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Step 1108 Model Perspective
0115450 Sat Jul21 2012

Cenfer Rotation:

X 1.676e+001 X 0.000

¥: 1.250e+001 ¥: 0.000

Z-1090g+000  Z360.000

Dkt 1.037e+002  Mag: 1
Ang: 22500

Block Property bulk

2.205000e+007
2770000e+007

37500008007

Itasca Consutting Group, Inc.
Mnneapols, MN USA
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Step 1108 Mods! Perspective
19:00:42 Wed Jul 18 2012

Center. Rotafion:

X 184264001 X 360,000

Y- 1.250e+001 Y- 0.000

7 -1.090e+000 7.360.000

Dist 1.037e+002  Mag. 1
Ang. 22500

T
7 b

/ ] i

L vEEEER

Contour of SZZ

Magfac= 0.000e+000

Gradient Cakuistion
-5.2279¢+005 to -5.0000e+005
-8.0000e+003 to-4.00002+005
-4.0000e+005 to -3.0000e+005
-3.0000e+003 to-2.0000e+005
-2.0000e+005 to-1.0000e+009
-1.0000e+003 to 0.0800e+000
0.0000e+000 to 2 84726+002

Interval= 1.0e+003

LT
s

liasca Consuiting Group, Inc
Minneapots, MN USA
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Step 1108 Mods! Perspective
18:59:22 Wed Jul 18 2012

Center Rotation

X 1.842e+001 X 360.000

Y- 1.250e+001 Y- 0000

L -1.090e+000 Z.360.000

Dist 1.037e+002  Mag: 1
Ang. 22.500

Contour of SXX

Magfac = 0.000e+000

Gradient Caicuistion
-3.50116+005 to-3.5000e+005
-3.5000e+005 to -3.00002+005
-3.00008+005 to -2.50008+005
-2.5000e+005 to -2.0000e+005
-2.00008+005 to -1.5000e+005
-1.50008+005 to-1.00002+005
-1.0000e+005 to -5.0000e+004
-5.0000s+004 to 0.00002+000
0.0000e+000 to 4.6318e+002

Interval = 5.08+004

Itasea Consufting Group, Inc
Minneapolis, MN USA
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Step 3058 Mode! Perspeciive
20:27:15 FriAug 17 2012

Center: Rotation:

X 1.075+001 X 10000

Y- 9.186e+000 Y- 0000

Z 27554000 I 20000

Dist 1.037e+002  Mag. 244
Ang.- 22500

Contour of Z-Displacement

aglec = 100024000
-1.31482+000 0-1.20002+000
-1.20002+000 o-1.00002+000
1.00002+000 o-80000e 001
800002 001 {0-6.0006e.001
600002001 o4 00002001
400002001 020002001
200002001 o 0.0000e+000
0000024000t 4 38782002

Infenal= 206001

liasca Consuting Group, Inc
Mineapols, MN USA
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FLAC3D 3.00

Step 1108 Mods! Perspective
18:50012 Wed Jul 18 2012

Center Rotafion

X 1.842e+001 X 0000

Y- 1.250e+001 Y- 0000

Z-1.090e+000 Z 360.000

Dist 1.037e+002  Mag- 1
Ang.- 22.500

Block Group

None

section?
sectont
section?
sectiond

itasca Consuting Group, Inc
Idnneapolis, MN USA

&lgidoy NATM g5 00y (0 ol (sl iz -A-0 JSCo

a8 )3 18 Lo 0,90 go0e giladan jleslainl b il slag JB g,y g aly o ZU b, 90
o2l by sloeyles ol Xen 5 26 slo obuls e w9 oy, 90 ool 5l Aol o (slacenis 4
Glal> o 5)la> Bg) 99 opl Judod jeliier el aisle ladae (Ve-0) JS5 50 ol anslis

sl I8 gy Joe (@ =10=0) JSS 5 aly 5 gl by, Jow (-1 0-0) JSS 098 oe oaline

A4



o " ” -~ & » e R
//-cﬂ/c/[!aba/;//)NATMJ}/,J/U”{!U/)yJ:‘{ 33l

Sgdise il g e Yaly 90 5 (e ¥ gl SO Sjga a5 aly 5 20 (g, 50 dims e lid 1y (g8
AT ply ey paew Gt g peniile YITO pln Jol 88 ! Gl jo BB oluls iSTas
035 Yol *NY 5 VO ol i & polie cnl (Bl Glas I oy, )0 4l )5 w0sg el
Ol (Bl G JB 5l eolatnl b glal> o (o)l g, b o0 jlaml a5 jshailan Coles )0 .ol
5 (o) g 4o yiawile </YY o Bigy 2 j0 eniils V0 dgax>) 0,5 obm! (5 5wS sl olul>
5 oolaul yie & 3gam 05 0)lg, 925 b a5 Clls gt Wb (rizmen 09, 00 Hledty (Sl (g, 1Y
4 e o, SOLD 5l ool 0529 b g 0gy alez ol 5 e ¥ gl el )l ol (g aly 5 26 (s,

