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From: Mark Kirk + ££7° o st
To: Steven Long , V%
Date: 7/3/02 4:13PM

Subject: Fwd: Failure Model for DB
Steve -

Attached please find a report from ORNL regarding the state of their mode! of DB in the "as found"”
condition. Paul is currently putting the finishing touches on this report (please consider the attached only a
draft). '

The short summary of this report is as follows:

1. If we use a Weibull cumulative probability function to represent the uncertainty associated with the
failure criteria we arrive at a predicted lower bound burst pressure of 6.65 ksi. Because the 3 parameter
Weibull function has a finite lower bound value there is - according to this model - zero probability of
failure at pressures below 6.65 ksi

2. If instead we adopt a Normal cumulative probability function to répresent the uncertainty associated
with the failure criteria we arrive at a cumulative probability of failure of 8.4E-10 at the operating pressure
of 2.165 ksi. At a slight overpressure (2.5 ksi) the probability of failure goes up by about an order of
magnitude to 8.9E-8. In either event, these are very small numbers.

Next week we will begin calculations on larger footprints for the wastage area

Mark

CC: Bass, Richard - ORNL; Edwin Hackett; Nilesh Chokshi; Wallace Norris; Williams,
Paul - ORNL : ,
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From: "Paul T. Williamé" <williamspt@ornl.gov>
To: mark Kirk <MTK@nrc.gov>

Date: 7/3/02 3:10PM

Subject: Failure Model for DB

Mark:

Attached is a summary with figures and tables of a letter report that | am

- still working on for the Davis-Besse failure criterion. | hope to have a

draft of a more detailed report up to you by early next week.
Thanks

Paul

Paul T. Williams, Ph.D., P.E.

Oak Ridge National Laboratory .

P.O. Box 2009,Bldg.9204-1,MS-8056,Rm.213A
Ozk Ridge, Tennessee 37831-8056 USA
Intemetwilliamspt@oml.gov

FAX: (865) 574-0651

Phone:(865) 574-0649
http:/iwww.cped.oml.gov/bio/ptw.html

CC: <bassbr@oml.gov>, <v1illiamspt@oml.gov?

Page 1]



. |'Joe|leJS'farefps - ORNL Fa?lure_Criterion.pdf

,P;geﬁ

-}

DRAFT

Contract Program or

Project Title:

Subject of this Docu ment:

Type of Docu ment:

Authors:

Date of Docu ment:

Responsible NRC Individual
and NRC Office or Division

HOT FOR ATTRIBUTION

Heavy -Section Stee! Technology (HSST) Program

Engimerigg Technology Division

Statistical Failure Model for the Davis-B esse RPV Head

Letter Report
P. T. Williams
B. R. Bass

July 2002

M. T. Kirk .
Division of Engincering Technolog y
Office of Nuclear Regulatory Research

Prepared for the
. S. Nuclear Regulatory Commission
Washington, D.C. 2055 5-0001
Under Interagency Agreement DOE 1886-N011-9B
NRC JCN NoY6533

OAK RIDGE NATION AL LABOR ATORY
Oak Ridge, Tennessce 37831-8056
managed and operated by
UT-Battell e, LLC for the
U. S. DEPAR TMENT OF ENERGY
under Contra ct No. DE-AC05-000R22 725

7/3/2002

ORNI/N RC/LTR-



- [..!oelle Starefos - ORNL Failure_Criterion.pdf ' Page 2|

)

DRAFT NOT FOR ATTRIBUTION 7/3/2002

ORNL/N RCALTR -

Statistical Failure Model
for the Davis-BesseRPV Head

P. T. Williams
-B. R. Bass

Oak Ridge National Labor atory
Ok Ridge, Tennessee '

Manuscript Com pleted — July 2002
Date Published —

" Prepared for the
U.S. Nuclear Regul atory Commi ssion
Office of Nuclear Regulatory Research
Under Interagency Agreem ent DOE 18386-N011-9B

NRC JCN No. Y6533

OAK RIDGE NATION AL LABOR ATORY
Osak Ridge, Tennessee 37831-8063
managed and operated by
UT-Battell e, LLC for the
U. S. DEPAR TMENT OF ENERGY

under Contra ct No. DE-AC05-000R22 725



-}

Joelle Starefos - ORNL ?ailuremCriterion;pdf Eage K] |

DRAFT NOT FOR ATTRISBUTION 7/3/2002

“TRAUTON

This document has not be ve n final patenl
jear ance & tema!_use orl;
dowmemlslobe mpuhllclueasu.ltmsl
oicar ed hiough the site Techucal_Jiform atop.-.
Office_ which wik see that the proper patent and
mnllrﬂormaﬂm reviews sra compl eted in

sccord ance with the policies of Oak Ridge
Nalio nal Laboratory snd UT-Battelle, LLC.

