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JOB TITLE : Case 7.8 Inclined Trans

gressing Joint (UDEC, Slip Allowed) (*102)

UDEC (Version 3.10)
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LEGEND

30-Sep-04 22:29

cycle 108000
Displacement
contour interval= 1.000E-02
1.000E-02 to 5.000E-02

1.000E-02
2.000E-02
3.000E-02
4.000E-02
5.000E-02

User defined grid value
contour interval= 1.000E-02
number of contour/color= 5
1.000E-02 to 5.000E-02
displacement vectors

maximum = 5.402E-02
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; Case 7.8 UDEC Base case with inclined transgressing joint
in a heated

; infinite rock mass (slip allowed on joint, typical Yucca
Mountain

; properties and conditions used, source 1500 W/m) .

config thermal
set mech on

; Key Points

0.000, 37.534
100.000, 62.466
0.000, 34.957
100.000, 59.890
0.000, 29.804
100.000, 54.737
48.179, 46.969
49.389, 42.118
53.031, 48.179

NKXELCHOPONOZER N ARG MmO mBU AW >
>
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;J, 54.240, 43.328
;K, 51.210, 45.149
;L, 50.605, 47.574
;M, 50.000, 50.000

.790, 54.851
;0, 45.162, 69.406

;P, 37.534, 100.000
;Q, 0.000, 37.534
;R, 18.465, 42.138
;S, 30.594, 45.162
;T, 40.297, 47.581
;U, 47.574, 49.395

50.000, 50.000
52.426, 50.605
59.703, 52.419
69.406, 54.838
81.535, 57.862
;AA, 100.000, 62.466

; Geometry

rou 0.001

bl 0,0 0,100 100,100 100,0

crack 0.000 37.534 100.000 62.466 ; Main joint A-B
crack 0.000 34.957 100.000 59.890 ; Top C-D

crack 0.000 29.804 100.000 54.737 Bottom E-F
crack 48.179 46.969 49.389 42.118 Left side G-H
crack 53.031 48.179 54.240 43.328 ; Right side I-J

gen quad 2.0

; Material properties

prop m=1 de=2210.0 k=19.2e9 g=13.6e9

prop jm=1 jkn=5.0ell jks=5.0ell

prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0
prop m=1 thexp=10.0e-6 cond=2.13 spec=990.0

prop jm=2 jkn=5.0e4 jks=5.0e4
prop jm=2 jcoh=100.0e3 jfric=41.0 jten=40.0e3 jd=0

; Initial conditions

initemp 25.0 0 100 0 100

ini syy -8.1e6 grad 0 0.022e6

ini sxx -2.1546e6 grad 0 0.005852e6
ini sxy 0.0

ini szz -2.1546e6 grad 0 0.005852e6

; Boundary conditions

bound yvel

0.0 range (0,100) (-0.1, 0.1)
bound yvel 0.0 range (0,100) (99.1, 100.1)
bound xvel 0.0 range (-0.1, 0.1) (0,100

0.0 range (99.1, 100.1) (0,100

bound xvel
j Apply heat source
éhapp source 1500 0 range 49.389 53.031 43.328 46.969
; Equilibrate model

set ovtol 0.1
step 4000

; Alter joint properties

change jmat=2 range block 358 143
change jmat=2 range block 143 358

; Zero displacements and velocities

ini xd 0

ini
ini
ini

yd 0
nd 0
sd 0
xv 0
yv 0
bxv 0
byv 0
brv 0

; Thermal histories

this
this
this
this
this
this

i
; Time and

i

t temp
t temp
t temp
t temp
t temp
t temp

51.210, 45.149
50.605, 47.574
50.000, 50.000
48.790, 54.851
45.162, 69.406
37.534, 100.000

unbalanced force histories

hist thtime ;

hist unbal

i

1
2

i
; Mechanical histories

hist
hist
hist
hist
hist
hist

hist
hist
hist
hist
hist
hist

ydisp 51.210, 45.149
ydisp 50.605, 47.574
ydisp 50.000, 50.000
ydisp 48.790, 54.851
ydisp 45.162, 69.406
ydisp 37.534, 100.000
xdisp 51.210, 45.149
xdisp 50.605, 47.574
xdisp 50.000, 50.000
xdisp 48.790, 54.851
xdisp 45.162, 69.406
xdisp 37.534, 100.000

i
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10
11
12
13
14

i
; Histories of normal displacement along joint

hist
hist
hist
hist
hist
hist
hist
hist
hist
hist
hist

i

; Histories of shear displacement

hist
hist
hist
hist
hist
hist
hist
hist
hist
hist
hist

; Histories of sratio along joint

hist
hist
hist
hist
hist
hist
hist
hist
hist
hist
hist
; Thy

i

damp

ndis
ndis
ndis
ndis
ndis
ndis
ndis
ndis
ndis
ndis
ndis

sdis
sdis
sdis
sdis
sdis
sdis
sdis
sdis
sdis
sdis
sdis

srat
srat
srat
srat
srat
srat
srat
srat
srat
srat
srat

ermal

auto

0.0
18.
30.
40.
47.
50.
52.
59.
69.
81.
100

0.0
18
30
40
47
50.
52
59.
69
81
100

0.0
18
30
40
47
50
52
59
69
81.
100

mechanical analysis

run age 50000

step

2000

00

465
594
297
574
000
426
703
406
535
.00

00

.465
.594
.297
.574

000

.426

703

.406
.535

.00

00

.465
.594
.297
.574
.000
.426
.703
.406

535
.00

set nther 2500
set nmech 2000

run age 315400000 temp 50 s 1000000

step

4000

cal dispmag.fis

disp

_mag

37.534 ;15
42.138 ;16
45.162 ;17
47.581 ;18
49.395 ;19
50.000 ;20
50.605 ;21
52.419 ;22
54.838 ;23
57.862 ;24
62.466 ;25

37.534 ;26
42.138 ;27
45.162 ;28
47.581 ;29
49.395 ;30
50.000 ;31
50.605 ;32
52.419 ;33
54.838 ;34
57.862 ;35
62.466 ;36

37.534 ;37
42.138 ;38
45.162 ;39
47.581 ;40
49.395 ;41
50.000 ;42
50.605 ;43
52.419 ;44
54.838 ;45
57.862 ;46
62.466 ;47

save u78final.sav

i
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set plot emf color
title

Case 7.8 Inclined Transgressing

; Geometry

set out u78grid.emf
set color iw

: plo zone green blo iw
copy

; Joint condition plots
set out u78jndl.emf

set color iw

plot joint 0 37.534 100
copy

set out u78jnsl.emf

set color iw

plot joint 0 37.534 100
copy

set out u78jsdl.emf

set color iw

plot joint 0 37.534 100
copy

set out u78jssl.emf

set color iw

plot joint 0 37.534 100
copy

set out u78shear.emf
set color iw

plo blo iw shear red
copy

set out u78slip.emf
set color iw

plo blo iw slip red
copy

; Contour plots

set out u78temp.emf
set color iw

62.466 ndisp 2

62.466 nstr 2

62.466 sdisp 2

62.466 sstr 2

plot temp £ill tewmp iw blo iw

copy

set out u78disp.emf
set color iw

blo iw
copy

set out u78xd.emf

set color iw

plot xd £ill xd iw blo
copy

set out u78yd.emf

set color iw

plot yd £ill yd iw blo
copy

set out u78sigl.emf
set color iw

plot sigl £ill sigl iw
copy

set out u78sig2.emf
get color iw

plot sig2 fill sig2 iw
copy

set out u78sdif.emf
set color iw

blo iw

blo iw

plot sdiff f£ill sdiff iw blo iw

copy
; History plots

set out u78thist.emf
set color iw
plo thist 1 2 3 45 6

copy

set out u78ydhist.emf
set color iw

plo hist 3 4 5 6 7 8
copy

set out u78xdhist.emf
set color iw

U\78 ¢ »’L(\\«)r "\’X‘(

Joint (UDEC, Slip Allowed)

plot gp_extra £ill alias 'Displacement' gp_extra iw disp iw

plo hist 9 10 11 12 13 14

copy

set out u78unbal.emf

set color iw

plo hist 2

copy

set out u78jndh.emf

set color iw

plo hist 15 16 17 18 19 20 21 22 23 24 25 vs 1
copy

;

set out u78jsdh.emf

set color iw

plo hist 26 27 28 29 30 31 32 33 34 35 36 vs 1
copy

set out u78jsrh.emf

set color iw

plo hist 37 38 39 40 41 42 43 44 45 46 47 vs 1
copy

Create output tables

i

def xxx
nn=2000

end

XXX

def table_fill
array u78c(13,nn)
array u78b (9, nn)
ic=contact_head
ib=block_head
ii=1
thvalr=thvald*pi/180.0
mval=tan(thvalr)
bval=50.0-50.0%uval

Contact information

loop while ic # 0
xval=c_x(ic)
yval=c_y(ic)
ycal:mval*xval+bval
lva1=sqrt(xval”2+(yvalnbval)*z)
blki=c_bl{ic)
blk2=c_b2(ic)
clval=c_length(ic)
delos=c_ndis(ic)
dride=c_sdis(ic)
nfval=c_nforce (ic)
afval=c_sforce(ic)
nsval=-nfval/clval
ssval=-sfval/clval
tyval=c_type(ic)
slipc=fmem(ic+Skgam)

Ccreate table entries

if abs(yval-ycal)<0.l then
table(l,ii)=yval
table(2,1ii)=xval
table(3,ii)=1lval
table(4,ii)=blkl

table(5,ii)=blk2

table(6,1ii)=nfval
table(7,1ii)=sfval
table(8,ii)=dclos

table(9,ii)=dride
table(10,ii)=nsval
table (11,ii)=ssval
table(12,1ii)=tyval
table(13,ii)=slipc

Array entries

u78c(l,ii)=string(yval)
u78c(2,ii)=string (xval)
u78c(3,1ii)=string(lval)
u78c(4,ii)=string(blkl)
u78c(5,ii)=string (blk2)
u78c(6,ii)=string(nfval)
u78c(7,ii)=string(sfval)
u78c(8,ii)=string(dclos)
u78c(9,ii) =string(dride)
w78c(10,ii) =string(nsval)
u78c(11,ii)=string(ssval) P, .
u78c(12,ii)=string(tyval) i2€) 2t 5
u78c(13,ii)=string(slipc)
ii=ii+l
end_if
ic=c_next(ic)

end_loop

ii=1
H

; Gridpoints on joint

loop while ib # 0

cg=b_gp (ib)

loop while cg # 0
blke=ib
xval=gp_x{cg)
yval=gp_y{cg)
ycal=mval*xval+bval
lval=sqrt (xval®2+ (yval-bval) *2)
dxval=gp_xdis (cg)
dyval=gp_ydis(cg)
thetav=atan2 (dyval, dxval)
dtvalb=sqrt ({dxval*dxval)+{dyval*dyval})
dsval=dtvalb*cos{thetav-thvalr)
dnval=dtvalb*sin{thetav-thvalr)
gtemp=~£fmem (cg+$kgtemp)

; Create table entries
if abs(yval-ycal}<0.1 then
table(13,ii)=yval
table(14,1ii)=xval
table(15,ii)=1lval
table(16,1i)=blkc
table(17, ii)=dxval
table (18,1ii)=dyval
table(19,1i)=dsval
table(20,ii)=dnval

i
; Array entries
;

u78b(l,ii)=stxing(yval)

u78b(2,ii)=string(xval)
u78b(3,ii)=string(lval)
u78b {4, 1ii)=string(blkc)
u78b(5,1ii)=string(dxval)

u78b(6,1i)=string(dyval)
u78b(7,ii)=string(dsval)
u78b(8,ii)=string(dnval)
g?ﬁb(B,ii):string(gtemp)
ii=ii+1
end_if
cg=gp_next {cg}
end_loop
ib=b_next (ib)
end_loop
status=open('u78cdata.out',1,1)
status=write(u78c, 2000)
status=close
status=open('u78bdata.out',1,1)
status=write (u78b,2000)
end

set thvald=14.0
cal contact.fin
cal jmat.fin
table_£i11

; Write thermal histories to files
thist write

thist write
thist write

u78tl.out
u78t3.out

thist write
thist write

u78t5.out
u78té6.out

i
ret

Bk Awk

1
2
3 ¥

thist write 4 u78t4.out o, Yo WTBSdede. oot
: . .
6 iz?

0 6T3 Vel 4

status=open('u78bdata.out',1,1)
status=write (u78b,5000) 2?
status=close \

status:open('u78cdata.out',1,1)53C}§/oq
status=write (u78c,5000)
status=close

(:ADCQJZ Vv\c;zj~zc;£~e«) tl}

u78t2.out O NS Ceourad wv%\zw\
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. Case 7.8 Summary of Results (FLAC)

Maximum Minimum Mean X Absolute

Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 64.00 2.07E-02 34.00 -2.34E-02 -1.06E-03 7.11E-01
FLAC Shear displacement at top of interface (m) 68.00 1.29E-02 32.00 -1.13E-02 7.11E-04 3.93E-01
FLAC Normal displacement at bottom of interface (m) 50.00 5.30E-02 2.00 -2.06E-04 2.16E-02 1.10E+00
FLAC Normal displacement at top of interface (m) 0.00 6.98E-03 50.00 -2.78E-02 -1.18E-02 6.20E-01
FLAC Relative normal displacement on interface (m) 0.00 -5.22E-03 50.00 -8.08E-02 -3.36E-02 1.71E+00
FLAC Relative shear displacement on interface (m) 38.00 1.23E-02 62.00 -8.24E-03 1.72E-03 3.25E-01
FLAC Total displacement at bottom of interface (m) 50.00 5.30E-02 0.00 1.20E-03 2.69E-02 1.37E+00
FLAC Total displacement at top of interface (m) 50.00 2.78E-02 100.00 1.06E-03 1.51E-02 7.72E-01
FLAC Normal stress at bottom of interface (Pa) 100.00 -6.44E+06 0.00 -6.96E+06 | -6.70E+06 3.42E+08
FLAC Normal stress at top of interface (Pa) 100.00 -6.44E+06 0.00 -6.96E+06 | -6.70E+06 3.42E+08
FLAC Shear stress at bottom of interface (Pa) 100.00 -1.16E+06 0.00 -1.25E+06 | -1.21E+06 6.15E+07
FLAC Shear stress at top of interface (Pa) 100.00 -1.16E+06 0.00 -1.256E+06 { -1.21E+06 6.15E+07
FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22
Maximum temperature at source {°C) 50.00 312.46 - - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0

Case 7.8 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean % Absolute

Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 64.00 2.10E-02 36.00 -2.37E-02 -1.13E-03 7.24E-01
UDEC Shear displacement at top of interface (m) 68.00 1.31E-02 34.00 -1.15E-02 6.85E-04 4.02E-01
UDEC Normal displacement at bottom of interface (m) 50.00 5.40E-02 0.00 -1.40E-03 2.15E-02 1.10E+00
UDEC Normal displacement at top of interface (m) 100.00 1.21E-03 50.00 -2.83E-02 -1.21E-02 6.21E-01
UDEC Relative normal displacement on interface (m) 0.00 -5.59E-03 50.00 -8.23E-02 -3.37E-02 1.72E+00
UDEC Relative shear displacement on interface (m) 38.00 1.25E-02 62.00 -8.25E-03 1.84E-03 3.26E-01
UDEC Total displacement at bottom of interface (m) 50.00 5.40E-02 0.00 1.44E-03 2.71E-02 1.38E+00
UDEC Total displacement at top of interface (m) 50.00 2.84E-02 100.00 1.24E-03 1.53E-02 7.78E-01
UDEC Normal stress at bottom of interface (Pa) 54.00 -6.67E+06 68.00 -6.70E+06 | -6.69E+06 3.41E+08
UDEC Normal stress at top of interface (Pa) 47.50 -6.65E+06 0.00 -6.69E+06 | -6.68E+(06 3.40E+08
UDEC Shear stress at bottom of interface (Pa) 56.00 -1.19E+06 0.00 -1.22E+06 | -1.20E+06 6.14E+07
UDEC Shear stress at top of interface (Pa) 46.00 -1.19E+06 0.00 -1.21E+06 | -1.20E+06 6.13E+07
UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 7.60E+01 3875.62
UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7.59E+01 3871.69
Maximum temperature at source (°C) 50.00 326.70 - - - -
Number of Contacts 52 51
Number of Contacts at Slip Condition 0 0

4
g /04 Case 7.8 Relative Error between UDEC and FLAC Resuits*
: Maximum Minimum Mean Total

Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 0.0 1% 2.0 2% 0% 2%
Shear displacement at top of interface (m) 0.0 1% 2.0 1% 0% 2%
Normal displacement at bottom of interface (m) 0.0 3% -2.0 4% 0% 0%
Normal displacement at top of interface (m) 100.0 18% 0.0 2% 1% 0%
Relative normal displacement on interface (m) 0.0 1% 0.0 3% 0% 0%
Relative shear displacement on interface (m) 0.0 1% 0.0 0% 0% 0%
Total displacement at bottom of interface (m) 0.0 4% 0.0 1% 1% 1%
Total displacement at top of interface (m) 0.0 2% 0.0 1% 0% 1%
Normal stress at bottom of interface (Pa) -46.0 87% 68.0 100% 5% 0%
Normal stress at top of interface (Pa) -52.5 80% 0.0 102% 9% 0%
Shear stress at bottom of interface (Pa) -44.0 66% 0.0 80% 3% 0%
Shear stress at top of interface (Pa) -54.0 74% 0.0 89% 8% 0%
Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0%
Maximum temperature at source (°C) 0.0 5% - - -
Number of Contacts 2% 0%
Number of Contacts at Slip Condition 0% 0%

* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total
displacement, stress, or temperature

Comperivom o WDEC ok FLAC nogudls o
Cose 78

——~—

Displacement (m)

Displacement (m)

Case 7.8 ~Comparigon of R for an Inclined Interface Subjected to a Volumetric
Heat Source {Slip Altowed)
6.0E-02
5.0E-02
4.0E-02
3.0E-02
2.0E-02 4
1.0E-02
0.0E+00
-1.0E-02 -
! —+—UDEC Normai displacement at bottom of interface (m)
—o—FLAC Normal displacement at bottorn of interface (m)
-2.0E-02 - ~8— UDEC Shear displacement at bottom of interface (m)
—o—FLAC Shear displacement at bottom of interface {m)
-3.0E-02 T
0 10 20 30 40 50 60 70 80 €0 100
Horizontal Distance (m)
Case 7.8 - Comparison of Results for an Inclined interface Subjected to a Volumetric
Heat Source (Slip Allowed)
20E-02
0.0E+00
-2.0E-02
-4.0E-02
-6.0E-02 1
8.0E-02 —a—UDEC Relative shear displacement on interface {m)
y —o—FLAC Relative shear displacement on interface (m)
~—a—UDEC Relative normat displacement on interface (m)
Note: Closure is negative —o—FLAC Relative normal displacement on interface (m)
-1.0E-01 ¥
0 10 20 30 40 50 60 70 80 90 100
Horizontal Distance {m)
Case 7.8 - Comparison of Results for an Inclined Interface Subjected to a Vol tric
Heat Source (Slip Allowed)
250
—a— UDEC Temperature at bottom
of interface (°C)
200 —o—FLAC Temperature at bottom
of interface (°C)

Temperature {°C)

40 50 60 70 80 Q0
Horizontal Distance (m)

85

D0 6T Vol A

Case 7.8 - Comparison of Results for an Inclined Interface Subjected to a
Volumetric Heat Source (Slip Allowed)

