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Initial Scientific Notebook Entry for Drlp Shield — Waste Package
Interaction Test.

Title: Angled (5 degrees, 15 degrees, 45 degrees drip shield) interaction
tests, fixed boundary condition tests, free boundary condition tests, ambient

temperature tests, elevated temperature test (150 degrees Celcius).

Test Performed by: Luis Ibarra, Daniel Pomerening, Karol Hricisak,

Kuang-Tsan Kenneth Chiang

Objective: Study the interaction of drip shield material titanium Grade 5
alloy and waste package material Alloy 22.

Equipment: MTS tensile test machine. Tiajus Ofson Universed Teef Madhin
KR e/8/of

Materials: Titanium Grade 5, Alloy 22

Specimen Specifications: Titanium Grade 5 plate per ASTM B265,
Hastelloy C22 plate per ASTM B575

Measurement Parameters: Mechanical properties as described in TOP-
008. Temperature of environments +2°C.

Required Level of Accuracy: Ultimate tensile strength £0.1 ksi, 0.2% yield
strength 0. 1 ksi, elongation +1 percent, reduction in area +1 percent

Uncertainty and Source of Error: The uncertainty and source of error shall

be included in the test report.

................

Continued To Page
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Contact: Fred Travers
Phone: 1-800-225-0304 Fax: 1-781-293-3753

& 8 & 8 & S & o @
@ ~ =
2| Requisition: 07013003 SOUTHWEST RESEARCH INSTITUTE Page 1 of 2
;cu' Requisitioner: He, Xihua S Supni ) o Date Printed: 05/15/2007
™ Req Organization:  1.20.01.50 C‘:@%g:zg PP er President Titanium Date Created: 02/05/2007
Phone: (210) 522-5194 + Hanson’MA Requisition Date:

02/14/2007

/

g @aluti i h

3lva

Lo/

UV Uv'd obed wos-f penuguos

Special Instructions: The procuremerit plan is attached | ‘

Line # Item / Description U/M  Need By Date Requested Qty Est Unit Cost Estimated Costs

LB
imensions 6" by 8", 18 pieces, 6 square feet total
Deliver To: Xihua He/Bldg. 57
¥ Account: 704-000

1 Titanium Grade 5 plates, thickness 1.75", d 2/28/2007 259.00 58.04 15,032.36

Organization: 1.20.01 Project: 06002.01.342

b

Allocation Pct: 100.00

Total Estimated Cost: $15,032.36

Government Project?: YES Property Type: Gi Is Govt. Property being sent to supplier?: NO

Quality Assurance?: YES Costpoint QC Inspection Required: NO

/t#/f’ th X”a AN g1 1’1’\9‘(]5 -D‘Pwﬁ_o T

Is this requisition for or does this requisition include a service (other than a repair)?: YES
Is the service to be performed on or off campus: OFF

To Be Used For: ENG2 mechanical tests

Approvals: Requestor: Xihua He 2/8/2007 11:07:31 AM
Department/Division Management: Asadul H Chowdhury 2/9/2007 8:28:51 AM

Sitakanta Mohanty 2/9/2007 5:14:17 PM Quality Assurance: Robert D Brient 2/9/2007 3:46:02 PM

VPPN

Submitted By: Shirlee Garcia 2/14/2007 3:51:45 PM

Your organization will provide goods or services in accordance with the’ requirements of your quality system or that of the G

ARp_1 Nt nanse

eosciences and Engineering Division Quality Assurance Manual. Technical and quality assurance procedures required in the pe

rformance of your staff members' work will be identified in procurement documents. Documentation requirements shall be spe

cified in the pUr‘cha§e ‘order and will be supplied with the product. If scientific notebooks are utilized, ., they are subject t
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SOUTHWEST RESEARCH INSTITUTE

T

Requiéition: ' Page 2 of 2

Requisitioner;

Req Organizz{tion:
Phone:

He, Xihua

1.20.01.50
(210) 522-5194

Suggested Supplier: President Titanium
City/State: Hanson/MA

Contact:  Fred Travers . -
Phone: 1-800-225-0304 Fax: 1-781-293-3753

Date Printed:
Date Created:

Requisition Date:

05/15/2007

02/05/2007
02/14/2007
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Line #

Est Unit Cost

Estimated Costs

Item / Description U/M  Need By Date Requested Qty

L

' o periodic submittal and review and must be returned at the conclusion of work to the Geosciences and Engineering Division Q

/- uality Assurénce or payment will be withheld. Your organization's product will be accepted based on an evaluation by Geosc
iences and Engineering Division staff and will be returned for rework at Seller's éxpense if the product does not meet requ
ireménts. Additionally, there shall be "right of access" to your facility to confirm effective implementation of the qualit
y requiréments with the possibility of audits, source inspections, or surveillances. The Seller shall notify Geosciences an
d Engineering Division Quality Assurance of any nonconformance to the requirements of this purchase order; further work shal
1 not be done unless directed by Geosciences and Engineering Division Quality Assurance. If there are any Quality Assurance

-related questions, please call the Director of Quality Assurance at (210) 522-5537.

MATERIAL -CERTIFICATION SHALL ACCOMPANY EACH LOT OF ITEMS SHIPPED. CERTIFICATION SHALL STATE CONFORMANCE TO THE PARTICULAR SP
ECIFICATION(S) AND INCLUDE REFERENCES TO THE APPLICABLE HEAT NUMBER, LOT/BATCH NUMBER OR DATE CODE WHEN APPLICABLE. THE SUP
PLIER SHALL NOTIFY INSTITUTE QUALITY SYSTEMS OF ANY DEFICIENCIES DISCOVERED SUBSEQUENT TO THE DELIVERY OF THIS ITEM.

