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1.03 0.048 | -0.54 0 0.258 3.50 0 0 0
0.93 0.048 | -0.54 0 0.303 3.33 0 0 1.68
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at yvield surface (*) 352 * 3
yielded in past (%) 547 » ¥
tensile failure (o) 73 *
[-1.400
x
[ -1.600
[-1.800
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JOB TITLE : Y disp ¢10%2)

UDEC (Version 4.00)

LEGEND [0

22-Nov-07 16:24

cycle 23301

time = B.130E+00 sec
houndary plot
Y displacement contours
contour interval= 5.000E-02
-1.500E-01 to 1.500E-01

[--1.200

-1.500E-01

-1.000E-01

-5.000E-02
0.000E+00
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JOBTITLE : Xdisp 1072)

UDEC (Version 4.00)

[-1.000

LEGEND

22-Nov-07 16:24

cycle 23301

time = 8.130E+00 sec
boundary plot
X displacermnent contours
contour interval= 2.000E-02
-1.000E-01 to 1.000E-01

[-1.200

-1.000E-01
-8.000E-02
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JOBTITLE : Syy 1072)

UDEC (Version 4.00)

LEGEND [se

22-Nov-07 16:24

cycle 23301

time = 8.130E+00 sec
houndary plot
YY stress contours
contour interval= 2.000E+05
-1.800E+06 to 0.000E+00

[-1.200

-1.800E+06
-1.600E+06
-1.400E+06
-1.200E+06
-1.000E+06
-8.000E+05
-6.000E+05
-4.000E+05
-2.000E+05

0.000E+00
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JOB TITLE : plastic ¢10°2)

UDEC (Version 4.00)

[-1.000

LEGEND

22-Nov-07 16:24
cycle 23301

time = 8.130E+00 sec
houndary plot
no. zones ; total 3215
at yield surface (*) 483
yielded in past (X) 308
tensile failure (o) 44

{-1.200
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[--1.600

[--1.800

ltasca Consulting Group, Inc.
Minneapolis, Minnesota USA

T x T T T T T ¥ T
-2.000 -1.000 1.000 3.000 5.000
C10M)

oSOl a5l e B9 (69959 ailes 5l 65 YV Zs g5 o Bigs Bl bl Sy bl | SCas -V E-£ S




P B 999 ales Jl 50 YV + Zs (55 10 by ghaite ;5 (036 Slmle 508 YO-F S
VO Sl a4 Seegn 9 petle Voooculs 4 S0 5L adsl en)laeS &5
10 Soel Yo By S o amd e ol |y el o oalii] (o V0 alolé s g jie B Jsbo 5 yio e
Obizmed jlade cpl a5 090 c0 00y yio L VY Sgus (o Cuniis 35 Bgi gl 50 g el VY og0
el 0L 5

P B @095 alas 5l g YN+ Zs (455 10 by ahaite )0 (B8l Jlmlz jous YF-F IS
U 51 a5 pslilan amo go ool |y ol o0 o0l (Kigu 5 o ,S5L5) adsl 0 g5 5l a8 2>
A2 (o0 Zy Fagile A a5 (Fhn sla Slmlr 05l oe 0o

P By 6095 alas 5l g0 YV o Zs (455 p0 Jig5 ghaile )0 lawgie (a5 58 YV-F S
o s Jigh 2B 5 mo se (L 1y ol o solicil (Kiosguny 3 2, 55L5) alsl o g 5l a5 2l
S VP eAer s> 0 0lgo o g VFre-Fee b o b S o N ee =T s 0 5009 (gL

JOB TITLE : ¥ disp F10°2)

UDEC (Version 4.00)

{-1.000

LEGEND

23-MNov-07 833

cycle 13300

time = 4 B40E+00 sec
houndary plot
Y displacement contours
contour interval= 4 .000E-02
-1.200E-01 to 1.200E-01