(G =Y +=0) JS5) canl azgs LBzl ol s ;5 b slomils o e

FIAC3D 3.00

Sep84308 Mode! Perspecive
19:2133Wed Jul182012

Center. Rotaton:

X 1926001 X 0.000

YA22e00t Y 0000

L6060t Z360000

Dist 1037e4002  Mag. 1
Ag: 22500

Contour of Z-Displacement

Hagec= 1000640
2455002020006 02
200060020-1.00006 02
400000210 00000eA000
0000De00t 1 000le02
1.000e 0021 200006002
20000028 30000002
30000e02i 400006002
4000002 434516002

tereal= 10e-002

fasca Consuling Group, .
Ninneapolis, M USA
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FLAC3D 3.00

Step 34806 Model Perspective
19:32:11 Wed Jul 18 2012

Center: Rotation:
X:1.706e+001 X: 360.000
Y:1.037e+001 Y: 0.000
Z:-2168e-001  Z:360.000
Dist: 1.037e+002  Mag. 1
Ang.: 22,500

Contour of Z-Displacement

Magfac= 1.000e+000
-1.5064e-00210-1.50006-002
-1.50006-002t0-1.00006-002
-1.00006-002 0 -5.0000-003
-5,0000e-003t0 0.0000€+000
0.0000¢+0001o 500006003 iy
5.00006-003 to 1.00006-002 e
1.0000e-00210 1,50008-002 [T ATATAY
15000e-002t0 2.0000e-002 DS AN
2.00006-0021o 2,50006-002 ,
250006-0021o 3.0000-002
3.00006-0021o 350006-002
35000600210 369526-002

Interval = 5.0e-003

ltasca Consuling Group, Inc.
Minneapolis, MN USA
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Step 7836 Mode! Perspective
00:45.35 FriAug 17 2012

Center: Rolstion.

X 12084001 X: 360.000

Y 1100001 Y. 0.000

24918000 7 30000

Dist: 1.0370+002 Mag: 185
Ang; 22500

Contonr of Z-Displacement

Hiagfac = 100054000
1.4090+000 fo-1.4000e+000
-1.40008+000 fo 1 2000000
-1.2000+000 o -1.00000+000
1.00002+000 fo 8. 0000s-001
-8,0000e-001 fo-6.0000e-001
6:00006-001 fo 4.0000e-001
400006-001 10-2 0000001
-20000g-001 fo 0.00008+000
000004000 o 343006-002

Intgnval= 2.0¢-001

Itasea Consuling Group, inc.
Mnneapols. MN USA

/:{ I Ta'/af:{/)NATMJufJ IRVt J:‘{ J Ef/'

I
I

[
]

A
i

ey O
PR e e

6,10 s 3l oolainl pas Doy Big e 50 0l sl ] eSS -V V-0 S

Syl date o5 (' j9liioy (g yiolyby Julow -#-Y-0
33 )l o Job o Cennts Glie j3 S 230 Jalge o el sl al> e (s la ) 5
i (5SS los | g alold plS Jsbo S ok o Jigh (s i Sy i 5 S tgr
Gty Jeliy 53y 5 Ao LB 6 s lis oS Jsb sy5n [ al e Sy 3 oS
ol andy By sl pley g anze 5 g o)l B solb U5 50 5 slabses alas 5 JSags
o ol auls b olyan o S 0 g adaie soes aSa) g g obal 4y g b il o ole
sl |y 095 cawlie (gl ouds (lax 03l Cand U gt Ol ol (g )la pl5 cunls [ 0l
Jowe jleslainl b (g lax pl8 v ol ol a8 5 i o 2 VB g ) oo /Y (g la> a5 s lacl jo ol
abii aiz 50 Jol> glaobulr @l a5 ad )5 13 Golesl 9,50 V iou (s )la> sl 5 00wzl
o osabiv (V-0) Jga ;o Bgs 99 om Slos i Vb 9 ) ider (VL (e b (Jig U

Jlesl Judow ol jo Sl e g 009 awslde Slp Jaaz cpl yo olaclas el 58 a5 p3Y) 0g

ay



.

