1%4R20978)
=
# L -]
»
¥ 04
- ¢ 00
0.2 °o_ ¢J, -
e . wewn'P o come >
I —’.-’.&.o ] ® -
-~ ° e
00 =1 ) i 2 | T S | L
) .| L) 80 4] 300

Fig. 2.11 Correlation of RQD and the modulus of elasticity

ratio(Bieniawski)
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- Bieniawski(1978)2] #I<H4]

Bieniawski(1978)= Al#l 24 & St 243 S 948 9gA+E IAHste 4
(2190 AtEtg ) o] A& RMRo| 502t 2 A% 182%9 22991 WelA
HesE Aoz A dou, RMRe] 50018 A fde 22 HEHoor &
o}

E.=2R—100 (GPa) (2.19)
(¢}, RMR > 50)

- Serafim & Pereira(1983)¢] =<4

Serafim® Pereira(1983)= ¥ 71%d] #dd o 712 AtdE4 e g s
Hygge ZHANE B¢ Az RH 19 4 (2208 AFIAAT, o] AL
RMRo| 50 ©]3td 7 $ol thatd Bieniawskiol A& Bt gl

R—10
E. =10 * (GPa) (2.20)

(& RMR < 50)

- Trueman(1998)<] =<t
Trueman(1998)& o2 ALZEd] A Z27kA #HHAFEE vF 2 RMR
o olgdte & o] Z& WMo U Ag At

o = 0.5exp(0.06R) (MPa)
C = 0.25exp(0.05R) (MPa) (2.21)

&= 05R+5 (degree)
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4. XY

1) MIDAS/GTSY A8

Hdade AgEn gt FXA4 Z2afe AHRW, 84 ) (Beam
on Elastic Analysis)ol ZA3td E%e YHXZ A8t WALLAP, EXCAD
o] god faaEWol ZAF FLAC, #4382 (Critical State Mode)E&
uiglo @ @ CRIPS, /WdaiWol @AY UDEC(Universal Distict Element
Code), 18 &84 <AF DIANA, ABQUS, 2(3)-0, PENTAGON %
o] Qth. olald T F A%A dute] 2AF FFLAY EE FIALH
So] NubZte] ma xuke] $F-wPAFE, Auke A, HYE AFA W@
AEAQ m@o] 7hsstttE FAMol AN w$ L HEHL UG

2 ApoME 33Y FHLLHFEMSEA, M zzay MIDAS/GTSE
o] g3le] sjAe AAsAh MIDAS/GTSE Ful B2A#H LTEH0] YA
s Argded AFH 2HAN HA7E Tol FHH wEoW AT A
Husd A& zzadoes, g d4rts 2L Ag 2dge] hese &
4% A £ HAExe FHE A2 ATk

2) MIDAS/GTS9 &4 5 &

dutH e GTSS HHEEFL oS3 #roh

A.713 298 (Geometry Modeling)

B.8& 4% A4 (Mesh Generation)

C.aMz=7A9 ¥o(Analysis Condition)

D.3] 4 (Analysis)

E. A7 24 (Post-processing and Result Evaluation)

e FU5EL 349 Hol Ul 2ay AFUA AN o Aviuy,
GTSAINE 712Hoz a4 m4e H@SE GeometrydlolEE @A Y@
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¥, 012 7woz 4% AN 2 F& AL FYP¥. Y Geometry
Holge] 2448 AT dvrE o2 Hexa(HAAH) Meshe A7 -5
3171 W&o o|2 AgatE ol u# AR T, Geometry Fol B3I -5l
= Auto-mesh 71522 Tetra(AFHA]) Mesh& A3t AL E 5 o

aglm BAX, &% AAZRAL dHE CY HH2AY Fod A HY
& F¥Ysn, dIE F4F

MIDAS/GTSE §#24H(FEM)L 7122 & AE 22 9 Qg3 5ol
T3g ANTOA HAH ZA/MAL AEF S B2 4F 9 A/
HE uk 2 HYFRE X A BE Y 7)eg AT

3) A LA

MIDAS/GTS®] ©-24 2de &4, ¢a-24 BAE BEAGH. o 2
g A8 $Y-AFE FAo| Fig. 2128 Zo| vehdnt. 332 FEH
wdd d7tx] WPge FAPHoz vHAI FEPE dod S$H-MIE
Me& @43 o] g4

4

elastic plastic

N

Yield point

stress

strain

Fig. 2.12 Constitutive relation of Elasto-Plastic

_22_



(1) FE7E

MIDAS/GTSE &-A4 Aad o dE34+=4 Mohr-Coulomb, Tresca,
von Mises, Drucker-Prager 183 Hoek-Brown #%71&& A8¥ & Ut
7}zbe] EIFE 4 222~2.267 Zrh

Mohr-Coulombell 98 @&E344L& o83 2o

si

Flo)= ;@-{- \/—J; oosB——\}——3sinﬂsin¢ —ccos®=0 (2.22)

Trescaol 2% FEFFAL oS3 2ok

Flo) = \/2J,cos0— 0, =0 (2.23)
von Misesoll 9% @&+ oS53 2o

Fo)=/3/,—0,=0 (2.24)
Drucker-Pragerol 2% 383422 g3 g

2sin® 6c cosd
=" 4+ -—————=0 295
Ha) V3 (3—sin®) V4 V3 (3—sind) (2.25)

Hoek-Brownoll & #8344 &3 o

mo, A
F=— chl +nwc\/—,];(—\}_3—sin0+oosl9)+4técos26—sai =0 (2.26)
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o 7] A,

[ =o0,+0,+t0o, : 13 &8 EWF

+7,+ 7

x

23t AFEH BT

z T

Y

gy = % [(ax —ay)2+(ay—az)2 +(o,—0, )2]-{-7?[

0=—:1¥cos_1

3v3 4

2

):lodeL

Jy = 8,8,8, T 271, T,.T, —s, 2, —8 T, —8,T

zy'yz'zz z'yz y'zx z'ry

: 33 WY 2WF

(SI, Sy, Sz) : Hdsg:%a (= g—amean)

Oy : 3&%%
o, : B4 AT
m, s : Hoek— Broun 24 A}

gad 2dg 9% 48 ARE Table229 o

Table 2.2 Elasto-Plastic Materials

A3} 34 o 244
modulus of elasticity (E) g A
Poisson’s ratio (v) Xolg ]
Cohesion (c) A=
friction Angle () u} 27}
yield Stress FEIE
tensile strength A=
inc. of elastic modulus @A T2
inc. of cohesion e 57
reference height 7% &0l
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o Be FA04

N

II. A ¥4

1. #A 3§ =4

1) A8

Nodubone Basalt
Fannel

Dansan Tult

. Coamnaorm Seoria

L unnel

Fig. 3.1 Area of Sampling

2 ardad A% FAu 35 EFE FEE ATAZYRIA MFo
2 o 10mAE Pl sigtrtol AL Atk AL 663m WHL 80253m 2
azgrgoz ot 1Pn $AY FAY FFY @Y TS AFEAN
dHEG fAsw gou, Ao HEOZ IKmE dold £, FHw A

go} dAS Qo AR upglAtoln E 3 158moll HjaE 110melH.
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nxjgto 2 7lule & BAR FFL 2FFolg FAHO Jon EINE 146m,
H 7L 51moln, & Ze 2ot £ob u, U FAHLE H&F

o2 4FY 37E olFn & YA EAA Utk

B
flo
r2
ing

Fig. 3.2 Panoramic of Tunnels(Dodubong, Dansan, Gamaorm)

2) AASA

1) =57% 87¢
2z £E5Bo 2Ecstd REdW, ARE =5 NFHAN £TFE
pystn ot =3 =5 ¢3¢t FE we BYF FFE BFEH.
stegdl g S3gte] WA YAHT Fol Fao] YYHUM T FeE T
1, EFR Aol B4 BYSRon, ERdLe surE EdE @

o DEEg. AuHez P4 whHo) 2~4%FFEHL AXF FHH ol
2% BRHE wEAL Bolm Ytk EFBY BF ke wet I I

o

!

