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A numerical study for initial elastic displacement at tunnel side-wall
due to configuration of the tunnel excavation
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Abstract

Ground reaction curve is very useful information for estimating the installation time of the tunnel
support, The ground reaction curve can be estimated by analytical closed form solutions derived
in case of circular section and isotropic stress condition, The nature of the ground reaction,
however, depends significantly on tunnel configurations, Nevertheless, few purely analytical and
experimental studies of this problem due to tunnel configurations appear to have been carried out,
Therefore, it is necessary to investigate the influence of tunnel configurations in order to use simply
in practical design, This paper describes a numerical study for the intial elastic displacement in
the ground reaction curve due to configuration of tunnel excavation, In order to evaluate the
applicability of analytical closed form solution in practical design, the parametric studies were
carried out by numerical analysis in elastic tunnel behaviour, In the studies, S value, namely
configuration factor, defined as the ratio between tunnel height (b) and width (a), varies between
0.5 and 3,0, initial ground vertical stress varies between 5~30 MPa for each S values, The results
indicated that the self—supportability of ground is larger in the ground having low S value, It,
however, is suggested that the applicability of closed form solution may not be adequate to
determine directly the installation time of the support and self—supportability of ground, It should
be necessary to perform the additional numerical analysis,
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e X

duta o2 g F2PA| X BA Q] AR|A7]0) tigt oA5S $lstel Al ARREEZ4] (Ground reaction curve)
& @-8staL Qi o] ARSI Fzbof| W2 2Rke] He] EA4S Y, drbdor o] 1
A

JEl (K= 1.0)2 7F83to] w3171 Closed Form Solution Ea4 FLa#Ict, 2L}, HdthHo] ofy
HISH S AE AR @S aefsl] 2obd, o] AHHESEA dlSAE Aol 283l JloiA

" YElE, SMStn ESTENZ wg
*2 M3|¥, BAU ZTAMEE X|H/EHER
*3 BAU ZAMEIE X[2H/EEE

Tunnelling Technology, Vol.4, No.3, september 2002 175



ot FHAIE Zh=Aloll tisto] 1 Ba7} Qe olE 8l & =Eolie S Aol whE SEollA

of Z7]ehgs) Wl QA Eeke] Wak 5

Aol tstel Qisheict, HAEA Pare Thie] ol (o)
H), & 224 Al S (=b/a)gke] 1.0, 0.8, 0.6, 0,42 WSlel=R sl3lom, 7H7to] 22+
22 5~30 MPartolol A WBHAIATIAA XA Bo) AEeAIE gl S
ZujoAfe] AMRESTHAIS BAISt0] Tof nhE 54 %

o Lo f
It
g

o 1o

Ao At 271598
‘ 23 gdojal
ANt AEAT AN AaE BrEsHed Gl

Al Closed form solution®] ARgoll= A7} Q= Ao R e )

Faol: ANISTIA, FUFY

1. NE

HyY 225 A9ke] 27|32 vl Fasitt, o=
R =&l o3k 39 oj¢ko® op|u= B4 W
Folehz HollA 53 whelek, Hd 2] AR ©
o] HHA 3 273 Et ZolR|A Hm, ARk
9] Ze=EAdol wet Myt 3ute] A7 thEA Y
el 7|0l dgsigizel 271MEe dubdes
A2l e Foletar Wat 4= QAT ¥iFo] A&
Aoz F7HE A4, 2Pl Ae 22 ko
o|2AIE, webA, BE=RA] AW HMFS oj= A
T 518 (R u)sto] 2aa0] AEE By P
= FAIBE] SIRE A=A ] HAA 7o thefiAl= v
o7 FAAR A7 A&E AL ok, ey, AAFQL
SN g Hd7eAbso] AEA 2] HAA]7]of o
ool Slol iFEOR Hgalal g ANk
A1 (Ground reaction curve)2 YathHo| T EHFS-
S (K=1.0)2k= 7PF3xAs]ollA feko] W<
3}A)71 Closed form solution2 E3A Lzt 1
i, Aol oAl HIFHIEIQl ARARl d=
A5 s Eobd, o] A HERGEA 5419 ARE-Y
Al thsto] 58S Bart Qlok. ol2fgh Aol thst
o] SAe} BER el thet Ahe ol e 43
wof gl Qlok, ezt 4Rk (2001)-2 w4
i W A|ehss siale QIR miziHES] oAl
tJ3}o] Anagnostou 2} Kovari (1993)9] 2J5}o] AJA]
2 ARl RS olgsto] AMukgRAe] oA
Sooll et e ST, of g BR
2t vl iste] ZHASA 7RIS AlAISHATH=T]