MILL TEST REPORT SHALL ACCOMPANY EACH LOT OF ITEMS SHIPPED. TEST REPORT SHALL BE IN THE FORM OF A PRODUCTION BATCH ANALYSIS
OR LADLE ANALYSIS. CHEMICAL AND/OR PHYSICAL TEST DATA SHALL BE PROVIDED. MATERIAL SHALL BE IDENTIFIED BY HEAT NUMBER, IF A
PPLICABLE.
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c e '.l‘ested at Mmoo ™LA ‘
TOP 016 WAR. cmne .02 | i<i01 <.01  BAL. 6. wAr ‘CHANG |
BoTTo .016 WAM CHANG - . .01 . <.01 . <.0L "BAL. ° WAH CHANG
. : L | ¥ . S e :
E 2 B i‘osceq' At | ZE : Y "? ; r-ne ua m: o ‘sn - ‘8n Tasted At c: ebma Ni
TOP. . <,01 WAHM CHARG . - <.01 <.ooos wm cma 1770 00 .01 wal cHANG o2 <01 <m0z
BOTTON <01 WA CHANG  <.01 <.0005 wait cme 1930 .003¢ <.01 wax cHANG .02 <01 <01 .01
H
8 PLATE A2 .0082"
~ =~ N
e m
T i1
= 7:\ cunm:swn!'mmuuwm
-
'; }’ chemistry tested at ALLVAC unless otherwise noted.~
(3% .*) B :
Bz'm‘-"i'msus CALCULATED BY cnmis'riw:
% 9 TOP = 1811F '
2 BOTTOM = 1824F cph
g : S KX S AR . s L ;
5 . Wah Chang/GE Aircraft FEngine C.ode‘ 91974 applies. k y
) - o @
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@ Note: Metallics are analyzed by ICP, gases are. analyzed b‘.v ine:t: gas £usion or combuntion.
o - : Ll ey L . s
@ . TO s el
< @ 2s shipped - Tenaile Test
(f Heat Treat Test Temp UTS 2% Yield T l02% Vield . %EL : Gage Length Tenslls
Ql Operation  jngot Code pir F Ksi ksl i kel - 4D BDY L %RA . 4D §D Dismeter Tested At
g’ veF2 .M ROOM = 145.4 '136.3 18,9 31.4  1.001 0.2535  ALLVAG MONROE
= VCF2 LM ROOM 145.5 137.0 4.5 26.2 - 1.001 ‘0.248  ALLVACMONROE
VCF2 Lm ROOM - 142.4 '133.7 v 20.6  35.0 1.107 0.3245  ALLVACMONROE
VCF2 LM ROOM  143.3 135.4 16.7 35.1 1.107  0.221 ALLVAGMONROE
Test Di.z:: L= Lanq:ltudinal, T = 'J.'ransvetue, 87 = Shoxrt '.Ernnavar-o, m- = Long 'l.':anuvo:aa,
' ’ - Tranuvq:se Centex M: s:l.ze, ™M = 'J.'r.nsvo::n M:Ld-n;diu- At sizo,
PC = Pancake, DB = bar, PD = Paddle, TP a 'J.'op Transvarse At ‘Bire;
- BT = Hottom 'l':amwo:na At Size, LC = Long antor, X = Top Transverse Mid-Radius At Size,
> ‘LM = Lonqicudinnl mia Rudius, 18 = I.onql.tud;lnal 8u:£aca, 'l.‘s = '.l‘x‘lanOrBQ Burf.-.oe
m " -Opesration: SUPER = Croa-hea,d Sep Rate of 10 1nchas/m:lnut‘ ol AR T ’
T'Euswsme_ss ’nufp'funs HEAT TREATMENT -
HT Code: Ver2 Fumace
Cool Rate
Temp Per Hrs Cool
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- . — - — - —
5 [;LAN‘I' 1450 8 ) FC . VCFGHRS.MIN:
v (,3 ‘I'I'l ™ T i T -
-~ } METALLOGRAPHY
1§ N
iry Q M:Lcro-tructure evaluated in a.cco::dance wi.th the rofa:enced specifications and found acceptabl..
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Special Instructions:  Material certification shall be supplied with the material.

Requisition: 07016662
Requisitioner: Chiang, Kuang-Tsan K Date Printed: 05/1 5/2007;»-|

Req Organization:  1.20.25.10
Phone: : (210) 522-2308

Line # ~ Item / Description

!Ill*ilillfl[llilitllQ
SOUTHWEST RESEARCH INSTITUTE Page 1 of 2}

Suggested Supplier: Haynes International, Inc. . ]
City/State: Houston/TX Date Created: 03/08/2007;

Contact:  Joy Lucas Requisition Datg: 03/ 1 9/2007;'

Phone: 713-937-7597 Fax: 713-937-4596

U/M  Need By Date Requested Qty Est Unit Cost Estimated Costs

fanalysis

1 Hastelloy G-22 plate (B575), 374“X3"x6f EA 3/23/2007 18.00 146.03 2,628.54
Deliver To: B/57 ' ‘
Account: 704-000 Organization: 1.20.01.55 Project: 06002.01.342 Allocation Pct: 100.00
; ' ‘Total Estimated Cost: '$2,628.54

Government Project?: YES Property Type: Gi Is Govt. Property being sent to supplier?: NO

Quality Assurance?: YES Costpoint QC Inspection Required_: NO Inspection Criteria: Procurement Plan requires confirmatory

To Be Used For: Waste package/drip shield interaction study.

Approvals: Requestor: Kuang-Tsan K Chiang 3/8/2007 1:10:14 PM
Department/Division Management: Asadul H Chowdhury 3/9/2007 10:56:47 AM
Sitakanta Mohanty 3/9/2007 3:39:10 PM Quality Assurance: Robert D Brient 3/9/2007 8:40:39 AM

Submitted By: Shirlee Garcia 3/19/2007 8:47:13 AM

Your organization will provide goods or services in accordance with the requirements of your quality system or that of the G
eosciences and Engineering Division Quality Assurance Manual. Technical and:quality assurance procedures required in the pe
rformance of your staff members' work will be identified in procurement documents. Documentation requirements shall be spe

cified in the purchase order and will be supplied with the product. If scientific notebooks are utilized, they are subject t
o periodic submittal and review and must'be returned at the conclusion of work to the Geosciences and Engineering Division Q
uality Assurance or payment will be withheld. Your organization's product will be accepted based on an evaluation by Geosc

iences and Engineering Divi

sion staff and will be returned for rework at Seller's expense if the product does not meet requ
. ; T T | H I I i i I

I i I i I 1 I I I 1 I H

1 I H i H I H | 1 ] { H 1 1 H 1 H 1
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Requisition: 07016662
Requisitioner: /Chiang, Kuang-Tsan K
Req Or g/anization: 1.20.25.10 ' Suggested Supplier: Haynes International, Inc.

Phone: - (210) 5222308, City/State: - Houston/TX
Contact:  Joy Lucas

Phone: 713-937-7597 Fax: 713-937-4596

SOUTHWEST RESEARCH INSTITUTE Page 2 of 2

Date Printed: ' 05/15/2007

Date Created: 03/08/2007
Requisition Date: 03/19/2007

UM  Need By Date Requested Qty Est Unit Cost Estimated Costs

- irements. Additionally, there shall be "right of access" to your facility to confirm effective ‘implementation of the qualit

ections, or surveillances. The Seller shall notify Geosciences an
d Engineering Division Quality Assurance of any nonconformance to the requirements of

y requirements with the possibility of audits, source .insp
this purchase order; further work shal
1 not be done unless directed by Geosciences and Engineering Division Quality Assurance. If there are any Quality Assurance
-related questions, please call the Director of Quality Assurance at (210) 522-5537.

