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GEOLCGICAL STRENGTH INDEX

From the lefter codes descriting the structure
and surface conditions of the rock mass (from
Tabtle 4), pick the appropriiate Bax in this charn
Estimate the average value of the Geolegical
Strength Index (GSI) from the contours.

Do not attempt to be too precise. Quoting a
range of GSI from 38 to 42 is more realistic
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FLAC3D 3.00

Step 30759 Model Perspective
18:27:32 Fn Jul 29 2011

Center: Rotation:
X:1769e+001  X: 20.000
Y:6.630e+001 Y 0.000
7:9500e+000  Z: 70.000
Dist:7.805e+002 Mag: 1
Ang: 22500

Surface
Magfac = 0.000¢+000
Contour of SXX

Itasca Consulting Group, Inc.
Minneapolis, MN USA

S deb o ca cllal gl 8 X slewly jo i S -0-0 S

FLAC3D 3.00
Step 30759 Model Perspective
18:28:46 Fri Jul 29 2011

Center: Rotation:
X:1.76%e+001  X: 20.000
Y:6.630e+001 Y- 0.000

B |1
e i =
ey [ Al
mrcg'mummg 000 il "llll!x’“”””m"Iﬁ,'"’l",",',,,,','",',,’,,'

1200064007 fo1.000064007 v ; mmlﬂmlll

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 30759 Model Perspective
18:30:58 Fri Jul 29 2011

Center: Rotafion:
X:1769e:001  X: 20.000
Y-6630e+001 Y- 0000
7:9500e+000  Z: 70.000
Dist. 7805002 Mag.. 1
Ang.- 22500

Contour of SZZ

afac = 0.000¢+000
Gradient Calculation
-3.6324e+007 to -3.5000e+007

-2.5000e+007 to -2.0000e+007

Itasca Consulting Group, Inc.
Minneapolis, MN_USA

-3.50006+007 to -3 0000e+007 [l
-3.0000e+007 to -2 5000e+007 |

2000064007 to -1.5000e007 g
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FLAC3D 3.00

Settings: Model Perspective
00:44:09 Sun Jul 31 2011

Center: Rotation:

X: 5.000e+001  X: 20.000

Y- 7500e+001 Y- 0000

Z:9500e+000 Z: 70.000

Dist: 7.805e+002 Mag.: 1
Ang: 22 500

Magfac = 0.000e+000
History Location

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 40759 Model Perspective
18:44:40 Fri Jul 29 2011

Center: Rotation:
X:6.216e+001  X: 20.000
Y:-4.784e+001 Y: 0.000
7:2263e+000 Z: 70.000
Dist: 7.805e+002 Mag: 08
Ang.: 22500

Block Property poisson

2.499689¢e-001
2.500000e-001

ltasca Consulting Group, Inc.
Minneapolis, MN USA

S 0 plcd culsl s o ead aisle Jow 3l olei-V V-0 Ss



ez @lnz slewl) jo s agsa -V A0 IS 5 poles alaii o> Slbul> azsy 5 -VA-0 JS
Mz sl X glial) po s azs B -VV-0 S 0 polae bl e almlr az b -Y--0 S
[nl>s".a.m cusldl o Hle o)l yo l°91"u‘ alass ﬁl-’>'¢d-> bl o S oylges

o el X bl 5 i ams 5 -YY-0 S S 5 pobes abaii gz lbulr asiu B -YY-0 S5
Inl:-g“.,‘.m g“.,‘.mL..a‘ )‘ B )l.c °)|9ﬂ‘> B '091.14 alags Inl>g“.,‘.m g“.,u.uLu‘ )‘ o )Lc

VoA



Ol 3l el Ol e sy g le bl plbcss clls p cdl> o Jow > -0-Y-0
plcds cilil b s, Jobs a4 (soads slog! Jow i soslive L3 >l j0 a5 asl wll p
JE Gl 5o s Az pds cllop b oS 05h (pw)p Wb b el 0ol Sl Jeie
oS ol B 098 oo Jo e e g9 0l Bl Juw 1 plecas ol ISl gl 0gd o0 Slonl
Qaps o plxl saas Sl Slul> e S g i o)l 35 )Ll (el slcas e, cldls )
oo bl lea j0 0oldl sl sla Hlul>  cwiige oo Sglad 35 g Ol s ol csalice 6l
YA-0 JIVF-0 le logai jo b ool cpl gl oo oy 0)bsd ciloads s A0 S j0 a5

sloas oo)ﬂ

Sz Glpz bl o s dms B YO0 S 59 polas abadi e Slouls asese L -YF-0 USS

VeQ



ez sl X gl o il azesy 5 -YV-0 JSs
plcds cuils 3l gy e o)lgs0 10 poles alai

2 pobae abii oz obul> axsu b -VF-0 JS
Inl:-g“.,‘.a.; c,‘..islo).g )| o )Lé a)‘%\)

ez ez Glowl, o (i azs B -YA-0 S
plads il y gl ey 8 S 40 pglas abais

polae dbii oz obulr azsg B -YA-0 IS
Inl>g“.,\.m g".,\..f:‘\)ﬁ )| ] )Lé Q;S)g

) L)"‘ 5 | UL.JL:” )Lc )| |AL>CAU &y w‘b):j k:«hu\}LAJ‘ )'.‘3"[3 % RV )..oL> éﬁ.ﬁ:ﬁ)é
0,130 ki o 31 (sla,lid yowl 9gmg 4 Sl p e U3 a4 plicds cunldl )l e 45 0 Lasie

)LCAJAJ@}M%J.?U))‘))M‘U."}A)QMJJ‘OMOQ))MQ“@S)WO)‘JJ‘“)LCJS



c)(:: Isas /b Y !otf

2 ORS g 2l YOO JIVe-0 JSAl ggoge cnl e S50 Gl 00,8 o padgl Sl a Lo yas

s oo plas clls p ley yo p2 g clldl (ley yo e 1) alisee slalisl,

aladi ez gl pz sliwl) jo i assy B =YY -0 USG 59 polas aladi o> Slouls asese U -Ye-0 JSS
by gley b aaalal loy 5l ,le @i o polae pbaw cilsy loy b cuslal Hbj 5l Jle i
PL"":‘"’

abadi ez ol X sbiwl) jo i aoes B -YY-0 S 3 polre abadi lo> slmls azsy B -YY-0 S5
pbaw cuils y loy b caslsl log 5l 58 o)l 1o poles plcws cuils y oloy b cusslsl o 5l 5L o)lgeo

aba oz s1pZ bl o (i dmo YO0 S

polae abii oz obul> azsu V-0 JSo
plcw cunls by b canlal fleg 5l )l &S o pglas plod el ley b aull by 5l Jle &S o

ARR



utg Is2s46 (§ Mf
“’

S

]

é).f‘s,o S Hygo LgLQ‘S:Lz.alD- )LC (Jj o)‘y‘o «ad.w) EERY) L ‘ﬁbw w‘«.)).: 9 wla..:‘ ).:‘ B
Slad g n e way cclinldl al> o j0 Sl aseine YE-0 4 YY-0 ¢ V-0 sl S0 5l a5 4555 - len
HE e liwly jo cwnl (S8 a3 gl o Lol 00i ) 0 Swod gl Ceows & plcs 51 AL
SHgyer glii)] Gl amst p3 5 )l Gog bt s 4 0gd iy wlas Aol ax e
plul glul> (& wlas 3l alols ol min b oo,y o0 jUal cplplo il oo iuliél jLad sl
Alizeo alold o> o bl aS culs 03,91 (slo,loges o Lol 39l yiinn (B g o g b yo ai3,S
el e slal o Jlk jeb 4 s sl (6,50 T Ll d s o plas | e alas
alas glal l ahase mhaw Slposs ol cpl Lo cwl e awg 0 in obuls S i
chie g 4 bl Cows 4835 850 Gl alulr glra STy o ol o skl b so9)
gy jlad wuliah le asles 51 Gal jeo b connd ol aS ol daled adtin 0gl a8 5 a5 o
a0 40 0ol (YA-0 JI V-0 JIah) 00,5] sl loges wlul p 0gd oo st (s 5 &b
Sl b adgl S Ay e way S Cwl GlaisS 4y 4l )T plxil Sluls s plboss cubls

ol CaxSo e YO« v v 090> 40 ;9500 HlE 40 oas il i ez el (5,910L as oY

by oS slabal) 5l e adss sl (86 g)lop)b g B clon lam e )k o) n sl
2 oddd jgame (g lid cdl> jo (Ea) Slpe (5,5 abal) ol el sad solaswl wis @l ol eS L
0 )97 dus LS Gt e &S I 1 51asS o lo Jaee S0 K SSb Jgowe (bl 1, ke Bl L|
Gl 5 (2lsS e el (Lhp (1555 Gy leslitul 4y L5 Las g hab (o)l sl o ls 18