(o3

176  E47|& M43 HM3E, 2002 9

o= o, siAA] vls St BE el dist
of I o= qel E oS FATI. ol A
Tt Y Y (2002) o]9t Z2 THHA|HRESSHA AL
Aol qlo] 27IegHlol] diste] SUAs 2 Hd9
Aol gt el thste] HaEsieirt, o] =ollAe=
2 oy FE el thte] A AlE Eet At
£ e AN, B ol tsiAl=
AP} vpA|F e dsiAet vla hds] AEstaith=
ofplEo] Stk waEbA, & =FoA= Ede] ol (b)
oF & (a)9] H], & "Hd=Z2 A (S=b/a)d] &
ARHESEAT T BE 22 S 9] 27|e g™
91 2 AR EFe] ¥zt 40 diste] arzsieitt, B
d=2k FAAE= sgkel 1.0, 0.8, 0.6, 0,42 H3leh=
22 sjollA], ZH7+e] J=F Fmict 271588 8S 5~
30MPa Ato]ollx] HIIAIA7FHA =2|elAl2 53l ARt
R4S Aoinh = Aol H83t 271548829
He= 718 = (48R & BE Y, 2002)0f4 ©]
B3 gho= sfof vl HES FHomy F7HAS] A+t
Amz 289 5 A skoich

ol da} Zo], & =wolxls SR FA4a ARk

A9 Al 232 w50, ARk S =
AR fAJstka, 2 o] =o] (b)7} 10m
A o) 2 (a)S HSA7|HA A RS Hd22)
A4 (8=1.0, 0.8, 0.6, 0.4)°] thet A4
Grlefae ol e B, Zuje] /] eauslsl
O A A K Qo] Closed form solution (S=1-YLFthH
zxh)ol| ofgt Axfel vlwd uf ojwgt kS 2l ¥ish
Sh=Alof| tiste] FA o2 zsle)

off &
fu olz iz
oo

flo oflt
% 1o

4



2 NESE-HQ WY YY24

2.1 RIHQI-tHe| Wro| 7|IHY

Ate] ol w2 FHwIo] Zuo] wAlsH el
ot A= 19 1 (elAlet ol ekl 4= gl
2710 Aulo] TAENE A 9] W)
7h sl Wsl7k S7kstRAl el 24edlo]
Wy, 7 BT L ]y WglE e

/A7 DAY E = Aol A o] A=
A AREY (p,,,) 0k ok 5, 0] 2h& 45
Zuke] xfFAdo] k= AL ou|sict oo st X]H
-9 PATAL ERE 2 1 ()2 2k
371 OJT;L% gl tisted drbzel siE 4l o=
H o232 2ttt (Hoek, and Brown, 1980),

BM}V (0g=0) )

—MMO 7 2)

a7 1. XEY-H BATM (KuHS2A)

(m, s¢ Hoek—Brown A<, o @ 4&2U=7m)

2.2 Oj7HH=~2f Ofal

M= 27189 (o)), AR
(o), AR (B), 24 ( c) Rz (9), Ol

(v), 224 (B9 772 & 4= 3low, olF 4t
9 = BAB H9 4] (3)7F o] ek 4= i}
(Anagnostou, and Kovari, 1993).