MATERIAL CERTIFICATION‘ SHALL ACCOMPANY EACH LOT OF ITEMS SHIPPED. CERTIFICATION SHALL STATE CONFORMANCE TO THE PARTICULAR SP
ECIFICATION(S) AND INCLUDE REFERENCES TO THE APPLICABLE HEAT NUMBER, LOT/BATCH NUMBER OR DATE CODE WHEN APPLICABLE.

THE SUP
PLIER SHALL NOTIFY INSTITUTE QUALITY SYSTEMS OF ANY DEFICIENCIES DISCOVERED SUBSEQUENT TO THE DELIVERY OF THIS ITEM.

MILL TEST REPORT SHALL ACCOMPANY EACH LOT OF ITEMS SHIPPED.

OR LADLE ANALYSIS. CHEMICAL AND/OR PHYSICAL TEST DATA SHALL
PPLICABLE.

TEST REPORT SHALL BE IN THE FORM OF A PRODUCTION BATCH ANALYSIS
BE PROVIDED. MATERIAL SHALL BE IDENTIFIED BY HEAT NUMBER, IF A
N
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g >K I CERTIFICATION OF TESTS » RAPPORT D’ESSAIS CERTIFIE « WERKSZEUGNIS ; CUSTOMER COPY g
N e | e s e R R Mo "HAYNES 320 Wes Park Aven. S
. hate ference it o age de es
= Foa U Bestellungs Nr Bestefidatum Kundenbestdiidaten zxﬂ Nr Anzebl der Soiten FE%s P FALLIS] 1020 West Park Avenue i % v
. rUn & 491664001-0 03/21/07 76498701 20070323053 10f4 Internation a! Koko:g l?oz(. 90!.: 5902 ~
X i [Sokd To Clicnt ¢ Bestellaranschrift [Ship To « Destivataire » Bestelbmenge . Product Description « Description Produit  Material Beshrelbung (\,,
§ " |SOUTHWEST RESEARCH [NSTITUTE SOUTHWEST RESEARCH INSTITUTE 0.750x3x6 . $
s -G 6220 CULEBRA RD 9503 W COMMERCE . ‘ )
- 2 SAN "ANTONIO SAN ANTONIO HASTELLOY(R) C-22 (R) ALLOY -PLATE -
TX 782280510 USA TX 78277 USA Nadcap CERTIFICATE NUMBER 0089 2 Pid
- : $400 9/01/2006, $1000 1/3/2005, EN 10204 3.1, AS9100 . 5 n
N Sy . - Quantity Ordered Quantity
g Quantie Commandee Shipped 24.
¢ Bestellemenge Qusatitie -,
P Expediee o
Licfermenge
. |ASME-SB-575, 04, UNSH N06022; ASTM-B-574 06, UN3# N06022 18 PC 18 PC ;
Heat Nnmber Chemical Analysis ¢ Anal uChlml ue ® Chemische Analyse
- “'z:::::"" Al B C - Co . Cr Cu Fe Mn Mo Ni P B Si Ti v w
22776 3120 0.004 0.55 21.30 3.70 0.26 13.20 BAL 0.006 0.004 0.02 <0.01 290
o
>
: 13
o Ta Zr Bi Se La Conany Pb Mg Y Ag N Ca AHKTi Ni+Co Ni+Mo o
/22776 3120 : Pad
m
—I
o
: >
m
Certified By o Certifie Par » Bescheinigt Durch: Tamara Mains 3/23/2007 )
Cvrtiﬂcatlon Technician
— v AN .
3 \ h
— L .
HENG
% THE. (AT ARE] THE SUBJKCT SUIPMENT, ANY EXCE) g ‘
TIIF.IM)IIIMOFFM.‘F‘ FICTICIONP OR FRAUIRNLENT INIICIIM?ITWVIIF FEDERAL 1AW, TITILE I8, APTER47. TH SHALL NOT EXCEPT IN FULL, WITHOUT TIIE WRIT M. INC,
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Kuang-Tsan Ken Chiang

From: Mark Arnold [mark.arnold @ swri.org]
Sent:  Friday, May 18, 2007 1:13 PM
To: kuang-tsan.chiang @swri.org
Subject: Waste Package

Ken,

| have finished the inspection on the waste package plates. | have one part that is .002 u/s on

the 3.0 +/- .010 dimension.
If this is with in expectable parameters let me know and the parts will be sitting in the window

for pick up.
Thank You,

Mark D. Arnold

SA. QA Inspector, CMI, CQT
Institute Quality Systems
Mark.Arnold @SWRIl.org
(210) 522-5477
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’, BOOK PAGE:
TITLE PROJECT
Continued From Page 1 &
— PROCESS TRAVELER
»»»»»»»»»»»»»»»»»» Drip Shield — Waste package Mechanical Interaction Test
MECHANICAL ,

I |_SCIENCES SECTION | __________
- Project Number: 06002.01.342

Customer Name: NRC, Div 20, Luis |barra
""""""""" Purchase or Work Order Number: NA
- ‘Product Name: Material Samples
""""""""" Quantity of EUT: 1 each Waste Package Plate, 1 each 45° Drip Shield Penetrator
— Unique ID(s): See Details Below ’
— Require Services From Outside MSS: [X] Yes ['] No If yes information provided in steps below.
"""" . QA Participation Required: []Yes X No If yes generate a Quality Plan.

Project Manager Initial & Date: Daniel J Pomerening June 27, 2007
I T t B In

Step Task Srge Date
................. ‘ ) a e COmpletiOl)\
- 1 Receiving Inspection based on Fabrication and Inspection at SwRI %{ T
AAAAAAAAAAAAAAA Machine Shop : : \

Accept (] Reject /| & /2& 07
— Identify Unique Sample ID(s) .
AAAAAAAAAAAAAAAA Waste Package Plate we —o1 7y
45° Drip Shield Peneirator __ DI-FS —O | 2803

- Photographic Documentation of Samples with Scale in Picture(s) [\ &4 efeqo¥
— Notes: /

Perform tests on EUT as described below:

Equipment Calibration Identify calibration of eq andload
frame functional check.

