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Case 7.1 - FLAC Results for a Horizontal Bonded Interface Subjected to a .
Volumetric Heat Source
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Case 7.1 - FLAC Results for a Horizontal Bonded Interface Subjected to a
Volumetric Heat Source
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Volumetric Heat Source
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Case 7.1 - FLAC 4.0 input file (Sep 6, 2004; RSR)

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

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

; at x=50, y=45. Power is 2000 W/cu.m.

config thermal extra 10
call dispmag.fis

i

; Geometry

grid 50 51

model elastic th_isotropic

mod null j=26

gen 0,0 0,50 100,50 100,0 i=1,51 j=1,26

gen 0,50 0,100 100,100 100,50 i=1,51 j=27,52
int 1 aside from 1,26 to 51,26 bside from 1,27 to 51,27
ini x=47.5 i1=25

ini x=52.5 i=27

ini y=42.5 j=22

ini y=45 j=23

ini y=47 j=24

ini y=47.5 j=25

ini y=75 j=39

gen line 47.5,42.5 47.5,47.5 mark

gen line 47.5,47.5 52.5,47.5 mark

gen line 52.5,47.5 52.5,42.5 mark

gen line 47.5,42.5 52.5,42.5 mark

; Material properties

prop de=2210.0 b=19.0e9 s=13.0e9

prop thexp=15.0e-6 cond=20.0 spec=1000.0
int 1 kn=19.0ell ks=13.0ell

int 1 c=1.0e20 £=0.0 t=1.0e20 di=0

; Initial conditions

i
ini tem 34.0

; Boundary conditions

apply yvel 0.0
apply yvel 0.0
apply xvel 0.0
apply xvel 0.0
apply xvel 0.0
apply xvel 0.0

i

; Apply heat source
interior source 2000 i=25,26 j=22,24

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

; Thermal histories

hist temp i=26 j=23 ;
hist temp i=26 j=24 ;
hist temp i=26 j=27 ;
hist temp i=26 j=32 ;
hist temp i=26 j=39 ;
hist temp i=26 j=52 ;

; Mechanical histories

L3RRI N I S W)

hist ydisp i=26 j=23 ;9
hist ydisp i=26 4 ;10
hist ydisp i=26 j=27 ;11
hist ydisp i=26 112
hist ydisp i=26 ;13
hist ydisp i=26 j=52 ;14

hist xdisp

i=26 j=23 ;15
hist xdisp i=26 j=24 ;16
hist xdisp i=26 j=27 ;17

hist xdisp i=26 j=32 ;18
hist xdisp i=26 j=39 ;19
hist xdisp i=26 j=52 ;20
; Thermal mechanical analysis

set mech off therm on

Blrce sk QL

FTiweun T G Cose -0

set thdt le2

solve age 100000

set mech on therm off
step 2000

set mech off therm on
solve age 200000

set mech on therm off
step 2000

set mech off therm on
solve age 300000

set mech on therm off
step 2000

set mech off therm on
solve age 400000

set mech on therm off
step 2000

set mech off therm on
solve age 500000

set mech on therm off R
step 2000

set mech off therm on
solve age 600000

set mech on therm off [ ——

step 2000

set mech off therm on

solve age 700000

set mech on therm off

step 2000

set mech off therm on
solve age 800000

set mech on therm off
step 2000

set mech off therm on
solve age 900000

set mech on therm off
step 2000

set mech off therm on

solve age 1000000 e o s

set mech on therm off
step 2000
disp_mag

save f71final.sav [P

set plot emf color

title

Case 7.1 Horizontal Transgressing Joint (FLAC, No Slip s
Allowed)