19 20 H9l vie} Zro] o8 HH wiakzla) 3
& o G HofBte] 4] (3)2 ThAl ekl 4] (4)9}
o] T3t %= gloml, 4 (@of Wel BAY T 2w
202 ARY-Hg) FAG Tejw 271829 ol
A AR-we) FAE 2L St (19 3),

Tunnelling Technology, Vol.4, No.3, september 2002 177



2.5
o=30"
501 v=1/3

1.51
1.01

0.51

0.0 T — T T T — .
0.0 0.2 0.4 0.6 0.8 1.0

33 3. EXiHSE BSHE XEHY-H HA=SM
(Anagnostou, and Kovari, 1993)

Euc _ (05+ tag@) V’QJ (4)
( ot tan(ID )L %0t ano tan<1>
a9 32 27139l gt TR A RHRESAE
Liehd Aok, o] 72 FUS AtelA A= e
27]—‘“'*0] 2183 wf o] ARHRSAS 4] (4)of UrEt
A ®E ol8ste] 4ksAom dojdl 4 9l
= «]U]?&E}. A5 501, wET AR 2= Bdol
K AHEZE A ke gixjo] thet bk
o] 2713e0] ot Shke] AMISZAS 714
the AR diet ARMES AL 4] (4)0] 2o
lons $URT AL LA WA
ST S S Uhehdich (et 248 2000),
3, AR AN 4] (3)2 3o 0]‘%“@%
Vo ede] PARS TeE AvhE I
o e chaA o ® AR 2 ok (24
3 & HF2, 2002).

i
o

o]

O

Rl rlo

e x o
fu

o o>

o
g
%

S =r(o B s e k) )
A71H, St FHIAGEA 117 49} o] FAt
HO| 1=0]9} o] H] (b/a)E UEIH, K= SUAITE

a5k}

wHbA, 4] (4) o)A %= AHke] T g o] tigh a7t

178  E47|a M4 mM3E, 2002 9

a8 4. E{ESEEAA 2 Fo| (S=b/a)

3. A diat g AMO| AA Modelling &%

1 R ANRIS T S Sfet A Mod—
elling> 7143k} €Y (2002)0f &Jste] 4=a=

1 oTA sl e ) A e Bk
ob&d] 1E59] 7\1]/\]7?_]‘ WS4 9] 42X|Modelling
o] AHITH= A4S A} o] o] 2 =Roe
Modelling 241} o] Ax}o]] thgt Closed form solution
st Aol it AT W el e

FABIA] ARERE A AREE/dAk= & 1o YRl

¥ 1, &X| Modeling &

Dilation [Poisson's Vg

ol | o MPa)| OC ) angle tio( v) Modulus
SYx| ey | (wpa)
1.0 35 0 0.25 10,000

o
S
5‘, Closed form Numerical Analysis
7] soultion by FLAC
o 6,=5MPa O  o,=5MPa
a &5 | ----- 6,=10MPa O  o~10MPa
= — - — GE=20MPa| A  o,~20MPa
o
o S — - - - 6,=30MPa X 6,230MPa
Q=
e
X

'g X

g A X
N
- A
[1+] N

X

o &L X —
=z BT X

0 0.02 0.04 0.06 0.08 0.1

Radial displacement, u(m)

112! 5. Closed form solutiona}t £=X| Modeling0ll 2|5H
oo ZeofAlo] X|HHEIS T Hlm

[ == | o=



FEET HAO| 02 EHZ ZT|EHRIO SRIHAE AT

olof] g} 4=3= =x]5141 23R} Closed form solution
of &gt APt A|3Ith= AL 117 504 Hols=
bls} gt

(b) $=0.4 £tH

a3 6. siMoll AF2E EXQ A siM 24

4.0 LYY Gt 2

XA =A

Ay

a7 9isto] o] olot S vig (2
A, 8=b/a)S 1,094 0.4712] WhA]7] a1, 7]
HEAuich 59=27188 (0,)& 5, 10, 20, 30MPa2)
17W) 2RO PES] AL S,

