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(Eor meswe )

From: Doug Gute <dgute@swr i.edu>
Reply-To: dgute@swri.edu

To: "'Joonhong Lim'" <jhlim@hotmail.com>
CC: "'Ted Krauthammer '" <tedk@psu.edu>
Subject: Input Deck Review

Date: Thu, 13 Jul 2000 14:30:34 -0500

Gentiemen:

| have not been able to thoroughly review your input deck because | was e et et

assigned another task that has to be completed today. | do have some initial
comments, however, based on a cursory review. First, | noticed that you are
using rigid elements. Please remove these and use an analytical rigid
surface instead. There are several reasons for using this approach as

opposed to rigid elements that | don't have time to get into right now.  w-
Second, as | requested in our meeting, use node and element sets in defining
your boundary conditions. Aithough this is not necessary for the model to

run properly and does not affect solution efficiency, it makes the input
deck much easier to read and understand. This is a standard practice used by
experienced FE modelers. Finally, the nodes and slements for the drip shield

and rock block should be defined in separate element sets. This helps
tremendously in organizing the input deck and is necessary to request total

energy output results for the two entities (i.e., drip shield and rock
block) separately.

| hope to look at the input in more detai! either tonight or first thing
Friday morning.

Doug

¢.§ Park

Drip shietd  ,  Recfe bloc<

From: Ted Krauthammer <tedk@psu.edu> Save Address - Block Sender

Tuly 1, 2000

To: dgute@swri.org Save Address
CC: Joonhong Lim <jxI387@psu.edu>, Chang-Soo Park <cxp409@psu.edu> Save Address

Subject: Update
Date: Tue, 11 Jul 2000 16:14:42 -0400

Reply Reply All Forward Delete Previous
Doug:

Joonhong and Chang-Sco are almost done with the mesh development. What they
have left is to set the boundary conditions and to model the rock. This

should be done by tomorrow afternoon. The model is very large (more than
180k elements, and close to 40 MB of Patran data). Since I'Il be in Chicago
tomorrow, |'ve asked them to communicate with you directly about the input
file transfer. |t looks iike the bast approach is to place the file on one
of our servers, and you will be able to FTP it over to your site. They will
provide the information to you about that arrangement.

Ted

S 'Pabk

r
N e haa 4

From: Doug Gute <dgute@swri.edu>
Reply-To: dgute@swri.edu
To: "Ted Krauthammer™ <tedk@psu.edu>, "Joonhong Lim" <jhlim@hotmail.com>
. CC: "Asadul Chowdhury (achowdhury)" achowdhury@gargol cnwra.swri.cdu>, "Simon Hsiung (shsiung)"

shsiung@swri.edu>

Subject: Drip Shield Model
Date: Fri, 14 Jul 2000 14:30:00 -0500

I finally got a chance to look at the drip shield model more closely today.

I want to emphasize that you've done a very good job in constructing the model. After giving it some
thought, however, I've decided to make a few changes to the model myself. Most of this will be to address
some personal preferences of mine in how the model is organized. So please focus your efforts on updating
the waste package and drip shield notebooks until I return the input deck to you. I hope to have this done by

Tuesday (July 18'th).

Doug
C.s falk
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From: Ted Krauthammer [maiito:tedk@psu.edu]
Sent: Monday, July 17, 2000 7:28 AM

To: dgute@swri.edu
Subject: Re: Drip Shield Model

Doug:
Thanks for your comments. | have reviewed the material, too, after my
return from Chicage, and { made a few suggestions. Nevertheless, we can
wait for your modifications. Now, | have been thinking about the expected
response of the drip shield under a plane strain condition, and | have a
strong expectation that the dominant response will be flexural (although
some localized buckling is possible at locations where the structure may
fock, such at the rail, etc.). As a result, | think that we can expedite
the analysis by using shell elements, instead of the solid elements. If the
drip shield will not exhibit large flexural deformations (which is not what
| expect), we may need to check for other responses, but | suspect that

shear may not be a significant problem for the system under the present
assumptions.

As you notes, we have more than 190K elements. The runs are expected to be
very long, and generate huge output files. This could become a significant
problem, since we may need to make special arrangements with our Center for
Academic Computing for a much larger allocation of storage and memory than
they typically assign.

In summary, | think that by trying several runs with a simplified model, we
should obtain a pretty good understanding of the expected behavior. Then,
we can decide if we with to modify our approach to the more detailed mesh.

. What do you think?

Ted
CS @ﬂéx’r'k'

s e AR

37

From: Ted Krauthammer <tedk@psu.edu> Save Address - Block Sender

To: dgute@swri.edu Save Address T—

CC: Joonhong Lim <jxI387@psu.edu>, Chang-Soo Park <cxp409@psu.edu> Save Address

Subject: RE: Drip Shield Model

Date: Mon, 17 Jul 2000 11:42:51 -0400
Reply Reply All

Doug:

Forward Delete Previous

Thanks. We can try something |ike this, and see how much advantage we get.

Ted

p.s., I'lI'l be on travel from this afternoon through Thursday night.

At 09:48 AM 07/17/2000 -0500, you wrote:
Ted:

The only thing 1'm worried about in using shell elements is that we will
miss the out-of-plane normal stress contribution in the region of the rock
block and drip shield contact interface. | believe this will have a
significant contribution to the maximum shear stresses calculated in this
area because this is a compressive normal stress and the other principal
stresses will be primarily tensile membrane stresses. Conceptually, 1 agree
with your earlier suggestion that we use solid elements for the rock block
and drip shield contact interface region and shell elements for the rest of
the structure. The difficulty lies in the time required to set up the
multi-point constraints between the solid and shell elements. This may be
worth pursuing, however, given the number of runs that have to be per formed.
What do you think?

