Al 3% Ald=9]

3171 &

3.2 sl =74 9 U
3.3 s A3 5 &4
34 x| A&

3.5 ¢+FA Hr}






Q) 20154 3] ARE FAPALG (177 AL AN A 3% AAEY AA H7)

Al 3 ALE] HHA BIL

3.1 18

311 AE /8

« B Ao 724N AEE BAEZHEO ol e ANkAFs A3 AEA A R <
Ad AEE AAeAH

 FEREY GRAA WHE I 7% 4Be AT & dE TR 9 ASYe) bl
3 BRARE HrsHe HolBE AAEA HE 8 ATWPHIS ALAT B AE,

- BdEHe ANe A& 242 spAET £38EY 2 Rock Bolt 2& ARA X
2 z3e oA BHaZ@ AZS A9 FASHA Simulationdle] Eldol Ay &
o} Blde] AuA] AEst= S8, A9 B EHES FAY TR0 R 345t

« Blde 22 4 A H FHe o] wE xnte] oA ASy JbAALS HUEE] Y3 2
oA o] AHgHE W& T2l FLACS AMR3le] &4 F3stgon, 4ol o
48 dY¥PTFEL 7€ AA AR [FA~d7% 1EE=20@ P~ DAL A B

RIAAALET A~ , [ A~ 2&5=2(0F

!
=
ofr
@

AT EREAE

IAALZTTEHA~F] ARES ZAE ¢re 8 ERUHE 5ty AsE &
T, AAle =& dAE 1Hste HE AT S FdsAh
[& 311] AR 7=
3 = 37U &
oALA Hslol] AT QA A
AMEARL 7] AAAE P AFEH FE
B 2| whs) A oTHARE 9 HdFEES] A HE
- EldFHARke] SEEx
- ARAY] SHHE(EAYE, HEE)
HE284 (A7)



A 3% AAES FAY F7H

-

il

18

o
v

312 AEHYA AA

& 20154 3] A4E FHEAEA (177 4

SELE

&

ANE st} 91X

S|
~

A7 Arel B

7tz

1

K

2285 AE

7} 7]

22

« HHAEHYEA NATM FHoZ A

s}
.

bl A8

[

2.5 11¥

o
=

[e)

-

I Aol SdA Ko

L

2 T-1-62 A
L R R ot = B

¢}

Huxel AAEME &8&

H

gH = AA

B

bt

AFNE vR o2 Ao} A Ho] E3

24 2 A

=
T

o A

=284 ()

o-72

219

A

14

Ecto] oA ALY Ao =8 FTxEo] 93X

1o

il

A2

FA wet A=

DA s

- A7)
3.2.2 A&H X304

7}. FLAC




Q) 20159 3] AL E FAEAELG 1T U A A 37 AAES A 47t

Sl AER Zeade @A WEHOR AFHD Yx HY
A RS o8] 74 WA TA B

Tt HFAHE T ok 1Y, $H-HEAR

ll:l

A == 7A:(FLAC- 2D)°
of =% w7} WHEA4E

)
o
ofl
o
Ruii

= HAE B2 Rds, 24999 &
A& Rol-F&FMohr-Coulomb)®] s# 7]&(Failure Criteria)& A-&3td o™ 1 olf& ot
=3 2

- Y ZERIOHLS I AR AZ o] 3l Aol dFHAAY A2

1
of o3t} Ejd Awsidel Aot AAE T2 19

- FRGA O 2 Auk, A RHA o] MY W o] HIE ALste EFAEA M WY &
Y= e

- AHke] AAAFS AT F AE BAA BE Ay 209

2) o] &2& wj7

FLAC(Fast Lagrangian Analysis of Continua)

< AHAE Aviste AN o2 FI YA,
Darcy 42, Fourier WA2], Newton®] +5¥A42 T& A-83tH, ﬁéﬁé‘ﬂoﬂé*—} T

A

Newton®] *&WAAE FTAS=Z Darcy WA4 E+= Fourier W44

AHIHA 2712 Be AR =AE = T 9,15}. FLACS =7|X|1} 75‘71]7?]7} Foizl w7
[e)

34 F= 3

= Holle Tt Zo] wHE I o] o] F 1A
7} leH, FLACIA & ol T 5934 o] $HH(Dynamic Relaxation Method)& AH-§-gttt.
B