fuirt

n

(2) 3% 3
AR $3lge R fYdALYes AN WA ML 7
Apeb FAbz Avle] b, A% e gz TS A S3dE
#eA nAHe Qon, 8 wdo]l Itk FEe FAHMEE It Tl
B B2-EH3 A0 HAF @3 g o8 ddH e, o' T
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2 gl & zo 2379 WEdl FAH Aok FAAHLELS dA
2 109cm F79 42¢ FA4sto] Sud HAE BT dFo] LEYF WS
B HNE FAAE OFVE S} EF REHoZE Nz A7 weEd
o Aol 2P e EE OTAUL0~50%9] 7189 wedeE T4
go] 9z, 9o AR E FZAe Wrimol FAH AAY, 4d AAI}
gzayoz WAL YUl o o] HEL ¥EH A BYE ALY
2 £4HAEZ 7]Q8 Aok A ¥ JWeRE F, AL, U,
gRetdol g, olE i GHe APAolAY duxr WL Ao F
Abe diR Rl ug WAE 2 Moz FAH U

(3) 2z o}

FAE2E 2 g3 Foln AN(AA, A, dI4 F)I FHGERE A
g @ mlankst oyl $o2 wEEH 1 %9 i ARl AU B2
ABEIO) A Roz BAGEED Fh3, @714 22 49 wtavl
A A8 A zz:okscoria)@t @} ol F AAE AFEWALE Fold
g} ki Ao TRAQ XY AL FA st FEol FAE F
g FWe] E& olg3te BE 44" 360979 7SR dE& Aol AU
AFEoE 71Asde] dE 2xH glom FFH dAde Fez JFH
oz Wadso Y AFEAHE o]F “QE"ClE ot o¥ VAL E &

2.0} % (Basalt cone)$t 24 F(Cinder cone)? ¥ FH=Z A & F 9lon,
A YA 2 &2 HAH7)d 48 3P (Volcaniccone) 241 109 74l
23stn RELS 7] AREF Fo AP BTtk it T EEH
2z ouy FA4IE £ FAHMBolgdn sed, 1 F AR
32mm ©]AHel Ho] 34tz (Volcanic block)d &9, o] & o= A= FEAY

oz A7 AL 34HeH(Volcanic bomb)olgta &9 ol &¢o]l FF A
A ASHA Yztso] wEo)A Rolh 2ol EF AL FAo| 4~32mm Al
oo Y= AL BHAHH(apill) T BA(cinder)olgta &3, 4mm ol3te] AA
2 31448 (Volcanic ash), 0.25mm °}3te] 7}¥& 3Hibxl(Volcanic dust)el2t st
o o]z g MM o) Fatste] HFHo e AFE 238 oHScoria)Fol
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do. ~@olz FAY EATE £Z HHY WAE F kmoln, E3}7elA
3km A A= lem 279 AF& o7t 10cm FAZ £& olgdtn k. 233
oz TAE AT BE¥AGL 2Fdcle) B Fedo. 23:oke 71Ed
ko) w1 ZYoz AEAT old@ 2YAF FHdE vHA 23t
A g5 s I8t U

2. A =4 ¢ ¥y

2 apdaE 4%, $89, 3ol 337 4AE 2E FAR FF 3
A Aol AR AR AuFHAES Fo oW APAE AFes o
o 7Eo|2AS HPAY Aol A2l tate] FANNG ANFA F FF
of e FAu BEe) WY AT BHstel Aol nAE d¥E A
o

1) ANgdA A} RMREFHE ol &3 4= W5

AR NEe ANAAAIP A9 RMREF YO A& 2= AFol A BAATF

24

2) ALK, )

Table 3.1 Change of lateral pressure bearing

I 49X 1|
AFd FAR TF 05 1.13 20
3 FAR TF 05 097 20
23t FAR FF 0.5 1.08 20
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3) @4 A< (E)

Table 3.2 Change of elastic modulus

1 A4A i
A% FAR TF 30 * 10° 487 * 10° 9 * 10°
<3¢ AR TF 0.01 * 10° 0.819 = 10° 05 * 10°
238 ol AN FTF 0.007 * 10° 0.03 * 10° 0.0681 * 10°
4) WY-eE7ZH(d)
Table 3.3 Change of internal friction
I AYA 11
AFed ¥AR 3F 45 58.75 50
43¢ AR TF 10 38.87 48
232 ol AR EF 26.8 30.24 49
5) A& (c)
Table 3.4 Change of cohesion
1 494 i |
AFYg FAR TF 2.27 5.74 19.99
$3d FAR TF 0.93 1.86 251
235ge AR FTF 0.2 094 4
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6) E31(H)

Table 3.5 Change of the depth of cover

I 29N 1|
A5 FAR FF Im 2m 3m
$3AY AR 3F 3m 6m 12m
23l AR 3F 1.25m 2.5m 5m

3. 4424y ¢ Ay 84 44

1) M rdy

32}9) A Ed2Z Mohr-Coulomb ©A4

o.

Model& AH&3te] a4& dAsA

273D

375D

Fig. 3.3 Model dimension of analysis
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Fig. 33¢ B4 #4¢ 98 A% Aaxolt HIE AL WE FHo=
datel WAHE Mol FAY & e 99e H Y4 Anzd 9 gy
grel AEAcl FEas AARF met 2AY AnHoz sy
Auae He H74e 2~39 =x AEAAX, Hd YYFo e HY A7

= 9
S

3~58)74R) AR s Fo] dykHoloh

Fig 3.4 Modeling of Numerical Analysis

2 dFoE AEe s3E Haxe) ow, PyFgoze AP Mz B

T

Wasto] HUZHoZ @ $29) 580 ARSA ) FAANES AT

_31._.



2) AN AE

(D A134d A=

B AFoA Aled AFgHe 723 g-2ATol FAR FFAM AEE
3123t coring machineg ©] &3t A A (43+86mm)E A 2Hst Aot

2) F+& 2 HFANE

F4go@ GHAES B2 Fol 29 ou AE FFerte dede o
Hel g3 4ol

Table 3.6 Result of Absorption and Specific gravity test

=5§ ARG a4 339 | Aved 2=}
TE Greo0] Mz |[Fveo0] W7 |aveo0] u 7
1 1.907 2475 16.300 2.191 13.317 2.229
2 1.749 2454 19.099 2.065 11.756 2.240
3 2.087 2.347 17.582 2.215 13.190 2.133
4 2471 2.374 15.726 2.271 13.360 2.010
5 2.372 2.344 18.279 2014 13.664 2.028
W 9l 1.749~ 2.344~ 16.3~ 2014~ 11.756~ 2.010~
2471 2475 19.099 2.271 13.664 2.240

T 2.117 2.399 17.397 2.151 13.057 2.128
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2.500 | -\:/./'\‘ | 2.450 2
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§ 2.000 - p 2
< 1 2.400 &
5 1.500 - RRUIET o
2 ‘..-' t.. 4 2.350 =
L ¢ @
< 1.000 a
—a— Absorption 1 2.300 &
0.500 ---o--- Specific gravity
0.000 , . l .1 2250
Dodubong Basalt
25.000 ] 2590
k-3
L i 2.2 =
. 20.000 . a |20 %
) 1 1.900 &
£ 15.000 o
= i
510.000 : | 16003
5000 | —s—Absorption | 1.300 §
---&-- Specific gravity
0.000 i 1.000
Dansan Tuff
14.000 ¢ ] 2.500
13.500 {1 2.000 >
g 13.000 | E
2 12.500 | (100w
a 8
$ 12.000 | 1 1.000 3
2 o
< 11.500 | . 8
—a—Absorption 1 0.500 »
11.000 - ---&--Specific gravity
10.500 N I 1 L 0.000
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Fig 3.5 Absorption and Specific gravity
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(3 4EF4=2=A 3

Qz4ERE FHo Y AHolA FF712 FHAS FEAALS A A
A Qojut Agel BEL AYHe YHHOD b g BRI AFYEA
e dNY AZAEAEES SAse NP Taol, ¢ Yool Ht WP
zqetel BAARE), EohsH(v) $9 4N AR ¥ 7 5 A