his report was prepar ed as an scco unt of work sponsored by an
agency of the Unite d States gover nment. Nelther the Unlted States
gover nment nor eny agency there of, nor eny of thelr emplo yees,
makes any warranty, express or impll ed, or assumes any legal
Neb fiity or res ponsi bility for the eccurac y, complele ness, or
useful ness of any informati on, appar stus, product, or proces s
discios ed, or repress nts that its use would not infiinge privately
owned rights. Refere nce herein to any speciiic commercie { product,
process, or service by trade name, trademar k, manufacture v, or
other wise, does not necess arily constitute or imply lts endor sement,
recomme ndat! on, or favorin g by the Unite d States gover nment or
sny agency therecf. The views and opinions of suthors expressed
here In do not necessar ily state or reflect those of the Unite d States
gover nment or any agency thereof.




- [Hoelie Starefos - ORNL, Failure_Criterion.pdf Page 4]

DRAFT NOT FOR ATTRIBUTION 1/3/2002

Statistical Failure Model
for the Davis-BesseRPV Head

P. T. Williams and B. R. Bass
Oak Ridge National Labor atory
P. O. Box 2009
Oak Ridge, TN, 3783 1-8056

Summary

This report describes the development of a statistical model of failure for the cladding in the wastage area
of the damaged head of the Davis-B esse reactor pressure vessel (RPV). The technical bases for the
statistical model mre (1) the cxperimental data developed during disk burst tests reported by
Riccardell a [1] with geom etries and material proper ties relevant to the Davis-Besse cladding condition,

(2) nonlinear finite-strain elastic-plastic finite-clement analy ses (perfor med for the current study) of the
nine disk burst test specimens reported in [1), and (3) a theoret ical continuum- mechanics treatment of
plastic instabilit y due to Hill [2] (as cited in [3]) applied to the disk burst tests.

In the carly 1970s, constrained-disk burst tests were carried out under the sponsorship of the ASME
PVRC Subcommitfee on Effective Utilization of Yield Strength {4) This test program employ ed a range of
materials and specim en geometries that were relevant to eompmicms' in a nuclear power plant steam
supply system. The geometries of the three test specim ens anelyzed in [1] are shown in Fig. 1, and the
properties of the three materials are presented in Table 1. The nine disk burst tests produced three center
failures and six edge failures over a range of burst pressures from 3.75 to 15 ksi as shown in Table 2. Also
presented in Table 2 are the results of a computatio nal study reported in [1] with a comparison to the
experim ents quantified by the param eter, , defined as the ratio of the experimental to predicted burst
pressures for each test. '

In the current study, three exisy mmetr ic finite-clement models (sce Fig. 2) were developed to simulate the
ninc disk burst tests by applying the ABAQUS code with a nonli near finite-strain elastic-pl astic analy sis
of each test specimen geometry and material. The materi al properties provided in [1] were used to fit a
power-law model for each materi al. The resulting power-law parameter 5 are given in Table 1, and the true
stress vs. true strain curves are shown in Fig. 3. Also shown in Fig. 3 is the stress-strain curve providedb y
Framatome for simulations of the $5308 cladding in the Davis-Besse head. Comparison of the curves in
Fig. 3 indicates that the ABS-C carbon steel provides reasonebly close agreement with the SS308 curve,
although 5S308 has a yicld-strength lower than the three test materials.

Figure 4 presents effective plastic strain contours for the defor med condition of the Geometry A (ABS- C)

£
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analy sis at the point in the load path just before the onset of a state of numerical instability that aborted
the ABAQUS execution. This state of numerical instability served es the condition for defining a
predicted burst pressure for the test speci mens. The highly localized plastic straining evident in the region
near the fillet at the edge of the disk signals a necessary precondit fon for the onset of plastic collapse (in
the form of a numerical breakdown of the solution procedure) in the specimen. This transition from
uniform 1o localized plastic yielding is analogous to the onset of necking in a round-bar tensil e specimen.
Figure 5 provides a comparison of the predicted centerline wvertical deflection histories with the
experim ental deflections at failure for the nine tests.

