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res dyn1a_tmnj1_100yr.sav
* ’ .
* delete upper and lower portions of mesh for dynamic analysis

P

* .
— ‘ del region -35 50 -35 300 35 300 35 50
‘del region -35 .300 -35 -50 35 -50 35 -300
N :

bound -35 35 49 51 xvel O yvel O

bound -35 35 -51 -49 xvel O yvel 0

*

hist unbal
cyc 100

*

ARKRKXKRKRER * %k HRRIRKKKR RRRERKRKXXRR

KkkRRARRXKXRERXXRXLE

*= Replace lateral boundaries with free-field boundaries for start of

* dynamic analysis
Rk kKR

PP DT I

[ Eiaialaiaiaialainiaioiolel B iahdadatodabodaiadabaialel * %*

*

* generate free-field (100 nodes)
oo ’ .

ffield gen yrange (-52,52) np 100
ffield change mat=5 cons=3

*

* jpitialize FF stresses to insitu stress state

| —
*

ffield ini sxx -3.5 0.011666
ffield ini s2z -3.5 0.011666
ffield ini syy -7.0 0.023333
=

* fix bottom

ffield base xve =0

ffield base yvel=0

1 *
‘E::::: * apply boundary stresses at top
| ffield top syy -5.833 ’
N *
] * cyéle with FF not applied to grid
[ ] * to verify that FF stresses are in equilibrium

*

reset time hist dis

hist n 50
A hist ffyd 501
— ' . hist ffxd 50 1
‘ “hist ffyd 50 2
b hist ffxd 50 2

hist ffsyy 0 1
hist ffsxx 01

:“““""“"‘ hist ffsyy 0 2
‘ hist ffsxx 0 2
© hist ffyv 01

hist ffyv 0 2

hist ffxd 01

jrm—— hist ffxv 01 ‘
‘ . hist sxx -33 0 syy -33 0 xdis -33 0 xvel -33 0
cycle 1500

save dynZa_tmnﬂ_f f.sav

*

fr— : *reset time hist dis

h .
» « Link free field mesh to main mesh

gl

. ] e

O o\ L A i

i\

boung mat=5

bound ff range -35,-33 -52,52
boung ff range 33,35 -52,52
cycle 1000

saye dyn2a_tmnj1_ffl.sav
*

*

T A XEXRTK KRR Kk ARk kX *x %*

* uynamic analysis - no thermal-mechanical loading
= .2 g shear wave applied as a stress wave to base

Ot e et bt biodboiobiaioiaiaiolaiaiaiainiaiainioioisiohiisiohioltin
*

* create viscous boundaries at base

*

bound xvisc range -50,50 -51,-49

« .

* apply shear wave as a stress bc (sxy) corresponding to 0.2 g earthquake
* B

bound hread 1 velm02.vel

bound hist 1

bound -50.50 -51,-49 stress 0 -7.794 0 hist=1

%

= §ix yvelocity at bottom

bound Yvel=0 range -50,50 -51,-49

*

* a'-,ply boundary conditions at base of free field
*
ffield base sxy=-7.794 hist=1

ffield base xvisc -

ffield base yvel=0

*

* agsume non-ref lective boundary at top surface

*

bound -50.50 48,51 xvisc yvisc

ffield top xvisc yvisc

*

reset time hist dis

hist n=100 sxy 0,-50 sxy 0,50 type=1

hist xvel 0 -50 xvel 0 -2.5 xvel 0 50 xdis 0 -50 xdis 0:50 ydis 0 2.5
hist ffxdis 0 1 ffxdis 0 2

hist ffxvel 01 ffxvel 0 2 ffxvel -50 1 ffxvel -50 2

hist xace 0 -50 xacc 0 -2.5 xacc 0 50
*

damp 0:001 1

rscale part 1.0e-4

cycle time=10.0

save dynZa_tmnj1_.10s.sav

cycle time=10.0

save dyn2a_tmnj1_20s.sav

cycle time=10.0

save dyn2a_tmnj1_30s.sav

cycle time=5.0

save dynZa_tmnj1_35$.sav

ret

Y i SRR R ARBARRR AR AR
e on 4 A
set plot po
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* Tﬁree tunnel model under thermal-mechanical loading followed by

+ vertically propagating shear wave (no joints)

« yiscous boundaries at top of model (no wave reflection from ground surface)
* Free-field boundaries applied after thermal loading, since the thermatl

- stress was not correct when free-field boundaries were applied before

* the thermal loading

start

head  ~ ‘ o ’

case 21 - thermal-mechanical-seismic analysis (no joints)

config thermal :

prop mat=1 kn=1.0e5 ks=1.0e5 jkn=1.0e5 jks=1.0e5 jcoh=0.08 jtens=0.04 &
jdil=0.0 jfric=38.0

prop mat=5 d=0.002297 k=9.195e3 g=6.612e3 coh=18.0 fric=50.0 tens=20.0 &
di1=0.0

prop mat=5 cond=2.1 thexp=12.0e-6 spec=9.32e8

* .

* artificial joint properties

*

_prop. jmat=2 jkn=1.0e5 jks=1.0e5 jcoh=1.0e10 jten=1.0e10 kn=1.0e5 &

ks=1.0e5
round 0.025
set ovtol 1.0
edge 0.1 )
block -33.75 -300 -33.75 300 33.75 300 33.75 -300
split -35 -50 35 -50
split -35 5035 50
split -35 100 35 100
split -35 -100 35 -100
*
arc 00 2.50 36012
arc 00 7.50 36012
*
arc 22.50 25.0 0 360 12
arc 22.5 0 30.0 0 360 12
:
arc -22.5 0 -20.0 0 360 12
arc -22.5 0 -15.0 0 360 12
split -35 0350
. *® .
gen ann 0 0 0 7.5 edge 4.0
gen ann 22.5 0 0 7.5 edge 4.0
gen ann -22.5 0.0°0 7.5 edge 4.0
gen region -35 -50 -35 50 35 5035 -?0 edge 10.0
gen region -35 50 -35 100 35 100 35 50 quad 15.0,
gen region -35 -100 -35‘750 35 -50 35 -100 quad 15.0
gen region -35 100 -35 300 35 300 35 100 quad 25.0
gen region -35 -300 -35 -100 35 -100 35 -300 quad 25.0
* N
change mat=5 cons=3
change jmat=1 jcons=2
*
change ang -1'1 jmat=2
change ang 89 91 jmat=2
*
grav 0 -9.81
damp auto _ .
bound -50,50 -301,-299 yvel=0

an

- initem 33.00 -34.

bound -34,-33.5 -301,301 xvel=0

bound 33.5,34.0 -301,301 xvel=0

insitu stress -3.5 0 -7.0 ygrad 0.0116666 0.0 0.023333 szz -3.5 &
zgrad 0.0 0.0116666

hist yvel 0 0

cycle 1500

sav dynla_tmnj1_ins.sav

* excavate tunnels and cycle to equilibrium
del ann 0 0 0 2.5

del ann 22.5 00 2.5

del ann -22.5 0 0 2.5

*

hist ncyc=10

hist ydis 0 2.5 yvel 0 2.5 syy 2.5 0 sxx 0 2.5
cycle 1500

save dyn1a_tmjn1_exé.sav

*

* set up thermal boundaries (default thermal b.c. are adiabatic)

*

* 1Initial temperature at repository horizon taken to be 29 C

* - temperature gradient taken to be 0.02 deg C/m

* . :

* UDEC doesn’t allow user to set up an initial in situ temperature gradient,
* and as a result, the initem commahd is used repeatedely to set temperature
* gradient manually along the vertical nodes.