set out f7lgrid.emf
plot gri bou iw
copy

; Joint condition plots

set out £71jnd.emf
plot if 1 ndisp

copy [—

set out f£71ljsd.emf
plot if 1 sdisp

copy PR

set out £71jss.emf
plot if 1 ss
copy

set out £71jns.emf
plot if 1 ns
copy

set out £71jrnd.emf
plot if 1 closure
copy

set out f£71jrsd.emf
plot if 1 ride

copy

; Contour plots

set out f£7ltemp.emf b/ﬂk

plot temp £ill temp iw bou iw C;ﬂ}

copy -

; iw ° o
set out £71disp.emf / ‘V}

plot ex 1 fill ex_1 alias ‘Displacement’ disp bou iw
copy

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

set out f7lyd.emf
plot yd £ill yd iw bou iw
copy

D 1ol 2

set out f71sigl.emf
plot sigl £ill sigl iw bou iw

~ copy

set out f£71lsig2.emf
plot sig2 fill sig2 iw bou iw

copy

set out £71sdif.emf
plot sdiff f£ill sdiff iw bou iw

copy

set out f71thist.emf
plo hist 3 4 5 6 7 8 vs 2

copy

set out f7lydhist.emf

plo hist 9 10 11 12 13 14 vs 2
copy

set out £7lxdhist.emf

plo hist 15 16 17 18 19 20 vs 2
copy

set out f7lunbal.emf i

plo hist 1
ot P

set hisfile f7ltemp.his .
his write 3 4 5 6 7 8 vs 2 begin 1 skip 10

set hisfile £71yd.his .

his write 9 10 11 12 13 14 vs 2 begin 1 skip 10
set hisfile £71xd.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 £71(11,nn)
; Bottom of interface
thvalr=thvald*pi/180.0
loop i (1,igp)
xnot=x(1,26)
ynot=y (1, 26)
xval=x(i, 26}
yval=y(i,26)
1val=sqrt(((xval—xnot)*(xval—xnot))+((yval~ynot)*(yva1—
ynot)))
dxvalb=xdisp (i, 26)
dyvalb=ydisp(1i,26)
dsvalb=dxvalb*cos (thvalr) -dyvalb¥*sin{thvalr)
dnvalb:dxvalb*sin(thvalr)+dyva1b*cos(thvalr)

; Top of interface
dxvalt=xdisp(i,27)
dyvalt=ydisp(i,27) .
dsvalt:dxvalt*cos(thvalr)»dyvalt*51n(thvalr)
dnvalt=dxvalt*sin(thvalr)+dyvalt*cos (thvalr)
; Intexface
' dclos=dnvalt-dnvalb
dride=dsvalt-dsvalb
tempvalb=temp (i, 26)
tempvalt=temp (i,27)

; Create table entries
table(1,i)=yval
table{2,1i)=xval
table(3,1i)=1val
table(4,i)=dsvalb
table(5,1)=dnvalb
table(6,i)=dsvalt
table(7,1)=dnvalt
table(8,i)=dclos
table (9,1)=dride
table(10,1i)=tempvalb
table(11,i)=tempvalt

Array entries

£71(1, 1) =string(yval)
£71(2,1i)=string(xval}
£71(3,1i)=string(lval)
£71(4,1) =string(dsvalb)
£71(5,1i)=string(dnvalb)

£71(6,1i)=string(dsvalt)
£71(7,1i)=string(dnvalt)
£71(8,1)=string(dclos)
£71(9,1i)=string(dride)
£71(10,1i)=string (tempvalb)
£71(11,1)=string(tempvalt)

endLoop

status=open('f71data.out',1,1)

status=write (£71,561)