-1.200

-1.200E-01

-8.000E-02

-4.000E-02
0.000E+00
4.000E-02
8.000E-02
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JOBTITLE : ¥ disp

r1042)

UDEC (Version 4.00)

LEGEND

3-Dec-07 18.07
cycle 13841
time = 4883E+00 sec
houndary plot
¥ displacement contours
contour interval= 4.000&-02
-8.000E-02 to 8.000E-02

-8.000E-02
-4.000E-02
0.000E+00
4.000E-02
8.000E-02
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JOBTITLE . Syy

1072)

UDEC (Version 4.00)

LEGEND

23-Nov-07 9:33

cycle 13300

time = 4.B640E+00 sec
boundary plot
YY stress contours
contour interval= 2. 000E+05
-1.800E+06 to -4.000E+05
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JOBTITLE : plastic 1072)
UDEC (Version 4.00)
23-Nov-07 9:33
cycle 13300
time = 4.B40E+00 sec
boundary plot | 1200
no. zones ; total 3215
at yield surface (*) 397
yielded in past (X) 310
tensile failure {o) 18
[-1.400
[-1.600
[ -1.800
ltasca Consulting Group, Inc.
Minneapolis, Minnesota USA r : . : r : r : :
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JOBTITLE : Y disp

r10°2)

UDEC (Version 4.00)

LEGEND

3-Dec-07 19:07
cycle 13841
time = 4.8683E+00 sec
houndary plot
Y displacement contours
cantour interval= 3.000E-03
-5.000E-03 to 9.000E-03

-9.000E-03

-6.000E-03

-3.000E-03
0.000E+00
3.000E-03
B.000E-03
4.000E-03

ltazca Consulting Group, Inc.
Minneapolis, Minnesota USA
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JOB TITLE © Xdisp

1002y

UDEC (Version 4.00)

LEGEND

23-Mew-07 233

cycle 13300

time = 4 640E+00 sec
houndary plot
* displacement contours
contour interval= 2,000E-03
-6.000E-03 to 6 0DDE-03

=6.000E-03

-4 000E-03
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JOB TITLE : Y disp

10°2)

UDEC (Version 4.00)

LEGEND

3-Dec-07 23:58
cycle 2301
time = 4.906E-01 sec
boundary plot
Y displacement contours
contour interval= 2.000E-03
-6.000E-03 to 6.000E-03

-6.000E-03
-4.000E-03
-2.000E-03
0.000E+00
. 2.000E-03
4.000E-03
6.000E-03
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JOBTITLE : Xdisp

1042)

UDEC (Version 4.00)

LEGEND

29-Nov-07 15:18

cycle 2160

time = 4.662E-01 sec
houndary plot
X displacement contours
cantour interval= 2.000E-03
-6.000E-03 to 6.000E-03

-6.000E-03
-4.000E-03
-2.000E-03
0.000E+00
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JOBTITLE : Syy

1042)

UDEC (Version 4.00)

LEGEND

29-Nov-07 15:18

cycle 2160

time = 4.B62E-01 sec
boundary plot
YY stress contours
contour interval= 5.000E+05
-5.000E+06 to -1.000E+06

-5.000E+06
-4.500E+06
-4.000E+06
-3.500E+06
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JOBTITLE : plastic

A0z

UDEC (Version 4.00)

LEGEMND

3-Dec-07 23:58

cycle 2301

time = 4 90BE-01 sec
houndary plot

no. zones : total 2243
at vield surface (*) 31
vielded in past (X} B3
tensile failure (o) 1

ltasca Consulting Group, Inc.
Minneapolis, Minnesota US4
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JOBTITLE : Y disp ¢1072)
UDEC (Version 4.00) soins
LEGEND

