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Rotation of Coordinate System

QOriginal Rotated 100 °>
Point X y X v
A 0.000 | 50.000 A 0.000 | 37.534 90 |
B 100.000 | 50.000 B | 100.000 | 62.466
C 0.000 | 47.500 C 0.000 | 34.957 00 |
D 100.000 | 47.500 D | 100.000 | 59.890
T E 0.000 | 42.500 E 0.000 | 29.804 g S
F 100.000 | 42.500 F | 100.000 | 54.737 o
G 47.500 | 47.500 G | 48179 | 46.969
H 47.500 | 42500 | H | 49389 | 42.118 60 1 0oy
] 52.500 | 47.500 1 53.031 | 48.179 A e ; o _
,,,,,,,,, 7| 52500 | 42.500 | J | 54.240 | 43.328 Y S - S Y AP LM
K 50.000 | 45.000 K 51.210 | 45.149 < 36 >
L 50.000 | 47.500 & 50.605 | 47.574 40 Jo ~ 0 N T fa
~~~~~~~~~ - M 50.000 | 50.000 | M | 50.000 | 50.000 / _
N 50.000 | 55.000 N | 48.790 | 54.851 301 . K
0 50.000 | 70.000 O | 45.162 | 69.406
e P 50.000 | 100.000 | P 37.534 | 100.000 =
Q 0.000 | 50.000 Q 0.000 | 37.534
R 17.500 | 50.000 R 18.465 | 42.138
S 30.000 | 50.000 | S | 30.594 | 45.162 10
T 40.000 | 50.000 T 40.297 | 47.581
e 1] 47.500 | 50.000 V] 47.574 | 49.395 0 T - , ‘
vV 50.000 | 50.000 V 50.000 | 50.000 0 20 40 60 80 100
W 52.500 | 50.000 | W | 52.426 | 50.605
ce X 60.000 | 50.000 X 59.703 | 52.419
Y 70.000 | 50.000 Y 69.406 | 54.838
z 82.500 | 50.000 Z 81.535 | 57.862 100 *7
e AA | 100.000 | 50.000 | AA | 100.000 | 62.466
90 E
Line X y x E
s A-B 0.000]  50.000 0.000 | 37.534 80 |
100.000]  50.000 100.000 | 62.466
e cD 0.000]  47.500 0.000 | 34.957
100.000]  47.500 100.000 | 59.890
E-F 0.000]  42.500 0.000 | 29.804
i 100.000]  42.500 100.000 | 54.737
G-H 47.500]  47.500 48179 | 46.969
47.500]  42.500 49.389 | 42.118
e 1-J 52.500]  47.500 53.031 | 48.179
52.500]  42.500 54.240 | 43.328
s Rotation angle (°) 14.0

Rom

— - XS

20
10
0 . - -
0 20 40 60 80 100
S <

‘\Zo_jh-s.{c o&mcw i CLL\’\ Qu.(ft_gmw < 44(1 celele A

— aub b Powe o0 77,7879 710,

Case 7.8 - FLAC 4.0 input file (Sep 20, 2004; RSR)

i
Inclined transgressing joint in a heated infinite rock

mass. Joint

; properties selected to allow slippage. Heat source 5x5 m
centered

; at x=51.210, y=45.149. Joint angle 14° from horizontal.
Power is

; 1500 W/m (60 w/cu.m. x 25 sg.m). Typical Yucca Mountain

properties used.

config thermal extra 10
call dispmag.fis

; Geometry

;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
54.240, 43.328
51.210, 45.149
50.605, 47.574
50.000, 50.000
48.790, 54.851
45.162, 69.406

37.534, 100.000
, 0.000, 37.534
, 18.465, 42.138
, 30.594, 45.162
, 40.297, 47.581
, 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

N K E<CCHONONOZENRGUMEQRMBUAD Y

grid 50 29

model elastic th_isotropic

mod null j=16

gen 0.000,34.957 0.000,37.534 100.000,62.466 100.000,59.890
i=1,51 j=14,16 ; CABD

gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 0.0,37.534 0.0,100.0 100.0,100.0 100.0,62.466 i=1,51
j=17,30 ; Upper block

int 1 aside from 1,16 to 51,16 bside from 1,17 to 51,17
gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark i=25,27 j=10,14

gen 0.0,0.0 0.0,29.804 100.0,54.737 100.0,0.0 i=1,51 j=1,10
gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark j=10,14

gen adjust

unmark

mark i=25,27 j=10,14

ini x=48.790 y=54.851 i=25 j=19 ; N

ini x=45.162 y=69.406 1i=24 j=22 ; O

ini x=37.534 y=100.000 i=20 j=30 ; P

; Material properties

prop de=2210.0 b=19.2e9 s=13.6e9

prop thexp=10.0e-6 cond=2.13 spec=990.0

int 1 kn=5.0e4 ks=5.0e4

;int 1 c=1.0e20 £=0.0 t=1.0e20 di=0 ; no slip

int 1 c=100.0e3 f=41.0 t=40.0e3 di=0 ; slip

; Initial conditions

ini temp 25.0

ini syy -8.le6 var 0 2.2e6 i=1,51 j=1,30

ini sxx -2.1546e6 var 0 0.5852e6 i=1,51 j=1,30
ini sxy 0 i=1,51 var 0.0 0.0 j=1,30

ini szz -2.1546e6 var 0 0.5852e6 i=1,51 j=1,30
; Boundary conditions

i
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;apply yvel
;apply yvel
;apply xvel
;apply xvel
;apply xvel
;apply xvel

cooocoo
e e e e U U
[ T

cooooo

fix
fix
fix
fix
fix
fix

ERE R S

i

; Apply heat source
i
interior source 60 i=25,26 j=10,13

set mech on therm off

step 2000

ini xd 0

ini yd 0 i
ini xv 0

ini yv 0

; Time and force history
hist unbalanced ;1

hist thtime ; 2

; Thermal histories

hist temp i=26 j=12 ;
hist temp i=26 j=14 ;
hist temp i=26 j=16 ;
hist temp i=25 j=19 ;
hist temp i=24 j=22 ;
hist temp i=20 j=30 ;

; Mechanical histories

© g 0! W

hist ydisp i=26 j=12 ;9
hist ydisp i=26 j=14 ;10
hist ydisp i=26 j=16 ;11
hist ydisp i=25 j=19 ;12 R
hist ydisp i=24 j=22 ;13
hist ydisp i=20 j=30 ;14
hist xdisp i=26 j=12 ;15
hist xdisp i=26 j=14 ;16
hist xdisp i=26 j=16 ;17
hist xdisp i=25 j=19 ;18
hist xdisp i=24 j=22 ;19
hist xdisp i=20 j=30 ;20

i &

; Thermal mechanical analysis

set mech off therm on
set thdt le4

solve age 20000000 . LS
set mech on therm off

step 2000

set mech off therm on

solve age 40000000 e
set mech on therm off
step 2000

set mech off therm on
solve age 60000000
set mech on therm off
step 2000

set mech off therm on
solve age 80000000
set mech on therm off
step 2000

set mech off therm on
solve age 100000000
set mech on therm off
step 2000

set mech off therm on i
solve age 120000000

set mech on therm off

step 2000

set mech off therm on s

solve age 150000000 FL“‘(C C\ \4

set mech on therm off
step 2000 p_,[& \\APLJ(‘ ~+?‘"
(pﬁ Jof Z)

set mech off therm on
solve age 200000000
set mech on therm off
step 2000

set mech off therm on
solve age 250000000
set mech on therm off
step 2000

set mech off therm on
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solve age 315400000
set mech on therm off
step 2000

save

disp_mag

save f78final.sav

set plot emf color
title

Case 7.8 Inclined Transgressing Joint (FLAC, Slip Allowed)

set out f£78grid.emf
plot gri bou iw
copy

; Joint condition plots

set out f78jnd.emf
plot.if 1 ndisp
copy

set out f£78jsd.emf
plot if 1 sdisp
copy

set out f78jss.emf
plot if 1 ss

copy

set out f£78jns.emf
plot if 1 ns
copy

set out f£78jrnd.emf
plot if 1 closure
copy

set out f£78jrsd.emf
plot if 1 ride
copy

; Contour plots

set out f78temp.emf

plot temp f£ill temp iw bou iw

copy

set out f78disp.emf

plot ex_1 fill alias ‘Displacement’

copy

set out f£78xd.emf

plot xd fill xd iw bou i

copy

set out f78yd.emf

plot yd £ill yd iw bou i

copy

set out f78sigl.emf
plot sigl £ill sigl iw
copy

set out £78sig2.emf
plot sig2 fill sig2 iw
copy

set out f£78sdif.emf

plot sdiff fill sdiff iw bou iw

copy

set out f78thist.emf

bou iw

bou iw

plo hist 3 4 56 7 8 vs 2

copy

set out f78ydhist.emf

plo hist 9 10 11 12 13 14 vs 2

copy

set out f78xdhist.emf

plo hist 15 16 17 18 19 20 vs 2

copy

set out f78unbal.emf
plo hist 1

copy

set hisfile f78temp.his

ex_1 iw disp iw bou iw

his write 3 4 5 6 7 8 vs 2 begin 1 skip 10

set hisfile f78yd.his

his write 9 10 11 12 13 14 vs 2 begin 1 skip 10

set hisfile £78xd.his

his write 15 16 17 18 19 20 vs 2 begin 1 skip 10

def xxx
nn=561

end

XXX

def table_fill
array £78(11,nn)

; Bottom of interface

thvalr=thvald*pi/180.0
pnt=int_pnt
xnot=x(1,16)
ynot=y(1,16)
loop while pnt # 0
pa = imem(pnt+$kicapt)
loop while pa # 0
ival=imem(pa+$kidi)
jval=imem(pa+$kidj)
xval=fmem (pa+$kidx)
yval=fmem(pa+$kidy)
lval=sqrt ( ( (xval-xnot) * (xval-xnot))+((yval-ynot)* (yval-
ynot)))
dxvalb=xdisp (ival, 16)
dyvalb=ydisp (ival, 16)
dtvalb=sqrt ( (dxvalb*dxvalb) + (dyvalb*dyvalb))

thetav=atan2 (dyvalb, dxvalb) s | AN

dsvalb=dtvalb*cos (thetav-thvalr)
dnvalb=dtvalb*sin(thetav-thvalr)

; Top of interface i B

dxvalt=xdisp(ival,17)
dyvalt=ydisp(ival,17)

dtvalt=sqgrt ((dxvalt*dxvalt)+(dyvalt*dyvalt)) or o e

thetav=atan2 (dyvalt, dxvalt)
dsvalt=dtvalt*cos (thetav-thvalr)
dnvalt=dtvalt*sin(thetav-thvalr)

; Interface {/{f

dclos=fmem (pa+$kidand) el
dride=fmem (pa+$kidasd) E Ol\
tempvalb=temp (ival, 16) 5 #
tempvalt=temp (ival,17) é;%

; Create table entries

table(1,ival)=yval

(
table(2,ival)=xval i L TR FARESHEN
(

table(3,ival)=1val

table(4,ival)=dsvalb

table(5,ival) =dnvalb

table(6,ival)=dsvalt =
table(7,ival)=dnvalt
table(8,ival)=dclos
table(9,ival)=dride
table(10,ival)=tempvalb
table(11,ival)=tempvalt

; Array entries

£78(1,ival) =string(yval)
£78(2,ival) =string(xval)
£78(3,ival) =string(lval)
£78(4,1ival)=string(dsvalb)
£78(5,ival) =string(dnvalb)
£78(6,ival) =string(dsvalt)
£78(7,ival)=string(dnvalt) PR
£78(8,ival) =string(dclos)

£78(9,1ival) =string(dride)

£78(10,ival) =string(tempvalb)

£78(11,ival) =string(tempvalt) e P,

pa=imem(pa)
endLoop
pnt=imem(pnt)
endloop
status=open('f78data.out',1,1)
status=write(£78,561)
end

set thvald=14.0

FLAC Q'
LISt
CP“ Zacz)

cal int.fin
table_fill

set log f£78slip.out
pr-if-1

set log f£78sr.out
pr sratio j=16,17
ret

JOB TITLE : Case 7.8 Inclined Transgressing Joint (FLAC, Slip Allowed)

("10%2)

FLAC (Version 4.00)

LEGEND

21-Sep-04 0:06

step 53540
Thermal Time 3.1540E+08
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

Temperature
0.00E+00
5.00E+01
1.00E+02
1.50E+02
2.00E+02
2.50E+02
3.00E+02

Contour interval= 5.00E+01
Temperature :
Contour interval= 5.00E+01
Minimum: 0.00E+00
Maximum: 3.00E+02
Boundary piot

FTYSTRIETE FTSTSTONTY)

0 2E 1

RSRead Consulting Inc.

~ 0.200

| 0.000

Okotoks, Alberta, Canada T r—— i : | r — . ;
0.000 0.200 0.400 0.600 0.800 1.000
(10%2)

—

QL& € 78&1"’"‘*? ce~( | MWQL{,V‘-( coko W\Cv—- Cense 7.8

JOB TITLE : Case 7.8 Inclined Transgressing Joint (FLAC, Slip Allowed)

(*10%2)

FLAC (Version 4.00)

LEGEND

21-Sep-04 0:06

step 53540
Thermal Time 3.1540E+08
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

‘Displacement
0.00E+00

Contour interval= 1.00E-02
EX_ 1 Contours
Contour interval= 1.00E-02
Minimum: 0.00E+00
Maximum: 5.00E-02
Displacement vectors
Max Vector =  5.297E-02

{ 1

0 1E-1

RSRead Consuiting Inc.