Table 3.7 Result of Uniaxial compression test

=54 u4vd a4 &34
S ~ AR} F #A9¢Y A3 =R Kol
kN _ MPa _kN MPa
1 139.81 95.58 46.58 32.07
2 107.51 74.03 51.49 35.46
3 119.84 82.53 43.27 29.79
4 115.12 79.27 40.35 27.98
5 131.46 90.52 42.34 29.15
6 120.23 82.79 49.65 34.19
7 122.56 84.40 32.35 22.28
8 129.53 89.20 50.61 34.85
9 117.62 80.99 37.21 25.62
10 136.66 94.11 45.57 31.38
H 4 74.03~95.58 22.28~35.46
34 85.34 30.28
120 50
2 100 | Avernge:8534MPa !
z z : [ Avensge 028MPa
g g2
F o
i o
s |
0

Fig 3.6 Compressive strength of the Dodubong Basalt and Dansan Tuff
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A4 EZ e A4 (Elastic Modulus) =¥ %9€(Young's Modulus)olzt 2
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Table 3.8 Result of Elastic modulus and Poisson’s ratio

A 93 S A5 (/) Poisson’s Ratio(v)
=58 d45¢ 4.87*10° 0.21
A A5¢ 0.819%10° 0.12
7t & A 3o} 68100 0.32

(5) ¢+ A A=A H (Brazilian Test)

AR AEE otz e AN YoM HHo g S IFE A= F
2% a<lojtt.
Table 3.9 Result of Uniaxial compression test
E5E A9 a4 ¢3¢
T8 AR 3}3 A9 $Y g3z Y ¢¥
kN MPa kN MPa
1 17.71 3.05 7.42 1.28
2 17.00 2.93 851 1.46
3 14.92 2.57 10.81 1.86
4 24.00 4.13 9.46 1.63
5 12.67 2.18 7.21 1.24
6 18.21 3.13 9.34 1.61
7 15.59 2.68 9.22 1.59
8 17.84 3.07 6.74 1.16
9 14.26 2.45 8.59 1.48
10 16.13 2.78 3.84 1.52
9 2.18~4.13 1.16~1.86
3 7 2.90 1.48
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Fig. 3.7 Tensile strength of the Dodubong Basalt and Dansan Tuff

6) FEEZAF

Zstotuhl] S adefst 2ol AFIANFHE A FUFHv(Triaxial chamber)
o] @3 oz 9o dAS 83 =, = confining pressure)S 7HE F
dzgtzo Mg o] FHozZ }FL Jstd FAZEE den. HAHY
(cohesive strength)®} u}E-w}litzh(internal friction angle)2 °]¢ Zo] 73 A=
tzA YA 9EGEANY, AFANPAFE5E Mohr diagramel 9jst} 7
F At

Table 3.10 Result of Triaxial compression test

Confining | Confining | Confining Internal
Cohesion friction
Pressure | Pressure | Pressure

(MPa) angle
(5MPa) (10MPa) | (20MPa)

(°)
=5%
Ao 90.48 183.93 276.61 5.74 53.75
il
12235
o 3ot 28.82 50.61 76.50 1.86 38.87
- [e]
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Deviator Stress, Ac; (MPa)
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Fig. 3.8 Stress-Strain behavior of the Dodubong Basalt
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Fig. 3.9 Stress-Strain behavior of the Dansan Tuff
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ARE AgARd Yo £AAGFoE Y A Fo Ad FA o
33 33 2 AYYPL st AF Y BA 2YTE TN FAZE F
275 2 FAAH 7+3H 5 7332 Mohr Coulomb #H3tt&Ee ZAEAT
Wiot 2z oo AAY & AT

Table 3.11 Result of Direct Shear test

Internal
Cohesion(MPa) friction angle
)
Al & 23} 094 30.24

70|2| A32joh HFHC

PP oW
o »;m O

= =
o o

Shear Stress{Kg/o¢)

e
o

o
=)

0.0 50 10.0 . 15.0 2.0 20
Horizontal Displacement(rm

Fig. 3.10 Direct shear test of the Gamaorm Scoria
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Table 3.12 Material Properties

24 xE thg Table 3.128 2t}

Internal
Unit Elastic
Foun . Poisson’s Cohesion | friction
dation Weight ratio Modulus (c)
(/) (/) angle
(°)
Dodubong Soil 1.86 0.35 4900 1.96 28
Basalt Gravel 2.1 0.35 29000 0 35
Tunnel Basalt 2.45 021 4.87+10° 5.74 58.75
Clay 1.8 0.4 1500 10 30
Dansan Highly
Tuff Weatherd 2.2 0.33 52000 0 35
Tunnel Gneiss
Tuff 232 0.12 0.819+10° 1.86 38.87
Gamaorm Soil 18 0.3 5000 2 30
Scorial Scoria 1.86 0.32 63100 0.94 30.24
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(D) ZA7gdA 234 712 RMR

Table 3.13 Assessment of rock mass by RMR

2479 E5Y 7AR 3§ | @¥ 748 3§
A&AZA = 74.03~95.58 24.99~35.46
LK 7 4
R.Q.D.(%) 40 80

K 8 17

2d4de 2+4(m) 06~2 2~6

34 15 10

2A49 3 25 20
Azt 224 ot F# o %

4 10 10

71 RMR 65 61

(2) Ba&H] Lo ha BA

Table 3.14 Synthetic assessment of rock mass by RMR

AT =Y 7AR 3§ | @ ¥A4AR IF
712 RMR 65 61
i 239 FEg3 Ha Faa A
B o 73 AL 73 A
Bagde FA 82 72
4d ¥ g &z
T -5 0
#% RMR 60 61
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(3) RMR #5F¥dg o83 Z= AT

EQAE Hud 43 dFG FAR T
B R A Yebd
A vetdE =

Mgt Al @A sk RMREFH o2
5o 34t AWFH APNE) RMRER
o 39 FAH 59 4$E RMREFH o4& 2427
% gk

Table 3.15 Comparison of experimental data and assessment of rock mass
by RMR

Internal
=¥ Elastic Cohesion(c) icti
7AR 3F Modulus(t/u) f“°“°:: )‘“‘8“3
AUt Al g 4.87x10° 5.74 58.75
RMR Z% AF 2.0%10° 30 35
Internal
e Elastic Cohesion(c) icti
2AD 3% Modulus(t/n) f“““":‘ )mle
AWAMAY 0.819%10° 1.86 38.87
RMR Z &= A% 2.2¢10° 355
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1) APA s 71E dFge ELA v

A2 71&xas AFAE Huy A AE=AEE 80~177MPaE A ¥
A3 42~050) wlakel 2w ol 4 LA Uehtm, AFFEE 6~12MPacE AH
A3 16~419 Hlated 4T3 ZA Yeidm, wFelud F5&L FAEA ve

e ez B4EHAY.

Table 3.16 Compare experimental data Jeju-Do with existing basalt
Internal
Ab . - Elastic
Specific tiou; Compressxod Brazilian fulus Poisson’s| friction
Gravity Test(MPa) [Test(MPa) ratio le
(%6) ang
(t/m')
(°)
X¥AFEY
o j ! - - 30~42 6~12 3~9%10°%| 0.12~0.3 | 45~50
iRy
247 23 20 2~% | 16~41 | 287, |013~025| 47~59
gz | ~247 | ~391 DT 43+10° | '
o 333 ¢
f%: :}1 201 L7 96~ 114 7~72
Z A A _ - ~ ~. - - -
e Eag ~255 | ~298
(2002)
AFe
& 4o
744984 242 176 75~177 - - - -
7} maA| ~270 | ~394
(1999)
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4 2, ARBEE 2~TH AE o}F 2 AolE vehdrh

Table 3.17 Compare experimental data Jeju-Do with existing Tuff

Elastic
Cohe . - X Internal
Specific sion CQW"'J Brazilian " s'Pmswn'sr friction
- - le
Gravity| (c) | Test(MPa) Test(MPa) rato | ang
) F 2 E <L 0.05~5.4
2359} 113 23~124 |7 0.29 10~45
o] 8] &
(1983) H~4H
2 A+ | 201~ {186~ 0.819+10
g2
Fa3x | 228 | 201 66 72 |0432*10)  ¢og %28
(2005)

3 AP 71E 230t

242 Bl

szelotel @ 71E AREel $EF] AYAs v@steH FA A

Table 3.18 Compare experimental data Jeju-Do with existing Scoria

Unit Elastic Internal
ny Cohesion Poisson’s friction
v&%’;t ©) m s ratio angle
(t/m) (°)
LR )]
ovoq) | 055104 | 081~120 |81200~20000 26.8~41.9
e a7
amy |0TI~08 | 09 68100 0.32 30.24
A B _ 0.03~ ~ _ _
TE¥ rose~1006) %97 35~38
NHEE 0.18~ } _ N
G844  (1417~1583 Obz‘z‘g - - 46~47
284 |1740~1746] 0927 - - 48~49
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Table 4.1 Side wall displacement of unsupported tunnels according to stiffness
factors make use of rock foundation test and RMR system.