3leslaiwl b (Vo) gy92ee aw <> o ‘5:‘).79 O, dwlbre gl 1) (V-0) galal, VAF Jlo o

! Sakurai

WY



(i,f ulg " Ry, Mf
oy

LaV]w0 5 slgitnn (V) ogmilyy S 5 (B)osis jgame (5 Lid > 4o Slymy (25,5
y.=(l+v)-e, (-0)
a (B) ;50 S Kb Jge 5 00) 55700 S (5l Conglite (S olol (Sl (55

Lval sgs o Gy a3 (Y-0) alal, & 50

O-c
ECritical = E (Y_a)

5 o Slyme (25,5 ol wead &l ol L lawgs a5 (DSCT)' (15,5 puditne J S (39, 40
(_xﬂ‘_gn Cewd & QT Sade (YP-0) IS0 5l a5 Sl Caglie oaums lis yel,b) Re ol,l s
L 09 so drmlre () 650 ST CenSl 20,8 (1-0) alal, 51 ooliinl b s 595 so aseios
BB ojamme du CanSl 13,5 “)‘ﬂTLSA Cawsd 4 0y95me A Slisles] aliwg 4 a5 M jlade (puss
oy yd 035U 5,5 iali8l 4o eaisS jgame i Sl aS cwl o S B 4SS el awle
(8) caSt axb 3 23,5 b Slhon 25,5 Loges a5 5903 4z 95 Wb YAl oty LI M Sl
S 5,5 cal as Loy 55,5 5 i abal) bagl jo a8 oaiiSs slye (sl Lol e ls &glis

L2505t co a23,5 Jlas o conSls alais o 25,5 L plp Lo

&, =—2 Y-0)

sl 0l o0ls QL“"" S 9 ‘5:‘).7:.’ O ,S ym ‘\-]4“) Y'V-0) Ji“’ e

! Direct Strain Control Technique
? Failure uniaxial Strain

VY



ulg Y Ry M‘I‘{
0‘,

# Oronlte
= Tuff
0.8 * Zondstone
* * 3t Stone
0.7 * s Mud Itore
& Slote
0.6 # Clay 3l
o
0.5 1
041 »
0.3
0.2
0.4
-
. .
0 : 0'.1' l.ID i ]‘|D L00CMPE]
0l To 1D 100 1000 (Kgf / crf ]

Unlaxlal  Strength

[AV] 6 900 S5 (5L Canglin ) oolital b Ry crns Jloges ~¥F -0 U5

STRESS

= STRAIN

EC.V' gf

[47] (&) oS (2355 (Ea) S G855 e 4, -TV-0 S

\RR}



(f,‘f ulg " Ry, Mf
oy

s Jlaie 5l -V-Y

S Ko Sl Jgoe 5 0j55e I (5,08 Canglie 4y S Symn 25,5 bl 6 l3ses 2l jeS L
Gl ol Slering ) Sl (e balad golnly oy lp &S Sl e 5l aw Jeld oS
slprion olyeSle coads &l jlages (bl el ool ool Las (YA-0) 5 (YA-Q) UKo 50 o jloges
T Feeipy slad Wil I hs lase l5 5l yieS ojle )0 0l sbul sla i S a5 (Slej 3ges
oz Sl b sy slad cole Gige j0 Sl Gal 5wl g )laly Bl 5l Sie ae8
sl e o [AVIGSL T oz 55 50 i ojle o oo obml sla 2,5 a5 395 o 4> lge

g jelate Sl 3590 (65K e ()b 53 Slofg Dlasges L

10.0 |-

e (%)

Strain

1.0 10.0 100

Uniaxial compressive strength o ¢ (MPa)
[AV]o 9200 S5 (5 Lid unglie b ns (Sl (55" alal ) -YA-0 S

ARIA



ulg Is2s46 (§ M‘I‘{
“’

£ 10 F
s
© i
" 1+
(4] =
2 "
6 0.1 n-
0.01 X S lllll{ 1 1 111111{ 1 A llllll% - 1 Lllllll% L Ll llaLl
1 10 100 1000 10000 100000
Young's Modulus E (MPa)

[AV] (6 s S i Jgke S Gl (25" abasl, -TA-0 JSCs

9@‘)551.»: | LadsuT 6‘9...?:;0 cLbo)')é )‘JL..‘.ALJJ.Q.: S»‘).?U W;ASW‘MG»‘);M
o e .. s . - \ =

L] wlos ;5 a5l (F-0) Laly, & 90 4 ) o laie

loge, =-0.2510og E—0.85 ks lais 515
loge, =—0.25log E —1.22 ks e 5ls o (F-0)
loge, =—0.25log E—1.59 1k lais 515

! Adaeochi

\\F#



S

utg Is2s46 (§ Mf
“’

S B 0955 patde Jlesliial b sl Julow -V-Y-0

odds ool ylas (F-0) JSo jo ladleg, Sl o o Lg}L»olﬂ el o i, Sl lade

5,5 polie Canl (5,900 lase slajls 5l (SO0 ol ol J18 5 ke gl Lo lp

ol 0als &l polae (pl (V-0) Jgaz 0 aS ol awloes (V-0) 5 (F-0) Lajly, 5loslatnl b &y

FLAC3D 3.00

Step 50759 Mode! Perspeciive
02:30:10 Sat Dec 03 2011

Center:
X4441e016 X 10.000
Y:7.500e+001 Y2 0.000
Z:9500e+000  Z 60.000
Dist: 7.805e+002 Mag: 1.5

Rotafion:

Ang: 22500

Contour of Shear Strain Incremen

Magfac= 1.000e:000

Gradient Calculation
10173006 to 0.0000e+000
0.0000e+000 fo 20000005
2.0000e-005 to 4.0000e 005
400006005 to 6.0000e-005
£.0000e-005 to 8.0000e-005
8.0000e-005 to 1.0000e-004
1.0000e-004 to 1.165-004

ierval = 202005
Hasca Consuling Group, I
Minneapois, MN USA
G5 a5 e el sbml (Gl 55 -F -0 IS
Sl s, gy s 55 00 dlons polie )-8 Jpar
b e ki, S s 5l & Ye
loge, =-0.25log E—0.85 11 3.56e-4 449¢-4
loge, =-0.25logE—-1.22 I 1.53e-4 1.92e-4
loge, =-0.25logE—-1.59 I 6.54¢-5 8.17¢-5
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FLAC3D 3.00

Step 50759 Model Perspective
16:46:23 Tue Dec 06 2011

Center: Rotation:
X:6.253e+000  X: 20.000
Y: 9.302e+001 Y: 0.000
Z:1.204e+001  Z: 80.000
Dist: 7.805e+002 Mag: 125
Ang.: 22500

Surface
Magfac = 0.000e+000

Itasca Consulting Group, Inc.
Minneapolis, MN USA

S58le 5 50 eaud sloul Jaw (I -FV-0 JSs

FLAC3D 3.00

Step 50759 Model Perspective
16:44:09 Tue Dec 06 2011

Center: Rotation:
X:-2.114e+000  X: 20.000
Y:9.155e+001 Y: 0.000
Z:-1.130e+001  Z: 80.000
Dist: 7.805e+002 Mag.: 3.81
Ang.: 22.500

Contour of SZZ

Magfac = 0.000e+000

Gradient Calculation
-1.7852e+007 to -1.6000e+007
-1.6000e+007 to -1.4000e+007
-1.4000e+007 to -1.2000e+007
-1.2000e+007 to -1.0000e+007
-1.0000e+007 to -8.0000e+006
|_|-8.0000e+006 to -6.0000e+006
|_|-6.0000e+006 to -4.0000e+006
|_|-4.0000e+006 to -2.0000e+006
|-2.0000e+006 to 0.0000e+000
0.0000e+000 to 1.2207e+005
Interval = 2.0e+006

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 50218 Model Perspective
22:09:57 Sat Dec 03 2011

Center: Rotation:

X 0.000e+000  X- 20.000

Y:7.500e+001  Y: 0.000

7:9500e+000  Z- 70000

Dist 7.806e+002 Mag. 125
Ang.: 22.500

Block State

Itasca Consuling Group, Inc.
MN USA

FLAC3D 3.00

Step 50759 Mode! Perspective
22:24:45 Sat Dec 03 2011

Center: Rotation:

X:0.000e+000  X: 20000
Y:7.500e+001 Y- 0.000

7950024000 Z- 70.000
Dist:7.805e+002 Mag: 125
Ang.: 22500

Block State
None
shear-n shear-p

L_| shear-n shear-p tension-p

shear-p
|_|shear-p tension-p
tension-p

Itasca Consulting Group, Inc.
MN USA
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22:28:18 Sat Dec 03 2011
Center. Rotation:
Y:7.500e+001  Y: 0000