* The initial temperatures are specified to remain fixed along the

* upper and lower boundaries.

initem  35.00 -34.
initem  34.80 -34.
initen  34.60 -34
initem 34.40 -34.
initem  34.20 -34.
initem  34.00 -34.
initem 33.80 -34.
initem  33.60 -34.
initem  33.40 -34.
initem  33.20 -34.

34.0 -300.99 -290.99
34.0 -290.99 -280.99
34.0 -280.99 -270.99
34.0 -270.99 -260.99
34.0 -260.99 -250.99
34.0 -250.99 -240.99
34.0 -240.99 -230.99
34.0 -230.99 -220.99
34.0 -220.99 -210.99
34.0 -210.99 -200.99

. 34.0°-200.99 -190.99
34.0 -190.99 -180.99
34.0 -180.99 -170.99
34.0 -170.99 -160.99
34.0 -160.99 -150.99
34.0 -150.99 -140.99
34.0 -140.99 -130.99
34.0 -130.99 -120.99
34.0 -120.99 -110.99
34.0 -110.99 -100.99
34.0 -100.99 -90.99
34.0 -90.99 -80.99

34.0 -80.99 -70.99

initem 32.80 -34.
initem 32.60 -34.
initem 32.40° -34.
initem 32.20 -34.
initem 32.00 -34.
initem 31.80 -34.
initem  31.60 -34.
initem 31.40 -34.
initem 31.20 -34.
initem 31.00 -34.
initem 30.80 -34.
initem 30.60 -34.




pryes

34.0. -70.99 -60.99
34.0 -60.99 -50.99

initem 30.40 -34.
initem  30.20 -34.

initen  30.00 -34. 34.0 -50.98 -45.99
initem  29.90  -34. 34.0 -45.99 -40.99
initem  29.80 -34. 34.0 -40.99  -35.99
initem 2070  -34. 34.0 -35.99 -30.89
initem  29.60 -34. 34.0 -30.99  -25.99
initem  29.50.. -34. 34.0. -25.99 -24.99 .

o
'
n
S
w0
©
N
»
©w
=]

initem 28.50 -34. 34,
initem 28.40 -34. 34.

o o
[N
o
o
o
w
o
©
(=]

34.

0
0
0
0
0
0
0
0
initem 29.00° -34.0 34.
0
0
initem 28.30 -34.0
0
0
0
0

250.99  260.99
260.99 270.99
34.0 270.99 280.99
34.0 280.99 290.99
34.0 290.99 300.99

initem 23.80  -34. 34

o]

0

0

0

initem 23.60 -34.0
| 0
0

4]

0
initen ~ 28.20 -34. 34.0 35.99  40.99
initen  28.10 -34. 34.0  40.99  45.99
initem  28.00 -34.0 34.0 45.99  50.99
initem  27.80 -34. 34.0 50.99  60.99
initem  27.60 -34.0 34.0 60.99 70.89
initem  27.40 -34.0 34.0  70.89  80.99
inited  27.20 -34.0 34.0 80.93  90.99
initem  27.00 -34.0 -~ 34.0 - 80.99 100.98
initem  26.80 -34.0  34.0 100.99  110.98
initem  26.60 -34.0 - 34.0 110.99 120.99
initem  26.40 -34.0 34.0 120.99 130.99
initem  26.20 -34.0 34.0 130.99 140.89
initem  26.00 -34.0 34.0 140.99 150.99
initem = 25.80 -34.0 34.0 150.99 160.99
initem . 25.60 -34.0  34.0 160.99 170.99
initem  25.40 .-34.0 34.0 170.99 ' 180.88
initem  25.20 -34.0  34.0 180.99  190.99
initem  25.00 -34.0 34.0 190.99 200.99
initem - 24.80 -34.0  34.0 200.99 210.99
initem  24.60 -34.0  34.0 210.88 220.99
initem ~ 24.40 -34.0 34.0 220.99 230.99
initen  24.20 -34. 34.0 230.99 240.99
initen  24.00 -34. 34.0 240.99 250.99

.0

.0

o
S

initem 23.40 -34.
initem 23.20 -34.
initem  23.00  -34.

*

* fix top and bottom boundary temperatures

. .

tfix 23.00 range -34.0 34.0 299.0 301.0
tfix 35.00 range -34.0 34.0 -301.0 -289.0
. .

print bound

reset time

* .
thist ntcyc=10 tem 0 2.5 tem 05 tem 0 10 tem 0 25 tem O 50 tem O 100
thist tem 0 150 tem O 200 tem 0 300 tem 2.5 O tem 50 tem 10 0

thist tem 11.25 0

thist tem 22.5 2.5 tem -22.5 2.5

*

* apply heat flux to tunnel walls

* .

thapp ann 0.0 0.0 2.4 2.56 flux 28.4701 -3.2197e-10
thapp ann 22.5 0.0 2.4 2.56 flux 28.4701 -3.2197e-10
thapp ann -22.5 0.0 2.4 2.56 flux 28.4701 -3.2197e-10

*

s * run thermal time to 1 week

*

‘13 run age=6.048e5 temp=10000 step=1000000 to(=0.05

reset damp
cycle 3500

*

* run thermal time to 1 month
*

run age=2.592e6 temp=10000 step=1000000 tol=0.05
reset damp
cycle 3500

k3

~* run thermal time to 3 months
*

run age=7.776e6 delt=3600.0 temp=10000 step=1
reset damp

cycle 3500

*

000000 tol=0.05 impl

* run thermal time to 6 months
*

run 398='.55523; de lt=3600.0 temp:lOOOO step=1000000 tol=0 05 im
P! . pl

cycle 3500

*

* run thermal time to 9 months
*

run 899—"2.332897 de lt=7200.0 telnp-IOOOO step=1000000 tol=0.05 "‘pl
P

cycle 3500

*

* run thermal time to 1 year
*

run age-—3. 1536e7 delt=1.08e4 mp= 00 ste =1000000 to =0.05 llllpl
. te p 100! t
P L

cycle 3500

*

* run thermal time to 18 months

*
‘

run age=4.7304e7 delt=2.16e4 temp=10000 step=1000000 tol=0
reset damp )
cycle 7500

*

.05 impl

* run thermal time to 2 years
.

run age—-B .3072e7 de Lt=8.64e4 toﬂp= 10000 step= 1000000 tol=0. 05 1mp L
P L

cycle 7500

*

* run thermal time to 3 years
. :

u 399‘—9 .4608e7 del t=8.64e4 temp= 100 step= 1000000 tol=0 .05 impl
run P! 00 st
P

cycle 7500

*

* run thermal time to 4 years
*

run age=1.26144e8 delt=8.64e4 tem =1b000 -
i ' p: /vstep-1000000\tol=0.05 impl

cyclev7500

*




%= run thermal time to 5 years

run age=1.5768e8 delt=8.ﬁ4o4 temp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 7500

*

* run thermal time to 7.5 years

* : . ;

run age=2.3652e8 delt=8.64e4 temp=10000 step=1000000 toi=0.05 impl
reset damp '

cycle 7500

*

* run thermal time to 10 years

*

run age=3.1536e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp )

cycle 7500

sav dynla_tmnj1_10yr.sav

*

* run thermal time to 15 years
*

run age=4.7304e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 imp[

reset damp
cycle 7500

*

* ryn thermal time to 20 years

*

run age=6.3072e8 delt=8.64e4 tehp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 7500

* run thermal time to 30 years

*

run age=9.4608e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
‘reset damp )

cycle 7500

save dynla_tmnj1_30yr.sav

*

* run thermal time to 40 years

* . .

run age=1.26144e9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 7500

pr max

*

* run thermal time to 50 years

* .