Z49A

z714A

1¢4

2eA

3aA

494

s5aA

A

0

0.002271

0.003118

0.003497

0.003673

0.003763

FHAY
RMR

= R
Ris i)

0 0.005529 0.007591 0.008513 0.008942 0.009159

HRATXLBE FHHH

1.00E-02
9.00E-03
8.00E-03
7.00E-03
6.00E-03
5.00E-03
4.00E-03
3.00E-03
2.00E-03
1.00E-03

0.00E+00 ! ! ! !

0 1 2 3 4 5
Step

Displacement(mm)

—— A X —e—RMR

Fig. 4.1 Side wall displacement of unsupported tunnels according to
stiffness factors make use of rock foundation test and RMR system.
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Table 4.2 Crown displacement of unsupported tunnels according to stiffness
factors make use of rock foundation test and RMR system.

Z3aA | 271444 194 2aA 3

44

5¢A

A

0 0.002452 0.003159 0.00333

0.003348

0.003337

0 0.005976 0.007704 0.008124

0.00817

0.008144

HPALXERE Mt Y
9.00E-03

8.00E-03 |
7.00E-03 |
6.00E-03
5.00E-03 |
4.00E-03 [

3.00E-03 |
2.00E-03 |
1.00E-03
0.00E+00 . . .

Displacement(mm)

L 4

—o— 4l A 8§ X| —=—RMR

0 1 2 Step 3

4

Fig. 4.2 Crown displacement of unsupported tunnels according to stiffness
factors make use of rock foundation test and RMR system.

AUt AP X9 RMREFHA A% 2= AFd A0S

RMRE&Hol o3 Wert 2~3u o ZA HAFAG
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2) Z¢AIFol g A

EEED

AP e AXE] AL BANE 71F02 K. =05, K. =2022 W&

Zol £AANE AN AF ZPASI S/l e FAVAE FAYE
2 4 ok A9 29AAE K, =20 4 9 0.007mmol Tt

Table 4.3 Side wall displacement of unsupported tunnels according to lateral
pressure bearing

Z8aA | 27194 | 194 2¢A 3gA 49 A 5¢A
K. (0.5) 0 0000995 | 0.002015 | 000239 | 0002487 | 0.002506
K. (1.13)
0 0.002271 | 0003118 | 0.003497 | 0003673 | 0.003763
494
K. (2.0) 0 0004193 | 0.005926 | 0006722 | 0.007097 | 0.007286

BoiA4o| ME SHHH

8.00E-03
7.00E-03
£ 6.00E-03
c 5.00E-03
o
§ 4.00E-03
2 3.00E-03
Q
2 2.00e-03
a
1.00E-03
0.00E+00

—t—0.5 —=—1.13( Y X|) ——2 \

Step

Fig 4.3 Side wall displacement of unsupported tunnels according to lateral

pressure bearing
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Table 4.4 Crown displacement of unsupported tunnels according to lateral
pressure bearing

ZHaA | 2714A | 194 2aA 3gA 49 A 5¢A
K. (0.5) 0 0.0027 000349 | 0.003709 | 0.003759 | 0.003766
K. (1.13)
0 0002452 | 0.003159 | 000333 | 0003348 | 0.003337
A9A
K. (2.0) 0 0.002109 | 0002704 | 0.002812 | 000279 | 0.002758

HetA 4ol otE HetHy

4.00E-03 - -
—a-
— 3.206-03 | —
= .-
€ 2.406-03 |
E
o
© 1.60E-03 |
(=3
2
& 8.00E-04 |
——0.5 —8—1.13(d Y X|) —+—2
0.00E+00 : . : '
0 1 2 3 4 5

Step

Fig. 4.4 Crown displacement of unsupported tunnels according to lateral
pressure bearing



3) @A AIGel me W

EEEE

AYGAAEL ANEd A& BEYAE 7|Eos BdEASFE 3x10%, 9+10°0. 2
Wale Zo] £AsHAS ANF Ad BAAFTE ZaFd wet FHEHE T
Aete 2 5 9ok @AAFe BE Ho FHAYE 0.0061mmel T

Table 45 Side wall displacement of unsupported tunnels according to
elastic modulus

2344 | 271dA | 19A 2¢A 3¢A 49 A 5¢A
E1(9+10°) 0 0.001229 | 0.001687 | 0.001892 | 0.001988 | 0.002036
E2(4.87+10°)
0 0002271 | 0.003118 | 0.003497 | 0.003673 | 0.003763
493
E3(3+10°) 0 0.003686 | 0.005061 | 0.005675 | 0.005961 | 0.006106

SA Sl DB SHES
7.00E-03

6.00E-03

—e—FE1 —B—E2(A # %x]) ——E3

:
8

4.00E-03
3.00E-03
2.00E-03
1.00E-03

Displacement(mm)

0.00E+00

Step

Fig. 4.5 Side wall displacement of unsupported tunnels according to elastic
modulus
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Table 4.6 Crown displacement of unsupported tunnels according to elastic
modulus

2%dA 271¢A | 18A 2 A 3¢A 44 5¢A
E1(9+10°%) 0 0.001326 | 0001709 | 0.0018 0.00181 | 0.001804
E2(4.87%10°%)
0 0.002452 | 0.003159 | 0.00333 | 0.003348 | 0.003337
AP A
E3(3+10%) 0 0.003082 | 0005132 | 0.00541 | 0.00544 | 0.005423

et A 5ol ohB Mt 9

:
2

:
8

444

— -

isplacement(mm)
(]
8
2

—e—E1 —8—E2(4A 8 X|) —a—E3

0 1 2 3 4 5
Step

Fig. 4.6 Crown displacement of unsupported tunnels according to elastic
modulus
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Table 4.7 Side wall displacement of unsupported tunnels according to angle

of internal friction

Z3aA x719A 144 2 A 3aA 4aA 5¢ A
o1 (58.75)
0 0.000995 0.002015 0.00239 0.002487 0.002506
Ad A
$2 (50) 0 0.002271 0.003118 0.003497 0.003673 0.003673
¢3 (45) 0 0.002271 0.003118 0.003497 0.003673 0.003763
U 5ot ztol mhE &YWy
4.00E-03
3.50E03
€ 3.00e-03
c 2.50E-03
[ ]
§ 2.00E-03
= 1.50E-03
(=18
2 1.00E-03
[o=)
5.00E-04 ——1(4 Y %) —8— 2 —a— 3
0.00E+00 4 L L .
0 1 2 Step 3 4 5

Fig. 4.7 Side wall displacement of unsupported tunnels according to angle
of internal friction
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Table 4.8 Crown displacement of unsupported tunnels according to angle of
internal friction

23d4 Z71aA 194 yA Y. | 344 4G A 5a¢A
b1 (58.75)
0 0.0027 0.00349 0.003709 | 0.003759 | 0.003766
A8 A
62 (50) 0 0.002452 | 0.003159 0.00333 0.003348 | 0.003337
&3 (45) 0 0.002452 | 0.003159 | 0.003329 | 0.003347 | 0.003336
solsztol oE HehHy
5.00E-03
E 4.00E-03 . .
c 3.00E-03
[ ]
]
o
< 2.00E-03
o
[/,]
o 1.00E-03
——1(AHX|) —— P2 —a— D3
0.00E+00 1 1 1 1
0 1 2 3 4 5
Step

Fig. 4.8 Crown displacement of unsupported tunnels according to angle of
internal friction
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Table 4.9 Side wall displacement of unsupported tunnels according to

cohesion

2394 | 2J1dA | 1A 2eA 3aA 494 5¢ A

c1(19.99) 0 0.002271 | 0.003118 | 0.003497 | 0.003674 | 0.003764
c2(5.74)
0 0.002271 | 0.003118 | 0.003497 | 0.003673 | 0.003763
A3
c3(2.27) 0 0.002271 | 0.003117 | 0.003493 | 0.003666 | 0.003755

Hatejol mME A% U

4.00E-03

3.50E-03 |
'S 3.006-03 |
< 2.50E-03 |
£ 2.006-03 |
= 1.506-03 |
2 1.00E-03 |
o

5.00E-04 —t—C1 —8—c2( A Y X|) —a—0c3

0.00E+00 : ! ! !