Okotoks, Alberta, Canada

T T T T T

(*10%2)

’ T

T T T
0.000 0.200 0.800 1.000

| 0.800

_ 0.600

Fw C78d(spew\c
Cr G 7-9

D:‘ﬁp\auwd cocbour v e A M(/\vfs
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; Case 7.9 - FLAC 4.0 input file (Sep 20, 2004; RSR)

; Boundary conditions

step 2000
set mech off therm on

set hisfile £79xd.his
his write 15 16 17 18 19 20 vs 2 begin 1 skip 10

; Inclined transgressing joint in a heated infinite rock ;apply solve age 315400000 i

mass. Joint ;apply set mech on therm off def xxx :
; properties selected to allow slippage. Heat source 5x5 m ;apply step 2000 nn=561

centered ;apply save end

; at x=51.210, y=45.149. Joint angle 14° from horizontal. ;apply disp_mag xxx

Power is
; 1500 W/m (60 w/cu.m. x 25 sqg.m). Typical Yucca Mountain

;apply

save f£79final.sav

def table_£ill
array £79(11,nn)

properties used. fix y set plot emf color i

H fix y title ; Bottom of interface

; Friction angle reduced to 20° fix x Case 7.9 Inclined Transgressing Joint (FLAC, Slip Allowed) i

; fix x ; thvalr=thvald*pi/180.0
config thermal extra 10 fix x set out £79grid.emf pnt=int_pnt

call dispmag.fis fix x plot gri bou iw xnot=x(1,16)

ynot=y (1, 16)

; ; copy

; Geometry ; Apply heat source ; loop while pnt # 0

i ; ; Joint condition plots pa = imgm(pnt+$kicapt)
; interior source 60 i=25,26 j=10,13 ; loop while pa # 0

; Points

0.000, 37.534

48.179, 46.969
49.389, 42.118

53.031, 48.179
54.240, 43.328
51.210, 45.149
50.605, 47.574
50.000, 50.000
48.790, 54.851
45.162, 69.406
37.534, 100.000
0.000, 37.534

set mech on therm off

Time and force hist

hist unbalanced ;1
hist thtime ; 2

; Thermal histories
hist temp i=26

hist temp i=26
hist temp i=26

ory

set out £79jnd.emf
plot if 1 ndisp

set out £79jss.emf
plot if 1 ss

copy

set out £79jns.emf
plot if 1 ns

copy

set out £79jrnd.emf

, plot if 1 closure

ival=imem(pa+$kidi)

;B, 100.000, 62.466 step 2000 copy xval=fuem(pa+$kidx)

;C, 0.000, 34.957 ini xd o ; yval=fmem(pa+$kidy)
, 100.000, 59.890 ini yd o set out £79jsd.emf lval=sqgrt ( { (xval-xnot) * (xval-xnot) )+ ( (yval-ynot) * (yval-
, 0.000, 29.804 ini xv 0 plot if 1 sdisp ynot)))
, 100.000, 54.737 ini yv 0 copy dxvalb=xdisp (ival, 16)

dyvalb=ydisp (ival, 16)

dtvalb=sqrt ( (dxvalb*dxvalb)+ (dyvalb*dyvalb))
thetav=atan2 (dyvalb, dxvalb)
dsvalb=dtvalb*cos (thetav-thvalr}
dnvalb=z=dtvalb*gin(thetav-thvalr)

Top of interface

dxvalt=xdisp(ival, 17}

dyvalt=ydisp(ival,17)

dtvalt=sqrt ( (dxvalt*dxvalt)+ (dyvalt*dyvalt))
thetav=atan2 (dyvalt,dxvalt}

iR, 18.465, 42.138 hist temp 5 copy

:S8, 30.594, 45.162 hist temp i=24 ' ; dsvalt=dtvalt*cos(thetav-thvalr)
;'T, 40.297, 47.581 hist temp i=20 ’) set out £79jrsd.emf dnvalt=dtvalt*sin(thetav-thvalr)
;U, 47.574, 49.395 ; ) plot if 1 ride ;

;V, 50.000, 50.000 ; Mechanical histories — copy ; Interface

52.426, 50.605

NHXELACHO PO DO ZRpROHDQEEUOUOED

; Contour plots

dclos=£fmem(pa+$kidand)

:X, 59.703, 52.419 hist ydisp i=26 j=12 ;9 (/oY

;Y, 69.406, 54.838 hist ydisp i=26 j=14 ;10 &’av ; dride=fmem(pa+$kidasd)
;Z, 81.535, 57.862 hist ydisp i=26 j=16 ;11 , set out £79temp.emf tempvalb=temp (ival, 16
;AR, 100.000, 62.466 hist ydisp i=25 j=19 ;12 plot temp £ill temp iw bou iw tempvalt=temp(ival, 17)
H hist ydisp i=24 j=22 ;13 copy ;

grid 50 29 hist ydisp i=20 j=30 ;14 B ; Create table entries
model elastic th isotropic ; set out £79disp.emf ;

mod null j=16 hist xdisp j=12 ;15 plot ex_1 £ill alias ‘Displacement’ ex 1 iw disp iw bou iw table(l,ival)=yval
gen 0.000,34.957 0.000,37.534 100.000,62.466 100.000,59.8950 hist xdisp i j=14 ;16 copy table(2,ival)=xval
i=1,51 j=14,16 ; CA B D hist xdisp j=16 ;17 ; table(3,ival)=1val
gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118 hist xdisp j=19 ;18 set out £79xd.emf table(4,ival)=dsvalb
i=1,25 j=10,14 ; ECGH hist xdisp j=22 ;19 plot xd £ill xd iw bou iw table(5,ival)=dnvalb
gen 54.240,43.328 53.031,48.179 100.000,59.890 hist xdisp i=20 j=30 ;20 copy table(6,ival)=dsvalt

100.000,54.737 i=27,51 j=10,14 ; JI D F

gen 0.0,37.534 0.0,100.0 100.0,100.0 100.0,62.466 i=1,51
3=17,30 ; Upper block

int 1 aside from 1,16 to 51,16 bside from 1,17 to 51,17
gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 1=25,27 j=10,14 ; HG I J

mark i=25,27 j=10,14

gen 0.0,0.0 0.0,29.804 100.0,54.737 100.0,0.0 i=1,51 j=1,10
gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark j=10,14

gen adjust

unmark

mark 1=25,27 j=10,14
ini x=48.790 y=54.851
ini x=45.162 y=69.406

Lo elp-1

; Thermal mechanical analysis

set mech off therm on
set thdt le4

solve age 20000000
set mech on therm off
step 2000

set mech off therm on
solve age 40000000
set mech on therm off
step 2000

set mech off therm on
solve age 60000000
set mech on therm off
step 2000

set mech off therm on
solve age 80000000
set mech on therm off
step 2000

set out £79yd.emf
plot yd £ill yd iw bou iw
copy

set out f£79sigl.emf
plot sigl fill sigl iw bou iw
copy

set out £79sig2.emf
plot sig2 £ill sig2 iw bou iw
copy

set out £79sdif.emf

plot sdiff £ill sdiff iw bou iw
copy

set out f£79thist.emf

plo hist 3 4 56 7 8 vs 2

copy

table(7, ival)=dnvalt
table(8,ival)=dclos
table (9, ival)=dride
table (10, ival)=tempvalb
table(11, ival)=tempvalt

Array entries

£79(1,ival)=string(yval)
£79(2,ival)=string(xval)
£79(3,ival)=string(lval)
£79(4,ival)=string(dsvalb}
£79(5,1ival)=string(dnvalb)
£79(6,1ival)=string(dsvalt)
£79(7,ival)=string{dnvalt)
£79(8,ival)=string(dclos)
£79(9,ival)=string(dride)
£79(10,ival)=string(tempvalb)
£79(11,ival)=string(tempvalt)
pa=imem(pa)

ini %=37.534 y=100.000 i=2 = set mech off therm on ; endLoop
; BYORN solve age 100000000 set out £79ydhist.emf pnt=imem(pnt) +
; Material properties oS, set mech on therm off plo hist 9 10 11 12 13 14 vs 2 endloop

prop de=2210.0 b=19.2e9 s=13.6e9

prop thexp=10.0e-6 cond=2.13 spec=990.0

int 1 kn=5.0e4 ks=5.0e4

;int 1 ¢=1.0e20 £=0.0 t=1.0e20 di=0 ; no slip

; -
int 1 ¢=100.0e3( £=41.0}t=40.0e3 di=0 ; slip

step 2000

set mech off therm on
solve age 120000000
set mech on therm off
step 2000

set mech off therm on
solve age 150000000
set mech on therm off
step 2000

set mech off therm on

Flac (L
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copy

set out f79xdhist.emf

plo hist 15 16 17 18 19 20 vs 2
copy

set out f7%unbal.emf

plo hist 1

copy

set hisfile £79temp.his

status=open{'£79%data.out',1,1)
status=write{£79,561)
end

set thvald=14.0

F:}-ﬁkt. (A
CT gk - e

cal int.fin
table f£ill

set log £79slip.out
pr if 1

ini temp 25.0 solve age 200000000

ini syy -8.1le6 var 0 2.2e6 i=1,51 j=1,30 set mech on therm off his write 3 4 5 6 7 8 vs 2 begin 1 skip 10 set log £79sr.out <i' ‘i Z o 21;) ’
ini sxx -2.1546e6 var 0 0.5852e6 i=1,51 j=1,30 step 2000 ; pr sratio j=16,17 f)

ini sxy 0 i=1,51 var 0.0 0.0 3=1,30 set mech off therm on set hisfile £79yd.his ret

ini szz -2.1546e6 var 0 0.5852e6 i=1,51 j=1,30 solve age 250000000 his write 9 10 11 12 13 14 vs 2 begin 1 skip 10

set mech on therm off

i




JOB TITLE : Case 7.9 Inclined Transgressing Joint (FLAC, Slip Allowed)

(11042)

FLAC (Version 4.00)

LEGEND.

21-Sep-04 0:09

step 53540
Thermal Time 3.1540E+08
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

Displacement’
0.00E+00

Contour intervai= 1,00E-02
EX_ 1 Contours

Contour interval= 1.00E-02
Minimum: 0.00E+00
Maximum: 5.00E-02
Displacement vectors

Max Vector =  5.297E-02
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JOB TITLE : Case 7.9 Inclined Transgressing Joint (FLAC, Slip Allowed)

(*10%2)

FLAC (Version 4.00)

LEGEND

21-Sep-04 0:09

step 53540
Thermal Time 3.1540E+08
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

Temperature

e 0.00E+00
5.00E+01
1.00E+02
1.50E+02
2.00E+02
2.50E+02
3.00E+02

Contour interval= 5.00E+01

Temperature

Contour interval= 5.00E+01
Minimum: 0.00E+00
Maximum: 3.00E+02
Boundary plot
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RSRead Consulting inc.
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; Case 7.10 - FLAC 4.0 input file (Sep 20, 2004; RSR)

; Inclined transgressing joint in a heated infinite rock
mass. Joint

; properties selected to allow slippage. Heat source 5x5 m
centered

; at x=51.210, y=45.149. Joint angle 14° from horizontal.
Power is

; 1500 W/m (60 w/cu.m. x 25 sqg.m). Typical Yucca Mountain
properties used.

; Friction angle reduced to 20°. Stresses rotated 90°

config thermal extra 10
call dispmag.fis

; Geometry

;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
54.240, 43.328
51.210, 45.149
50.605, 47.574
50.000, 50.000
48.790, 54.851
45.162, 69.406
37.534, 100.000
0.000, 37.534
18.465, 42.138
30.594, 45.162
40.297, 47.581
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

NKKELCNNNONORE N RGN ROMEU AR

grid 50 29

model elastic th_isotropic

mod null j=16

gen 0.000,34.957 0.000,37.534 100.000,62.466 100.000,59.890
i=1,51 j=14,16 ; CA B D

gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 0.0,37.534 0.0,100.0 100.0,100.0 100.0,62.466 i=1,51
j=17,30 ; Upper block

int 1 aside from 1,16 to 51,16 bside from 1,17 to 51,17
gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 1=25,27 j=10,14 ; HG I J

mark i=25,27 j=10,14

gen 0.0,0.0 0.0,29.804 100.0,54.737 100.0,0.0 i=1,51 j=1,10
gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark j=10,14

gen adjust

unmark

mark i=25,27 j=10,14

ini x=48.790 y=54.851 i=25 j=19 ; N

ini x=45.162 y=69.406 1i=24 j=22 ; O

ini x=37.534 y=100.000 i=20 j=30 ; P

; Material properties

prop de=2210.0 b=19.2e9 s=13.6e9

prop thexp=10.0e-6 cond=2.13 spec=990.0
int 1 kn=5.0e4 ks=5.0e4

;int 1 c=1.0e20 £=0.0 t=1.0e20 di=0 ; no slip

int 1 c=100.0e t=40.0e3 di=0 ; slip
; Initial conditions
ini temp 25.0

ini sxx -8.le6 var 2.2e6 0 i=1,51 j=1,30

ini syy -2.1546e6 var 0.5852e6 0 i=1,51 j=1,30
ini sxy 0 i=1,51 var 0.0 0.0 j=1,30

ini szz -2.1546e6 var 0.5852e6 0 i=1,51 j=1,30

; Boundary conditions
;apply yvel
;apply yvel
;apply xvel
;apply xvel
;apply xvel
;apply xvel

cooooo
cocoooo

fix
fix
fix
fix
fix
fix

LR S

; Apply heat source

interior source 60 i=25,26 j=10,13

set mech on therm off
step 2000
ini xd 0
ini yd 0
ini xv 0
ini yv 0

; Time and force history

hist unbalanced ;1
hist thtime ; 2

i
; Thermal histories

hist temp i=
hist temp i
hist temp
hist temp
hist temp
hist temp

; Mechanical histories

hist ydisp i=26 j=12 ;9

hist ydisp i=26 j=14 ;10
hist ydisp i=26 j=16 ;11
hist ydisp i=25 j=19 ;13
hist ydisp i=24 j=22 ;13
hist ydisp i=20 j=30 ;14

hist xdisp i=26 j=12 ;15
hist xdisp i=26 j=14 ;16
hist xdisp i=26 j=16 ;17
hist xdisp i=25 j=19 ;18
hist xdisp i=24 j=22 ;19
hist xdisp i=20 j=30 ;20

;
; Thermal mechanical analysis

set mech off therm on
set thdt le4

solve age 20000000
set mech on therm off
step 2000

set mech off therm on
solve age 40000000
set mech on therm off
step 2000

set mech off therm on
solve age 60000000
set mech on therm off
step 2000

set mech off therm on
solve age 80000000
set mech on therm off
step 2000

set mech off therm on
solve age 100000000
set mech on therm off
step 2000

set mech off therm on
solve age 120000000
set mech on therm off
step 2000

set mech off therm on
solve age 150000000
set mech on therm off
step 2000

set mech off therm on
solve age 200000000
set mech on therm off
step 2000

set mech off therm on
solve age 250000000
set mech on therm off

FLAC QR
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step 2000 set hisfile £710xd.his - -
set mech off therm on his write 15 16 17 18 19 20 vs 2 begin 1 skip 10 JOB TITLE : Case 7.10 Inclined Transgressing Joint (FLAC, Slip Allowed) (*10%2)
solve age 315400000 H p - - sy 57
set mech on therm off def xxx FLAC (Version 4.00) [
step 2000 nn=561
save end _—
disp_mag XXX e LEGEND | 1.000 i i s it
save f710final.sav def table_ fill ¥ —
; array £710(11,nn)
set plot emf color ; ) ) ) 20-Sep-04 23:57 )
title ; Bottom of interface | 8 step 53540
Case 7.10 Inclined Transgressing Joint (FLAC, Slip Allowed) ; {  Thermal Time 3.1540E+08 | 0.800
; thvalr=thvald*pi/180.0 | .1.667E+01 <x< 1.167E+02
set out £710grid.emf pnt=int_pnt TR — B . .
plot gri bougiw xnot:x(fls) -1.867E+01 <y< 1.167E+02 L
copy ynot=y(1,16)
; loop while pnt # 0
; Joint condition plots pa = imem(pnt+$kicapt) R P - 0.600 R S TR
; loop while pa # 0
set out £710jnd.emf ival=imem (pa+$kidi)
plot if 1 ndisp jval=imem(pa+$kidj) r
copy xval=fmem (pa+$kidx) - L —
; yval=fmem (pa+$kidy) _ 0.400
set out £710jsd.emf lval=sqrt ( ((xval-xnot)* (xval-xnot) )+ ((yval-ynot) * (yval-
plot if 1 sdisp ynot)))
copy dxvalb=xdisp (ival, 16) L m——— Contour interval= 1.00 L
; dyvalb=ydisp (ival,16)
set out £710jss.emf dtvalb=sqrt ( (dxvalb*dxvalb) + (dyvalb*dyvalb)) E)VV(V'_‘!HC(.)H(OIV.I[S"WW?W —
plot if 1 ss thetav=atan2 (dyvalb, dxvalb) - Contour interval= 1.00E-02 |- 0.200
copy dsvalb=dtvalb*cos (thetav-thvalr) ! o Minimum: 0.00E+00
; dnvalb=dtvalb*sin(thetav-thvalr) Maximum: 5.00E-02
set out £710jns.emf ; j Displacement vectors r
plot if 1 ns ; Top of interface
copy ; - T Max Vector =  5.297E-02 0,000 - T
H dxvalt=xdisp(ival,17) " ) P Livvsv i
set out £710jrnd.emf dyvalt=ydisp(ival,17) %(/p?/l/m 0 1E -1
— plot if 1 closure dtvalt=sqgrt ( (dxvalt*dxvalt)+ (dyvalt*dyvalt)) — PR I o o————————s i
copy thetav=atan2 (dyvalt,dxvalt) RSRead Consulting Inc.
i dsvalt=dtvalt*cos (thetav-thvalr) Okotoks, Alberta, Canada — T r T v : - } - . .
set out £710jrsd.emf dnvalt=dtvalt*sin(thetav-thvalr) 0.000 0.200 0.800 1.000
plot if 1 ride : a— e s s -~ — 10%2) SR -
?Dpy ; Interface c“\ﬂ 07'01‘,\()“;‘—,*—)0\» D(SP\aCEM wm\-cwv"\ Mi Ve« l-c,,ng
; Contour plots dclos=fmem(pa+$kidand) ci 7 N O
i dride=fmem(pa+S$kidasd) e ! T st Cae -1 e
set out f710temp.emf tempvalb=temp (ival, 16) ]
plot temp fill temp iw bou iw tempvalt=temp (ival,17) °
copy ; . C Gridaon ~ &)

i ; Create table entries
set out f£710disp.emf ;

plot ex_1 fill alias ‘Displacement’ ex_ 1 iw disp iw bou iw table(1,ival)=yval
- copy - table(2,ival)=xval o
: table(3,ival)=1val

set out £710xd.emf table(4,ival)=dsvalb

plok X0 EALL e ou s et i s Neted ek ok Ol G Caee 77 e 740 combeidaed

table(7,ival)=dnvalt

set out £710yd.emf table(8,ival)=dclos \ © , -
plot yd £fill yd iw bou iw table(9,ival)=dride . - C[ ® 0 A L 4 | . ; C 2(“";
copy table (10, ival) =tempvalb — M-Dfmﬁ S CJf‘ N G\€ _Jw_&L”.QMLwMQLM__ < A
H table(11,ival)=tempvalt 3
set out £710sigl.emf ; 'F . ; . o

. plot sigl fill sigl iw bou iw ; Array entries (_,W ciie S 7 C? ¢ ) 7' {O N 2 VTN \ ( M ‘\QJ"\D\ Cainc L( =z Z; ) (SN
copy i o "“’
H £710(1,ival)=string(yval)
set out £710sig2.emf £710(2,1ival)=string(xval) - i .
plot sig2 fill sig2 iw bou iw £710(3,ival)=string(lval) \ O ‘\/\L . (o L % \\ D a rL L\W\
copy £710(4,ival)=string(dsvalb) J B - ¢ =T -
H £710(5,ival)=string(dnvalb) ©
set out £710sdif.emf £710(6,ival) =string(dsvalt) (-\ - 7 \ JV(-‘ C N O —_— ( .