run age=1.5768e9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 7500

sav dynla_tmnj1_50yr.sav

*

* run thermal time to 75 .years

* .

run age=2.3652e9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 8000

*

*= run thermal time to 100 years

run age=3.1536e9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl

reset damp
cycle 8000
save dynla_tmnj1_100yr.sav

* Replace lateral boundaries with free-field boundaries for start of
* dynamic analysis

RARKKRRKARITERARKIARKR KRR K TkRR KRRRTRIRTKR
*

* generate free-field (100 nodes)

*

ffield gen yrange (-300,300) np 100

ffield change mat=5 cons=3

*

* initialize FF stresses to insitu stress state
*

ffield ini sxx -3.5 0.011666

ffield ini szz -3.5 0.011666

ffield ini syy -7.0 0.023333

*

* fix bottom

ffield base xvel=0

ffield base yvel=0

*

* cycle with FF not applied to grid
* to verify that FF stresses are in equilibrium
*

reset time hist dis

hist n 10

hist ffyd 300 1

hist ffxd 300 1

hist ffyd 300 2

hist ffxd 800 2

hist ffsyy 0 1

hist ffsxx 0 1

hist ffsyy 0 2

hist ffsxx 0 2

hist ffyv 0 1

hist ffyv 0-2

hist ffxd 01

hist ffxv 01

cycle 1500

save dynla_tmnj1_ff.sav

*

reset time hist dis

*
’

* Link free field mesh to main mesh
*

bound mat=5

bound ff range -34,-33.5 -301,301
bound ff range 33.5,34 -301,301
cycle 1500 . :
save dynla_tmnj1_ff1.sav

*
*

RRRRTARERXXRRRTARRLRN *k RkRkRRRAAAkAARLR

* Dynamic analysis - no theimal-nechan{cal loading
* 0.2 g shear wave applied as a stress wave to base




12

b T

T

*

* create viscous boundaries at base

*

bound xvisc range -50,50 -301,-299

. .

* apply shear wave as a stress bc (sxy) corresponding to 0.2 g earthquake
. A
bound hread 1 velD2.vel

bound hist 1

bound -50,50 -301,-299 stress 0 -7.794 O hist=1

* .

* fix yvelocity at bottom

bound yvel=0 range -50,50 -301,-299

*

* apply boundary conditions at base of free field

* -

ffield base sxy=-7.794 hist=1

ffield base xvisc

ffield base yvel=0

*

* assume non-ref lective boundary at ground surface

*

bound -50,50 299,301 xvisc yvisc

ffield top xvisc yvisc

*

hist n=100 sxy 0,-300 sxy 0,300 type=1

hist xvel 0 -300 xvel 0 -2.5 xvel 0 300 xdis 0 -300 xdis 0O 300
hist ffxdis 0 1 ffxdis 0 2

 hist ffxvel 0 1 ffxvel 0 2 ffxvel -300 1 ffxvel -300 2

hist xacc 0 -300 xacc 0 -2.5 xacc 0 300

*

"damp 0.001 1

mscale part 1.0e-4°

*

cycle time=10.0

save dynla_tmnj1_10s.sav
cycle\time=10.0

save dynla_tmnj1_20s.sav
‘cycle time=10.0

save dynla_tmnj1_30s.sav
cycle time=5.0

save dynla_tmnj1_35s.sav
ret

i

Dk filde . dyhza-f'm,l,daf |
set log on
set plot po '
AR EEREEEA AR RREARARAAAAAAARARARRRAAARERRRRARARREARARRARACA AR AR R RN
*
* Three ;unnel model under thermal-mechanical loading followed by
* Vertically propagating shear wave (with joints) '
* Viscous boundaries at top of model (no wave reflection from ground surface)
* Free-field boundaries applied after thermal loading, since the thermal
* stress was not correct when free-field boundaries were applied before
* the thermal loading
* .
*** Joint orientations ***
* 1st joint set - 10 degrees ccw from horizontal - 1.25 m spacing
*-2nd joint set - 85 degrees ccw from horizontal - 0.50 m spacing
HERE AR A KA AR AR AR AR AR A AR AR AL AR AR ARARRRAARARAARRER AR AR R
start
head
Case 21 - thermal-mechanical-seismic analysis (with joints)
config thermal ’
prop mat=1 kn=1.0e5 ks=1.0e5 jkn=1.0e5 jks=1.0§5 jcoh=0.08 jténs=0.04 &
jdil=0.0 jfric=38.0
prop mat=5 d=0.002297 k=9.195e3 g=6.612e3 coh=18.0 fric=50.0 tens=20.0 &
dil=0.0
prop mat=5 cond=2.1 thexp=12.0e-6 spec=9.32e8
* .
* artificial joint properties
*
prop jmat=2 jkn=1.0e5 jks=1.0e5 jcoh=1.0e10 jten=1.0e10 kn=1.0e5 &
ks=1.0e5
round 0.025
set ovtol 1.0
edge 0.1
block -33.75 -300 -33.75 300 33.75 300 33.75 -300
split -35 -50 35 -50
split -35 50 35 50
split -35-100 35 100
split -35 -100 35 -100
split -30 -50 -30 50
split 30 -50 30 50
*
* create jointing
*
jregion -25 -50 -25 50 25 50 25 -50
jset 85.0 0.0 100.0 0.0 0.0 0.0 12.0 0.0 -20 -22
jregion -30 -30 -30 30 30 40 30 -20
jset 10.0 0.0 50.0 0.0 0.0 0.0 15.0 0.0 -20 -22
. .
*jregion -33.75 50 -31.0 100 40 100 40 50
*jset 85.0 0.0 100.0 0.0 0.0 0.0 24.0 0.0 -20 -22
- .
*jregion -40 -100 -40 -50 40 -50 40 -100
*jset 85.0 0.0 100.0 0.0 0.0 0.0 24.0 0.0 -20 -22

*

** detailed joihting around tunnel

*

jregion -30.0,-23.76 -27.81,22.32 30.00,32.51 28.94,-13.37
jset 85.0 0.0 100.0 0.0 0.0 0.0 4.0 0.0 -20 -22

jregion -34.0,-25.76 -34,21.93 34.0,34.51 34.0,-13.18

jset 10.0 0.0 50.0 0.0 0.0 0.0 7.5 0.0 -20 -22

*
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*jregion -11.17,-12.83 -9.137,10.38 11.25,13.9729.224,-9.231
+jset 85.0 0.0 100.0 0.0 0.0 0.0 1.0 0.0 -20 -22

*jset 10.0 0.0 50.0 0.0 0.0 0.0 2.5 0.0 -20 -22

:jregion .4.373,-4.013 -3.696,3.722 4.46,5.16 3.784,-2.575
~jset 85.0 0.0 100.0 0.0 0.0 0.0 0.5 0.0 -20 -22

*jset 10.0 0.0 50.0 0.0 0.0 0.0 1.25 0.0 -20 -22

.

arc 00 2.50 36017

arc 22.5 0 25.0 0 360 12

arc -22.5 0 -20.0 0 360 12

*
jd
del area 5.0e-3

*

.34 -15 -34 10 34 15 34 -5 edge 3.0

.50 -40 50 40 50 40 -50 edge 7.5

gen region .40 50 -40 100 40 100 40 50 quad 12.5 ,s
gen region -40 -100 .40 -50 40 -50 40 -100 quad 12.
gen region .40 100 -40 300 40 300 40 100 quad 25.025 .
gen region .40 -300 -40 -100 40 -100 40 -300 quad 25.