0 1 2 3 4 5
Step

Fig. 49 Side wall displacement of unsupported tunnels according to

cohesion
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Table 4.10 Crown displacement of unsupported tunnels according to cohesion

Z3dA | 27I9A | 1¢A 2¢A 3aA 494 54

c1(19.99) 0 0.002452 | 0.003159 | 0.00333 | 0.003348 | 0.00337
c2(5.74)
0 0.002452 | 0.003159 | 0.00333 | 0.003348 | 0.003337
A3A
c3(2.27) 0 0.002452 | 000316 | 0.003331 | 0.003349 | 0.003339

Hatedo| mE Mt

4.00E-03

3.50E-03 | - !
E 3.006-08 |
22.5%—03 -
§ 2.00E-03 [
;Z 1.50E-03 |
2 1.00E-03 |
= 5.00E-04 —t—c1 —8—Cc2(A Y X]) —+—c3

0.00E+00 ! y : .

0 1 2 3 4 5
Step

Fig. 4.10 Crown displacement of unsupported tunnels according to cohesion
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Table 4.11 Side wall displacement of unsupported tunnels according to the
depth of cover

23dA Z71aA 194 29 A 3aA 4G A 5a¢A
E¥ 321(3m) 0 0.001737 | 0.280342 | 0.917239 0.89675 | 0.881608
€3 322(2m)
0 0.002271 | 0.003118 | 0.003497 | 0.003673 | 0.003763
A¥ A
E¥123(1m) 0 0.002516 0.03917 1.265679 | 1.022672 | 1.021531

EmIol oi Y

1.00E+01
—_—s 11
- —a—cHn2(dHA) , .
E 1.00E+00 | em 03 - _
e
[+
S 1.00E-01
o
o
a
w
= 1.00E-02
=
1.00E-03 .
0 1 2 3 4 5
Step

Fig. 4.11 Side wall displacement of unsupported tunnels according to the
depth of cover

_54_



)

—

Exx Wse] B2 Ho ¥ougE EFnrt 3mYd @ 480mmolt. B 317t
om WEt Evad ¥as FAL o A9 Asol AA T A
At

Table 4.12 Crown displacement of unsupported tunnels according to the
depth of cover

2%8a4 7144 | 144 2¢A 3dA 444 594
E331(3m) 0 0.001919 | 1941114 | 4.928276 4.8707 4.806554
&3 122(2m)

0 0.002452 | 0.003159 | 0.00333 | 0.003348 | 0.003337
A3A
Ey 23(1m) 0 0.002708 | 0.101764 | 0.760381 | 0.821057 0.81451
Ennol e MeteH
1.00E+01
E 1.00E+00 | o
E
<
e 1.00E-01
§ : —e—s1 11
a —a—c 1 n2(48=A)
/]
= 1.00E-02 ——Em 323
——— —-— j
1.00E-03 A .
0 1 2 3 4 5
Step

Fig. 4.12 Crown
depth of cover

displacement of unsupported tunnels according to the

e HwY ASE R EF
FA1 71 97t FtsleE A4S BT

N

o Aoy

LML B W
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Table 4.13 Side wall displacement of unsupported tunnels according to
stiffness factors make use of rock foundation test and RMR system.

234 | 271aeA 1a4 294 3g¢A A A 5a4
Ay
o} 4 A1 9 0 0023619 | 0.032028 | 0.034343 | 0.034901 0.035066
RMR
2= 0 0.007439 | 0009115 | 0.009644 | 0.009783 0.00982
Z3d4 | 694 TeA saA 9¢tA 1004 | 1144 | 12¢A
%}jﬁﬂﬁ 0.035099 | 0.035095 | 0.035082 | 0.035069 | 0.035057 | 0.035048 | 0.035042
Rl:‘erl; 0.009824 | 0.009818 | 0.00981 | 0.009803 | 0.009797 | 0.009792 | 0.009783
SHASXNEAE SHH Y
4.00E-02
’5‘ 3.00E-02
®
£ 2 00E-02
[&)
<
2
51.00E—02 i+11+r1ﬁ
——AaU4sHA —sa—RMR
0.00E+00 ' L L i L ] AL

0

6 7 8
Step

9 10

11

12

Fig. 4.13 Side wall displacement of unsupported tunnels according to
stiffness factors make use of rock foundation test and RMR system.
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Table 4.14 Crown displacement of unsupported tunnels according to stiffness
factors make use of rock foundation test and RMR system.

Z8aA | 271eA | 194 2vA 3gA 419 A 5¢A
A
0 0019498 | 0026515 | 0027414 | 0.027428 | 0.027333
FHA Y
RMR
0 0.006312 | 0.006899 | 0.006837 0.00675 0.006698
ol
Z89A | 6aA | 794 | saA | ouA | 1084 | 11GA | 1294
A
0027262 | 002723 | 0.027217 | 0.02721 | 0.027205 | 0.027199 | 0.027193
A Y
RMR
w5 0006674 | 0.006664 | 0.006661 | 0.00666 | 0.006659 | 0.006658 | 0.006655
AT
SHARX LB E Mt 4
3.00E-02
—~ 2.40E-02
At
S 1.80E-02
E
3
S 1.20E-02
@
—o— U & g A —=—RMR
0.00Em ' Il 1 A 1 I Il 1 I
o 1 2 3 4 5 6 7 8 9 10 11 12
Step

Fig. 4.14 Crown displacement of unsupported tunnels according to stiffness
factors make use of rock foundation test and RMR system.
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Table 4.15 Side wall displacement of unsupported tunnels according to lateral
pressure bearing

Z3dA | 27194 | 1¢A 2 A 3¢ A 494 5¢A
K(0.5) 0 0015314 | 0.021086 | 0022694 | 0022986 | 0.023067
1(@((%97_’(1]) 0 0023619 | 0032028 | 0.034343 | 0034901 | 0.035066
K(2.0) 0 0054065 | 0068388 | 0.074572 | 0076622 | 0.077405

2394 | 69A ¢4 | 8aA | 9dA | 10¢A | 1184 | 12€A

K(0.5) 0.02309 | 0.023096 | 0.023097 | 0.023097 | 0.023096 | 0.023096 | 0.023097

‘;“%9;) 0.035099 | 0.035095 | 0.035082 | 0.035069 | 0.035057 | 0.035048 | 0.035042

K(2.0) | 0077631 | 0077621 | 0077593 | 0.077564 | 0.077537 | 0.077515 | 0.077497

SYMATO B FHHY
1.00E-01

——0.5 —a—0.97(48%) —a—-:2
8.00E-02 . N . N N

6.00E-02

4.00E-02

Displacement(mm)

2.00E-02

0.00E+00 L i i A L 'l F L L L L
0 1 2 3 4 5 6 7 8 9 10 11 12
Step

Fig. 4.15 Side wall displacement of unsupported tunnels according to
lateral pressure bearing
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Table 4.16 Crown displacement of unsupported tunnels according to lateral

pressure bearing

2344 | /1A 144 2aA 3a¢A 4aA 5aA
K(0.5) 0 0012827 | 0015504 | 0015653 | 0.015545 | 0.015462
K(0.97)
0 0019498 | 0026515 | 0.027414 | 0.027428 | 0.027333
AdA
K(2.0) 0 0.053742 | 0064608 | 0.067664 | 0.068394 | 0.068533
2444 | 6GA TaA saA 9aA 1084 | 11¢4 | 124
K(05) | 0015421 | 0015405 | 0.015401 | 0.015402 | 0.015405 | 0.015408 | 0.01541
K(0.97)
0.027262 | 002723 | 0027217 | 0.02721 | 0.027205 | 0.027199 | 0.027193
A8 A
K(2.0) | 0068523 | 0068503 | 0.06849 | 0.068476 | 0.068461 | 0.068445 | 0.068428
soA$o clE Hetd 9
1.00E-01
—e—0.5 —=—0.97(A H X} ——2
__ 8.00E-02 |
[ =3
E e * r e r * o Y
c 6.00E-02
[-+]
3
[+
[&]
< 4.00E-02
S 2.00E-02 L .
0.00E+00 L . : : . .