2.0E-02
1.66-02
1.0E-02
§.0E-03 &
E 0.0E+00
E -5.0E-03
g -1.0E-02 |
3
5 15802
-2.0E-02
-2.5E-02 —a—UDEC Normal displacement at top of interface (m)
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-3.0E-02 —=—UDEC Shear displacement at top of interface (m)
25502 —o—FLAC Shear displacement at top of interface {m)
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Case 7.8 - Comparison of Results for an Inclined Interface Subjected to a Volumetric
Heat Source {Slip Allowed)
350
300
250
5 —+—UDEC Source center
b3
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0
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Case 7.8 - Comparison of Results for an inclined Interface Subjected to a
Volumetric Heat Source (Slip Allowed)
260
—a—UDEC Temperature at top of
interface (°C)
200 LN —o—FLAC Temperature at top of
interface (°C)
o
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|4
2
[
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Stress (Pa)

Slip Condition

SNET> Vel 4 MG Vol |
Case 7.1 Summary of Results (FLAC)
Maximum Minimum Mean
Case 7.8 - Comparison of R foran d interface Subjected to a Vol Case 7.8 - Comparison of Results for an | d Interface Subjected to a i Parameter i X Value X Value Value
Heat Source (Slip Allowed) Volumetric Heat Source (Slip Allowed) Lateral displacement at bottom of interface (m) 56.00 7.40E-03 44.00 -7.40E-03 5.84E-08
Lateral dispiacement at top of interface (m) 56.00 7.39E-03 44.00 -7.38E-03 6.02E-08
0.0E+00 0.0E+00 Normal displacement at bottom of interface (m) 50.00 1.12E-02 0.00 3.92E-04 2.15E-03
Normal displacement at top of interface (m) 50.00 1.12E-02 0.00 3.92E-04 2.15E-03
-1.0E+06 -1.0E406 ! Relative normal displacement on interface (m) 60.00 3.89E-06 50.00 -2.83E-05 -9.00E-07
Relative shear displacement on interface (m) 46.00 2.32E-05 54.00 -2.32E-05 1.13E-10
2.0E+06 -2.0E+06 f Total displacement at bottom of interface (m) 50.00 1.12E-02 0.00 3.92E-04 3.88E-03
ST,y TS —— Total displacement at top of interface (m) 50.00 1.12E-02 0.00 3.92E-04 3.87E-03
-3.0E+06 bottom of interface (Pa) -3.0E+06 Normal stress at bottom of interface (Pa) 60.00 7.40E+06 50.00 -5.36E+07 | -1.72E+06
o FLAC Nomalsse ot g e #109 Normal stress at top of interface (Pa) 60.00 7.40E+06 50.00 -5.36E+07 | -1.72E+06
-4.0E+06 —a—UDEC Sheer stress at ® -4.0E+06 —o—FLAC Normal sress at top Shear stress at bottom of interface (Pa) 46.00 3.01E+07 54.00 -3.01E+07 | 2.93E+02
bottom of interfce (Pa) % ___;';:;";:" “’;’r vopof Shear stress at top of interface (Pa) 46.00 3.01E+07 54.00 -3.01E+07 | 2.93E+02
-5.0E+08 TpLAC Showrstese -5.0E+06 | nterace ey o P Temperature at bottom of interface (°C) 50.00 119.30 0.00 34.00 40.90
—o—FLAC Shear stress at top of Temperature at top of interface (°C) 50.00 124.44 0.00 34.00 41.45
-6.0E+06 -6.0E+06 interface (Pa) Maximum temperature at source (°C) 50.00 42524 - - -
_7.0E406 4-o-0-0-0-0-0-0-0-0-005-5 -7.0E+06 4oo-o-o-0o00000 855 ‘ Number of Contacts 51 51
Note: Compressive stress is negative Note: Compressive stress is negative : { Number of Contacts at Slip Condition 0 0
-8.0E+06 -8.0E+06
¢ o % % 4 % & 70 W % 10 e x4 e T &% % 100 Case 7.1 Summary of Results (UDEC, Interpolated)
Horizontal Distance (m) Horizontal Distance (m) s
| Maximum Minimum Mean
Case 7.8 - Comparison of R for an Inclined Interface Subjected to a Volumetric Case 7.8 - Comparison of Results for an Inclined Interface Subjected to a : i Parameter _ X Value X Value Value
Heat Source (Stip Allowed) Volumetric Heat Source (Slip Allowed) \ Lateral displacement at bottom of interface (m) 56.00 6.49E-03 44.00 -6.47E-03 6.33E-06
§ Lateral displacement at top of interface (m) 56.00 6.47E-03 44.00 -6.45E-03 6.33E-06
14 1.4 : Normal displacement at bottom of interface (m) 50.00 1.07E-02 100.00 3.03E-04 1.91E-03
—+—UDEC Siip condition at bottom of interface —+—UDEC Slip condition at top of interface Normal displacement at top of interface (m) 50.00 1.07E-02 100.00 3.03E-04 1.91E-03
1.2 ~o——FLAC Slip condiion at bottom of interface 12 —e—FLAC Siip candiion at top of interface Relative normal displacement on interface (m) 40.00 3.62E-06 50.00 -2.64E-05 -7.56E-07
Relative shear displacement on interface (m) 46.00 1.97E-05 54.00 -1.97E-05 3.85E-11
10 101 Total displacement at bottom of interface (m) 50.00 1.09E-02 100.00 3.03E-04 3.42E-03
08 08 ? Total displacement at top of interface (m) 50.00 1.08E-02 100.00 3.03E-04 3.42E-03
’ g ‘ k Normal stress at bottom of interface (Pa) 60.00 6.89E+06 50.00 -5.02E+07 | -1.43E+06
06 4 £ 08 ; Normal stress at top of interface (Pa) 40.00 6.89E+06 50.00 -5.02E+07 | -1.43E+06
§ } Shear stress at bottom of interface (Pa) 46.00 2.56E+07 54.00 -2.56E+07 | -1.71E+03
04 o 04 | Shear stress at top of interface (Pa) 46.00 2.56E+07 54.00 -2.56E+07 | 6.41E+02
& ‘ Temperature at bottom of interface (°C) 50.00 114.50 0.00 34.00 40.97
02 021 i Temperature at top of interface (°C) 50.00 11450 0.00 34.00 40.97
00 00 ! Maximum temperature at source (°C) 50.00 428.20 - - -
02 -0.2 | Number of Contacts 51 51
Note: No sfip = 0.0, slip = 1.0 Note: No slip = 0.0, sip=1.0 ‘ Number of Contacts at Slip Condition 0 o]
04 4 -0.4 :
o0 m o ®m e o0 @ w0 wow dR 0 e @ e om0 o ow @ Case 7.1 Relative Error between UDEC and FLAC Results*
Horizontal Distance (m) @ ‘ Horizontal Distance (m) [ :
¢ Maximum Minimum Mean
. . Parameter X Error X Value Value
. r> Lateral displacement at bottom of interface (m) 56.00 13% 44,00 13% 0%
c 7. : Lateral displacement at top of interface (m) 56.00 13% 44.00 13% 0%
Co"""(’“" 20~ “! Q‘“ "‘)\.\—\' Q’" C“K 78 : CPcl L2 Normal displacement at bottom of interface (m) 50.00 7% 100.00 1% 2%
Normal displacement at top of interface (m) 50.00 6% 100.00 1% -2%
Relative normal displacement on interface (m) 40.00 0% 50.00 0% 0%
Relative shear displacement on interface (m) 46.00 0% 54.00 0% 0%
C' 7 8 Total displacement at bottom of interface (m) 50.00 4% 10000 | 1% -4%
et ) . . N y e Total displacement at top of interface (m) 50.00 4% 100.00 1% -4%
R G ol Case Co e Xifon . E Normal stress at bottom of interface (Pa) 54.00 1% 46.00 7% 1%
A . X . — (,{/( A X Normal stress at top of interface (Pa) 40.00 1% 50.00 7% 1%
- e (,Xw“ COP RS W Frac et U OE C wes T, excen b Shear stress at bottom of interface (Pa) 58.00 15% 50.00 15% 0%
Shear stress at top of interface (Pa) 46.00 15% 54.00 15% 0%
o Temperature at bottom of interface (°C) 50.00 6% 0.00 0% 0%
. Q)-r l‘wwa)g«/vu\ ng SOUrce &2 cher . CV\(}\ LG é‘&kq( e (Lédlm Q/(‘ M% { Temperature at top of interface (°C) 50.00 12% 0.00 0% 0%
Maximum temperature at source (°C) 50.00 1% - - -
\a}@‘fw\ \cvuw\ deves Number of Contacts 0% 0%
Number of Contacts at Slip Condition 0% 0%

- ey low joxva ék((vmh 3 uﬁcﬂ( (JLM :J]iﬁﬁ 5‘64?&)/)‘

reauVledd o slippage, bk abvel conplohe shast nelanation

0./(0\/\5 ‘H/u \V\At/\rQ«x_/, .

| %}s’/&?,

* Relative error calculated as difference between.UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

displacement, stress, or temperature
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Case 7.2 Summary of Results (FLAC)

Maximum Minimum Mean
Parameter X Value X Value Value
FLAC Lateral displacement at bottom of interface (m) 58.00 1.32E-02 42.00 -1.32E-02 -4.36E-08
FLAC Lateral displacement at top of interface (m) 54.00 7.05E-03 46.00 -7.05E-03 -4.83E-09
FLAC Normal displacement at bottom of interface (m) 50.00 1.32E-02 72.00 -2.38E-03 3.07E-04
" [FLAC Normal displacement at top of interface (m) 50.00 1.29E-02 100.00 7.38E-04 4.09E-03
FLAC Relative normal disptacement on interface (m) 36.00 7.21E-03 50.00 -2.64E-04 3.79E-03
FLAC Relative shear displacement on interface (m) 40.00 1.10E-02 60.00 -1.10E-02 2.67E-08
FLAC Total displacement at bottom of interface (m) 44.00 1.44E-02 0.00 1.33E-03 6.51E-03
FLAC Total displacement at top of interface (m) 47.50 1.30E-02 100.00 7.38E-04 4.29E-03
Normal stress at bottom of interface (Pa) 0.00 - 0.00E+00 50.00 -5.01E+07 | -3.07E+06
Normal stress at top of interface (Pa)_ 0.00 0.00E+00 50.00 -5.01E+07 | -3.07E+06
Shear stress at bottom of interface (Pa) 46.00 6.32E+07 54.00 -6.32E+07 1.15E+01
Shear stress at top of interface (Pa) 46.00 6.32E+07 54.00 -6.32E+07 1.15E+01
FLAC Temperature at bottom of interface (°C) 50.00 119.30 0.00 34.00 40.90
FLAC Temperature at top of interface (°C) 50.00 124.44 0.00 34.00 41.45
Maximum temperature at source (°C) 50.00 425.24 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition _ 46 46
Case 7.2 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean
Parameter X Value X Value Value
UDEC Lateral displacement at bottom of interface (m) 58.00 1.40E-02 42.00 -1.41E-02 -3.57E-06
UDEC Lateral displacement at top of interface (m) 32.00 1.14E-03 68.00 -1.14E-03 4.63E-07
UDEC Normal dispiacement at bottom of interface (m) 50.00 1.45E-02 30.00 -1.23E-03 1.27E-03
UDEC Normai displacement at top of interface (m) 50.00 1.43E-02 100.00 -3.21E-04 2.90E-03
UDEC Relative normal displacement on interface (m) 36.00 4.75E-03 50.00 -2.52E-04 1.62E-03
UDEC Relative shear displacement on interface (m) 42.00 1.46E-02 58.00 -1.45E-02 4.57E-06
UDEC Total displacement at bottom of interface (m) 46.00 1.61E-02 0.00 3.22E-04 6.41E-03
UDEC Total displacement at top of interface (m) 50.00 1.43E-02 0.00 3.20E-04 3.26E-03
UDEC Normal stress at bottom of interface (Pa) 14.00 1.00E+06 50.00 -4.79E+07 | -2.13E+06
UDEC Normal stress at top of interface (Pa) 14.00 1.00E+06 50.00 -4.79E+07 | -2.13E+06
UDEC Shear stress at bottom of interface (Pa) 47.50 1.19E+07 52.50 -1.22E+07 | 8.97E+02
UDEC Shear stress at top of interface (Pa) 47.50 1.22E+07 52.50 -1.19E+07 | -1.32E+03
UDEC Temperature at bottom of interface (°C) 50.00 114.50 0.00 34.00 41.12
UDEC Temperature at top of interface (°C) 50.00 114.50 0.00 34.00 41.10
Maximum temperature at source (°C) 50.00 428.20 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 51 51
Case 7.2 Relative Error between UDEC and FLAC Results*
Maximum Minimum Mean
Parameter X Error X Value Va.l)ue
Lateral displacement at bottom of interface (m) 56.00 11% 44.00 11:A, Onf
Lateral displacement at top of interface (m) 56.00 75% 44.00 75 DA) Ooo
Normal displacement at bottom of interface (m) 50.00 17% 100.00 15 D/o 7 ?
Normal displacement at top of interface (m) 50.00 17% 100.00 13; % -9?
Relative normal displacement on interface (m) 40.00 31% 50.00 0 /oo -1Z %
Relative shear displacement on interface (m) 46.00 45% 54.00 44 OA) 0?
Total displacement at bottom of interface (m) 50.00 22% 100.00 130 % -1 oﬁ)
Total displacement at top of interface (m) 50.00 16% 100.00 5 oAa -80 o
Normal stress at bottom of interface (Pa) 54.00 2% 46.00 5 OA, 2 OA
Normal stress at top of interface (Pa) 40.00 2% 50.00 5 f 2 o/o
Shear stress at bottom of interface (Pa) 58.00 81% 50.00 81 OA) 0 OA
Shear stress at top of interface (Pa) 46.00 81% 54.00 810/0 g Df)
Temperature at bottom of interface (°C) 50.00 6% 0.00 0 o/o 0°/o
Temperature at top of interface (°C) 50.00 12% 0.00 0% o
Maximum temperature at source (°C) 50.00 1% - - -
Number of Contacts 0% 0"?
Number of Contacts at Slip Condition 10% 10%

* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total displacement,

stress, or temperature
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Case 7.3 Summary of Results (FLAC)
Maximum Minimum Mean Z Absolute
Parameter X Value X Value Value Values
FLAC Lateral displacement at bottom of interface (m) 56.00 7.05E-03 44.00 -6.96E-03 4.89E-05 1.36E-01
FLAC Lateral displacement at top of interface (m) 56.00 6.86E-03 44.00 -6.78E-03 5.02E-05 1.34E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.13E-02 2.00 -9.56E-05 2.02E-03 1.03E-01
FLAC Normal displacement at top of interface (m) 50.00 1.10E-02 2.00 -9.88E-05 2.01E-03 1.03E-01
FLAC Relative normal displacement on interface (m) 60.00 3.81E-05 50.00 -2.70E-04 -1.05E-05 1.37E-03
FLAC Relative shear displacement on interface (m) 46.00 2.15E-04 54.00 -2.21E-04 1.26E-06 1.96E-03
FLAC Total displacement at bottom of interface (m) 50.00 1.13E-02 0.00 1.79E-04 3.60E-03 1.83E-01
FLAC Total displacement at top of interface (m) 50.00 1.10E-02 0.00 1.81E-04 3.55E-03 1.81E-01
FLAC Normal stress at bottom of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 | -1.99E+06 2.60E+08
FLAC Normal stress at top of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 | -1.99E+06 2.60E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 1.64E+05 2.55E+08
FLAC Shear stress at top of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 1.64E+05 2.55E+08
FLAC Temperature at bottom of interface (°C) 50.00 118.14 0.00 34.00 40.95 2088.52
FLAC Temperature at top of interface (°C) 50.00 100.82 0.00 34.00 39.16 1997.40
Maximum temperature at source (°C) 50.00 425.24 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0
Case 7.3 Summary of Results (UDEC, Interpolated) /7
Maximum Minimum Mean Z Absolute
Parameter X Value X Value Value Values - 04,
UDEC Shear displacement at bottom of interface (m) 56.00 7.17E-03 44.00 -7.20E-03 3.43E-05 1.39E-01 AL g/
UDEC Shear displacement at top of interface (m) 56.00 6.96E-03 44.00 -6.99E-03 3.92E-05 1.37E-01 ()Ji’
UDEC Normal displacement at bottom of interface (m) 50.00 1.14E-02 0.00 -1.73E-04 1.99E-03 1.02E-01 '
UDEC Normal displacement at top of interface (m) 50.00 1.09E-02 0.00 -1.74E-04 1.97E-03 1.01E-01
UDEC Relative normal displacement on interface (m) 58.00 5.51E-05 50.00 -4.94E-04 -1.33E-05 1.93E-03
UDEC Relative shear displacement on interface (m) 46.00 3.75E-04 54.00 -3.73E-04 1.41E-06 2.74E-03
UDEC Total displacement at bottom of interface (m) 50.00 1.14E-02 0.00 1.93E-04 3.62E-03 1.85E-01
UDEC Total displacement at top of interface (m) 50.00 1.11E-02 0.00 1.95E-04 3.58E-03 1.82E-01
UDEC Normal stress at bottom of interface (Pa) 58.00 1.05E+07 50.00 -9.38E+07 | -2.51E+06 3.67E+08
UDEC Normal stress at top of interface (Pa) 60.00 5.40E+06 47.50 -1.59E+07 | -9.67E+05 1.46E+08
UDEC Shear stress at bottom of interface (Pa) 46.00 4.87E+07 54.00 -4.85E+07 1.83E+05 3.56E+08
UDEC Shear stress at top of interface (Pa) 42.00 1.31E+07 58.00 -1.33E+07 1.95E+05 1.53E+08
UDEC Temperature at bottom of interface (°C) 50.00 1.12E+02 0.00 3.40E+01 4.00E+01 2042.17
UDEC Temperature at top of interface (°C) 50.00 1.06E+02 0.00 3.40E+01 3:99E+01 2033.09
Maximum temperature at source (°C) 50.00 419.20 - - - -
Number of Contacts 56 51
Number of Contacts at Slip Condition 0 0
Case 7.3 Relative Error between UDEC and FLAC Results*
Maximum Minimum Mean Total
Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 0.0 2% 0.0 3% 0% 2%
Shear displacement at top of interface (m) 0.0 1% 0.0 3% 0% 2%
Normal displacement at bottom of interface (m) 0.0 1% -2.0 1% 0% 1%
Normal displacement at top of interface (m) 0.0 1% -2.0 1% 0% 2%
Relative normal displacement on interface (m) -2.0 7% 0.0 86% 1% 41%
Relative shear displacement on interface (m) 0.0 62% 0.0 59% 0% 40%
Total displacement at bottom of interface (m) 0.0 1% 0.0 0% 0% 1%
Total displacement at top of interface (m) 0.0 1% 0.0 0% 0%., 1%
Normal stress at bottom of interface (Pa) -2.0 7% 0.0 86% 1% 41%
Normal stress at top of interface (Pa) 0.0 4% -2.5 72% 2% 44%
Shear stress at bottom of interface (Pa) 0.0 2% 0.0 68% 0% 40%
Shear stress at top of interface (Pa) -4.0 52% 4.0 53% 0% 40%
Temperature at bottom of interface (°C) 0.0 8% 0.0 0% 1% 2%
Temperature at top of interface (°C) 0.0 7% 0.0 0% 1% 2%
Maximum temperature at source (°C) 0.0 -1% - - -
Number of Contacts 10% 0%
Number of Contacts at Slip Condition 0% 0%

* Relative error calculated as difference between UDEC and FLAC values normalized to maxi

displacement, stress, or temperature

mum deviation from mean along interface in either total
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Case 7.7 Summary of Results (FLAC)
Case 7.4 Summary of Results (FLAC)