Doug
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From: Doug Gute <dgute@swri.edu>

Reply-To: daute@swri.edu

To: "'Ted Krauthammer'" <tedk@psu.edu>, "'Joonhong Lim*" <jhlim@hotmail.com>
Subject: Drip Shield Model Update

Date: Wed, 19 Jul 2000 08:44:46 -0500

Gent [emen:

| just wanted to let all of you know that |'ve made some revisions in the
drip shield mesh. These are listed below:

I 've remeshed some of the components to eliminate the large number of tied
surface definitions

| 've added a material definition for Alloy 22 for the base component

| redefined some of the elements that were not originally defined as C3D8R
to this designation

Some missed node equivalencing was taken care of

Because of the similarities between scenarios 1 and 3 and symmetry
considerations, |'ve cut the model in half along the y-axis. As a result,
scenario 3 no longer needs to be considered and the model size has been
reduced proportionately.

I will be finishing the definition of the analytical rigid surfaces and
other boundary conditions today. Please focus your efforts on defining the
output requests.

I will send you a summary of the node and element set definitions used in
the model when it is completed.

Please call me at the number provided below if you have any questions.

Doug
¢ Paric
July 2o 200 Time ° |0~ (§i00
From: Doug Gute <dgute@swri.edu>
Reply-To: dgute@swr i.edu
To: "'Joonhong Lim'" <jhlim@hotmail.com>
CC: "'Ted Krauthammer'" <tedk@psu.edu>, "Asadul Chowdhury (achowdhury)"
achowdhury@gargol .cnwra. swri.edu>, “Simon Hsiung (shsiung)" shsiung@swr i.edu>

Subject: Model is Finished!!!
Date: Thu, 20 Jul 2000 11:48:00 -0500

Joonhong:

've put the drip shield input deck onto your ftp site. The name of the file )
is halfds.inp. CWE;_F7Kté7_—__—_—

Another significant change that 1 made that | forgot to mention is the
geometry of the internal and external drip shield plate components. Please
note the change when you review the mesh.

In addition, | have not run a data check on the input deck. You may
encounter some syntax errors with the input. | have tried my best to ensure
that this will not happen, but | may very well have missed something.

Also, set the TIME MARKS output parameter to NO where appropriate. | have
noticed that the stability of the solution can be affected if this parameter
is set to YES.

| also changed the mesh of the rock block slightly in the region where the
rock block will impact the drip shield near the bulkhead. The change is
intended to improve the resolution of the kinematic requirements in this
area.

Once you have all the bugs worked out with the output requests, send me a
copy of the input deck. |'d Iike to double check it before you begin
submitting the "production" runs. We only have a limited time, so | want to
make our best effort to get it right the first time!

As always, don't hesitate to call me if you have any guestions. Moreover,
please consult me before making any assumptions. |f you're not sure about
something, let me take the responsibility for making the dscision.

Doug
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wpat file  wnd  pepue fo run