22 thd FARS 27 10me] YEThHYl 7Aook €
Y 0] (b)= 10mE ZABI, Z2FEA 5 $71 0.8,
0.6, 0,43 H3BI= A7H] Tho] tiale] sjAS 4
SHctk. 19 6 ()9} (b)= thEZAQ fekad g4 o
2% YERA Zojo,

o Tl ot AN

~

4.2 HH9| £7| B9 WEHY

- T (@)lA ()= d7IsiH 0 wet et 4
A AIE B3l Dol ARMESHAES siH 9

o] Ao Wt Fsto] ek Zloltt,

o] el RolgRol Ao Yo F3t
FaAGol BAGle] BE 2150|248 2
o) W9 B A MAISHE AR BolFa

fl
4

4
X

%0
o
T

AT 2/15HS A I BRG] tha 2
27] SIS QAKISTE] S A2 kA et
dop e o

LS
.41
fo

rlo fl

Zujo] 27 TS Wst 5T
5=191 we] Zupgie} v|wslr] ) AR (o)

7153889 (0 )22 B5t8} (0 /08t Hoj

e

lo & P

pu
i

IR ()= BT (S=1.0)¢Y o] 27|
A (o (52 1) 2 B (/w52 ) 3194, 22 x,

¢

Ak e Zlolt, o] Auolla] Lepo] F2t 27]

ofl ztzko] sglofl digt 27]egels UFE (5=1.0)
2 w9 i7] e Llel 43 HlES fAeh, ¢
S SAEE wiu g, B S ghol A 2

s

el Aol 271321 oF 40% ofshz v
= WP z7)o] Do A /w5 B A

SAGUGAA, Sglol Thet QAT ke 2 27
SAMSIIR /w5 )9 7S E 20]) Hefle] 1}
ERGLon, o gle] ¥BtE S (=b/a)ghe FOE Bof
29 90 Ueptisich, 9 5ol & 4 gl e

Qe
ol EoI7F I &
ek 271 sl A Mokicke A s
CIA|E3], Closed form solution®f 23] A
PR E S=19) SHEEE AN T
=oll, §#1.0%1 AA| A[Rtofl A Y= 27|/ dHEe
= Closed form solution®] 2} A== 27t
2ioh 2 Aol WolA Bk 2 o 5 ok
AuAje] A7) AN 27] Zmele] wajepel o)

)
=2
o
g
=)
1o
1
o
o\
N

o
=2

Tunnelling Technology, Vol.4, No.3, september 2002 179



1 T T T
bia=1.0
—&— o,~5MPa
0.8 forc,,=30MPa; —B8— o,~10MPa
Pi=8.0MPa (0/6,070.3) | — A c,=20MPa

0.6 / for c,,=20MPa, ——<— ¢,,=30MPa
- R=6.0MPa (6,/5,,~0.3)
for ¢,,~10MPa,
0 4 — ’u—‘) lIIlDa‘ e m,- 111 ‘)K’I
4 for o ,~5MPa,

P, =1.0MPa (0./0,,%0.2)

0.2 I %u&&

0 A —

Normalized pressure,
Gs/ Svo
L

0 0.02 0.04 0.06 0.08 0.1
Radial displacement, u{m)

(a) X|HHIZFM (S=1.0)

[ T T 1
b/a=0.6
for ., =30MP: —O—oc, 5WPa | |
P,=9.0MPa|(c,/c,,=0.3) —FF— ©,,=10MPa
for 6,,=20MPa, —&—— 0,,~20MPa
=7 0MPa (oo =035 | — < 0,;=30MPa | |

for c,,=10MPa, JL
P,,=3.5MPa (c/g,,~0.35)
for c,~5MPa,

P =1.5MPa (G /5,,=0.3)

Sl

e e i e e O
= £

Normalized pressure,
Gs/ Syvo

0 0.02 0.04 0.06 0.08 0.1
Radial displacement, u{m)

(c) X[HHEESZM (5=0.6)

a3 7. SISl #

3] A F-E7] wiiZell sSEko] A EA] %Al Closed
form solutiono] &J3] HoiXl X|WHRI-SFAS 285
o A EA O] X715 STt 71,091 e
A bl gk AEgt A HAXIA719] dl&o] T
= AL Yujgit}