Load Cell ID __ \ Cavprarmor  REcoars
Cal Due Date ou PPE Ele
“Frame Displacement ID 7¢ 17 2007, od -
-Cal Due Date _- %
Secondary Displacement ID _)
Cal Due Date - :
Anomalies? [ | Yes If “Yes”, notify PM to provide disposition

] No  Proceed to next step
Notes: Opeigemmon SteeT PRVvIOED

\ N

F-PT NEBS-ETSI, Rev 01

} . Page 1off4 PIP Q OD
S ,W A4; o

7 \/ Q)/ "Continued To Page 20
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TITLE PROJECT TITLE | - PROJECT

Continued From Page 2‘[ ’ Continted From Page 3>

............... N 5
i | N . , Initial &
................ Initial & 1 v Target
. 3 : Ste, Task Date
L Step Tai( TS;%: t c D?Iteti ’ 10 P Date | completion
— - ~ompletion A e 2.7 | Constant Rate Loading Test at the specified load until one of the two
................ 2.2 | Facility Configuration Checks Configure the test facility with the 6 5/09_ ] following conditions: é/Z?/a;‘-
— designed apparatus and document \mj:h photographs.- _ /é : Load Capacity of the Load Frame (400,000 Ibs) is reached or
"""""" Anomalies? || Yes If “Yes”, notify PM to provide disposition : : Maximum displacement of 0.325 inches (8.26 mm)
g TNo _Proceed to next step : 4 . A Document testing with Photos during and at end of testing. _ %
— Notes: Anomalies? Yes If “Yes”, notify PM to provide disposition
_— : : sl T (ANo Proceed to next step
Co 2.3 | Install Test Specimens Verify that the appropriate specimens are ) P — Notes:
[ available as identified in Step 1 and install them in the test facility. é/l%? ! » ) )
[~ Document with Phow~ S— _ 4 2.8 | Unload and Remove Specimen Unload the specimen by backing of the
| Anomalies? es If “Yes”, notify PM to provide disposition # : [ load frame. Document configuration with photos while specimens are still ﬁ/Z 8/0 7
___________ [A'No Proceed to next step in the load frame. Remove the specimens from the load frame. Document
Notes: e \ 1 . - ) the configuration with photos.
—— » : < 20 Anomalies? A Yes If “Yes”, notify PM to provide disposition 4
— 24 | Test Parameters Confirm the following test parameters. , - , ] — @ Proceed to next step :
: Load application rate (in/min) Cmoe’ 0.0/ %M:A . %3/0? ’ A e ) Notes: SPECimewy IANNES  IWNIDE  THE  Sheciiew
'''' " Max Load’ 380, 3Fc I A %«"h ~ ’ ] HoLpes pATE, ‘
—— Max Displacement after Contact 0.22-"7463 mm 7> o

............. Anomalies? | _|'Yes If “Yes”, notify PM to provide disposition

) 2.9 | Post Test Load Deflection Data Reduction Supply test engineer with 5
SN it ot >( }% 3 T electronic data of the load deflection data for reduction and presentation. 28/0F
|&/] No - Proceed to next step ) . ><

No  Proceed to next step

g

................. Z

5/2‘/” | /. e
4 § -2 - >

Notes: 25 . Anomalies? Yes If “Yes”, notify PM to provide disposition é .

S 2.5 | Hold Point Test hold point based on configuration and test parameters.
Anomalies? Yes If “Yes”, notify PM to provide disposition
No Proceed to next step

o NS Y

2.10 | Post Test Geometric Measurement of Test Specimen Document the as
e Notes:

q tested geometry of the waste package plate and drip shield penetrator over 8/} /0 >
£ R S the area of deformation.
2.6 | Initial Loading of Specimen Preload specimen to 1000 Ibs, Transition ; %0 Anomalies? E/;I(’es Ilfr Yes i notify PM to provide disposition

[~ the load frame for contact between the drip shield plate and the waste ‘, 0 “roceed to next step

----------- . package penetrator. At initial contact record load and displacement 5 © [ ‘ » 4 " Notes: Neasveenesy et UsinG DIS  Aup .

| values. . ) s 4 ; ‘( . : ; — CooRD (r T NEISLRinis NIACEntE

First Contact Load __2Se-s&0 / 8.352 €-ox ; 1 2.11 | Data Transfer to Report Transfer data for inclusion in report. P
I First Contact Displacement .88 € -0 i~ * 1 Anomalies? Yes If “Yes”, notify PM to provide disposition /Z 6‘/0 *
| Load specimen up to a value of 1000 1bs and use this as a secondary hold @/ 2% 7 i R . [LANo Proceed to next step )
\?, 1. | point | 4 1M , / v 35 . .| Notes: ;%
............. - N "“0 1000 1b Load Actual (oY ¥ >] ."fg ) ﬂ 7 :. R
L 'y 1000 b Displacement ___ e.00tlo”. w. . M_”‘-' o T
Record Ambient Temperature 26 ° A e —
"""""""" Nominal Test Facility Temperature a H , o
............. Document Configuration with Photos ki

| Anomalies? [ ] Yes If “Yes”, notify PM to provide disposition

No_Proceed to next step : 40 e
............ . Notes . . .k e ‘
= : . E
L P NERS SIS p) ‘ ‘ : ol j B . F-PTNEBS.ETSI Rev0l c > /)_Om
.............. -, - , Rev . - - . i o )
. Cy Page 2 of 74 W/ Q ! (\' | ,)p L 45( ’ R | Page 3 of;"'f P _ b
.......... ' ~ ,@ \ ~ j‘ _ — / I /<) " j(
' | l | | J Continued To P.
' (/ hdl Continued To Page ‘3 / % } — / Continued To Page 32
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TITLE / PROJECT