*

gen region
gen region -40

change mat=5 cons=3
change jmat=1 jcons=2

* .
change ang -1 1 jmat=2
change ang 89 91 jmat=2
*

grav 0 -9.81

damp auto
bound -50,50 .301,-299 yvel=0

bound -34,-33.5 -301,301 xvel=0

bound 33.5,34.0 -301,301 xvel=0

insitu stress -3.5 0 -7.0 ygrad 0.0116
‘zgrad 0.0 0.0116666
_ hist yvel 00

cycle 1500

sav dyn2a_tmj1_ins.sav

*

* excavate tunnels and ¢

666 0.0 0.023333 szz -3.5 &

ycle to equi librium

*
del ann 0 0 0 2.5 )
del ann 22.5 00 2.5 !

del ann -22.5 0.0 2.5

*

reset hist time dis

hist ncyc=10_

hist ydis 0 2.5 yvel 02.5 syy 2.
cycle 1500

save dyn2a_tmi1_pgc.sav

50 sxx 0 2.5

ret

) *

ET 2232 2 2k RRXRRRXKN t 2 1 24 *

* Thermal mechanical analysis

FT 2.2 2 3 2 2 d o hokadaialed
= apply decaying heat flux to tu

*

nnel wall boundary

KRRRKK LS b b dodobodbaiadaiel

*

i

* Initial temperature at repository horizon taken to be 29 C
* - temperature gradient taken to be 0.02 deg C/m

* UDEC doesn’t allow user to set up an initial in situ temperature gradient,
* and as a result, the initem command is used repeatedely to set temperature

* set up thermal boundaries (default thermal b.c. are adiabatic)

*. gradient manually along the vertical nodes.

* The initial temperatures are specified to remain fixed along the

* upper and lower boundaries.

initem
initem
initem

~initem

initem
initem
initem
initem
initem

initem

initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
‘initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem
initem

initem.

initem

35.
34.
34.
34.
34.
34.
33.
33.
.40

33

33,
33.
32.
32,

32
32,
32.
31,
31,
31,
31,
31,
30.
30.
30.
30.
30.
29,
29,
29.
29.
29.
29,
28.

~ 28.

28.
28.
28.
28.
27,
27.
27.
27.
27.
26.
26.
26.
26.
26.
25.

00
80
60
40
20
00
80
60

20
00
80
60
40
20
00

-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
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-34.0
-34.0
-34.0
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-34.0
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-34.0
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-34.0
-34.0
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-34.0
-34.0
-34.0
-34.0
-34.0
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-34.0
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.-34.0

-34.0
-34.0
-34.0
-34.0
-34.0
234.0
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'34.
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34
34.
34
34,
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34.
34,
34.
34.
34,
34.
34.
34,
34,
34.
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34,
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34,
34.
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34.
34.
34.0

' 34.0
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34.0
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34.0
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34.0
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-300.99
-290.99
-280.99
-270.99
-260.99
-250.99
-240.99
-230.99
-220.99
-210.99
-200.99
-190.99
-180.99
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-160.99
-150.99
-140.99
-130.99
-120.99
-110.99
-100.99

100.99
110.99
120.99
130.99
140.99

©150.99
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initem ~ 25.60 -34.0 34.0 160.99 170.99
initem  25.40 -34.0 34.0 170.99 180.99
initem  25.20 -34.0 34.0 180.99 190.99
initem  25.00 -34.0 34.0 190.99  200.99
initen  24.80 -34.0 34.0 200.89 210.98
initen . 24.60 -34.0 34.0 210.99 220.99
initem  24.40 -34.0  34.0 220.99 230.99
initem  24.20 -34.0  34.0 .230.99 240.99
initem  24.00 -34.0  34.0 240.99 250.99
initem  23.80 -34.0  34.0 250.99  260.99
initem  23.60 -34.0  34.0 260.99  270.99
initem  23.40 -34.0 - 34.0 270.99  280.99
initem  23.20 -34.0  34.0 280.99 290.99
initen  23.00 -34.0  34.0 °290.99  300.99

*

* fix top and bottom boundary temperatures

*

tfix 23.00 range -34.0 34.0 299.0 301.0
tfix 35.00 range -34.0 34.0 -301.0 -299.0
*

print bound

reset time

*

thist ntcyc=10 tem 0 2.5 tem 0 5 tem 0 10 tem 0 25 tem O 50 tem 0 100

" thist tem O 150 tem O 200 tem 0 300 tem 2.5 0 tem' 5 O tem 10 O

ghist tem 11.25 0
thist tem 22.5 2.5 tem -22.5 2.5

*

* apply heat flux to tunnel walls

*

thapp ann 0.0 0.0 2.4 2.56 flux 28.4701 -3.2197e-10
thapp ann 22.5 0.0 2.4 2.56 flux 28.4701 -3.2197e-10
thapp ann -22.5'0.0 2.4 2.56 flux 28.4701 -3.2197e-10

*

* run thermal time to 1 week

* . >

run age=6.048e5 temp=10000 step=1000000 tol=0.05
reset damp

cycle 3500

*

- * run thermal time to 1 month

*

run age=2.592e6 temp=10000 step=1000000 tol=0.05
reset damp
cycle 3500

*

* run thermal time to 3 months:

*

run age=7.776e6 delt=3600.0 temp=10000 step=1000000 tol=0.05 impl
reset damp '

cycle 3500

*

* run thermal time to 6 months

*

run age=1.5552e7 delt=3600.0 temp=10000 step=1000000 tol=0.05 impl
reset damp ) ‘ '

. cycle 3500

*

* run thermal time to 9 months ‘

*

[P,

run age=2.3328e7 delt=7200.0 temp=16000 step=1000000 tol=0.05 impl

reset damp

cycle 3500

*

* run thermal time to 1 year
*

run age=3.1536e7 delt=1.08e4 temp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 3500

* run thermal time to 18 months

*

run age=4.7304e7 delt=2.16e4 temp=10000 step=1000000 tol=0.05 impl

- reset damp

cycle 7500

*

* run thermal time to 2 years

* .

run age=6.3072e7 delt=8.64e4 temp=10000 step=1000000 tol=0.05»impl
reset damp

cycle 7500

*

* run thermal time to 3 years
*

run age=9.4608e7 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl

reset damp

cycle 7500

* .

* run thermal time to 4 years

*

" run age=1.26144e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl

reset damp

cycle 7500

*

= run thermal time to 5 years
*

run a§e=1.576898 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl

reset damp

cycle 7500

*

* run thermal time to 7.5 years
®

run age=2.3652e8 delt=8.64e4 temp=10000 step=10000007tol=0.05 impl

reset damp

cycle 7500

*

* run thermal time to 10 years
* N
run age=3.1536e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp .

cycle 7500 .

sav dyn2a_tmj1_10yr.sav

*

* run thermal time to 15 years
*

run age=4.7304e8 delt=8.64e4 temp=10000 step=1b00000 tol=0.05 impl

reset damp
cycle 7500

*

* run thermal time to 20 years



e

run age=6.3072e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl

reset damp

cycle 7500

*

* run thermal time to 30 years
*

run age=9.4608e8 delt
reset damp

cycle 7500

save dyn2a_tmj1_30yr.sav
*

* run thermal time to 40 years

=8.64e4 temp=10000 step=1000000 tol=0.05 impl

*

run age=1.26144e9 delt
reset damp

cycle 7500 -

pr max

*

* run thermal time to 50 years.