Dist: 7.805e+002 Mag: 1

Block State
None
shear-n shearp
shear-n shear-p tension-p
shear-n tension-n shear-p
shear-p tension-p

tension-p

tasca Consulting Group, Inc.
MN USA

FLAC3D 3.00
Step 50176 Model Perspective

tension-n shear-p tension-p 4

X-0.000e+000  X: 20.000

2:9500e+000  Z: 70.000

25

Ang.: 22500

tension-gf

g
gt
il
il
)

FLAC3D 3.00

Step 50759 Mode! Perspective
22:24:45 Sat Dec 03 2011

Center Rotation

X 0.000e+000 X 20.000

Y 75004001 Y- 0.000

7 0500e+000  Z 70.000

Dist 7.805¢+002 Mag: 125
Ang.: 22500

Block State
None
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p
tension-p

Itasca Consulting Group, Inc.
MN USA

S N Lol Jode +TAD (o

10:10:35 Mon Dec 052011
Center: Rotation
Y:7500e+001  Y: 0000

Dist: 7.805¢+002 Mag.-

Block State
None
shear-n shear-p
shear-n shear-p tension-p
shear-p
shear-p tension-p

tasca Consulting Group, Inc.
MN USA

FLAC3D 3.00
Step 44780 Model Perspective

Ang.: 22500

X:0.000e+000  X: 20.000

Z:9500e+000  Z: 70.000

1

S Sz ol 05151 (Al

FLAC3D 3.00

Step 50303 Model Perspective
22:13:49 Sat Dec 032011

Center: Rotation:
X:0.000e+000  X: 20.000
Y 75004001 Y- 0.000
Z.9.500e+000  Z: 70.000
Dist 7.805e+002 Mag: 126
Ang.: 22.500

Block State
None
shear-n shear-p
shear-n shear-p lension-p
shear-p
shear-p tension-p
tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN_ USA
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FLAC3D 3.00

Step 44786 Model Perspective
10:51:24 Mon Dec 052011

Center: Rotation:
X:0.000e+000  X: 20000
Y:7.500e+001  Y: 0000

7-0500e+000  Z: 70.000
Dist 7.805¢+002 Mag. 1
Ang.: 22500

Block State
None
shear-n shear-

L|shear-n shear-p tension-p
shearp

[_]shear-p tension-p
tension-n tension-p
tension-p

Itasca Consulting Group, Inc.
MN USA

FLAC3D 3.00
Step 50759 Model Perspective

222445 Sat Dec 03 2011

Center: Rotation

X 0.000e+000 X 20.000

Y- 75004001 Y- 0.000

7 9500e+000  Z 70000

Dist 7.805e+002 Mag: 125
Ang:: 22.500

Block State

shearn shear-p
shear-n shear-p tension-p
shear-p

shear-p tension-p

tension-p. i gt

Itasca Consuiting Group, Inc.
Minneapolis, MN_ USA

K=y (&

K=\

FLAC3D 3.00

Step 48061 Model Perspective
15:29:02 Sat Dec 31 2011

Center: Rotation
X:0.000e+000 X 0.000
7.500e+001 Y 0.000
7:9.500e+000  Z: 0000
Dist 7.805e+002 Mag: 1
Ang.: 22.500
Block State
None

shear-n shear-p
|_|shear-n shear-p tension-p
shear-p
|_|shear-p tension-p
tension-p

ltasca Consuling Group, Inc.

FLAC3D 3.00

Step 50759 Model Perspective
15:34:11 Sat Dec 31 2011

Center. Rotation

X:0.000e+000  X: 0.000

Y:7.500e4001 Y- 0.000

7:9.500e+000  Z: 0.000

Dist: 7.805¢+002 Mag: 1
Ang.: 22.500

Block State

None

shear-n shear-p
shear-n shear-p tension-p
shear-p

shearp tension-p
tension-p

Itasca Gonsuting Group, Inc.
MN USA

Minneapolis, MN USA
gy Ve aold 4y alaie (o

VIO S G (510 le il

S alas 5l e Ve

FLAC3D 3.00

Step 44786 Model Perspective
15:21:59 Sat Dec 31 2011

Rotation:
X: 0.000
¥: 0.000
- 452004000 Z: 360,000
Dist 7.80e+002 Mag.: 156
Ang.: 22500

Block State
None
shear-n shear-p
shear-n shear-p tension-p
shear-p

shear-p tension-p
tension-p

Htasca Consulting Group, Inc.
Minneapolis, MN_USA

S a3l g Ve alold 4 shado (@

Y oS S sl

Sy dilaie Sy (K) b

FLAC3D 3.00

Step 50759 Model Perspective
15:36:49 Sat Dec 31 2011

Center: Rotation:

X:0000e+000  X: 0.000

Y:7500e+001  Y: 0.000

7:9500e+000  2: 0.000

Dist: 7.805e+002 Mag.: 156
Ang.: 22,500

Block State

None

shearn shear-p
[_|shear-n shear-p tension-p
shearp
|_|shear-p tension-p
tension-p

Itasea Consulting Group, Inc.
Minneapolis, MN USA

S ailes jl g Ve e alols 4 shado (g

VA S 82

O S gunns 51 -OY-0 S

\YY



(f,‘f ulg " Ry, Mf
oy

alizee bl o Sadl didlate do s Cand Giuli8l b canl (e OY-0 JKGI 5l a5 4565 Lo
ot 3 Szl 4l S e alos g5 )+ kol o Jlia b & 355 0n 03 5 Jo
@y bl a8l (5,508 gladlaie 5 dgamme Sjpo ) 25 S S gl (@ OY-0 S0 e oYL
DopS b gl 0dls 00,1lS (0-OY-0USE) e gaw U asl les (0 VIO S Cons S
S (OT-BUSE) | 55 s (sl & s Sl (550 Vo aold @y pabaio 5o Stdly 4>

oS S gas ot 4 4z g5 b el (a-OT-0S) ¥ (25 S (s ghaie Glos 5 552

B9dged e bl 4 pomie Sl Gl po S 4t

s wlp o pladleg, sle Soliwlass Lo -0-0
a BxhS (pl )0 05 e alie glalivl) jo SLLd ol g o)) el i)y canl atiin 45 eblea
el @8,5 L8 ) 0550 (Bl SLiuly jo QLS RIU pladleg (e (Soibisland s jslae
Dl oo sy polre b Slul> o Sl cpl 5l LGB SISl g a8l ol Ol s b elal oy
A0 Clb LI cpl slp gl saizmin e (gl 0 s 4 Cand Wiy wal o Cenles
Sogb w40 0g B - /0g 5 (B8 Gl is b g ladlyg) Jle o 9550 byl solos (28,5
i Slpess ol 30 (aS oo s oV g lade 4 b X jeome sbwly jo Ll als e o y0 oS
Jalaz jo wiloads powd A0 IS0 0 4 cesdae bl jo Slul> jo eolidl last ol s ol ons

el 00 00)3“— V-0 ‘;‘ YE-0

\YA



S

ulg Y Ry Ltf
“’

Galate 8l slaclis Jlael 31 ladlyg, e i 10 sanl woay obuls -V F-0 Jgo

Chiw 3B obuly aiw (5B Sbuls| caiw B obuls | &SB ool
S5 bls S SEREL SEREL P8 (2bml | 6 ol olie
VA alols o | VY- alols o 8] Ve alols ol | ,o ,kk adn
Sl i e
$las 3l 65k Glos 3l g oo 5l (g5 Llas
(mm) a8l ol
(mm) (mm) (mm) (mm)
AT Y < IFA 170 Al -+ /0g
AR - IY 17N 180 AT --/fg
JFYA A 1Y 170 A --/¥g
- I¥Y A 17N 180 RN --/Yg
- I¥Y Y < IFA 170 RN --\g
- I¥Y Y 17N 4N RN .
- I¥Y Y 17N 170 AN ++/\g
- I¥Y Y 17N 180 AN ++/Yg
S JEYY - - I7A - 170 A ++/Vg
AR Y 17N 180 AT ++/fg
AT Y < IFA 180 Al ++/0g
@bl
(o o)