Continued From Page 6, _ Poytinued From Page _:D A4 RE DIOTT 0O nd Fb A D ) S A 5 — O / .
Acap — ?"st-r_fzou :
ﬂ\g .............. Ll da'ﬁ\ B codtainey o, DS 458/, "(’x‘f :
..................... N 5 : ‘ v ,ﬁ Lie _p_h/ Qlaﬁ\. /O “(( db%(("\l‘\* d
N e - I S A'WL .......... d&p/ﬂgemrmfz TAD defo - cidas 3 @20 g ta ‘an
- ‘ | Puecue . SpeeansBEET  For Processrg & o dﬂ’ﬁ/é_sst T
Initlal & A B J%e ______ _._&/,-pgc/ < pr?t ﬂe, d-\.fa ledas mon:)(»)ln d 7B meRSe .. = .«)‘« ﬁ/o -
""""""""""" Step Task Target Date ' . eng bad,, Tte cl«\f‘« was  glotfed, Cucve b coere  dome
' Date | Completion ' 10 e Panchon ba'H smbo  Eucel #  jdea 7‘1"“1 _Srﬁ? 3 ﬂg\c Qg /92
------------------- 2.12 | Fianal Inspection and Storage of Test Specimens . . M o
Final Inspection in accordance with instructions from project manager. &/23 /o3 ; 0* : / D oY - d OI'&CP"‘B EA + <A A.«AJ@" 4 N
Accept [] Rejeact a Bioe. ' ’
""""""""" : Storage Location _ Cueeeht SpRmve  5L96. | 5 ] ) 9- ._6 —o oAD  DPFFAB7ON . X&iS
— Anomalies? %es If “Yes”, notify PM to provide disposition /% ‘ ‘7’ , /\ —*
_________________ [4No  Proceed to next step 1 ‘:
Notes: ' , g 15 _m” ‘ o 45 Degree Specimen No 1
Ifrequested or appropnate, prepare Draft Test Report in accordance with | . 00 m b 490008 .
SwRI Procedures and deliver electronic copy to customer (optional). NA 37-';‘0 7/ 3/ 2] | I A
................ . ‘ ; » ‘ 2000
S 4 Complete Test Report in accordance with SWRI Procedures and deliver as ool 1 |
appropriate. WA 5| V' / ?/ 20) ' 20 —
______copies (with/without) CD-ROM PDF file to customer ‘ : . ‘ 300000 /
~~~~~~~~~~~~~~~~~~ 1 copy, copy, marked “Record Copy B” to Sara Domine, QA 7 ‘ : [ro—
copies to all signers of report v ‘ e — /
cover letter only to Tim Fey, Danny Deffenbaugh - ) 250006 - / /
I— 5 Transfer project file to Div 20 for document storage. P5? q/3/2007 ‘ E . P (\
' C2 1 200000 D
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BOOK PAGE

WorEs From DS- 45-O2  TEsr

Continued From Page

Tesuwe Comntaoetsd Live Phoccss Trauvscea
5
B PROCESS TRAVELER .....................................................
"""""""""""""""""""" Drip Shield —~ Waste package Mechanical Interaction Test
e MECHANICAL r——
10 SC'ENCES SECT|ON ......................................................
Project Number: 06002.01.342 e——
Customer Name: NRC, Div 20, Luis lbarra
| Purchase or Work Order Number: NA —
Product Name: Material Samples
15 Quantity of EUT: 1 each Waste Package Plate, 1 each 45° Drip Shield Penetrator
~ | Unique ID(s): See Details Below T
""""""""""""""""""""" Require Services From Qutside MSS: [X] Yes [] No If yes information provided in steps below.
—— | QA Participation Required: [IYes X No if yes generate a Quality Plan. o
................................. Project Manager Initial & Date: Daniel J Pomerening August 3, 2007
20 " 'SECTION 2 =
Target
Step Task Date
1 Receiving Inspection based on Fabrication and Inspection at SWRI
Machine Shop N
I Accept [ ] Reject Q
25 Identify Unique Sample ID(s)
................................. Waste Package Plate WP—-02 M
— 45° Drip Shield Penetrator __ D§—#S — O2_ ]
______________________________ Photographic Documentation of Samples with Scale in Picture(s)
Notes:
Perf

40

45

ests on EUT as described below:

e

2.1 | Equipment Calibration
Identify calibration of equipment and load frame functional check. N
Load Cell ID
Cal Due Date
Frame Displacement ID
Cal Due Date
Secondary Displacement ID
Cal Due Date
Anomalies? D)les If “Yes”, notify PM to provide disposition
[FINo Proceed to next step

Notes:  @egga Creaepnonr) Dasn SHeeT Feoviosn.

F-PT NEBS-ETSI, Rev 01
Page 1 of 8
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Target Date :
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA oo Task aie ;
Step Date | completion
10 2.2 | Facility Configuration Checks ‘ ‘ +
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - Configure the test facility with the designed apparatus. :
Document with photographs. !
Anomalies? [ ] Yes If “Yes”, notify PM to provide disposition r““—”‘
S erO Proceed to next step  ———
Notes:
15 2.3 Install Test Specimens ) )
Verify that the appropriate specimens are available as identified in Step 1
— and install them in the test facility.
;/ Document with photographs.
Anomalies? es If “Yes”, notify PM to provide disposition
........................... E No Proceed to next step
Notes:
20 -
71 2.4 | Test Parameters -
Confirm the following test parameters. ot M/ .
I Load application rate (in/min) 9- s
Max Load
"""""""""""""" - Max Displacement after Contact
Anomalies? [ ] Yes If “Yes”, notify PM to provide disposition
C [A'No__Proceed to next step
Notes:
.................................. 2' 5 Hold Point
Test hold point based on configuration and test parameters.
Anomalies? [_] Yes If “Yes”, notify PM to provide disposition
ol Z/No Proceed to next s tep
Notes: {oc0 ,:,d_ Hotd fornT R ESTIBLISHED wog
................................... ; A (MOREN EXTS
2.6 | Constant Rate Loading — 1 Increment (24,000 Ibf) _
Load specimen up to a value of 24,000 Ibs and use this as a hold point.
Record the actual load and displacement values: .. [ b ]
24,000 Ibs Load Actual 2 0o
35 24,000 Ibs Displacement
"""""""""""""""" - Record Ambient Temperature
Nominal Test Facility Temperature
Document Configuration with Photos
"""""""""" N Anomalies? [_] Yes If “Yes”, notify PM to provide disposition
.............................. ] No Proceed to next step
Lo Notes:
40
‘ )
.................................. ‘; ; \ \ N
| S
F-PT NEBS-ETSI, Rev 01 . )
: Page 2 of 8 ‘)( q &
S : ~Qu !
ey = Continued To Page  2Ff
S NA‘TURE DATE o
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#
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Continued From Page 3@

Step

Task

Target
Date

Date
Completion

2.7

Unload and Remove Specimen and Penetrator

Unload the specimen by backing of the load frame. Document
configuration with photos while specimens are still in the load frame.
Remove the specimens from the load frame.

Document the configuration with photos.

Anomalies? %Ies If “Yes”, notify PM to provide disposition
0 Proceed to next step

Notes: PenwtTATNL. . Sye~s o IRDEVIATION
Alor 22~ TRAED — 2 Fies (XY)

2.8