29-Nov-07 15:28

cycle 2470

time = 5.333E-01 sec
houndary plot
Y displacement contours
contour interval= 2 000E-03
-1.000E-02 to 1.000E-02
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JOBTITLE : X disp ©10m2)
UDEC (Version 4.00) 100
LEGEND,
28-MNow-07 15:28
cycle 2470 o
time = 5.333E-01 sec r
boundary plot
¥ displacement contours
contour interval= 2.000E-03
-B.000E-03 to 6.000E-03
[-1.500
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JOBTITLE : Sy

10°2)

UDEC (Version 4.00)

LEGEND

4-Dec-07 0:06
cycle 2440
time = 5.203E-01 sec
boundary plot
YY stress contours
contour interval= 5.000E+05
-4.000E+06 to -1.000E+06
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JOB TITLE : plastic F40n2)
UDEC (Version 4.00) 100
LEGEND
28-Now-07 15:28
cycle 2470 o
time = 5.333E-01 sec r
boundary plot
no. zones: total 2243
atyield surface (*) 42
yielded in past () 46
tensile failure (o) 1 .
[-1.700
[-1.900
ltasca Consulting Group, Inc.
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JOBTITLE : Ydisp

1042)

UDEC (Version 4.00)

LEGEND

19-Nov-07 16:52

cycle 2411

time = 5.205E-01 sec
boundary plot
Y displacement contours
contour interval= 2.000E-03
-1.000E-02 to 1.000E-02
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JOBTITLE : Xdisp

1042)

UDEC (Version 4.00)

LEGEND

4-Dec-07 0:18
cycle 2540
time = 5417E-01 sec
houndary plot
X displacement contours
contour interval= 2.000E-03
-6.000E-03 to 6.000E-03
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JOBTITLE : Syy

¢102)

UDEC (Version 4.00)

LEGEND

19-Nov-07 16:52

cycle 2411

time = 5.205E-01 sec
houndary plot
YY stress contours
contour interval= 5 000E+05
-5.000E+06 to 0.000E+00

-5.000E+06
-4.500E+06
-4.000E+06
-3.500E+06
-3.000E+06
-2.500E+06
-2.000E+06
-1.500E+06
-1.000E+06
-5.000E+05
0.000E+00

ltasca Consulting Group, Inc.
Minneapolis, Minnesota USA

|--1.100

|--1.300

|--1.500

|--1.700

|--1.900

T
-3.000

T
-1.000

T L} T |l T
1.000 3.000 5.000
107)

St SIS et ] s 27 055 o isd i o Lawgie i 98 —FV-F IS




JOB TITLE ;. plastic #1072
UDEC (Version 4.00) 100
LEGEND.
19-Now-07 16:52
cycle 2411 o
time = 5205E-01 sec r
houndary plot
no. zones : total 2243
atvyield surface (*) 46
yielded in past () 42
tensile failure (o) 1 .
|_-1.700
[-1.900
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JOBTITLE : Y disp F10nz)

UDEC (Version 4.00)

LEGEND e

4-Dec-07 321

cycle 21271

time = 7.BE5E+00 sec
boundary plot
¥ displacement contours
contour interval= 5.000E-01
-4 000E+00 to 0.000E+00

{-0.300

-4.000E+00
-3500E+00
-3.000E+00
-2.500E+00
-2.000E+00
-1.500E+00
-1.000E+00
-5.000E-01
0.000E+00

[-0.500

{-0.700

[ -0.900

Itasca Consulting Group, Inc.
Minneapalis, Minnesota USA

T T T T
1.000 2.000 5.000

FA04)

T T
-2.000 -1.000

o Alas Sl yte Ve i3 (95 50 iy halle )3 3B ol jeus -FY-F S

JOB TITLE : X disp 10z

UDEC (Version 4.00)

LEGEND e

4-Dec-07 321

cycle 21271

time = 7.B68E+00 sec
houndary plot
* displacement contours
contour interval= 2.000E-02
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JOBTITLE . Syy

1042)

UDEC (Version 4.00)