end

set thvald=0.0
table_£ill
ret
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JOB TITLE : Case 7.1 Horizontal Transgressing Joint (FLAC, No Slip Allowed)
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Case 7.1 - FLAC Results for a Horizontal Bonded Interface Subjected
i to a Volumetric Heat Source
450
i —K(@©Om)
] - e (2 M) L
| e M (5 M)
e . =N (15 M)
—_ | |=—0(@30m)
o g - e==P (55 m)
£ 250 |
ol
8 200 | g
o £
100 - -
50 ] r————————
0 ' ' . ‘ I r—————————
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Parameter Max Min L SR
i 51 1
Y coordinate (m) 50 50 bl
- [X coordinate (m) 100 0
Distance along interface (m) 100 0
Shear displacement at bottom of interface (m) 7.405E-03 -7.405E-03
Normal displacement at bottom of interface (m) 1.118E-02 3.919E-04 5 s
Shear displacement at top of interface (m) 7.385E-03 -7.385E-03
Normal displacement at top of interface (m) 1.115E-02 3.920E-04
Relative normal displacement on interface (m) 3.891E-06 -2.831E-05
Relative shear displacement on interface (m) 2.315E-05 -2.315E-05 /772«
Temperature at bottom of interface (°C) 119.30 34.00 i
Temperature at top of interface (°C) 124.44 34.00 éé
Total displacement at bottom of interface (m) 1.118E-02 3.919E-04 o 04 R
Theta at bottom of interface (°) 163.29 16.71 Lnp 6/
Total displacement at top of interface (m) 1.115E-02 3.920E-04 T
Theta at top of interface (°) 163.26 16.74
Normal stress at bottom of interface (Pa) 7.396E+06 | -5.356E+07
Shear stress at bottom of interface (Pa) 3.010E+07 -3.009E+07 e
Slip - - SRR i i
Bond - - F?l - K5
Normal stress at top of interface (Pa) 7.396E+06 -5.356E+07 cecet Bl
Shear stress at top of interface (Pa) 3.010E+07 | -3.009E+07
Slip - -
Bond - -
Sratio at top of interface 1.83E-02 6.00E-05
Sratio at bottom of interface 1.43E-02 3.00E-05
Strength factor 6.68E+16 3.32E+12
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; Case 7.2 - FLAC 4.0 input file (Sep 6, 2004; RSR)

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

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

; at x=50, y=45. Power is 2000 W/cu.m.

config thermal extra 10
call dispmag.fis

; Geometry

grid 50 51

model elastic th_isotropic

mod null j=26

gen 0,0 0,50 100,50 100,0 i=1,51 j=1,26

gen 0,50 0,100 100,100 100,50 i=1,51 j=27,52
int 1 aside from 1,26 to 51,26 bside from 1,27 to 51,27
ini x=47.5 i=25

ini x=52.5 i=27

ini y=42.5 j=22

ini y=45 j=23

ini y=47 j=24

ini y=47.5 j=25

ini y=75 j=39

gen line 47.5,42.5 47.5,47.5 mark

gen line 47.5,47.5 52.5,47.5 mark

gen line 52.5,47.5 52.5,42.5 mark

gen line 47.5,42.5 52.5,42.5 mark

; Material properties

prop de=2210.0 b=19.0e9 s=13.0e9

prop thexp=15.0e-6 cond=20.0 spec=1000.0
int 1 kn=19.0el0 ks=13.0el0

int 1 ©=100.0e3 f=20.0 t=1.0e6 di=0

; Initial conditions

ini tem 34.0

; Boundary conditions

apply yvel

0.0 j=1
apply yvel 0.0 j=52
apply xvel 0.0 i=1 j=1,26
apply xvel 0.0 i=1 j=27,52
apply xvel 0.0 i=51 ]-1 26
apply xvel 0.0 i=51 j=27,52

;

; Apply heat source
interior source 2000 i=25,26 j=22,24

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

; Thermal histories

hist temp i=26 j=23 ;
hist temp i=26 j=24 ;
hist temp i=26 j=27 ;
hist temp i=26 j 32 ;
hist temp i=26 j=39 ;
hist temp i=26 j=52 ;
; Mechanical histories

hist ydisp i=26 j=23 ;9
hist ydisp i=26 j=24 ;10
hist ydisp i=26 j=27 ;11
hist ydisp i=26 j=32 ;12
hist ydisp i=26 j=39 ;13
hist ydisp i=26 j=52 ;14

i
hist xdisp i=26 j=23 ;15
hist xdisp i=26 j=24 ;16
hist xdisp i=26 j=27 ;17
hist xdisp i=26 j=32 ;18
hist xdisp i=26 j=39 ;19
hist xdisp i=26 j=52 ;20
i