It is important to notc that this analy sis does not attempt to simulate the detailed continuum damage
mechanic s associated with this mode of failure. ‘The goal of the analy sis is to simulate the stress- strain
state of the specimen along the load path up to the point of incipient tensile plastic instability. The
material is assumed to be hom ogeneous with no significant defect s, where its elastic-plastic deformation

response to multiaxial stress states can be characte rized by the application of increm ental plasticity , J,
flow theory with its assoc iated flow rule, and isotropic strain hardening.

Table 3 compares the results of three sets of predicted burst pressures with the experimentally deter mined
burst pressures. The parameter (= experimenta! burst pressure/pr edicted burst pressure) is shown as the
third colum n for each group of predictions in the table. The predictions based on Hill" s theory of plastic
instability for pressurized circular diaphrag ms were developed by apply ing Hill's failure criterion [2,3] to
the materials and geometries of the nine tests. Hill’s criterion is valid only for failure at the centerline of
the disk and assumes that the deformed geometry of the disk in this region can be treated analy tically as a
thin spherical shell under an equibiaxial state of stress. Moving away from the centerline towards the edge
of the disk, the stress state becomes more complex (triaxial), and the assumpti'oﬁs of thc theory no longer
pertain. In Table 3, it can be observed that the predictions wusing Hill’s instabilit y criterion are in close
agree ment with the ABA QUS solutions , even for the cases with edge failures which are not addressed by
the theory. This result suggests that, even thoug h six of the nine disks failed at their edges, all of the disks
were near g conditi on of the theoretical “center line plastic instability at the point of failure.

Table 4 provides descripti ve statistics. for the threc sample sets of burst-pressure predictions, using the
paremeter  as the relevant metric. The three samples are also collected together in Table 4 to provide a
combined sample size of 26. The Normal and 3-pars meter Weibull models were investigated to describe
the statistical distributions of the FEM solutions (sample size equal to 9) and the combined sample
(sample size equal to 26). The results of these analyses are presented in Tables 5 and 6 and Figs. 6
through 9. Given a com putational failure prediction for a specific condition of the Davis-Besse wastage
area, the resulting Norm a! and Weibqll model s can be scaled to provide a statistical distribution for the
cumulative probability of failure as a function of pressure loading.
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A bounding calcu lation was carried out for the “as-found” condition of the wastage area in the
Davis-Besse head. The finite-clement model used in the analykis is shown in Fig. 10. An
adjusted stress-strain curve (see Fig. 11) was constructed to lower-bound the available data for
the cladding material. The geom etry of the wast age area footprint (taken from Fig. 13 in the Root
Cause Analysis Report [5]) was extended by approxim ately 0.25 inches (see Fig. 12 and Table 7
for a geometric description of the adjusted footprint). A uniform cladding thickness of
0.24 inches (the minimum cladding thickness value shown in Fig. 14 of ref. {5]) was assumed in
the model. The model was then loaded with increasing pressure until the point of num erical
instability at an internal pressure of 6.65 ksi (sce Fig. 13).

For the predicted burst pressure of 6.65 ksi, the Norm al and Weibull statistical failure models
can be scaled to provided estim ates of cumulative probability of faiture as a function of internal
pressure for the specific conditi on of the wastage area simulated by the analysis. Examples of the
scaled Weibull model are shown in Figs. 14 and 15 for norm alized internal pressure and direct
internal pressure, respectively. :

As discussed sbove, the bounding calculation predicted a burst pressure of 6.65 ksi. For
pressures below 5.486 ksi (at the position of the location param eter), the Weibull model predicts
a zero probability of failure. The model based on a normal distribution estim ates a cumulative
probability of failure of 8.43. 10 * ai the opcrating pressure of 2.165 ksi and 8.89 - 10 ° at
2.5 ksi. (See the table below for additiona 1 estim ates).