Maximum Minimum Mean Z Absolute
Maximum Minimum Mean 2 Absolute Parameter X Value X Value Value Values
Parameter X Value X Value Value Values : FLAC Shear displacement at bottom of interface (m) 66.00 1.10E-02 34.00 -1.10E-02 1.37E-04 3.48E-01
FLAC Shear disptacement at bottom of interface (m) 58.00 1.20E-02 42.00 -1.24E-02 -3.51E-04 2.23E-01 ; FLAC Shear displacement at top of interface (m) 66.00 1.10E-02 34.00 -1.10E-02 1.38E-04 3.47E-01
FLAC Shear displacement at top of interface (m) 54.00 6.37E-03 46.00 -6.37E-03 1.75E-04 5.18E-02 ‘ { FLAC Normal displacement at bottom of interface (m) 50.00 9.71E-03 0.00 2.71E-04 4.48E-03 2.29E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.26E-02 68.00 -1.92E-03 9.17E-04 1.13E-01 ‘ FLAC Normal displacement at top of interface (m}) 50.00 9.60E-03 0.00 2.69E-04 4.46E-03 2.27E-01
FLAC Normal displacement at top of interface (m) 50.00 1.26E-02 92.00 1.62E-04 3.65E-03 1.86E-01 . FLAC Relative normat displacement on interface (m) 0.00 -1.49E-06 50.00 -1.06E-04 -2.49E-05 1.27E-03
FLAC Relative normal displacement on interface (m) 38.00 6.71E-03 50.00 -2.55E-05 2.75E-03 1.41E-01 ' FLAC Relative shear displacement on interface (m) 44.00 1.99E-05 56.00 -2.00E-05 1.81E-06 4.30E-04
FLAC Relative shear displacement on interface (m) 40.00 1.01E-02 58.00 -9.58E-03 5.39E-04 1.95E-01 FLAC Total displacement at bottom of interface (m) 38.00 1.23E-02 0.00 2 80E-04 8.52E-03 4.34E-01
FLAC Total displacement at bottom of interface (m) 44.00 1.36E-02- 100.00 2.97E-04 5.37E-03 2.74E-01 FLAC Total displacement at top of interface (m) 36.00 1.23E-02 0.00 2.78E-04 8.50E-03 4.33E-01
FLAC Total displacement at top of interface (m) 50.00 1.26E-02 90.00 2.50E-04 3.85E-03 1.96E-01 FLAC Normal stress at bottom of interface (Pa) 0.00 -7.71E+06 50.00 -5.99E+07 | -1.92E+07 9.77E+08
FLAC Normal stress at bottom of interface (Pa) 92.00 -7.66E+05 50.00 -4.85E+07 | -2.80E+06 | 1.49E+08 FLAC Normal stress at top of interface (Pa) 0.00 -7.71E+06 50.00 -5.99E+07 | -1.92E+07 | 9.77E+08
FLAC Normal stress at top of interface (Pa) 92.00 7.66E+05 50.00 -4.85E+07 | -2.89E+06 1.49E+08 ‘ FLAC Shear stress at bottom of interface (Pa) 44.00 8.74E+06 56.00 -1.12E+07 | -3.03E+05 2.06E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 5.65E+07 54.00 -5.65E+07 | -6.04E+04 | 1.65E+08 FLAC Shear stress at top of interface (Pa) 44.00 8.74E+06 56.00 -1.12E+07 | -3.03E+05 | 2.06E+08
FLAC Shear stress at top of interface (Pa) 46.00 5.65E+07 54.00 -5.65E+07 | -6.04E+04 | 1.65E+08 ‘ FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
FLAC Temperature at bottom of interface (°C) 50.00 118.00 0.00 34.00 40.95 2088.20 FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22
FLAC Temperature at top of interface (°C) 50.00 101.00 0.00 34.00 39.17 1997.70 Maximum temperature at source (°C) 51.21 322.38 - - -
Maximum temperature at source (°C) 50.00 425.24 - - - : )
| B Number of Contacts 51 51
Number of Contacts 51 51 3 Number of Contacts at Slip Condition 0 0 7]
Number of Contacts at Slip Condition 27 27 ‘ \ . (%\
5 Case 7.7 Summary of Results (UDEC, Interpolated)
Case 7.4 Summary of Results (UDEC, Interpolated) A g
X . Maximum Minimum Mean Z Absolute Zz)rf
Maximum Minimum Mean % Absolute ‘ Parameter X Value X Value Value Values
Parameter X Value X Value Value Values Q(J{/Of} UDEC Shear displacement at bottom of interface (m) 66.00 1.11E-02 34.00 ~-1.11E-02 1.48E-04 3.52E-01
UDEC Shear displacement at bottom of interface (m) 56.00 1.54E-02 44.00 -1.53E-02 | -3.56E-04 2.88E-01 ! : UDEC Shear displacement at top of interface (m) 66.00 1.11E-02 34.00 -1.11E-02 1.50E-04 3.52E-01
UDEC Shear displacement at top of interface (m) 32.00 1.09E-03 66.00 -1.25E-03 -2.06E-05 3.03E-02 UDEC Normal displacement at bottom of interface (m) 50.00 9.75E-03 0.00 2.33E-04 4.47E-03 2.28E-01
UDEC Normal displacement at bottom of interface (m) 50.00 1.53E-02 68.00 -1.29E-03 1.42E-03 1.05E-01 , UDEC Normal displacement at top of interface (m) 50.00 9.59E-03 0.00 2.31E-04 4.45E-03 2.27E-01
UDEC Normal displacement at top of interface (m) 50.00 1.52E-02 0.00 -1.73E-04 3.12E-03 1.60E-01 UDEC Relative normal displacement on interface (m) 8.00 -1.70E-05 50.00 -1.80E-04 -3.89E-05 1.98E-03
UDEC Relative normal displacement on interface (m) 62.00 5.64E-03 50.00 -5.62E-05 | 1.69E-03 8.63E-02 UDEC Relative shear displacement on interface (m) 46.00 8.87E-05 54.00 -9.18E-05 | -1.41E-07 1.27E-03
UDEC Retative shear displacement on interface (m) 42.00 1.51E-02 56.00 -1.54E-02 | 3.39E-04 3.09E-01 ) . , UDEC Total displacement at bottom of interface (m) 64.00 1.24E-02 0.00 2.40E-04 8.58E-03 4.38E-01
UDEC Total displacement at bottom of interface (m) 54.00 1.75E-02 100.00 3.74E-04 6.51E-03 3.32E-01 i UDEC Total displacement at top of interface (m) 64.00 1.24E-02 0.00 2.38E-04 8.56E-03 4.37E-01
UDEC Total displacement at top of interface (m) 50.00 1.52E-02 6.00 9.80E-05 3.30E-03 1.68E-01 UDEC Normal stress at bottom of interface (Pa) 8.00 -8.48E+06 50.00 -8.99E+07 | -1.94E+07 9.92E+08
UDEC Normal stress at bottom of interface (Pa) 0.00 1.40E+06 50.00 -1.07E+08 | -4.75E+06 | 3.12E+08 . UDEC Normal stress at top of interface (Pa) 6.00 -8.31E+06 56.00 -4.16E+07 | -1.88E+07 | 9.57E+08
UDEC Normal stress at top of interface (Pa) 0.00 2.05E+06 47.50 -1.17E+06 7.67E+05 4.41E+07 UDEC Shear stress at bottom of interface (Pa) 46.00 4 .43E+07 54.00 -4.59E+07 | -7.05E+04 6.34E+08
UDEC Shear stress at bottom of interface (Pa) 47.50 2.15E+07 52.50 -2.25E+07 | -4.99E+04 | 6.60E+07 UDEC Shear stress at top of interface (Pa) 54.00 251E+07 46.00 -2.78E+07 | -2.23E+05 [ 2.96E+08
UDEC Shear stress at top of interface (Pa) 47.50 5.46E+05 90.00 -2.43E+05 5.51E+03 1.75E+06 - UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 7.60E+01 3874.16
UDEC Temperature at bottom of interface (°C) 50.00 1.12E+02 0.00 3.40E+01 | 4.01E+01 2042.58 UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7.59E+01 3871.56
UDEC Temperature at top of interface (°C) 50.00 1.06E+02 0.00 3.40E+01 3.99E+01 2032.74 Maximum temperature at source (°C) 50.00 326.70 - - - -
Maximum temperature at source (°C) 50.00 419.20 - - - - ’ )
] Number of Contacts 52 : 51
Number of Contacts 56 51 Number of Contacts at Slip Condition 0 0
Number of Contacts at Slip Condition 55 50 . o
: Case 7.7 Relative Error between UDEC and FLAC Results*
Case 7.4 Relative Error between UDEC and FLAC Results*
Maximum Minimum Mean Total
Maximum Minimum Mean Total Parameter AX Error AX Error Error Error
Parameter AX Error AX Error Error Error Shear displacement at bottom of interface (m) 0.0 1% 0.0 1% 0% 1%
Shear displacement at bottom of interface (m) 2.0 28% 2.0 24% 0% 29% Shear displacement at top of interface (m) 0.0 1% 0.0 1% 0% 1%
Shear displacement at top of interface (m) 22.0 43% 20.0 41% 2% 41% Normal displacement at bottom of interface (m) 0.0 1% 0.0 1% 0% 0%
Normal displacement at bottom of interface (m) 0.0 30% 0.0 7% 6% 7% Normal displacement at top of interface (m) 0.0 0% 0.0 1% 0% 0%
Normal displacement at top of interface (m) 0.0 29% 292.0 4% 6% 14% Relative normal displacement on interface (m) 8.0 19% 0.0 90% 17% 56%
Relative normal displacement on interface (m) 24.0 11% 0.0 0% 1% 39% Relative shear displacement on interface (m) 2.0 84% -2.0 88% 2% 195%
Relative shear displacement on interface (m) 2.0 49% -2.0 58% 2% 59% ' Total displacement at bottom of interface (m) 26.0 2% 0.0 0% . 1% 1%
Total displacement at bottom of interface (m) 10.0 47% 0.0 1% 14% 21% | { Total displacement at top of interface (m) 28.0 2% 0.0 0% T 1% 1%
Total displacement at top of interface (m) 0.0 32% -84.0 2% 7% 14% : Normal stress at bottom of interface (Pa) 8.0 2% 0.0 74% 1% 2%
Normal stress at bottom of interface (Pa) -92.0 1% 0.0 127% 4% 109% " Normal stress at top of interface (Pa) 6.0 1% 6.0 45% 1% 2%
Normal stress at top of interface (Pa) -92.0 3% -2.5 104% 8% 70% Shear stress at bottom of interface (Pa) 2.0 326% -2.0 317% 2% 208%
Shear stress at bottom of interface (Pa) 1.5 62% -1.5 60% 0% 60% \ ‘ Shear stress at top of interface (Pa) 10.0 150% -10.0 152% 1% 43%
Shear stress at top of interface (Pa) 1.5 99% 36.0 100% 0% 99% Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at bottom of interface (°C) 0.0 7% 0.0 0% 1% 2% Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 7% 0.0 0% 1% 2% : Maximum temperature at source (°C) -1.2 1% - - -
Maximum temperature at source (°C) 0.0 -1% - - -
Number of Contacts 2% 0%
Number of Contacts 10% 0% Number of Contacts at Slip Condition 0% 0%
Number of Contacts at Slip Condition 55% 45% * Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total displacement, stress, or temperature

displacement, stress, or temperature

Comecded oML 74 5‘ Comeeked Teble 77



92
U672 ol 4,

Oct 3 lzepy
coecked UDEC dapuk Ol
cnd o UPEC
- reardhb ane Mo (O Coe 702 ol 7,13
ol FLAC o) UDLT  weeelde
obl P\o‘\%ﬂ (. Hwee Cases ani comtzandd o 6)(4& |
w112 p\oLa oo o) UTR ol Ao W -mﬁ /Cas 7/’/‘9%

W2 ok b o) WUB k. Fct

CfCJ\-&\/I/\,(),C(/lS (SN

qu.il\\ OGL(' 7.2

- gpedhy qood comupaniion \ochirer  FLAC o) ubEC pecidb
\wmest o 1o Shucr s ab dop o ibelace e bo
celehine ) suncdd wiag i bde o s\ver doness

= sl ddcaled | b dendle Yond bavadeac, i eds)
Omw = O bo b

IR Pl/(/l < ,Ccz.ww;{ow.—, ; ,zf 9,'4‘.:?6*." (j .

RN P\a,u( i UDEe

u/vf\ Cee N Cn/ J(u\pc,c,«:»}, kuL.Cch..,M‘« cw—éz«]ﬁ\?w\ w»\L 0 C?Mm\.w m)nl—e 4#@“’3

= FLAC covmoeicon tlone Yenni\ \oovxﬂ\ovak‘«gea—\_\
K228 Y0 B i T2 annilar ek o UDEC sunqedel
by @oedec ol CF of erdlly
\cutz\.aék ercvr on dnocw ddess b dog of u\‘v(\au o
- H G dpieh Ycea M comtihon,
M 207 Codan eosle e sllbhinotbed  be by