Geometric Measurement of Test Specimen and Penetrator
Document the tested geometry of the waste package plate and drip shield
penetrator over the area of deformation.

Document the configuration with photos.

Anomalies? es If “Yes”, notify PM to provide disposition
[A'No Proceed to next step

Notes:

2.9

Install Test Specimens and Penetrator

Verify that the specimen and the drip shield penetrator are correctly
aligned. Install them in the test facility.

Document with photographs.

Anomalies? =?’es If “Yes”, notify PM to provide disposition
[#/No  Proceed to next step

Notes:

2.10

Constant Rate Loading — 2" Increment (50,000 Ibf)
Load specimen up to a value of 50,000 Ibs and use this as a hold point.
Record the actual load and displacement values:
50,000 Ibs Load Actual , @02
50,000 1bs Displacement ) ‘
Record Ambient Temperature
Nominal Test Facility Temperature
Document Configuration with Photos

Anomalies? [ ] Yes- If “Yes”, notify PM to provide disposition
No Proceed to next step

Notes:

F-PT NEBS-ETSI, Rev 01

Page 3 of 8
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BOOK PAGE BOOK PAGE
TITLE PROJECT TITLE ,, PROJECT
Continued From Page 3’ . Continued From Page ‘f‘o
5 5
""""""""""" ' o . © Initial & | — ' Initial &
- | Step Task Srget Date 5 Step Task Target Date
, ale | Completion | | ‘ , Date | complefion
2.11 | Unload and Remove Specimen and Penetrator proe——l g [ ‘ 2.15 | Unload and Remove Specimen and Penetrator - '
S Unload the specimen by backing of the load frame. Document ‘ : S Unload the specimen by backing of the load frame. Document
10 configuration with photos while specimens are still in the load frame. , i ? 10 configuration with photos while specimens are still in the load frame.
Remove the specimens from the load frame. prm—] T ' Remove the specimens from the load frame.
Document the configuration with photos. — ] : - Document the configuration with photos.
— Anomalies? [_] Yes If “Yes”, notify PM to provide disposition b ] — .| Anomalies? Yes If “Yes”, notify PM to provide disposition
No Proceed to next step . ! i I}Z(No Proceed to next step
Notes: ‘ } Ny ’ . Notes: -
1 5 - *{ ................................................. j 1 5 ] i
—— 2.12 | Geometric Measurement of Test Specimen and Penetrator ! e A 2.16 | Geometric Measurement of Test Specimen and Penetrator
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Document the tested geometry of the waste package plate and drip shield 3 Document the tested geometry of the waste package plate and drip shield R
penetrator over the area of deformation. ‘y 1 é """"""""""""""""" penetrator over the area of deformation, 9
Document the configuration with photos. }-___- Document the configuration with photos.
................... Anomalies? | | Xes If “Yes”, notify PM to provide disposition _— Anomalies? Yes If “Yes”, notify PM to provide disposition \&d\
] No Proceed to next step 0 3 ‘ A No Proceed to next step
20 ) Notes.' pe‘u?-r- —_— " gc({ . . . | " 20 ............................. - Notes:
EE— AUo?7 1 - 2 Frees - I —
o 2.13 | Install Test Specimens and Penetrator ) I ' S S— - 2.17 |Install Test Specimens and Penetrator | |
Verify that the specimen and the drip shield penetrator are correctly y Verify that the specimen and the drip shield penetrator are correctly {rm )
aligned. Install them in the test facility. : o aligned. Install them in the test facility. Y
............................. Document with photographs. 14 A Document with photographs. Q
I Anomalies? Yes If “Yes”, notify PM to provide disposition ‘ k Anomalies? Yes If “Yes”, notify PM to provide disposition @ v
25 No Proceed to next step \ : : 25| kA No Proceed to next step % .
[r——— Notes: . .................................... . Note TR
2.14- | Constant Rate Loading — 3" Increment (100,000 Ibf) , N 2.18 | Constant Rate Loading — 4™ Increment (200,000 Ibf)
Load specimen up to a value of 100,000 Ibs and use this as a hold point. ' : S Load specimen up to a value of 200,000 Ibs and use this as a hold point.
Record the actual load and displacement values __.# - : : — Record the actual load and displacement values:
.............................. - 100,000 Ibs Load Actual [oo, a0 1 - I 200,000 Ibs Load Actual '2-»09_, / Lv/ X
30 100,000 1bs Displacement B v 30| 200,000 Ibs Displacement 0
Record Ambient Temperature , i 1 T Record Ambient Temperature W
e Nominal Test Facility Temperature ) ’ I— Nominal Test Facility Temperature /]
Document Configuration with Photos ' ; | A ! Document Configuration with Photos
Anomalies? Yes If “Yes”, notify PM to provide dlsposmon ; ‘ ’ Anomalies? [ | Yes If “Yes”, notify PM to provide disposition
[(fNo  Proceed to next step o | SR ' e {No Proceed to next step
e "| Notes: ’ ' . ‘ Notes:
B , : | 35|
............. ‘ % - —
................................. : AN —
— N\
S ' D z “©
. { -
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Task
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15

20

25

30,

35

Unload and Remove Specimen and Penetrator

Unload the specimen by backing of the load frame. Document
configuration with photos while specimens are still in the load frame. ]
Remove the specimens from the load frame. Document the configuration
with photos.

Anomalies? __‘rges "If “Yes”, notify PM to provide disposition

A No Proceed to next step

Notes:

2.20

Geometric Measurement of Test Specimen and Penetrator
Document the tested geometry of the waste package plate and drip shield
penetrator over the area of deformation.

Document the configuration with photos.

Anomalies? | Yes If “Yes”, notify PM to provide disposition
No Proceed to next step

Notes:

2.21

Install Test Specimens and Penetrator .

Verify that the specimen and the drip shield penetrator are correctly
aligned. Install them in the test facility.

Document with photographs.

Anomalies? [ ] Yés If “Yes”, notify PM to provide disposition
[ JNo Proceed to next step .

Notes:

45

222

Constant Rate Loading — 5® Increment (300,000 Ibf) '
Load specimen up to a value of 300,000 lbs and use this asa hold point.
Record the actual load and displacement values: ‘
300,000 Ibs Load Actual co, geo | V,.f
300,000 1bs Displacement
Record Ambient Temperature
‘Nominal Test Facility Temperature