8l ol

Salite B8l glaclis Jleel 1 oladlyg) L& Caiuw 10 sdwl way ool jloges —0F-0 IS

AR




PO
(f,‘f 2,4 (§. J%ﬁf

Oglate B8 glaclis Jloel 31 oladlag, e o)lgs 0 sanl Wy olbels> —V0-0 Jgax

S8l gl | B8 ool | 8 slul
_ . . . Bl almlr
el Sl o e oyless WLk oylgs | alols o 0,le0 ) i
. . \ . 2O elps | alise polie
4 o)lgps adl VA aold | VYW dold 5l jle s Ve .
Slas 28l ol
(mm) oo 3l (g alao FHEXY
(mm)
(mm) (mm) (mm)
IEYN [\ A <[+ O o[+ -+ /0g
ARY4 AR <IYO <[+ 0 o/-Y --/fg
AR AR AN RN o/-Y -+/¥g
DARE AR AN A o[-y --/Yg
<IN YA <\Y <Y # o/ Y o/-Y -+/\g
VYA <\Y <Y # o/ Y o/-Y .
<N\Y <N\Y A o/ Y o/-Y ++/\g
SAYY <N\Y A oY o/-Y ++/Yg
<[V FY Y <I¥Y W o/ ¥ ++/Vg
A i4 <N ¥ <I¥Y o[+ A <[+ %0 ++/fg
V4 N0 <V¥ [\ o[-0 ++/0g

bl
(o dee)

10 -5 o 5 10
L R

Galate 88l slaclis Jleel S oyLadlog, L olgs o0 sanl suay oluls jloges -00-0 S



utg Is2s46 (§ Mf
“’

Oglate B8 slaclis Jlael 1 oladlog, L& oS 0 ool way olul> 150 Jgax

56 o bul> 56 olol> 56 ool
Sl B gbul | BB 2l | BB 2l 5 bl
S le s ol s ol s
B olul> ole @S | ke polie
YA alols VW alold g, Ve alold
Sl s alas 8l okl
Glas 5l 55 | e 3l (550 PHEX
(mm) (mm)
(mm) (mm) (mm)
</\¥ AR <IN VIYO <20 -+ 10g
</\¥ /¥ <[\ VIYO <IN -+/fg
</A\¥ /¥ <IN VIYO </ --I¥g
</\¥ AR <[\ VIYO </ --IYg
</A\¥ /¥ <IN VIYO </ -+/\g
</A\¥ /¥ <IN VIYO </ .
</\¥ AR <[\ VIYO </ +\g
<INO AR <[\ VIYO <20 ++/Yg
<INO AR <[\ VIYO <20 ++/Vg
<INO AR <[\ VIYO <20 ++/fg
<INO AR <[\ VIYO <20 ++/0g

oad (grw o3l BB s plraly (ow)p g Al Jolo (B Sl o s b Ceend 0l o
azsl ool g jebate (pl a4 09 Cpoas Oiglate 88 slaclis blie jo ke 5 loub comlus o5
5o (@i 83l slaclis) Olyoss (pl 80 0l oo csalin idu ol sl jloges § Jolom 5l aS
Shotadlog, e 1) 05 5 03 5l y90 (laz sy, tnl sl 522l b Jle &S 5 0)lg00 b
50 4l el oaile sl eokzdl 5T slaalyl; s 5o (Ulo oLl3a) neiSh Liiael syzga oo
5 ol i Ll ol ot oaalie w353l 5 (5,55l U5 51 5 s 4 )bl son
S S OF-0 S8 cead @B I 518 ) 950 dllaie )3 S92 g0 ot Sl p slal Jelos

Ao o i ) Soodly adlaie 0,58 o B8 olis

' F)



ulj I32s46 (§2%uk
0‘,

FLAC3D 3.00

Step 50212 Model Perspective
12:12:49 Tue Dec 06 2011

FLAC3D 3.00

Step 51091 Model Perspective
12:10:48 Tue Dec 06 2011

Center Rotation
X:0.000¢:000  X: 20.000
Y:7500e-001  Y: 0.000
7:9500e4000  Z: 70.000
Dist:7.8052+002 Mag: 1
Ang.: 22500

Center: Rotation
X0.000e+000  X: 20,000
Y-7500e+001  Y: 0,000
Z9500e+000 7 70.000
Dist: 7.805+002 Mag: 1
Ang:: 22500

Block State Block State
None
shear-nshear-p [ shear-n shear-p

shear-n shear-p tensionp shear-n shear-p tension-p
shear-p hear{
shear-p tensionp
tension-n shear-p tension-p
tension-n tension-p
tension-p

|_|shear-p tension-p

ltasca Consulting Group, Inc. Htasca Consuling Group, Inc:
Minneapolis, MN_ USA Minneapolis, MN USA

ARG —-/f g(ll

FLAC3D 3.00 FLAC3D 3.00

Step 50472 Model Perspeciive Step 51073 Model Perspective
12:16:14 Tue Dec 06 2011 12:14:38 Tue Dec 06 2011

Center: Rotation:
X:0.000e+000  X: 20,000
Y:7.500e+001 Y- 0.000
Z:9500e+000  Z: 70.000
Dist:7.805¢+002 Mag: 1
Ang.: 22500

Center: Rofation
X:0.000e+4000  X: 20.000
Y:7500e+001 Y- 0000
7:9500e+000 7 70000
Dist: 7.805¢+002 Mag. 1
Ang. 22500

Block State
None
shear-n shearp
shear-n shear-p tensionp

learp

shear-p tension-p
tension-n tension-p
tension-p

Block State

None
shearn shear-p

shear-n shear-p tension-p
shear-p

shear-p tension-p
tension-n tension-p
tension-p

Itasca Consuling Group, Inc. Itasca Consulting Group, Inc.
Minneapolis, MN USA Minneapolis, MN USA

EIARYS — Y g (o

FLAC3D 3.00 FLAC3D 3.00

Step 50897 Model Perspect Step 50759 Model Perspective
12?5’9 50 Tue [‘)’e:ﬂﬁelraﬁ - 12:18:04 Tue Dec 06 2011

Center: Rotation: Center: Rotation:
X:0.000e+000 X:0000e000  X: 20.000
Y: 7.500e+001 Y:7.500e+001  Y: 0.000

7:9500e+000 7 70000
Dist: 7.805e+002 Mag. 1
Ang. 22,500

7:9.500e+000

Dist: 7.805¢+002 Mag: 1

Ang: 22500

Block State Block State
None

[} shear-n shearp

[ shear-n shear-p tension-p.
shear

|_|shear-p tension-p
tension-p.

None
shear-n shear-p

shear-n shear-p tension p
shear-p

shear-p tension-p
ension-n fension-p
tension-p

Itasca Consuling Group, Inc. Itasca Consulting Group, Inc.
Minneapolis, MN_USA Minneapolis, MN USA
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FLAC3D 3.00
Step 50711 Model Perspective

12:22:55 Tue Dec 06 2011
Center Rotation:
X 0.000e+000 X 20.000
Y:7.500e+001 Y- 0.000
7:9500e+000  Z- 70.000
Dist: 7.805¢+002 Mag: 1
Ang: 22500
Block State

shear-n shear-p

shear-n shear-p tension-p
shear-p

|_|shear-p tension-p
["]tension-n shear-p tension-p
tension-n tension-p
tension-p

Itasca Consuiting Group, Inc.
MN USA

FLAC3D 3.00

Step 50757 Model Perspective
12:21:37 Tue Dec 06 2011

Center: Rotation
X:0.000e+000  X: 20.000
Y:7.500e+001  Y: 0.000
7:9500e+000  Z: 70.000
Dist: 7.805e+002 Mag: 1
Ang.: 22.500
Block State
None
shear-n shear-p
L_| shear-n shear-p tension-p
shear-p
[_|shear-p tension-p
tension-n tension-p
tension-p

Itasca Consulting Group, Inc

oY g(sS

+ /Y gL

FLAC3D 3.00

Step 50475 Model Perspective
13:11:38 Sun Jan 012012

Center: Rotation:

X:0.000e+000  X: 0000

Y:7.500e+001 Y- 0.000

2:9500e+000  Z: 0000

Dist: 7 805e+002 Mag: 125
Ang.: 22500

Block State

None

shear-n shear-p
[|shear-n shear-p tension-p
[| shear-n tension-n shear-p tension{
shear-p
[ |shear-p tension-p
tension-n tension-p
tension-p

Itasca Consulting Group, Inc.
MN USA

FLAC3D 3.00

Step 51091 Model Perspective
13:08:19 Sun Jan 01 2012

Center Rotation:
X:0.000e+000  X: 0.000
Y:7500e+001 Y- 0000
79 .500e+000 Z: 0000
Dist 7.805e+002 Mag. 156
Ang.- 22500

Block State

|| shear-n shear-p tension-p
| shear-n tension-n shear-p tension-{
shear-p
[__|shear-p tension-p
nsion-n shear-p tension-p
tension-n tension-p
tension-p

Itasca Consulting Group, Inc.
Minneapolis, MN USA

+* fg;_)L..u

FLAC3D 3.00

Step 50475 Model Perspective
13:12:34 Sun Jan 012012

Genter: oation:

X:0.000e+000  X: 0.000

Y:7500e+001  Y: 0.000

2:9500e+000 7 0.000

Dist 7.805¢+002 Mag: 125
Ang.: 22500

Block State

None

shear-n shear.
[_|shear-n shear-p tension-p
| |shear-p tension-p
tension-p

Itasca Consulting Group, Inc.
MN USA

FLAC3D 3.00

Step 50759 Model Perspective
13:15:10 Sun Jan 01 2012

Center- Rotation
X:0.000e+000  X: 0.000
Y:7500e+001 Y- 0.000
795004000 Z- 0.000
Dist 7.805e+002 Mag: 156
Ang.: 22500

Block State
None
shear-n shear-p

|| shear-n shear-p tension-p

|| shear-n tension-n shear-p tension-ff
shear-p

[_|shear-p tension-p
tension-n tension-p
tension-p

Itasca Consulting Group, Inc.
MN USA

gy Voo alold 4y oalaio (g
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FLAC3D 3.00

Step 50759 Model Perspective
13:16:55 Sun Jan 01 2012

Center: Rotation:
X:0.000e+000  X: 0000
Y:7.500e+001 Y- 0.000
7:0500e+000  Z: 0.000
Dist 7.805¢+002 Mag. 1.56
Ang.: 22500

Block State
None
shear-n shear-p
shear-n shear-p tension-p
shearp

shear-p tension-p
tension-p

tasca Consulting Group, Inc.
Minneapolis, MN_ USA

FLAC3D 3.00

Step 51091 Model Perspective
13:09:49 Sun Jan 01 2012

Center Rotation:
X 0.000e+000  X: 0.000
Y:7500e+001 Y 0.000
7:9500e+000  Z: 0.000
Dist: 7.805e+002 Mag: 156
Ang: 22500

Block State
None
shear-n shear-p
|| shear-n shear-p tension-p
shear-p
|| shear-p tension-p
tension.

ltasca Gonsulting Group, Inc.
Minneapolis, MN USA
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gen zone brick size 2424 12 rat1.01.010 &
p040 -45 -100 p1 100 -45-100 p2 40 0-100 p340-4543 p41000-100 &
p540 048 p6 100 -45 43 p7 100 048 group brick20
gen zone brick size 2424 12 rat1.01.010 &
p00-45-100 pl140-45-100p200-100 p30-4515p4400-100 &
p5000 p640-4515 p7 4000 group brick10
gen zone brick size 2424 12 rat1.01.01.0 &
p00-100 -100 p1 100 -100-100 p2 0-45-100 p3 0-10043 p4 100 -45-100 &
p50-4543 p6 100 -100 43 p7 100 -45 43 group brick0
; group tunnel 1
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0000 pl10000 p2020-11 p30048 p410020-11 p502055 p61000 48 &
p7 1002055 p83300 p90023 p104220-11 &
p110 20 22 group tunnell
gen zone brick size 2424 12 rat1.01.01.0 &
p000-100 p11000-100 p2020-100 &
p3000 p4 10020 -100 p5020-11 p610000 p7 10020 -11 group brickl
; group tunnel 2

gen zone radcyl size 16 241224 rat1.01.0101.2 &

p0020-11 p110020-11 p2040-22 p302055 p410040-22 p504060 p6 1002055 &

p7 1004060 p84220-11 p902022 pl04740-22 &

p11 040 19 group tunnel2
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gen zone brick size 2424 12 rat1.01.01.0 &
p0020-100 p1 100 20-100 p2040-100 &
p3020-11 p4 10040 -100 p5 040 -22 p6 100 20 -11 p7 100 40 -22 group brick2
; group tunnel 3
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0040-22 p110040-22 p2060-33 p304060 p410060-33 p506069 p61004060 &
p7 100 60 69 p84740-22 p904019 pl04960-33 &
p110 60 14 group tunnel3
gen zone brick size 2424 12 rat1.01.01.0 &
p0040-100 p1 100 40-100 p2060-100 &
p3 040 -22 p4 100 60 -100 p5 0 60 -33 p6 100 40 -22 p7 100 60 -33 group brick3
; group tunnel 4
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0060-33 p110060-33 p2080-43 p306069 p410080-43 p5080 73 p61006069 &
p7 1008073 p84960-33 p9060 14 p1l04580-43 &
p11 080 5 group tunnel4
gen zone brick size 2424 12 rat1.01.01.0 &
p0 060 -100 pl 100 60 -100 p2 080-100 &
p3 060 -33 p4 100 80 -100 p5 0 80 -43 p6 100 60 -33 p7 100 80 -43 group brick4
; group tunnel 5
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0080-43 p110080-43 p20100-50 p3 08073 p4100100-50 p5010081 p61008073 &
p7 100 100 81 p84580-43 p90805 pl1036100-50 &
p11 0 100 -6 group tunnel5
gen zone brick size 2424 12 rat1.01.01.0 &

p00 80 -100 pl 100 80-100 p2 0100 -100 &
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p3 080 -43 p4 100100 -100 p5 0 100 -50 p6 100 80 -43 p7 100 100 -50 group brick5
; group tunnel 6
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0 0100 -50 p1 100 100 -50 p2 0120 -53 p3 010081 p4 100 120 -53 &
p5 0120 90 p6 100 100 81
p7 100 12090 p8 36 100 -50 p9 0 100-6 p1l023120-53 &
p110120-27 group tunnel6
gen zone brick size 2424 12 rat1.01.01.0 &
p0 0 100 -100 p1 100 100-100 p20120-100 &
p3 0100 -50 p4 100 120-100 p5 0120 -53 p6 100 100 -50 p7 100 120 -53 group brick6
; group tunnel 7
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p00 120 -53 p1 100 120 -53 p2 0140 -54 p3 012090 p4 100 140 -54 p50 14096 p6100 12090 &
p7 100 14096 p8 23 120-53 p90120-27 p1012140-54 &
p11 0 140 -35 group tunnel7
gen zone brick size 2424 12 rat1.01.01.0 &
p00 120 -100 p1 100 120-100 p2 0140-100 &
p30120-53 p4 100 140 -100 p5 0140 -54 p6 100 120 -53 p7 100 140 -54 group brick7
; group tunnel 8
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0 0 140 -54 p1 100 140 -54 p2 0160 -53 p3 014096 p4 100160 -53 p50 160 101 p6 10014096 &
p7 100 160 101 p812 140 -54 p9 0140 -35 p10 11 160 -53 &
p110 160 -36 group tunnel8
gen zone brick size 2424 12 rat1.01.01.0 &
p0 0 140 -100 p1 100 140-100 p2 0160-100 &

p3 0140 -54 p4 100 160 -100 p5 0 160 -53 p6 100 140 -54 p7 100 160 -53 group brick8

A
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; group tunnel 9
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p00 160 -53 pl1 100 160 -53 p2 0200 -42 p3 0160 101 p4 100 200-42 p50200 119 p6 100160101 &
p7 100 200 119 p8 11 160 -53 p9 0 160 -36 p103200-42 &
p11 0 200 -39 group tunnel9
gen zone brick size 2424 12 rat1.01.01.0 &
p00 160 -100 p1 100 160 -100 p2 0200-100 &
p3 0160 -53 p4 100 200 -100 p5 0200 -42 p6 100 160 -53 p7 100 200 -42 group brick9
gen zone radcyl size 16 24 1224 rat1.01.01.0 1.2 filll &
p0 0200 -42 pl1 100 200-42 p20250-42 p30200119 p4 100250-42 p50 250 107 p6 100200119 &
p7 100 250 107 p83200-42 p9 0200-39 &
p103 250-42 p110 250 -39 group brick30
gen zone brick size 2424 12 rat1.01.01.0 &
p0 0200 -100 p1 100 200-100 p20250-100 &
p30200-42 p4 100 250-100 p50250-42 &
p6 100 200 -42 p7 100 250 -42 group brick40
gen zone brick size 2424 12 rat1.01.01.0 &
p0-400-100 p1-1000-100 p2-40-45-100 &
p3 -40 048 p4 -100 -45 -100 p5 -40 -45 43 p6 -100 0 48 p7 -100 -45 43 group brick200
gen zone brick size 2424 12 rat1.01.01.0 &
p000-100 p1-400-100 p20-45-100 &
p3000 p4 -40-45-100 p50-45 15 p6 -40 00 p7 -40 -45 15 group brick100
gen zone brick size 2424 12 rat1.01.01.0 &
p00-45-100 pl1-100-45-100 p20-100-100 &
p3 0-4543 p4 -100 -100 -100 p5 0-100 43 p6 -100 -45 43 p7 -100 -100 43 group brick00

; group tunnel 11

YA
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gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0020-11 p1-10020-11 p2000 p3 02055 p4-100 00 p5 0048 p6-10020 55 &
p7-100048 p8-4220-11 p902022 pl10-3300 &
p1100 23 group tunnelll

gen zone brick size 2424 12 rat1.01.01.0 &
p0-10020-100 p1-1000-100 p2020-100 p3-10020-11 p400-100 &
p5020-11p6-10000 p7 000 group brickll