»

/;/‘«_ui/:u’fra'/J){ANATMJUTJ/J'/.'U/’” v )d,,t.j/'

(w‘ 0w
Grasbe) Vi (65l 5l ey ahalls wiz 50 @3B o olomlr Gl5e -V-0 Jgo
w0 olul>
Vo YL o) Sy b S g YU i o5
Yy YO AN Yo o o/Y
v oA \¥ 1.0 o)
W 150 vy 8.0 0 1.0

@ azg by adl Jlpl 5 babule Glie @)la a8 Gl L sy o0 jlas] &5 johailen

Al bl giludae o digs g lax p8 laim e YV s I o) g /Y B8 oo

o b ol 3l solawl pus b g colaswl gyl jby Jodoxi —V-Y-0
) 550 5 g By 90 G g e)lS ) e 0 slageds jloslina (o) g el jolates
b Joo (Jig SLbl g sl (IS Glaolul> 2ol 55 5 b by )lml jo (0 slaal
Sl sopad izl 28,5 8 Jilod 5 Glales] 050 aad s92g pae b 5 092y Sl 90 40 00
slr s oY )luk obml jolaier g o ¥ 3550 b 350 alold b e ¥ kS 5 e Ve (Boe &
e 1090 Bas g Vs S 50 )5 Slaged Guizren 0580 plnl on slaidu L
o0l ploxl jio ¥logas 3550 b 35 50 abald b (e V) (Sloe o B JlaB 5 (o ) Sloo o Boe
o olnls oo (1Y-0) 5 (1Y-0) JIS&l 03 g 30 olee sloide (sylis oolel ghaia b
a5 ohiles wms oo (LS 1) (0 slaged 0929 (e 9 3929 b Sl 50 )3 S Jae j0 (s35ee
0l )0 55 s Fb 99 o 0l Pl g (o sloged (655 )0 s ee cnalin AT o
SLbl Ll @ 5 (8l la by 5 g o) gl Canctd a5 50 (Jod BB 156 (Jig g0 slo

o9 ildaw Cdl> o g zU ogee obuls 58 9 ey paw Cands e ol allls g

qy



. ” » p— & & .“ .
//—u'/v’cjfla'/U}//)NATMJ}/,JIJ'/:'!U’)AIJ“% s

Gildae Sl 30 g el IFA 5 VY S 4 g8 g9 b o5 Sl e logeds 1 ool
BB olulr Sl olie albce gl /00 5 IV plp o5y 4 b laged 3929 L
o ek slogats ) oolitol 14 il o ply Loy <l 50 00 398 e ops IS o a5 ohailen
50 Szl e olwl i g lasme )0 @B IS sl olmlr 58 s gl Ceis el el

Dy oe g

FILAC3SD 3.00
B2 Moo et
O3 57 Son 22 207

Caver i il
123307 I 0%
TiMEN T oW
2 4 30 2300
Dr et w150
Ang: 2150

(i o -Biphoeme
Hayac 1aMEHN
125430 B2 04,0000 402
- 000002 ty @ ARG
A0BNEH n TIBEN
AOBMON B 2000000
20000002 o 10000002
N I 4 00T
4000000 1 4 SN0
nErar 10ean

e s
T e, O O O

) T T e WOV, Y W ™
LR N N R R R RS

I TN

B3 ansatiyg Goug o
v ol M 154

Sl 5 6L S sloged 3925 b Joo )0 136 loalmla (e -1V-0 S5

1



N * L4 e & » .“ °
_ S - T NATM s 5171550 S 3

FLACID 300

g BT VOB AaEce
it G 421 001

GEEL - [T
3T L AT
ELEe ¥
PR T L R T
JEties  wg 13
g 113

Coeeier o I-Diplaement

Hagh = litedi
AJiMe il B - Ui i
4 e 441 n L
FaiieRir Wieid
1 e
LN L i
TN e
{111 200 EREE L1

i nai= Tl

FH 5

Y U

B Cearkep CRrp i
LEE - L

a3l oslawl fygas Jow jo 03B o sloul> e -V Y-0 s

SN g ()la> Ak i (5 il ko —A-Y-0
SIS g o )lix o JI5 Wb ) (LS sla JI5 L slal> o ()l g, 40 Sl
el g analio 3550 00l (6510055 5 (o)l i 5 g0 W ogd Lol Sl idu bagT 5l s g gl
om 9 Slee el g (0 oyl w0ad ()l g g lhm N s ol (sl aniE ye el il
Ll as Vi ol 5 om g 00l 12l (6)LS aad 5 Yisn il pgo 43S 50 5 oads 12l Y i
SIS 5 i i 93 ol 5] ol glaciencis 5 b ulnls mli (F-0) Jgaz o ansl ol