*******************‘k******k*‘*******'k'k‘ki‘******i‘***'k****'A")(*****'}'***k******

- Check

o oo * % merreeey
N ** ST UNITS:
* %
o, *x Force = Newtons . e
bl Length (Displacement) = Meters
*x Mass = Kilograms
e e ey *k Density = Kilograms / cubic meter p——
*k Pressure (Stress) = Newtons / square meter (Pascals)
ot Energy = Newton-meters (Joules)
e ** Time = Second m——
***********‘k******************************'k**-k-k***'k‘k*-k******-k‘k*'k******
. * %
et o Node Sets: i s
* % .
*x INVERT - Reference node for the invert rigid surface N
Tmmm——— * % WSTPCKG - Reference node for the waste package rigid surface ' -
*x . DSNODES - All drip shield nodes
*x RCKNODES - All rock block nodes .
T *x RCKXSYMM - Rock block nodes where x-symm. B.C.s are applied
bk RCKYSYM1 - Rock block nodes where y-symm. B.C.s are applied
e *k (located at the "front" of the drip shield) [
- ) K ¥ RCKYSYM2 - Rock block nodes where y-symm. B.C.s are applied
*k (located at the "back" of the drip shield)
S i DSXSYMM ~ Drip shield nodes where x-symm. B.C.s are applied o
okl DSYSYMM1 - Drip shield nodes where y-symm. B.C.s are applied
* % (located at the "front" of the drip shield)
[ *x DSYSYMM2 ~ Drip shield nodes where y-symm. B.C.s are applied e
b (located at the "back" of the drip shield) .
. C Pu,le
e *x Element Sets: [
* %
*k DSPLATE - Drip shield plate component elements
e s s ok BULKHEAD - Bulkhead component elements fm—
bl SPPRTBM - Support beam component elements
ok BASE - Base component elements
T —— K EXTPLATE ~ External support plate component elements A
K INTPLATE ~ Internal support plate component elements
okl DRPSHLD - All drip shield elements |
T * % RCKBLCK ~ All rock block elements
b ODSCNTCT -~ Elements used to define the "outer" drip shield
* % surface interacting with the rock block J— -
x IDSCNTCT - Elements used to define the "inner" drip shield
*k surface interacting with the waste package
T ok BASCNTCT - Elements used to define the base surface [E——
*x interacting with the invert
* % RCKCNTCT - Elements used to define the rock block surface
e ** interacting with the drip shield premsm—
* % !
* % Surfaces:
* % | e
*x ODSSURF - "Outer" drip shield surface generated from
*k element set ODSCNTCT
] bl IDSSUREF - "Inner" drip shield surface generated from frmm——
wox element set IDSCNTCT
*k BASESURE - drip shield base surface generated from
"""""""""" * K element set BASCNTCT
bkt RCKSURF - Rock surface generated from element set RCKCNTOT
*k WPSURF - Waste package rigid surface
R ok INVRTSRF - Invert rigid surface
* %
*x Contact Pairs: S
R o
* K IMPCTZON -~ Contact interaction between the "outer" drip shield
) e *x and rock block surfaces )
*k DSWPZON - Contact interaction between the "inner" drip shield
*k and waste package surfaces :
. ok DSINVZON ~ Contact interaction between the drip shield base -
~~~~~~~ X and invert surfaces
* ok |

**‘k*‘k******************************'k*******‘A—-}:**~A'-l:'+*-'k*****‘k**i‘-k'k'k'!‘****"' 9
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= C}MLH’K

| mput  file

U‘Lw(]

)ore pwe,

Ao

run

Rey©

*HEADING

ROCK BLOCK IMPACT WITH THE DRIP SHIELD

%

*PREPRINT,

* K

*NODE, NSET=DSNODES
1, 1.2525 ’
r

2, 1.2522225346947

o o
o o

ECHO=NO, HISTORY=YES, MODEL=NO

0.01
0.0180000007995

ELSET=DSPLATE

502,

1255,

ELSET=BULKHEAD

116060,
2235,

ELSET=SPPRTBM

110336,
110408,

111366,
111474,

DSPLATE
2,
3,

BULKHEAD
115865,
115864,

115866,
115865,

BASE
96138,
96139,

SPPRTBM
98803,
3389,

EXTPLATE
98744,
3511,

INTPLATE
115822,
56547,

62321,
56550,

*ELEMENT, TYPE=C3D6,
36375, 753, 114572,
36751, 1506, 56089,
*ELEMENT, TYPE=C3D6,
100468, 2232, 2233,
100472, 2236, 116220,
*ELEMENT, TYPE=C3D6,

302981, 110333, 110334,
303088, 110409, 110407,
*ELEMENT, TYPE=C3D8R, ELSET=

1, 252, 253,
2, 253, 254,
*ELEMENT, TYPE=C3D8R, ELSET=
100000, 115868, 115870,
100001, 115870, 115863,
*ELEMENT, TYPE=C3D8R, BLSET=
200000, 508, 507,
200001, 507, 506,
*ELEMENT, TYPE=C3D8R, ELSET=
300000, 98801, 98836,
300001, 98836, 3391,
*ELEMENT, TYPE=C3DSR, ELSET=
400000, 98712, 98713,
400001, 98711, 98744,
*ELEMENT, TYPE=C3D8R, ELSET=
500000, 6911z, 115823,
500001, 62321, 115822,
*ELEMENT, TYPE=C3DSR, ELSET=
900000, 900060, 900061,
900001, 900030, 900000,

RCKBLCK
300151,
900120,

900150,
900180,

56089, 1255
56652, 2008
1480, 118786
118789, 1482
111368, 111367
111473, 111477
754, 157,
757, 759,
115764, 115765,
115765, 115768,
1261, 1260,
1260, 1259,
96141, 96142,
96142, 2638,
98837, 98838,
98840, 98839,
121598, 121605,
121599, - 121604,
900062, 900063,
900031, 900002,

756,
758,

115766,
115769,

96984,
96985,

96143,
2636,

98839,
4264,

121604,
57110,

900153,
300122,

755,
756,

115767,
115766,

96983,
96984,