. plot sdiff £ill sdiff iw bou iw £710(7,ival) =string(dnvalt) o Nge - ( Vdn s b aencle A ( O S lip  ashg
copy £710(8,ival) =string(dclos) : ' I
H £710(9,1ival) =string(dride)
set out f£710thist.emf £710(10,ival)=string(tempvalb) . . ‘/‘A X }l' () 7 [

- plo hist 3 456 7 8 vs 2 £710 (11, ival) =string (tempvalt) - S »,A,,ﬁmm.wg&%@_, A\ CAA/%._”_C %&ét sl < Gu - 0 i . St
copy pa=imem(pa) )

; endLoop '

set out £f710ydhist.emf pnt=imem(pnt)

plo hist 9 10 11 12 13 14 vs 2 endloop - e imatcncarie —— e - s s ——
copy status=open('f710data.out’',1,1) )

i status=write (£710,561) g i

set out f£710xdhist.emf end L ) [ Ct i e OC, (U=,

PoC it 1516 17 1815 20 ve 2 ° ‘ 3 ; e YA ol A Gl Tn VI A s CN 1O G U \3

copy set thvald=14.0 FL,V*L c\ (- / —

set out f£710unbal.emf cal int.fin ~ i (— N C"/L9’V\m L/(A) OQ, W ~l—1 «(—W .
set out 7 ol et L7100 ok .+~ ) o U/ .-Z/C.. g X\ene S VM S Tegrpitg
copy i &

; set log £710slip.out ( j ) "p 77\ (

set hisfile £710temp.his pr if 1 Pcl Z ok . S Y P VL_S’e A e T IOT_ _S2rovedh W T PQ\"‘X
his write 3 4 5 6 7 8 vs 2 begin 1 skip 10 set log £710sr.out

; pr sratio j=16,17

set hisfile £710yd.his ret

his write 9 10 11 12 13 14 vs 2 begin 1 skip 10

i
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; Case 7.11 - FLAC 4.0 input file (Sep 21, 2004; RSR)

; Inclined transgressing joint in a heated infinite rock
mass. Joint

; properties selected to allow slippage. Heat source 5x5 m
centered

; at x=51.210, y=45.149. Joint angle 14° from horizontal.
Power is

; 1500 W/m (60 w/cu.m. x 25 sqg.m). Typical Yucca Mountain
properties used.

; Friction angle reduced to 10°. Stresses rotated 90°

config thermal extra 10
call dispmag.fis

; Geometry
;Points

;A, 0.000, 37.534
;B, 100.000, 62.466
;C, 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
54.240, 43.328
51.210, 45.149
50.605, 47.574
50.000, 50.000
48.790, 54.851
45.162, 69.406
37.534, 100.000
0.000, 37.534
18.465, 42.138
30.594, 45.162
40.297, 47.581
47.574, 49.395
50.000, 50.000
W, 52.426, 50.605
:X, 59.703, 52.419
;Y, 69.406, 54.838
;2, 81.535, 57.862
AR, 100.000, 62.466

LR

OO BEL RGN

ER

grid 50 29

model elastic th_isotropic

mod null j=16

gen 0.000,34.957 0.000,37.534 100.000,62.466 100.000,59.890
i=1,51 j=14,16 ; CA B D

gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 0.0,37.534 0.0,100.0 100.0,100.0 100.0,62.466 i=1,51
j=17,30 ; Upper block

int 1 aside from 1,16 to 51,16 bside from 1,17 to 51,17
gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark i=25,27 j=10,14

gen 0.0,0.0 0.0,29.804 100.0,54.737 100.0,06.0 i=1,51 §=1,10
gen 0.000,29.804 0.000,34.557 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; EC G H

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark j=10,14

gen adjust

unmark

mark i=25,27 j=10,14

ini x=48.790 y=54.851 i=25 j=19 ; N

ini x=45.162 y=69.406 i=24 j=22 ; O

ini x=37.534 y=100.000 i=20 =30 ; P

; Material properties

prop de=2210.0 b=19.2e9 s=13.6e9

prop thexp=10.0e-6 cond=2.13 spec=990.0

int 1 kn=5.0e4 ks=5.0ea

;int 1 c=1.0e20 £=0.0 t=1.0e20 di=0 ; no slip

int 1 ¢=100.0e3 £=10.0 t=40.0e3 di=0 ; slip

i

; Initial conditions

ini temp 25.0

ini sxx -8.1e6 var 2.2e6 0 i=1,51 j=1,30

ini syy -2.1546e6 var 0.5852e6 0 i=1,51 j=1,30
ini sxy 0 i=1,51 var 0.0 0.0 j=1,30

ini szz -2.1546e6 var 0.5852e6 0 i=1,51 j=1,30

i

; Boundary conditions

;apply yvel
;apply yvel
;apply xvel
;apply xvel
;apply xvel
;apply xvel
fFix
fix
fix
fix
fix
fix
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i

; Apply heat source

interior source 60 i=25,26 j=10,13

set mech on therm off
step 2000

ini xd 0

ini yd 0

ini xv 0

ini yv 0

i

; Time and force history

hist unbalanced ;1
hist thtime ; 2

; Thermal histories

hist temp i=26 j=12 ;
hist temp i=26 j=14 ;
hist temp i=26 j=16 ;
hist temp i=25 j=19 ;
hist temp i=24 j=22 ;
hist temp i=20 j=30 ;
i

; Mechanical historie
hist ydisp i=26 j=12

hisgt ydisp i=26 j=14

hist ydisp i=26 j=16

hist ydisp i=25 j=19

hist ydisp i=24 j=22

hist ydisp i=20 j=30

hist xdisp i=26 j=12
hist xdisp i=26 j=14
hist xdisp i=26 j=16
hist xdisp i=25 j=19
hist xdisp i=24 j=22
hist xdisp i=20 j=30

: Thermal mechanical analysis

set mech off therm on
set thdt leq

solve age 20000000
set mech on therm off
step 2000

set mech off therm on
solve age 40000000
set mech on therm off
step 2000

set mech off therm on
solve age 60000000
set mech on therm off
step 2000

set mech off therm on
solve age 80000000
set mech on therm off
step 2000

set mech off therm on
solve age 100000000
set mech on therm off
step 2000

set mech off therm on
solve age 120000000
set mech on therm off
step 2000

set mech off therm on
solve age 150000000
set mech on therm off
step 2000

set mech off therm on
solve age 200000000
set mech on therm off
step 2000

set mech off therm on
solve age 250000000
set mech on therm off

3
4
5
6
7
8

8

9

;10
;11
:12
;13
;14

15
;16
117
;18
119
;20

Floc Cle )
97[‘ iapuk ¥
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step 2000

set mech off therm on
solve age 315400000
set mech on therm off
step 2000

save

disp_mag

save £711final.sav

set plot emf color
title
Case 7.11 Inclined Transgressing Joint (FLAC, Slip Allowed)

i

set out f£7l1lgrid.emf
plot gri bou iw
copy

; Joint condition plots

i

set out £711jnd.emf
plot if 1 ndisp
copy

set out £711jsd.emf
plot if 1 sdisp
copy

i

set out £71ljss.emf
plot if 1 ss

copy

i

set out f7lljns.emf
plot if 1 ns

copy

set out £711jrnd.emf
plot if 1 closure
copy

set out f71ljrsd.emf
plot if 1 ride

copy

H
; Contour plots

set out £7l1ltemp.emf
plot temp fill temp iw bou iw

copy

set out £711disp.emf
plot ex_1 fill alias ‘Displacement’ ex_1 iw disp iw bou iw

copy

set out £711xd.emf
plot xd £ill xd iw bou iw

copy

set out £71lyd.emf
plot yd f£ill yd iw bou iw
copy

set out £711sigl.emf

plot sigl £ill sigl iw bou iw
copy

set out £711sig2.emf

plot sig2 f£ill sig2 iw bou iw
copy

set out £71lsdif.emf

plot sdiff £ill sdiff iw bou iw
copy

set out £71ithist.emf
plo hist 3 456 7 8 vs 2

copy

set out f71lydhist.emf
plo hist 9 10 11 12 13 14 vs 2
copy

i
set out f7lixdhist.emf
plo hist 15 16 17 18 19 20 vs 2

copy

i

set out f71lunbal.emf
plo hist 1

copy

set hisfile f7lltemp.his
his write 3 4 5 6 7 8 vs 2 begin 1 skip 10

H
set hisfile £711yd.his
his write 9 10 11 12 13 14 vs 2 begin 1 skip 10

H

set hisfile £711xd.his
his write 15 16 17 18 19 20 vs 2 begin 1 skip 10

def xxx
nn=561
end
KXX } ‘
def table fill i
array £711(11,nn) H

Bottom of interxface

thvalr=thvald*pi/180.0
pnt=int_pnt
xnot=x{1,16)
ynot=y(1,16)
loop while pnt # 0
pa = imem{pnt+$kicapt)
loop while pa # 0
ival=imem(pa+$kidi)
jval=imem(pa+$kidj)
xval=fmem(pa+$kidx)
yval=fmem(pa+$kidy)
lval=sqrt { { {xval-xnot)* (xval-xnot}) )+ ((yval-ynot}*(yval-
ynot) )}
dxvalb=xdisp(ival, 16}
dyvalb=ydisp(ival,16) i
dtvalb=sqrt ( (dxvalb*dxvalb) + (dyvalb*dyvalb))
thetav=atan2 (dyvalb, dxvalb)
dsvalb=dtvalb*cos (thetav-thvalr) L. {
dnvalb=dtvalb*sin{thetav-thvalr)

of interface

=]
O
o

dxvalt=xdisp (ival,17)

dyvalt=ydisp(ival,17)

dtvalt=sqrt ( (dxvalt*dxvalt) + (dyvalt*dyvalt))
thetav=atan2(dyvalt, dxvalt)
dsvalt=dtvalt*cos (thetav-thvalr)
dnvalt=dtvalt*sin(thetav-thvalr)

:: Interface 9/2(/)1

dclos=fmem(pa+$kidand)

dride=fmem(pa+$kidasd) )
tempvalb=temp (ival, 16} !
tempvalt=temp (ival, 17)

i

; Create table entries

i
table (1, ival)=yval
table(2,ival)=xval
table(3,ival)=1val
table(4,ival)=dsvalb
table(5, ival)=dnvalb
table(6,ival)=dsvalt
table(7,ival)=dnvalt
table (8, ival)=dclos
table(9, ival)=dride
table(10,ival)=tempvalb .
table(1l,ival)=tempvalt - \

i

; Array entries

£711(1,ival)=string(yval)
£711(2,ival)=string(xval)
£711(3,ival) =string(lval)
£711(4,ival) =string{dsvalb)
£711(5, ival) =string (dnvalb)
£711(6,ival)=string(dsvalt)
£711(7,ival) =string(dnvalt)
£711(8,ival)=string(dclos)
£711(9,ival)=string(dride)
£711(10, ival)=string(tempvalb)
£711(11,ival}=string(tempvalt)
pa=imem(pa)
endLoop 1
pnt=imem{pnt)
endloop
status=open('f7lldata.out',1,1)
status=write (£711,561)
end

set thvald=14.0

; Fuac Rule
cal int.fin
table_fill (7 [{ vpuk- b t

i

set log £71lslip.out a )
pr if 1 (Pfl Z"'(Z
set log f7llsr.out

pr sratio j=16,17

ret

; Case 7.12 - FLAC 4.0 input file (Sep 21, 2004; RSR)

; Inclined transgressing joint in a heated infinite rock
mass. Joint

; properties selected to allow slippage. Heat source 5x5 m
centered

; at x=51.210, y=45.149. Joint angle 14° from horizontal.
Power is

; 1500 W/m (60 w/cu.m. x 25 sg.m). Typical Yucca Mountain
properties used.

Friction angle reduced to 20°. Stresses rotated 50°.
Increase joint stiffness by le6.

config thermal extra 10
call dispmag.fis

; Geometry

;Points

;A, 0.000, 37.534
iB, 100.000, 62.466
;C, 0.000, 34.957
:D, 100.000, 59.890
:E, 0.000, 29.804
;F, 100.000, 54.737
G, 48.179, 46.969
;H, 49.389, 42.118
;I, 53.031, 48.179
;J, 54.240, 43.328
K, 51.210, 45.149
;L, 50.605, 47.574
iM, 50.000, 50.000
;N, 48.790, 54.851
;0, 45.162, 69.406
;P, 37.534, 100.000
;Q, 0.000, 37.534
;R, 18.465, 42.138
:8, 30.594, 45.162
;T, 40.297, 47.581
;U, 47.574, 49.395
iV, 50.000, 50.000
W, 52.426, 50.605
;X, 59.703, 52.419
Y, 69.406, 54.838
Z, 81.535, 57.862

i
i
;AA, 100.000, 62.466

grid 50 29

model elastic th_isotropic

mod null j=16

gen 0.000,34.957 0.000,37.534 100.000,62.466 100.000,59.890
i=1,51 j=14,16 ; CA B D

gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.17% 100.000,59.8%0
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 0.0,37.534 0.0,100.0 100.0,100.0 100.0,62.466 i=1,51
§=17,30 ; Upper block

int 1 aside from 1,16 to 51,16 bside from 1,17 to 51,17

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HG I J

mark i=25,27 j=10,14

gen 0.0,0.0 0.0,29.804 100.0,54.737 100.0,0.0 i=1,51 j=1,10
gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 3=10,14 ; J I D F

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 1=25,27 j=10,14 ; HG I J

mark j=10,14

gen adjust

unmark

mark i=25,27 j=10,14

ini x=48.790 y=54.851 i=
ini x=45.162 y=69.406 i
ini x=37.534 y=100.000 i

25 §=19
24 j=22
20 3=30

Do

i

; Material properties

prop de=2210.0 b=19.2e9 s8=13.6e9

prop thexp=10.0e-6 cond=2.13 spec=990.0

int 1 kn=5.0el0 ks=5.0el0

;int 1 c=1.0e20 £=0.0 t=1.0e20 di=0 ; no slip

i

int 1 ¢=100.0e3 £=20.0 t=40.0e3 di=0 ; slip

; Initial conditions

ini temp 25.0

ini sxx -8.1e6 var 2.2e6 0 i=1,51 j=1,30

ini syy -2.1546e6 var 0.5852e6 0 i=1,51 j=1,30
ini sxy 0 i=1,51 var 0.0 0.0 j=1,30

ini szz -2.1546e6 var 0.5852e6 0 i=1,51 j=1,30

SNGTS Vel )

H
; Boundary conditions
i

;apply
;apply
;apply
;apply
;apply
;apply

7
fix
fix
fix
fix
fix
£ix

i

; Apply heat souxce

interior source 60 i=25,26 j=10,13
set mech on therm off

step 2000

ini xd 0

ini yd o

ini xv 0

ini yv 0

H
; Time and force history

hist unbalanced ;1
hist thtime ; 2

; Thermal histories

hist temp
hist temp
hist temp
hist temp
hist temp
hist temp

[
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j=30 ;

;
; Mechanical histories
i

hist ydisp i=26 j=12 ;9
hist ydisp i=26 j=14 ;10

hist ydisp 6 j=16 ;11
hist ydisp i=25 j=19 ;12
hist ydisp i=24 j=22 ;13
hist ydisp i=20 j=30 ;14
i

hist xdisp i=26 j=12 ;15
hist xdisp i=26 j=14 ;16
hist xdisp i=26 j=16 ;17
hist xdisp i=25 j=19 ;18
hist xdisp i=24 j=22 ;19
hist xdisp i=20 =30 ;20

i

; Thermal mechanical analysis

i

set mech off therm on
set thdt le4

solve age 20000000
set mech on therm off
step 2000

set mech off therm on
solve age 40000000
set mech on therm off
step 2000

set mech off therm on
solve age 60000000
set mech on therm off
step 2000

set mech off therm on
solve age 80000000
set mech on therm off
step 2000

set mech off therm on
solve age 100000000 g
set mech on therm off
step 2000

set mech off therm on
solve age 120000000
set mech on therm off
step 2000

set mech off therm on

Fuac Gl
solve age 150000000 ‘P’I(Z\\—\pui-. {”K{’
set mech on therm off

step 2000 )
set mech off therm on C‘Fﬁ\ \ o( 2

solve age 200000000
set mech on therm off
step 2000

set mech off therm on
solve age 250000000




snetVol |

set mech on therm off
step 2000

set mech off therm on
solve age 315400000
set mech on therm off
step 2000

save

disp_mag

save £712final.sav

;et plot emf color

title .