A Fe FRAEROR BUs] BA Ure mE AN 9 vzt

A=2¢1d (d )



Q) 20154 3] ARE FAPALG (177 AL AN A 3% AAEY AA H7)

FLACS 3/l Q4o tisk v 2e] 3|E o}% -2l o] FEM(Finite Element Method)
= O E FDMREA 024, o= 849 7} A H ol A AlEd A GRE=E
oA A7t B oA T3 e ZU|Fo T Fo] A e T o, HI A
gol thdt 7]E(Criterin)o] =2 Wi7hA] REEALHES Fd5te HIFAE Tt ZolH A
A

ﬂll

- ZF AR A &5 i siF Tl A olm) HAoA T AE2 HILEt
ofyot.

- Y7L obd FYEo] HHoA o]astE 2 A(Element)o] 7HAIMass)S 7FEAIZI
o JHAIS] Z}&o] ik ZEo] o] FojAH Mol A @l thg WM E(HE)0]
TA L 7] 240 W F(Strain)o] AT,

- A& Model®] &9-HE T2 W}E} S99 STEFol TaAH, I H FEo]
T A Meshe] 7 AH ol sjd=+= £+ 32 (Out-of-balance Force)o] A3l %It}

& Agko] AzE @9uith WHEEojx 1 FLAC Codeoll A= AIF @97t 71l
iz} EFg o] 0o ZH3=S &= Numerical Damping 7Hd S =YsATh B Z2 79
AN ARER W (Explicit Method)'e] a4 A4 sEE2 Y@ ts 19 3 2

o & gt A Al
OO oo o -
(S,D_EUPI-IAI) -
—_ O o oM
A
MZ Aok MZ H ke
ST SELE g
Y
GRS R
(FHYFA
O O O™

A=2¢1d (d )



Q) 20159 3] AL E FAEAELG 1T U A A 37 AAES A 47t

A' PN
er2d | A=A
EMEA L=

v v

Zoiss 25| =g =H
Elastic i
Mohr-Coulomb II\E/Ilgﬁtrl-CCoulomb
Transverse Elastic Transverse Elastic
Hardening/Softening Creep
Creep User Defined
User Defined

08!
=Y
ng
0l
Ju
H
0

Kot 12 Yes—» RXlot= YHME FIt

[FLACS| A& A4+3174]

FLAC-2DE /&A% ZZIRFEDMORN EAL 9k 718 d&Ald] 28 F22e A
5 5 AWraE 48 Zeagon YAH M5 doFISHE o 83t A8a7H B9
3 PARYY #go] bss], FLAC-2DY Hold FARYS g Esh 2k & 4ol

A= FLAC-2D¢] T4 =" F ko] dE7se vHud & 23T 5 e Aoz 43

Mohr-Coulomb Plasticity ModelS A A3} a4l #8353t}

_

JE2EE (A7)
n-75



Q) 20159 3] AL E FAEAELG 1T U A A 37 ANEEY A4 Bt

[FLAC 74 =d]

T 2d iz A= 28 o
3%, =&, B 247t F44
Null -
33t
7Y S AEA Az A=(E3)
Elastic N .
Ay Y/ E AE FHE] AL
Transversely Isotropic Elastic O S Holg SAAE(FA) | A= olstidlA AT FHAS

Mohr-Coulomb Plasticity o =aelE) (Rreerd, A a2

Ubiquitous Joint A= oS Hols TAE ZUSHA WD S AN =3

Az HAdE A3/ dAstE Hole | 2443 2 IFRAEY AF(FHR
Strain-hardening/softening . B
[} }\]-ZH = 11—]—34)
geol sl 97 A YHe W o
Double Yield j A4 A= © &8 Y= A AshAE
= WY A=

4) AR ey

B doA ARRE= AEAY tEFQ] FUHA FHe £AdES FEEOH. £AYES
Beamf 42 wd 3, 2 AHolA A-F= 320 HY et ) 23 247 FAFo]
8% Fxe4E A8EY. Elements= £ Z =2 7389] Continuous Portionel A&} 2o
Z1¢l Lumped Mass Formulation® 2 Al&EH® 57 W2 AuE wer 2
Cable 84= REAPS st=d ARbolA o 54 Ao ARsAY FAS 1UF F240]
o2 ouke] Mg o=F Cable dolo wel o] A= Pre-tension?] =U=
FAH 9 sl 25029 Dampinge 3t dojA=dl Fx28 A& (Structural Element)oll =
O&3 22 F7HA] Age] wEn