Fig. 4.16 Crown

0 1 2

pressure bearing
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displacement of unsupported tunnels according to lateral
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Table 4.17 Side wall displacement of unsupported tunnels according to

elastic modulus

23aA x71a¢4 | 194 2 A 3¢A 44 S5t A
[]
EI(ZS%Q;IO ) 0 0.02361 0.03202 0.03434 0.03490 0.03506
E2(0.5+10%) 0 0.03862 0.05234 0.05312 0.05703 0.05731
E3(0.01+10%) 0 1.90997 2.56483 2.73965 2.78223 279778
Z25a4 6t A 7a¢ A saA oA | 1044 | 1184 | 124A
[}
El(()ﬁ.S%Q;llO) 0.03509 | 0.03509 | 0.03508 | 0.03506 | 0.03505 | 0.03504 | 0.03504
E20.5+10°) 0.05737 | 005737 | 005736 | 0.05734 | 0.05733 | 0.05731 | 0.05730
E3(0.01+10%) | 2.80510 | 2.81008 | 2.81425 | 2.81807 | 2.82148 2.82455 | 2.82743
S MFol OfE SHHEHY
1.00E+02
——FE1(4 Y %) —8—E2 —a—E3
—~ 1.00E+01 |
=
& # A o e e i
= 1.00E+00
S 4
e
]
(&)
© 1.00E-01
a ———a——a——_a—=a—=_
S - s - - * *
S 1.00E-02
1.00E-03 L L L L L L
6 7 8 9 10 11 12

Step

Fig. 4.17 Side wall displacement of unsupported tunnels according to
elastic modulus
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Table 4.18 Crown displacement of unsupported tunnels according to elastic

modulus
Z3aA 2714A 1¢4 2aA 3aA 444 54
E1(0.819+10°)
0 0.019498 | 0.026515 | 0.027414 | 0.027428 | 0.027333
A3 A
E2(0.5%10%) 0 0.031967 | 0.043488 | 0.044986 | 0.045019 | 0.044862
E3(0.01#10°%) 0 163848 | 2.235918 | 2.327977 | 2.337187 | 2.329979
23dA 6 A A saA | 9aA | 108A | 1194 124
E1(0.819+10%)
0.02726 | 0.02723 | 0.02721 | 0.02721 | 0.02720 | 0.02719 | 0.02719
434
E20.5+10°) 0.04473 | 0.04467 | 0.04464 | 0.04462 | 0.04461 | 0.04460 | 0.04459
E3(0.01+10%) | 232028 | 2.31191 | 2.30467 | 2.29832 | 2.29294 2.28831 | 2.28719
BN ASo] ClE HoH Y
1.00E+02
—e—FEi (M%) —a—E2 —+—E3
. 1.00e+01 |
=
- e o L +ir 3 wr
e 1.00E+00
2]
=3
@
(4]
< 1.00E-01
2 v+
© 1.00E-02
1.00E-03 . L L . L L
0 1 2 3 4 5 6 7 8 9 10 11 12
Step
Fig. 4.18 Crown displacement of unsupported tunnels according to elastic

modulus
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Table 4.19 Side wall displacement of unsupported tunnels according to

angle of internal friction

23 A 271¢4 | 194 2¢A 3¢A 4a 4 5a74
b1 (48) 0 0020377 | 0.025264 | 0.026791 | 0.027185 | 0.027293
q»z}é(%s;]m 0 0023619 | 0.032028 | 0.034343 | 0.034901 | 0.035066
¢3 (10 0 0.18433 | 0320151 | 0.394011 | 0614045 | 160.7486
2394 6aA | 7aA | 8aA | 98A | 1084 | 114 A 12¢4
o1 (48) 0.02730 | 0.02729 | 0.02707 | 0.02725 | 0.02723 | 0.02722 | 0.02721
‘ng(%sf ) | 0.03509 | 003509 | 0.03508 | 0.03506 | 0.03505 | 0.03504 | 0.03504
¢3 (10) 182344 | 181596 | 181553 | 18155.3 | 18155.1 | 18155.1 | 18155.1
SoEzol IE S W

1.00E+05 | —*— 1 —a—2(4A H X)) —a— 3
& 1.00E+03

g

S 1.00E+01
=

1.00E-01

1.00E-03

Step

Fig. 4.19 Side wall displacement of unsupported tunnels according to angle

of internal friction
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Table 4.20 Crown displacement of unsupported tunnels according to angle
of internal friction

Z5aA X714 | 1€4 2¢4 3aA 444 5aA
$1 (48) 0 0017204 | 0.01897 | 0018831 | 0.018604 | 0.018461
(])2’5(%8.%?7) 0 0.019498 | 0026515 | 0.027414 | 0.027428 | 0.027333
$3 (10) 0 0.110426 | 0.154588 | 0.182475 | 059358 | 1072.395
Z3aA eaA | 7aA | saA | oA | 1044 | 1194 | 12¢A
o1 (48) 0.01839 | 001835 | 0.01834 | 0.01833 | 0.01833 | 0.01832 | 0.01832
q>2§(%8£7) 002726 | 002723 | 0.02721 | 0.02721 | 0.02720 | 0.02719 | 0.02719
$3 (10) 496702 | 497542 | 497739 | 497743 | 497747 | 497748 | 497749
W S2oldZiol citE Mot 9
1 00E+05 | —*—°1 ——02(4 8 X)) —a—3
B
< 1.00E+03
[ =4
[+
E
§ 1.00E+01
a
ol
S 1.00E-01
1.00E-03
o0 1 2 3 4 5 6 7 8 9 10 11 12
Step

Fig. 4.20 Crown displacement of unsupported tunnels according to angle of
internal friction
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Table 421 Side wall displacement of unsupported tunnels according to

cohesion
Z3aA z271¢4 | 1¢A yAT Y | 3aA 444 594
cl(2.51) 0 0.023619 | 0.032028 | 0.034343 { 0.034901 | 0.035066
cz(zl}j-if];) 0 0.038621 | 0.052344 | 0.056121 | 0.057036 | 0.057313
c3(0.93) 0 0.094206 | 0.146724 | 0.285186 | 0.360284 | 0.380937
Z23aA 6aA | 7aA | saA | oadA | 1094 | 11¢A4 | 12¢A
cl(2.51) 0.03509 | 0.03509 | 0.03508 | 0.03506 | 0.03505 | 0.03504 | 0.03504
c,zé(%i_(]i) 0.05737 | 0.05737 | 0.05736 | 0.05734 | 0.05733 | 0.05731 | 0.05730
c3(0.93) 0.48658 | 058190 | 0.69344 | 0.80715 | 0.87241 | 0.95330 | 0.95336
Haygol o 5HHY
1.00E+00
——— | —t——C2(4 8 X|) —a—c3