Case 7.12 Inclined Transgressing Joint (FLAC, Slip Allowed)

éet out f£712grid.emf
plot gri bou iw
copy

i

; Joint condition plots

éet out £712jnd.emf
plot if 1 ndisp
copy

éet out £712jsd.emf
plot if 1 sdisp
copy

éet out f712jss.emf
plot if 1 ss

copy

éet out f712jns.emf
plot if 1 ns
copy

;et out £712jrnd.emf
plot if 1 closure
copy

i

set out £712jrsd.emf
plot if 1 ride

copy

; Contour plots

éet out f£712temp.emf
plot temp fill temp iw bou iw

copy

;et out £712disp.emf . ) : )
plot ex_1 fill alias ‘Displacement’ ex_1 iw disp iw bou iw

copy

éet out £712xd.emf
plot xd £ill xd iw bou iw

copy
éet out £712yd.emf

plot yd £ill yd iw bou iw
copy

i
set out f712sigl.emf
plot sigl £ill sigl iw bou iw

copy

éet out £712sig2.emf

plot sig2 £ill sig2 iw bou iw
copy

éet out £712sdif.emf

plot sdiff £ill sdiff iw bou iw
copy

éet out f712thist.emf

plo hist 3 4 56 7 8 vs 2

copy

;et out £712ydhist.emf

plo hist 9 10 11 12 13 14 vs 2
copy

éet out f£712xdhist.emf
plo hist 15 16 17 18 19 20 vs 2

copy
éet out £712unbal.emf
plo hist 1

copy

i
set hisfile f712temp.his .
his write 3 4 5 6 7 8 vs 2 begin 1 skip 10

H
set hisfile £712yd.his . .
his write 9 10 11 12 13 14 vs 2 begin 1 skip 10

set hisfile £712xd.his
his write 15 16 17 18 19 20 vs 2 begin 1 skip 10
def xxx
nn=561
end
XXX
def table_fill
array £712(11,nn)

Bottom of interface

thvalr=thvald*pi/180.0
pnt=int_pnt
xnot=x(1,16)
ynot=y(1,16)
loop while pnt # ©
pa = imem(pnt+$kicapt)
loop while pa # 0O
ival=imem(pa+$kidi)
jval=imem(pa+$kidj)
xval=fmem(pa+$kidx)
yval=fmem(pa+S$kidy)

lval=sqrt ( ( (xval-xnot) * (xval-xnot) } + ( (yval-ynot) * (yval-

ynot)))
dxvalb=xdisp (ival, 16}
dyvalb=ydisp (ival, 16)
dtvalb=sqgrt ( (dxvalb*dxvalb) + (dyvalb*dyvalb))
thetav=atan2 (dyvalb, dxvalb)
dsvalb=dtvalb*cos (thetav-thvalr)
dnvalb=dtvalb*sin(thetav-thvalr)

Top of interface

dxvalt=xdisp(ival,17)
dyvalt=ydisp(ival, 17)
dtvalt=sqrt ((dxvalt*dxvalt) +{(dyvalt*dyvalt)}
thetav=atan2 (dyvalt,dxvalt)
dsvalt=dtvalt*cos(thetav-thvalr)
dnvalt=dtvalt*sin(thetav-thvalr)
; Interface
i
dclos=fmem{pa+$kidand)
dride=fmem(pa+$kidasd)
tempvalbs=temp(ival, 16)
tempvalt=temp (ival, 17)

Create table entries

table(l, ival)=yval
table(2,ival)=xval
table(3,ival)=1val
table(4,ival)=dsvalb
table(5,ival)=dnvalb
table(6,ival)=dsvalt
table(7,ival)=dnvalt
table(8,ival)=dclos
table(9,ival)=dride
table (10, ival) =tempvalb
table(1l, ival)=tempvalt

H
; Array entries
i

£712(1, ival)=string(yval)
£712(2,ival)=string(xval)
£712(3,1ival)=string(lval}
£712(4,ival)=string(dsvalb}
£712(5, ival)=string(dnvalb}
£712(6,1ival)=string(dsvalt)
£712(7,ival)=string(dnvalt)
£712(8, ival) =string(dclos)
£712(9,ival)=string(dride)
£712(10,ival) =string(tempvalb)
£712(11,ival)=string(tempvalt)
pa=imem (pa)
endLoop
pnt=imem{pnt)
endloop
status=open('f712data.out’,1,1)
status=write(£712,561)
end

set thvald=14.0

; F:i14<;.‘:14‘

cal int.fin

table_fill (\_’('Z_:kpb\}‘*{ﬂfi’
;et log £712slip.out -

pr if 1 ( Fal Y =€ Z)
set log £712sr.out

pr sratio j=16,17
ret

Sep2] fod

; Case 7.13 - FLAC 4.0 input file (Sep 21, 2004; RSR)

;

i Inclined transgressing joint in a heated infinite rock
mass. Joint

; properties selected to allow slippage. Heat source 5x5 m
centered

; at x=51.210, y=45.149. Joint angle 14° from horizontal.
Power is

7 1500 W/m (60 w/cu.m. x 25 sq.m). Typical Yucca Mountain
properties used.

;

; Friction angle reduced to 20°. Increase joint stiffness by
le6.

config thermal extra 10

call dispmag.fis

Geometry

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
54.240, 43.328
51.210, 45.149
50.605, 47.574
50.000, 50.000
48.790, 54.851
45.162, 69.406
37.534, 100.000
0.000, 37.534
18.465, 42.138
30.5%94, 45.162
40.297, 47.581
47.574, 49.395
50.000, 50.000
52.426, 50.605
. 59.703, 52.419
69.406, 54.838
81,535, 57.862
AR, 100.000, 62.466

mmmpnm:’
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H
i
i
i

grid 50 29

model elastic th_isotropic
mod null j=16

gen 0.000,34.957 0.000,37.534 100.000,62.466 100.000,59.890
i=1,51 j=14,16 ; CA B D

gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; EC G H

gen 54.240,43.328 53.031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; J I D F

gen 0.0,37.534 0.0,100.0 100.0,100.0 100.0,62.466 i=1,51
j=17,30 ; Upper block

int 1 aside from 1,16 to 51,16 bside from 1,17 to 51,17

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ;s HGI g

mark i=25,27 j=10,14

gen 0.0,0.0 0.0,29.804 100.0,54.737 100.0,0.0 i=1,51 j=1,10
gen 0.000,29.804 0.000,34.957 48.179,46.969 49.389,42.118
i=1,25 j=10,14 ; ECGH

gen 54.240,43.328 53,031,48.179 100.000,59.890
100.000,54.737 i=27,51 j=10,14 ; JIDF

gen 49.389,42.118 48.179,46.969 53.031,48.179
54.240,43.328 i=25,27 j=10,14 ; HGIJg

mark j=10,14

gen adjust

unmark

mark i=25,27 j=10,14
ini x=48.790 y=54.851
ini x=45.162 y=69.406 4 j=22
ini x=37.534 y=100.000 i=20 j=30

ooz

Material properties

prop de=2210.0 b=19.2e9 s=13.6e9

prop thexp=10.0e-6 cond=2.13 spec=990.0

int 1 kn=5.0el0 ks=5.0el0

;int 1 c=1.0€20 £=0.0 t=1.0e20 di=0 ; no slip

int 1 c=100.0e3 £=20.0 t=40.0e3 di=0 ; slip
; Initial conditions
i

i temp 25.0
ini syy -8.l1e6 var 0.0 2.2e6 i=1,51 j=1,30
ini sxx -2.1546e6 var 0.0 0.5852e6 i=1,51 j=1,30
i sxy 0 i=1,51 var 0.0 0.0 j=1,30
i 522 -2.1546e6 var 0.0 0.5852e6 i=1,51 j=1,30

i
; Boundary conditions

;apply
iapply
;apply
;apply
;apply
japply

fix
fix
fix
fix
fix
fix

XXX RN

yvel 0
yvel 0
xvel 0.
0
0
[}

0
0
0
.0
0
0 i=51 j=17,30

1
17,30
=1,16

=17,30

; Apply heat source

93
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interior source 60 1=25,26 j=10,13

set mech on therm off
step 2000

ini
ini
ini
ini

xd 0
vyd 0
xv 0
yv 0O

; Time and force history

hist unbalanced ;1
hist thtime ; 2

i

; Thermal histories

hist temp 6 j=12 ;3
hist temp 6 =14 ;4
hist temp 6 j=16 ;5
hist temp i=25 j=19 ;6
hist temp i=24 j=22 ;7
hist temp i=20 j=30 ;8

i

; Mechanical histories

hist ydisp i=26 j=12 ;9
hist ydisp i=26 j=14 ;10
hist ydisp i ;11
hist ydisp ;12
hist ydisp ;13
hist ydisp ;14
hist xdisp i=2 ;15
hist xdisp i=2 ;16
hist xdisp i=2 117
hist xdisp i=2 ;18
hist xdisp i=2 ;19
hist xdisp i=20 j=30 ;20

i

; Thermal mechanical analysis

set mech off therm on
set thdt le4

solve age 20000000
set mech on therm off
step 2000

set mech off therm on
solve age 40000000
set mech on therm off
step 2000

set mech off therm on
solve age 60000000
set mech on therm off
step 2000

set mech off therm on
solve age 80000000
set mech on therm off
step 2000

set mech off therm on
solve age 100000000
set mech on therm off
step 2000

set mech off therm on
solve age 120000000
set mech on therm off
step 2000 .
set mech off therm on
solve age 150000000
set mech on therm off
step 2000

set mech off therm on
solve age 200000000
set mech on therm off
step 2000

set mech off therm on
solve age 250000000

Fonc
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set mech on therm off ;
step 2000 set hisfile £713xd.his

set mech off therm on his write 15 16 17 18 19 20 vs 2 begin 1 skip 10
solve age 315400000

set mech on therm off éef XXX N * . Lk( -

step 2000 nn=561 o W(. cases o[ [ZN ‘ai\/v(- OC 0J~t1 %rlwuv\ C/loc/c "-v Cu C\)e Sousrwe | \"\
save . end

disp_mag XXX

save £713final.sav def table f£ill ) - ) n ( ( QV\)‘ - éz:\ /ﬂ/\; .

; array £713(11,nn) ) - Cuu 7'2,) S ( P odCurs O ; g o (/‘(”ﬁ . [ /\8(/4’ o@rc)
set plot emf color 3 ;

title ; Bottom of interface

Case 7.13 Inclined Transgressing Joint (FLAC, Slip Allowed) ;
thvalr=thvald*pi/180.0

; et . o Hae p(O" of e Jetrne Aesplace iz a.(ovwl -/’6\( s oo Cce
gzgio;;fgiigﬁ ) ?;E%Eigéinmo e Jonl opciing occer( odong weost of He oo larce .
Ap— Case 12 pnd 74 ere wery sl bo Case 70 cood 7.2

as epecked  ounen Mot Here & cto s hed  abres i H
vnodd e h U o pove G HU sane Coaao L),

pa = imem(pnt+$kicapt)

; loop while pa # 0

set out f713jnd.emf ival=imem(pa+$kidi)

plot if 1 ndisp jval=imem(pa+$kidj)

copy xval=fmem(pa+$kidx)

: yval=fmem(pa+$kidy)

set out £713jsd.emf lval=sqrt ( ( (xval-xnot) * (xval-xnot) )+ ( (yval-ynot) * (yval-
plot if 1 sdisp ynot}}) v " i
copy dxvalb=xdisp (ival, 16)
; dyvalb=ydisp (ival, 16)

set out £713jss.emf dtvalb=sqrt ( {(dxvalb*dxvalb) + (dyvalb*dyvalb}) . -
plot if 1 ss thetav=atan2(dyvalb, dxvalb)

copy dsvalb=dtvalb*cos (thetav-thvalr)
dnvalb=dtvalb*sin(thetav-thvalr)

set out £713jns.emf ;

plot if 1 ns ; Top of interface

" Cose 7 A 78 “Rent NN A S
: dxvalt-xdisp(ival,17) ' \\ NG ‘cowu&/(,_\ A e hece . ey pomse(
set out £713jrnd.emf dyvalt=ydisp(ival, 17) - Che '7 g Crn - L2 Gt L’ ¢ . i ) AL AL ’ o W )
plot if 1 closure dtvalt=sqrt ((dxvalt*dxvalt)+(dyvalt*dyvalt))

copy thetav=atan2 (dyvalt,dxvalt)

dsvalt=dtvalt*cos (thetav-thvalr)
dnvalt=dtvalt*sin(thetav-thvalr)

: Gfuw P Nevdoul  Cals  Gquuen A,Hm(* now ~Te W\‘L‘d (—,Lw“a =

%Deovc\aj Mﬁ,‘w‘ln\'xﬂ Nsvk/u‘( BN c‘oSw&c év(owg 4&4 conhe Jp«kd(“ :
ok o wenlpa~ CSL\ec\/ A P'Dc\zc _ ‘lf’('wu‘“ does wot ki cctte %(,t\"-

set out £713jrsd.emf

plot if 1 ride ’ ;
copy ; Interface
: ;

; Contour plots dclos=£fmem(pa+$kidand) v |
dride=fmem{pa+$kidasd)
tempvalb=temp (ival,16)
tempvalt=temp (ival,17)

set out £713temp.emf
plot temp fill temp iw bou iw

copy :

i ; Create table entries ./L\L ~ ﬂk .

set out £713disp.emf ; a(/bb ] M l (b(’ ‘ < o (‘(;\
plot ex 1 £ill alias ‘Displacement’ ex_l iw disp iw bou iw table(1,ival)=yval l WA (‘Jf\dv-\ [N Y ) (P L NN A Cern N é’ s Cor 4 . 1 \ RE gt Y AT
copy table(2,ival)=xval

set out £713xd.emf

Cable (4. dva) -apvald e e o cahizebon of dicplecerwndt  omd nencases

plot xd £ill xd iw bou iw
copy

éet out £713yd.emf

plot yd £ill yd iw bou iw
copy

set out £713sigl.emf

plot sigl £ill sigl iw bou iw
Ccopy

i

set out £713sig2.emf

plot sig2 £ill sig2 iw bou iw
copy

set out £713sdif.emf
plot sdiff fill sdiff iw bou iw

copy

set out f£713thist.emf
plo hist 3456 7 8 vs 2
copy

i

table(5,ival)=dnvalb Ve it

table(6,ival)=dsvalt
table(7,ival)=dnvalt
table(8,ival)=dclos
table(9,ival)=dride
table (10, ival) =tempvalb
table(11, ival) =tempvalt

; Array entries

i

£713(1,ival)=string(yval)
£713(2,ival)=string(xval)
£713(3,ival)=string(lval)
£713(4,ival)=string(dsvalb)}
£713(5,ival)=string(dnvalb)
£713(6,ival)=string(dsvalt}
£713(7, ival)=string{dnvalt}
£713(8,ival)=string{dclos}
£713(9, ival)=string(dride)
£713(10, ival) =string (tempvalb)
£713(11,ival)=string(tempvalt)
pa=imem(pa}
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; endLoop

set out £713ydhist.emf pnt=imem(pnt)

plo hist 9 10 11 12 13 14 vs 2 endloop

copy status=open('£713data.out',1,1)

; status=write(£713,561)

set out £713xdhist.emf end —

plo hist 15 16 17 18 19 20 vs 2 ; FLAC CL C &J__C . ‘

copy set thvald=14.0 L _‘_ ‘l/‘{ e j‘b gl\'\/\-c\/(év(—( »
; ; BIRYE 1(:) Ck/bxo‘ \ 1 /N?SHEAVQ—*~ o Cﬂ “ %$ AL . ! - (&
set out £713unbal.emf cal int.fin (‘76 El«podk "}'X‘" W

plo hist 1 table_fill \‘lj

oY ; p ‘\A C& (-)LCA/\JR _‘7/[ (A/& M+ ‘(-7"(

; set log £713slip.out (fﬁ Z of Z’) %Wg MQ i G ﬂ( ‘c el e S A

set hisfile f713temp.his pr if 1

his write 3 4 5 6 7 8 vs 2 begin 1 skip 10

Sy | G L T el oo Bivchon ams o (ZoCus (O, ffs/{v(awg)
bejh»co\_\ lk,\u’c Ca s va‘ ho €(Qa(~o-\@g/f(p(0uw— N ¢ NUMSC

his write 9 10 11 12 13 14 vs 2 begin 1 skip 10
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Case 7.3 - UDEC 3.1 input file (Sep 21, 2004; RSR)

Base case with inclined transgressing joint in a heated
infinite rock mass (slip disallowed on joint, no
; initial stresses, source 50 kW/m, theta=26.6 degrees) .