S sl e o maw canis g b ool polie 04d o 0030 a5 jghailan (pl ply 0ed 0 00y

Vo g0 plpl (2 oy (pl &S 09l o anogs Jgl 43S lal 1 g 00g 5 a9 S eS

0



»

_ LIS TS NATM S J3 5210 . 3

Db Vg

lie 6l g )le w5 g0 5l Jol> @SB bl (e -T-0 oo

Vorm Vb | e el Sy gl Sho g YU | W0 plmle SSlas | (mm) ©6 oluls ol

¥ .o A4 +) )+4 Jol a0 35 ly=l 51 g
oy \.¥ Y 1.0Y .y p9d &y 35 sl 2 51

FLAC YD ,[381 0 55 35 (g3leduiiy NATM figi' (5 5Ludo 2ig, —F-0

03g9a5e 3 3oy —olad oelely sl soleriny sladis sl ly ildae IS s,
solgiions dwiin 1a] 45 Wil o & jpo ol 4 Slls po 5 i by, 4 FrAe e b FH) e e 5 tagkS
2 bgye 50 ¥ g ead g 5950 I8l a5 lawgs )b slal )0 S92 ge DLl 4 4z gs b el
5 adsl Ll Jlosl 5 Jow S sl SVl e 008 iy poi b e - lond ime o0 5l Bigs
bold Grizren sl ol pladl Jao (Ssbiwl o calides Sl o bjye G 5 5 S50 Ll o0
Lol 0al ools baze 4y (g050s g (B Sla S S @y Az il (25 Slaglol S s M A
s w5 b abale 5 oaisS Jolaial glag s wg, Jold i g0 (glaazs b 55 S 5l e
el 00505 (a3 Joe (gl alizee glalinl) o cw) 0590
9 00l yho Cqz dw ;e w5 b almle (oo ey Jol a5 Joo SSbiul o 5l e
Sl g b oo S cedsS —y00 4y Jow 0sd o0 JAIS o il iy bilssw g L olnlz
ol 6l e V) a8 ol 4 gla solel Jae 55T 098 ge Jlosl Joo y0 55 S5 8,8
4 gehane <o S5l ol alice o ojlea0 0 e 4 e Y g0 o SSLE szl 5V ise 5 (390
ot S 00g8 v 4y aS ool Juw 4z LSS slatng ledl &g FLAC YD G381 6 5 0 i

N de i 5l e Je o, Jols a5l s i o 68 ol mhaw Gla oluls g S > 5l

17




_ S e T INATM . S35 7150 S 3

99 m Fo ¥ sl 4 (0 o)lees g Slos e oo 3 saiile,l (Gl ged Joe (s la>
Voide 50 Jig 99 slaojlgns g (5 lax iy s)la> a8 o3l 4 ¥ isu ol 5l g 00l Joo Jigs
w0y « 5B absS 0 Vs 6B lee,lgs co S5l sl g o)la> b osd oo (SAheo SOl
5 saigle,| ¥ idu GS 0 6, slaged aibioe )L (s @ed gl (ladie g (5 lax ool
Sl Sy (F-0) Jgaz ;o 098 Jig 90 Sl (idu )l oolel ahaiie b Wighioo (53,0
oo o iladae jo asd,y I (ol o aslipml elal 1) (S aed 5 s S S golgiiny

el a8 )5 ol 55 Jgoz p Gebate g SVl (658 Jow 5l eslatul b laged (g 5ludae o9

axJlas S,90 NATM 6L¢:JJ9S ‘_?‘J.]o 6‘)4. GO J_..L';u ) solazul S50 6°LQ*“*“ 6[.:0).’;.0‘)1.& -f-0 Jj..\.?

el Ppase ()9 Owley S ¥ J g0 syl
(%) (gr/em") (JBly 55)
SR R N ¥ <X Y oo 4 gebinne g S5 LS
- Y.A AT Yo e o