. 8.00E-01
[ =3
E
S 6.00E-01
[+
3
[
(&)
= 4.00E-01
a
it
@ 2.00E-01

0.00E+00

o 1 2 3 4 5 6 17 8 9
Step

10 11 12

Fig. 4.21 Side wall displacement

cohesion

of unsupported tunnels according to
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Table 4.22 Crown displacement of unsupported tunnels according to

cohesion
23a4 z71a¢4 | 194 VALY, | 3¢A 4aA 5aA
cl(2.51) 0 0.019498 | 0.026515 | 0.027414 | 0.027428 | 0.027333
c2(1.86)
0 0.031967 | 0.043488 | 0.044986 | 0.045019 | 0.044862
A¥ A
¢3(0.93) 0 0.02676 | 0.034932 | 0.036104 | 0.03622 | 0.036147
23dA 6aA 74 | 8aA | 9¢A | 1064 | 114 A 12a A
cl(251) 0.02726 | 0.02723 | 0.02721 | 002721 | 0.02720 | 0.02719 | 0.02719
c2(1.86)
0.04473 | 0.04467 | 0.04464 | 0.04462 | 0.04461 | 0.04460 | 0.04459
A3 A
c3(0.93) 0.03607 | 0.03604 | 0.03602 | 0.03601 | 0.03601 | 0.03600 | 0.03600
Hateol & Mot g
5.00E-02
2*——a—a—a—a——a— 4
—~ 4.00E-02
(= N N "
E PR RSN PE——— U
c 3.00E-02
[ L . 2 & & L . $ L 4
E
[+
[$)
@ 2.00E-02
[« 1
»
S 1.00E-02
————1 —m—c2(4 ¥ %] ) —a—c3
0-00E+00 I ' [l L L L L i A A i

o 1 2 3 4 5 6 7 8 9
Step

10 11 12

Fig. 4.22 Crown displacement of unsupported tunnels according to cohesion
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Table 4.23 Side wall displacement of unsupported tunnels according to the

depth of cover

Z3aA z71a4 | 19A 2¢A 3aA 49 A 5aA
E931(12m) 0 0.044444 | 0.061537 | 0.067073 | 0.068585 | 0.069004
Eyg%zifm) 0 0.023619 | 0.032028 | 0.034343 | 0.034901 | 0.035066
E3] 23(3m) 0 0.012923 | 0.016549 | 0.017678 | 0.018022 | 0.018108

Z3aA 6aA | 7aA | 8aA | 984 | 10¢A | 11GA | 12¢A
E331(12m) | 0.06914 | 0.06916 | 0.06913 | 0.06911 0.06908 | 0.06934 | 0.06953
E:qgj%z;?m) 0.03509 | 0.03509 | 0.03508 | 0.03506 | 0.03505 | 0.03504 | 0.03504
£33 33(3m) | 001812 | 0.01811 | 0.01810 0.01809 | 0.01808 | 0.01807 | 0.01807

EX ol oE S
8.00E-02
7.00E-02 * * * * -+ - - *

€ 6.00E-02 |

< 5.00E-02

[ ]

S 4.00E-02 |

o el e}

;E 3.00E-02 |

2 200E—02 B o e e e * dr e

(=]

1.00E-02 —~—En] —a—ETN2(AYHX|) ——ET13
o.mEm L L [l L L L Il i L L

0 1 2 3 4 5 6 7 8 9 11 12

Step

10

Fig. 4.23 Side wall displacement of unsupported tunnels according to the
depth of cover
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Table 4.24 Crown displacement of unsupported tunnels according to the
depth of cover

Z3aA 271a4 | 19A 2a A 3dA 44 594
E3371(12m) 0 0.037547 | 0.049755 | 0.051182 | 0.051243 | 0.051102
E3 372(6m)

0 0.019498 | 0.026515 | 0.027414 | 0.027428 | 0.027333

A A
E9123(3m) 0 0.010036 | 0.011703 | 0.012095 | 0.012078 | 0.01202

Z23%dA 6aA | 794A | 8aA | 99A | 108A | 1194 | 120 A
3 371(12m) | 0.05098 | 0.05093 | 0.05091 0.05090 | 0.05089 | 0.05088 | 0.05087
E 3 312(6m)

0.02726 | 0.02723 | 0.02721 | 0.02721 | 0.02720 | 0.02719 | 0.02719
=)
£33 323(3m) | 001198 | 0.01196 | 0.01195 | 0.01195 0.01195 | 0.01194 | 0.01194
En o ofE HMeHH Y
6.00E-02

__ 5.00E-02 | * * - - * * >——t- *>

E

e
— 4.00E02

®

E L

33-00E_02 —— - Iﬂ—+

o
a 2.00E-02 |
i
[ 100E—02 W odr hr dr e 4r o .

——En ] —e—ETD2(AYH %) —e—ET 13
0,mE+OO L L L 1 L L L L 'l L A
0 1 2 3 4 5 6 7 8 9 10 11 12
Step

Fig. 424 Crown

depth of cover

displacement of unsupported tunnels according to the
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Table 4.25 Side wall displacement of unsupported tunnels according to
lateral pressure bearing to Rock foundation test

2aeA | z7eA | 194 294 3eA 4uA

£
0 3.327204 4.310568 5.01284 5.44422

AN N Y
ZaA | s5e4 6 A 7%A gaA oA

A
5.706774 5.845091 5.951054 5.994443 6.107118

FHAE

Displacement(mm)

Az2olRXEBE HHH Y

Step

Fig. 4.25 Side wall displacement of unsupported tunnels according to

lateral pressure bearing to Rock foundation test
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Table 4.26 Crown displacement of unsupported tunnels according to lateral
pressure bearing to Rock foundation test

2gan | z14A | 194 2w A 3eA avA

A
0 2.332145 3.450858 4.358936 4915025

FYA Y
2gaA | s5eA 6uA 794 et A 9w A

A
5.191563 5.317452 12.315629 12.322662 12.336391

4 A1

232 0lRXNEBF HEHH
15

Displacement(mm)

Step

Fig. 4.26 Crown displacement of unsupported tunnels according to lateral
pressure bearing to Rock foundation test
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Table 4.27 Side wall displacement of unsupported tunnels according to
lateral pressure bearing

234 27144 194 2eA 344 44
K. (0.5) 0 0.618018 1.000436 1.272759 1.432879
K. (1.08)
0 3.327204 4.310568 5.01284 5.44422
AHA
K. (2.0) 0 3.531727 4793754 10.1965 10.58263
2394 5aA 6aA A saA g A
K. (0.5) 1.527093 1.593172 1.766017 2.064731 7.5522
K. (1.08)
5.706774 5.845091 5951054 5.994443 6.107118
A4 A
K. (2.0) 10.73335 10.86328 10.92844 10.95739 14.36995
2Aso i SHHY
15
———().5 ————1.08(4 8§ %) ~—a—2 /
=
=
c
[
| 3
)
[&]
[}
a
w
=

Step

Fig. 4.27 Side wall displacement of unsupported tunnels according to
lateral pressure bearing
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Table 4.28 Crown displacement of unsupported tunnels according to

lateral pressure bearing

23dA | 271¢A4 184 2eA 34 49A
K(0.5) 0 0.267653 0.358348 0.404304 0.434312
K(1.08)
AR 0 2.332145 3.450858 4.358936 4.915025
K(2.0) 0 3.038612 9.896847 13.13084 14.50823
Z3aA 5¢A 6aA ¢4 s8d A 9aA
K(0.5) 0.452962 7.837837 7.787233 7.767238 7.738684
K(1.08) 5.191563 5.317452 12.31563 12.32266 12.33639
A8A
K(2.0) 15.38168 17.34966 1850721 1899328 91.71983

SetASso B HMohHH
1.00E+02

——0.5 1 08(4 H X|) —a—2 3
8.00E+01

6.00E+01

4.00E+01

Displacement(mm)

2.00E+01

0.00E+00

4 5
Step

Fig. 4.28 Crown displacement of unsupported tunnels according to lateral
pressure bearing
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Table 4.29 Side wall displacement of unsupported tunnels according to

elastic modulus

Z3aA4 x71aA 194 29 A 3a4 4aA
E1(0.0681+10°%) 0 3500218 | 3.709269 3.94654 4.127231
E2(0.03+10°%)