Document Configuration with Photos

Anomalies? es If “Yes”, notify PM toprovide disposition
’ No Proceed to next step

Notes:
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Step Task

Initial &
Date

Target

Date

2.23° | Unload and Remove Specimen and Penetrator

Unload the specimen by backing of the load frame. Document

0] configuration with photos while specimens are still in the load frame.

Remove the specimens from the load frame.
Document the configuration with photos.

Completion

Anomalies? | Yes If “Yes”, notify PM to provide disposition
No Proceed to next step

[N

Notes: Bow s EvVIDEST I~ THE SPectm&es.

15

2.24 | Geometric Measurement of Test Specimen and Penetrator

penetrator over the area of deformation.
Document the configuration with photos.

Document the tested geometry of the waste package plate and drip shield M/

Anomalies? Yes If “Yes”, notify PM to provide disposition
) No Proceed to next step

20 Nptes: 4-PE'¢3S ALe USED TD SuppeaT THe SPeCinSi,

2.25

Install Test Specimens and Penetrator
Verify that the specimen and the drip shield penetrator are correctly

aligned. Install them in the test facility. Document with photographs.

Anomalies? | Yes If “Yes”, notify PM to provide disposition
/N0  Proceed to next step

25 Notes:

Constant Rate Loading — 6™ Increment (max 1bf)

Test at the specified load until one of the two following conditions:
Load Capacity of the Load Frame (400,000 Ibs) is reached or
Maximum displacement of 0.325 inches (8.26 mm)

Record Ambient Temperature 020

30 , Nominal Test Facility Temperature #a‘a' i

Document Configuration with Photos

2.26

Anomalies? Yes If “Yes”, notify PM to provide disposition
No Proceed to next step

Notes:

2.27 | Unload and Remove Specimen and Penetrator

Unload the specimen by backing of the load frame. Document

~ | configuration with photos while specimens are still in the load frame.
Remove the specimens froin the load frame. -

Document the configuration with photos.

........................... Anomalies? || Yes If “Yes”, notify PM to provide disposition
W/ No Proceed to next step

o Notes:
40
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Completion

2.28

Geometric Measurement of Test Specimen and Penetrator

Document the tested geometry of the waste package plate and drip shield 4

penetrator over the area of deformation.
Document the configuration with photos.

Anomalies? [ ] Yes If “Yes”, notify PM to provide disposition
[7]No Proceed to next step

oor

Notes:

229

Post Test Load Deflection Data Reduction Supply test engineer with

electronic data of the load deflection data for reduction and presentation. /4

Anomalies?

[ ] Yes If “Yes”, notify PM to provide disposition
No Proceed to next step

Notes:

8c/o7~

2.30

Data Transfer to Report Transfer data for inclusion in report.

Anomalies?

L] Yes If “Yes”, notify PM to provide disposition
[INo Proceed to next step

5/209—

Notes:

I

2.31 | Final Inspection and Storage of Test Specimens

Final Inspection in accordance with instructions from project manager.
(A Accept [] Reject _

Storage Location _&veeeT Locanonw — BLDG. F(

Anomalies? [ ] Yes If “Yes”, notify PM to provide disposition

No Proceed to next step

Z

Notes:

SwRI Procedures and deliver electronic copy to customer (optional).

If requested or appropriate, prepare Draft Test Répbﬁ in accordance with

appropriate.

copies (with/without) CD-ROM PDF file to customer
1 copy, marked “Record Copy B” to Sara Domine, QA
copies to all signers of report

cover letter only to Tim Fey, Danny Deffenbaugh

4 Complete Test Report in accordance with SwRI Procedures and deliver as

5 Transfer project file to Div 20 for document storage.

40
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------------------- TITANIUM TRUE STRESSES AND STRAINS

o, ... =135.6 ksi

.................... y.eng

Ot eng = 1444 ki
=0.177

B € fuiture,eng
Conversion at Yielding _

B The Young’s modulus for titanium is:

' E =15,500 ksi

Thus, the strain at yielding is:

S— P& o, /E=0.0087

y.eng = y.eng

} Then, the true strain at yielding is:

- Eurs.e = ML+ Eypg . ) = 0.0087
‘——" The true stress at yielding is:
(I+¢,,,,)=136.8 ksi = 943 MPa

g

yotrue = Oy.eng seng

A— Conversion at UTS

— of the strain at failure. Then,
...................... 8(]];5"3,[3 — 0 1 59

Then, the true strain at UTS is:
..................... i Eyrs e = (L + &y ) =0.148

: /1'[‘:‘1 The true stress at UTS is:

s me = Ours.ong (L + Eugs ong) = 1674 ksi = 1,153 MPa

Tme PROJECT

For the Titanium Aero Plate 6AL-4V Grade 5 per ASTM B265 material, the true stress -
~ calculations are based on the average of the values reported by the vendor:

--------------------- To obtain the true stresses and strains at the UTS, it is assumed that the strain at UTS is 90%

40
4|
r— 4
SENATIRE \ — e S
 ZE e /4 frogy
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"| SIGNATURE

ALLOY 22 TRUE STRESSES AND STRAINS

For Hastelloy C-22 Alloys, the following data is provided by the fabricant,

O, e =49.0 Kksi

y.eng R

Oyts,ong = 108 ki

=0.70

& Jailure eng

Conversion at Yielding
The Young’s modulus for Alloy 22 is taken from Ibarra, et al. (2007) as: .
E =26,100 ksi '

Thus, the engineering strain at yielding is:
£ o,../E=0.00188

J.eng = y.eng

Then, the true strain at yielding is:
Eurs e = (1 + &y .. ) =0.00188

The true stress at yielding is: R

o (+e,,,,)=49.1 ksi = 338 MPa .

V,true = o-y,eng ,eng

Conversion at UTS

To obtain the true stresses and strains at the UTS, it is assumed that the strain at UTS is 90%
of the strain at failure. Then,

Eyrs eng =0.63 . e

Then, the true'strainr at UTS is:
Eurs e = In(1+ gUTS,eng) =0.490 : .

The true stress at UTS is:
Ours e = OUTS,eng (1-+_£UTS’e"g) =176.0 ksi = 1,213 MPa

Ibarra, L., T. Wilt, G. Ofoegbu, R. Kazban, F. Ferrante, and A. Chowdhury. “Drip Shield-Waste —
Package Mechariical Interaction.” San Antonio, Texas: Center for Nuclear Waste Regulatory —
Analyses. 2007. | | - ]
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BOOK PAGE
TITLE | * PROJECT

4, 730, 91, 92, 776

9444, 9445, 9446, 9447, 9448, 9449, 9450, 9451, 9452, 9453, 9454, 9455,
9456, 9457, 9458, 9459

9460, 9461, 9462, 9463, 9464, 9465, 9466, 9467, 9468, 9469, 9470, 9471,