Ol olim 5dice SIS e e 2SS L g (g la> Jigi gl ples b V(i e

ol B cabw gla ol g b ol Ko 35 9 20 )l j0 et L 236 Jow 3l Gisv
3 <a,Sils sl ey 5l Sl Jlaws slal>pe s la> g, 40 bigs hiiw g baojles (6l aSu ]
oo 2 55 o (sl & o s il o oS5 (sl 09 o Ao ) Al o S ke dxsl
sloo)ls 5 oad 5 e Y idn gl fon izl 5l 005 el 15355 dlge S L g e
g5 alor gzl JalS oy s e 5 i e 45305,1 5 i ¥ 5 ) (slagicy il 5 SOl
15 i slopls sl il o NATM by, 10 6, g oot yiee 3 52 ol ol 45 59 diies
P8 aix ojlail 4y (689,9 JUyg 5l B A &Sl 5l o 09 valsS lgie (e 4y 55 1580 6 S

0555 (VF-0) JIS 10 5300 S sl 505 5 bis aled Siyoris 5 ool ey pladl cosls alols

vy



»

ld)ﬁf}dt

JJ)
(x4

JIsv

.

&

&
9

U813/ INATM (2.

I

-~

»

»
"o

.

iW
\

g o0 oS a5 4 sl e (5 la> o,y 4 g 5l G (69 ptn

FLACID 3.00

aicd Conidng o inc
LS4

Urneapols U

FLA

C3D 3.00

. e 0 e
T i b RS PR TR Em
S B R L R W

ftascs Conmuling Goup, Inc
Uresapoks. LY [

A



£
Iy B

iaies Consuling Grap e

Uresageds U LG4

FLACID 3.00

d Farspacivy

taxcs Congules) Geoup, e

Uiemsapols, N (54

NATM s, & Jigh 51 o5 S, g5y o0l oo - F-0 IS5

plxl g gshw (lie (6 IS 5 )l Laze 5 5 g aaie gl Slal 4 4z i b (IS ke

19



.

/;/‘«_ui/:u’:!’;'/J){)NATMJ}JTJ’IJ'/.'J’”f)d,fj/'

SrooR S g S b Glaged 2l g GHla (e w4 e oSS Gl 2l s lo S

Syt yo SO il 4 eolpiin NATM )b cpl jo fg ol (o (idg 56 9 (Sho ojlgo

oloing NATM J49" C)_I‘, 59 C?“a‘“ 9 ‘nL?t}‘ AW Ml.’;bo )_'.JLD.A -0-0 Jj&\?

w00 w (A—A) J5J..‘> 9 )JQLO.A 9 d..a.»JL?bo 3.1.9 9o J.}y

ol CoSSLe SHICH SHIOH GIRETGL N SR RN g
9 Lo,lgd SR o | (SRl Sleo o GHLS 2o Sy sl
Jgi i W S Sl S o) | A e yi) (oS yio)
(@0 y) (S o) | (xS yio) (& y» (oo 2 513
\ I R4 fO.YY v AR R)4 YA Y\V.YS Hlado

YO L Y) NATM g jo goloitny oo Sils Culs lhe Como 5 (zmmsliel jslata,

Sl e HgliS (5550 oy Ioges SAP Ve v Jl58l 6 5 sl ool L (F-0)Jgur 55 yiegiiles

(O0-0) JISal 1o alaiie 3l 5 00l sy 0591 Fig5 s )3 A-B abaie los a5 g5 Jl,o adaite

FLAC3D 3.00

6oliy NATM g3 ,0 A -B alaiie ) 0-0 S5

Dgl g0 0 (VF-0) 4




_ S - T NATM s 5171550 S 3

T [CED - A

File fdé View Defme Duw Select Onplyy Optons  Help

| w|ce| 2] B oo s(H bS]

Je= 4 =]

JElE | alale|E

izl

Yo cm

e
&
£ 3
L
j.’
R

Py azY s

'y
L

SAP Y.+ 138l o 50 bgy aiw jo &dlg A -B ahis gl oo ,S5Le )b -V 20 S

oS FLAC YD I3l oy 5l Jols ias [sliaS s g sgp Jogms b yloges ol aalol o

polie 0g oo oddlice (VY-0) Ko )0 a5 disSilod ¢ o dulie ool &8l )| Cais o ,SOLS alaie (6l
SAP 3l oy 5l Jeol> polie 51 2eS FLAC YD 33l oy 4o o, Sols caliess olb j) Jol>
g 00g WL.A J;}; Rlw LS‘)? )Ml.w Yo 9 c)lﬁo LS‘)? WLM: ' LSJLQ.} Cwoles 14 g9 00gs Yooo

Dy oo Slgiiey

Vo



_ S - T NATM s 5171550 S 3

= oo

= | ACID
= SAP2000

s FLACYD a8l Py S S, L?‘)‘l" BUIES -y 13liS — (695t (595w (sl logad dunlae -V V-0 S