config thermal
set mech on

; Geometry

rou 0.001

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

crack 0 25 100 75 ; Main joint

crack 0 22.2049 100 72.2049 ; Top

crack 0 16.6147 100 66.6147 ; Bottom

crack 48.8819 46.6459 51.1180 42.1738 ; Left side
crack 53.3541 48.8820 55.5902 44.4098 ; Right side

gen quad 2.0

; Material properties

change jcons=5 range block 358 143

change jcons=5 range block 143 358

prop m=1 de=2210.0 k=19.0e9 g=13.0e9

prop m=1 thexp=15.0e-6 cond=20.0 spec=1000.0

prop jm=1 jkn=19.0el0 jks=13.0el0

prop jm=1l jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0
prop jm=1 jrescoh=1.0e20 jrfric=0.0 jrten=1.0e20
;prop jm=2 jkn=19.0el0 jks=13.0el0

;prop jm=2 jcoh=100.0e3 jfric=20.0 jten=1.0e6 jd=0
;prop jm=2 jrescoh=100.0e3 jrfric=20.0 jrten=1.0e6
;change jmat=2 range block 358 143

ichange jmat=2 range block 143 358

; Initial conditions

initemp 34.0 0 100 0 100

;jini sxx -8.le6 grad 0.022e6 0

;ini syy -2.1546e6 grad 0.005852e6 0
;ini sxy 0.0

;ini szz -2.1546e6 grad 0.005852e6 0

; 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)
bound xvel 0.0 range (99.1, 100.1) (0,100)

; Apply heat source

thapp source 50000 0 range 51.1180 53.3541 44.4098 46.6459

: Equilibrate model

set ovtol 0.5

;step 4000

;jchange jmat=2 range block 358 143
;change jmat=2 range block 143 358
ini xd
ini yd
ini nd
ini sd
ini xv
ini yv
ini bxv 0
ini byv 0
ini brv 0
i

; Thermal histories

coooococo

7
thist temp 52.236, 45.528 ;
thist temp 51.342, 47.317 ; 2
thist temp 50,50 ;3

thist temp 45.528, 58.944 ;
thist temp 38.819, 72.361 ;
thist temp 27.639, 94.721 ;
i

: Mechanical histories

=

[

hist ydisp 52.236, 45.528 ;
hist ydisp 51.342, 47.317 ;
hist ydisp 50,50 ;3

hist ydisp 45.528, 58.944 ;
hist ydisp 38.819, 72.361 ; 5
hist ydisp 27.639, 94.721 ; 6
hist unbalanced ;7

hist ndis 50 50 ;8

hist sdis 50 50 ;9

7

; Thermal mechanical analysis

N =

-

i

H

set nther 2500
set nmech 4000
damp auto

run age 1000000
step 4000

cal dispmag.fis
disp_mag
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temp 50

save u73final.sav

set plot emf color

title

Case 7.3 Inclined Transgressing Joint (UDEC, No Slip Allowed)

: Geometry

i

set out u73grid.emf

set color iw

plo zone green blo iw

copy

; Joint condition plots

set out u73jndl
set color iw
plot joint 0 50
copy

set out u73jnsl
set color iw
plot joint 0 50
copy

set out u73jsdl
set color iw
plot joint 0 50
copy

set out u73jssl
set color iw
plot joint 0 S0
copy

H

.emf

100 50 ndisp 2

.emf

100 50 nstr 2 /?)

e 2 M

100 50 sdisp 2 :?g,\’)

.emf

100 50 sstr 2

set out u73shear.emf

set color iw

plo blo iw shear red

copy

H

set out u73slip.

set color iw
plo blo iw slip
copy

; Contour plots

set out u73temp
set color iw

emf

red

.emf

plot temp fill temp iw blo iw

copy

set out u73disp
set color iw

.emf

plot gp_extra fill alias 'Displacement' gp_extra iw disp iw

blo iw
copy

set out u73xd.emf

set color iw
plot xd £ill xd
copy

iw blo iw

set out u73yd.emf

set color iw
plot yd fill yd
copy

set out u73sigl
set color iw

iw blo iw

.emf

plot sigil £ill sigl iw blo iw

copy

set out u73sig2
set color iw

.emf

plot sig2 £ill sig2 iw blo iw

copy
set out u73sdif
set color iw
plot sdiff £ill
copy

i

set out u73thist.emf

set color iw
plo thist 1 2 3
copy

.emf

uec Gk
A -7jg>iv\4>cul':1‘7<‘f

(fzjzsc -7'; /
pq ol2

sdiff iw blo iw
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i

set out u73ydhist.emf
set color iw

plo hist 1 2 3456
copy

set out u73xdhist.emf
set color iw

plo hist 7 8 9 10 11 12
copy

i

set out u73unbal.emf
set color iw

plo hist 13

copy

i

set out u73jns.emf

set color iw

plo hist 14 15

copy

; Create output tables

def xxx
nn=2000

end

XXX

def table_£ill
array u73c{(13,nn)
array u73b(9,nn)
ic=contact_head
ib=block_head
ii=1
thvalr=thvald*pi/180.0
mval=tan(thvalr}
bval=50.0-50.0*mval

Contact information

loop while ic # 0
xval=c_x(ic)
yval=c_y(ic)
ycal=mval*xval+bval

lval=sqrt (xval®2+ (yval-bval) *2)

blkl=c_bl(ic)
blk2=c_b2(ic)
clval=c_length(ic)
dclos=c_ndis (ic)
dride=c_sdis(ic)
nfval=c_nfoxce(ic)
sfval=c_sforce(ic)
nsval=-nfval/clval
ssval=-sfval/clval
tyval=c_type(ic)
slipc=fmem(ic+$kgam)
; Create table entries

;

if abs(yval-ycal)<0.1 then

table(l,ii}=yval
table(2,ii})=xval
table(3,ii)=1val
table(4,ii)=blkl
table(5,ii)=blk2
table(6,ii)=nfval
table(7,ii)=8fval
table(8,ii)=dclos
table(9,ii)=dride
table{10,ii)=nsval
table(1l,ii)=ssval
table(12,1ii)=tyval
table(13,ii)=slipc
; Array entries

i

u73c{l,ii)=string(yval)
u73c(2,ii)=string(xval)
u73c(3,ii)=string(lval}
u73c(4,ii)=string(blkl)
u73c(5,ii)=string(blk2)
u73c(6,1ii)=string(nfval)
u73c(7,ii)=string(sfval)
u73c(8,ii)=string(dclos}
u73c(9,ii)=string{dride)
u73c(10,ii)=string(nsval)
u73c(11,ii)=string(ssval}
u73c(12,1ii)=string(tyval)
u73¢(13,1ii)=string(slipc)
ii=ii+l

end if
ic=c_next{ic)
end_loop

ii=1

; 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(cq)

thk ) dyval=gp_ydis (cg)
VJ\O € dsval=dxval*cos(thvalr)-dyval*sin(thvalr}
< \ ' dnval=dxval*sin(thvalr)+dyval*cos (thvalr}
*(ﬁ*\ V20 gtemp=£fmem (cg+Skgtemp)
%}/A '2/\/04 ; Create table entries
if abs(yval-ycal)<0.1l then
table(13,ii)=yval
table(14,ii)=xval
table(15,ii)=1val
table (16,1i)=blkc
table(l7,ii)=dxval
table(18,ii)=dyval

table(19,ii)=dsval
table(20,ii)=dnval

; Array entries

u73b (1, ii)=string(yval)
u73b(2,ii)=string(xval)
u73b(3,ii)=string(lval)
u73b(4,ii)=string(blkc}
u73b(5,ii)=string(dxval)
u73b(6,ii)=string(dyval}
u73b(7,ii)=string{dsval)
u73b(8,ii)=string(dnval)
u73b (9, ii)=string(gtemp)
ii=ii+l
end if
cg=gp_next (cg}
end_loop
ib=b_next (ib)

end_loop

status=open('u73cdata.out’,1,1)

status=write (u73c, 2000)

status=close

status=open('u73bdata.out',1,1)

status=write(u73b,2000)

end

set thvald=26.565051

cal contact.fin

cal jmat.fin

table_f£ill

; Write thermal histories to files
thist write
thist write 2 u73t2.out

thist write 3 u73t3.out

1 u73tl.out
2
3
thist write 4 u73t4.out
5
6

thist write 5 u73t5.out
thist write 6 u73té.out

ret

UWDEC RQile
1% iopuy. TXT
(pq 2o62)

Create output tables

def xxx
nn=2000

end

XXX

def table_fi11
array u73c(13,nn)
array u73b(9,nn)
ic=contact_head
ib=block_head
ii=1
thvalr=thvald*pi/180.0
mval=tan(thvalr)
bval=50.0-50.0*mval

H
; Contact information
’

Toop while ic # 0
xval=c_x(ic)
yval=c_y(ic)
¥ca}=mva1txva%+gv%1 b
val=sqrt(xvalA2+(yval-bval)A2
bTkl=c_bl(ic) Y A2)
b1k2=c_b2(ic)
c¢lval=c_length(ic)
dclos=c_ndis(ic)
dride=c_sdis{(ic)
nfval=c_nforce(ic)
sfval=c_sforce(ic)
nsval=-nfval/clval
ssval=-sfval/clval
tyval=c_type(ic)
slipc=fmem(ic+$kgam)

Create table entries

if abs(yval-ycal)<0.1 then C;ziﬂa

e wawe

table(l,i1)=yval
table(2,114)=xval
table(3,i1)=1val
table(4,ii)=b1kl
table(5,ii)=b1k2
table(6,ii)=nfval
table(7,i1i)=sfval
table(8,11)=dclos
table(9,11)=dride
table(10,11)=nsval
table(11,1i1)=ssval
table(12,i1)=tyval
table(13,ii)=slipc

— 7
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Array entries

u73c(l,ii)=string(yval)
u73¢c(2,9i)=string(xval)
u73¢(3,41)=string(lval)
u73c(4,i1)=string(blkl)
u73c(5,ii)=string(b1k2)
u73c(6,ii)=string(nfval)
u73c(7,i1)=string(sfval)
u73c(8,i1)=string(dclos)
u73c(9,ii)=string(dride)
u73c(10,i1)=string(nsval)
u73c(11,ii)=string(ssval)
u73c(12,ii)=string(t¥va1)
u73c(13,i1)=string(s1ipc)

end_if
ic=c_next(ic)
end_loop
ii=1

Gridpoints on joint

loop while ib # 0

cg=b_gﬁ§1b)
Toop while cg # O
blkc=ib

xva}:gp_xgcgg

yval=gp_y(cg

¥ca1=mva¥*xva1+bva1
val=sqrt(xvalA2+(yval-bval)A2)

dxval=gp_xdis(cg)

dﬁva1=gp_ydis(cg)

thetav=atan2(dyval,dxval)

dtva1b=sqrt((dxva1*dxva1)+(d¥va1*dyva1))

dsval=dtvalb*cos(thetav-thvalr)

dnval=dtvalb*sin(thetav-thvalr)
dsval=dxval*cos(thvalr)-dyval*sin(thvalr)
dnval=dxval*sin(thvalr)+dyval*cos(thvalr)

gtemp=Ffmem(cg+$kgtemp)

Create table entries

if abs(yval-ycal)<0.1 then
table(13,i1)=yval
table(14,1i1i)=xval
table(15,71)=1val
table(16,71)=blkc
table(17,71)=dxval
table(18,11)=dyval
table(19,1i1)=dsval
table(20,1i1)=dnval

Array entries

u73b(1,ii)=string(yval)
u73b(2,i1)=string(xval)
u73b(3,i1)=string(lval)
u73b(4,41i)=string(blkc)
u73b(5,1i14)=string(dxval)
u73b(6,i1)=string(dyval)
u73b(7,1i)=string(dsval)
u73b(8,11)=string(dnval)
u73b(9,1i1i)=string(gtemp)

Modi Gredk sudrondivng ,. i

cg=gp_next(cg)

end_loop
\-19 Ca&cw\o}( \/q_)l/\_zc Co»/ :‘ijb_nextcib)
bt As® -S > end_Toop
status=open('u73cdata.out',1,1)
status=write(u73c,2000)
status=close
status=open(‘'u73bdata.out',1,1)

\AAoa(AQ/\@J M‘?% ' N PuT TxT engtatu5=wr1 te(u73b,2000)
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JOB TITLE : Case 7.3 Inclined Transgressing Joint (UDEC, No Slip Allowed) *+1002) Case 7.3 Summary of Results (FLAC)
e UDEC (Version 3.10) i s e Maximum Minimum Mean T Absolute ki
Parameter X Value X Value Value Values
P | 0s00 Gaenio ___ [FLAC Shear displacement at bottom of interface (m) 56.00 7.05E-03 44.00 -6.96E-03 | 4.89E-05 | 1.36E-01 =
T oy e & FLAC Shear displacement at top of interface (m) 56.00 6.86E-03 44.00 -6.78E-03 5.02E-05 1.34E-01
21-Sep-04 20:27 FLAC Normal displacement at bottom of interface (m) 50.00 1.13E-02 2.00 -9.56E-05 2.02E-03 1.03E-01
Sl cycle 36000 0 e, | oo |FLAC Normal displacement at top of interface (m) 50.00 1.10E-02 2.00 -9.88E-05 2.01E-03 1.03E-01 —
P Displacement j FLAC Relative normal displacement on interface (m) 60.00 3.81E-05 50.00 -2.70E-04 -1.05E-05 1.37E-03
mmmm |- 0700 (] FLAC Relative shear displacement on interface (m) 46.00 2.15E-04 54.00 2.21E-04 | 1.26E-06 | 1.96E-03
e ; ! 12 citein - |FLAC Total displacement at bottom of interface (m) 50.00 1.13E-02 0.00 1.79E-04 | 3.60E-03 1.83E-01 —
2.000E-03 . ; FLAC Total displacement at top of interface (m) 50.00 1.10E-02 0.00 1.81E-04 3.55E-03 1.81E-01
4.000E-03 721 ,0‘ , FLAC Normal stress at bottom of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 0.00E+00 2.60E+08
e 6.000E-03 byeoy 605‘”“' t ——— |FLAC Normal stress at top of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 0.00E+00 2.60E+08 P
—— I FLAC Shear stress at bottom of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 | 0.00E+00 | 2.55E+08
: FLAC Shear stress at top of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 0.00E+00 2.55E+08 it
g e User defined grid value i 2 ~ |FLAC Temperature at bottom of interface (°C) 50.00 118.14 0.00 34.00 40.95 2088.52
contour interval= 2.000E-03 FLAC Temperature at top of interface (°C) 50.00 100.82 0.00 34.00 39.16 1997.40
number of contour/color= 5 | 0300 Maximum temperature at source (°C) 50.00 425.24 - - - s
s 2.000E-03 to 1.000E-02 bl iio
isplacement vectors
d'smaximum :ec 1.154E-02 Number of Contacts 51
Ldidididodd ... |Number of Contacts at Slip Condition 0 k. 1
0 5E -2 Y ;P
Plock plot 0100 Case 7.3 Summary of Results (UDEC, Interpolated) — /dl
; Maximum Minimum Mean ¥ Absolute | -2 U
RSRead Consulting Inc. : Parameter X Value X Value Value Values
Okotoks, Alberta CANADA ,,_;m L S e e e s : e — [UDEC Shear displacement at bottom of interface (m) 56.00 6.96E-03 44.00 -6.99E-03 | 3.55E-05 1.37E-01 g
Bl L ( 15 L) - - UDEC Shear displacement at top of interface (m) 56.00 7.17E-03 44.00 -7.20E-03 3.43E-05 1.39E-01
& U 75 &“ op m( Dgspkucgwhfr P“)*‘”"" Cor Corne 7.3 : o UDEC Normal displacement at bottom of interface (m) 50.00 1.09E-02 0.00 -1.74E-04 | 1.97E-03 | 1.01E-01 T
UDEC Normal displacement at top of interface (m) 50.00 1.14E-02 0.00 -1.73E-04 1.99E-03 1.02E-01
[FEN VN (,{ DCC 5 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 S
: UDEC Total displacement at bottom of interface (m) 50.00 1.11E-02 0.00 1.95E-04 3.58E-03 1.83E-01
2 5 ir : UDEC Total displacement at top of interface (m) 50.00 1.14E-02 0.00 - 1.93E-04 3.62E-03 1.85E-01
R N e S i S e /<a<< Tl D{;C/ wl? g’kd’“s SR __ |UDEC Normal stress at bottom of interface (Pa) 58.00 1.05E+07 | 5000 | -9.38E+07 | -2.51E+06 | 3.67E+08 s
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
P ~—  |UDEC Shear stress at top of interface (Pa) 42.00 1.31E+07 58.00 -1.33E+07 1.95E+05 1.53E+08 e
/ 4 UDEC Temperature at bottom of interface (°C) 50.00 1.06E+02 0.00 3.40E+01 3.99E+01 2033.09
. o / [ UDEC Temperature at top of interface (°C) 50.00 1.12E+02 0.00 3.40E+01 4.00E+01 2042.17
-
M_ZZ LQ 4_..& - |Maximum temperature at source (°C) 50.00 419.20 - - - - —
vl ; t- | Number of Contacts 51
— N D Pty
i S5 D < a'ic""' \Wkﬁ“"% A L i Number of Contacts at Slip Condition 0
- . " i ]
c\’) \vwa eel ke HIBEEC i ke l—z;, vl FUAC G e Case 7.3 Relative Error between UDEC and FLAC Results* e
_ \ a%s - —
i . il B £ Maximum Minimum Mean Total
b) (\u \c “ \oJ—c j: CL\LD“’ (C\ °\> (.qu l\/v-\-c/QM [ V. /j %[ v ) . Parameter AX Error AX Error Error Error —
al, Shear displacement at bottom of interface (m) 0.0 1% 0.0 0% 0% 1%
) A . L) ( ‘) / (( ‘) Shear displacement at top of interface (m) 0.0 4% 0.0 6% 0% 4%
@ NeLace - A ON - = C absd, ~———  [Normal displacement at bottom of interface (m) 0.0 4% -2.0 1% 1% 2% =
Normal displacement at top of interface (m) 0.0 4% -2.0 1% 0% 1%
- Relative normal displacement on interface (m) -2.0 7% 0.0 86% 1% 41%
— -
: AN LS *O'Ul"(“'\— > V““ '3‘/ ‘\"f SI\vA G evor ~———  [Relative shear displacement on interface (m) 0.0 62% 0.0 59% 0% 40% b
\ ) v\A ‘O ( ) / ‘D Total displacement at bottom of interface (m) 0.0 3% 0.0 0% 0% 0%
o’ - = a é - / 3 Total displacement at top of interface (m) 0.0 5% 0.0 0% 1% 2% o
Mo e - S ‘LL . v "R Normal stress at bottom of interface (Pa) 2.0 6% 0.0 83% 5% 1%
Normal stress at top of interface (Pa) 0.0 4% -2.5 69% 2% 44%
Shear stress at bottom of interface (Pa) 0.0 72% 0.0 69% 1% 40% S
- T Shear stress at top of interface (Pa) -4.0 52% 4.0 54% 1% 40%
] ) 5 Temperature at bottom of interface (°C) 0.0 15% 0.0 0% 1% 3%
- M w ‘W»})D(éh s >/ 6\ O \'{AU\ / (M [/(4 t e Temperature at top of interface (°C) 0.0 15% 0.0 0% 1% 2% i
e e A : Maximum temperature at source (°C) 0.0 -1% -
4 — Mecn evor = (Pecny - Mﬁ-u\ F)/Mmrp
% WMtVM‘i&@AS A (AD&C» e v\lf(h\ LAV ‘> Y‘ (@ Vir= 2 § — [Number of Contacts 0% Tored e = (ﬁ Pos (V) =280 (Vp) / - ) 4
C Number of Contacts at Slip Condition 0% (Ve
4 ( A /( Z * Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either tete=displacement,
e ’\"% g l \‘ (e C ‘li C"’{) e &CC' e —— stress, or temperature g RSB S S
& “ep 22 /04 N
L\'\ (AM_?% g \gg - : e Oaukiouk C‘-’.O"\g CDuapanisaonm Cle e T T e



Displacement (m) .