96144,
96143,

98840,
4266,

121599,
57113,

900152,
900181,
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*SOLID SECTION, ELSET=DSPLATE, MATERTAL=TIGRD7

* %k

*SOLID SECTION, ELSET=BULKHEAD, MATERIAL=TIGRDZ24

* %

*SOLID SECTION, ELSET=BASE,

* %

MATERIAL=ALLOYZ2Z

*SOLID SECTION, ELSET=5PPRTBM, MATERIAL=TIGRD24

* %

*SOLID SECTION, ELSET=EXTPLATE, MATERIAL=TIGRD7

* %

*SOLID SECTION, ELSET=INTPLATE, MATERIAL=TIGRD7

* %

*SOLID SECTION, ELSET=RCKBLCK, MATERIAL=ROCK

900090,
900210,

54223,
54231,

200006,
200014,

36015,
36030,

900041,
900057,

900246,
900254,

200336,
900344,

* %
*NSET, NSET=RCKXSYMM
900000, 900001, 900030, 900045, 900060, 900061,
900120, 900121, 900150, 900151, 900180, 900195,
%k
*NSET, NSET=DSYSYMM1
1, 2, 3, 4, 5, 6,
9, 10, 11, 12, 13, 14,
*NSET, NSET=DSYSYMMZ
54217, 54218, 54219, 54220, 54221, 54222,
54225, 54226, 54227, 54228, 54229, 54230,
o= BASCNTCT
*ELSET, ELSET=BSCNTCT
200000, 200001, 200002, 200003, 200004, 200005,
200008, 200009, 200010, 200011, 200012, 200013,
*ELSET, ELSET=0DSCNTCT
36003, 36004, 36006, 36009, 36010, 36012,
36018, 36021, 36022, 36024, 36026, 36028,
*ELSET, ELSET=RCKCNTCT
900017, 900021, 900025, 900029, 900033, 900037,
900045, 900047, 900049, 900051, 900053, 900055,
*NSET, NSET=RCKYSYM1
900240, 900241, 900242, 900243, 900244, 900245,
900248, 900249, 900250, 900251, 900252, 900253,
*NSET, NSET=RCKYSYM2
900330, 900331, 900332, 900333, 900334, 900335,
900338, 900339, 900340, 900341, 900342, 900343,
*NSET, NSET=DSXSYMM
55156, 55157, 55158, 55535, 55536, 55539,
56102, 56661, 56662, 56665, 57224, 57225,

ELSET, ELSET=DRPSHLD
DSPLATE, BULKHEAD, SPPRTBM,
* %
*ELSET, ELSET=IDSCNTCT
974, 975, 976,
982, 983, 984,

BASE, EXTPLATE, INTFPLATE,

980,
988,

* %

300105,
900225,

8,
16,

54224,
54232,

200007,
200015,

36016,
36032,

900043,
900059,

900247,
900345,

900337,
900435,

56099,

57782,

981,
989,

nyL

cof

. —
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*MATERTAL, NAME=TIGRD?

*DENSITY

4512.0 , 0.0

*ELASTIC, TYPE = ISOTROPIC
100.7E+09, 0.32 , 0.0

#pLASTIC, HARDENING=ISOTROPIC
174.1E+06, 0.0000, 0.0
299.5E+06, 0.1793, 0.0

* %

*MATERIAL, NAME=TIGRDZ4

*DENSITY
4512.0 0.0

*ELASTIC, TYPE = ISOTROPIC
107.28+09, 0.32 , 0.0

*pLASTIC, HARDENING=ISOTROPIC
658.1E+06, 0.0000, 0.0
827.0E+06, 0.0876, 0.0

* %

*MATERIAL, NAME=ALLOYZ22
*DENSITY
8691.5 , 0.0

*ELASTIC, TYPE = ISOTROPIC
197.28+09, 0.32 , 0.0
«pLASTIC, HARDENING=ISOTROEIC
254.7E+06, 0.0000, 0.0
984.7E+06, 0.3666, 0.0

* Kk

*MATERIAL, NAME=ROCK
*DENSITY .
2700.0 , 0.0

“ELASTIC, TYPE = ISOTROPIC
33.30E+09, 0.21 , 0.0

*****‘k‘k‘k*************************************"i‘**‘*-*-k*****-k****’k*«ki‘****f

* % Define spring required to prevent rigid body translation
wk in the vertical direction
* %

*NODE, NSET=SPRNGNOD
700000, 1.2280, 0.0000, -1.0000

LR 3

“ELEMENT, TYPE=GPRINGA, BLSET=SPRINGS
700000, 700000, 96965

* %

«SPRING, ELSET=SPRINGS
50.0,

*************************~k~k*************-(—****{'******k***&*************

*x Define the invert analytical rigid surface reference node
E R
*NODE, NSET=INVERT
800000, 0.0000, 0.0000, 0.0000
*RIGID BODY, REF NODE=800000

*******************************‘k************'k'*'k'k*-k‘k'k**-k**-k-k***‘k***k***

*% pefine the waste package analytical rigid surface
ol reference node
* ok

*NODE, NSET=WSTPCKG
800001, 2.7500, 0.0000, 1.0430
*RIGID BODY, REF NODE=800001

*‘k********************************************************************

wx Fix all the DOF of the invert and waste package rigid surface
* reference nodes except vertical translation.
* *
*x Apply the various displacement symmetry conditions.
* %
*BOUNDARY, TYPE=DISPLACEMENT

INVERT, 1, 2

INVERT, 4, 6

WSTPCKG, 1, 2
6

WSTPCKG, 4.
RCKXSYMM, 1
RCKYSYML, 2
RCKYSYM2, 2

pexsyvM, 1 (.S P
DSYSYMML,
DSYSYMMZ,

NN
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* %k

Kk All drip shield nodes and the invert and waste package
*x rigid body reference nodes will have a vertical upward
*k velocity of 1 m/s at time equal to zero.

* %k

* % All rock nodes will have a vertical downward velocity
bl at time equal to zero. This value is assigned here.

* %

*INITIAL CONDITIONS, TYPE=VELOCITY
DSNODES, 3, 1.0000
INVERT, 3, 1.0000
WSTPCKG, 3, 1.0000
RCKNODES, 3, -7.0000

B R R R 2 I I S E b o e O e e

* %

*STEP, NLGEOM=YES
ROCK BLOCK IMPACT WITH TITANIUM DRIP SHIELD
* %
*DYNAMIC, EXPLICIT
, 0.035

¥k
*MONITOR, DOF=3, NODE=95579

R e R o o R o R O S R e R R R R R R

* %
*x Define the contact surfaces between the rock block and drip
*x shield in terms of element sets
* %
*SURFACE DEFINITION, NAME=RCKSURF
RCKCNTCT,
*SURFACE DEFINITION, NAME=0DSSURF
ODSCNTCT,
* ok
ol The rock block contact surface is forced to be the master