0 3327204 | 4310568 5.01284 5.44422
chilal
E3(0.007+10°) 0 15.05122 1842528 | 21.15444 | 22.48324

24344 5aA 6aA T¢A saA 9a A
E1(0.0681%10%) | 4222599 | 4.281417 4.31445 4.33463 4344742
E2(0.03+10°)

5706774 | 5.845091 5951054 | 5994443 | 6.107118

AYxH
E3(0.007+10°) | 2329407 | 23.76544 | 9199.234 | 9187.976 | 9174.294

B A ol T Su s
1.00E+04 P—,
1.00E+03 [

E 1.00E+02 |

S 1.00E+01 |

-

§ 1.00E+00 |

% 1.00E-01 |

= 1

.00E-02 —e—F1 —a—E2(A 8 %) —>E3
1.00E_03 i L 1 L L L L L

Fig. 4.29 Side

elastic modulus
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wall displacement of unsupported tunnels according to
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Table 4.30 Crown displacement of unsupported tunnels according to elastic
modulus

23dA | Z7/1dA 144 2¢A 3gA 194
E1(0.0681+10°) 0 177668 | 2145839 | 2557543 2.76919
(]
£2(0.03+10% 0 2332145 | 3450858 | 4358936 | 4.915025
A¥A
E3(0.007%10°) 0 5635246 | 57.57801 | 5893327 | 59.75949
2%dA 594 62 A %A 8dA 9uA
E1(0.0681#10°%) | 2870723 | 2924541 | 2947106 | 2954719 | 2.956505
(]
EZ(g(g;]lo ) | 5101563 | 5317452 | 1231563 | 1232266 | 12.33639
E3(0.007+10%) | 6018202 | 6038775 | 1078308 | 1082454 | 1083242
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Fig. 430 Crown displacement of unsupported tunnels according to elastic
modulus
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Table 431 Side wall displacement of unsupported tunnels according to
angle of internal friction

23aA4 Z71aA 194 2aA 3aA 4aA
o1 (49) 0 0.500606 0.67505 0.753965 0.79277
&2 (30.24)
0 3.327204 4310568 5.01284 5.44422
A XA
$3 (26.8) 0 3.060661 4634656 5.48481 6.220289
Z3aA 5aA 6eA TaA saA 9t A
é1 (49) 0.810982 0.819485 0.82352 0.824948 0.825175
$2 (30.24)
5706774 5.845091 5.951054 5.994443 6.107118
A A
¢3 (26.8) 6.59126 6.849163 7.00471 7172174 7.937974
Solazio] g SHHY
8 | —o—o1 —m—02(4 H %) ——3 A
=
E
c
[
E
4]
(&)
«©
a
[/}
=

0 1 2 3 4 5 6 7 8 9
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Fig. 4.31 Side wall displacement of unsupported tunnels according to angle
of internal friction
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Table 4.32 Crown displacement of unsupported tunnels according to angle
of internal friction

Z3dA %7|¢A 194 2aA 3aA 4G4
$1 (49) 0 0.542742 0.725408 0.804475 0.831442
$2 (30.24)
. 0 2.332145 3.450858 4.358936 4915025
AgA
3 (26.8) 0 2.358556 3.745718 4814326 5.598583
Z2%aA 5¢ A 6eA 744 8 A 9a A
1 (49) 0.838402 0.837842 0.834923 0.831626 0.828458
$2 (30.24)
. 5.191563 5.317452 12.31563 12.32266 12.33639
A3A
3 (26.8) 5.858843 6.003836 6.077717 6.137573 24.66064

Hopaztol otE MEH

25
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Fig. 4.32 Crown displacement of unsupported tunnels according to angle of
internal friction
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Table 4.33 Side wall displacement of unsupported tunnels according to

cohesion
Z2%aA 27144 144 2aA 3aA 494
cl(4) 0 0.483769 0.646508 0.719178 0.753672
c2(0.94)
0 3.327204 4.310568 5.01284 5.44422
A3A
c3(0.2) 0 6.444948 10.10289 13.83844 21.73429
23dA 5¢4 6aA 7¢A4 saA 9 A
cl(4) 0.769573 0.777472 0.781241 0.782544 0.782706
c2(0.94)
5.706774 5.845001 5.951054 5.994443 6.107118
433
c3(0.2) 23.60513 80.61882 85.0658 100.9399 100.9703
Hatedol OB SHHY
1.00E+03
_. 1.00E+02 | b o
E
1=
= 1.00E+01 — - -
[ ]
S 1.00E+00 [ * -
(4]
o
a 1.00E-01 }
s
© 1.00E-02
———1 ——c2(4 8§ X|) —a—c3
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Fig. 4.33 Side wall displacement of unsupported tunnels according to
cohesion
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Table 4.34 Crown displacement of unsupported tunnels according to

cohesion
Z234dA x7]1aA4 1a¢4 VALY | 3aA 44
cl{4) 0 0.530692 0.701816 0.767912 0.795078
c2(0.94)
_ 0 2.332145 3.450858 4.358936 4915025
A XA
c3(0.2) 0 3.859658 7.102585 10.84926 13.14727
Z3aA 5¢A 6eA 7¢4 saA g A
cl{4) 0.803412 0.803733 0.801316 0.798258 0.816048
c2(0.94)
_ 5.191563 5.317452 12.31563 12.32266 12.33639
A=A
c3(0.2) 14.59854 15.84062 16.62288 869.0767 870.5901
Hao| ofE Meidg
1.00E+03
. 1.00E+02 }
e
e
— 1.00E+01 F
[ =
[+
€ 1.00E+00 |
[&]
«
a 1.00E-01 |
s
© 1.00E-02 |
—e——c1 ——c2(A 8§ X|) —a——=c3
1 .OOE_03 L L It ] A L [l L
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Step

Fig. 4.34 Crown displacement of unsupported tunnels according to cohesion
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Table 4.35 Side wall displacement of unsupported tunnels according to the

depth of cover

Z3aA1 x7]¢A 194 29 A 3gA 4aA
E3321(5m) 0 23.413064 25.937481 28.154626 29.55893
E9]312(2.5m)
0 3.327204 4.310568 5.01284 5.44422
A A
E¥33(1.25m) 0 4821661 7.273631 8.899652 10.20221
Z3dA 5¢A 6 7¢4 8aA 9gA
E331(5m) 30.433488 | 108.410152 | 107.490329 | 108514428 | 109.290473
E ¥ 312(2.5m)
5.706774 5.845091 5.951054 5.994443 6.107118
A A
E ¥ 53(1.25m) 10.74133 11.2629 12.3403 13.13528 13.74674

1.20E+02

1.00E+02

8.00E +01

6.00E+01

4.00E+01
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Fig. 4.35 Side wall displacement of unsupported tunnels according to the

depth of cover
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Table 4.36 Crown displacement of unsupported tunnels according to the

depth of cover

Z3aA x71aA 144 24 3aA 4G A
E¥321(5m) 0 7.894859 10.749873 13.422216 15.175414
€3 122(2.5m)
0 2.332145 3.450858 4.358936 4.915025
A8 A
E3 33(1.25m) 0 3.295422 4.760735 6.32351 7.048715
Z234aA 54 6&4 74 A 8aA 9aA
E¥i1(5m) 15.977809 16.398663 16.614003 16.768714 16.831156
£33 312(2.5m)
5.191563 5.317452 12.31563 12.32266 12.33639
A8 A
E¥33(1.25m) | 7.404189 22.06417 23.64166 23.9635 24.11365
Egnof ofE Mo g
30
—_—— T 11
. 25 — T D 2(4 H X) - ke
=
(] o .
E
-]
[&)
[}
a
[
=
0 L L L 1 L 'l i

Fig. 4.36 Crown displacement

depth of cover
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Table 4.37 Plastic region of Basalt underground tunnels according to
coefficient of lateral pressure bearing
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Table. 438 Plastic region of Tuff underground tunnels according to
coefficient of lateral pressure bearing
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Table. 4.39 Plastic region of Scoria underground tunnels according to
coefficient of lateral pressure bearing
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