Displacement (m)

Temperature (°C)
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Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a Volumetric

Heat Source (No Slip Allowed)

2.0E-02
—-t—UDEC Normal displacement at 1
| bottom of interface (m) }
,—0— FLAC Normal displacement at |
| bottom of interface (m)
i—-—UDEC Shear displacement at bottom
} of interface (m)
|—o— FLAC Shear displacement at bonom
1.0E-02 __ ofinterface (m) 1
0.0E+00 {
-1.0E-02
10 20 30 40 50 60 70 80 90 100
Horizontal Distance (m)
Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a Vol tric
Heat Source (No Slip Allowed)
5.0E-04 -
| —a—UDEC Relative shear displacement on interface (m) |
4.0E-04 —o—FLAC Relative normal displacement on interface (m) 1
—a— UDEC Relative, displacement on interface (m) |
3.0E-04 \ —o—FLAC Relative sh ldsplgoﬂeﬂt on interface (m) i j
2.0E-04 C
nor— { A
1.0E-04 7 a
0.0E+00
-1.0E-04
-2.0E-04
-3.0E-04
-4.0E-04
-5.0E-04 -
Note: Closure is negative
-6.0E-04
10 20 30 40 50 60 70 80 920 100
Horizontal Distance (m)
Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a Vol tric
Heat Source (No Slip Allowed)
140
ir—m—-UDEC Tempefature at boﬂ:omw
120 ‘ of interface (°C)
'+FLAC Temperature at bomm
ohn(erface ("C)
100
80
60
40
20
0
0 10 20 30 40 50 60 70 80 90 100

Horizontal Distance (m)

Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a

Volumetric Heat Source (No Slip Allowed)

Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a Volumetric

2.0E-02

Heat Source (No Slip Allowed)
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Case 7.3 - Comparison of Resuits for an | d Interface Subjected to a

Volumetric Heat Source (No Slip Allowed)

6.0E+07 4.0E+07
4.0E+07 3.0E+07
1.0E-02 2.0E+07 2.0E+07
E 0.0E+00 1.0E+07
z 0.0E+00 $ei-B-8-B-5-0-5
@ f = = O 4
§ 00E+00 boammywasaeoowwees™™ [  TUTeswmaest BB o oo & 208407 g
] 2 @ -1.0E+07
a £ -4.0E+07 g
a @ = -2.0E+07
—a— UDEC Normal displacement at o7 —+—UDEC Normal stress at | |—+—UDEC Norma stress at top
| top of interface (m) -6.0E+ bottom of interface (Pa) | of interface (Pa)

-1.08-02 | —e—FLAC Normal displacement at —o—FLAC Normal stress at | -3.0E+07 | —o—FLAC Normal stress attop |
| top of mst:rface (m) | _8.0E+07 bottom of interface (Pa) | | of interface (Pa) !
i-—:'DE!Cmea;‘dsﬂmment at tOD | ——UDEC Shearstress at | -4.0E+07 | —a— UDEC Shear stress at top of

intertace (m) | bottom of interface (Pa) interface (Pa)
| —o—FLAC Shear displacement anop -1.0E+08 | | 5.0E407 |
of interface (m) ! . ) | 1 —o—FLAC She_er stress at | =9 \+ FLAC Shear stress at top a' 1
2.0E-02 a3 Note: Compressive stress is negative | bottom of mleﬂsorer(P’a)i B Note: Compressive stress is negative { interface (Pa) |
0 10 20 30 40 50 60 70 80 90 100 125108 . " - - " 6.0E+07
40 60 70 80 90 100
Horizontal Distance (m) ’ ’ 0 10 20 30 40 50 60 70 80 90 100
{ Horizontal Distance (m) Horizontal Distance (m)
Case 7.3 - Comparison of Its for an Inclined Interface Subjected to a Volumetric 3 . I X
Heat Source (No Slip Allowed) f ! Case 7.3 - Comparison of Results for an Inclm?d Interface j d to a Vol ic Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a
Heat Source (No Slip Allowed) Volumetric Heat Source (No Slip Allowed)
450
[ ] 14 14
400 }—‘—‘;" m) —e—FLAC Source center | ——UDEC sip condition at bottom of interface | " —e— UDEC Siip condtion at top of interface
1.2 —e—FLAC Slip condition at bottom of iterface | 1.2 | —e—FLAC Slip condition at top of interface
350 ) !
NDET Sowree Center L 10
300 > )
) fg{m A o8 08
g 0 § 5
£ 06 ]
] 3 5 06
8 200 ) 8 K
E t A 0.4 a 04
150 7] )
02 02
100
0.0 0.0
50
-0.2 -0.2
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0.0E+00 2.0E+05 4.0E+05 6.0E+05 8.0E+05 1.0E+06 a4 -04
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Case 7.3 - Comparison of Results for an Inclined Interface Subjected to a
Volumetric Heat Source (No Slip Allowed) {
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; Case 7.4 - UDEC 3.1 input file (Sep 23, 2004; RSR)

; Base case with inclined transgressing joint in a heated
; infinite rock mass (slip allowed on joint, no

; initial stresses, source 50 kW/m, theta=26.¢ degrees) .
config thermal

set mech on

; Geometry

rou 0.001

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

crack 0 25 100 75 ; Main joint

crack 0 22.2049 100 72.2049 ; Top

crack 0 16.6147 100 66.6147 ; Bottom

crack 48.8819 46.6459 51.1180 42.1738 ; Left side
crack 53.3541 48.8820 55.5902 44.4098 ; Right side

gen quad 2.0

; Material properties

change jcons=5 range block 358 143

change jcons=5 range block 143 358

prop m=1 de=2210.0 k=19.0e9 g=13.0e9

prop m=1 thexp=15.0e-6 cond=20.0 spec=1000.0

prop jm=1 jkn=19.0ell jks=13.0ell

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

prop jm=1 jrescoh=1.0e20 jrfric=0.0 jrten=1.0e20

prop jm=2 jkn=19.0ell jks=13.0ell

prop jm=2 jcoh=100.0e3 jEfric=20.0 jten=1.0e6 jd=0
prop jm=2 jrescoh=100.0e3 jrfric=20.0 jrten=1.0e6
change jmat=2 range block 358 143

change jmat=2 range block 143 358

i
; Initial conditions

i

initemp 34.0 0 100 0 100
;ini sxx -8.1e6 grad 0.022e6 0

7ini syy -2.1546e6 grad 0.005852e6 0
;ini sxy 0.0

;ini szz -2.1546e6 grad 0.005852e6 0
; Boundary conditions

i
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)
bound xvel 0.0 range (99.1, 100.1) (0,100)

i

; Apply heat source
thapp source 50000 0 range 51.1180 53.3541 44.4098 46.6459

Equilibrate model

set ovtol 0.5

istep 4000

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

ini xd
iyd
i nd

ni sd
i xv
i

cococooo

i

ini yv
ini bxv 0
ini byv ¢
ini brv 0

Thermal histories

thist temp 52.236, 45.528 H
thist temp 51.342, 47.317 i
thist temp 50,50 ;3

thist temp 45.528, 58.944 ;
thist temp 38.819, 72.361
thist temp 27.639, 94.721

i

; Mechanical histories

N

S

i

hist ydisp 52.236, 45.528 ; 1
hist ydisp 51.342, 47.317 ;2
hist ydisp 50,50 ;3

hist ydisp 45.528, 58.944 ; 4
hist ydisp 38.819, 72.361 ; 5
hist ydisp 27.639, 94.721 ; 6

hist unbalanced ;7
hist ndis 50 50 ;8
hist sdis 50 50 ;9

Thermal mechanical analysis

set nther 2500 N
set nmech 4000

damp auto

run age 1000000 temp 50

step 4000

cal dispmag.fis :
disp mag ?
save u74final.sav

set plot emf color ! ‘
title
Case 7.4 Inclined Transgressing Joint (UDEC, Slip Allowed)

; Geometry

set out u74grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots

i
set out u74jndl.emf
set color iw

plot joint 0 25 100 75 ndisp 2 ’ }
copy

set out u74jnsl.emf

set color iw

plot joint 0 25 100 75 nstr 2
copy

set out u74jsdl.emf

set color iw

plot joint 0 25 100 75 sdisp 2
copy

i

set out u74jssl.emf

set color iw

plot joint 0 25 100 75 sstr 2
copy

set out u74shear.emf

set color iw Co t
plo blo iw shear red
copy

set out u74slip.emf

set color iw

plo blo iw slip red

copy

i

; Contour plots

set out u74temp.emf
set color iw
plot temp fill temp iw blo iw

copy P

;
set out u74disp.emf
set color iw

plot gp_extra fill alias 'Displacement' gp_extra iw disp iw e

blo iw

copy

set out u74xd.emf

set color iw

plot xd £ill xd iw blo iw
copy

set out u74yd.emf

set color iw

plot yd f£ill yd iw blo iw
copy

set out u74sigl.emf
set color iw

plot sigl £ill sigl iw blo iw UOEC
Ve L

H

set out u74sig2.emf ‘ .

set color iw (/\74’!.(-'\()(.0(‘ 'M

plot sig2 fill sig2 iw blo iw

i

set out u74sdif.emf ?q ‘OQ ZJ '
set color iw

copy
plot sdiff £ill sdiff iw blo iw
copy

;
set out u74thist.emf
set color iw

plo thist 1 23 4 5 ¢
copy

i .
set out u74ydhist.emf
set color iw

plo hist 1 2 3 45 6 blkc=ib

loop while ib # 0
cg=b_gp (ib)
loop while cg # 0

?OPY xval=gp_x(cg)
! yval=gp_y(cg)

;set out u74xdhist.emf
;8et color iw
;plo hist 7 8 9 10 11 12

ycal=mval*xval+bval
lval=sqrt {xval”2+ (yval-bval)*2)
dxval=gp_xdis (cg)

;copy dyval=gp_ydis (cg)

set out u74unbal.emf
set color iw
plo hist 7

thetav=atan2 {(dyval, dxval)
dtvalb=sqrt { {dxval*dxval) + (dyval*dyval))
dsval=dtvalb*cos(thetav-thvalr}
dnval=dtvalb*sin(thetav-thvalr}
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i dsval=dxval*cos (thvalrx) -dyval*sin(thvalr)

H
set out u74jns.emf
set color iw

: i
Plo hist § 9 ; Create table entries
copy /
i
! if abs(yval-ycal)<0.1l then

; Create output tables

; table(13,
o table (14,
deﬁnfgzoo table {15,

d - table (16,
en table(17,
HXX table (18,

def table_fill
array u74c{13,nn)
array u74b(9,nn)
ic=contact_head
ib=block_head
ii=1
thvalr=thvald*pi/180.0
mval=tan(thvalr)
bval=50.0-50.0*mval

Contact information

loop while ic # 0
xval=c_x(ic)
yval=c_y{ic)
ycal=mval*xval+bval
lval=sqrt (xval®2+(yval-bval)*2)
blkl=c_bl(ic}
blk2=c_b2{ic)
clval=c_length(ic)
dclos=c_ndis(ic)
dride=c_sdis(ic)
nfval=c_nforce(ic)
sfval=c_sforce(ic)
nsva nfval/clval
ssval=-sfval/clval
tyval=c_type(ic)
slipc=fmem(ic+$kgam)

end if
end_loop

end_loop

end

Create table entries C
cal jmat.fin

if abs(yval-ycal)<0.1 then table_f£ill
table(1, ii

table(2,

E:ﬁi:éill thist write

thist write
thist write
thist write
thist write
thist write

table(5,ii)=blk2

table(6,ii}=nfval
table(7,i
table(8,i
table(9,ii)=dride
table(10,1ii
table(1l,ii)=ssval
table(12,ii)=tyval
table(13,ii)=slipc

i
ret

; Array entries

i
u74c(1,1ii)=string(yval}
u74c(2,1ii)=string(xval}
u74c(3,1ii)=string(lval}
u74c(4,ii)=string(blkl)
u74c(5,ii)=string(blk2)
u74c{6,ii)=string{nfval)
u74c(7,ii)=string(sfval)
u74c(8,ii)=string(dclos)
u74c(9,ii)=string(dride)
u74c(10,1ii)=stxring(nsval)
u74c(11,ii)=string(ssval)
u74c(12,ii)=string(tyval)
u74c(13,ii)=string(slipc)
ii=ii+l
end if
ic=c_next (ic})

i
i

Gridpoints on joint

table(19,
table(20,ii)=dnval

1
2
3
4
5
6

Array entries

u74b(1,ii)=string(yval)
u74b(2,ii)=string(xval)
u74b(3,ii)=string(lval)
u74b (4,1ii)=string(blkc)
u74b(5,ii)=string(dxval)
u74b(6,ii)=string(dyval)
u74b(7,ii)=string(dsval)
u74b(8,ii)=string(dnval)
u74b(9,ii) =string(gtemp)
ii=ii+l
cg=gp_next (cg)
ib=b_next (ib)
status=open{('u74cdata.out’',1,1)
status=write{u74c,2000)
status=close

status=open('u74bdata.out',1,1)
status=write(u74b,2000)

set thvald=26.565051
cal contact.fin

; Write thermal histories to files

u74tl.out
u74t2.out
u74t3.out
u74t4.out
u74t5.out
u74te.out

*

UWDEC wmpuk QL
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(pa262) .