; Thermal mechanical analysis

i
set mech off therm on

CL F72 voput o4
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set thdt le2

solve age 100000

set mech on therm off
step 2000

set mech off therm on
solve age 200000

set mech on therm off
step 2000

set mech off therm on
solve age 300000

set mech on thexm off
step 2000

set mech off therm on
solve age 400000

set mech on therm off
step 2000

set mech off therm on
solve age 500000

set mech on therm off
step 2000

set mech off therm on
solve age 600000

set mech on therm off
step 2000

set mech off therm on
solve age 700000

set mech on therm off ™ 1
step 2000 Cf%
set mech off therm on %/
solve age 800000

set mech on therm off
step 2000

set mech off therm on
solve age 900000

set mech on therm off
step 2000

set mech off therm on
solve age 1000000

set mech on therm off
step 2000

disp_mag

save f72final.sav

set plot emf color
title
Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed)

set out f£72grid.emf
plot gri bou iw
copy

i

; Joint condition plots

set out £72jnd.emf
plot if 1 ndisp
copy

i

set out f£72jsd.emf
plot if 1 sdisp
copy

set out f72jss.emf
plot if 1 ss
copy

set out £72jns.emf
plot if 1 ns

copy

set out f£72jrnd.emf
plot if 1 closure
copy

set out f72jrsd.emf
plot if 1 ride
copy

; Contour plots

set out f72temp.emf
plot temp fill temp iw bou iw
copy

set out f£72disp.emf
plot ex_1 fill ex 1 iw alias ‘Displacement’ disp iw bou iw
copy

set out f£72xd.emf

plot xd £ill xd iw bou iw

copy 2z
set out f72yd.emf

plot yd £ill yd iw bou iw

copy

i
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set out f72sigl.emf
plot sigl fill sigl iw bou iw
copy

set out £72sig2.emf
plot sig2 fill sig2 iw bou iw
copy

set out £72sdif.emf
plot sdiff £ill sdiff iw bou iw
copy

set out f72thist.emf
plo hist 3 4 56 7 8 vs 2
copy

set out £72ydhist.emf
plo hist 9 10 11 12 13 14 vs 2
copy

set out f£72xdhist.emf
plo hist 15 16 17 18 19 20 vs 2
copy

set out f72unbal.emf -
plo hist 1
copy

set hisfile f72temp.his
his write 3 4 5 6 7 8 vs 2 begin 1 skip 10

set hisfile £72yd.his
his write 9 10 11 12 13 14 vs 2 begin 1 skip 10 »,

set hisfile f72xd.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 £72(11,nn)

; Bottom of interface

thvalr=thvald*pi/180.0
loop i (1,igp) .
xnot=x(1,26)
ynot=y (1, 26)
xval=x(i,26)
yval=y(i,26)
1val=sqrt(((xval—xnot)*(xval—xnot))+((yVal—ynot)*(yval—
ynot)))
dxvalb=xdisp (i, 26)
dyvalb=ydisp (i, 26)
dsvalb=dxvalb*cos (thvalr) -dyvalb*sin(thvalr)

e T ZIVeur. TeT

dnvalb=dxvalb*sin(thvalr) +dyvalb*cos (thvalr)
; Top of interface

dxvalt=xdisp (i, 27)

dyvalt=ydisp (i, 27)

dsvalt=dxvalt*cos (thvalr)-dyvalt*sin(thvalr)

dnvalt=dxvalt*sin(thvalr)+dyvalt*cos (thvalr)

; Interface

dclos=dnvalt-dnvalb
dride=dsvalt-dsvalb
tempvalb=temp (i, 26)
tempvalt=temp (i, 27)

; Create table entries

table(1,i)=yval
table(2,1i)=xval
table(3,i)=1val
table(4,1i)=dsvalb
table (5, i)=dnvalb
table(6,1i)=dsvalt
table(7,1i)=dnvalt
table(8,i)=dclos
table(9,1i)=dride
table(10,1i)=tempvalb
table(11,i)=tempvalt
; Array entries

£72(1,1i)=string(yval)
£72(2,1i)=string(xval)
£72(3,1i)=string(lval)
£72(4,1)=string(dsvalb)
£72(5,1i)=string(dnvalb)
£72(6,1i)=string(dsvalt)
£72(7,1i)=string(dnvalt)
£72(8,1i)=string(dclos)
£72(9,1i)=string(dride)
£72(10,1)=string(tempvalb)
£72(11,1i)=string(tempvalt)

endLoop

status=open('f72data.out',1,1)

status=write (£72,561)

end

set thvald=0.0
table_fill

set log £72slip.out
pr if 1

set log f72sr.out
pr sratio j=26,27
ret
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Aliowed)