9472

** Section: stiffrigid

*Solid Section, elset=_PickedSet?7, material=rigid
1.,

** Region: (stiffrigid:Picked)
*Elset, elset=_PickedSeté6, internal, generate
7427, 8286, 1
** Section: stiffrigid

,Sﬂ.h_ﬂ.kg,,,,ﬁﬂAQQLMZAQI*E!L'E«E&LZQ_:HLL\»LQ&JZ;W...; ...... .

*Heading . ~

*#% Job name: optmesh50rnd2body Model name: Model-1
***Preprint, echo=NO, model=NO, history=NO, contaét:NO
* % . '

*%* PARTS

* %k

*Part, name=Part-2

*End Part
* %

*Part, name=Part-5

*End Part *S0lid Section, elset=_PickedSet6, material=rigid
* %k 1.,
** e *Elset, elset=_PickedSet8, intermnal, generate

1, 6807, 1
** Region: (stiff2:Picked)
*Elset, elset=_PickedSet8, internal, generate
1, 6807, 1
** Section: stiff2 .
*Solid Section, elset=_PickedSet8, material=ti24 A §51§VMENT TO

** ASSEMBLY
*%

*Assembly, name=Assembly

* %

*Instance, name=Part-2-6, part=Part-2 ALLO\Y 22 mooeL

*Node -

1, 0.061999999, -0.00100000005 1., TA ~ 26 WATERIAL
2, 0.061999999, -0.0109999999 *ELEMENT, TYPE=SPRING1, ELSET=YGRND
3, 0.0379999988, -0.0109999999 Ty preat NODAL DATA 20004, 14
4, 0.0379999988, -0.00100000005 20005, 19

12477, 0.0381249972, -0.00135714281 *SPRING, ELSET=YGRND

12478, 0.0381250009, -0.00117857149 2,

1.0E+02,

*End Instance
* %
*Nset, nset=_PickedSet636, internal, instance=Part-2-6
6, 7, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366,

*Element, type=CPE4 PLAVE STRAW SLEWESM ]
1, 1000, 22, 23, 1001 , B
2, 424, 425, 670, 624 : . : :
3, 986, 1364, 1337, 1629 { comn ECIUTIES

. 4, 902, 1019, 1190, 1255 367, 368
12316, 12477, 12478, 309, 308 369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382,
12317, 12478 623, 4, 309 383, 384 : o vt
************; 385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396;“397, 398,
1 *Nset, nset=_PickedSet9, internal, generate 399, 400
. 1, 12478, 1 ' 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413
*Elset, elset=_PickedSet9, internal, generate *Elset, elset=_PickedSet636, internal, instance=Part-2-6
1, 12317, 1 5, 42, 136, 165, 204, 206, 208, 210, 211, 213, 214, 272, 273, 276,

*%* Region: (wp:Picked) 279, 281 ) .

*Elset, elset=_PickedSet9, internal, generate 283, 284, 286, 287, 289, 290, 292, 293, 295, 296, 298, 300, 304, 305,
1, 12317, 1 307, 310 ’

** Section: wp ‘ . 311, 313, 314, 316, 318, 319, 322, 325, 326, 330, 338, 346, 350, 353,

*Solid Section, elset= PickedSet9, material=alloy22 AJ3(§N&GU TO 371, 386

414, 423, 429, 484, 573, 646, 662, 682, 685, 688, 691, 706
*Nset, nset= PickedSet694, internal, instance=Part-2-6

5, 6, 350, 351, 352, 353, 354
*Elset, elset=_PickedSet694, internal, instance=Part-2-6

1.,
O 22 WATS [
*End Instance ALLOY ta

* %

*Instance, name=Part-5-6, part=Part-5 Ti =24 NnoOSL

0.0165516844118473, 0.0378406204335659, 0. 301, 302, 305, 674, 677, 679
0.0165516844118473, 0.0378406204335659, 0., *Nget, nset=_PickedSet844, internal, instance=Part-5-6
0.0165516844118473, 0.0378406204335659, -1., 44.9999993411413 14, 16, 17 ~
*Node i . ) *Nset, nset=n432, instance=Part-5-6
1, 0.0500456654, 0.0200001318 . 432
2, 0.0300456639, 0.0200001318 *Nset, nset=nl4, instance=Part-5-6
- 3, 0.0300456639, 1.31087035e-07 14
" 4, 0.0460456647, 1.31087035e-07 *Nset, nset=n4479, instance=Part-5-6
9652, 0.0183867291,70.0109851938 - 4479 o
9653, 0.0184678994, 0.00887299702 *Nset, nset=n4895, instance=Part-5-6
*Element, type=CPE4 : ; — 4895 o
1, 903,yp251, 252, 913 P"ANE SRAWBLEWGT *Nset, nset=n5363, ihétance:Péft-S-G
2, 733, 37, 38, 734 / - _
_ 3, 1006, 1005, 1425, 1330 ' o . ) AN : _
’ - » . 'v} SIGNATURE . . {"‘, DATE
e D s == ae Y4 [200>
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“***Plastic

'PROJECT

*Density
** 8691.5,
1.0E-33

“***Flastic -

** 1 ,97e+11, 0.31 /‘h.LOY 2,2,

** 2 . 547e+08, 0.

** 9 541e+08, 0.335

*% 171 .545e+08, 0.525

*mlastic ‘ ,
1.799%9e+11, 0.31

*Plastic 3
338.0e+06, 0. i
1213.0e+06, 0.490

5000.0e+06, 2.690

*Material, name=rigid

*Density

4429.,

*Elastic

1.072e+11, 0.31

*Plastic

le+21,0.

*Material, name=ti24 T7 ~24

*Density

4429.,

*Elastic
1.072e+11, 0.31

*Plastic

943 .0e+06, 0.
1153.0e+06, 0.148
5000.0e+06, 2.86

**

*% TNTERACTION PROPERTIES

* %

*Surface Interaction, name=IntProp-1
iﬁéiction, slip tolerance=0.005
*gﬁiéace Behavior, no separation, pressure-overclosure=HARD
* % E

** BOUNDARY CONDITIONS

** .

** Name: BC-3 Type: ‘Displacement/Rotation
*Boundary

_Pickedset694, 1, 1

*%* Name: BC-4 Type: Displacement/Rotation
*Boundary

_Pickedset844, 1, 1

** Name: BC-6 Type: Displacement/Rotation
*Boundary

_PickedSet636, 2, 2

* %

** INTERACTIONS

* %

*%* Interaction: Int-1

*Contact Pair, interaction=IntProp-1
_PickedSurfs835, _PickedSurfg834 '

* % 2

CONTACT DATA

~ BourDaty <aNDITIONS

ConTacy QATA

* % e

** STEP: Step-1

*k . -

A CUnUnuey 1o rrage

SIGNATURE

DATE “\ ,
4?/"1 /2007

BOOK
PROJECT

- TITLE

ok :

*Step, name=Step-1, nlgeom=YES, inc=10000
*Static

'0.0001, 1., le-10, 1.0

* %

** LOADS

* %

*% Name: Load-1 Type: Pressure
*dload, op=mod

stiff, grav, 9.81, 0.0, -1.0 LOAQ STEf Dz};TAr

***Dgload

**_PickedSurfSSO, P, 1.

* %

** QUTPUT REQUESTS

* %

*+**Regtart, write, frequency=0
* %

*% FIELD OUTPUT: F-Output-1

* %

*Output, £field, variable=PRESELECT
* %

*%* HISTORY OUTPUT: H-Output-1
* %

*OQutput, history, variable=PRESELECT
*x*node output, nset=n432

**31],u2

***node print, nset=n432

*%11,u2

*contact output

carea

*contact print, frequency=1

carea

*End Step

KK e e MM Emm e Em e Em e — e — — m e e m— oo — s o ms e — s o
* %

** STEP: Step-2

* % !

*Step, name=Step-2, nlgeom=YES, inc=1000
*Static .

0.01, 1., le-05, 0.1

* %

** LOADS

* k

** Name: Load-1 Type: Pressure

*dload, op=mod ADS

% stiff, grav, 544210.0, 0.0, -1.0 AgpLYy LIAD
stiff, grav, 1088420.0, 0.0, -1.0

LoAD STEQ DATH

#%*Dgload ]
**_PickedSurfGSO, P, 56.58E+07
* %k :
** QUTPUT REQUESTS
* %

***Restart, write, frequency=1l

* %

** FIELD OUTPUT: F-Output-1

* %k :

*Ooutput, field, variable=PRESELECT
* %

#+ HISTORY OUTPUT: H-Output-1

*output, history, variable=PRESELECT, frequency=l Asst§u

***xQutput, history /
¢
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+9.570e+08
+6.403e+08
+3.235e+08
+6.759e+06
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