dnval=dxval*sin(thvalr)+dyval*cos(thvalr)
gtemp=£fmem (cg+$kgtemp)
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fined Interface Subjected to a Vol tric Case 7.4 - Comparison of Results for an Inclined interface Subjected to a

Case 7.4 Summary of Results (FLAC) ‘ Case 7.4 - Compar oo O R o res (Siim Allowed) Volumetric Heat Source (Slip Allowed)
Maximum Minimum Mean %, Absolute 20502 : 20E-02
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 -3.51E-04 2.23E-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 3
FLAC Normal displacement at bottom of interface {m) 50.00 1.26E-02 68.00 -1.92E-03 9.17E-04 1.13E-01 1.0E:02 | 1.08-02
FLAC Normal displacement at top of interface (m) 50.00 1.26E-02 92.00 1.62E-04 3.65E-03 1.86E-01 ' i -
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) 40.00 1.01E-02 58.00 -9.58E-03 5.39E-04 1.95E-01 I E
FLAC Total displacement at bottom of interface (m) 44.00 1.36E-02 100.00 2.97E-04 5.37E-03 2.74E-01 § 0.0E+00 i g O00E+00
FLAC Total displacement at top of interface (m) 50.00 1.26E-02 90.00 2.50E-04 3.85E-03 1.96E-01 s ?:}
FLAC Normal stress at bottom of interface (Pa) 92.00 7.66E+05 50.00 -4.85E+07 0.00E+00 1.49E+08 .§ S ol piacemant s aom a
FLAC Normal stress at top of interface (Pa) 92.00 7.66E+05 50.00 -4.85E+07 0.00E+00 1.49E+08 +al:?enaoem e :
FLAC Shear stress at bottom of interface (Pa) 46.00 | 565E+07 | 5400 | -5.65E+07 | 0.00E+00 | 1.65E+08 10802 > FLAC Nowma diphacament o botorof oE2 e e ot oo ()
FLAC Shear stress at top of interface (Pa) 46.00 5.65E+07 54.00 -5.65E+07 0.00E+00 1.65E+08 ~&—UDEC Shear displacement at bottom of —a—UDEG Shear displacement a top of interface (m)
FLAC Temperature at bottom of interface (°C) 50.00 118.00 0.00 34.00 40.95 2088.20 ‘ : _h;;‘:j\"g;g dsplacement at botiom of —o—FLAC Shear displacement at top of interfaca (m)
FLAC Temperature at top of interface (°C) 50.00 101.00 0.00 34.00 39.17 1997.70 interface (m) 20502
Maximum temperature at source (*C) 80.00 425.24 - - - ' { oEe ) 10 20 30 40 50 60 70 80 50 100 - 0 10 20 30 40 50 60 70 80 90 100
Number of Contacts 51 51 Horizontal Distance (m) Horizontal Dstancs (m
Number of Contacts at Slip Condition ) 27 27 : |
j \ i - i it i Interface Subjected to a
; 4-C i f Its for an Inclined Interface Subjected toa V ic Case 7.4 - Comparison of for an ) ji
Case 7.4 Summary of Results (UDEC, Interpolated) M/,;( Case 7.4 - oo O R ot Swasce Siip Allowed) Heat Source (Slip Allowed)
Maximum Minimum Mean Z Absolute 2.0E-02 - = P 480
Parameter X Value X Value Value Values : :—_lﬁg :;::: ::;rd:::;::r; oninterface (m) 400 TR e
UDEC Shear displacement at bottom of interface (m) 56.00 1.54E-02 44.00 1.53E-02 | -3.56E-04 | 2.88E-01 15602 — e UDEC Relative normal dispiacement on nterface (m) T FLAC Souree center
UDEC Shear displacement at top of interface (m) 32.00 1.09E-03 66.00 -1.25E-03 -2.06E-05 3.03E-02 —o—FLAC Refative riormal displacement on interface (m) 350
UDEC Normal displacement at bottom of interface (m) 50.00 1.53E-02 68.00 -1.29E-03 1.42E-03 1.05E-01 . 1.0E-02
UDEC Normal displacement at top of interface (m) 50.00 1.52E-02 0.00 -1.73E-04 3.12E-03 1.60E-01 . 300
UDEC Relative normal displacement on interface (m) 62.00 5.64E-03 50.00 -5.62E-05 1.69E-03 8.63E-02 E 50803 £
UDEC Relative shear displacement on interface (m) 42.00 1.51E-02 56.00 -1.54E-02 | 3.39E-04 | 3.09E-01 ‘ £ , g=
UDEC Total displacement at bottom of interface (m) 54.00 1.75E-02 100.00 3.74E-04 6.51E-03 3.32E-01 f £ 0.0E+00 g 200
UDEC Total displacement at top of interface (m) 50.00 1.52E-02 6.00 9.80E-05 3.30E-03 1.68E-01 -E_ §'
UDEC Normal stress at bottom of interface (Pa) 0.00 1.40E+06 50.00 -1.07E+08 | -4.75E+06 3.12E+08 2 50803 = 150
UDEC Normal stress at top of interface (Pa) 0.00 2.05E+06 47.50 -1.17E+06 7.67E+05 4.41E+Q7
UDEC Shear stress at bottom of interface (Pa) 47.50 2.15E+07 52.50 -2.25E+07 | -4.99E+04 6.60E+07 -1.0E-02 - 100
UDEC Shear stress at top of interface (Pa) 47.50 5.46E+05 90.00 -2.43E+05 5.51E+03 1.75E+06 T
UDEC Temperature at bottom of interface (°C) 50.00 1.12E+02 0.00 3.40E+01 4.01E+01 2042.58 -1.5E-02 50
UDEC Temperature at top of interface (°C) 50.00 1.06E+02 0.00 3.40E+01 3.99E+01 2032.74 o Note: Closure is negative 0
Maximum temperature at source (°C) 50.00 419.20 - - - - 20E02 0 10 20 30 40 50 60 70 80 90 100 0.0E+00 20E405 4.0E+05 6.0E+05 8.0E405 1.0E+06
Number of Contacts 56 51 Horizontal Distance {m) e
Number of Contacts at Slip Condition 55 50 ' i
—— L. " At . R ison of Result: Inclined Interface Subjected to a
Case 7.4 - Comparison of Resuits for an | Interface Subj to a Vi ic Case 7.4 - Comp i of R i°" an Inclined Interfa
Case 7.4 Relative Error between UDEC and FLAC Results* c ase ome Heat Source (Slip Allowed) v ic Heat (Slip )
Maximum Minimum Mean Total 140 140
Parameter AX Error AX Error Error Error ) o UDEC Temperature at bottom T e pte attopof
Shear displacement at bottom of interface (m) -2.0 28% 2.0 24% 0% 29% 120 ofinterface °C) 120 o FLAG Temperature attop of
Shear displacement at top of interface (m) -22.0 43% 20.0 41% 2% 41% o mpergue ot botlom interface (C)
Normal displacement at bottom of interface (m) 0.0 30% 0.0 7% 6% 7% 100 100
Normal displacement at top of interface (m) 0.0 29% -92.0 4% 6% 14% _ 1 —~
Relative normal displacement on interface (m) 24.0 11% 0.0 0% 11% 39% e e a0
Relative shear displacement on interface (m) 2.0 49% -2.0 58% 2% 59% g % £
Total displacement at bottom of interface (m) 10.0 4% 0.0 1% 4% 21% b3 H
Total displacement at top of interface (m) 0.0 32% ~84.0 2% 7% 14% g o £
Normal stress at bottom of interface (Pa) -92.0 1% 0.0 120% 10% 109% e =
Normal stress at top of interface (Pa) -92.0 3% -2.5 98% 2% 70% 40 | 40 4
Shear stress at bottom of interface (Pa) 1.5 62% -1.5 60% 0% 60% . ¢
Shear stress at top of interface (Pa) 1.5 99% 36.0 100% 0% 99% 2 20
Temperature at bottom of interface (°C) 0.0 7% 0.0 0% 1% 2%
Temperature at top of interface (°C) 0.0 7% 0.0 0% 1% 2% : o °
Maximum temperature at source (°C) 0.0 -1% - - - o 10 2 a0 40 50 60 70 80 90 100 0 10 20 30 40 50 ‘60 70 80 % 100
NUmber of Contacts 0% % Horizontal Distance (m) W Lﬂ \2‘_(03‘ Horizontal Distance (m)
Number of Contacts at Sip Condition 55% 45% j R0 —
* Relative error calculated as difference between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total ) . o ) o e . o H \.‘_ C 74 - X(«‘v

displacement, stress, or temperature
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Case 7.4 - Comparison of R foran i d interface Subjected to a Vo! ic Case 7.4 - Comparison of R for an Inclined Interface Subjected to a
Heat Source (Slip Allowed) Volumetric Heat Source (Slip Allowed)
8.0E+07 8.0E+07
6.0E+07 6.0E+07
4.0E+07
4.0E+07
2.0E+07
0.0E+00 o = 2.0E+07
-3
-2.0E+07 @ 0.0E+00 oy o
-4.0E+07 %
~-a—~UDEC Normal stress at -2.0E+07 —s— UDEC Normal stress at top
bottom of interface (Pa) of interface (Pa)
-6.0E+07 o—FLAC Nommal stress at —o— FLAC Normal stress at top
battom of interface (Pa) -4.0E+07 of interface (Pa)
-8.0E+07 ~a—UDEC Shear stress at » |—=— UDEC Shear stress at top of|
bottom of interface (Pa) 6.0E407 interface (Pa)
-1.0E+08 | —o—FLAC Shear stress at —o—FLAC Shear stress at top of
Note: Compressive sfress is negative bottorn of interface (Pa) Note: Compressive stress is negative interface (Pa)
-1.2E+08 -8.0E+07
0 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 g0 100
Horizontal Distance (m) Horizontal Distance (m)
Case 7.4 - Ci ison of R for an I d interface St d to a Vol ic Case 7.4-C of Results for an | d Interface Subjected to a
Heat Source (Slip Allowed) Vot tric Heat Si {Slip A 1)
14 1.4
—a— UDEC Sfip condiion at botiom of interface ~=—UDEC Slip condition at top of interface
12 —o— FLAC Slip condition at bottom of interface ! 1.2 ~—o— FLAC Slip condition at top of interface
1.0 1.0
08 08
=
2
06 5 086
€
G
0.4 “':_ 0.4 4
]
0.2 0.2
0.0 0.0
-0.2 -0.2 4
Note: No slip = 0.0, slip=1.0 Note: No slip=0.0, slip=1.0
-04 04
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90
Horizontal Distance {m) {]5) / A’ ; / ij Horizontal Distance {m)
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Case 7.3 Summary of Results (FLAC)
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D673 Vol A

Maximum Minimum Mean 2 Absolute
Parameter X Value X Value Value Values
FLAC Shear displacement at bottom of interface (m) 56.00 7.05E-03 44.00 -6.96E-03 4.89E-05 1.36E-01
FLAC Shear 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 disptacement 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 0.00E+00 2.60E+08
FLAC Normal stress at top of interface (Pa) 60.00 7.24E+06 50.00 -5.13E+07 0.00E+00 2.60E+08
FLAC Shear stress at bottom of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 0.00E+00 2.55E+08
FLAC Shear stress at top of interface (Pa) 46.00 2.80E+07 54.00 -2.87E+07 0.00E+00 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)
Maximum Minimum Mean Z Absolute
Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 56.00 7.17E-03 44.00 -7.20E-03 3.43E-05 1.39E-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 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+Q7 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 % 0.0 3% 0% 2%
Normal displacement at bottom of interface (m) 0.0 % -2.0 1% 0% 1%
Normal displacement at top of interface (m) 0.0 % -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 6% 0.0 83% 5% 41%
Normal stress at top of interface (Pa) 0.0 4% -2.5 69% 2% 44%
Shear stress at bottom of interface (Pa) 0.0 72% 0.0 69% 1% 40%
Shear stress at top of interface (Pa) -4.0 52% 4.0 54% 1% 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 maximum deviation from mean along interface in either total

displacement, stress, or temperature
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i S .
%P%)/@Q ; Case 7.7 UDEC Base case with inclined transgress:mg joint ini yd 0
- : - in a heated ini nd ©
’ ’t L ; infinite rock mass (no slip allowed on joint, typical Yucca ini sd 0
Mountain ini xv 0
C‘& '\ijA M)‘-— c \,( M77 {V\M "‘K(’ Ctz\d( VL,Q/CV L . J & VA . - i properties and conditions used, source 1500 W/m). ini yv o
Ve ! ; ini bxv 0
' ! config thermal ini byv 0
. - b t mech on ini brv 0
waVvS Deded o watdh. FaC cose, 7.7, ‘ | et mech o ;
’ ; Key Points ; Thermal histories
[, N . - S 7 L‘,t, . 0--\) ) ) ;A, 0.000, 37.534 thist temp 51.210, 45.149 ; 1
] Macﬂ,«c\\‘tcﬂ P\O{ p&v‘(&y\,\,ﬂv\( R V. M? n P "\6 - i {5 ;B, 100.000, 62.466 thist temp 50.605, 47.574 ; 2
: ;C, 0.000, 34.957 thist temp 50.000, 50.000 ; 3
- ) . . | :D, 100.000, 59.890 thist temp 48.790, 54.851 ; 4
M‘Z% { M}( x (L — Ve Vo \:19('(/\ . ‘&”U (/V\ec&c weeJ | ;E, 0.000, 29.804 thist temp 45.162, 69.406 ; 5
MN & A e : E e ;F, 100.000, 54.737 thist temp 37.534, 100.000 ; 6
;G, 48.179, 46.969 ;
;H, 49.389, 42.118 ; Time and unbalanced force histories
P\Ok i \0'\7‘ M u/mixf /C“(,z Z/L/((DE,C/ I, 53.031, 48.179 ;
- . ;J, 54.240, 43.328 hist thtime ; 1
;K, 51.210, 45.149 hist umbal ; 2
C\l &C}f\ %\ L O*E L, 50.605, 47.574 ;
,\)O(‘C O(U{ NS Owerwun e RAY P WUY-AN ‘0 M, 50.000, 50.000 ; Mechanical histories
. ;N, 48.7390, 54.851 i
i ;0, 45.162, 69.406 hist ydisp 51.210, 45.149 ; 3
. i :P, 37.534, 100.000 hist ydisp 50.605, 47.574 ; 4
) . R e . ’ h ! ;Q, 0.000, 37.534 hist ydisp 50.000, 50.000 ; 5
’ ’ | iR, 18.465, 42.138 hist ydisp 48.790, 54.851 ; 6
i | 7S, 30.5%4, 45.162 ) hist ydisp 45.162, 69.406 ; 7
- N o« i \c Gf : Ce,,c\/&é.\) e { ;T, 40.297, 47.581 hist ydisp 37.534, 100.000 ; 8
v? EeQuML *\’D éu\om.ér ,§c,,-ac,«/\/‘\\c,g, wo’\%oo“\ O Copqing  E | T 40297, 47,561 :
| iV, 50.000, 50.000 hist xdisp 51.210, 45.149 ; 9
;W, 52.426, 50.605 hist xdisp 50.605, 47.574 ; 10
cCﬂi’ CA.)M [ ;X, 59.703, 52.419 hist xdisp 50.000, 50.000 ; 11
. N . e I ;Y, 69.406, 54.838 hist xdisp 48.790, 54.851 ; 12
C ) 7%, 81.535, 57.862 hist xdisp 45.162, 69.406 ; 13
S 3( . iAA, 100.000, 62.466 hist xdisp 37.534, 100.000 ; 14
- VV\.MQILC\‘CJ PM\GM @C u7‘51vwou\,‘* ‘!”Ké O P4 72 2> e s : :
.- ; Geometry ; Histories of normal displacement along joint
; ;

i X - ‘) Q 775\«\ . -'-K .. rTou 0.001 hist ndis 0.000 37.534 ;15
gﬁgw\‘\i C’\"\/\ ) CJLA&C 77 (L/LDL—Z«> o~ | ‘l.L Ul pek e & £ 5™ 00 100,100 200.0 hist nais 0,000 37534 113 {A )
T T crack 0.000 37.534 100.000 62.466 ; Main joint A-B hist ndis 30.594 45.162 ;17 %O

; crack 0.000 34.957 100.000 59.890 ; Top C-D hist ndis 40.297 47.581 ;18
J e e ) © 7 crack 0.000 29.804 100.000 54.737 ; Bottom E-F hist ndis 47.574 49.395 ;19 QJ?