9135 T.84E-10
2165  $.43E-10
2200  1.09E-09
2.225 1.30E-09
2250 1.53E-09
2275 1.86E-09
2300  2.22E-09
2325 - 2.63E-09
2350  3.15E:09
2375  3.76E-09
2400  4A4TE-09
2425 $.32E-09
2450  6.32E-09
2475  T.50E-09
2500  B.B9E-09

C OO0 DO OO OO OO
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Table 1. Property Data for Materials in Disk Burst Tests

Stainless 34 84 0.54 34.07 129.36 0.432 162 41 027

Steel
TA3INB
Low Alloy 74 96 0.1?7 7415 1232 0.157 139 .41 0.12

Steel
TABSC
Carbon 39 64 0.31 39.08 83.84 0.270 105 .20 0.17
Steel

Table 2. Comparison of Experimentat to Predicted Fallure Pressuresin Ref. [1]

S 304 A 13 Edge 123 Edge 1.2
B8 6.8 Center 4.3 Edge 1.42
[ 7.7 Center 7.4 Center 1.04

AS533B A 11 Edge 9.8 Edge 1.12
B 8.3 Edge 4.2 Edgs 1.28
c 6.7 Center [X ] Center 0.9

ABS-C A 9.8 Edge ] Edge - 123
B 15 Edge 3 Edge 125
[+ 4.94 Edge
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Tabie 3. Comparison of Experimental Burst Pressures to Three Predictions

304 A Is Edge 123 dge 1.22 1298 enter 1.16 13.29 Edge 113
B 68 Center 48 Edge 1.42 $92 Center 115 622 Edge 109
c 7.7 Center 74 Cenwer 1.04 6.49 Center 119 6.59 Center 117
ASTIB A 131 Edze EA] Edge 112 237 Tenter (22 TZ8 Edge (1 —
B 53 Edge 42 Edge 1.2¢ 568 Center 094 824 - Edge 1.01
c 6.7 Center . 68 Center 0.9 619 Center 1.08 6.03 Edge L1
KBS A L1} Edge B | Elge T3 |43 Tenter T10 9.08 Edge 108
B LTS Edge 3 Edge 1.2 408 Cenwr 0.92 419 Edps 089
[ 4.94 Edge 447 Center 110 4.45 Edge/ Center 111

1S ellaOi'! .

TP UCLBIID BINIEd NSO - SOJSIE
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tatisticsfor the Ratlo of Experimental Burst Pressure
to Predicted Burst Pressures

Median

Standard Dev iation
Sample Variance
Kurtosis

Skewness

Range

Minim um

Maxim um

Confidence Level(95.0%)

1.1682
0.0764

0.0251
1.1057
0.1281
0.0164
0.2593
0.1714
0.5277
0.8889
1.4167
0.0517

Table & Welbull Mode! Parameters and Median Rank Order Statisticsfor ABAQUS Predictions

0.89427
0.89718
1.01186
1.08268
1.09393
1.10722
1.11041
1.12876
1.16822

OO0 )OS W N e

Scale
Shape

Mean
Variance
Std. Dev.
Medi sn

s
0.232
2352
Mode!

0.0087
0.0930
1.0464

Sample

0.0099
0.0993
1.0939

7/3/2002
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Table 6. Welbull Model Farameters and Median Rank Order Statisticsfor Combined Predictions

10

ABAQUS Soln.
ABAQUS Soln.
Hill's Theory
Hill's Theory
Ricarrdella (1972)
ABAQUS Soln.
Ricarrdella (1972)
ABAQUS Soln.
Hill's Theory
ABAQUS Soln.
Hill's Theory
Hill's Theory
ABAQUS Soln.
ABAQUS Soln.
Ricarrdella (1972)
ABAQUS Soln.
Hill's Theory
Hill's Theory
ABAQUS Soln.
Hill's Theory
Ricarrdella (1972)
Ricarrdelia (1972)
Ricarrdella (1972)
Ricarrdella (1972)
Ricarrdella (1972)

NOT FOR ATTRIBUTION

ABS-C
AS533B
ABS-C
AS33B
AS33B
AS33B
SS 304
ABS-C
AS533B
SS 304
ABS-C
ABS-C
ABS-C
AS533B
A533B
§5304
55304
58304
§S 304
§S 304
58304
ABS-C
ABS-C
AS33B
§S304

TEEWE>OOPWERA0Q>TO>OWVOT W W

0.8889
0.8943
0.8972
0.9180
0.9382
0.9853
1.0119
1.0405
1.0827
1.0829
1.0939
1.0953
1.1042
1.1072
1.1104
1.1224
1.1288
1.1479
1.1560
1.1682
1.1868
1.2195
1.2250
1.2500
1.2619
1.4167

0.0644
0.1023
0.1402
0.1780
0.2159
02538
0.2917
0.3295
0.3674
0.4053
0.4432
04811
0.5189
0.5568
0.5947
0.6326
0.6705
0.7083
0.7462
0.7841
0.8220

0.8598

0.8977
0.9356
0.9735

= Experimental Burst Pressure/Predicted Burst Pressure

2
3.16240
1.69430

0.07363
0.42864

7/3/2002
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*lble 7. Wastage-Area-F ocotprint Gaometry Data

As-Found Feotpriol

919 969933 -I1LI6 ©004, 04351>  <0AI51, 0.9004>
Adjusted Footprint 08 in.