SAPY- .-

Y ookdu il i Vg ) Lisw lyal o Joleel slog o jlade g oo 000 S0 ;0 aS jshailen .04

B oyt 5l o8 0 Gll 5l b 1) (0, Gidgy (Vo-0) IS8 50 9 B gl g0t o5

Dgs oo o lie

VoY



FLAC3D 3.00

Step 4806
19:14:32 FriAug 31 2012

History
1 Max. Unbalenced Force
Liesfyle
162084003 <> 1.434e+008

s

Step
1.000e+001 <> 3.480e+004

Itasca Consulfing Group, fnc.
Mineapolis, MN USA
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Contouur of Z-Displacement
agtac = .000E+000
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Center. Rotation

X 7.8746+000 X 360.000

Y: 3.0836+000 Y. 0.000

Z°4.124g+000 Z: 20000

Dist 1.037e+002  Mag: 244
Ang: 22.500

Block State

None

shear-n shear-p

shear-n shear-p lension-p

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

|| shearp tension-p

|| tension-n shear-p tension-p
tension-n lension-p
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FLAC3D 3.00

Step 4563 Mode! Perspective
234500 Tue Aug 21 2012

—
>
S

Center Rotation

X: 20572+001 X: 20000

V- 2 291e+001 Y- 0000

877600 7 30000

Dit 1.23%+002  Mag. 195
Ang- 22.500

Contour of Z-Displacement

agfac = 1.000s+000
-1.06092-001 o1.0000001
-1.0000e-001 to 8.0000e-002
8.0000e-002 to £6.0000e-002
£.0000e-002 to 4.0000e-002
-4 0000e-002 t0 -2.00008-002
[ |-2.0000e-00210 0.0000e-000
] 0.0000e+000 to 20000e-002
20000e-002 to 3.56186-002
Interval = 2 0g-002

itasca Consutting Group, Inc.
mneapols, MN USA

lr slo 58 57 IS

B a3 LS s ey Joe )0 Jsl e 7 ojlg, Setloy 5l e 3B (0

FLAC3D 3.00

Step 7153 Mode! Perspective
23:50:53 Tue Aug 21 2012

Center Rotation

X 1.448+001 X 20000

Y- 1.145+001 Y- 0.000

I 1.310e+000 7 30000

Dt 1.23%+002  Mag- 195
Ang.: 22.500

Contor of Z-Displacement
Magfac = 1.000s+000
-1.3168e-001 to 1.2000e-001
-1.2000e-001 to -1.0000e-001
-1.0000e-001 to -8.0000e-002
-8.0000e-002 to 6.0000e-002
600002002 0 40000e-002
-4.0000e-002 to -2.0000e-002
200002002 o 0006064000
(:0000e+000 to 2.0000e-002
2.0000s-002 o 3.8225e-002
Interval= 2 0e-002

Itasca Consuling Group, Inc.
Mmneapols, MN USA
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FLAC3D 3.00

Skep 11380 Hodel Perspechie
00:01:28 Wed Aug22 2012

=
=S
S

Cenkr Rolaion

X 14754001 X000

¥ 1120000 ¥ 0000

218454000 L 30000

Dist1 23000 Mag- 193
Aog- 22500

e
it A T

Contr of Digheene

JHaghic= 1000000
-3 94022001 -3 50002001
-3 50002001 -3 0000e-001
-3 00002001 fo 2 5000e-001
25000001 fo-2.0000e-001
-2 00002001 o1 50002001
-1.5000e-001 o1 00002001
-1 00002401 0 -5.0000e-002
500004021 0.0000e <008
(00000e+000 b 5 00002002
300006007 b 6 2391002

fnenal= 5 0007

!!

il

Tasca Consylfing Group, be.
Mineapols N USA

o35 5 L 0S5 sy e 5o S5t 5l IS Sl 5 sl syl 5 g o5 ol sl 58 AP S5

FLAC3D 3.00

Step 16621 Mode! Perspecive
20:36:56 Tue Aug 21 2012

Conter Rotation:
X301 X 20000
VTSRO0 Y 0000
ZABE00 7 40000
Dit 123004002 Mag: 244
Ang: 22500

Contowr of Z-Displacement

liagfac = 100064000
-1.40886+000 o1 4000¢+000
1.40006+000 fo-1.2000¢+000
-1.20006+000 fo-1.0000¢+000
-1.00006+600 fo 8 0000¢-001
80000001 fo £.0000¢-001
60000001 fo 4.0000¢.001
400002001 fo 200008001
200002001 fo (.00002+000
0.0000e+000 0 57043 002

infenal= 206001

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

Step 16610 Model Perspective
00-08:18 Wed Aug 22 2012

Center: Rotation:

X 1.221e+001 X 20000

Y. 1.131e+001 Y. 0.000

Z: 32084000 Z 30000

Dist 12324002 Mag: 195
Ang.: 22.500

Black State
None
shearn shearp
shear-n shear-p fension-p
shearn tension-n shearp fension-p
shearp
shearp fension-p
fension-n shear-p tension-p
fension-n tension-p
fension-p

Itasca Consulting Group, Inc.
Minnegpolis, MN USA
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FLAC3D 3.00 L

Step 16610 8.0
21:48:49 Wed Aug 22 2012
History
! 7.0
1 Max. Unbalanced Force
Lnestlp ————
1.2126+002 <> 8.337e+004
s 6.0
Step
1.0006+001 <> 1.660e+004
5.0
4.0
3.0
2.0
Collapse
0

Itasca Consutting Group, Inc 0.5 1.0 15
Mineapotis, N USA x10°4
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FLAC3D 3.00

Siep 8664 Model Perspertive
22°35.58 Tuwe Sep 25 2012

Canter Rotation

X 1066001 X 20000

¥ 1 723+ 001 ¥ 0000

I 3298+000 2 20000

Dist 1.107e+002 Mag: 195
Ang. 22500

Cortone of Z-Displacement
Magiac= 1.000+000
-2 3707e-003 1o 0.00008+000
000006+000 4 1.0000s-002
1.00006-002 0 2 00008-002
| 200000024 30000e-002
|| 200006-002 10 400008002
| 400000-002 10 5 0000-002
500006002t 5 17246-002
Inturval = 108002

asca Consufting Group, Inc:
Mirnsapois, MN USA
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FLAC3D 3.00

Step 19522 Model Perspective
21:13:35 Tue Sep 25 2012

Center Rotation.

X 1.18%+001 X 20.000

Y. 9.146e+000 Y. 0.000

7:24426+000 7 50.000

Dist 1.107e+002  Mag.. 1.56
Ang. 22.500

Contowr of Z-Displacement
Magfac = 1.000e+000
-1.63148-002 to -1.00008-002
-1.0000e-002 to 0.0000e+000
0.0000e+000 to 1.0000e-002
1.00008-002 fo 2.0000e-002
20000e-002 to 3.0000e-002
3.0000e-002 to 4.0000e-002
4,0000-002 fo 5.0000e-002
500006002 to 5.7389e-002
Interval = 1.0e-002

Itasca Consuiting Group, Inc.
Minneapolis, MN USA

a0 YO agly cou Jland assly cdls yo ol (g9t o8 g5l 5l s 3B Sluls slajeus -V Y-F IS

FLAC3D 3.00

Step 25515 Model Perspective
21:30:54 Tue Sep 25 2012

Center. Rotation:

X: 1.155+001 X 20,000

Y-8 79%-+000 Y- 0.000

Z: 244254000 Z: 50,000

Dist 1.107e+002  Mag: 195
Ang.: 22 500

Contour of Z-Displacement
Magfac = 1.000e+000
-1.8186e-002 to -1.0000e-002
-1.0000e-002 to 0.0000s+000
0.0000e+000 to 1.0000-002
1.0000e-002 to 2.0000e-002
2.0000e-002 to 3.00008-002
3.0000e-002 to 4.0000e-002
4.0000e-002 to 5.0000e-002
5.0000e-002 to 6.0000e-002
6.0000e-002 to 6.5594e-002
Interval = 1.0e-002

ltasca Consulting Group, Inc.
Minneapolis, MN USA

4z 0 YO agly cou jland asily cdlo ;0 090 (59,00 a8 (g la> 5l s 5B olml> o ,gus -V F-F IS
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FLAC3D 3.00

Step 41936 Model Perspective
21:35:19 Tue Sep 252012

Center: Rotation:
X: 9.8746+000 X 20.000
Y: 7.6116+000 ¥ 0.000

T 44474000 Z: 50,000 77
Dist1.10764002  Meg: 195 = lg,;‘:gz"
Ang: 22500
: ey
Contour of Z-Displacement ==
Magfac = 1.000e+000
427312001 to 4.00006-001

-4.0000e-001 to -3.0000e-001
-3.0000e-001 to -2.0000e-001
-2.0000e-001 to -1.0000e-001
-1.0000e-001 to 0.0000e+000
0.0000e+000 to 1.0000e-001
1.0000e-001to 1.0164e-001
Interval = 1.0e-001