ot C)‘(Z‘d’\ea SRS L ?&—W» T T S S S e { crack 48.179 46.969 49.389 42.118 ; Left side G-H hist ndis 50.000 50.000 ;20
! crack 53.031 48.179 54.240 43.328 ; Right side I-J hist ndis 52.426 50.605 ;21
| ; hist ndis 59.703 52.419 ;22
: T hist ndis 69.406 54.838 ;23
: gen quad 2.0 hist ndis 81.535 57.862 ;24
I ; hist ndis 100.00 62.466 ;25
/ ; Material properties ;
R | ; ; Histories of shear displacement along joint
; Joint condition plots i prop m=1 de=2210.0 k=19.2e9 g=13.6e9 :
! ! prop jm=1 jkn=5.0ell jks=5.0ell hist sdis 0.000 37.534 ;26
H ! prop jm=1 jcoh=1.0e20 jfric=0.0 jten=1.0e20 jd=0 hist sdis 18.465 42.138 ;27
: | prop m=1 thexp=10.0e-6 cond=2.13 spec=990.0 hist sdis 30.594 45.162 ;28
set out u73jndl.emf | ; hist sdis 40.297 47.581 ;29
set color iw ; prop jm=2 jkn;5.0e4 jks=5.0e4 4 i:ist sgis 47.574 49.395 ;30
. : e : < Prop jm=2 jcoh=100.0e3 jfric=41.0 jten=40.0e3 jd=0 ist sdis 50.000 50.000 ;31
plot joint 0 25 100 75 ndisp 2 e e ¥‘ ; Moy Sais 59-000 80.000 :31
- ! ; Initial conditions hist sdis 59.703 52.419 ;33
copy : hist sdis 69.406 54.838 ;34
. initemp 25.0 0 100 0 100 hist sdis 81.535 57.862 ;35

1

set out u73jnsl.emf
set color iw

: hist sdis 100.00 62.466 ;36
ini syy -8.1e6 grad 0 0.022e6 :
ini sxx -2.1546e6 grad 0 0.005852¢6 ; Histories of sratio along joint

| ini sxy 0.0 ;
plot joint 0 25 100 75 nstr 2 ; ini szz -2.1546e6 grad 0 0.005852e6 hist srat 0.000 37.534 ;37
i ; hist srat 18.465 42.138 ;38
copy ' ., i Boundary conditions hist srat 30.594 45.162 ;39
. e e ke e s i ; hist srat 40.297 47.581 ;40
! \ bound yvel 0.0 range (0,100) (-0.1, 0.1) hist srat 47.574 49.395 ;41
set out u73jsdl.emf | bound yvel 0.0 range (0,100) (99.1, 100.1) hist srat 50.000 50.000 ;42
. ! . bound xvel 0.0 range (-0.1, 0.1) (0,100} hist srat 52.426 50.605 ;43 @
set color iw di 5 - o S I s ‘ bound xvel 0.0 range (99.1, 100.1) (0,100) hist srat 59.703 52.419 ;44 '
Rpae] sdis b ; hist srat 69.406 54.838 ;45
plOt JOlnt 0 25 100 75 p : ; Apply heat source hist srat 81.535 57.862 ;46
copy ! ; hist srat 100.00 62.266 147
thapp source 1500 0 range 49.389 53.031 43.328 46.969 ;
H . ; ; Thermal mechanical analysis
set out U.73j SSl . emf \ ; Equilibrate model é
N . i L . e e e . ) amp auto —_—
gset color iw : : s T ! set ovtol 0.1 run age 50000 \—lLL
. H step 4000 step 2000
plot joint 0 25 100 75 sstr 2 ! ,. set nthes 2500 ] Tcwplet et
7 Alter joint properties set nmech 2000 -
copy ; run age 315400000 temp 50 s 1000000 43
; ;change jmat=2 range block 358 143 step 4000 Pcl !

Modibied pockion of

;change jmat=2 range block 143 358

: Zero displacements and velocities

ini xd o

i
cal dispmag.fis
disp_mag

save u77final.sav

i
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set plot emf color
title

Case 7.7 Inclined Transgressing Joint (UDEC, No Slip Allowed)

; Geometry

set out u77grid.emf
set color iw

plo zone green blo iw
copy

; Joint condition plots
set out u77jndl.emf

set color iw

plot joint 0 37.534 100
copy

set out u77jnsl.emf
set color iw
plot joint 0 37.534 100

copy

set out u77jsdl.emf

set color iw

plot joint 0 37.534 100
copy

set out u77jssl.emf

set color iw

plot joint 0 37.534 100
copy

set out u77shear.emf
set color iw

plo blo iw shear red
copy

set out u77slip.emf
set color iw

plo blo iw slip red
copy

; Contour plots

set out u77temp.emf
set color iw

plot temp fill temp iw
copy

set out u77disp.emf

set color iw

plot gp_extra £ill alia
blo iw

copy

set out u77xd.emf

set color iw

plot xd fill xd iw blo
copy

set out u77yd.emf

set color iw

plot yd fill yd iw blo
copy

set out u77sigl.emf
set color iw

plot sigl f£ill sigl iw
copy

set out u77sig2.emf
set color iw

plot sig2 fill sig2 iw
copy

H
set out u77sdif.emf
set color iw

plot sdiff fill sdiff iw blo iw

copy

; History plots

set out u77thist.emf
set color iw

plo thist 1 23 456
copy

set out u77ydhist.emf
set color iw

plo hist 3 4 56 7 8
copy

set out u77xdhist.emf
set color iw

plo hist 9 10 11 12 13 14
copy

set out u77unbal.emf
set color iw

plo hist 2

copy

set out u77jndh.emf
set color iw
plo hist 15 16 17 18 19 20 21 22

copy

set out u77jsdh.emf

set color iw

plo hist 26 27 28 29 30 31 32 33
copy

set out u77jsrh.emf

set color iw

plo hist 37 38 39 40 41 42 43 44
copy

62.466 ndisp 2

62.466 nstr 2

; Create output tables
62.466 sdisp 2 ;

def xxx
nn=2000

end

XXX

def table_fill
array u77c(13,nn)
array u77b(9,nn)
ic=contact_head
ib=block_head
ii=1
thvalr=thvald*pi/180.0
mval=tan(thvalr)
bval=50.0-50.0*mval

62.466 sstr 2

Contact information

loop while ic # 0
xval=c_x(ic)
yval=c_y(ic)
ycal=mval*xval+bval

lval=sqrt (xval*2+(yval-bval)”®

blkl=c_bl(ic)
blk2=c_b2(ic)
clval=c_length(ic)
dclos=c_ndis (ic)
dride=c_sdis (ic)
nfval=c_nforce(ic)
sfval=c_sforce (ic)
nsval=-nfval/clval
ssval=-sfval/clval
tyval=c_type(ic)
slipc=fmem (ic+$kgam)

blo iw

s 'Displacement' gp_extra iw disp iw *

iw ;
; Create table entries

if abs(yval-ycal)<0.1l then

table(1,ii)=yval
iw table(2,1ii)=xval
table(3,ii)=1val
table(4,ii)=blkl
table(5,1i)=blk2
table(6,1ii)=nfval
table(7,ii)=sfval
table(8,1ii)=dclos
table(9,ii)=dride
table(10,ii)=nsval
table(11l,ii)=ssval
table(12,ii)=tyval
table(13,1ii)=slipc

blo iw

blo iw

; Array entries

u77c(1,ii) =string(yval)
u77c(2,1ii)=string(xval)
u77c(3,ii)=string(lval)
u77c(4,ii)=string(blkl)
u77c(5,ii) =string(blk2)
u77c(6,1ii)=string(nfval)
u77c(7,1ii)=string(sfval)
u77c(8,ii)=string(dclos)
u77c(9,ii)=string(dride)
u77c(10,ii)=string(nsval)
u77c(11,ii)=string(ssval)
u77c¢(12,ii)=string(tyval)
u77¢c(13,1ii)=string(slipc)
ii=ii+l

end if

ic=c_next (ic)

end_loop

23 24 25 vs 1

34 35 36 vs 1

45 46 47 vs 1

2)

Rl
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ii=1

i

; Array entries

i

; Gridpoints on joint

loop while ib # 0
cg=b_gp (ib)
loop while cg # 0

blkc=ib

xval=gp_x(cg)

yval=gp_y(cg)
ycal=mval*xval+bval
lval=sqrt (xval®2+ (yval-bval) *2)

u77b(1,ii)=string(yval)

u77b(2,1ii)=string(xval)

u77b(3,1ii)=string(lval)

u77b(4,1ii) =string(blkc)

u77b(5,1ii) =string(dxval)
u77b(6,1ii)=string(dyval)
u77b(7,1ii)=string(dsval)
u77b(8,1ii)=string(dnval)
u77b(9,1ii) =string(gtemp)
ii=ii+l

dxval=gp_xdis (cg)

dyval=gp_ydis (cg)

thetav=atan2 (dyval, dxval)
dtvalb=sqgrt ( (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,ii)=xval

R — table(15,ii)=1val
table(16,1ii)=blkc
table(17,ii)=dxval
table(18,ii)=dyval
(
(

table(19,ii)=dsval
table(20,1ii)=dnval

end

end_if
cg=gp_next (cg)
end_loop
ib=b_next (ib)
end_loop
status=open('u77cdata.out',1,1)
status=write(u77c,2000)
status=close
status=open('u77bdata.out',1,1)
status=write(u77b,2000)

set thvald=14.0
cal contact.fin
cal jmat.fin
table_fill

; Write thermal histories to files

thist
thist
thist
thist
thist

write 1 u77tl.out
write 2 u77t2.out
write 3 u77t3.out
write 4 u77t4.out
write 5 u77t5.out
write 6 u77t6.out

udee Q'L
Lk_7;7fvxf145' f*ﬁct'

thist

ret
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e S Case 7.7 Summary of Results (FLAC)

JOB TITLE : Case 7.7 Inclined Transgressing Joint (UDEC, No Sip Allowed) e | i L L Parameter X Max'mun:,a,ue X Mm'mumValue y;z: z C:f:;:te
UDEC (Version 3.10) 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) 66.00 1.10E-02 34.00 -1.10E-02 1.38E-04 3.47E-01
SRl s - 0.900 G o “ 7 |FLAC Normal displacement at bottom of interface (m) 50.00 9.71E-03 0.00 2.71E-04 4.48E-03 2.29E-01 B
LEGEND ! FLAC Normal displacement at top of interface (m) 50.00 9.60E-03 0.00 2.69E-04 4.46E-03 2.27E-01
30-Sep-04 921 e FLAC Relative normal displacement on interface (m) 0.00 -1.49E-06 50.00 -1.06E-04 -2.49E-05 1.27E-03
Lo e S cycle 108000 R ) FLAC Relative shear displacement on interface (m) 44.00 1.99E-05 56.00 -2.00E-05 1.81E-06 4.30E-04
grid point temperature cont FLAC Total displacement at bottom of interface (m) 38.00 1.23E-02 0.00 2.80E-04 8.52E-03 4.34E-01
contour interval= 5.000E+01 0700 . |FLAC Total displacement at top of interface (m) 36.00 1.23E-02 0.00 2.78E-04 8.50E-03 4.33E-01
5.000E+01 to 3.000E+02 ‘) pEeE FLAC Normal stress at bottom of interface (Pa) 0.00 -7.71E+06 50.00 -5.99E+07 | 0.00E+00 | 9.77E+08
& ioiiiot /) FLAC Normal stress at top of interface (Pa) 0.00 -7.71E+06 50.00 -5.99E+07 0.00E+00 9.77E+08
1:0005,02 K“w___ e — |FLAC Shear stress at bottom of interface (Pa) 44.00 8.74E+06 56.00 -1.12E+07 0.00E+00 2.06E+08 e
1.500E+02 | o500 %?—30/5%‘ FLAC Shear stress at top of lntefface (Pa) 44.00 8.74E+06 56.00 -1.12E+07 0.00E+00 2.06E+08
2.000E+02 - FLAC Temperature at bottom of interface (°C) 50.00 207.52 100.00 29.42 75.98 3874.99
2.500E+02 S e el 1 S ————— |FLAC Temperature at top of interface (°C) 50.00 207.11 0.00 29.34 75.73 3862.22 e —
=T e S 000E Maximum temperature at source (°C) 51.21 322.38 - - -
grid point temperature cont
- contour interval= 5.000E+01 | 0300 ———— —— [Number of Contacts 51 51
S number of contour/color= 6 f Number of Contacts at Slip Condition 0 0
5.000E+01 to 3.000E+02
e | ecket St S | nER Case 7.7 Summary of Results (UDEC, Interpolated)
0100 LR o - Maximum Minimum Mean Z Absolute
S Parameter X Value X Value Value Values
UDEC Shear displacement at bottom of interface (m) 66.00 1.11E-02 34.00 -1.11E-02 1.48E-04 3.52E-01
RSRead Consulting Inc. [ e —a O V] UDEC Shear displacement at top of interface (m) 66.00 1.11E-02 34.00 -1.11E-02 1.50E-04 3.52E-01 e
e Okotoks, Alberta CANADA G i ) P ' L ! a0 ' UDEC Normal displacement at bottom of interface (m) 50.00 9.75E-03 0.00 2.33E-04 4.47E-03 2.28E-01
- 10%2) . e UDEC Normal displacement at top of interface (m) 50.00 9.59E-03 0.00 2.31E-04 4.45E-03 2.27E-01
o L —e e UDEC Relative normal displacement on interface (m) 8.00 -1.70E-05 50.00 -1.80E-04 -3.89E-05 1.98E-03 ——
T e — ETYiS { R 7 UDEC Relative shear displacement on interface (m) 46.00 8.87E-05 54.00 -9.18E-05 | -1.41E-07 | 1.27E-03
e bt—n'{e""(" el | ewvwzhkune co~touvy CC se BV UDEC Total displacement at bottom of interface (m) 64.00 1.24E-02 0.00 2.40E-04 8.58E-03 4.38E-01
f “ |UDEC Total displacement at top of interface (m) 64.00 1.24E-02 0.00 2.38E-04 8.56E-03 4.37E-01 | T
' 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) 6.00 -8.31E+06 56.00 -4.16E+07 | -1.88E+07 | 9.57E+08 RN
AL TN b TR R UDEC Shear stress at bottom of interface (Pa) 46.00 4.43E+07 54.00 -4.59E+07 | -7.05E+04 6.34E+08
9 ¢ ; 5 UDEC Shear stress at top of interface (Pa) 54.00 2.51E+07 46.00 -2.78E+07 | -2.23E+05 2.96E+08
NINER: D )7 e T NS P, I B S R oo UDEC Temperature at bottom of interface (°C) 50.00 2.10E+02 | 100.00 | 2.93E+01 | 7.60E+01 | 3874.16 o
~~~~~~ UDEC (Version 3.10) = 3 S 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) 50.00 326.70 - - - -
| 0.800 SRR i
S L0nn. Number of Contacts 52 51
30-Sep-04 9:21 Number of Contacts at Slip Condition 0 0
Sl e cycle 108000 o ARSI e
Displacement * Case 7.7 Relative Error between UDEC and FLAC Results*
contour interval= 2.000E-03 [ 0700
] SO . = T Maximum Minimum Mean Total S
2.000E-03 L j Parameter AX Error AX Error Error Error
4.000E-03 - / Shear displacement at bottom of interface (m) 0.0 1% 0.0 1% 0% 1% L
L aen 6.000E-03 0500 %{5%5?[04'“'"”” """"""" Shear displacement at top of interface (m) 0.0 1% 0.0 1% 0% 1%
2.0006-08 SN LA i Normal displacement at bottom of interface (m) 0.0 1% 0.0 1% 0% 0%
oo ' 3 = : . Normal displacement at top of interface (m) 0.0 0% 0.0 1% 0% 0% S
»»»»»»»»»»»»»»»» A 3 5 b Relative normal displacement on interface (m) 8.0 19% 0.0 90% 17% 56%
User defined grid value Relative shear displacement on interface (m) 2.0 84% -2.0 88% 2% 195%
contour interval= 2.000E-03 | 0300 — | Total displacement at bottom of interface (m) 26.0 2% 0.0 0% 1% 1% .
e number of contour/color= 6 ) Total displacement at top of interface (m) 28.0 2% 0.0 0% 1% 1%
dzigpala)cEef—?e:: :éczgofoz Normal stress at bottom of interface (Pa) 8.0 1% 0.0 50% 32% 2%
maximum = 1.338E-02 SR S - |Normal stress at top of interface (Pa) 6.0 1% 6.0 30% 31% 2%
e Lol by Shear stress at bottom of interface (Pa) 2.0 317% -2.0 309% 1% 208%
0 SE -2 0.100 Shear stress at top of interface (Pa) 10.0 146% -10.0 148% 2% 43%
ey block plot e s T Temperature at bottom of interface (°C) 0.0 2% 0.0 0% 0% 0% T
Temperature at top of interface (°C) 0.0 1% 100.0 0% 0% 0%
RSRead Consulting Inc. Maximum temperature at source (°C) -1.2 1% - - -
Sl Okotoks, Aberta CANADA T T T T T T T . ! ' s : T
e » il m}?i o ,o'm % N ) Number of Contacts 2% 0%
G G R o Number of Contacts at Slip Condition 0% 0%
% F‘L e _774;"‘,' e,.‘c D,‘ & e um‘& cc.«}ow"( M o 0(’(,#\ e ;il:;iaa(t:i:rz:rr]rf;zilsc:'laotfg:‘spgir::::ce between UDEC and FLAC values normalized to maximum deviation from mean along interface in either total
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