*x surface by the WEIGHT=1.0 parameter
* %

*CONTACT PAIR, OP=ADD, WEIGHT=1.0, CPSET=IMPCTZON
RCKSURF, ODSSURF

LR R R R S R R R R RS S R R R R S S SO A O R O SR O O 0 U S e e ey

* &

*x Define the contact surfaces between the drip shield and

*x waste package. The drip shield contact surface is defined in

*x terms of an element set and the waste package is an analytical

*x rigid surface

* %

*SURFACE DEFINITION, NAME=ID3SURF l ol50

(&) .

*fDoCNTCT v ' t’isu . JU\ I7 L?

- -

*RIGID SURFACE, T!P =CYLINDER, NAME=WPSURF,¢£;F NODE=800001
0.0000, 0.0000, 2.0350, 1.0000, 0.0000, 2.0350

0.0000, 1.0000, 2.0350 & [, 9350

START, 0.000000, 1.000000

CIRCL, 0.866025, -0.500000, 0.000000, 0.000000

CIRCL, ~0.866025, -0.500000, 0.000000, 0.000000

CIRCL, 0.000000, 1.000000, 0.000000, 0.000000
* %
*CONTACT PAIR, OP=ADD, CPSET=DSWFZON

WPSURF, IDSSURFE

c.S fﬂﬁw)’k.,
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*‘k***‘k**************‘k*****‘k‘k************'k**’k'»\"i""*ﬁ“k'*i"k*\ki’**i—*#ﬂk'k-l—-k‘*****

*x Define the contact surfaces between the drip shield base and
dox invert. The drip shield base contact surface is defined in
*x terms of an element set and the invert is an analytical

*x rigid surface

* ok

*SURFACE DEFINITION, NAME=BASESURE

*EASCNTCT, 3"/\‘7 )—Li

*RIGID SURFACE, TYPE=CYLINDER, NAME=INVRTSRF, REF NODE=800001
0.0000, 0.0000, 0.0000, 1.0000, 0.0000, 0.0000
0.0000, 1.0000, 0.0000
START, 0.000000, 0.000000

LINE, 1.280000, 0.000000
CIRCL, 1.290000, 0.010000, 1.280000, 0.010000
LINE, 1.290000, 0.136000
CIRCL, 1.300000, 0.146000, 1.300000, 0.136000
LINE, 2.300000, 0.146000
Ak
*CONTACT PAIR, OP=ADD, CPSET=DSINVZON *

INVRTSRF, BASESURFE

Tkkkkkkk kb hk kb kk kb bk kb bk bbb b hkhkIhhbhhhdhdbdhdddb bbb rrrrbbddhkbkdrdt

** Apply volumetric gravity loads to the drip shield and
ok rock block elements
* %

*DLOAD, OP=NEW
DRPSHLD, GRAV, 9.81, 0.0, 0.0, -1.0
RCKBLCK, GRAV, 9.81, 0.0, 0.0, -1.0

dekk kb bk kR k kbbb kb kdkk kb hkbkhkdk kb h ok kb kb kd kb kkd kb ok hkdhdhdhkhkshkhd

it Set the upward velocity of the invert and waste package to
ek a constant 1 m/s
* %k

*BOUNDARY, TYPE=VELOCITY, OP=MOD
INVERT, 3, 3, 1.0
WSTPCKG, 3, 3, 1.0
*************‘k***i’**********"(*‘k******"(**‘l"k4."A"l"}‘*‘k‘k‘k‘)\"k'k‘)"k*'k"k‘*"k'k***'k‘k'k"l"l“l'
* *

*RESTART, WRITE, OVERLAY
* %

«QUTPUT, HISTORY, VARIABLE=PRESELECT, TIME INTERVAL=0.001
* *
*OUTPUT, HISTORY, TIME INTERVAL=0.00005
#NODE OUTPUT, NSET=WSTPCKG

RF,
*NODE OUTPUT, NSET=INVERT

RF,
* %
*QUTPUT, FIELD, VARIABLE=PRESELECT, NUMBER INTERVAL=10, TIME MARKS=NO
*ELEMENT OUTPUT, ELSET=DRESHLD

SP, MISES, i

*ELEMENT OUTPUT, ELSET=ROCK Rekpick

SP, MISES
*CONTACT OUTPUT, CPSET=IMPCTZON, VARIABLE=ALL
*CONTACT OUTPUT, CPSET=DSWPZON, VARIABLE=ALL
*CONTACT OUTPUT, CPSET=DSINVZON, VARIABLE=ALL

* %
*QUTPUT, FIELD, NUMBER INTERVAL=200, TIME MARKS=NO
*NODE OUTPUT, NSET=WSTECKG
RF,
*NODE OUTPUT, NSET=INVERT
RF,

* ok

*FILE OUTPUT, NUMBER INTERVAL=20, TIME MARKS=NO
¥NODE FILE

U, V, A, COORD

*EL FILE, ELSET=DRPSHLD

s, SP, MISES, ENER

*EL FILE, ELSET=RCKBLCK

s, SP, MISES, ENER

*ENERGY FILE

* %

*HISTORY OUTPUT, TIME INTERVAL=0.001
*NODE HISTORY, NSET=WSTPCKG

RF
*NODE HISTORY, NSET=INVERT
RE,

* ok
* %

*PRINT, ALLKE=YES, CRITICAL ELEMENT=YES, ETOTAL=YES

®
% *

*END STEP
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N *RIGID SURFACE, TYPE=CYLINDER, NAME=WPSURF, REF NODE=800001 [ ———
0.0000, 0.0000, 1.0350, 1.0000, 0.0000, 1.0350
- 0.0000, 1.0000, 1.0350
T START, 0.000000, 1.000000
CIRCL, 0.866025, -0.500000, 0.000000, 0.000000
e CIRCL, -0.866025, -0.500000, 0.000000, 0.000000 T
CIRCL, 0.000000, 1.000000, 0.000000, 0.000000
o *RIGID SURFACE, TYPE=CYLINDER, NAME=INVRTSRF, REF NODE=800001 o
0.0000, 0.0000, -1.0000, 1.0000, 0.0000, -1.0000
0.0000, 1.0000, -1.0000 Vi
"""""""" START, 0.000000, 1.000000 B
** LINE, 1.280000, 1.000000
N ** CIRCL, 1.290000, 1.010000, 1.280000, 1.010000 rme—————
LINE, 1.3030000, 1.0
o CIRCL, 1.3130000, 1.01, 1.303, 1.0l I
** LINE, 1.290000, 1.136000
LINE, 1.3130, 1.1360
A ** CIRCL, 1.300000, 1.146000, 1.300000, 1.136000 T
CIRCL, 1.3230, 1.1460, 1.3230, 1.1360
J **  LINE, 2.300000, 1.146000 oo
LINE, 2.3230, 1.1460
* *
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ont  file

From: Ted Krauthammer <tedk@psu.edu> Save Address - Block Sender
To: dgute@swri.edu Save Address
cc: Joonhong Lim <jxI387@psu.edu>, Chang-Soo Park <cxp409@psu.edu> Save Address

Subject: Re: DS Update

Date: Mon, 24 Jul 2000 16:36:45 -0400
Reply Reply All

Doug:

Forward Delete Previous

Thanks for the update. We had another meeting today, and went over these.

As for the WP's notebook, we are doing it as fast as possible, between work
on the DS.