4.3 YAIXILIo| HelASk
AR E Z2fol| A o] He7E edolld &34

2 waksh AlHolAe] ARYRE UehiE QA
1Qk] WBlATES BASHA HH 2] Ao cet

Euj
g

180  E{E7|& M4 mMBE, 2002 9

T
bla=0.8
—S— o,,=5MPa
a, —H— o¢,~10MPa
h0=0-3) —aA— ¢,,=20MPa

D for c,;=20MPa, ——¢— 0,,=30MPa
0.6 [P=T.0MPa (0,/5,,=0.3%) |
for %:10M9a,
0.4 - P,=3.0MPa (5./5,,~0.3)
for 6,,~5MPa,
1 P=1.25MP2 (c,/c,,=0.25)

Normalized pressure,
Gs/ Svo
L

0.2 I %%XK\&\ Nl

0 = =
0 0.02 0.04 0.06 0.08 0.1
Radial displacement, u{m)
(b) X[HHISZM (S=0.8)

I
bia=04

&;‘ —o6— o,=5MPa
g ~10MPa | —|

a for o,=30MPa, = G”":ZOM;

0 4=9.0MPa (G /o,,=0.3) A o,=e0lira

g - " ——¢— 0,,=30MPa
=1 fo gm-ZI],MJ iy

_g' G  =7.0MPa (5,/c,,=0.35)

8 B"’ forc,=10MPa,

";.; P..=5.5MPa {6 /5,,~0.25)

E for 6,,=5MPa,

5 =2.25MPa (0,/,,=0.35)

2

h%‘\\

=

0.04 0.08 0.12
Radial displacement, u(m)

(d) X|EHErE2M (8=0.4)

stof| e xjgergEM

Ak ARl A A
29k (5,,)& 511 SgHe] wstel wet gAKESte] of
w7 wislshexE AmEgleh 29 108 1 AukE U
B Ao FHPAAS sl e} sk 914
| Rgre] MRS 271588 (0,0 A7]of uhe}
wgirh o] Amellq Lehio] BT 27]dxS2lo]
2831 Autole} Sjolw sglhof ket Az Zulo] 28
She QARIEORS AR ThE ek Lt <k
o] 2712le] 27]7} 5MPag} 10MPa¢l Sl Szt
o] Zhasgol wet QAN RSIo] F7oks HgS HolX



Displacement ratio, u/u .-, Displacement ratio, U/t .-y

Displacement ratio, u/Uu,,.,

b/a=0.8
1 |—6— c,~5MPa

—5— o,~10MPa
04— —a— o,=20MPa
—%— 6,~30MPa

Decreasing
support pressure —>

0 T T
1 0.8 0.6 0.4 0.2 0
Normalized pressure, ¢ /5,
(a) =7|EHgH2(9 HIE (S=0.8)
1.4 I
i b/a=0.6
—O— o,~5MPa
1.2

1 | —&— o,~20MPa /X
1 || —¢— 0,=30MPa g

— 58— o, 10MPa

I
i Decreasing : 0 45
support pressyre —» |
0.4 ‘ —
1 0.8 0.6 0.4 0.2 0
Normalized pressure, ¢ /o,
(b) =7|EHMH2I2| HIE (S=0.6)
1.6
] bla=04
—0— o,=5MPa
12 | | —5— o F10MPa
—A— 6,~20MPa
1 | —%— oF30MPa
0.8 |
04 f
4 0.09 . y ﬁ//f//
« B - .
0 supportpresslire —» | T

8. =2
HI

\
1 0.8 0.6 0.4 0.2 0
Normalized pressure, ¢ /o,

(c) Z7|EtEHLIo| HIE (S=0.4)

Mo 12

fCtHP Y7 S(=b/a)el HEto]| [IHE FZHHS
(u/u

ul (5:1>)

b 271289 7|7} 20MPa, 30MPa?l ALol= S
ko] wslof| e IAIR|HE o] Ao AT gk LR

ol} 77| sgto] ufe} Msek QA meke] 7]}
Closed form solution (S=1,0)2& AojZ] AAR|HEY
of Z7]} vlmet o) ofujst AgE Mo=AS Tels)
7] flste] 7+ 27189 Al tiet AARESY (p,.,)=
H 2, 22 "47I(S=b/a)0l [E =J|ELYHIHIS