LEGEND

4-Dec-07 321
cycle 21271
time = 7.B65E+00 sec
houndary plot
YY stress contours
contour interval= 2.000E+05
-1.800E+06 to -2.000E+05
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JOB TITLE : plastic

¢1042)

UDEC (Version 4.00)

LEGEND

4-Dec-07 321
cycle 21271

time = 7.665E+00 sec
houndary plot
no. zones : total 4868
at yield surface (*) 175
yielded in past (X) 384
tensile failure (o) 25
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JOB TITLE : Y disp F10°2)

UDEC (Version 4.00)

LEGEND 0100

4-Dec-07 348
cycle 28880
time = 8.367E+00 sec
houndary plot
Y displacement contours
contour interval= 1.000E-02
-5.000E-02 to 3.000E-02
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JOBTITLE ;. X disp

10421

UDEC (Version 4.00)

LEGEMD

4-Dec-07 349

cycle 25980

time = B.367E+00 sec
houndary plot
¥ displacement contours
contour interval= 1.000E-02
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JOBTITLE . Syy

1072)

UDEC (Version 4.00)

LEGEND

30-Nov-07 8:52

cycle 18301

time = B.156E+00 sec
boundary plot
YY stress contours
contour interval= 2.000E+05
-1.600E+06 to -2 .000E+05
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JOBTITLE : plastic ¢10°2)

UDEC (Version 4.00)

LEGEND 0190
P, % B
4-Dec-07 349 a

cycle 25890

time = 9.367E+00 sec

boundary plot | 0300

no, zones : total 4868

at yield surface (*) 1585

yielded in past (X) 347

tensile failure (o) 27
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JOBTITLE: ¥ disp

F10°2)

UDEC (Version 4.00)

LEGERD

4-Dec-07 349

cycle 28880

time = H.367E+00 sec
houndary plot
Y displacement contours
contour interval= 1.000E-02
-5.000E-02 to 3.000E-02
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JOBTITLE : ¥ disp

C1042)

UDET (Version 4.00)

LEGEMD

4-Dec-07 4:03
cycle 24041
time = B BB4E+00 sec
houndary plot
¥ displacement contours
contour interval= 1.000E-02
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JOBTITLE : Syy

¢10°2)

UDEC (Version 4.00)

LEGEND

18-Nov-07 16:07

cycle 18440

time = B6.203E+00 sec
houndary plot
YY stress contours
contour interval= 2 000E+05
-1.600E+06 to -2.000E+05
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JOBTITLE : plastic

1042)

UDEC (Version 4.00)

LEGEND,

4-Dec-07 4:.03
cycle 24041

time = 8.664E+00 sec
houndary plot
no. zones ; total 4868
at yield surface (*) 179
yielded in past (X) 311
tensile failure (o) 21
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JOBTITLE : Y disp ¢10°2)

UDEC (Version 4.00)

LEGEND 2400

4-Dec-07 4:03

cycle 24041

time = B8.BB4E+00 sec
houndary plot
Y displacement contours
cantour interval= 1.000E-03
-4 D00E-03 to 3.000E-03
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JOB TITLE @ X disp #4084y

UDEC (Version 4.00)

[ 0.000

LEGEMND

B-Dec-07 B:82

cycle 29680
time = 1.112E+01 sec
boundary plot
H displacement contours
contour interval= 2.000E-03
-4.000E-03 to 8.000E-03
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JOBTITLE : Y disp 100
UDEC (Version 4.00)
[ 0.000
LEGEND

30-Novw-07 17:40

cycle 26530

time = H488E+00 sec
houndary plot
Y displacement contours
contour interval= 4.000E-01
-2.000E+00 to 0.000E+00
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JOBTITLE : X disp

F104)

UDEC (Version 4.00)

LEGERD

30-Now-07 17:40

cycle 268530

time = 9499E+00 sec
boundary plot
H displacement contours
contour interval= 5 000E-01
-1.000E+00 to 1.500E+00
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JOBTITLE : Syy
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UDEC (Version 4.00)