FLAC (Version 4.00)

LEGEND

6-Sep-04 13:22

step 32000
Thermal Time 1.0000E+06
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

Grid plot
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed)

(*10%2)

FLAC (Version 4.00)

LEGEND

6-Sep-04 13:22

step 32000
Thermal Time 1.0000E+06
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

Y-displacement contours
-7.50E-03
-5.00E-03
-2.50E-03
0.00E+00
2.50E-03
5.00E-03
7.50E-03
1.00E-02
1.25E-02

Contour interval= 2.50E-03
Y-displacement contours
Contour interval= 2.50E-03
Minimum: -7.50E-03
Maximum: 1.25E-02
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed)

(*10%2)

FLAC (Version 4.00)

LEGEND

6-Sep-04 13:22
step 32000
Thermal Time 1.0000E+06
1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02

EX_ 1 Contours
0.00E+00
2.50E-03
5.00E-03
7.50E-03
1.00E-02
1.25E-02

Contour interval= 2.50E-03
‘Displacement’

Contour interval= 2.50E-03
Minimum: 0.00E+00
Maximum: 1.25E-02
Displacement vectors

Max Vector =  1.441E-02
bwnbinnd
0 2E -2
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed) *10%2)
FLAC (Version 4.00)
LEGEND. e
6-Sep-04 13:22
step 32000
Thermal Time 1.0000E+06 | 0.800
-1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02
Normal Stress
on Interface # 1 |- 0.600
Max Value = 5.010E+07
|- 0.400
i 0.200
[ 0.000
RSRead Consulting Inc.
Okotoks, Alberta, Canada T T T T T T T T T T T
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed) (*10%2) = At JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Sip Allowed) 102)
FLAC (Version 4.00) FLAC (Version 4.00) .
£ e - s i
LEGEND o LEGEND - 1000
6-Sep-04 13:22 ST e 6-Sep-04 13:22 r Bt b i
step 32000 step 32000
Thermal Time 1.0000E+06 L 0.800 Thermal Time 1.0000E+06 | 0.800
-1.867E+01 <x< 1.167E+02 i ek sl -1.667E+01 <x< 1.167E+02
-1.667E+01 <y< 1.167E+02 -1.667E+01 <y< 1.167E+02 EERE
X-displacement contours RS Shear Stress
et -1.00E-02 |- 0600 S AT oninterface # 1 L 0600 e
-5.00E-03 Max Value = 6.315E+07
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3 Contour interval= 5.00E-03 — I ' e San
X-displacement contours
Contour interval= 5.00E-03
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Maximum: 1.00E-02
Boundary plot
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed) (10%2)
JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed) (*102) i
FLAC (Version 4.00)
FLAC (Version 4.00) H v
L 1.000
+ L 1.000 LEGEND
LEGEND G x
\ 6-Sep-04 13:22
6-Sep-04 13:22 T 5 | step 32000
step 32000 Thermal Time 1.0000E+06 - 0.800
Thermal Time 1.0000E+06 | 0.800 -1.667E+01 <x< 1.167E+02
-1.667E+01 <x< 1.167E+02 -1.867E+01 <y< 1.167E+02 | ks
-1.667E+01 <y< 1.167E+02
Shear Displacement
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Max Value =  1.319E-02
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JOB TITLE : Case 7.2 Horizontal Transgressing Joint (FLAC, Slip Allowed)
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Case 7.2 - FLAC Results for a Horizontal Weak Interface Subjected to a
Volumetric Heat Source

1.5E-02 |

—a— Shear displacement at bottom
of interface (m)

1.0E-0]

—a— Normal displacement at

bottom of interface (m)

5.0E-03

0.0E+00

Displacement (m)

-5.0E-03 1
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Case 7.2 - FLAC Results for a Horizontal Weak Interface Subjected to‘a .
Volumetric Heat Source
1.5E-02
1 1
—a— Relative normal displacement on
interface (m)
1.0E-02 | { —— Relative shear displacement on
’ interface (m)
5.0E-03
0.0E+00 4 2
-5.0E-03 - o
p4/0q
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Note: Closure is negative
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