; group tunnel 12

gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0040-22 p1-10040-22 p2020-11 p3 04060 p4-10020-11 p502055 p6-1004060 &
p7-100 2055 p8-4740-22 p904019 pl0-4220-11 &
p11 020 22 group tunnell2

gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 40 -100 p1-10020-100 p2 040-100 p3-10040-22 p4020-100 &
p5040-22 p6-10020-11 p7020-11 group brick12

; group tunnel 13

gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0 060-33 p1-10060-33 p2040-22 p306069 p4-10040-22 p504060 p6-1006069 &
p7 -10040 60 p8-4960-33 p906014 pl0-4740-22 &
p11 040 19 group tunnell3

gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 60 -100 p1-10040 -100 p2 060-100 p3-10060-33 p4040-100 &
p5 060 -33 p6-100 40 -22 p7 040 -22 group brick13

; group tunnel 14

gen zone radcyl size 16 241224 rat1.01.0101.2 &

p0080-43 pl-10080-43 p2060-33 p308073 p4-10060-33 p506069 p6-1008073 &

YA
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p7 -100 60 69 p8-4580-43 p9 0805 pl0-4960-33 &
p11060 14 group tunnell4d
gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 80 -100 p1-10060 -100 p2 0 80-100 p3-10080-43 p4060-100 &
p50 80 -43 p6-10060 -33 p7 060 -33 group brick14
; group tunnel 15
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0 0 100 -50 p1-100100-50 p2080-43 p3 010081 p4-10080-43 p508073 p6-10010081 &
p7-100 8073 p8-36 100-50 p90100-6 p10-4580-43 &
p110805 group tunnell5
gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 100 -100 pl1-10080-100 p2 0 100-100 p3-100 100 -50 p4 080 -100 &
p6-100 80 -43 p5 0100 -50 p7 080 -43 group brickl5
; group tunnel 16
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p00 120 -53 p1-100120-53 p20100-50 p3 012090 p4-100100-50 p50 10081 p6-10012090 &
p7-100 100 81 p8-23120-53 p90120-27 p10-36 100-50 &
p110100-6 group tunnell6
gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 120 -100 p1-100100-100 p2 0 120-100 p3-100120-53 p40100-100 &
p50 120 -53 p6 -100 100 -50 p7 0 100 -50 group brick16
; group tunnel 17
gen zone radcyl size 16 241224 rat1.01.0101.2 &
p0 0 140 -54 p1-100140-54 p20120-53 p3 014096 p4-100120-53 p5012090 p6-10014096 &
p7-100 120 90 p8 -12 140-54 p9 0140 -35p10-23120-53 &

p110120-27 group tunnell?
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gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 140 -100 pl1-100120-100 p2 0 140 -100 p3-100 140-54 p40120-100 &
p5 0 140 -54 p6-100120-53 p7 0120 -53 group brick17

; group tunnel 18

gen zone radcyl size 16 241224 rat1.01.0101.2 &

p0 0160 -53 p1-100 160-53 p20140-54 p3 0160 101 p4-100 140 -54 p50 14096 p6-100160 101 &
p7-100 14096 p8-11160-53 p9 0160 -36 p10-12 140-54 &
p110 140 -35 group tunnell8

gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 160 -100 pl-100140-100 p20 160 -100 p3-100 160 -53 p4 0140-100 &
p5 0 160 -53 p6 -100 140 -54 p7 0 140 -54 group brick18

; group tunnel 19

gen zone radcyl size 16 241224 rat1.01.0101.2 &

p0 0200 -42 p1-100 200 -42 p20160-53 p3 0200 119 p4-100160-53 p50 160101 p6-100 200 119 &
p7-100 160 101 p8-3200-42 p90200-39p10-11160-53 &
p110 160 -36 group tunnell9

gen zone brick size 2424 12 rat1.01.01.0 &
p0-100 200 -100 p1-100160-100 p2 0 200 -100 p3-100200-42 p40160-100 &
p5 0200 -42 p6-100160-53 p70160-53 group brickl9

gen zone radcyl size 16 24 12 24 rat1.01.01.01.2 fill&
p00 250 -42 pl1-100250-42 p20200-42 p3 0250107 p4-100200-42 &
p5 0200 119 p6-100 250 107 p7 -100200119 &
p8-3250-42 p90250-39p1l0-3200-42 &
p11 0200 -39 group brick300

gen zone brick size 2424 12 rat1.01.01.0 &

p00 250 -100 p1-100250-100 p2 0200-100 p30250-42 p4-100200-100 &
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p5 0200 -42 p6 -100 250 -42 p7 -100 200 -42 group brick400

model mohr range group brick20
model mohr range group brick10
model mohr range group brick0
model mohr range group tunnell
model mohr range group brickl
model mohr range group tunnel2
model mohr range group brick2
model mohr range group tunnel3
model mohr range group brick3
model mohr range group tunneld
model mohr range group brick4
model mohr range group tunnel5
model mohr range group brick5
model mohr range group tunnel6
model mohr range group brick6
model mohr range group tunnel7
model mohr range group brick7
model mohr range group tunnel8
model mohr range group brick8
model mohr range group tunnel9
model mohr range group brick9
model mohr range group brick200
model mohr range group brick100
model mohr range group brick00

model mohr range group tunnelll

VAY
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model mohr range group brick11

model mohr range group tunnell2

model mohr range group brick12

model mohr range group tunnell3

model mohr range group brick13

model mohr range group tunnell4

model mohr range group brick14

model mohr range group tunnell5

model mohr range group brick15

model mohr range group tunnell6

model mohr range group brick16

model mohr range group tunnell?7

model mohr range group brick17

model mohr range group tunnell8

model mohr range group brick18

model mohr range group tunnell9

model mohr range group brick19

model mohr range y 200 250

prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6
prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6
prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6
prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6
prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6
prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6
prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6

prop bulk 15.95e9 shea 9.57e9 cohesion 1.87e6

friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3

friction 46 dilation 3

VAL

tension 8.18e5 range group brick20
tension 8.18e5 range group brick10
tension 8.18e5 range group brick0
tension 8.18e5 range group tunnell
tension 8.18e5 range group brickl
tension 8.18e5 range group tunnel2
tension 8.18e5 range group brick2

tension 8.18e5 range group tunnel3
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prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9

prop bulk 15.95e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3

friction 46 dilation 3
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tension 8.18e5 range group brick3
tension 8.18e5 range group tunneld
tension 8.18e5 range group brick4
tension 8.18e5 range group tunnel5
tension 8.18e5 range group brick5
tension 8.18e5 range group tunnel6
tension 8.18e5 range group brick6
tension 8.18e5 range group tunnel7
tension 8.18e5 range group brick7
tension 8.18e5 range group tunnel8
tension 8.18e5 range group brick8
tension 8.18e5 range group tunnel9
tension 8.18e5 range group brick9
tension 8.18e5 range y 200 250
tension 8.18e5 range group brick200
tension 8.18e5 range group brick100
tension 8.18e5 range group brick00
tension 8.18e5 range group tunnelll
tension 8.18e5 range group brick11
tension 8.18e5 range group tunnell2
tension 8.18e5 range group brick12
tension 8.18e5 range group tunnell3
tension 8.18e5 range group brick13
tension 8.18e5 range group tunnell4
tension 8.18e5 range group brick14

tension 8.18e5 range group tunnell5
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prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9
prop bulk 15.95e9

prop bulk 15.95e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

shea 9.57e9

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

cohesion 1.87e6

ini dens 2700 range group brick20

ini dens 2700 range group brick10

ini dens 2700 range group brick0

ini dens 2700 range group tunnell

ini dens 2700 range group brick1

ini dens 2700 range group tunnel2

ini dens 2700 range group brick2

ini dens 2700 range group tunnel3

ini dens 2700 range group brick3

ini dens 2700 range group tunnel4

ini dens 2700 range group brick4

ini dens 2700 range group tunnel5

ini dens 2700 range group brick5

ini dens 2700 range group tunnel6

ini dens 2700 range group brick6

ini dens 2700 range group tunnel7

ini dens 2700 range group brick7

friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3
friction 46 dilation 3

friction 46 dilation 3

\AY

tension 8.18e5 range group brick15
tension 8.18e5 range group tunnell6
tension 8.18e5 range group brick16
tension 8.18e5 range group tunnell?7
tension 8.18e5 range group brickl7
tension 8.18e5 range group tunnell8
tension 8.18e5 range group brick18
tension 8.18e5 range group tunnell9