Case 1S

Case 7.12 Summary of Results (FLAC)
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Maximum Minimum Mean X Absolute
Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 64.00 1.21E-02 34.00 -1.56E-02 -1.35E-03 4.44E-01
FLAC Shear displacement at top of interface (m) 68.00 9.92E-03 34.00 -6.97E-03 1.27E-03 2.69E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.16E-02 2.00 -7.04E-04 4.72E-03 2.43E-01
FLAC Normal displacement at top of interface (m) 50.00 1.04E-02 2.00 -5.94E-04 4 47E-03 2.30E-01
FLAC Relative normal displacement on interface (m) 0.00 5.79E-04 50.00 -1.05E-03 -2.23E-04 1.28E-02
FLAC Relative shear displacement on interface (m) 34.00 8.59E-03 62.00 -2.46E-03 2.62E-03 1.75E-01
FLAC Total displacement at bottom of interface (m) 36.00 1.67E-02 0.00 1.38E-03 1.05E-02 5.34E-01
FLAC Total displacement at top of interface (m) 62.00 1.13E-02 4.00 5.91E-04 7.30E-03 3.72E-01
FLAC Normal stress at bottom of interface (Pa) 0.00 -9.75E+05 50.00 -5.45E+07 | -1.44E+07 7.35E+08
FLAC Normal stress at top of interface (Pa) 0.00 -9.75E+05 50.00 -5.45E+07 | -1.44E+07 7.35E+08
FLAC Shear stress at bottom of interface (Pa) 48.00 8.41E+06 54.00 -6.03E+06 9.58E+05 1.2GE+08
FLAC Shear stress at top of interface (Pa) 48.00 8.41E+06 54.00 -6.03E+06 9.58E+05 1.29E+08
FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22
Maximum temperature at source (°C) 50.00 322.38 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0
Case 7.12 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean Z Absolute
Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 64.00 1.22E-02 34.00 -1.59E-02 -1.56E-03 4.49E-01
UDEC Shear displacement at top of interface (m) 68.00 1.01E-02 34.00 -6.78E-03 1.51E-03 2.78E-01
UDEC Normal displacement at bottom of interface (m) 50.00 1.17E-02 0.00 -1.32E-03 4.63E-03 2.41E-01
UDEC Normal displacement at top of interface (m) 50.00 1.05E-02 0.00 -9.40E-04 4.39E-03 2.28E-01
UDEC Relative normal displacement on interface (m) 0.00 2.96E-05 50.00 -1.16E-03 -2.49E-04 1.28E-02
UDEC Relative shear displacement on interface (m) 34.00 9.17E-03 62.00 -2.25E-03 3.09E-03 1.92E-01
UDEC Total displacement at bottom of interface (m) 36.00 1.70E-02 0.00 1.37E-03 1.05E-02 5.37E-01
UDEC Total displacement at top of interface (m) 62.00 1.15E-02 4.00 6.42E-04 7.41E-03 3.78E-01
UDEC Normal stress at bottom of interface (Pa) 0.00 1.19E+06 50.00 -5.99E+07 | -1.43E+07 7.33E+08
UDEC Normal stress at top of interface (Pa) 0.00 -8.41E+05 50.00 -5.24E+07 | -1.43E+07 7.31E+08
UDEC Shear stress at bottom of interface (Pa) 47.50 9.50E+06 54.00 -7.61E+06 7.75E+05 1.34E+08
UDEC Shear stress at top of interface (Pa) 47.50 6.89E+06 54.00 -5.12E+06 8.20E+05 1.07E+08
UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 7.60E+01 3874.57
UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7.59E+01 3871.19
Maximum temperature at source (°C) 50.00 326.70 - - - -
Number of Contacts 51 52
Number of Contacts at Slip Condition 0 0
Case 7.12 Relative Error between UDEC and FLAC Results*
Maximum Minimum Mean Total
Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 0.0 0% 0.0 3% 1% 1%
Shear displacement at top of interface (m) 0.0 2% 0.0 1% 2% 3%
Normal displacement at bottom of interface (m) 0.0 3% -2.0 9% 1% 1%
Normal displacement at top of interface (m) 0.0 1% -2.0 5% 1% 1%
Relative normal disptacement on interface (m) 0.0 9% 0.0 2% 0% 0%
Relative shear displacement on interface (m) 0.0 10% 0.0 4%* 8% 9%
Total displacement at bottom of interface (m) 0.0 4% 0.0 0% 1% 1%
Total displacement at top of interface (m) 0.0 3% 0.0 1% 1% 2%
Normal stress at bottom of interface (Pa) 0.0 5% 0.0 14% 0% 0%
Normal stress at top of interface (Pa) 0.0 0% 0.0 5% 0% 1%
Shear stress at bottom of interface (Pa) -0.5 15% 0.0 21% 2% 4%
Shear stress at top of interface (Pa) -0.5 20% 0.0 12% 2% 17%
Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 1% . 100.0 0% 0% 0%
Maximum temperature at source (°C) 0.0 1% - - -
Number of Contacts 0% 2%
Number of Contacts at Slip Condition 0% 0%
* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total
displacement, stress, or temperature \
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Case 7.12 - Comparison of Results for an Inclined Interface Subjected to a Case 7.12 - Comparison of Results for an inclined Interface Subjected to a
Votumetric Heat Source (Slip Allowed) Volumetric Heat Source (Slip Allowed)
2.0E-02 1.3E-02 Case 7.12 - Compari of R for an Inclined Interface Subj; itoa Case 7.12 - Compari: of R for an Inclined Interface Subjected to a
Volumetric Heat Source (Slip Allowed) Vol ic Heat S {Slip All d)
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7.5E-03
1.0E-02 {
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L 1.0E-02 350 U& Case 7.12 - Comparison of Results for an inclined Interface Subjected to a Case 7.12 - Comparison of Resuits for an Inclined Interface Subjected to a
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- e e P i C A3 - i n Inclined Interface Subj dtoa Case 7.13 - Comparison of Resuits for an inclined Interface Subjected to a
Case 7.13 Summary of Results (FLAC) Case7.13 Compa\:;lsls::‘:tfﬁze:::ts sf:;fce (Slip Allowed) l;.Volumetric Heat Source (Slip Allowed)
Maximum Minimum Mean X Absolute 20502 15E-02
Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 64.00 1.33E-02 - 36.00 -1.14E-02 5.58E-04 3.79E-01
FLAC Shear displacement at top of interface (m) 68.00 8.82E-03 34.00 -1.07E-02 | -3.25E-04 3.19E-01 |- . 1.08-02
FLAC Normal displacement at bottom of interface (m) 50.00 1.08E-02 0.00 1.98E-04 4.63E-03 2.36E-01 1.0E-02 4
FLAC Normal displacement at top of interface (m) 50.00 9.77E-03 0.00 1.79E-04 4.38E-03 2.24E-01 _ s0E03
FLAC Relative normal displacement on interface (m) 0.00 -1.42E-05 50.00 -1.04E-03 -2.48E-04 1.26E-02 B £
FLAC Relative shear disptacement on interface (m) 40.00 9.70E-04 62.00 -4.69E-03 -8.84E-04 6.00E-02 € £
FLAC Total displacement at bottom of interface (m) 62.00 1.46E-02 0.00 2.04E-04 9.17E-03 4.68E-01 E 008400 § 0.0E+00
" [FLAC Total displacement at top of interface (m) 36.00 1.19E-02 0.00 1.84E-04 8.02E-03 4.09E-01 .§ 2
FLAC Normal stress at bottom of interface (Pa) 0.00 -7.67E+06 50.00 -5.87E+07 | -1.91E+07 9.73E+08 2 2 5050
FLAC Normal stress at top of interface (Pa) 0.00 -7.67E+06 50.00 -5.87E+07 -1.91E+07 9.73E+08 | . o :
FLAC Shear stress at bottom of interface (Pa) 46.00 7.95E+06 52.00 -9.83E+06 | -8.14E+04 1.73E+08 -1.0E-02
FLAC Shear stress at top of interface (Pa) 46.00 7.95E+06 52.00 -9.83E+06 | -8.14E+04 | 1.73E+08 *UDEC Normai displacement at bottom cfnteface () 4.0E-02 —+—UDEC Norm displacement a top o nteface (m)
- s ~o—FLAC Normal displacement at bottom of interface (m) —o— FLAC Normal displacement at top of interface (m)
{FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99 . —s—UDEC Shear displacement at botiom of intetface (m) —a—UDEC Shear displacement at top of interface (m)
FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22 —e—FLAC Shear displacement at bottom of interface (m) —o—FLAC Shear displacement at top of interface (m)
Maximum temperature at source (°C) 50.00 326.70 - - - -2.0E-02 ! 1-SE-02
L [} 10 20 30 40 50 60 70 80 %0 100 0 10 20 30 40 50 60 70 80 90 100 ;
Number of Contacts 51 51 . -\-\,\(}\ Horizontal Distance (m) Horizantai Distance (m) |
Number of Contacts at Slip Condition 0 0 '{;)\
-C ison of Result Inclined j o Case 7.13 - Comparison of Results for an Inclined interface Subjected to a Vol ic
Case 7.13 Summary of Results (UDEC, interpolated) ’ Gase 713 rVolum:tfric Heat sf:::.racll (Slip Au::?;:;ce Subjected (o b Heat Source (Slip Aliowed)
Maximum Minimum Mean % Absolute | . ' 20503 350
Parameter X Value X Value Value Values "
. {UDEC Shear displacement at bottom of interface (m) 64.00 1.36E-02 36.00 -1.17E-02 5.65E-04 3.88E-01 R 1.0E-03 300
UDEC Shear displacement at top of interface {m) 68.00 8.79E-03 34.00 -1.07E-02 -3.37E-04 3.21E-01 )
UDEC Normal displacement at bottom of interface (m) 50.00 1.10E-02 0.00 1.49E-04 4.60E-03 2.35E-01 0.0E+00 250
- {UDEC Normal displacement at top of interface (m) 50.00 9.87E-03 0.00 1.30E-04 4.35E-03 2.22E-01 . _ P ——
UDEC Relative normal displacement on interface (m) 6.00 -4.79E-05 50.00 -1.16E-03 -2.61E-04 1.33E-02 E -1.08-03 9
UDEC Relative shear displacement on interface (m) 40.00 1.41E-03 62.00 -5.05E-03 | -9.01E-04 | 6.81E-02 % g2 T AC oy ooy
- |[UDEC Total displacement at bottom of interface (m) 62.00 1.48E-02 0.00 1.53E-04 9.30E-03 4.74E-01 § -2.0E-03 g
UDEC Total displacement at top of interface (m) 36.00 1.18E-02 0.00 1.34E-04 8.02E-03 4.09E-01 2 g 150
UDEC Normal stress at bottom of interface (Pa) 6.00 -8.41E+06 50.00 -6.41E+07 | -1.91E+07 | 9.73E+08 & -3.0E:03 | [ ——UDEC Relalive shear displacement on inerfaca (m) =
UDEC Normal stress at top of interface (Pa) 6.00 -8.39E+06 50.00 -5.69E+07 | -1.90E+07 | 9.68E+08 | " = e s om oot 100
UDEC Shear stress at bottom of interface (Pa) 46.00 8.65E+06 52.50 -1.08E+07 | 8.66E+04 1.86E+08 SAOE03 | | e\ AC Retative nomal dieplacement on intsrface (m)
UDEC Shear stress at top of interface (Pa) 44.00 5.95E+06 52.50 -7.95E+06 7.65E+04 1.54E+08 . ) s0
" |UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 7.60E+01 3874.34 . -5.0E-03
UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7.59E+01 3871.37 . Note: Closure is negative
Maximum temperature at source (°C) 50.00 326.70 - - - - : L -6.08-03 0
: " T 0 10 20 30 40 50 80 70 80 20 100 0.0E+00 5.0E+07 1.0E+08 1.5E+08 2.0E+08 2.5E+08 3.0E+08 3.5E+08
Number of Contacts 52 51 Horizontal Distance (m) Time (s)
. {Number of Contacts at Slip Condition 0 0
g e Case 7.13 - Comparison of Results for an Inclined Interface Subjected to a Case 7.13 - Comparison of Resuits for an Inclined interface Subjected to a
Case 7.13 Relative Error between UDEC and FLAC Results* Volumetric Heat Source (Slip Aliowed) Volumetric Heat Source (Slip Allowed)
Maximum Minimum Mean Total 250 250
Parameter AX Error AX Error Error Error 2 UDEC Temperaturs ot bottom [ —a~UDEC Temperature attop of |
" |Shear displacement at bottom of interface (m) 0.0 2% 0.0 2% 0% 2% e of Interface (°C) interface (°C)
Shear displacement at top of interface (m) 0.0 0% 0.0 0% 0% 0% 200 N\ —o—FLAC Temperaturo at bottom 200 ¢ ~-o—FLAC Temperature attop of
Normal displacement at bottom of interface (m) 0.0 3% 0.0 1% 0% 1% of tetece (9 etaee €
Normal displacement at top of interface (m) 0.0 2% 0.0 1% 1% 1%
Relative normal displacement on interface (m) 6.0 1% 0.0 3% 0% 5% E 150 ‘E 150
_ |Relative shear displacement on interface (m) 0.0 12% 0.0 9% 0% 13% g g
Total displacement at bottom of interface (m) 0.0 3% 0.0 1% 1% 1% | ©
Total displacement at top of interface (m) 0.0 1% 0.0 1% 0% 0% §- 100 é 100 4
. |Normal stress at bottom of interface (Pa) 6.0 2% 0.0 14% 0% 0% 2 =
Normal stress at top of interface (Pa) 6.0 2% 0.0 5% 0% 0%
Shear stress at bottom of interface (Pa) 0.0 7% 0.5 10% 2% 7% 50 50
- |Shear stress at top of interface (Pa) -2.0 21% 0.5 19% 2% 11%
Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0% 0 0
' [Maximum temperature at source (°C) 0.0 0% = = . ' . 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 . 60 70 80 90 100
Number of Contacts 2% 0% Horizontal Distance (m) Hérizontal Distance (m)
" {Number of Contacts at Slip Condition 0% 0%

* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

displacement, stress, or temperature o ‘ ) . CO w\\[g.w.\\c)\ O[ ;(/lf‘)”c_ év&’la( . MU@ - C&L\( 7. [;
- Cowponoon. I FLAC ) UDEC - Cawe 7.13
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Case 7.13 - Compari of Its for an Inclined Interface Subjected to a
Volumetric Heat Source (Slip Allowed)

—— UDEC Normal stress at
bottom of interface (Pa)
—o—FLAC Normal stress at
bottom of intetface (Pa}
—=a—UDEC Shear sfress at
bottom of interface (Pa)
—o—FLAC Shear stress at
bottom of interface (Pa)

Note: Compressive stress is negative

16 20 30 40 50 60 70 80 90 100
Horizontal Distance (m)

Case 7.13 - Comparison of Results for an Inclined Interface S toa

Volumetric Heat Source (Slip Allowed)

12

1.0

08

06

04

0.2

0.0

—a—UDEC Slip condition at bottom of interface
| —o—FLAC Slip condition at bottom of interface

-0.2

04

Note: No slip = 0.0, slip = 1.0
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Horizontat Distance {m)
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Stress (Pa)

Slip Condition

Case 7.13 - Compari of its for an Inclined Interface Subjected toa
Vi ic Heat S {Slip All d)

2.0E+07
1.0E+07
0.0E+00 M L
A oEr07 eeressoane “
-2.0E+07 j
-3.0E+07 |—a—UDEC Normal stress at top
of interface (Pa)
-4.0E+07 ~—o— FLAC Normal stress at top
of interface (Pa)
—~u— UDEC Shear stress at top of|
-5.0E+07 interface (Pa)
~o—FLAC Shear stress at top of
-6.0E+07 | interface (Pa)
Note: Compressive stress is negative
-7.0E+07
0 10 20 30 40 50 60 70 80 80 100
Horizontal Distance (m)
Case 7.13 - Comparison of Resuits for an Inclined Interface Subjected to a
Volumetric Heat Source (Slip Allowed)
14
—+—UDEC Slip condition at top of interface
1.2 ~o— FLAC Siip condition at top of interface
1.0 4
0.8
0.6
0.4
0.2 4
0.0
-0.2
Note: No slip = 0.0, slip = 1.0
-04
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4 CIRCULAR EXCAVATION INTERSECTED BY A
JOINT

Information potentially subject to copyright protection

was redacted from this location. The redacted material

was from a published article whose reference information

is on the previous page.
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. ¥1g. 5 Joint intersecting a circular ex-

zavation, and related UDEC model.

- -

Fig. 6 Polar plot of 09 boundary stress.

Fig. 7 Stress distribution follow sld;
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50 67% Vsl

Case 2.1 UDEC Base case with horizontal
transgressing joint intersecting a
circular tunnel.

; Geometxry

rou 0.0005

bl 0,-60 0,60 60,60 60,-60

arc 0.0 0.0 0.0 -5.0 180 18 ; Inner ring

arc 0.070.0 0.0 -6.0 180 18 ; Second ring

arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring

arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth ring

arc 0.0 0.0 0.0 -20.0 180 18 ; Fifth ring

arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring

delete range block 818 ; Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack

gen edge 0.25 range block 15256

gen edge 0.25 range block 3359
gen edge 0.4 range block 15231
gen edge 0.4 range block 5861
gen edge 0.7 range block 15206
gen edge 0.7 range block 8363
gen edge 1.1 range block 15181
gen edge 1.1 range block 10865
gen edge 2.0 range block 818
gen edge 2.0 range block 13367
gen edge 5.0 range block 15281
gen edge 5.0 range block 2

i
i

; Material properties

prop m=1 de=2210.0 k=19.2e9 g=13.6e9
prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2
prop jm=2 jcoh=0.0 jfric=70.0 jten=0.0 jd=0

; Initial conditions

ini syy -24.0e6
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

i
; Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
{59.99,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
60.01,-59.99)

bound stress -24.0e6 0.0 -24.0e6 range (59.99,60.01)
60.01,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (0,5) (-5,5)
bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

hist unbalanced

; BEquilibrate model

set ovtol 0.1
step 500

Alter joint properties

change jmat=2 range 0 60 4.329 4.331

i
i
H
i
i
i

Zero displacements and velocities
0
[}
ini nd 0
i 0
[
0

ini yv
ini bxv 0
ini byv 0
ini bxv 0
ini syy -
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

i
bound xfree range an

004.9 5.1

bound yfree range an 0 0 4.9 5.1

bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
{-0.01, 0.01) (4.99,60.01)

bound xvel 0.0 range
; Mechanical analysis

i

(-
(-

damp auto

step 5000

cal dispmag.fis
disp_mag

save u2ilfinal.sav
set plot emf color
title

Case 2.1 Horizontal Joint Intersecting a Circular Opening

(UDEC, Elastic)

; Geometry
set out u2lgrid.emf
set color iw

_ plo zone green blo iw

copy

; Joint condition plo
set out u2ljndl.emf
set color iw

plot joint 0 4.33 60
copy

set out u2ljnsl.emf
set color iw

plot joint 0 4.33 60
copy

set out u2ljsdl.emf
set color iw

plot joint 0 4.33 60
copy

set out u2ljssl.emf
set color iw

plot joint 0 4.33 60
copy

set out u2lshear.emf
set color iw

plo blo iw shear red
copy

set out u2lslip.emf
set color iw

plo blo iw slip red
copy

; Contour plots

set out u2ldisp.emf
set color iw

plot gp_extra £ill alias 'Displacement' gp_extra iw blo iw

copy

set out u2lxd.emf

set color iw

plot xd £ill xd iw bl
copy

set out u2lyd.emf

set color iw

plot yd £ill yd iw bl
copy

set out u2lunbal.emf
set color iw

plo hist 1

copy

; Create output files
set log u2ljoint.out

print joint 0 4.33 60
set log ullstress.out

print zone stress range an 0 0 5.05 5.10

i
ret

ts

4.33 ndisp 0.5

4.33 nstxr 0.5

4.33 sdisp 0.5

4.33 sstr

o iw

o iw

for EXCEL

4.33 0.01

Case 2.2 UDEC Base case with horizontal
transgressing joint intersecting a
circular tunnel; friction angle 70 degrees.

Geometry B

rou 0.0005
bl 0,-60 0,60 60,60 60,-60

arc 0.0 0.0 0.0 -5.0 180 18 ; Inner ring
arc 0.0 0.0 0.0 -6.0 180 18 ; Second ring
arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring
arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth ring
arc 0.0 0.0 0.0 -20.0 180 18 ; Fifth ring
arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring

delete range block 818 Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack

gen edge 0.25 range block 15256
gen edge 0.25 range block 3359
gen edge 0.4 range block 15231

gen edge 0.4 range block 5861
gen edge 0.7 range block 15206
gen edge 0.7 range block 8363
gen edge 1.1 range block 15181
gen edge 1.1 range block 10865
gen edge 2.0 range block 818
gen edge 2.0 range block 13367
gen edge 5.0 range block 15281
gen edge 5.0 range block 2

; Material properties
prop m=1 de=2210.0 k=19.2e9 g=13.6e9

prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2

prop jm=2 jcoh=0.0 jfric=70.0 jten=0.0 jd=0
; Initial conditions

ini syy -24.0eé6

ini sxx -24.0e6

ini sxy 0.0

ini szz 0.0

i
: Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
{59.99,60.01)}

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
60.01,-59.99

bound stress -24.0e6 0.0 -24.0e6 range (59.99,60.01)
60.01,60.01)

bound stress -24.0e6 0.0 -24.0e6 range {0,5) (-5,5)
bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

hist unbalanced

; Equilibrate model

set ovtol 0.1

step 500

; Alter joint properties
change jmat=2 range -0.01 60.01 4.329 4.331
; Zero displacements and velocities

ini xd 0
ini yd 0
ini nd 0
ini sd 0
i 0
ini yv 0

ini brv
ini syy
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

0
ini byv 0
[}

;
bound xfree range an

004.95.1

bound yfree range an 0 0 4.9 5.1

bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
{-0.01, 0.01) (4.99,60.01)

bound xvel 0.0 range
; Mechanical analysis

i

(-

(-

damp auto
step 5000

cal dispmag.fis
disp_mag
save u22final.sav

set plot emf color
title
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Case 2.2 Horizontal Joint Intersecting a Circular Opening

(UDEC, phi=70 deg)

Geometry

set out u22grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots

set out -u22jndl.emf
set color iw

plot joint 0 4.33 60 4.33

copy
set out u22jnsl.emf

set color iw

plot joint 0 4.33 60
copy

set out u22jsdl.emf

set color iw

plot joint 0 4.33 60
copy

set out u22jssl.emf

set color iw

plot joint 0 4.33 60
copy

set out u22shear.emf
set color iw

plo blo iw shear red
copy

set out u22slip.emf

set color iw

plo blo iw slip red

copy

; Contour plots

set out u22disp.emf
set color iw

copy

set out u22xd.emf
set color iw

4.33

4

4

.33

.33

plot xd £ill xd iw blo iw

copy

set out u22yd.emf
set color iw

plot yd £ill yd iw blo iw

copy

set out u22unbal.emf
set color iw

plo hist 1

copy

i

ndisp 0.5

nstr 0.5

sdisp 0.5

sstr

~

; Create output files for EXCEL

set log u22joint.out

print joint 0 4.33 60 4.33 0.01

set log u22stress.out

print zone stress range an 0 0 5.05 5.10

;
ret

|
|
plot gp_extra fill alias 'Displacement' gp_extra iw blo iw ’~
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Case 2.3 UDEC Base case with horizontal

transgressing joint intersecting a
circular tunnel; friction angle 61 degrees.

; Geometry

i
rou 0.0005
bl 0,-60 0,60 60,60 60,-60

arc 0.0 0.0 0.0 -5.0 180 18 ; Inner ring

arc 0.0 0.0 0.0 -6.0 180 18 ; Second ring

arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring

arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth ring

arc 0.0 0.0 0.0 -20.0 180 18 ; Fifth ring

arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring

delete range block 818 ; Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack
gen edge 0.25 range block 15256

gen edge 0.25 range block 3359

gen edge 0.4 range block 15231

gen edge 0.4 range block 5861

gen edge 0.7 range block 15206

gen edge 0.7 range block 8363

gen edge 1.1 range block 15181

gen edge 1.1 range block 10865

gen edge 2.0 range block 818

gen edge 2.0 range block 13367

gen edge 5.0 range block 15281

gen edge 5.0 range block 2

i
i

; Material properties

prop m=1 de=2210.0 k=19.2e9 g=13.6e9
prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2
prop jm=2 jcoh=0.0 jfric=61.0 jten=0.0 jd=0

; Initial conditions

ini syy -24.0e6
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

H
; Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
(59.99,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01) (-
60.01,-59.99)

bound stress -24.0e6 0.0 -24.0e6 range (59.99,60.01) (-
60.01,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (0,5) (-5,5)
bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)

bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

hist unbalanced
; Equilibrate model

set ovtol 0.1
step 500

; Alter joint properties

change jmat=2 range -0.01 60.01 4.329 4.331

; Zero displacements and velocities

ini xd 0

ini yd ¢

ini nd 0

ini sd 0

i 0
0

24.0e6
ini sxx -24.0e6

i
bound xfree range an

004.95.1
bound yfree range an 0 0 4.9 5.1
bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

;
i .
; Mechanical analysis

i

damp auto
step 5000

cal dispmag.fis

disp_mag

save u23final.sav

set plot emf color

title

Case 2.3 Horizontal Joint Intersecting a Circular Opening
{(UDEC, phi=61 deg) '

; Geometry

set out u23grid.emf
set color iw

plo zone green blo iw
“copy

; Joint condition plots

set out u23jndl.emf

set color iw

plot joint 0 4.33 60 4.33 ndisp 0.5
copy

set out v23jnsl.emf

set color iw

plot joint 0 4.33 60 4.33 nstr 0.5
copy

set out u23jsdl.emf

set color iw

plot joink 0 4.33 60 4.33 sdisp 0.5
copy

set out u23jssl.emf {/fj
set color iw v
plot joint 0 4.33 60 4.33 sstr J
copy ]

set out u23shear.emf

set color iw 0)(7/\ ok
plo blo iw shear red

copy .

set out u23slip.emf
set color iw

ple blo iw slip red
copy

; Contour plots

set out u23disp.emf

set color iw

plot gp_extra £ill alias 'Displacement' gp_extra iw blo iw
copy

set out u23xd.emf

set color iw

plot xd £ill xd iw blo iw
copy

set out u23yd.emf

set color iw

plot yd fill yd iw blo iw

copy

set out u23unbal.emf

set color iw

plo hist 1

copy

; Create output files for EXCEL
set log u23joint.out

print joint 0 4.33 60 4.33 0.01
set log u23stress.out

print zone stress range an 0 0 5.05 5.10

;
ret
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; Case 2.4 UDEC Base case with horizontal
; transgressing joint intersecting a
; circular tunnel; friction angle 60 degrees.