129.02 1103181 14038 | 99.00 usn <OBNI, -0.4476>
for Bounding Cxdculstion|

<0.4476, 0.8943>

Fooipant ocnired 15 ih globm | coordi Raics.

Global coordinate system has ks 2-udis aligned with the vert ioal oenteriine of the vessel,
The x4y pime of the global eoordinme sysiem is & horizonta] plane
with the x-axis slong the Jine betwoen the soentartines of Nozzles 3 nd 11,

“Adjusted” Footprint
a=0.25in.
Arca = 40.06 in’
Perimeter = 31.78 In.

Centroid of

n=ryta

x: =-r COS(¢,-)
“As Found” Footprint = 2
Area=3536 In’ yi= rsin(¢)
Perimeter = 30.36 In.
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Geometry B

1125R
426

109

T
1
8

Geometry C

12

three specimens.

ATTRIBUTION

Flg. 1. Geometric descriptions of three burst disk specimens used In [1] {all dimensionsare inches.
Imagses on the right are Photoworks -rendered views of ¥i-symmetry solid models of the

7/3/2002
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5in.

Fig. 2. Axisymmetri ¢ finlte-element meshesusedin the analysesof disk burst testsreported In [1].
Quadratic 8-node axisymmetric (CAX 8R} elementswith reduced Integration were used in a
nonlinear finlte-straln elastic-plastic analysis of the three burst disk geometrieswith three
materials. ) -

13
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140 1 L] L] T ' T T € L} ' € L T L1 I t T T ¥ l T 1 LI |
120 ' .-~ ss304 ]

- AS33B - -

- L. " //’ -

- - PL e \ /- - o4
= 100} -~ .7 ]
® [/ R ]
E 80 ' : - - -
7 i ]
o . T
E N X o
= 60 sAas-c ]

$S308 at €00 °F ' 1
40 ~
20 i 4 1 1 1 s 1 1 1 1 1 2. Il 4 I 1 2 1 A ] 1 [1 I L i

0 0.1 0.2 03 0.4 0.5

~ True Strain (.) 06/11/2002.K1 ptw

Fig. 3. True stressvstrue straln curves of the three materlals used In the disk burst testscompared
to $S308 at 600 °F. These curves were developed using a power-law strain-hardening model
fitted to yield and ultimate strength/strain data for each material.

14
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9

Geometry A
ABSC -

Predicted BP = 9.05 ksi

Experimental BP = 9.8 ksl

omeA_AISC MAQSIStonda d 6.3-4  Tus Jun 1 11:00:04 Ecntern Dovight §1me 2002
Stop: Siec )
roenen | 4% Sl lime e 0.9082
Iml"dvo: PEEQ
] Vo: U Detormoiion Scol @ Focter: 41, 000e«00

Ref. P. C. Riccardella, “Elasto-Plastic Analysis of Constrained Disk Burst Tests,”
ASME Paper No. 72-PVP-12, ASME Pressure Vesse!s and Piping Conference, New
Orleans, LA, September 17-21, 1872.

Geometry A
ABSC
Predicted BP = 9.05 ksi
Experimental BP = 9.8 ksi

Fig. 4. Effective plastic straln contours for the Geometry A (ABS-C carbon steeljspecimen at the
point of numerical Instabllity. Highly localized plastic stralning provides a precondition for
plastic collapseat the edge of the specimen.

15
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Conter Yortical Deflection (incihwee)

(b)

Center Vertical Deflecion (Inches)

% 2 4 ] 8 10 12 1
(c) Pressure (ksl) 0B/12/2002.KS piw

Fig. 5. Comparison of experimental centerline vertical deflectionsat faliure to FEM vertical

deflection histories at the center of the Geometry A and B specimens for {a) SS 304,

(b} A533-B, and (c}) ABS-C materials, and

.