tension 8.18e5 range group brick19
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ini dens 2700 range group tunnel8
ini dens 2700 range group brick8
ini dens 2700 range group tunnel9
ini dens 2700 range group brick9
ini dens 2700 range group brick200
ini dens 2700 range group brick100
ini dens 2700 range group brick00
ini dens 2700 range group tunnelll
ini dens 2700 range group brick11
ini dens 2700 range group tunnel12
ini dens 2700 range group brick12
ini dens 2700 range group tunnel13
ini dens 2700 range group brick13
ini dens 2700 range group tunnell4
ini dens 2700 range group brick14
ini dens 2700 range group tunnell5
ini dens 2700 range group brick15
ini dens 2700 range group tunnell6
ini dens 2700 range group brick16
ini dens 2700 range group tunnell7
ini dens 2700 range group brick17
ini dens 2700 range group tunnel18
ini dens 2700 range group brick18
ini dens 2700 range group tunnel19
ini dens 2700 range group brick19

ini dens 2700 range y 200 250
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attach face group brick0 & group brick10
attach face group brick0 & group brick20
attach face group tunnell & group brick20
attach face group brick10 & group brickl
attach face group tunnell & group brick1
attach face group tunnel2 & group brick2
attach face group tunnel3 & group brick3
attach face group tunnel4 & group brick4
attach face group tunnel5 & group brick5
attach face group tunnel6 & group brick6
attach face group tunnel7 & group brick7
attach face group tunnel8 & group brick8
attach face group tunnel9 & group brick9
attach face group brick30 & group brick40
attach face group tunnel9 & group brick30
attach face group brick00 & group brick100
attach face group brick00 & group brick200
attach face group tunnelll & group brick200
attach face group brick100 & group brick11
attach face group tunnelll & group brick11
attach face group tunnell2 & group brick12
attach face group tunnell3 & group brick13
attach face group tunnell4 & group brick14
attach face group tunnell5 & group brick15
attach face group tunnell6 & group brick16

attach face group tunnell7 & group brick17

VAR
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attach face group tunnell8 & group brick18
attach face group tunnell9 & group brick19
attach face group brick300 & group brick400
attach face group tunnell9 & group brick300
fix x range x -100 -99

fix x range x 99 100

fix y range y -100 -99

fixy rangey 249 250

fix zrange z-100 -99

set grav 0,0,-10

hist unbal

hist gp zdisp 0.5,1.67,23.7

hist gp xdisp 36.17,1.67,1.35

hist gp zdisp 0.5,1.67,-1.87

hist gp zdisp 1.5,70,10.13

hist gp xdisp 49,70,-36.36

hist gp zdisp 1.5,70,-39

hist gp zdisp 0.5,130,-30

hist gp xdisp 19,130,-52

hist gp zdisp 0.5,130,-54

hist gp zdisp 0.5,180,-36.5

hist gp xdisp 7.89,180,-46.5

hist gp zdisp 0.5,180,-48.2

hist gp zvel 0.5,1.67,23.7

hist gp xvel 36.17,1.67,1.35

hist gp zvel 0.5,1.67,-1.87
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hist gp zvel 1.5,70,10.13

hist gp xvel 49,70,-36.36
hist gp zvel 1.5,70,-39

hist gp zvel 0.5,130,-30

hist gp xvel 19,130,-52

hist gp zvel 0.5,130,-54

hist gp zvel 0.5,180,-36.5
hist gp xvel 7.89,180,-46.5
hist gp zvel 0.5,180,-48.2
hist zone sxx 0.5,1.67,23.7
hist zone syy 0.5,1.67,23.7
hist zone szz0.5,1.67,23.7
hist zone sxx 36.17,1.67,1.35
hist zone syy 36.17,1.67,1.35
hist zone szz36.17,1.67,1.35
hist zone sxx 0.5,1.67,-1.87
hist zone syy 0.5,1.67,-1.87
hist zone szz0.5,1.67,-1.87
hist zone sxx 1.5,70,10.13
hist zone syy 1.5,70,10.13
hist zone szz 1.5,70,10.13
hist zone sxx 49,70,-36.36
hist zone syy 49,70,-36.36
hist zone szz 49,70,-36.36
hist zone sxx 1.5,70,-39

hist zone syy 1.5,70,-39
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hist zone szz 1.5,70,-39

hist zone sxx 0.5,130,-30
hist zone syy 0.5,130,-30
hist zone szz0.5,130,-30
hist zone sxx 19,130,-52
hist zone syy 19,130,-52
hist zone szz 19,130,-52
hist zone sxx 0.5,130,-54
hist zone syy 0.5,130,-54
hist zone szz0.5,130,-54
hist zone sxx 0.5,180,-36.5
hist zone syy 0.5,180,-36.5
hist zone szz 0.5,180,-36.5
hist zone sxx 7.89,180,-46.5
hist zone syy 7.89,180,-46.5
hist zone szz 7.89,180,-46.5
hist zone sxx 0.5,180,-48.2
hist zone syy 0.5,180,-48.2
hist zone szz 0.5,180,-48.2
save build.sav

solve

save buildsolve.sav

ini xdis=0 ydis=0 zdis=0

ini xvel=0 yvel=0 zvel=0

; group oil 0

gen zone brick size 2424 12 rat1.01.01.0 &

\ay
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p00-4515 p140-4515 p2000 p30-4543&
p44000 p50043 p640-4543 p7 40 043 group oil0
; group oil 1
gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p0000 p13300 p2020-11 p30023 &
p4 42 20 -11 p50 20 22 group oill
; group oil 2
gen zone cylindersize 16 241224 rat1.01.01.01.2 &
p0020-11 p14220-11 p2040-22 p302022 &
p4 47 40 -22 p5 040 19 group oil2
; group oil 3
gen zone cylindersize 16 241224 rat1.01.01.01.2 &
p0040-22 pl14740-22 p2060-33 p304019 &
p4 49 60 -33 p5 060 14 group oil3
; group oil 4
gen zone cylinder size 16 24 12 24 rat 1.01.01.01.2 &
p0060-33 p14960-33 p2080-43 p306014 p44580-43 &
p5 0 80 5 group oil4
; group oil 5
gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p0080-43 pl4580-43 p20100-50 p30805 p436100-50 &
p5 0 100 -6 group oil5
; group oil 6
gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p00 100 -50 p136100-50 p20120-53 p30100-6 p423120-53 &

p5 0 120 -27 group oil6

\ay
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; group oil 7

gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p00 120-53 p123120-53 p20140-54 p30120-27 p412140-54 &
p5 0 140 -35 group oil7

; group oil 8

gen zone cylindersize 16 241224 rat1.01.01.01.2 &
p00 140 -54 p1 12 140-54 p20160-53 p30140-35 p411160-53 &
p5 0 160 -36 group oil8

; group oil 9

gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p00 160 -53 pl1 11160-53 p20200-42 p30160-36 p43200-42 &
p5 0200 -39 group oil9

; group oil 10

gen zone brick size 2424 12 rat1.01.01.0 &

p0000 pl-4000 p20-4515 p3 0043 pd-40-45 15 p5 0 -45 43 &
p6 -40 043 p7 -40 -45 43 group 0il10

; group oil 11

gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p0020-11 p1-4220-11 p2000 p302022 p4-3300 &
p5 00 23 group oilll

; group oil 12

gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p0040-22 pl1-4740-22 &
p2020-11 p304019 p4-4220-11 p502022 group oil12

; group oil 13

gen zone cylinder size 16 241224 rat1.01.01.01.2 & &

19F
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p0060-33 p1-4960-33 &
p2 040 -22 p3 060 14 p4-47 4022 p504019 group oill3
; group oil 14
gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p0080-43 p1-4580-43 &
p2060-33 p30805 p4-4960-33 p5060 14 group oilld
; group oil 15
gen zone cylindersize 16 241224 rat1.01.01.01.2 &
p00 100 -50 p1-36100-50 &
p2 080 -43 p3 0100 -6 p4 -4580-43 p50805 group oill5
; group oil 16
gen zone cylindersize 16 241224 rat1.01.01.01.2 &
p00 120-53 p1-23120-53 &
p2 0100 -50 p3 0120-27 p4-36100-50 p5 0100 -6 group oill6
; group oil 17
gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p00 140 -54 p1-12140-54 &
p2 0120 -53 p3 0140 -35 p4-23 120 -53 p50120-27 group oill7
; group oil 18
gen zone cylinder size 16 241224 rat1.01.01.01.2 &
p00 160 -53 p1-11160-53 &
p2 0140 -54 p3 0160-36 p4-12 140 -54 p5 0140 -35 group oil18
; group oil 19
gen zone cylindersize 1624 1224 rat1.01.01.01.2 &
p00200-42 pl1-3200-42 &

p2 0160 -53 p3 0200 -39 p4-11160-53 p50 160 -36 group oil19

ARTA
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model mohr range group 0il0