Ted

At 10:52 AM 07/24/2000 -0500, you wrote:
Ted:

| 've received a number of questions from Joonhong. | believe |'ve been able
to resolve all but one. The one outstanding issue is the appropriate
placement of the WP relative to the drip shield and invert. The data | used
to locate the WP in the model | sent up last week was from a 1998
emplacement drift invert design document. It would appear, however, that
this information is no longer valid because, as Joonhong pointed out, the WP
surface extends into the drip shield. | have instructed Joonhong to comment
out the WP contact surface data for now and focus his efforts on getting the
model to run without it. This should only require commenting out five or so
ines. We will provide you with updated information with regard to this
matter as soon as we can identify a document that has the most recent
dimensions.

On another front, Simon has asked that the WP scientific notebook be
returned to us as soon as it is completed so we can "close it out."

Doug

c.S Ptn\’ k-
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From: Doug Gute <dgute@swr i.edu>
Reply-To: dgute@swr i, edu

To: "'Joonhong Lim'" <jhlim@hotmail.com>
Subject: Mode! Modification Files

Date: Wed, 26 Jul 2000 16:46:02 -0500
Joonhong:

The attached files are now at your ftp site. They are entitled
'BASCNTCT.txt' and ‘DS_Model_Revisions.txt'

BASCNTCT.txt - contains a new set list for ELSET=BASCNTCT. Replace the old
set list with this one.

DS Model _Revisions.txt — contains changes for the invert and WP rigid
analytical "surfaces. The reference node for the WP rigid surface has also
been changed to the center of the WP.

Doug
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**********************************************************************
*

*x Define the waste package analytical rigid surface
*x reference node
* &

*NODE, NSET=WSTPCKG
800001, 0.0000, 0.0000, 1.0120
*RIGID BODY, REF NODE=800001

**********************************************************************

***************************************‘*******************************

* ok
*k Define the contact surfaces between the drip shield and
*k waste package. The drip shield contact surface is defined in
il terms of an element set and the waste package is an analytical
* ok rigid surface ‘
* %
*SURFACE DEFINITION, NAME=IDSSURF
IDSCNTCT,
* %

*RIGID SURFACE, TYPE=CYLINDER, NAME=WPSURF, REF NODE=800001
0.0000, 0.0000, 1.0120, 1.0000, 0.0000, 1.0120

0.0000, 1.0000, 1.0120

START, 0.000000, 0.822000

CIRCL, 0.711873, -0.411000, 0.000000, 0.000000
CIRCL, -0.711873, -0.411000, 0.000000, 0.000000
CIRCL, 0.000000, 0.822000, 0.000000, 0.000000
*

*CONTACT PAIR, OP=ADD, CPSET=DSWPZON
WPSURF, IDSSURF

**********************************************************************
* %

ol Define the contact surfaces between the drip shield base and
x4 invert. The drip shield base contact surface is defined in
*x terms of an element set and the invert is an analytical

*x rigid surface

* &

*SURFACE DEFINITION, NAME=BASESURF

BASCNTCT,

* K&

*RIGID SURFACE, TYPE=CYLINDER, NAME=INVRTSRF, REF NODE=800001
0.0000, 0.0000, 0.0000, 1.0000, 0.0000, 0.0000

0.0000, 1.0000, 0.0000
START, 0.000000, 0.000000
LINE, 1.321000, 0.000000
CIRCL, 1.331000, 0.010000, 1.321000, 0.010000
LINE, 1.331000, 0.384000
CIRCL, 1.341000, 0.394000, 1.341000, 0.384000
LINE, 2.341000, 0.394000
* ok

*CONTACT PAIR, OP=ADD, CPSET=DSINVZON
INVRTSRF, BASESURF

**********************************************************************

*ELSET, ELSET=BASCNTCT

1501, 1502, 1503, 1504, 1505, 1506, 1507, 1508,
1509, 1510, 1511, 1512, 1513, 1514, 1515, 1516,
S Pak

iy 21, 2o Tme  §30~ Mo

- T&/)j: yuvl

- S ‘%a)( ewwoy C ﬂ?ebk

.49

=Sprinys

kspring el cSprins ¥ spring gfsed
=3
) & co
< Time perio d of the J'ftf{a ) el -
Julyrg 20 Time Y:00~ |2:00 -
. Tm/% run ‘
. P |

Time perisd  oF fhe step 107 -

Time period of the Jf‘{f X hede
\ ALﬂqU\A Pojt joL : hame memor, = Joowown

- Mbague  pok  poblem > no Show Jrisff{’t’?i?M " converk

' From: Ted Krauthammer [mailto:tedk@psu.edu]
Sent: Friday, July 28, 2000 10:28 AM

' To: dgute@swri.org
Subject: Update

~ Doug:

A couple of updates.

1. We seem to have a problem with storage from Abaqus runs. The 0.1 ms run
— that we did took up about 250MB of storage, and this was for limited

output. The full output might be twice as large. Although it may not scale
—— linearly, but running a 20 ms simulation could generate up to 100 GB. |

have been in touch with our computer center, and they are looking into what
—— can be done.

——Have you tried running the case? It would be interesting to see how much
storage it generated on your system.




Ted