; Geometry

rou 0.0005
bl 0,-60 0,60 60,60 60,-60

arc 0.0 0.0 0.0 -5.0 180 18 ; Inner ring

arc 0.0 0.0 0.0 -6.0 180 18 ; Second ring

arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring

arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth ring

arc 0.0 0.0 0.0 -20.0 180 18 ; Fifth ring

arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring

delete range block 818 ; Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack

gen edge 0.25 range block 15256
gen edge 0.25 range block 3359

gen edge 0.4 range block 15231
gen edge 0.4 range block 5861
gen edge 0.7 range block 15206
gen edge 0.7 range block 8363
gen edge 1.1 range block 15181
gen edge 1.1 range block 10865
gen edge 2.0 range block 818
gen edge 2.0 range block 13367
gen edge 5.0 range block 15281
gen edge 5.0 range block 2

; Material properties

prop m=1 de=2210.0 k=19.2e9 g=13.6e9
prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2

prop jm=2 jcoh=0.0 jfric=60.0 jten=0.0 jd=0
; Initial conditions

ini syy -24.0e6

ini sxx -24.0e6

ini sxy 0.0

ini szz 0.0

i
; Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
{59.99,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
60.01,-59.99)

bound stress -24.0e6 0.0 -24.0e6 range (59.99,60.01)
60.01,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (0,5) (-5,5)
bound xvel 0.0 range (-0.0%1, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

hist unbalanced

i

; Equilibrate model

set ovtol 0.1
step 500

i

; Alter joint properties

change jmat=2 range -0.01 60.01 4.329 4.331

; Zero displacements and velocities

ini xd 0

ini yd o

ini nd 0

ini sd 0
0
0

ini brv
ini syy
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

bound xfree range an 0 ¢ 4.9 5.1

bound yfree range an 0 0 4.9 5.1

bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

i

Mechanical analysis

damp auto
step 5000

cal dispmag.fis
disp_mag
save u24final.sav

set plot emf color

title

Case 2.4 Horizontal Joint Intersecting a Circular Opening
(UDEC, phi=60 deg) '

; Geometry

set out u24grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots

set out u24jndl.emf

set color iw

plot joint 0 4.33 60 4.33 ndisp 0.5
copy

set out u24jnsl.emf

set color iw

plot joint 0 4.33 60 4.33 nstr 0.5
copy ,

set out u24jsdl.emf
set color iw
plot joint 0 4.33 60 4.33 sdisp 0.5

o

set out u24jssl.emf

set color iw

plot joint 0 4.33 60 4.33 sstr
copy

set out u24shear.emf &\,@\ 04
set color iw A

plo blo iw shear red

copy .

set out u24slip.emf
set color iw

plo blo iw slip red
copy

; Contour plots

set out u24disp.emf

set color iw

plot gp_extra fill alias ‘'Displacement' gp_extra iw blo iw
copy

set out u24xd.emf

set color iw :
plot xd £ill xd iw blo iw

copy

set out u24yd.emf

set color iw

plot yd £ill yd iw blo iw
copy

set out u24unbal.emf
set color iw

plo hist 1

copy .

; Create output files for EXCEL

set log u24joint.out &
print joint 0 4.33 60 4.33 0.01

set log u24stress.out

print zone stress range an 0 0 5.05 5.10

ret
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; Case 2.5 UDEC Base case with horizontal

; transgressing joint intersecting a
; circular tunnel; friction angle 59 degrees.

i
; Geometry

rou 0.0005

bl 0,-60 0,60 60,60 60,-60

arc 0.0 0.0 6.0 -5.0 180 18 ; Inner ring

arc 0.0 0.0 0.0 -6.0 180 18 ; Second ring
arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring

arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth xing
arc 0.0 0.0 0.0 -20.0 180 18 ; Fifth ring

arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring

delete range block 818 Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack

gen edge 0.25 range block 15256
gen edge 0.25 range block 3359

gen edge 0.4 range block 15231
gen edge 0.4 range block 5861
gen edge 0.7 range block 15206
gen edge 0.7 range block 8363
gen edge 1.1 range block 15181
gen edge 1.1 range block 10865
gen edge 2.0 range block 818
gen edge 2.0 range block 13367
gen edge 5.0 range block 15281
gen edge 5.0 range block 2

; Material properties

prop m=1l de=2210.0 k=19.2e9 g=13.6e9

prop jm=1 jkn=3.0el2 jks=3.0el2

prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2
prop jm=2 jcoh=0.0 jfric=59.0 jten=0.0 jd=0

Initial conditions

ini syy -24.0eé
ini sxx -24.0eé6
ini sxy 0.0
ini szz 0.0

Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
(59.99,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
60.01,-59.99)

bound stress -24.0e6 0.0 -24.0e6 range (59.99,60.01)
60.01,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (0,5) (-5,5)
bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

hist unbalanced
; Equilibrate model

set ovtol 0.1
step 500

; Alter joint properties
change jmat=2 range -0.01 60.01 4.329 4.331
; Zero displacements and velocities

ini xd ©
ini yd 0
ini nd 0
ini sd 0
ini xv 0
ini yv 0
ini bxv 0
ini byv 0
ini brv 0
ini syy -
ini sxx -24.0e6
ini sxy 0.0

ini szz 0.0

bound xfree range an 0 0 4.9 5.1

bound yfree range an 0 0 4.9 5.1

bound xvel 0.0 range {(-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

7
i
; Mechanical analysis

damp auto
step 5000

cal dispmag.fis
disp_mag
save u25final.sav

set plot emf color

title

Case 2.5 Horizontal Joint Intersecting a Circular Opening
(UDEC, phi=59 deg)

; Geometry

set out u2Sgrid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots

set out u25jndl.emf

set color iw

plot joint 0 4.33 60 4.33 ndisp 0.5
copy

set out u25jnsl.emf

set color iw

plot joint 0 4.33 60 4.33 nstr 0.5
copy

set out u25jsdl.emf

set color iw

plot joint 0 4.33 60 4.33 sdisp 0.5
copy

set out u25jssl.emf

set color iw

plot joint 0 4.33 60 4.33 sstr

copy

set out u25shear.emf
set color iw

plo blo iw shear red
copy

set out u25slip.emf
set color iw

plo blo iw slip red
copy

; Contour plots

set out u25disp.emf

set color iw

plot gp_extra f£ill alias 'Displacement' gp_extra iw blo iw
copy

set out u25xd.emf

set color iw

plot xd £ill xd iw blo iw
copy

set out u25yd.emf

set color iw

plot yd £ill yd iw blo iw
copy

H

set out u25unbal.emf
set color iw

plo hist 1

copy

; Create output files for EXCEL

set log u25joint.out

print joint 0 4.33 60 4.33 0.01

set log u25stress.out

print zone stress range an 0 0 5.05 5.10

;
ret

Case 2.6 UDEC Base case with horizontal
transgressing joint intersecting a
circular tunnel; friction angle 45 degrees.

i
i
i
i

Geometry .
rou 0.0005
bl 0,-60 0,60 60,60 60,-60
arc 0.0 0.0 0.0 -5.0 180 18 ; Inner ring
arc 0.0 0.0 0.0 -6.0 180 18 ; Second ring
arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring
arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth ring
arc 0.0 0.0 0.0 -20.0 180 18 ; Fifth ring
arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring
delete range block 818 ; Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack
gen edge 0.25 range block 15256
gen edge 0.25 range block 3359
gen edge 0.4 range block 15231
gen edge 0.4 range block 5861
gen edge 0.7 range block 15206
gen edge 0.7 range block 8363
gen edge 1.1 range block 15181
gen edge 1.1 range block 10865
gen edge 2.0 range block 818
gen edge 2.0 range block 13367
gen edge 5.0 range block 15281
gen edge 5.0 range block 2

;
H
; Material properties

prop m=1 de=2210.0 k=19.2e9 g=13.6e9
prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2
prop jm=2 jcoh=0.0 jfric=45.0 jten=0.0 jd=0

Initial conditions

ni syy -24.0e6
ni sxx -24.0e6
ini sxy 0.0
ini szz 0.0

[P

; Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
{59.99,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
60.01,-59.99)

bound stress -24.0e6 0.0 -24.0e6 range (59.99,60.01)
60.01,60.01)

bound stress -24.0e6 0
bound xvel 0.0 range (
bound xvel 0.0 range (

0 -24.0e6 range (0,5) (-5,5)
0.02, 0.01) {-60.01,-4.99)
0.01, 0.01) {4.99,60.01)

hist unbalanced

; Equilibrate model

set ovtol 0.1
step 500

; Alter joint properties
change jmat=2 range -0.01 60.01 4.329 4.331

; Zero displacements and velocities

;
ini xd

0
ini yd o
ini nd ¢
ini sd 0
ini xv 0
ini yv 0
ini bxv 0
ini byv 0
ini brv 0
ini syy -24.0e6
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0
bound xfree range an 0 0 4.9 5.1
bound yfree range an 0 0 4.9 5.1
bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01) .

;
; Mechanical analysis
i
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damp auto
step 5000

cal dispmag.fis
disp_mag
save u26final.sav

set plot emf color

title

Case 2.6 Horizontal Joint Intersecting a Circular Opening
(UDEC, phi=45 deg)

; Geometry

set out u2é6grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots

set out u26jndl.emf

set color iw

plot joint 0 4.33 60 4.33 ndisp 0.5 /
copy

set out u26jnsl.emf
set color iw

plot joint 0 4.33 60 4.33 nstr 0.5 P Z/j Lﬁ?
copy a) }

set out u26jsdl.emf

set color iw

plot joint 0 4.33 60 4.33 sdisp 0.5
copy

set out u26jssl.emf

set color iw

plot joint 0 4.33 60 4.33 sstr
copy

set out u26shear.emf
set color iw

plo blo iw shear red
copy

set out u26slip.emf
set color iw

plo blo iw slip red
copy

;
; Contour plots

set out u26disp.emf

set color iw

plot gp_extra f£ill alias 'Displacement' gp_extra iw blo iw
copy

set out u26xd.emf

set color iw

plot xd £ill xd iw blo iw
copy

set out u2é6yd.emf

set color iw '
plot yd £ill yd iw blo iw

copy

set out u26unbal.emf
set color iw

plo hist 1

copy

; Create output files for EXCEL

set log u26joint.out

print joint 0 4.33 60 4.33 0.01 A
set log u26stress.out

print zone stress range an 0 0 5.05 5.10

H
ret
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180
180
180
180
180

18

Case 2.7 UDEC Base case with horizontal
transgressing joint intersecting a
circular tunnel; friction angle 16.3 degrees.

; Inner ring
18 ; Second ring

18 ; Third ring
18 ; Fourth ring
18 ; Fifth ring

; Geometry

rou 0.0005

bl 0,-60 0,60 60,60 60,-60
arc 0.0 0.0 0.0 -5.0

arc 0.0 0.0 0.0 -6.0

arc 0.0 0.0 0.0 -8.0

arc 0.0 0.0 0.0 -12.0

arc 0.0 0.0 0.0 -20.0

arc 0.0 0.0 0.0 -30.0

delete range block 818

180

18 ; Sixth ring
; Delete inner ring

crack 0.0 4.3301 60.0 4.3301

gen edge 0.25 range block 15256

gen edge 0

gen edge 0.4 range blo
gen edge 0.4 range blo
gen edge 0.7 range blo
gen edge 0.7 range blo
gen edge 1.1 range blo
gen edge 1.1 range blo
gen edge 2.0 range blo
gen edge 2.0 range blo
gen edge 5.0 range blo
gen edge 5.0 range blo

i
H
; Material properties

B

ck
ck
ck
ck
ck
ck
ck
ck
ck
ck

.25 range block 3359

15231
5861
15206
8363
15181
10865
818
13367
15281
2

; Horizontal crack

prop w=1 de=2210.0 k=19.2e9 g=13.6e9
prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2
prop jm=2 jcoh=0.0 jfric=16.3 jten=0.0 jd=0

; Initial conditions

ini syy -24.0eé
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

; Boundary conditions
bound stress -24.0e6 0
(59.99,60.01)

bound stress -24.0e6 0.

60.01,-59.99)

bound stress -24.0e6 0.

60.01,60.01)

bound stress -24.0e6 0
bound xvel 0.0 range (
bound xvel 0.0 range (

hist unbalanced

; Equilibrate model

i
set ovtol 0.1
step 500

; Alter joint properti

.0
0

0

.0
-0.
-0.

es

-24.0e6

~-24.0e6

-24.0e6

~24.0e6

range (-0.01,60.01)
range (-0.01,60.01) (-
range (59.99,60.01) (-

range (0,5} (-5,5)

01, 0.01) (-60.01,-4.99
01, 0.01) (4.99,60.01)

change jmat=2 range -0.01 60.01 4.329 4.331

; Zero displacements and velocities

ini xd
ini yd
ini nd -
ini sd
ini xv
ini yv
ini bxv 0
ini byv 0

0

0
0
0
0
0
0

ini brv

ini syy -24.0e6
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

bound xfree range an

bound xvel 0.0 range
bound xvel 0.0 range

0
bound yfree range an 0
(
{

Mechanical analysis

) (-60.01,-4.99)
) (4.99,60.01)

damp auto

step 5000

cal dispmag.fis
disp_mag

save u27final.sav

set plot emf color

title

Case 2.7 Horizontal Joint Intersecting a Circular Opening
(UDEC, phi=16.3 deg)

i

; Geometry

set out u27grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots

i

set out u27jndl.emf

set color iw

plot joint 0 4.33 60 4.33 ndisp 0.5
copy

set out u27jinsl.emf

set color iw

plot joint 0 4.33 60 4.33 nstr 0.5
copy

set out u27jsdl.emf

set color iw

plot joint 0 4.33 60 4.33 sdisp 0.5
copy

set out u27jssl.emf

set color iw

plot joint 0 4.33 60 4.33 sstr
copy

set out u27shear.emf
set color iw

plo blo iw shear red
copy

set out u27slip.emf

set color iw

plo blo iw slip red

copy

i

; Contour plots

set out u27disp.emf

set color iw

plot gp_extra fill alias 'Displacement' gp_extra iw blo iw
copy

set out u27xd.emf

set color iw

plot xd £fill xd iw blo iw
copy

set out u27yd.emf

set color iw

plot yd £ill yd iw blo iw

copy

set out u27unbal.emf

set color iw

plo hist 1

copy

; Create output files for EXCEL
set log u27joint.out

print joint 0 4.33 60 4.33 0.01
set log u27stress.out

print zone stress range an 0 0 5.05 5.10

i
ret

180
180
180
180
180
180

Geometry
rou 0.0005
bl 0,-60 0,60 60,60 60,-60
arc 0.0 0.0 0.0 -5.0
arc 0.0 0.0 0.0 -6.0
arc ¢.0 0.0 0.0 -8.0
arc 0.0 0.0 0.0 -12.0
arc 0.0 0.0 0.0 -20.0
arc 0.0 0.0 0.0 -30.0
delete range block 818

[
o

crack 0.0 4.3301 60.0 4.3301

gen edge

0.25 range block 15256
gen edge 0.25 range block 3359
gen edge 0.4 range block
gen edge 0.4 range block
gen edge 0.7 range block
gen edge 0.7 range block
gen edge 1.1 range block
gen edge 1.1 range block
gen edge 2.0 range block
gen edge 2.0 range block
gen edge 5.0 range block
gen edge 5.0 range block

i
B

; Material properties

15231
5861
15206
8363
15181
10865
818
13367
15281
2

Case 2.8 UDEC Base case with horizontal
transgressing joint intersecting a
circular tunnel; friction angle 58 degrees.

Inner ring
Second ring

; Third ring

Fourth ring
Fifth ring
Sixth ring

; Delete inner ring

; Horizontal crack

prop m=1 de=2210.0 k=19.2e9 g=13.6e9

prop jm=1 jkn=3.0el2 jks=3.0el2

prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2

prop jm=2 jcoh=0.0 jfric=58 jten=0.0 jd=0

; Initial conditions
ini syy -24.0e6

ini sxx -24.0e6

ini sxy 0.0

ini szz 0.0

; Boundary conditions
bound stress -24.0e6 0
(59.99,60.01)

bound stress -24.0e6 0
60.01,-59.99}

bound stress -24.0e6 0
60.01,60.01)

bound stress -24.0e6 0
bound xvel 0.0 range (
bound xvel 0.0 range (

hist unbalanced

i

; Equilibrate model

set ovtol 0.1
step 500

.0

.0

.0

.0
-0.
-0.

; Alter joint properties

-24.0e6 range (-0.01,60.01)

-24.0e6 range {(-0.01,60.01)

-24.0e6 range {59.99,60.01)

-24.0e6 range (0,5) (-5,5)

0L,
0oL,

0.
0.