=8.64e4 temp=10000 step=1000000 tol=0.05 impl

*
run age=1.5768e9 delt=8.64e
reset damp

cycle 7500

sav dynZa_tmj1_§0yr.sav

*

* run thermal time to 75 years

4 temp=10000 step=1000000 tol=0.05 impl

*

run age=2.3652e9 delt=8.64e4 tem
reset damp

cycle 8000

*

= run thermal time to 100 years

p=10000 step=1000000 tol=0.05 impl

*
run age=3.1536e9 del
reset damp
cycle 8000
save'dynZa_tmj1_J00yr.sav

*

t=8.64e4 témps10000 step=1000000 tol=0.05 impl

*

» delete upper and lower portions of mesh for dynamic analysis

*

del region
del region

*
bound -35 35 49 51 xvel 0 yvel O
‘bound -35 35 -51 -49 xvel 0 yvel 0
*
hist unbal
cyc 100

*

.35 50 -35 300 35 300 35 50
.35 -300 -35 -50 35 -50 35 -300

kAR RARKRTRKN

* Reblace lateral boundaries with free-

* dynamic analysis

field boundaries for start of

RRRKR ® *
*

* generate free-field (100 nodes) .
* i . .
ffield gen yrange (-52,52) np 100
ffield change mat=5 c s=3

Ly

ik i

*

* initialize FF stresses to insitu stress state
ffield ini sxx -3.5 0.011666

ffield ini szz -3.5 0.011666

ffield ini syy -7.0 0.023333

*

" * fix bottom

ffield base xvel=0

ffield base yvel=0

*

* apply boundary stresses at top
ffield top syy -5.833

*

* cycle with FF not applied to grid

" to verify that FF stresses are in equilibrium

*

reset time hist dis
hist n 50

hist ffyd 50 1

. hist ffxd 50 1

hist ffyd 50 2
hist ffxd 50 2
hist ffsyy 0 1
hist ffsxx 0 1
hist ffsyy 0 2
hist ffsxx 0 2
hist ffyv 01
hist ffyv 0 2
hist ffxd 01

“hist ffxv 01

hist sxx -33 0 syy -33 0 xdis -33 0 xvel -33 0
cycle 1500

save dyn2a_tmj1_ff.sav

-

* Link free field mesh to main mesh

bound mat=5

bound ff range -35,-33 -52,52

bound ff range 33,35 -52,52

cycle 1000

save dyn2a_tmj1_ff1.sav

* v

* Dynamic.analysis - no thermal-mechanical loading

* 0.2 g’shear wave applied ds‘l_stfess wave to base

* create viscous boundaries at base
- .

bound xvisc range -50,50 -51,-49

*

* apply shear wave as a stress bc (sxy)vcorresponding to 0.2 g earthquake

t 3

bound hread 1 velm02.vel

bound hist 1

bound -50,50 -51,-49 stress 0 -7.794 0 hist=1

*

* fix yvelocity at bottom
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‘» apply boundary conditions at base o

" hist xvel 0

bound yvel=0 range_-50,50 -51,-48
* : :

f free Field
* JURT .

¢field base sxy=-7.794 hist=1

ffield base xvisc

ffield base yvel=0

* .

=_assume non-reflective boundary at top surface
*x

bound -50,50 49,51 xvisc yvisc

ffield top xvisc yvisc

reset time hist dis
hist n=100 sxy 0,-50 sxy 0,50 type=1
.50 xvel 0 -2.5 xvel O 50 xdis 0 -50 xdis 0 50 ydis 0 2.5

hist ffxdis 01 ffxdis 0 2
hist ffxvel 0 1 ffxvel 0 2 ffxvel -50 1 ffxvel -50 2
hist xacc 0 -50 xacc 0 -2.5 xacc 0 50

*

damp 0.001 1

mscale part 1.0e-4

*

cycle time=10.0

save dyn2a_tmj1_10s.sav
cycle time=10.0

save dyn2a_tmj1_20s.sav
cycle time=10.0

save dyn2a_tmj1_30s.sav
‘cycle time=5.0

save dyn2a_tmj1_35s.sav
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- Parameters
" || Young’s Modulus (GPa) | 16.0 320
[ poisson’s Ratio | 0.21 0.21
—_— Rock Friction Angle (deg) 50.0 20.0 l
— [ Rock Cohesion (MPa) 180 18.0 |
- Thermal Expansmn Coeff. (K l) : 12.0x10° 12.0x10% H
o Near-field Subvertical Joint 85.0 85.0
- - Orientation (deg)
~ | Near-field Subhorizontal Joint 100 10.0
- Orientation (deg) :
= |l Near-field Subvertical Joint 0.5 0.5
- Spacing (m) - ,/
- Near-field Subhorizontal Joint 1.0 1.0
- Spacing (m)
- | Joint Friction Angle (deg) 38.0 28.0
- Joint Cohesion (MPa) 0.08 0.08 J '
. 4
| Joint Tensile Strength (MPa) 0.04 - 0.04 __
| Rock Tensile Strength (MPa) 5.0 5.0
|| Rock Density (kg/m*) | 22970 2297.0 |
Joint Normal and Shear Stiffnesses 1.0x0° - 1.0x10°
(MPa/m) _ : ~
Thermal Conductivity (W/xh—K) 2.1 2.1
Specific Heat (J/kg-K) 932.0 932.0 |

s Reboreace

__JL\Q,M&MM” oy et
Vo, Octarbmsnt-of Saesxa ]

A7W e UDE& mnd -

A@/p; C Ta /o.‘/- }fﬁ% é@wﬁ_ + ﬂ— rd“’"

set plot po

Case B (0.4g shear wave)

Three tunnel model under thermal-mechanical loading followed by

Vertically propagating shear wave (with joints)

Viscous boundaries at top of model (no wave refléction from ground- surface)
Free-field boundaries applied after thermal loading, since the thermal -

* stress was not correct when free-field boundaries were applied before

* the thermal loading

" .

*** Joint orientations *** : ,

* Ist joint set - 10 degrees ccw from horizontal - 1.25 m spacing

* ¥ X X ¥ ¥

* 2nd joint set - 85 degrees ccw from horizontal - 0.50 m spacing

start
head ’
Case B - thermal—mechamcal—selsmlc analysis (0.4g)

-config thermal v v

prop mat=1 kn=1.0e5 ks-l 0e5 jkn=1.0e5 jks=1. OeS _]COh==O 08 jtens=0.04 &
jdil=0.0 jfric=28.0

‘prop mat=5 d=0.002297 k=1.8391e4 g—l 3223e4 coh=18.0 fric=20. 0 tens=20.0 &

dil=0.0
* note - necessary to increase intact rock tensile strength to eliminate failure
* of intact rock in tension during the dynamic, unsupported drift simulation
prop mat=5 kn=1.0e5 ks=1.0e5 jkn=1.0e5 jks=1.0e5

prop mat=5 cond=2.1 thexp=12.0¢e-6 spec=9.32¢8

* . -

~* artificial joint properties
%

prop jmat=2 jkn=1.0e5 jks=1.0e5 jeoh=1.0e10 jten=1.0¢10 kn=1.0e5 &
ks=1.0e5 .

round 0.025

set ovtol 1.0

edge 0.1

- block -33.75 -300.-33.75 300 33.75 300 33.75 -300 °

split -35 -50 35 -50
split -35 50 35 50
split -35 100 35 100
split -35 -100 35 -100
split -30 -50 -30 50
split 30 -50 30 50
P

* create jointing

I

jregion ;5 -50 -25 50 25 50 25 -50

jset 85.0 0.0 100.0 0.0 0.0 0.0 12.0 0.0 -20 -22
jregion -30 -30 -30 30 30 40 30 -20 '
jset 100 OO 50.0 0.0 0.0 0.0 15.0 0.0 -20 -22

*. .




del'ann 2250025 -
del ann -22.500 2.5
¥

reset hist time dis

hist ncyc=10

hist ydis 0 2.5 yvel 0 2.5 syy 2.5 0 sxx 0 2.5
cycle 1500

‘save dyn3a_tmj3_exc.sav

*
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initem
initem

initem
initem
initem
initem
. initem
initem

* Thermal mechanical ana.ly51s

skskoskok

initem
initem

E3

“* apply decaying heat flux to tunnel wall boundary
N ‘

initem
initem

" initem

set up thermal boundaries (default theﬁnal b.c. are adiabatic)‘

Initial temperature at repository horizon taken to bé 29C
- temperature gradient taken to be 0.02 deg C/m

gradient manually along the vertical nodes.
The initial temperatures are specified to remain fixed along the
upper and lower boundaries.