At 02:15 PM 07/28/2000 -0500, you wrote:
Ted:

Thanks for the info.!

Memory management for the output is definitely a problem. | found that | had

to limit my whole model output requests to "snap shots" corresponding to

specific times of interest. Unfortunately, | had to run the same job at
least twice to discern when the appropriate times for requesting the whole

model output should be. For the current model, | would suggest requesting
the displacement output for only two nodes at small time increments

throughout the entire analysis. One of these nodes would be the node located
at the bottom of the support beam at the x and y symmetry BC intersection.

The other would be located on the inside of the drip shield at the other x
and y symmetry BC intersection. | suspect that one these nodes would impact

the WP before any of the others. | would also limit element stress output
data for small time increments throughout the entire analysis to those

elements that have been identified as likely candidates for experiencing
material failure. | would only request whole model data at the times when

the displacements are at a maximum and one or two other instances that you
think are worth looking at. For instance, (i) right after the rock block and

drip shield impact event has been initiated (I'm kind of curious as to the
normal (sigma-z) stress levels generated in the elements participating in

the contact right after impact); (2) when the DS impacts the WP (in the

event it does hit the WP); and (3) when the system has reached steady state.

I have not attempted to run the model locally. Primarily because of these

output and memory issues. Resolving these types of problems is time

consuming and oftentimes frustrating. But I've found that the time spent in
formulating an efficient output data management scheme pays off in the long

run. Especially when we have this many different permutations to analyze.

I'll send the business cards to you some time next week.

Thanks again for the update and | hope my suggestions help at least a little
bit.

Doug

Doug:

Qg;omk

Thanks for your thoughts. We have proceeded along the same ideas. Nevertheless, | hate to run a
problem with limited output, and find out that we "missed the boat". It might be better to request more
output that we may need, and discard what is not useful, than to be forced to rerun problems. In any
case, our storage needs have become an interesting problem for the Academic Computing Center. They

will probably develop a scheme to provide much more extensive storage than is typical currently, and we

should be able to use it efficiently.
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u, v, A
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S, LE,
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Analysis Output

For each analysis the following data is required:

| EToihL PLLSE. pLLf b MME
. Time-history plots of the total energy, elastic strain-energy, plastic strain-energy, Kinetic'

energy, and artificial energy for the drip shield for each analysis permutation. This data
will also be "providEi in a MS Excel spreadsheet.
Aubz

. Time-history plots of the total energy, elastic strain-energy, plastic strain-energy, kinetic
energy, and artificial energy for the rock block for each analysis permutation. This data
will also be provided in a MS Excel spreadsheet.

3 MLISC S SENER
. Separate time-history plots of the maximum shear stress, Von Mises stress, and strain-
energy density for those element(s) exhibiting the greatest magnitudes of these
measures during the analysis for each analysis permutation. This data will also be
provided in a MS Excel spreadsheet.
RF
. Time-history plots of the resultant reaction forces for the reference nodes of the invert

and waste package analytical surfaces for each analysis permutation. This data will also
be provided in a MS Excel spreadsheet. v
3

e Time-history plots of the drip shield and waste package clearance for each analysis

permutation. This data will also be provided in a MS Excel spreadsheet.

C s Payk

Finite element analysis permutations.
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Rock Block Mass Rock Block Rock Block T

Permutation No. (kg) lmpat(:’rcn\llse)lomty Klnetl?Jl;:nergy o

1 500 7.0000 12250.0000

2 500 9.8995 24500.0251 -

3 500 14.0000 49000.0000

4 1000 7.0000 24500.0000 |

5 1000 9.8995 49000.0501 |

6 1000 14.0000 98000.0000

7 2000 7.0000 49000.0000 -

8 2000 9.8995 98000.1003 B

9 2000 14.0000 196000.0000

10 4000 7.0000 98000.0000

11 4000 9.8995 196000.2005

12 4000 2.4749 12250.2600

13 8000 7.0000 196000.0000

14 8000 1.7500 12250.0000

15 8000 2.4749 24500.5200