16
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Fig. 5. {continued) (d) vertical deflection historiesat the center of Geometry C, all three materials.
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median=1.046 \h‘

- Weibull Distribution §:=
- Location = 0.848
- -Scale =0.232
3 I :Shape =2.352
[ -Mean =1.0835
[ - StdDev =
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£
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Normal Distributio:
Mean =1.0549

AR SR
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Probability Density
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T

i | L 2 J
0.6 0.8 1 1.2 14
Exp. Burst Pressure/Predicted Burst Pressure, a 7/01/02.K1 ptw

Fig. €. Probabllity densitiesfor two continuous statistical distributions fitted to the sample of 9 data
pointsfor = experimental burst pressure/FEM predicted burst pressure.
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Exp. Burst Pressure/Predicted Burst Pressure, « ¢7/03/02.1 ptw

Flg. 7 Probabllity densitiesfor two continuous statistical distributions fitted to the comblned sample
of 26 data points for = experimental burst pressurm/ predicted burst pressire.
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Fig. 8. Welb ull statistical fallure mode! {n = 8) compared to & normal cumulative distribution
function, median rank order statistic,and the 80% confidenceinterval on the order
statistic. ABAQUS FEM solutionswere usedto develop the models.N.B.: The order
statisticsand thelr 80% confidenceintervals are shown here for comparative purposesonly
and were not used in the point-estimate procedures for the parameters of either the Welbull

or Normal distributions.
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Fig. 8. Welbull statisticalfailure model (1 = 26) compared to & normal cumulative distribution
function, medlan rank order statistic,and the §0% confidenceinterval on the order
statistic. Models developed with combined sample. N.B.: The order statisticsand their 80%
confidence Intervals are shown here for comparative purposesonly and were not usedin the
point-estimate procedures for the parameters of either the Welbull or Norma! distributions.

21



- [Joelle Starefos - ORNL _Failure_Cniterion.pdf

DRAFT NOT FOR ATTRIBUTION

16,935 elements
52,887 nodes

Nozzles 3, 11,
S 15, and 16
Cladding &

$5308 Weld
(0.297 in. thick) Base Material
refined cladding with Wastage Area
mode! to resolve
through-thickness ptw $/42002
strain gradients )

(d) . v '
Fig. 10. Finite-element global and submodelsof the Davis-Bessehead and wastagearea. The
displacemerts at the vertica! slde boundaries cf the submodel are driven by the global
model. Both models are exposedto the sameInternal pressure loading.
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Fig. 11. Adjusted SS308 stressvs strain curve usedin the bounding-casecalculations compared to
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curves from a range of ABW heats. Straln hardening in the adjusted curve was reduced to
fower-bound a!l of the data. The offsetyleld strength and straln at uitimate strength were
retained from the unadjusted $S304 curve recelved from Fra matome.
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Fig. 12. Geometry of adjusted wastagearea footprint. Lower figure is a Photoworks -rendered
image of the submode! with the adjusted “as-found” footprint.
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Fig. 13. Effective plastic-strain historlesat two high-straln locationsin thewasfage area: (a) near
the center and (b) near Nozzle 3.
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Flg. 14. Application of the fallure statistical criterion produces a cumulative probabllity of fallure
(based on a Welbufl distribution) curve for the Bounding Case conditlon. Cumulative
probability of fallure asa function of normall zed Internal pressure.
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Fig. 15. Application of the fallure statistical criterlon produces a cumulative probabllity of fallure

27

T

o

o
n

e
)

NOT FOR ATTRIBUTION

Internal Pressure (ksi)

4 4.8 5.6

;. Scale

poe ¢ 8 v
»

|-i. Welbull Distribution i
;. Location = 5.486
=6.201

64 7.2
i

LR

i...!-‘ ..3‘.3.{.}.. ead
P

[ Predicted
Burst
Pressure

o 4 P

= 6.65 ksla

L_ . =
A S 3
:
: :
» . K
HEWEE H
] £l O K} . .« ] .
SUSTUL SO IOY DR OE RSN ST
TR TUUTTE FE ST SO PO TR YO 4 DS TS SO S S T
e et ccdicdea]avtbondenidan oles eBeafdacdendnsdocdectandand.
HIRE K AR B Y

0.6 0.8

i 12

 Weibull Distribution
{ Location =0.826 i
Scale

=0.308
=2.30

7/3/2002

Exp. Burst Pressure/Predicted Burst Pressure, o 07/03/02.K4 ptw

{based on a Welbull distribution) curve for the Bounding Case condition. Cumulative
probability of fallure as a function of Internal pressure.
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