LEGEND

30-Nov-07 17:56

cycle 26791

time = 9.593E+00 sec
houndary plot
YY stress contours
cantour interval= 2. 000E+05
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JOBTITLE : plastic ¢10M)
UDEC (Version 4.00)
[ 0.000
LEGEND
e % = < £
30-Nov-07 17:40
cycle 26530
time = 9.499E+00 sec |-2.000
boundary plot
no. zones : total 5054
at yield surface (*) 334
yielded in past (X) 449
tensile failure (o) 20
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JOBTITLE : Y disp

107M)

UDEC (Version 4.00)

LEGEND

6-Dec-07 7:33
cycle 37000
time = 1.386E+01 sec
houndary plat
Y displacement contours
contour interval= 2. 000E-02
-1.000E-01 to 6.000E-02

-1.000E-01
-8.000E-02
-6.000E-02
-4.000E-02
-2.000E-02
0.000E+00
2.000E-02
4.000E-02
6.000E-02

ltasca Consulting Group, Inc.
Minneapolis, Minnesaota USA

| 0.000

|-2.000

|--4.000

|-6.000

|-8.000

T T T T T T T T
-3.000 -1.000 1.000 3.000 5.000

¢10M)

S yS5LE el Sl o i (o295 ailed Z132 09 0 Jig ghae )3 oI glmlr g FV-F S

JOBTITLE : X disp
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UDEC (Version 4.00)

LEGEND
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boundary plot
¥ displacement contours
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JOBTITLE : Syy

107)

UDEC (Version 4.00)

LEGEND

6-Dec-07 7:33
cycle 37000
time = 1.386E+01 sec
boundary plot
YY stress contours
cantour interval= 2.000E+05
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JOBTITLE : plastic

10M)

UDEC (Version 4.00)

LEGEND

6-Dec-07 7:33
cycle 37000

time = 1.386E+01 sec
boundary plot
no. zones : total 5054
at yield surface (*) 284
yielded in past (X) 434
tensile failure (o) 21
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JOB TITLE : Y disp F10°4)

UDEC (Version 4.00)

[ 0.000

LEGEND

6-Dec-07 862
cycle 29680
time = 1.112E+01 sec | -z.000

houndary plot
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SURFACE CONDITIONS
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DECREASING SURFACE QUALITY —=

INTACT OR MASSIVE - intact
reck specimens or massive in
si_tu rot:_k w_'it_h few widely spaced

| BLOCKY - well interlocked un-

disturbed rock mass consisting

| of cubical blocks formed by three

discontinuity sets

i

NI

NI

VERY BLOCKY- interdocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets

BLOCKY/DISTURBED/SEAMY

% - folded with angular blocks

formed by many intersecting

“| discontinuity sets. Persistence

of bedding planes or schistosity

rn/
//“/ /
1/

DISINTEGRATED - poorly inler-
lecked, heavily broken rock mass.
with mixture of angular and

| rounded rock pieces

/

20

/

LAMINATED/SHEARED - Lack
of blockiness due to close spacing
of weak schistosity or shear planes

<Z—= DECREASING INTERLOCKING OF ROCK PIECES

MIA

MNIA
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Ewcellent quality controlled blasting or excawvation by
Tunnel Boring Machine rezultz in minimal dizturbance D=0
to the confined rock mass sunounding a tunnel.

Mechanical or hand excavation in poor quality rock.
mazzes [ho blasting] rezults in minimal disturbance to D=0
the surrounding rock maszs.

YWhere squeezing problems result in sigrificant foar
heave, disturbance can be severe unless a
ternparary imvert, 8z shawn in the phatagraph, is
placed.

D=05
Mo [hvert

Wer poor guality blasting in a hard rock tunnel
results in severe local damage, extending 2 or 3m, in D=0.8
the surrounding rock maszs.
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