01) (-60.01,-4.99)
01) (4.99,60.01)

change jmat=2 range -0.01 60.01 4.329 4.331

i

; zZero displacements and velocities

ini xd ¢
ini yd 0
ini nd 0
ini sd 0
ini xv 0
int yv 0
ini bxv 0
ini byv 0
ini bxv 0
ini syy -24.0eé6
ini sxx -24.0e6
ini sxy 0.0

ini szz 0.0

bound xfree range an 0
bound yfree range an 0
bound xvel 0.0 range (
bound xvel 0.0 range (

i

;
; Mechanical analysis

i

(-60.01,-4.99)
(4.99,60.01) ™

(-

(-
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damp auto

step 5000

cal dispmag.fis
disp_mag

save u28final.sav

set plot emf color

title

Case 2.8 Horizontal Joint Intersecting a Circular Opening
{UDEC, phi=58 deg)

; Geometry

set out u28grid.emf

set color iw

plo zone green blo iw

copy

; Joint condition plots

set out u28jndl.emf

set color iw

plot joint 0 4.33 60 4.33 ndisp 0.5
copy

set out u28jnsl.emf

set color iw

plot joint 0 4.33 60 4.33 nstr 0.5
copy

set out u28jsdl.emf

set color iw

plot joint 0 4.33 60 4.33 sdisp 0.5
copy

set out uz28jssl.emf

set color iw

plot joint 0 4.33 60 4.33 sstr
copy

set out u28shear.emf
set color iw

plo blo iw shear red
copy

set out u28slip.emf
set color iw

plo blo iw slip red
copy

i

; Contour plots

set out u28disp.emf

set color iw

plot gp_extra £ill alias 'Displacement' gp_extra iw blo iw
copy

set out u28xd.emf

set color iw

plot xd £ill xd iw blo iw
copy

set out u28yd.emf

set color iw

plot yd fill yd iw blo iw
copy

set out u28unbal.emf

set color iw

plo hist 1

copy

; Create output files for EXCBL

set log u28joint.out

print joint 0 4.33 60 4.33 0.01 A
set log u28stress.out

print zone stress range an 0 0 5.05 5.10

i
ret
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Case 2.9 UDEC Base case with horizontal

; transgressing joint intersecting a
; circular tunnel; friction angle 57 degrees.

i

i

; Geometry

rou 0.0005

bl 0,-60 0,60 60,60 60,-60

axc 0.0 0.0 0.0 -5.0 180 18 ;
arc 0.0 0.0 0.0 -6.0 180 18 ;
arc 0.0 0.0 0.0 -8.0 180 18 ;
arc 0.0 0.0 0.0 -12.0 180 18 ;
arc 0.0 0.0 0.0 -20.0 180 18 ;
arc 0.0 0.0 0.0 -30.0 180 18 ;
delete range block 818 ;
crack 0.0 4.3301 60.0 4.3301
gen edge 0.25 range block 15256
gen edge 0.25 range block 3359
gen edge 0.4 range block 15231
gen edge 0.4 range block 5861
gen edge 0.7 range block 15206
gen edge 0.7 range block 8363
gen edge 1.1 range block 15181
gen edge 1.1 range block 10865
gen edge 2.0 range block 818
gen edge 2.0 range block 13367
gen edge 5.0 range block 15281
gen edge 5.0 range block 2

i

i

; Material properties

Inner ring
Second ring
Third ring

; Fourth ring
; Fifth ring

Sixth ring

; Delete inner ring

; Horizontal crack

prop m=1l de=2210.0 k=19.2e9 g=13.6e9

prop jm=1 jkn=3.0el2 jks=3.0el2

prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2

prop jm=2 jcoh=0.0 jfric=57 jten=0.0 jd=0

i

: Initial conditions

ini syy -24.0e6

ini sxx -24.0e6

ini sxy 0.0

ini szz 0.0

; Boundary conditions
bound stress -24.0eé6
(59.99,60.01)

bound stress -24.0e6
60.01,-59.99)

bound stress -24.0e6
60.01,60.01)

bound stress -24.0e6
bound xvel 0.0 range
bound xvel 0.0 range

hist unbalanced

; Equilibrate model

set ovtol 0.1
step 500

; Alter joint propert

0.0

ies

-24.0e6 range (-0.01,60.01)

-24.0e6 range (-0.01,60.01) (-

-24.0e6 range {(59.99,60.01) (-

-24.0e6 range (0,5) (-5,5)

.01, 0.
.01, 0

01) (-60.01,-4.99)

.01) (4.99,60.01)

change jmat=2 range -0.01 60.01 4.329 4.331

H
; Zero displacements and velocities
H

ini xd 0
ini yd 0
ini nd 0
ini sd 0
ini xv 0
ini yv 0
ini bxv 0
ini byv 0
ini brv 0
ini syy -24.0e6
ini sxx -24.0e6
ini sxy 0.0

ini szz 0.0

bound xfree range an
bound yfree range an
bound xvel 0.0 range
bound xvel 0.0 range

B

; Mechanical analysis

1) (-60.01,-4.99)
1) (4.99,60.01)

damp auto
step 5000

cal dispmag.fis
disp_mag
save u29final.sav

set plot emf color
title

Case 2.9 Horizontal Joint Intersecting a Circular Opening

(UDEC, phi=57 deg)

Geometry

set out u29grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plo

set’ out u29jndl.emf
set color iw

plot joint 0 4.33 60
copy

set out u29jnsl.emf
set color iw

plot joint 0 4.33 60
copy

set out u29jsdl.emf
set color iw

plot joint 0 4.33 60
copy

set out u29jssl.emf
set color iw

plot joint 0 4.33 60
copy

set out u29shear.emf
set color iw

plo blo iw shear red
copy

set out u29slip.emf
set color iw

plo blo iw slip red
copy

i

; Contour plots

set out u29disp.emf
set color iw

plot gp_extra £ill alias 'Displacement' gp_extra iw blo iw

copy

set out u29xd.emf

set color iw

plot xd fill xd iw bl
copy

set out u29yd.emf

set color iw

plot yd £ill yd iw bl
copy

set out u29%unbal.emf

set color iw

plo hist 1

copy

;i Create output files
set log u29%joint.out

print joint 0 4.33 60
set log u29stress.out

print zone stress range an 0 0 5.05 5.10

i
ret

ts

4.33 ndisp 0.5

4.33 nstx 0.5

4.33 sdisp 0.5

4.33 sstr

o iw

o iw
for EXCEL
4.33 0.01

; Case 2.10 UDEC Base case with horizontal
; transgressing joint intersecting a
; circular tunnel; friction angle S5 degrees.

i

; Geometry

rou 0.0005

bl 0,-60 0,60 60,60 60,-60

arc 0.0 0.0 0.0 -5.0 180 18 ; Inner ring
arc 0.0 0.0 0.0 -6.0 180 18 ; Second ring
arc 0.0 0.0 0.0 -8.0 180 18 ; Third ring
arc 0.0 0.0 0.0 -12.0 180 18 ; Fourth ring
arc 0.0 0.0 0.0 ~20.0 180 18 ; Fifth ring
arc 0.0 0.0 0.0 -30.0 180 18 ; Sixth ring
delete range block 818 ; Delete inner ring
crack 0.0 4.3301 60.0 4.3301 ; Horizontal crack
gen edge 0.25 range block 15256

gen edge 0.25 range block 3359

gen edge 0.4 range block 15231

gen edge 0.4 range block 5861

gen edge 0.7 range block 15206

gen edge 0.7 range block 8363

gen edge 1.1 range block 15181

gen edge 1.1 range block 10865

gen edge 2.0 range block 818

gen edge 2.0 range block 13367

gen edge 5.0 range block 15281

gen edge 5.0 range block 2

i
i

; Material properties

prop m=1 de=2210.0 k=19.2e9 g=13.6e9
prop jm=1 jkn=3.0el2 jks=3.0el2
prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0

prop jm=2 jkn=5.0el2 jks=5.0el2
prop jm=2 jcoh=0.0 jfric=55 jten=0.0 jd=0

; Initial conditions

ini syy -24.0e6
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

; Boundary conditions

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
{59.99,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (-0.01,60.01)
60.01,-59.99)

bound stress -24.0e6é 0.0 -24.0e6 range (59.99,60.01)
60.01,60.01)

bound stress -24.0e6 0.0 -24.0e6 range (0,5) (-5,5)
bound xvel 0.0 range (-0.0L, 0.01) (-60.01,-4.99)
bound xvel 0.0 range (-0.01, 0.01) (4.99,60.01)

hist unbalanced

; Equilibrate model

i
set ovtol 0.1
step 500

;
; Alter joint properties

change jmat=2 range -0.01 60.01 4.329 4.331

; Zero displacements and velocities

ini xd 0
ini yd 0
ini nd 0
ini sd 0
ini xv 0
ini yv 0
ini bxv 0
ini byv 0
ini brv 0
-24.0e6
ini sxx -24.0e6
ini sxy 0.0
ini szz 0.0

bound xfree range an 0 0 4.9 5.1

bound yfree range an 0 0 4.9 5.1

bound xvel 0.0 range (-0.01, 0.01) (-60.01,-4.99)
(-0.01, 0.01) (4.99,60.01)

bound xvel 0.0 range
; Mechanical analysis

i

damp auto
step 5000

cal dispmag.fis
disp_mag
save u2l0final.sav

set plot emf color
title
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Case 2.10 Horizontal Joint Intersecting a Circular Opening

(UDEC, phi=55 deg)

; Geometry

set out u2l0grid.emf
set color iw

plo zone green blo iw

copy

; Joint condition plots

set out u210jndl.emf
set color iw

plot joint 0 4.33 60
copy

set out u210jnsl.emf
set color iw

plot joint 0 4.33 60
copy

set out u210jsdl.emf
set color iw

plot joint 0 4.33 60
copy

set out u210jssl.emf
set color iw

plot joint 0 4.33 60
copy

set out u2l0shear.emf
set color iw

plo blo iw shear red
copy

set out u2l10slip.emf
set color iw

plo blo iw slip red
copy

; Contour plots

set out u2l0disp.emf
set color iw

4

4.3

4

4

-33

w

.33

.33

ndisp 0.5
nstr 0.5

4
sdisp 0.5 % /
sstr

plot gp_extra fill alias 'Displacement' gp_extra iw blo iw

copy

set out u210xd.emf
set color iw

plot xd £ill xd iw blo iw

copy

i
set out u2l0yd.emf
set color iw

plot yd fill yd iw blo iw

copy

set out u2lQunbal.emf
set color iw

plo hist 1

copy

; Create output files for EXCEL

set log u2l0joint.out

print joint 0 4.33 60 4.33 0.01

set log u2l0stress.out
print zone stress range an 0 0 5.05 5.10

7
ret
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JOB TITLE : Case 2.1 Horizontal Joint Intersecting a Circular Opening (UDEC, Elastic) (*10M)
UDEC (Version 3.10)
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21-Oct-04 23:37
cycle 5500
zones in fdef blocks - 3.000
block piot
| 1.000
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-1.000 z /
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Fe,ooo
-5.000
RSRead Consulting Inc.
Okotoks, Alberta CANADA -2.0:)0 voéw T 8.0'00 B,O&)O
. . (*10%) -
# c Ao o (D
r\\i WA & Lju NTCEARW L=y a2 Ve eyt
JOB TITLE : Case 2.1 Horizontal Joint Intersecting a Circular Opening (UDEC, Elastic) (*10)
UDEC (Version 3.10)
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Case 2.1 - Stress Distribution along Horizontal Joint
s (UDEC,Elastlc) v SEmm
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ol Case 2.1 - Displacement along Horizontal Joint
(UDEC, Elastic)
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Case 2.1 - Stress Distribution at Tunnel Periphery

(UDEC, Elastic)

D 25
g #8 © e © % /
d g ;;
‘g 15| [ a Radial (UDEC) ‘Z
% e Tangential (UDEC) =
z Radial (Analytical) ot A
‘g 1.0 - i——Tangential (Analytical)
°
(]
2 05
]
E
'™
> . 1.
Z 00 an-ahasnis Sons-ann-HOAAAS AA sAbAN-AAAMMANAS Sas-bAAEA AN AnAtSRNL.
-045 T = T 1 T T
-90 -60 -30 ) 0 30 60 90
Angular Coordinate (°)
Case 2.8 - Stress Distribution at Tunnel Periphery i
(UDEC, ¢=58°)
25
15 A A Radial N
| @ Tangential ‘

Normalized Boundary Stress

0.0 -

1.0 -

0.5 1

, Radial (Analytical)
| === Tangential (Analytical)

Qe

Angular Coordinate (°)

60 90

73Shest, xe C

‘Qnsw CLLL A2 ge UhZlebusi xis o) UL

(Tov 3

et}

112
<0 672 Yol |
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Dimensionless Traction on Joint

l‘—a—¢=7o°

|

| —8— ¢ = 45°
|—o—¢=163°

|

T

1.0 2.0 3.0

Distance into Rock along Joint (X/A)

T

4.0

5.0

Case 2 - Shear Stress Distribution along Horizontal Joint
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Case 2 - Strength Factor along Horizontal Joint
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Case 2.6 - Stress Distribution at Tunnel Periphery
(UDEC, ¢=45°)
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Case 2.7 - Stress Distribution at Tunnel Periphery
(UDEC, ¢=16.3°)
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Case 2.6 - Displacement along Horizontal Joint e
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Case 2.7 - Displacement along Horizontal Joint
(UDEC, ¢=16.3°)
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JOB TITLE : Cas§ 2.7 Florizontal Joint Intersecting a Circular Opening (UDEC, phi=45)
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JOB TITLE : Case 2.6 Horizontal Joint Intersecting a Circular Opening (UDEC, phi=45)
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JOB TITLE : Case 2.8 Horizontal Joint Intersecting a Circular Openin (UDEC, phi=58)

UDEC (Version 3.10)
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JOB TITLE : Case 2.8 Horizontal Joint Intersecting a Circular Opening (UDEC, phi=58)
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JOB TITLE : Case 2.8 Horizontal Joint Intersecting a Circular Opening (UDEC, phi=58)

UDEC (Version 3.10)

LEGEND

29-Oct-04 17:37
cycle 5500

block plot

boundary plot

joints now at shear limit

RSRead Consulting Inc.
Okotoks, Alberta CANADA

T

T T
0.100 0.300 0.500

Ock zo/os &

| 6.000

= Luw.\-f

4.000

6()14/&11)( \G <

CIM Cleie s

= TR g P }OKOL al.u CM (@l 2 5.9 4 g M%l\n‘% ?/\w-'ovt(l-,

qa\;g’ZZ;S—_-%KA_\;)(—14

| 2.000

il ey @wﬂ{&/\c

usd a.J\/{J '5"44(

o

L 0.000

Sl 6 ’hw.“'q et

sl 0218, qyw@(/\‘ P e

“u 54 "LCA/\AG 5"‘4[ o ’T&u,{u/aj'w\( Co’\m
A S4 C)mle\/la/-\(-" C(‘)m,..pr,u'((ou— C/C

| -2.000

s - HOYE Q8 M‘S—P\u{"i sakee.

U dec UMJ

-4.000

Cu’./\éjﬂ-q (n‘ o 4‘70(&"7\0-—\

oA vaeo.l—cJ AP Dy - /;L,\Ajovdk CL«S C\.«;ov_ <awe A &‘(.1\

kL

W2 =\ v Logwn - ook

S MSV‘IC)QOOQG\wOM} >

uSZolade, . ok . US2 Mgk ow

USEl ok oub




126
<N 615 Vol |\
Cck 2\ Jo4
— covdue ool an At repont | @@W\,‘,p\d‘—c cecARsen<
AN\, 42 47>
T s\ Srhing, CL\ Q. CD
PehGy Qe B Dppoehives

(

= Lourle on dmaft oot |

= olilbed cnped QL il odore o Bpecclices

= wodeded MJDEZ%’: CAC cocyann/con MC\ (see
obecrmete B Cuxe 71,72,23,7.4,728,77 T-17

! M‘Ji/O‘(
7l> '\'ﬁvpfbs— o Peqes )‘Z?j',(’)‘k)

f\l*/ AR @
- couplde  voud deaCF

Mo oot & o
veotrecs ol edd Al Aok -

- PQD(LMCC C\r\(rd/\«wc(‘ "W’

QV\,.:'«Q cop pomcdiees, oi-d eredlr POF weszion of
| Q\l % gruns\ Yo CpOLh Co-» Nete - —sent ¢ /0 19TM.

MO\J 5/2004 g— i\/\%\\\/\«CA‘lbcw\ v\fc,&vzd( o Careente M}e«@
\/&PM‘DV‘ 06’ AOCMWV/VO’( M Q‘C’LW A COW&,A “\'Ok& %

127

i VISY RV
Table 4.12 Comparison of UDEC and FLAC Results for Case 7.1
Case 7.1 Summary of Results (FLAC)
Maximum Minimum Mean % Absolute
Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 56.00 7.40E-03 44.00 -7.40E-03 5.84E-08 1.50E-01
FLAC Shear displacement at top of interface (m) 56.00 7.39E-03 44.00 -7.33E-03 6.02E-08 1.50E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.12E-02 0.00 3.92E-04 2.15E-03 1.10E-01
FLAC Normal displacement at top of interface (m) 50.00 1.12E-02 0.00 3.92E-04 2.15E-03 1.10E-01
FLAC Relative normal displacement on interface (m) 60.00 3.89E-06 50.00 -2.83E-05 -9.00E-07 1.57E-04
FLAC Relative shear displacement on interface (m) 46.00 2.32E-05 54.00 -2,.32E-05 1.13E-10 2.21E-04
FLAC Total displacement at bottom of interface (m) 50,00 1.12E-02 0.00 3.92E-04 3.88E-03 1.98E-01
FLAC Total displacement at top of interface (m) 50.00 1.12E-02 0.00 3.92E-04 3.87E-03 1.98E-01
FLAC Normal stress at bottom of interface (Pa) 60.00 7.40E+06 50.00 -5.36E+07 | -1.72E+06 2.98E+08
FLAC Normal stress at top of interface (Pa) 60.00 7.40E+06 50.00 -5.36E+07 | -1.72E+06 2.98E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 3.01E+07 54.00 -3.01E+07 2.93E+02 2.87E+08
FLAC Shear stress at top of interface (Pa) 46.00 3.01E+07 54.00 -3.01E+07 | 2.93E+02 2.87E+08
FLAC Temperature at bottom of interface (°C) 50.00 119.30 0.00 34.00 40.90 2085.88
FLAC Temperature at top of interface (°C) 50.00 124.44 0.00 34.00 41.45 2114.20
Maximum temperature at source (°C) 50.00 425.24 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0
Case 7.1 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean X Absolute
Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 56.00 6.49E-03 44.00 -6.47E-03 6.33E-06 1.32E-01
UDEC Shear displacement at top of interface (m) 56.00 6.47E-03 44.00 -6.45E-03 6.33E-06 1.32E-01
UDEC Normal displacement at bottom of interface (m) 50.00 1.07E-02 100.00 3.03E-04 1.91E-03 9.91E-02
UDEC Normal displacement at top of interface (m) 50.00 1.07E-02 100.00 3.03E-04 1.91E-03 9.91E-02
UDEC Relative normai displacement on interface (m) 40.00 3.62E-06 50.00 -2.64E-05 -7.56E-07 1.41E-04
UDEC Relative shear displacement on interface (m) 46.00 1.97E-05 54.00 -1.97E-05 3.85E-11 2.03E-04
UDEC Total displacement at bottom of interface (m) 50.00 1.09E-02 100.00 3.03E-04 3.42E-03 1.78E-01
UDEC Total displacement at top of interface (m) 50.00 1.08E-02 100.00 3.03E-04 3.42E-03 1.78E-01
UDEC Normal stress at bottom of interface (Pa) 60.00 6.89E+06 50.00 -5.02E+07 | -1.43E+06 2.68E+08
UDEC Normal stress at top of interface (Pa) 40.00 6.89E+06 50.00 -5.02E+07 | -1.43E+06 2.68E+08
UDEC Shear stress at bottom of interface (Pa) 46.00 2.56E+07 54.00 -2.56E+07 | -1.71E+03 2.64E+08
UDEC Shear stress at top of interface (Pa) 46.00 2.56E+07 54.00 -2.56E+07 6.41E+02 2.64E+08
UDEC Temperature at bottom of interface (°C) 50.00 114.50 0.00 34.00 40.97 2096.44
UDEC Temperature at top of interface (°C) 50.00 114.50 0.00 34.00 40,97 2096.44
Maximum temperature at source (°C) 50.00 428.20 - - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0 ?
i . .
Case 7.1 Relative Error between UDEC and FLAC Results* l M .
a0 \
Maximum Minimum Mean Total : -
Parameter X Error X Value Value Error
Shear displacement at bottom of interface (m) 0.0 12% 0.0 13% 0% 12%
Shear displacement at top of interface (m) 0.0 12% 0.0 13% 0% 12%
Normal displacement at bottom of interface (m}) 0.0 5% 100.0 1% 3% 10%
Normal displacement at top of interface (m) 0.0 5% 100.0 1% 3% 10%
Relative normal displacement on interface (m) -20.0 1% 0.0 7% 1% 10%
Relative shear displacement on interface (m) 0.0 13% 0.0 12% 0% 8% -
Total displacement at bottom of interface (m) 0.0 4% 100.0 1% 6% 10%
Total displacement at top of interface (m) 0.0 4% 100.0 1% 6% 10%
Normal stress at bottom of interface (Pa) 0.0 1% 0.0 7% 1% 10%
Normal stress at top of interface (Pa) -20.0 1% ~ 0.0 7% 1% 10%
Shear stress at bottom of interface (Pa) 0.0 15% 0.0 15% 0% 8%
Shear stress at top of interface (Pa) 0.0 15% 0.0 15% 0% 8%
Temperature at bottom of interface (°C) 0.0 6% 0.0 0% 0% 1%
Temperature at top of interface (°C) 0.0 12% 0.0 0% 1% 1%
Maximum temperature at source (°C) 0.0 1% - - -
Number of Contacts 0% 0%
Number of Contacts at Slip Condition 0% 0%

* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

displacement, stress, or temperature
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. i f UDEC and FLAC Results for Case 7.3
Table 4.13 Comparison of UDEC and FLAC Results for Case 7.2 Table 4.14 Comparison o a

Case 7.3 Summary of Resuits (FLAC)
Case 7.2 Summary of Results (FLAC)