S=JL 4ol x7| BeHe| H2
a w/ U (s=1.9, cir

0.8 0.87

0.6 0.64

0.4 0.09

1.2
g
4 -
e
o
L .08
E 3
S :‘E' i
° 3
B 04
Q
S
1] |
8
W
0 \
0 0.4 0.8 1.2
b/a
I3 9. SEEMA E SHoAM 2| X7|EHYHeIH|E
o| W3}

PR A0 AAREY (p 5o 1.0) 22 W

a9 13k Fgol ZRYAAS: S (=b/a)t
Dir b ior(s— B HOE Sz FHAol| LRSI
O 1RRE sgko] A Wt p /s e
7RIt AS & 4 9lom, 53], 27158849 (o,)
o] 592} 10MPa?l 7ol Sgre] Frtel wE
DPier D ien(s=1)
o] Z7F Aol v Frugdtk= AL ¢ 4 AUt
9 0,7} 20 9 30MPa?l 79ol= sgrel 7t wket
Dior b iors— = A EHSHA FA
Dicrl D Zrol Atk= Ze Closed form

ier(S=1)8A

solution ©& &+ AR ELAS] 7] (p )5 )7t A

Tunnelling Technology, Vol.4, No.3, september 2002 181



@ 10 —6— o,=5MPa
5 | —8— o,=10MPa
0 8 -4 —&— o,~20MPa
§ | ——o,=30mPa | |
i3
o 6 1
oS i 1\
Qs
Q5
o ¢ L
E ) i —
-‘S' | \\e\\_ﬁ\\%
0 T
0 0.2 04 0.6 0.8 1

b/a

a3 10. sgtofl mE UAXILLS| Het

Al @RlA Hehbs dARIESES] 271 (p,,)9F 2 =
o1 Lpehlick= 2S Sjojai), 2, sgro 14wl ut
B Dicsl b iercs = 1)
Zro] Z7)sttl= A& Closed form solution® & -8}
PAR R = ool AlAdS 7k A, sAdl &
woR Bass Aie] A4S AAMCRs T )
spil Hlck 2 Lhebdict

o] W} Solgt AL Szl W2 ute] Aol chat
W7 pE 2719482 0] 5MPa, 10MPagl 73-¢-of v
5 A WARITR= Aoltk. Bl 19 100] Ve it
o] 2719118 el0] A4S AR 7] A
= ZoFR| A9t Closed form solutionol] 23+ AUAA|
HA D iors— S BIEE B7IE A9 A9 Ay
THEe 27192890] e A s Hrth

4.4 RERISZMO| HEOIK}

(),

Zolg] (v)o, 2227 (O] T/HIE Bksle] A
(3), A @ek o] yepd - dapt qled (G,
Anagnostou,

and K., Kovari, 1993), o7]oll+= 22 e] g4
SPF Akl Fake mlRleTtel et e

182 EHY7|& M4 M3S, 2002 9%

N
kS

T
—&— o,~5MPa

—F— o,,~10MPa
—a&— 6,720MPa ||

/,'_"‘

g
bl
o
QO
5
3 = ———— o,~30MPa
Q u i
8 s
e 16
28 N

8 7
Sa L
‘n 1'2 Firy piry i
—
= \
L 7
s
G o8

0.2 0.4 0.6 0.8 1
b/a

O3 1, SEEMAIRS)0 2 AAXIERY HIZ
Diel P i('r(S:erir)g'l st

o] G1e-e ohA Q1Fe vt olek
o2 91l FHVUFYAL 541,091 AL= 4
1
5

=]
) gk wes A5 F, wulo] folop Eo

o
Ea) QojAl AR TAS A] (@l Holet
2191 W0 L Zlolck, o] el o 4 QI

3
:g 1
8 2
~ =
b bfa=10
+
bg 1
2 b/a=0.8
Q 4 ’
wi
=] \
| bla=0.4
bla=0.6 e |
0 “&\\
0 0.2 04 0.6 0.8 1
(o +c/tand)/ (o, +c/tang)
O3 12, BXHE HLE £SO2 LIEH X2-HS| 2|
T[Mo| EefAIS0 W2 HEt