* ok X K K X X X ¥ ¥ ¥ %

initem  35.00 -340 34.0 -300.99 -290.99
initem 34.80 -34.0 34.0 -290.99 -280.99 -
initem  34.60 -34.0  34.0 -280.99 -270.99
initem  34.40 -34.0- "34.0 -270.99 -260.99
initem  34.20 -340 34.0 -260.99 -250.99
initem-  34.00 -34.0 34.0 -250.99 -240.99
inittem  33.80 -34.0 34.0 -240.99 -230.99
initem 33.60. -34.0 34.0 -230.99 -220.99
initem 33.40 -34.0 34.0 -220.99 -210.99
initem  33.20 -340 34.0 -210.99 -200.99
initem - 33.00: -34.0 = 34.0 -200.99 -190.99
initem - 32.80 -34.0 . 34.0 -190.99 -180.99
initem  32.60 -340 34.0 -180.99 -170.99
initem. 32.40 -340 34.0 -170.99 -160.99
‘initem 32.20 -34.0 34.0 -160.99 -150.99
initem 32.00  -34.0 34.0 -150.99 -140.99
initem  31.80 -34.0 34.0 -140.99 -130.99
initem 31.60 -34.0  34.0 -130.99 -120.99
initem 31.40 -34.0 34.0 -120.99 -110.99
initem  31.20 -340 34.0 -110.99 -100.99
initem = 31.00 -34.0 34.0 -100.99 -90.99
inittm  30.80 -34.0 340 -90.99 -80,99

UDEC doesn’t allow user to set up an initial in situ iemperature gradient,
and as a result, the initem command is used repeatedely to set temperature

initem
initem
initem
initem
initem
initem
initem
initem
initem
initem

initem
initem
initem
initem
initem
" initem
initem
initem
" initem
initem
initem
initem

initem

*

tfix
tfix

*

*

initem

initem

initem °

initem -

initem

30.60

- 30.40

30.20
30.00

29.90

29.80
29.70
29.60
29.50
29.00
28.50
28.40

28.30:

28.20
28.10

28.00

27.80
27.60
27.40
27.20
27.00
26.80
26.60
26.40
26.20
26.00
25.80
25.60

25.40°

25.20
25.00
24.80

24.60
-24.40

24.20
24.00
23.80
23.60
23.40
23.20
23.00

print bound
reset time

-34.0
-34.0

-34.0

-34.0
-34.0
-34.0
-34.0

-34.0
-34.0

-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0

-34.0

-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0

'-34.0
-34.0 -

-34.0
-34.0
-34.0
-34.0
-34.0
-34.0
-34.0

-34.0

34.0
34.0
34.0
34.0
34.0
34.0
34.0
340
34.0
34.0

340
340

34.0
34.0
34.0
34.0
340
34.0
340
34.0
34.0
34.0
34.0
34.0

340

34.0
34.0
340
340
340
34.0
340

34.0

34.0
340
34.0
340
34.0
34.0
340
34.0

-80.99
-70.99
-60.99
-50.99
-45.99
-40.99
-35.99
-30.99
-25.99
-24.99

24.99

25.99.
230.99

35.99
40.99
45.99
50.99
60.99
-70.99
80.99
90.99
100.99
110.99
120.99
130.99

14099

150.99
160.99
170.99
180.99
190.99
200.99
210.99
220.99
230.99
240.99
250.99
260.99
270.99
280.99
290.99

-70.99
-60.99
-50.99
-45.99
-40.99
-35.99
-30.99
-25.99
-24.99
24.99
25.99
30.99
35.99
40.99
45.99
50.99
60.99
70.99
80.99
90.99
100.99
110.99
120.99
130.99
140.99

150.99

160.99
170.99
180.99
190.99

200.99

210.99
220.99
230.99
240.99

1250.99

260.99
270.99

28099

290.99
300.99

* fix top and bottom boundary temperatures
. !

23.00 range -34.0 340 299.0 301.0
35.00 range -34.0 34.0 -301.0 -299.0




thist ntcyc=10 tem 0 2.5 tem 0 5 tem O 10 tem 0 25 tem 0 50 tem 0 100
thist tem 0 150 tem 0 200 tem 0 300 tem 2.5 O tem 5 O tem 10 0

thist tem 11.25 0

thist tem 22.5 2.5 tem -22.5 2.5

*
* apply heat flux to tunnel walls -

thapp ann 0.0 0.0 2.4 2.56 flux 28.4701 -3.2197e-10
thapp ann 22.5 0.0 2.4 2.56 flux 28.4701 -3.2197e-10
thapp ann -22.5 0.0 2.4 2.56 flux 28.4701 -3.2197¢-10
ES

* run thermal time to 1 week
ES

run age=6.048¢5 tempﬂOOOO step=1000000 tol=0.05

‘reset damp

cycle 3500

* run thermal time to 1 month
*

‘Tun age=2 592¢6 temp—IOOOO step=1000000 tol=0.05

reset damp
cycle 3500
-

* run thermal'time to 3 months.
F3

run age=7. 776e6 delt=3600.0. temp=10000 step—lOOOOOO tol—O 05 impl

reset damp
cycle 3500
*

“* run thermal time to 6 months

*

reset damp
cycle 3500
* .

* run thermal time to 9 months
I3

run age=2.3328¢7 delt=7200. O temp=10000 step-lOOOOOO t01=0.05 1mp1
reset damp

'cycle 3500

*runthermalnmeto 1 year .

*

run age-3 1536e7 delt=1.08e4 temp=10000 step=1000000 tol=0.05 impl
reset damp

cycle 3500

* run thermal time to 18 months

*

run age=4.7'304e7 delt=2.16e4 temp=10000 step=1000000 tol=0.05 impl

run age=1.5552¢7 delt=3600.0 temp=10000 step=1000000 tol=0.05 impl'

Lo

reset damp
cycle 7500

* run thermal time to 2 years
*

- run age=6.3072¢7 delt-8 64e4 temp—lOOOO step=1000000 tol=0. 05 impl

reset damp
cycle 7500
*

* run thermal time to 3 years -

run age=9.4608¢7 delt=8.64¢4 temp=10000 step=1000000 tol=0.05 impl
reset damp
cycle 7500

* run thennal time to 4 years
*

run age=1.26144e8 delt=8.64e4 temp—lOOOO step=1000000 tol=0 05 impl
_reset damp

cycle 7500
*

* run thermal time to 5 years
* .

run age=1.5768e8 delt=8.64¢4 temp=10000 step=1000000 tol=0.05 impl

reset damp
cycle 7500

*runthermaltlmeto75years
*

run age-2 3652e8 delt=8. 64e4 temp=10000 step-lOOOOOO tol=0.05 1mp1

reset damp
cycle 7500
* .