Maximum Minimum Mean Z Absolute
Maximum Minimum Mean T Absolute Parameter X Value X Value Value Values
Parameter X Value X Value Value Values |- ' ~ [FLAC Lateral displacement at bottom of interface (m) 56.00 7.05E-03 44.00 6.96E03 | 4.89E.05 | 1.36E-01
FLAC Shear displacement at bottom of interface (m) 58.00 1.32E-02 42.00 -1.32E-02 | -4.36E-08 2.63E-01 FLAC Lateral displacement at top of interface (m) 56.00 6.86E-03 44.00 -6.78E-03 5.02E-05 1.34E-01
FLAC Shear displacement at top of interface (m) 54.00 7.05E-03 46.00 -7.05E-03 | -4.83E-00 | 5.13E-02 FLAC Normal displacement at bottom of interface (m) 50.00 1.13E-:02 2.00 9.56E-05 | 2.02E-03 | 1.03E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.32E-02 72.00 -238E03 | 3076-04 | 1.55E-01 | ~ [FLAC Normal displacement at top of interface (m) 50.00 1.10E-02 2.00 -0.88E-05 | 2.01E-03 | 1.03E-01
FLAC Normal displacement at top of interface (m) 50.00 1.29E-02 | 10000 | 7.38E-04 | 4.09E-03 | 2.09E-01 FLAC Relative normal displacement on interface (m) 60.00 3.81E-05 50.00 -2.70E-04 | 1.05E-06 | 1.37E-03
FLAC Relative normal displacement on interface (m) 36.00 7.21E-03 50.00 -284E04 | 379E-03 | 1.95E.01 FLAC Relative shear displacement on interface (m) 46.00 2.15E-04 54.00 -2.21E-04 | 1.26E-06 | 1.96E-03
FLAC Relative shear displacement on interface (m) 40.00 1.10E-02 60.00 -1.10E-02 | 267E-08 | 227E-01 | ’ * [FLAC Total displacement at bottom of interface (m) 50.00 1.13E-02 0.00 1.79E-04 | 3.60E-03 | 1.83E-01
FLAC Total displacement at bottom of interface (m) 44.00 1.44E-02 0.00 1.33E-03 | 6.51E-03 | 3.32E01 FLAC Total displacement at top of interface (m) 50.00 1.10E-02 0.00 181E-04 | 3.66E-03 | 1.81E-01
FLAC Total displacement at top of interface {m) 47.50 1.30E-02 100.00 7.38E-04 4.29E-03 2.19E-01 o FLAC Normal stress at bottom of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 | -1.99E+06 2.60E+08
FLAC Normal stress at bottom of interface (Pa) 0.00 0.00E+00 50.00 -5.01E+07 | -3.07E+06 | 1.657E+08 [ ° FLAC Normal stress at top of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 | -1.99E+06 | 2.60E+08
FLAC Normal stress at top of interface (Pa) 0.00 0.00E+00 50.00 -5.01E+07 -3.07E+06 1.57E+08 FLAC Shear stress at bottom of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 1.64E+05 2.55E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 6.32E+07 54.00 -6.32E+07 | 1.15E+01 1.81E+08 ) FLAC Shear stress at top of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 | 1.64E+05 2.55E+08
FLAC Shear stress at top of interface (Pa) 46.00 6.32E+07 54.00 -6.32E+07 | 1.15E+01 | 1.81E+08 | ‘ ' FLAC Temperature at botiom of interface (°C) 50.00 118.14 0.00 34.00 40.95 2088.52
FLAC Temperature at bottom of interface (°C) 50.00 119.30 0.00 34.00 40.90 2085.88 FLAC Temperalure at top of interface (°C) 50.00 100.82 0.00 34.00 39.16 1997.40
FLAC Temperature at top of interface (°C) 50.00 124.44 0.00 34.00 41.45 2114.20 ; o . |Maximum temperature at source (°C) : 50.00 425.24 - - -
Maximum temperature at source (°C) 50.00 425.24 - - -
Number of Contacts 51 51
Number of Contacts 51 51 Number of Contacts at Slip Condition 0 0
Number of Contacts at Slip Condition 46 46
Case 7.3 Summary of Results (UDEC, Interpolated)
Case 7.2 Summary of Results (UDEG, Interpolated)
Maximum Minimum Mean Z Absolute
Maximum Minimum Mean Z Absolute Parameter X Value X Value Value Values
Parameter X Value X Value Value Values | - - [UDEC Shear displacement at bottom of interface (m) 56.00 7.17E-03 44.00 720E03 | 3.43E-05 | 1.39E-01
UDEC Shear displacement at bottom of interface (m) 58.00 1.40E-02 42.00 -1.41E-02 | -3.57E-06 | 2.79E-01 UDEC Shear displacement at top of interface (m) 56.00 6.96E-03 44.00 -6.99E-03 | 3.92E-05 | 1.37E-01
UDEC Shear displacement at tap of interface (m) 32.00 1.14E-03 68.00 114608 | 463E-07 | 3.26E.02 UDEC Normal displacement at bottom of interface (m) 50.00 T.14E-02 0.00 1.73E-04 | 199E-03 | 1.02E-01
UDEC Normal displacement at bottom of interface (m) 50.00 1.45E-02 30.00 -1.23E-03 | 1.27E-03 114601 | . <o [UDEC Normal displacement at top of interface (m) 50.00 1.09E-02 0.00 -1.74E:04 | 197E-03 | 1.01E-01
UDEC Normal displacement at top of interface (m) 50.00 1.43E-02 100.00 -3.21E-04 2.90E-03 1.56E-01 ' UDEC Relative normal displacement on interface (m) 58.00 5.51E-05 50.00 -4.94E-04 | -1.33E-05 1.93E-03
UDEC Relative normal displacement on interface (m) 36.00 4.75E-03 50.00 -252E-04 | 1.62E-03 | B8.44E02 UDEC Relafive shear displacement on interface (m) 46.00 3.75E-04 54.00 -373E-04 | 1.41E-06 | 2.74E-03
UDEC Relative shear displacement on interface (m) 42.00 1.46E-02 58.00 -1.45E-02 4 57E-06 3.06E-01 ) . Cn . UDEC Total displacement at bottom of interface (m) 50.00 1.14E-02 0.00 1.93E-04 3.62E-03 1.85E-01
UDEC Total displacement at bottom of interface (m) 46.00 1.61E-02 0.00 3.22E-04 | 6.41E-03 | 3.27E-01 UDEC Total displacement at top of interface (m) 50.00 1.11E-02 0.00 1.95E04 | 3.58E-03 | 1.82E-01
UDEC Total displacement at top of interface (m) 50.00 1.43E-02 0.00 3.20E-04 3.26E-03 1.66E-01 UDEC Normal stress at bottom of interface (Pa) 58.00 1.05E+07 50.00 -9.38E+07 | -2.51E+06 3.67E+08
UDEC Normal stress at bottom of interface (Pa) 14.00 1.00E+06 50.00 -A.79E+07 | -2.13E+06 | 1.83E+08 | . e UDEC Normal stress at top of interface (Pa) 60.00 5.40E+06 47.50 -1.59E+07 | -9.67E+05 | 1.46E+08
UDEC Normal stress at top of interface (Pa) 14.00 1.00E+06 50.00 -4.79E+07 | -2.13E+06 | 1.83E+08 UDEC Shear stress at bottom of interface (Pa) 46.00 4.87E+07 54.00 -4.85E+07 | 1.83E+05 | 3.56E+08
UDEC Shear stress at bottom of interface (Pa) 47.50 1.19E+07 52.50 -1.22E+07 | 8.97E+02 3.67E+07 UDEC Shear stress at top of interface (Pa) 42.00 1.31E+07 58.00 -1.33E+07 | 1.95E+05 1.53E+08
UDEC Shear stress at top of interface (Pa) 47.50 1.22E+07 52.50 -1.19E+07 | -1.32E+03 | 3.67E+07 | . e UDEC Temperature at bottom of interface (°C) 50.00 1.12E+02 0.00 3.40E+01 4.00E+01 2042.17
UDEC Temperature at bottom of interface (°C) 50.00 114.50 0.00 34.00 41.12 2096.94 UDEC Temperature at top of interface (°G) 50.00 1.06E+02 0.00 3.40E+01 3.99E+01 2033.09
UDEC Temperature at top of interface (°C) 50.00 114.50 0.00 34.00 41.10 2096.01 Maximum temperature at source (°C) 50.00 419.20 - - - - L
Maximum temperature at source (°C) 50.00 428.20 - - - - . . T f?
s ' Number of Contacts 56 51 / {.:'
Number of Contacts 51 51 / Number of Contacts at Slip Condition 0 0 : .
Number of Contacts at Slip Condition 51 51 y R - .
q -~ Wk Case 7.3 Relative Error between UDEC and FLAC Results* ‘ \ /ZcZA
Case 7.2 Relative Error between UDEC and FLAC Results* W) (! \" S
‘ Maximum Minimum Mean Total
Maximum Minimum Mean Total Parameter AX Error AX Error Error Error
Parameter X Error X Value Value Error Shear displacement at bottom of interface (m) 0.0 2% 0.0 3% 0% 2%
Shear displacement at bottom of interface (m) 0.0 6% 0.0 6% 0% 6% ' : 77 [Shear displacement at top of interface (m) 0.0 1% 0.0 3% 0% 2%
Shear displacement at top of interface (m) -22.0 45% 22.0 45% 0% 37% Normal displacement at bottom of interface (m) 0.0 1% -2.0 1%~ 0% 1%
Normal displacement at bottom of interface (m) 0.0 10% -42.0 9% 7% 26% Normal displacement at top of interface (m) 0.0 1% -2.0 1% 0% 2%
Normal displacement at top of interface (m) 0.0 10% 0.0 8% 9% 25% ' o Relative normal displacement on interface (m) -2.0 7% 0.0 86% 1% 4%
Relative normal displacement on interface (m) 0.0 22% 0.0 0% 20% 57% ‘ Relative shear displacement on interface (m) 0.0 62% 0.0 59% 0% 40%
Relative shear displacement on interface (m} 2.0 32% -2.0 32% 0% 35% Total displacement at bottom of interface (m) 0.0 1% 0.0 0% 0% 1%
Total displacement at bottom of interface (m) 2.0 22% 0.0 13% 1% 1% Total displacement at top of interface (m) 0.0 1% 0.0 0% 0% 1%
Total displacement at top of interface (m) 25 16% -100.0 5% 13% 24% Normal stress at bottom of interface (Pa) -2.0 7% - 0.0 86% 1% 41%
Normal stress at bottom of interface (Pa) 14.0 2% 0.0 5% 2% 17% Normal stress at top of interface (Pa) 0.0 4% -2.5 72% 2% 44%
Normal stress at top of interface (Pa) 14.0 2% 0.0 5% 2% 17% ‘ * Shear stress at bottom of interface (Pa) 0.0 72% 0.0 68% 0% 40%
Shear stress at bottom of interface (Pa) 1.5 81% -1.5 81% 0% 80% Shear stress at top of interface (Pa) -4.0 52% 4.0 53% 0% 40%
Shear stress at top of interface (Pa) 1.5 81% -1.5 81% 0% 80% Temperature at bottom of interface (°C) 0.0 8% 0.0 0% 1% 2%
Temperature at bottom of interface (°C) 0.0 6% 0.0 0% 0% 1% Temperature at top of interface (°C) 0.0 7% 0.0 0% 1% . 2%
Temperature at top of interface (°C) 0.0 12% 0.0 0% 0% 1% Maximum temperature at source (°C) 0.0 1% - - -
Maximum temperature at source (°C) 0.0 1% - - - “
Number of Contacts 10% 0%
Number of Contacts ____ _ 0% 0% Number of Contacts at Slip Condition 0% 0% !
Number of Contacts at Slip Condition 10% 10% * Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total '
* Relative ervor calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total ‘ o displacement, stress, or temperature

displacement, stress, or temperature
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Table 4.15 Comparison of UDEC and FLAC Results for Case 7.4 : Table 4.16 Comparison of UDEC and FLAC Results for Case 7.7
Case 7.4 Summary of Results (FLAC) ‘, Case 7.7 Summary of Results (FLAC)
)
Maximum Minimum Mean % Absolute Maximum Minimum Mean X Absolute
Parameter X Value X Value Value Values ) Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 58.00 1.20E-02 42.00 -1.24E-02 | -351E-04 | 2.23E-01 X FLAC Shear displacement at bottom of interface (m) 66.00 1.10E-02 34.00 -1.10E-02 [ 1.37E-04 3.48E-01
FLAC Shear displacement at top of interface (m) 54.00 6.37E-03 46.00 -6.37E-03 1.75E-04 5.18E-02 FLAC Shear displacement at top of interface (m) 66.00 1.10E-02 34.00 -1.10E-02 | "1.38E-04 3.47E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.26E-02 68.00 -1.92E-03 | 9.17E-04 1.13E-01 , i FLAC Normal displacement at bottom of interface (m) 50.00 9.71E-03 0.00 2.71E-04 | 4.48E-03 2.29E-01
FLAC Normal displacement at top of interface (m) 50.00 1,26E-02 92.00 1.62E-04 3.65E-03 1.86E-01 FLAC Normal displacement at top of interface (m) 50.00 9.60E-03 0.00 2.69E-04 4.46E-03 2.27E-01
FLAC Relative normal displacement on interface (m) 38.00 6.71E-03 50.00 -2.55E-05 | 2.75E-03 1.41E-01 FLAC Relative normal displacement on interface (m) 0.00 -1.49E-06 50.00 -1.06E-04 | -2.49E-05 1.27E-03
FLAC Relative shear displacement on interface (m) 40.00 1,01E-02 58.00 -9.58E-03 | 5.39E-04 | 1.95E-01 ‘ , ‘ FLAC Relative shear displacement on interface (m) 44.00 1.99E-05 56.00 -2.00E-05 | 1.81E-06 | 4.30E-04
FLAC Total displacement at bottom of interface (m) 44.00 1.36E-02 100.00 2.97E-04 5.37E-03 2.74E-01 FLAC Total displacement at bottom of interface (m) 38.00 1.23E-02 0.00 2.80E-04 8.52E-03 4.34E-01
FLAC Total displacement at top of interface (m) 50.00 1.26E-02 90.00 2.50E-04 3.85E-03 1.96E-01 FLAC Total displacement at top of interface (m) 36.00 1.23E-02 0.00 2.78E-04 8.50E-03 4.33E-01
FLAC Normal stress at bottom of interface (Pa) 92.00 7.66E+05 50.00 -4.85E+07 -2.89E+06 1.49E+08 )  |FLAC Normal stress at bottom of interface (Pa) 0.00 -7.71E+06 50.00 -5.99E+07 -1.92E+07 9.77E+08
FLAC Normal stress at top of interface (Pa) 92.00 7.66E+05 50.00 -4 85E+07 | -2.89E+06 1.49E+08 FLAC Normal stress at top of interface (Pa) 0.00 -7.71E+06 50.00 -5.99E+07 | -1.92E+07 9.77E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 5.65E+07 54.00 -5.65E+07 | -6.04E+04 1.65E+08 FLAC Shear stress at bottom of interface (Pa) 44.00 8.74E+06 56.00 -1.12E+07 | -3.03E+05 2.06E+08
FLAC Shear stress at top of interface (Pa) 46,00 5.65E+07 54.00 .5.65E+07 | -6.04E+04 1.65E+08 : ; FLAC Shear stress at top of interface (Pa) 44.00 8.74E+06 56.00 -1.12E+07 | -3.03E+05 2.06E+08
FLAC Temperature at bottom of interface (°C) 50.00 118.00 0.00 34.00 40.95 2088.20 v FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
FLAC Temperature at top of interface (°C) 50.00 101.00 0.00 34.00 39.17 1997.70 FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22
Maximum temperature at source (°C) 50.00 425.24 - - - , ) | ) . {Maximum temperature at source (°C) 51.21 322.38 - - N
Number of Contacts 51 51 : Number of Contacts 51 51
Number of Contacts at Slip Condition 27 27 ‘ . [Number of Contacts at Slip Condition 0 0
Case 7.4 Summary of Results (UDEC, Interpolated) Case 7.7 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean T Absolute Maximum Minimum Mean Z Absolute
Parameter X Value X Value Value Values Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 56.00 1.54E-02 44.00 ~1.53E-02 T3.56E-04 2.88E-01 ) » - |UDEC Shear displacement at bottom of interface (m) 66.00 1.11E-02 34.00 -1.11E-02 1.48E-04 3.52E-01
UDEC Shear displacement at top of interface (m) 32.00 1.09E-03 66.00 -1.25E-03 | -2.06E-05 | 3.03E-02 UDEC Shear displacement at top of interface (m) 66.00 1.11E-02 34.00 -1.11E-02 | 1.50E-04 3.52E-01
UDEC Normal displacement at boftom of interface (m) 50.00 1.53E-02 68.00 -1.20E-03 | 1.42E-03 1.05E-01 UDEC Normal displacement at bottom of interface (m) 50.00 9.75E-03 0.00 2.33E-04 4.47E-03 2.28E-01
UDEC Normal displacement at top of interface (m) 50.00 1.52E-02 0.00 1.73E-04 3.12E-03 1.60E-01 . i - |UDEC Normal displacement at top of interface (m) 50.00 9.59E-03 0.00 2.31E-04 4.45E-03 2.27E-01
UDEC Relative normal displacement on interface (m) 62.00 5.64E-03 50.00 -5.62E-05 | 1.69E-03 8.63E-02 UDEC Relative normal displacement on interface (m) 8.00 -1.70E-05 50.00 -1.80E-04 | -3.89E-05 1.98E-03
UDEC Relative shear displacement on interface {m) 42.00 151E-02 56.00 ~1.54E-02 .| 3.39E-04 3.09E-01 UDEC Relative shear displacement on interface (m) 46.00 8.87E-05 54.00 -9.18E-05 | -1.41E-07 | 1.27E-03
UDEC Total displacement at bottom of interface (m) 54.00 1.75E-02 100.00 3.74E-04 6.51E-03 3.32E-01 - » - |UDEGC Total displacement at bottom of interface (m) 64.00 1.24E-02 0.00 2.40E-04 8.58E-03 4.38E-01
UDEC Total displacement at top of interface (m) 50.00 1.52E-02 6.00 9.80E-05 3.30E-03 1.68E-01 UDEC Total displacement at top of interface (m) 64.00 1.24E-02 0.00 2.38E-04 8.56E-03 4.37E-01
UDEC Normal stress at bottom of interface (Pa) 0.00 1.40E+06 50.00 -1.07E+08 | -4.75E+06 3.12E+08 UDEC Normal stress at bottom of interface (Pa) 8.00 -8.48E+06 50.00 -8.99E+07 | -1.94E+07 9.92E+08
UDEC Normal stress at top of interface (Pa) 0.00 2.05E+06 47.50 -1.17E+06 | 7.67E+05 | 4.41E+07 : : UDEC Normal stress at top of interface (Pa) 6.00 -8.31E+06 56.00 -4.16E+07 | -1.88E+07 | 9.57E+08
UDEC Shear stress at bottom of interface (Pa) 47.50 2.15E+07 52.50 -2.25E+07 | -4.99E+04 | 6.60E+07 UDEC Shear stress at bottom of interface (Pa) 46.00 4.43E+07 54.00 -4.59E+07 | -7.05E+04 | 6.34E+08
UDEC Shear stress at top of interface (Pa) 47.50 5.46E+05 90.00 -2.43E+05 | 551E+03 | 1.75E+06 UDEC Shear stress at top of interface (Pa) 54.00 2.51E+07 46.00 -2.78E+07 | -2.23E+05 | 2.96E+08
UDEC Temperature at bottom of interface (°C) 50.00 1.12E+02 0.00 3.40E+01 | 4.01E+01 2042.58 , - |UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 | 7.60E+01 3874.16
UDEC Temperature at top of interface (°C) 50.00 1.06E+02 0.00 3.40E+01 | 3.99E+01 2032.74 UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 | 7.59E+01 3871.56
Maximum temperature at source (°C) 50.00 419.20 C N _ A Maximum temperature at source (°C) 50.00 326.70 - - - _
Number of Contacts 56 51 ! Number of Contacts 52 51
Number of Contacts at Slip Condition 565 50 Number of Contacts at Slip Condition 0 0
Case 7.4 Relative Error between UDEC and FLAC Results* Case 7.7 Relative Error between UDEC and FLAC Results* '\ ’/ZIZU{(
Maximum Minimum Mean Total ' : Maximum Minimum Mean Total ’\‘T‘ojy '
Parameter AX Error AX Error Error Error Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 2.0 28% 20 24% 0% 29% Shear displacement at bottom of interface (m) 0.0 1% 0.0 1% 0% 1%
Shear displacement at top of interface (m) 220 43% 20.0 41% 2% 41% ' ' * [Shear displacement at top of interface (m) 0.0 1% 0.0 1% 0% 1%
Normal displacement at bottom of interface (m) 0.0 30% 0.0 7% 6% 7% Normal displacement at bottom of interface (m) 0.0 1% 0.0 1% ~ 0% 0%
Normal displacement at top of interface (m) 0.0 29% -62.0 4% 6% 14% ; ‘ Normal displacement af top of interface (m) 0.0 0% 0.0 1% 0% 0% }
Relative normal displacement on interface (m) 24.0 1% 0.0 0% 1% 39% o ‘ ; "' [Relative normal displacement on interface (m) 8.0 19% 0.0 90% 17%x 56%
Relative shear displacement on interface (m) 2.0 49% 2.0 58% 2% 59% Relative shear displacement on interface (m) 20 84% -2.0 88% 2% 195%
Total displacement at bottom of interface {m) 10.0 47% 0.0 1% 14% 21% Total displacement at bottom of interface (m) 26.0 2% 0.0 0% 1% 1%
Total displacement at top of interface (m) 0.0 32% 84.0 2% 7% 14% ‘ " [Total displacement at top of interface (m) 28.0 2% 0.0 0% 1% 1%
Normal siress at bottom of interface (Pa) -92.0 1% 0.0 127% 4% 109% Normal stress at bottom of interface (Pa) 8.0 % - 0.0 74% 1% 2%
Normal stress at top of interface (Pa) -92.0 3% 25 104% 8% 70% | Normal stress at top of interface (Pa) 6.0 1% 6.0 45% 1% 2%
Shear stress at bottom of interface (Pa) 15 62% 15 60% 0% 50% ' ) ' Shear stress at bottom of interface (Pa) 2.0 326% -2.0 317% 2% 208%
Shear stress at top of interface (Pa) 15 99% 36.0 100% 0% 99% Shear stress at top of interface (Pa) 10.0 150% -10.0 ™ 152% 1% 43%
Temperature at bottom of interface (°C) 0.0 7% 0.0 0% 1% 2% Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 7% 0.0 0% 1% 2% ‘ Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0%
Maximum temperature at source (°C) 0.0 1% - - - Maximum temperature at source (°C) -1.2 1% - - -
Number of Contacts 10% 0% ‘ Number of Contacts 2% 0%
Number of Contacts at Slip Condition 55% 45% Number of Contacts at Slip Condition 0% 0%

| * Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total
: displacement, stress, or temperature
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* Relative eror calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total
displacement, stress, or temperature
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Table 4.17 Comparison of UDEC and FLAC Results for Case 7.8

Case 7.8 Summary of Results (FLAC)

Maximum Minimum Mean X Absolute
Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 64.00 2.07E-02 34.00 -2.34E-02 -1.06E-03 7.11E-01
FLAC Shear displacement at top of interface (m) 68.00 1.29E-02 32.00 -1.13E-02 7.11E-04 3.93E-01
FLAC Normal displacement at bottom of interface (m) 50.00 5.30E-02 2.00 -2.06E-04 2.16E-02 1.10E+00
FLAC Normal displacement at top of interface (m) 0.00 6.98E-03 50.00 -2.78E-02 -1.18E-02 6.20E-01
FLAC Relative normal displacement on interface (m) 0.00 -5.22E-03 50.00 -8.08E-02 -3.36E-02 1.71E+00
FLAC Relative shear displacement on interface (m) 38.00 1.23E-02 62.00 -8.24E-03 1.72E-03 3.25E-01
FLAC Total displacement at bottom of interface (m) 50.00 5.30E-02 0.00 1.20E-03 2.69E-02 1.37E+00
FLAC Total displacement at top of interface (m) 50.00 2.78E-02 100.00 1.06E-03 1.51E-02 7.72E-01
FLAC Normal stress at bottom of interface (Pa) 100.00 -6.44E+06 0.00 -6.96E+06 -6.70E+06 3.42E+08
FLAC Normal stress at top of interface (Pa) 100.00 -6.44E+06 0.00 .6.96E+06 | -6.70E+06 3.42E+08
FLAC Shear stress at bottom of interface (Pa) 100.00 -1.16E+06 0.00 -1.25E+06 -1.21E+06 6.15E+07
FLAC Shear stress at top of interface (Pa) 100.00 -1.16E+06 0.00 .1.25E+06 | -1.21E+06 6.15E+07
FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22
Maximum temperature at source (°C) 50.00 312.46 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0
Case 7.8 Summary of Results (UDEC, Interpolated) -
Maximum Minimum Mean ¥ Absolute
Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 64.00 2.10E-02 36.00 -2.37E-02 -1.13E-03 7.24E-01
UDEC Shear displacement at top of interface (m) 68.00 1.31E-02 34.00 -1.15E-02 6.85E-04 4.02E-01
UDEC Normal displacement at bottom of interface (m) 50.00 5.40E-02 0.00 -1.40E-03 2.15E-02 1.10E+00
UDEC Normal displacement at top of interface (m) 100.00 1.21E-03 50.00 -2.83E-02 -1.21E-02 6.21E-01
UDEC Relative normal displacement on interface (m) 0.00 -5.69E-03 50.00 -8.23E-02 -3.37E-02 1.72E+00
UDEC Relative shear displacement on interface (m) 38.00 1.25E-02 62.00 -8.25E-03 1.84E-03 3.26E-01
UDEC Total displacement at bottom of interface (m) 50.00 5.40E-02 0.00 1.44E-03 2.71E-02 4.38E+00
UDEC Total displacement at top of interface (m) 50.00 2.84E-02 100.00 1.24E-03 1.53E-02 7.78E-01
UDEC Normal stress at bottom of interface (Pa) 54.00 -6.67E+06 68.00 -6, 70E+06 | -6.69E+06 3.41E+08
UDEC Normal stress at top of interface (Pa) 47.50 -6.65E+06 0.00 .6.69E+06 | -6.68E+06 3.40E+08
UDEC Shear stress at bottom of interface (Pa) 56.00 -1.19E+06 0.00 -1.22E+06 | -1.20E+06 6.14E+07
UDEC Shear stress at top of interface (Pa) 46.00 -1.19E+06 0.00 -1.21E+06 | -1.20E+06 6.13E+07
UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2 93E+01 7.60E+01 3875.62
UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7.59E+01 3871.69
Maximum temperature at source (°C) 50.00 326.70 - - - -
Number of Contacts 52 51
Number of Contacts at Slip Condition 0 0
Case 7.8 Relative Error between UDEG and FLAC Results*
Maximum Minimum Mean Total
Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 0.0 1% 2.0 2% 0% 2%
Shear displacement at top of interface (m) 0.0 1% 2.0 1% 0% 2%
Normal displacement at bottom of interface (m) 0.0 3% -2.0 4% 0% 0%
Normal displacement at top of interface (m) 100.0 18% 0.0 2% 1% 0%
Relative normal displacement on interface (m) 0.0 1% 0.0 3% 0% 0%
Relative shear displacement on interface (m) 0.0 1% 0.0 0% 0% 0%
Total displacement at bottom of interface (m) 0.0 4% 0.0 1% 1% 1%
Total displacement at top of interface (m) 0.0 2% 0.0 1% 0% 1%
Normal stress at bottom of interface (Pa) -46.0 87% 68.0 100% 5% 0%
Normal stress at top of interface (Pa) -52.5 80% 0.0 102% 9% 0%
Shear stress at bottom of interface (Pa) -44.0 66% 0.0 80% 3% 0%
Shear stress at top of interface (Pa) -54.0 74% 0.0 89% 8% 0%
Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0%
Maximum temperature at source (°C) 0.0 5% - - -
Number of Contacts 2% 0%
Number of Contacts at Slip Condition 0% 0%

+ Relative emor calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

displacement, stress, of temperature
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Table 4.18 Comparison of UDEC and FLAC Results for Case 7.12
Case 7.12 Summary of Results (FLAC)
Maximum Minimum Mean Al
i Parameter X Value X Value Value * VZISL::::te
FLAC Shear displacement at bottom of interface (m) 64.00 1.21E-02 34.00 -1.56E-02 -1.35E-03 4.44E-0
FLAC Shear displacement at top of interface (m) 68.00 9.92E-03 34.00 -6‘97E-03 1 é?E-03 2.69E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.15E-02 2.00 -7.04E-04 4.72E-03 2.43E~01
FLAC Normal displacement at top of interface (m) 50.00 1.04E-02 2.00 -5.94E-04 4.47E-03 2.30E-01
FLAC Relative normal displacement on interface (m) 0.00 5.79E-04 50.00 -1 .05E-03 -é 23E-04 1‘28E-02
FLAC Relative shear displacement on interface (m) 34.00 8.59E-03 62.00 -2-46E-03 2 éZE-Os 1 .75E-01
FLAC Total displacement at bottom of interface (m) 36.00 1.67E-02 0.00 1 éBE-OS 1.05E-02 5'34E-01
FLAC Total displacement at top of interface (m) 62.00 1.13E-02 4.00 5:91 E-04 7‘30E-03 3.72E-01
FLAC Normal stress at bottom of interface (Pa) 0.00 -9.75E+05 50.00 -5.45E+07 -1.44E+O7 7.35E;OB
FLAC Normal stress at top of interface (Pa) 0.00 -9.75E+05 50.00 -5.45E+07 | 1 .44E+07 7.35E+08
FLAC Shear stress at bottom of interface (Pa) 48.00 8.41E+06 54.00 -6.03E+06 9 58E+05 1 .29E+08
FLAC Shear stress at top of interface (Pa) 48.00 8.41E+06 54.00 -6.03E+06 9'58E+05 1 .29E+08
FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 2042 75.08 3874.09
FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29‘34 75.73 3862.22
Maximum temperature at source (°C) 50.00 322.38 - - ; .
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0
Case 7.12 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean
‘ Parameter X Value X Value Value g Cglsuoelzte
UDEC Shear displacement at bottom of interface (m) 64.00 1.22E-02 34.00 -1.59E-02 -1.56E-03 4.49E-01
UDEC Shear displacement at top of interface (m) 68.00 1.01E-02 34.00 -6.78E-03 1 51 E-03 2.78E-01
UDEC Normal displacement at bottom of interface (m) 50.00 1.17E-02 0.00 -1.32E-03 4.63E-03 2'41E_01
UDEC Normal displacement at top of interface (m) 50.00 T.05E-02 0.00 94004 | 4.39E-03 | 3 2BE01
UDEC Relative normal displacement on interface (m) 0.00 2.96E-05 50.00 -1.16E-03 -é 49E-04 1.28E-02
UDEC Relative shear displacement on interface (m) 34.00 9.17E-03 62.00 —2'25E-03 3 69E-03 1 .92E-01
UDEC Total displacement at bottom of interface (m) 36.00 1.70E-02 0.00 1 é?E-OS 1.05E-02 5.37E-O1
UDEC Total displacement at top of interface (m) 62.00 1.15E-02 4,00 6:42E-04 7'41 E-03 3‘78E-O1
UDEC Normal stress at bottom of interface (Pa) 0.00 1.19E+06 50.00 -5.99E+07 -1.43E+07 7'33E;08
UDEC Normal stress at top of interface (Pa) 0.00 -8.41E+05 50.00 -5.24E+07 | -1 .43E+07 7.31 E+08
UDEC Shear stress at bottom of interface (Pa) 47.50 9.50E+06 54.00 -7.61E+06 7 .75E+05 1 '34E+08
UDEC Shear stress at top of interface (Pa) 47.50 6.89E+06 54.00 -5.12E+06 8.20E+05 1 ‘07E+08
UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 7.6OE+01 3874 57
UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7'59E+01 3871.19
Maximum temperature at source (°C) 50.00 326.70 - - — .
Number of Contacts 51 52 " 7
Number of Contacts at Slip Condition 0 0 ’
Case 7.12 Relative Error between UDEC and FLAC Results* \ / ) JQ(
Maximum Minimum 7] 4 , T
ean Total
. Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 0.0 0% 0.0 3% 1% 1%
Shear displacement at top of interface (m) 0.0 2% 0.0 1% 2"/o 3";
Normal displacement at bottom of interface (m) 0.0 3% -2.0 9% ™ 1°/o 1"/o
Normal displacement at top of interface (m) 0.0 1% -2.0 5% 1"/o 1"/o
Relative normal displacement on interface (m) 0.0 9% 0.0 2% 0°/n " 0"/0
Relative shear displacement on interface (m) 0.0 10% 0.0 4% 8"/0 9"o
Total displacement at bottom of interface (m) 0.0 4% OAO 0% 1"/0 1°A)
Total displacement at top of interface (m) 0.0 3% 0'0 1‘V: 1°/° 2"/o
Normal stress at bottom of interface (Pa) 0.0 5% 0'0 14% O"/0 0"/o
Normal stress at top of interface (Pa) 0.0 0% 0'0 5% O"/o 1°A)
Shear stress at bottom of interface (Pa) -0.5 15% 0'0 21"; 2"/o 4;)
Shear stress at top of interface (Pa) -0.5 20% 0:0 - 12‘%? 2‘; 17";
Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0‘; 0% .
Temperature at top of interface (°C) 0.0 1% 100.0 0% 0‘; 0°/(7
Maximum temperature at source (°C) 0.0 1% - - -o :
Number of Contacts Y 9 b
Number of Contacts at Slip Condition 802 (2)";2 i

* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

displacement, stress, or temperature

Ford vesulhi Gor Case 742
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Table 4.19 Comparison of UDEC and FLAC Results for Case 7.13

Case 7.13 Summary of Results (FLAC)

Maximum Minimum Mean % Absolute

Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 64.00 1.33E-02 36.00 -1.14E-02 5.68E-04 3.79E-01
FLAC Shear displacement at top of interface (m) 68.00 8.82E-03 34.00 -1.07E-02 -3.25E-04 3.19E-01
FLAC Normal displacement at bottom of interface (m) 50.00 1.08E-02 0.00 1.98E-04 4.63E-03 2.36E-01
FLAC Normal displacement at top of interface (m) 50.00 9.77E-03 0.00 1.79E-04 4.38E-03 2.24E-01
FLAC Relative normal displacement on interface (m) 0.00 -1.42E-05 50.00 -1.04E-03 -2.48E-04 1.26E-02
FLAC Relative shear displacement on interface (m) 40.00 9.70E-04 62.00 -4,69E-03 -8.84E-04 6.00E-02
FLAC Total displacement at bottom of interface (m) 62.00 1.46E-02 0.00 2.04E-04 9.17E-03 4.68E-01
FLAC Total displacement at top of interface (m) 36.00 1.19E-02 0.00 1.84E-04 8.02E-03 4.09E-01
FLAC Normal stress at bottom of interface (Pa) 0.00 -7.67E+06 50.00 -5.87E+07 | -1.91E+07 9.73E+08
FLAC Normal stress at top of interface (Pa) 0.00 -7.67E+06 50.00 -5.87E+07 | -1.91E+07 9.73E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 7.95E+06 52.00 -9.83E+06 | -8.14E+04 1.73E+08
FLAC Shear stress at top of interface (Pa) 46.00 7.95E+06 52.00 -0,83E+06 | -8.14E+04 1.73E+08
FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22
Maximum temperature at source (°C) 50.00 326.70 - - -
Number of Contacts 51 51
Number of Contacts at Slip Condition 0 0

Case 7.13 Summary of Results (UDEC, Interpolated)
Maximum Minimum Mean X Absolute

Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 64.00 1.36E-02 36.00 -1.17E-02 5.65E-04 3.88E-01
UDEC Shear displacement at top of interface (m) 68.00 8.79E-03 34.00 -1.07E-02 -3.37E-04 3.21E-01
UDEC Normal displacement at bottom of interface (m) 50.00 1.10E-02 0.00 1.49E-04 4.60E-03 2.35E-01
UDEC Normal displacement at top of interface (m) 50.00 9.87E-03 0.00 1.30E-04 4.35E-03 2.22E-01
UDEC Relative normal displacement on interface (m) 6.00 -4.79E-05 50.00 -1.16E-03 -2.61E-04 1.33E-02
UDEC Relative shear displacement on interface (m) 40.00 1.41E-03 62.00 -5.05E-03 -9.01E-04 6.81E-02
UDEC Total displacement at bottom of interface (m) 62.00 1.48E-02 0.00 1.53E-04 9.30E-03 4.74E-01
UDEC Total displacement at top of interface (m) 36.00 1.18E-02 0.00 1.34E-04 8.02E-03 4.09E-01
UDEC Normal stress at bottom of interface (Pa) 6.00 -8.41E+06 50,00 -6.41E+07 -1.91E+07 9.73E+08
UDEC Normai stress at top of interface (Pa) 6.00 -8.39E+06 50.00 -5.69E+07 | -1.90E+07 9.68E+08
UDEC Shear stress at bottom of interface (Pa) 46.00 8.65E+06 52.50 -1.08E+07 8.66E+04 1.86E+08
UDEC Shear stress at top of interface (Pa) 44.00 5.95E+06 52.50 -7.95E+06 7.65E+04 1.54E+08
UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 100.00 2.93E+01 7.60E+01 3874.34
UDEC Temperature at top of interface (°C) 50.00 2.08E+02 100.00 2.93E+01 7.59E+01 3871.37
Maximum temperature at source (°C) 50.00 326.70 - - - -
Number of Contacts 52 51
Number of Contacts at Slip Condition 0 0

Case 7.13 Relative Error between UDEC and FLAC Results*
Maximum Minimum Mean Total

Parameter AX Error AX Error Error Error
Shear displacement at bottom of interface (m) 0.0 2% 0.0 2% 0% 2%
Shear displacement at top of interface (m) 0.0 0% 0.0 0% 0% 0%
Normal displacement at bottom of interface (m) 0.0 3% 0.0 1% 0% 1%
Normal disptacement at top of interface (m) 0.0 2% 0.0 1% 1% 1%
Relative normal displacement on interface (m) 6.0 1% 0.0 3% 0% 5%
Relative shear displacement on interface (m) 0.0 12% 0.0 9% 0% 13%
Total displacement at bottom of interface (m) 0.0 3% 0.0 1% 1% 1%
Total displacement at top of interface (m) 0.0 1% 0.0 1% 0% 0%
Normal stress at bottom of interface (Pa) 6.0 2% 0.0 14% 0% 0%
Normal stress at top of interface (Pa) 6.0 2% 0.0 5% 0% 0%
Shear stress at bottom of interface (Pa) 0.0 7% 0.5 10% 2% 7%
Shear stress at top of interface (Pa) -2.0 21% 0.5 19% 2% 11%
Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0%
Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0%
Maximum temperature at source (°C) 0.0 0% - - -
Number of Contacts 2% 0%
Number of Contacts at Slip Condition 0% 0%

+ Refative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total

displacement, stress, or temperature
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