- THo] A8 o Fx=9 AFTS 1LHEA Atk AT A= o] A8,

- TEEL U 9 A glo] HEH SR AFg

r

[E1'@3]4 A] FLAC-2Do| A ¢ AH4-84]

T 5 A ls £y E 2 EE
AL & 8 A& HHHEE 4 Beam £4 Cable 84
HE28 (HF)



Q) 20154 3] ARE FAPALG (177 AL AN A 3% AAEY AA H7)

Beam Element Formulation(s==g] E)

B z2 oA Beam Element: 7 Node EolA #AHF=7F 3A(F0e] W9 st =

WE) A dHS 717 7| BAHQ 2309 842 H3 A< Beam Elemente] A&z 7))
A9l E4ol skl FoHu, UG el FAE flo] HATBHAREN AFAThy
7}A gttt Beam Element= @A (A), ©¥ 232 ENE 7FAH, Endpoint a, be} Ao] Lej
ofste] AojHATh
u®
M®! T
[b]
o —» Ui
/ end ubu
y \deﬂected shape
u
2 L
M[a]( T e[a]
X u[1a]
end “a”
[E 22]
A =bh
_1..3
- 1= ] 2bh
neutral axis
h |- ___1__ " ______.
h/2
.
b

(43 2 9d]

A=2¢1d (d )



Q) 20159 3] AL E FAEAELG 1T U A A 37 ANEEY A4 Bt

7) Cable Element Formulation(&E&E)

dutrlo g WA =Wk AFES HZo=Z Reinforcing Elementol] A ®j¥®tia 714
T Aot Reinforcing Element+= X% Steel Barv} SEE7} & < Ut} Reinforcing Element
= 7}=7] wEol Bending ResmtanceOﬂ Aol HEFe FA Lomw(Ed ZEHE AS) 4=

o

ZH(Uniaxial Tension - %2 3832 g3)ol A& W= 12 F-A(Memben) = EHELO%
Ao} 1239 4 Model2 Reinforcing Element?] W& AFLS Uelg 7)o FE3Ith &
o= xHsIA FwEF Stiffnesse= EAA 2] @HZH(A), Young's Modulus(BE)2 e & 9}11}

_;

¢

H

l

Reinforcing
Elernent (Steel)

"- “<_— Grout Annulus

EXCAVATION

Axial Stiffness

of Steel 7

Reinforcement _————m
Nodal Point

Slider
(Cohesive Strength
of Grout = sbond)

Shear Stifiness
of Grout = kbond

[Cable 84])

e SRS Aure] A9 FHWEHE 2734 Mohr-Coulomb EAAR=S A 23519}

« AAzASREE JAF A H.9=2 RollerE o] X=9 WYYE AT Y= W=
5 g3tH o, 5= Hinge® 3t XF, YH WIS 1Aty AL & &3tAth

CAMYg e SPFoRE BY T 400 oY SR A0H o, FRE AEAAAE

e S EILe Aute] A FHHHEYPE ZASINA vl geAd 4 H <A Hyperbolic =&

« 71xAR HEAR A SYAFKO=25F st siHEHad SetAS 0.5, 1.0, 2.0,
2.5 #-8sto] CASER = a3ttt

A=2¢1d (d )



h

9

3.

(9]

A 37 NAEE A H7

W FEAE W W T8

A 2AHAAE 471 A8 oHIE W

()

H
R

A

1
| .