* run thermal time to 10 years

Lk

run age—3 1536¢8 delt=8.64e4 temp=10000 step—lOOOOOO tol=0.05 impl

reset damp
cycle 7500

sav dyn3a_tmj3_10yr.sav 7
B

* run thermal time to 15 years
*

run age—4 7304e8 delt=8.64c4 temp= 10000 step-lOOOOOO tol=0. 05 impl
reset damp -
cycle 7500

*runthermalumetoZOyears
sk

run age=6.3072e8 delt=8 64¢c4 temp- 10000 step-lOOOOOO tol=0.05 impl
reset damp

41
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cycle 7500
%

* run thermal time to 30 years

" : :

run‘age=9.460'8e8 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp . ' ,

cycle 7500

save dyn3a_tmj3_30yr.sav

* . .

* run thermal time to 40 yearsv
run age=1.26144¢9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp ‘ : :

cycle 7500

pr max

* ) 2

* run thermal time to 50 years

* N .

run age=1.5768¢9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl

“ reset damp :

cycle 7500 ‘
sav dyn3a_tmj3_50yr.sav
*

* run thermal time to 75 years ‘

run age=2.3652e9 delt=8.64e4 temp=10000 step=1000000 tol=0.05 impl
reset damp : :
cycle 8000

%

* run thermal time to 100 years

* .

" run age=3.1536¢9 delt=8.64¢4 temp=10000 step=1000000 to1=0.05 impl

reset damp
cycle 8000
save dyn3a_tmj3_100yr.sav
. .

*

* delete upper and lower portions of mesh for dynamic analysis
*

del region -35 50 -35 300 35 300 35 50

del region -35 -300 -35 -50 35 -50 35 -300

- bound '-35 35 49 51 xvel O yvel O

bound -35 35-51 -49 xvel 0 yvel 0
* .
hist unbal

cyc 100

*®

* Replace lateral boundaries with free-field boundaries for start of

* dynamic analysis .

*

* génerate free-field (100 nodes)
" .

ffield gen yrange (-52,52) np 100
ffield change mat=5 cons=3
*

* initialize FF stresses to insitu stress state
E 3

ffield ini sxx -3.5 0.011666

ffield ini szz -3.5 0.011666

ffield ini syy -7.0 0.023333

*

* fix bottom
ffield base xvel=0
ffield base yvel=0
*

. * apply boundary stresses at top

ffield top syy -5.833
*

* cycle with FF not applied to grid

* to verify that FF stresses are in equilibrium

*

reset time hist dis
hist.n 50

hist ffyd 50 1
hist ffxd 50 1

“hist ffyd 50 2

hist ffxd 502
hist ffsyy 0 1
hist ffsxx 0 1
hist ffsyy 0 2
hist ffsxx 0 2
hist ffyv 01
hist ffyv 02

“hist ffxd 01
hist ffxv 0 1 ) .
hist sxx -33 0 syy -33 0 xdis -33 0 xvel -33 0

cycle 1500 - :
save dyn3a_tmj3_ff.sav
* .

* Link free field mesh to main mesh
* L

bound mat=5

bound ff range -35,-33 -52,52

‘bound ff range 33,35 -52,52

cycle 1000
save dyn3a_tmj3_ffl.sav
*
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" % del falling blocks from thermal analysis

*

del bl 100510 :
del b1 99194

del bl 100319

del bl 99569

del bl 86442

* "

* increase joint shear strengths along subhorizontal joint segments near outer laterai
# poundaries due to low joint strength properties for Case B to eliminate shearing

* gcross entire model and unrealistic results.

* .

change region -34 -50 -34 50 -30 50 -30 -50 jmat=2

change region 30 -50 30 50 34 50 34 -50 jmat=2

* A

*

* Dynamic analysis
* 0.4 g shear wave applied as a stress wave to base

*

* create viscous boundariés at base
*

bound xvisc range -50,50 -51,-49
*

* apply shear wave as a stress be (sxy) corresponding to 0.4.¢ earthquake
* .

bound hread 1 velmO4rep.vel -

bound hist 1 .

bound -50,50 -51,-49 stress 0 -11.022 0 hist=1
*

* fix yvelocity at bottom

bound yvel=0 range -50,50 -51,-49

* : ;

* apply boundary conditions at base of free field
*

ffield base sxy=-11.022 hist=1 -
ffield base xvisc
, ffield base yvel=0

* . o : )
* assume non-reflective boundary at top surface
* . : :
' bound -50,50 49,51 xvisc yvisc,

ffield top xvisc yvisc C

* . B

reset time hist dis

hist n=100 sxy 0,-50 sxy 0,50 type=1

hist xvel 0 -50 xvel 0 -2.5 xvel 0 50 xdis 0 -50 xdis 0 50 ydis 0 2.5

hist ffxdis 0 1 ffxdis 0 2 : :

hist ffxvel O 1 ffxvel 02 ffxvel -50 1 ffxvel -50 2

hist xace 0 -50 xacc 0 -2.5 xacc 0 50

v

* histories for relative shear displacements

* floor
hist sdis 112616
* roof

hist sdis 109361 sdis 109018 sdis 108912

. * left wall

hist sdis 91034
* right wall

hist sdis 101093 sdis 86633

*

damp 0.001 1
mscale part 7.5e-5
cyc 0

pr state

E3

cycle time=10.0

save dyn3a_tmj4_10s.sav .
cycle time=10.0

save dyn3a_tmj4_20s.sav
cycle time=10.0

save dyn3a_tmj4_30s.sav
cycle time=5.0

save dyn3a_tmj4_35s.sav
cycle time=10.0

save dyn3a_tmj4_45s.sav
cycle time=10.0

save dyn3a_tmj4_55s.sav
cycle time=10.0

save dyn3a_tmj4_65s.sav
cycle time=5.0

save dyn3a_tmj4_70s.sav
ret -
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0.000E+00