ZETHE o OE B8 x7|BkEER( X6 AT

21 A9 Z2ke] goloh Fe) o] ch)
x]EOP—%O WA ol A2 G U o o
A ()0 o3 PALAGTF S 41,0
gaspl 18 5 USS e,
=, Fnive] ol Eo] ulk AN o
gl sl A ()] et Fae

o AL WeE
B4 B4 Eo b B & 4 gk

5 HE
2aheo] ole} Zo] )7l wiskilo] e}, o)
A R 27 AAR| o] oA e}
She 718 2tohiy] glslel St ABBAE 2 A
W Hptos %&%@_wm (s=2=he] Folo}
Eo) u]g=b/a) S WA SAHEE ST ThE
3} 2o ARg Ak
1. Seolo} Ze| ulg WahAs|RA 2dofxl SuelAe
WY = dFTH (S=D)Y o] ZEHY 4 (S=1)

of tigt vlEE FAISHH, FUS ZATHR A
(8)& 2t DM SHMY 27| dHei

[e]

Cufu (s—,)°] T2rS20] A7)0 Alglo] AT

o et o 27lRgHISIIGE Bapey

(©)7} Z7katol wet waEA o 2rjske 43
2 Uepit

2. Closed form solution©]] 2J3] €]zl x|t
o 51 (U o1y

A o 2
"
Oi

[e]
Hke=Ad

27104 7 Aol7

—_

. Anagnostou, G, and Kovari, K

. Hoek, E. and Brown, E, T,

. Hoek, E., (1999), *
. Kovari,

oo, S<1 Q1 AA| HdZattoA WAE= &
‘ﬁoﬂ/ﬂ-J Z7|HAJHLIE v vl Brlske A
2 W&3kar Qltk welA], Closed form solution
°ﬂ ofaf) Aol AR o= AR A L] AHR|A|7]
Sf2ais 21 Wik S gkew], SASNS §
& At sakolor gick
At EA4S 2= AtollA] Z2ieh) Sglo] et
Z} chdo] theh AARIESY (p ) HFTHAE (S=1)
o] ARG (pop)Te HE
crl icr(S=1 )
15/1;}2';}@) 0]+= Closed form solution©.& 3t
OJAIX HQto 2 ohito] AL IS AL SARE
o]§o] A= tiFE2] AA| Bdol thgt SHofA ¢
ARAE BT A Fhe A Ueint
ofe] g1 Aol ujz, Fahee] oje} %ol
H]= ZEES-I A o oﬂzﬂl— o2 Haeg kst
o= qlom, ARk gk vxl=

4 (5)9+ 2ol Arhgol ehgsi,

g

e

—~
>

{o

ANE O
=1

. ZEiE ZIALSE (2001), “EtAM OHE! LY XIGHES SHA

Al OZHHSE0| Mool thst ols, EIE&S|X| 7|
&2z} M3E 3%, pp.58-73.

B HEY (2002), "Bt 2ETY Y
Ha7 o =7|etdH Lol 0|Xl= F&oll chet
SHAMMAT X|HIEEHS| ME=E (MAES).

. (1993), “Significant
parameters in elastoplastic analysis of underground
openings”, Vol.119, No.3, pp.401-419,

. Brown, E.T., Bray, J.W.,, Ladanyi, B. and HoLC}, E,

(1983), “Ground response curves for rock tunnels’,
ASCE, Journal of Geotechnical Engineering, Vol.
109, pp.15-39.

(1980), “Underground
excavations in rock”, The institute of mining and
metallurgy, pp.244—324,

Rock engineering”, course note
K., (1985), “Rock deformation problems
when using full-facing cutting equipment in roc
k”, Tunnel 3, pp.236—224 (Part 1), pp.289—298

Tunnelling Technology, Vol.4, No.3, september 2002 183



(Part 1),

A
SMUstn ESFSIHE s

kimsh@office.hoseo.ac.kr

0|24
BAU ZIMEIE X|ul/E{2R

imsang@bau.co.kr

o
BAU ZMEIE X|ul/E{ds
hijung@bau.co.kr

184  E47|& M4 HM3E, 2002 9