]_

S

s ajell 2§

9

A

R

P

3.24 A3+ 2A

& 20154 3] A4E FHEAEA (177 4

ol

0

tHeE, ol s

AL

o
=

1T},

P
T

floF AH8-2

9

Fold Bao) F

i

)

SFA T

°

A5l A

3}
5}

ke

=i}
=

72

e}
T

Ay AE

R

- SAAIFE), ZokEnl(v), WHEZ(g), A==

2) =& A Hd #HH dHolE (Gravimetric-Volumetric Data)

1) =54 (Strength Parameters)

A FoIt BARE
02 osta 4Ae muAse ES2A0 R b gEHoR 4y

7}.

aL

¢+
0

me
N

BIEEE

m

B

[ 3.21) A

5 o
S o 2 S S =
Ele|g |8 |8 |8 |8 |8
e 2 2 0 2 2 N ?
=|~|=~|s|g|g8|g|¢g
_.k.o o — re) S
gmy
T T ()
—_ —_ —_
file) file) o
WA
J e
>
m
%
Ko N
< ~

A=2¢1d (d )

o-79

¥ S EEASE AT 2= A (WEAF P232)




Q) 20159 3] AL E FAEAELG 1T U A

A 37 NAEE A H7

[& 3.2.2] A¥tY] F7 @& SGAAST 2 FolFH]

A5 FH @A (tf/ni) FojgH| A¥ty] 2% | @8AS (tf/od)
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EAb 19.0 20 0.35 10 25
3 21.0 200 0.30 20 30
A < 23.0 2,000 0.25 50 35
Iy 26.0 6,800 0.25 250 35
Z3A14+(Ko) K=0.5, 1.0, 2.0, 2.5
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DN EEE R

1 KO=0.5
® W9
SRy A A2y g2y
1 -0.162 0.02 -0.02
2 -0.218 0.026 -0.027
3 -0.273 0.033 -0.033
4 -0.306 0.035 -0.026
5 -0.306 0.035 -0.026
6 -0.306 0.035 -0.026
%k 0.306 0.035 0.033
@ ARA &Y
TE ABA 3¢
£3YE ¢FSHMPa) 0.31
Z2EE ZY(KN) 0.319

o §/C ¢+=249 : fca = 0.4xfck = 8.400 MPa
o R/B a1&=9 : @25, SD35, @HZH=507chi (FTFTZEZ )
fsa = 0.5fy = 88.7kN

HYE 0.306mm=E VERL.
S| - A FWELIE 0035mE Leke
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O #He
A A =y &Y
1 -0.119 0.118 -0.122
2 -0.161 0.156 -0.164
3 -0.201 0.195 -0.205
4 -0.243 0.216 -0.138
5 -0.243 0.216 -0.138
6 -0.243 0.216 -0.138
ol gk 0.243 0.216 0.205
@ ARA g4
TE A BA &4
%38 E 9+&<8(MPa)
2BE ZKN)
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A -
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fsa = 0.5fy = 88.7kN
@ 343
o Ao AW Y= 0.243mE EFL
3 o Ao FHW= 0.216mm=E ER.
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3) KO=2.0
O #He
A A =y &Y
1 -0.035 0.311 -0.33
2 -0.048 0.415 -0.441
3 -0.062 0.522 -0.552
4 -0.122 0.581 -0.363
5 -0.122 0.581 -0.363
6 -0.122 0.581 -0.363
ol gk 0.122 0.581 0.552
@ ARA Y
TE A B2A &4
%38 E +&<8(MPa)
EEE ="(kN)
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;ﬁ;‘; - R/B 31829 - 025, SD35, HAA50Tch (AT FZES 115
fsa = 0.5fy = 88.7kN
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o Ao AW Y= 0.122mE e
34 o Ao FHHLE 0.581m=E UER.
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1 -0.007 0.408 -0.434
2 0.006 0.547 -0.579
3 -0.006 0.693 -0.731
4 -0.075 0.773 -0.478
5 -0.075 0.773 -0.478
6 -0.075 0.773 -0.478
ol gk 0.075 0.773 0.731
@ ARA g4
T7 AABA ¢¢
<984 E =g (MPa) 0.96
2E2E =8kN) 1.346

° SIC =54

o RIB &&=% : ¢25 SD35, @WA=507cii (JTTZEZ )

. fca = 0.4xfck = 8.400 MPa

fsa = 0.5fy = 88.7kN

AEAYN H3-3E-2 0.96MPaz 3]8-8%(8.400MPa)o| W = e,

o Ao MAHY= 0.075mm=E UERL
&4 o Ao FHHAE 0.773m=E YERL
2% © £3E 3¢

o« EEE ¥ AEAN HYsY2
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