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A"E’) 13, 2000 Time |5:00 ~ “*"0 | | #1/bin/csh —f

Hoé’ifj “JC 3”'9%1 File (AJJ&EJ'A& pe"m/'(,‘ )

@ job_type = serial

@ class = abaqus

*NSET, NSET=IM_NODE Abaqus application (cpus= field)

54969, 95877, 95579, 54717, 96135, 95879, 95582, 753, 55260, 55158, ———
251, 114571, 55054, 55156, 2232, 116060, 115809, 116465, 116363, 115815,

117195, 116357, 2259, 56400, 56099, 726, 121397, 121022, 122285, 123490, =  co——ee
121033, 122299, 123502, 118750, 128669, 128636, 96081, 96027, 115820,

67968, 115823, 56601, 56547, 54593, 54655, 107403, 107341, 3389, 107279,

3451, 3513, 98802, 98771, 98712, 503, 1, 81, 177, 583, 679, 54719, 54815, T —

#
#
# Set the following value to the number of CPUs you use in your
#
#

@ resources = ConsumableCpus (1)

@ error = err.$(jobid).$(stepid)
@ output = out.$ (jobid).$(stepid)

H IH*

24899, Sdz1E, B4405, BT # @ wall clock_limit = 72:00:00
*ELSET, ELSET=IM_ELE T # @ queue

———— 63071, 62899, 62698, 63072, 62900, 62700, 36375, 36205, 36002, 36376, S — o "Job 4 host o date: whommi"
36206, 36004, 100468, 100469, 100608, 101349, 102552, 100098, 101369, ¥ echo "Job started on “hostname  ‘date  ‘whoami
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102709, 103980, 105176, 102651, 103908, 105116, 505038, 505002, 504968, | boo— z 3e§ Cpggssqual ;OCCPUS dgilrzgu(s max, 4 recomended)
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408431, 408369, 408309, 408430, 408368, 408308, 400123, 400062, 400001, — hzaeﬁzz fZiiZlTinse¥l= L i;SyZi :Zé rumning errors

400122, 400063, 400000, 200005, 1, 81, 177, 251, 331, 427, 35751, 35847,

.69

35931, 35501, 35597, 35681 , , . ,
— /:/rs_aix/usr/local/abaqus_smp/abaqus job=p4 memory=50000000 cpus=1 interactive

rn

C S Purle

S echo "Job completed “hostname’ ‘date” “whoami

‘ C.5 /Jw/(
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. To  make qu, [oh/bcﬁ File .foy oweM
seb L xy  prik file = p]
- We Con wee He daba l?j é,hra«cl éhezi? .

A‘Aj 25 Lo Tiwe |3 00 ~ H;od

- Ren the cue 1,12, 0514 S So mS

— T wmake #the batch file  fom (e | o (e T
A

*********************************************}*******é;%g *ﬁw
**Displacement

reset, all

sel, file=pl

read curve, name=unb4969, var=u, node=54969 |
set, xy print file=pl ul.txt

print curve 3
un54969
hkhkhkhkhkhkhhkhhkhdhkhhhhhhkddbdhdhhhhhkhhhhbhdrhhbhhkhhkhkhkhbhhbhhrhhkhhbhbhbhhhhktrd
**Velocity

reset, all

sel, file=pl

read curve, name=vn54969, var=v, node=54969
set, xy print file=pl vl.txt

print curve |
vn54969

hdkdkhkhkbhhhhhkhhkhbhhkhbhbhhddrdhhbhhdbhbhbhbhhbhhbhkhbhd A drhkhrbhbdbbdrhdhhdhh

**Acceleraction
reset, all
sel, file=pl

read curve, name=an54969, var=a, node=54969
set, xy print file=pl al.txt

print curve

an54969
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**mises
reset, all
sel, file=pl

read curve, name=me62698, var=mises, ele=62698
set, xy print file=pl m3.txt

print curve

me62698

- print curve

*********************************************************

**stress
reset, all

* %k &

3

sel, file=pl

read curve, nase=se62698, var=s, ele=62698
set, xy print file=pl s3.txt

se62698

************************************************************

**Node history nset=Wstpckg
reset, all

sel, file=pl

read curve, name=rn800001, var=rf, node=800001

set, xy print file=pl rfl.txt

print curve
rn800001

**Node history nset=invert
reset, all

sel, file=pl

read curve, name=rn800000, var=rf, node=800000

set, xy print file=pl rf2.txt

print curve
rn800000

dhkhkhkhkhhkhkhkhhhhhhhhhbhhhbhhhbhhhdbdbbhbhbbhhbdbhbhhhbhbhdthdhhhdhk

**Energy history at Dripshield plate

reset, all
sel, file=pl

read curve, name=se ds, var=allse, elset=dsplate
read curve, name=pd ds, var=allpd, elset=dsplate
read curve, name=ke ds, var=allke, elset=dsplate
read curve, name=ae_ds, var=allae, elset=dsplate

set, Xy print file=pl enerl.txt

print curve
se_ds
pd ds

ke ds
ae ds

B R T R R R R R R D L L I A u A A A A e s

**Energy history at rockblock

reset, all
sel, file=pl

read curve, name=se rb, var=allse, elset=rckblck
read curve, name=pd rb, var=allpd, elset=rckblck
read curve, name=ke rb, var=allke, elset=rckblck
read curve, name=ae rb, var=allae, elset=rckblck

set, xy print file=pl ener2.txt
print curve

se rb
pd rb

ke rb
ae_rb
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hdkdkhdkhdkkdkkdkhkhhhhkhhkhk Ak hkh kb & & &k % & & & &

**Energy history

reset, all
sel, file=pl

read curve, name=to_ all, var=etotal
read curve, name=ke all, var=allke

read curve, name=ie all, var=allie
read curve, name=wk all, var=allwk

set, Xy print file=pl ener3.txt
print curve

to_all
ke all
ie_all
wk_all |
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