property _ mats01" mat=02 mat=03 nat=04 mat=05 ?:?:::y mat=01 mat=02 mat=03 mat=04 mat=05
blooks: ' » - jn 1.000E405  1.000 |
dens 0.000E+00  0.000E+00  O0.000E+00  0.000E+00 ~ 2.297E-03 ks + 000608 1D OE+05  0.000E+00  0.000E+00.  1.000E+05
bulk 0.000E+00  0.000E+00  0.000E+00  0.000E+00  1.839E+04 ifric 2. 8005101 °-0°°E*°5 0.000E+00 - 0.000E+00  1.000E+05
shear 0.000E+00  0.000E+00  0.000E+00  0.000E+00 . 1.322E+04 jooh 8'0005_02 . 00E+00  0.000E+00°  0.000E+00 - 0.000E+00
el.mod. 0.000E+00  0.000E+00 - 0.000E+00  0.000E+00  3.200E+04 jaiL o 0005100 O'Eg““"’ 0.000E+00  '0.000E+00  0.0COE+00
p.ratio 0.000E+00  0.000E+00  0.000E+00  0.000E400  2.100E-OT. jtens 4.000€-02 1'0025*“’ v 000090 /0-000%.00 - 0.000E400
fric 0.000E+00 ~ 0.000E+00 = 0.000E+00  0.000E+00  2.000E+01- il 0. 000Es00 O, 0005‘” 0  0.000E+00  0.000E+00 ~ 0.00OE+00
coh 0.000E+00 ~ 0.000E+00  0.000E+00  0.000E+00 1.800E+01. . 1Ffrio: joub 0. 000E.00 0‘0005*"0 0.000E+00  0.000E+00  0.000E+00
dilat 0.000E400  0.000E+00  0.000E+00 ~  0.000E+00  0.000E+00 Fasooh, o5 0. 00CES00 0‘0005“0“ 0.000E+00  0.000E+00  0.000E+00
tens 0.000E+00 - 0.000E+00  0.000E+00  0.000E+00  2.000E+01 " irtens, jois o 000E+00 0'0005““ ~ 0:000E+00  0.000E+00  0.000E+00
ucs 0.000Es00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 ratably Soraieeiihs E+00 . 0.000E+00  0.000E+00  0.000E+00
hbm 0.000E400  0.000E+00 ~ 0.000E+00  0.000E+00  O.000E+00 Ktable o ° 0 0 0
hbs 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 X 0 0 0 0
. ) add_dil of f
property mat=06 mat=07 mat=08 mat=09 . mat=10 ) property wataDs
blocks: jdints: = mat=07 mat=08 mat=09 " 'mat=10
dens 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 i 0000800 0.0 ;
bulk 0.000£+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 ks 0.000E+00 o 00E+00  0.000E+00 - 0.000E+00  0.000E+00
shear 0.000E+00  0.000E+00  0.000E+00 ~ 0.000E+00  0.00CE+00 Jerie 0. 0000400 °‘°°°E“°° 0.000E+00  0.000E+00  0.000E+00
el.mod. 0.000E400  0.000Es00  0.000E«00  0.000E400  0.000E00 jeoh 0. 000E+00 0'0005*00 0.000€+00 - 0.000E+00 .- 0.000€+00
p.ratio 0.000E+00 ~ 0.000E+00  0.000E+00  0.000E+00  0.000E+00 jait 0. 0005400 o‘gg°E+°° 0.000E+00  0.000E+00 ~ 0.000E+00
fric 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 jtons 0‘0005+oo 0-0005"““ - 0.000E+00 - 0.000E+00  0.000E+00
coh 0.000E+00.  0.000E+00  0.000E+00  0.000E+00  0.0COE+00 it 0. 5005.00 0'00°E*°° 0.000E+00 - 0.000E+00 -  0.00CE+00 °
dilat 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 jrfric, jo=5  0.000Es00 a'uo%‘00 00908400 . 10.000e+00 - D.000E400
tens 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 Jrasoh: fom - 0. 000200 °~oogE*°°. 0.000E+00  0.000E+00 .  0.000E+00
ucs 0.000Es00  0.000E+00  0.000E+00  0.000E+00  0.0UOE+00 jrtens. jo=5  0.000E+00 0.0005+oo oopEeen 0000800 - 0.000Ew0
hbm 0.000E+00  0.000E+00  0.0COE+00 ~ 0.000E+00  0.000E+00 nstable ’ o ‘0.000E+00  0.000E+00-  0.000E+00  0.000E+00
hbs | 0.000E+00  0.000E+00  0.000E:00 0.000E+00 * 0.000E+00 ceable o g» 0 0 0
: : . , add_dil  off ° ) 0
property mat=11 mat=12- mat=13 mat=14 mat=15 =
blocks: property. - mat=11 nat=12
dens 0.000E+00  0.000E+00  0.000E+00 . 0.000E+00  0.0COE+00 Joints: mat=12 mat=13 . mat=14 mat=15
bulk 0.0006400 ~ 0.000E+00  0.000E+00  0.000E+00  0.000E+00 kn 0.0008+00 D060 .
shear . 0.000E+00 _ 0.000E+00  0.000E+00  0.000E+00 0.00CE+00 jks 0.000E+00 o.uoumm o.0005+00 - 0.000400 . 0.0008400
el.mod. 0.0006+00  0.000E+00  0.000E+00  0.000E+00 = 0.000E+00 jfric. 0.000E400 o.ooomo 0-0002:00  D.0DCES00 0. 000€+00
p.ratio 0.000E+00  0.000E+Q0 . 0.000E+00  0.000E+00 0.000E+00 jooh 0. 0005400 O.ODOBOO 0.000E+00 - 0.000E+00  0.000E+00
frie © 0.000E+00  0.000E+00  0.000E+00 - 0.000E+00  0.000E+00 Jait 0. G00E0G- 0.0 E+00 . 0.000E+00  0.000E+00  0.000E+00
coh 0.000£+00  0.000E+00  0.000E+00  0.000Es00  0.000E+00 jtons 0.0006+00" " b uogemo 0-000E+00 - - 0.000E+00  0.000E+00
dilat 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 2L - 0.000£400 - 0.0t E+00 . 0.00CE<00.  0.000E+00 - 0.000E+00
tens 0.000E+00  0.000E+00  0.000E+00  0.00UE+00 ~  0.00CE+00 jrfric, je=5 0.000€+00 o'm,zi'm 0:0008:00 * 0.00€+00  0,000€+00
ucs 0.000E400  0.000E+00  0.000E+00  0.000E+00  0.000E+00 jrescoh je=5 0.000E+00 o'ooum’o 00000, . 0-000E«o0. .. 0.000ew00
hbm . 0.000E+00  0.000E+00 0.000E+00  0.000E+00 - 0.000E+00 jrtens " . : .000E+00  0.000E+00 - 0.000E+00-  0.000E+00
hbs 0.000E+00 - 0.000E+00  0.000E+00  0.000E+00 . 0.000E+00 . je=5_  0.000E+00  0.000E+00 . 0.000E+00 . 0.000E+00  0.000E+00
: ‘ j h nstable 0 0 0 0 0
, ’ ktable 0 0
property mat=16 mat=17 mat=18 mat=19 mat=20 . 0 0 0
: add_dil of f
blocks: i . - . .
dens 0.000E+00 . 0.000E+00  0.000E+00  0.000E+00  0.000E+00 oroperty natets »
~ bulk 0.000E+00  0.000E+00  0.000E+00 . . 0.000E+00  0.000E+00 joints: = mat=i7 . mat=13. .. nateid mat=20
shear 0.000E+00  0.00E+00 ~ 0.000E+00  0.000E+00  0.000E+00 fkn 0.0006500 - 6..600 :
el.mod. 0.000E+00 0.000E+00 - 0.000E+00  0.000E+00  0.000E+00 ks 00006400 o‘ooomo 0.000E+00  0.000E+00 - 0.000E+00
P.ratio 0.000E+00  0.000E+00 = 0.000E+00  0.000E+00  0.000E+00 jfric 0.000&00 0'000&00 pypionsp i ponst oo
fric 0.000E+00  0.000E+00  0.000E+00  0.000E+00  0.000E+00 jooh 0.000E+00 o.ooohoov 00090 000000 0. O00ewn
coh 0.000E<00  0.000E+00  ~0.000E+00 - 0.000E+00  0.000E+00 jdit 0. 0005400 000 E+00 * ' 0.000E+00 - 0.000E+00 ~ 0.000E+00
di lat 0.000£+00  0.000E+G0  0.000E400  0.000E+00  0.000E.00 tens 0. 000E.100 °‘°°°E*°° 0.000E+00  0.000E+00  0.000E+00
tens 0.000E+00  0.000E+00 . 0.000E+00 0.000E+00 - 0.000E+00 it i 000600 o, 0°°E*°° 0.000E+00  0.000E+00  0.000E+00
ues 0.000E+00 - 0.000E+00 - 0.000E+00  0.000E+00  0.000E+00 jrfric, jos5  0.0008400 0.0 5400 = -0.000E+00" ~ 0.000E+00 . - 0.000€+00
hbm o.ooosfoo 0.000E+00 - 0.000E+00 0.000E+00 ofuuosmo i asooh, josb 0'000&00 0-020&00 0.000E+00  0.000E+00 0.000E+00
hbs 0.000E+00 - 0.000E+00  0.000E+00 0.000E+00 ’ : -000E+00  0.000E+00  0.000E+00.  0.000E+00
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