model mohr range group oill

model mohr range group oil2

model mohr range group 0il3

model mohr range group oil4

model mohr range group oil5

model mohr range group 0il6

model mohr range group oil7

model mohr range group 0il8

model mohr range group 0il9

model mohr range group 0il10

model mohr range group oilll

model mohr range group 0il12

model mohr range group 0il13

model mohr range group oil14

model mohr range group 0il15

model mohr range group oil16

model mohr range group oill7

model mohr range group 0il18

model mohr range group oil19

prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il0
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group oill
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group oil2
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il3
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group oil4

prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group oil5
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prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il6
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group oil7
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il8
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il9
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il10
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group oil11l
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il12
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il13
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation O tension 0 range group oil14
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il15
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il16
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il17
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il18
prop bulk 22.33e-3 shea 13.40e-3 cohesion 0 friction 0 dilation 0 tension 0 range group 0il19
ini dens 800 range group oil0

ini dens 800 range group oill

ini dens 800 range group oil2

ini dens 800 range group oil3

ini dens 800 range group oil4

ini dens 800 range group oil5

ini dens 800 range group 0il6

ini dens 800 range group oil7

ini dens 800 range group 0il8

ini dens 800 range group 0il9

ini dens 800 range group oil10

ini dens 800 range group oilll
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ini dens 800 range group oil12

ini dens 800 range group oill13

ini dens 800 range group oil14

ini dens 800 range group oill5

ini dens 800 range group oil16

ini dens 800 range group oill7

ini dens 800 range group oil18

ini dens 800 range group oil19

attach face group oill & group brick1
attach face group oil2 & group brick2
attach face group oil3 & group brick3
attach face group oil4 & group brick4
attach face group oil5 & group brick5
attach face group oil6 & group brick6
attach face group oil7 & group brick7
attach face group oil8 & group brick8
attach face group oil9 & group brick9
attach face group oil11 & group brick11
attach face group 0il12 & group brick12
attach face group 0il13 & group brick13
attach face group oil14 & group brick14
attach face group 0il15 & group brick15
attach face group 0il16 & group brick16
attach face group 0il17 & group brick17
attach face group 0il18 & group brick18

attach face group 0il19 & group brick19
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hist gp zdisp 0.5,1.67,23.7
hist gp xdisp 36.17,1.67,1.35

hist gp zdisp 0.5,1.67,-1.87

hist gp zdisp 1.5,70,10.13
hist gp xdisp 49,70,-36.36
hist gp zdisp 1.5,70,-39
hist gp zdisp 0.5,130,-30
hist gp xdisp 19,130,-52
hist gp zdisp 0.5,130,-54
hist gp zdisp 0.5,180,-36.5
hist gp xdisp 7.89,180,-46.5
hist gp zdisp 0.5,180,-48.2
hist gp zvel 0.5,1.67,23.7
hist gp xvel 36.17,1.67,1.35
hist gp zvel 0.5,1.67,-1.87
hist gp zvel 1.5,70,10.13
hist gp xvel 49,70,-36.36
hist gp zvel 1.5,70,-39

hist gp zvel 0.5,130,-30
hist gp xvel 19,130,-52
hist gp zvel 0.5,130,-54
hist gp zvel 0.5,180,-36.5
hist gp xvel 7.89,180,-46.5
hist gp zvel 0.5,180,-48.2

hist zone sxx 0.5,1.67,23.7
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hist zone syy 0.5,1.67,23.7
hist zone szz0.5,1.67,23.7
hist zone sxx 36.17,1.67,1.35
hist zone syy 36.17,1.67,1.35
hist zone szz36.17,1.67,1.35
hist zone sxx 0.5,1.67,-1.87
hist zone syy 0.5,1.67,-1.87
hist zone szz0.5,1.67,-1.87
hist zone sxx 1.5,70,10.13
hist zone syy 1.5,70,10.13
hist zone szz 1.5,70,10.13
hist zone sxx 49,70,-36.36
hist zone syy 49,70,-36.36
hist zone szz 49,70,-36.36
hist zone sxx 1.5,70,-39

hist zone syy 1.5,70,-39

hist zone szz 1.5,70,-39

hist zone sxx 0.5,130,-30
hist zone syy 0.5,130,-30
hist zone szz0.5,130,-30
hist zone sxx 19,130,-52

hist zone syy 19,130,-52

hist zone szz 19,130,-52

hist zone sxx 0.5,130,-54
hist zone syy 0.5,130,-54

hist zone szz0.5,130,-54
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hist zone sxx 0.5,180,-36.5
hist zone syy 0.5,180,-36.5
hist zone szz 0.5,180,-36.5
hist zone sxx 7.89,180,-46.5
hist zone syy 7.89,180,-46.5
hist zone szz 7.89,180,-46.5
hist zone sxx 0.5,180,-48.2
hist zone syy 0.5,180,-48.2
hist zone szz 0.5,180,-48.2
save build&oill.sav

step 10000

save build&oilsolve.sav

ini xdis=0 ydis=0 zdis=0

ini xvel=0 yvel=0 zvel=0

m null range group oil0

m null range group oill

m null range group oil2

m null range group oil3

m null range group oild

m null range group oil5

m null range group oil6

m null range group oil7

m null range group oil8

m null range group oil9

m null range group 0il10

m null range group oill1
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m null range group oil12

m null range group o0il13

m null range group oil14

m null range group o0il15

m null range group oil16

m null range group oil17

m null range group 0il18

m null range group o0il19
hist gp zdisp 0.5,1.67,23.7
hist gp xdisp 36.17,1.67,1.35
hist gp zdisp 0.5,1.67,-1.87
hist gp zdisp 1.5,70,10.13
hist gp xdisp 49,70,-36.36
hist gp zdisp 1.5,70,-39

hist gp zdisp 0.5,130,-30
hist gp xdisp 19,130,-52
hist gp zdisp 0.5,130,-54
hist gp zdisp 0.5,180,-36.5
hist gp xdisp 7.89,180,-46.5
hist gp zdisp 0.5,180,-48.2
hist gp zvel 0.5,1.67,23.7
hist gp xvel 36.17,1.67,1.35
hist gp zvel 0.5,1.67,-1.87
hist gp zvel 1.5,70,10.13
hist gp xvel 49,70,-36.36

hist gp zvel 1.5,70,-39
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hist gp zvel 0.5,130,-30

hist gp xvel 19,130,-52

hist gp zvel 0.5,130,-54

hist gp zvel 0.5,180,-36.5
hist gp xvel 7.89,180,-46.5
hist gp zvel 0.5,180,-48.2
hist zone sxx 0.5,1.67,23.7
hist zone syy 0.5,1.67,23.7
hist zone szz0.5,1.67,23.7
hist zone sxx 36.17,1.67,1.35
hist zone syy 36.17,1.67,1.35
hist zone szz36.17,1.67,1.35
hist zone sxx 0.5,1.67,-1.87
hist zone syy 0.5,1.67,-1.87
hist zone szz0.5,1.67,-1.87
hist zone sxx 1.5,70,10.13
hist zone syy 1.5,70,10.13
hist zone szz 1.5,70,10.13
hist zone sxx 49,70,-36.36
hist zone syy 49,70,-36.36
hist zone szz 49,70,-36.36
hist zone sxx 1.5,70,-39

hist zone syy 1.5,70,-39

hist zone szz 1.5,70,-39

hist zone sxx 0.5,130,-30

hist zone syy 0.5,130,-30
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hist zone szz0.5,130,-30
hist zone sxx 19,130,-52
hist zone syy 19,130,-52
hist zone szz 19,130,-52
hist zone sxx 0.5,130,-54
hist zone syy 0.5,130,-54
hist zone szz0.5,130,-54
hist zone sxx 0.5,180,-36.5
hist zone syy 0.5,180,-36.5
hist zone szz 0.5,180,-36.5
hist zone sxx 7.89,180,-46.5
hist zone syy 7.89,180,-46.5
hist zone szz 7.89,180,-46.5
hist zone sxx 0.5,180,-48.2
hist zone syy 0.5,180,-48.2
hist zone szz 0.5,180,-48.2
save nulloil.sav

step 10000

save nulloil&solve.sav

pl surf
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Abstract

Present study aims to stability and permeability analysis of Iranian natural cave for
fesibility study of underground crude oil storage. It is quite clear that utilizing the natural
cave as a storage reservoir can result in decreasing of associated cost of excaveiting a
cavem in the rocks. To achieve this purpose it is essential to prepare a list of know caves
and select the appropriate cave regarding the criteria considered. At the end, based on the
ccriteria mentionid, suitabel cave was selected for oil storage. After determination of the
proper optins, stability analysis was carried out using numerical modeling. In this regard,
static analysis has been done firstly and then posible side effects of injectinuction of crude
oil in the cave have been evaluated in diverse conditions. Finally, after description of
different types of storage in rock caves, the best option to store the oil has been introduced

and various approaches to control the permeability have been offered
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