Itasca Consulting Group, Inc.
Minneapolis, MN USA

FLAC3D 3.00

Step 55401 Model Perspective
21:40:46 Tue Sep 25 2012

Center: Rotation:

X: 510064000 X 20.000

¥: 5,4086+000 Y: 0.000

Z:5.291+000 Z: 50.000

Dist 1.107e+002  Mag.. 1.95
Ang.: 22.500

Contowr of Z-Displacement

Magfac = 1.000e+000
-8.1224e-001 to -8.0000e-001
-8.0000e-001 to -7.0000e-001
-7.00008-001 to 6.0000e-001
-6.0000e-001 to -5.0000e-0071
-0.0000e-001 to 4.0000e-001
-4.0000e-001 to -3.0000e-001
-3.0000e-001 to -2.0000e-001
-2.0000e-001 to -1.0000e-001
-1.0000e-001 to 0.0000e+000
0.0000e+000 to 1.0000e-001

1.0000e-001 to 1.1909e-001
Interval = 1.0e-001

Itasca Consuiting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00
Step 62268 Mode! Perspective
214311 Tue Sep 25,2012 'll' I
Center Rotation 7 "
X 52074000 X 20000 a7
Y 48084000 Y. 0.000 i -
746934000 7 40.000 ’_"f L7
Dist 1.107+002  Mag: 195 o ‘
Ang- 92500 “'«4,;'4 ” .
% :
gg!
Contour of Z-Displacement J”g’ i
Maglsc = 1.0008+000 w7 gﬂﬁ’f
-812032-001 to -8 0000e-001 A ‘gﬂ’,
-8.0000e-001 to 7.0000-001 ! Eﬂ ﬂ"’
-7.00008-001 to -6 00008-001 I} 5’9
-6.0000e-001 to -5.0000e-001 e j’
-5.0000-001 to <4 0000g-001 == [
-4.0000e-001 to -3 0000e-001 [1] -

-3.00008-001 to -2 0000e-001

-2.0000e-001 to-1.0000e-001

-1.0000e-001 to 0.00008+000

0.0000e+000to 1.0000e-001

1.0000e-001 to 1.2713e-001
Interval = 1.0e-001

ltasca Consulting Group, Inc.
Minneapolis, MN' LISA
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Abstract

According to the population growth and urban traffic, necessity of use of
rail transportation systems is increasingly developing. Today, underground
constructions play an important role in urban transportation development. One
of the most dominant factors in tunneling industry evolution and
improvement, are developments that has been done about excavation methods.
There are different methods for excavation and construction of tunnels such as
tunnels of subway network, railway, water conduction, industrial tunnels,
mine tunnels, etc. These methods are classified in two main groups as
traditional and mechanized excavation methods. Traditional excavations in
urban areas often include "Cut & Cover" method, "Cover & Cut" method and
New Austrian Tunneling Method (NATM). The case study in this research is
Tehran- Tabriz Railway Tunnel. This tunnel is under construction in region V
in Tehran. Each tunnel has ) meter width and V.Y meter height. Initial studies
show that this tunnel can also be continued with NATM method. Large cross
section and shallow overburden are special characteristics of this tunnel. In
this study, at first, feasibility of tunnel construction by NATM with numerical
modeling of finite difference method by FLAC YD software has been
performed and then parametric sensitivity analysis has been done on influence
of excavation and support sequence, round length value and existence or
absence of appropriate support on the feasibility. Finally, gained results have
been compared with the "Cover and Cut" method designs and the best method
of excavation with appropriate support system in this section has been

selected. This suggested plan includes a twin NATM tunnel with Y meter

VO



width, 4 meter height and cross section of Y+4 m" under I meter overburden
and Y meter pillar width which there is no construction or building on the
ground surface. Also Cover and Cut tunnel was modeled in three cases, with
vertical trench, with a steep £° degrees trench and with a steep 1+ degrees
trench. The results of modeling showed that in this section, the tunnel with a
steep £° degrees trench or under lower slopes can only be constructed.
According to the modeling of NATM tunnel and "Cover and Cut" tunnel by
the software, the suggested NATM tunnel is more suitable and optimized in
terms of ground surface settlement and also stress regions rather than Cover
and Cut tunnel with a steep £° degrees trench and has been introduced as an

alternative to the Cover and Cut operational method.

Keywords: Excavation, Tunneling, NATM, Urban Area, Cover and

Cut, Parametric Analysis, Evaluation, Numerical Modeling.
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