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SUMMARY OF AVAILABLE Jq
FERRITIC PIPING MATERIALS
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T 220-550°F [0

MATERIAL NIMBER .'::
OF TESTS

(in-1b/in?)
Base Metals! 42 588 - 2300
70XX SMAW
As-Welded 3 Avg = 721
PWHT 5 1311 - 1723
80XV SMAW
As-Welded . .
PWHT 4 345 - 532
SAW
As-Welded 3 Avg = 424
PWHT 18 335 - 1350

1. Includes LC and LT orientations
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TARLLE §

CPL-16Q

K V8, CRACK LENGTH

FOR AXIAL CRACKS 1.1" DEEP IN 1,5356" WALL

§F=3 ON PRESSURE STRESS, 8F=1 ON THERMAL STRESS

CRACK
LENGTH/ CRACK K K K
DEPTH LENGTH PRESSURE THERMAL TOTAL
(1/a) (IN) (KSI.IN"0,6) (KSI,IN"0.5) (KSI.IN"0.5)
e 000 000 0.0 0.0
2 2.2 §3.0 13.3 66.
6 6.6 91.2 23.7 114.9
10 11.0 131.0 34.8 1656.6
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Figure
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\\ O Inner surface

Distance From Wald Centerling, (in)

2, Residual Stresses in a Girth-Welded Low-Carbon Steel
Pipe 7/16-inch Wall Thirkness 30-inch Diameter
and 30-inch Length LIOJ )
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DURING THE ULTRASONIC EXAMINATION OF THE ABOVE REPERENCED WELD, NO INDICATIONS

RRORE TRV D TR TORO0, TR "ECRBD R0 MNAL “HARE NEARSKCTRYH " "0 afkhe " URY"

SYSTEM DID RECORD TWO (2) NON-GEONETRIC INDICATIONS WHICH MAVE THE POLLOWING

PARAMETERS |

DISTANCE FROM THRU=WALL  ATHRU-  BIDE OF TYPE OF  SEARCH UNITS

JREQ REYERENCE LENQTE QIMENSION MALL . MWELD . REFLECTOR . UTILIZED

1) .6 *l.80° 80 524 UPST * * PLANAR 0%, 48°s
AE'RL, 60'RL

2) 6.7 *l.80" l.00 718 uPsT * * PLANAR 0*, 48°s
4B'RL, GO°RL

‘ * INDICATIONS' END POINT ON THE VALVE SIDE CANNOT BZ DETERMINED (8BE PLOT
i BEERTH).

** AXIALLY ORIENTED

19

ol o & ADDITIONALLY A O* LONGITUDINAL WAVE GEARCH UNIT WAS UTILIZED 70 CONPIRM THi

AR E;\ SRESENCE AND ORIENTATION OF TEESE INDICATIONS,

b R

| %0 q| | THE 48* SHEAR WAVE SEARCH UNIT ALSO RECORDED NON-RELEVANT INDICATIONS, BEAN

NSRS REDIRECT AND INGIDE SURFACE GEOMET .. FROM THE UPSTREAN SIDE OF TME WELD.

! B \ '

@] | TME 45* RL SEARCH UNIT RECORDED NON-RELEVANT INDIGATIONS, ACOUSTIC INTERPACE,

s ¥

v ROOT AND INSIDE SURFACE GEOMETRY FROM THE UPSTREAN SIDE OF THME WELD.

>

2

E THE 80° RL SEARCH UNIT RECOMRDED NON-RELEVANT INDICATIONS, BHEAR COMPONENT AND

§ 2 E.S INSIDE SURFACE QGEOMETRY FROM THE UPSTREAN SIDE OF THE WELD.
é ¢

A MANUAL EXAMINATION WAS PERFORMED FROM THE DOWNSTREAM SIDE OF THE WELD,

UTILIFING 45" SHEAR WAVE, 45° AND 60' REFRACTED LONGITUDINAL WAVE SEARCH
UNITS. THESE EXAMINATIONS RESULTED IN NO RECORDABLE INDICATONS.
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APPRENDIX /3,

NATER/Me. PROPERTIE! ,IND QRERRTIIY

COIN B TIONE FUR BIEP-| RHAR pACvES (7]
Revision %
ﬁ Preparer/Date S/l =Y/
Checker/Date |~ec 1faifey o
File No. © - ot fﬂ_ﬁ P‘ﬂ! g



1=17=81 | 18:02
)

ENP UNIT ) RER VALVES 1~BLli~FO60A/ 0603

HYDROSTATIC TEST PRESSURE /wD TEMPLRATVRE (ABME XI CRITERIA)

1088 TO 1103 PBIG 164°'F MIN/PU7 F MAX
NORMAL OPERATING TEMPERATURE AND PRESSURE

S32°F/ 1250 PSIG* (SAME AS RECIRC BYSTEM DISCHARGE)

* Based on known suction pressure and punmp curves. No direct

reading recirculation system discharge pressure gauges.
PHXSICAL PROPERIIES AS REPORTED ON CMTRS

CHARPY IMPACT TEST RESULTS
FOSOA = FT, LBS., AT =20'F 21-18-22
FO60B = FT, LBS. \T =20'F 21-232-31
ULTIMATE TENSILE STRENGTH
FOSOA ~ 99,100 PSI
FO60B = 100,100 P8I
YIELD STRENGTH
FOSOA ~ 81,500 PSI
FO60B - 79,900 P8I
ELONGATION (%)
FOSOA = 22.5

FOEOB -~ 22.5

Prepared by:
Checked by: P JIM GATES
F"e Noil,’:(, o, 1 1/17/91
Page. £ "
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Dete: 18~Jan-1891
Time: 10:59: 8,33

CP&L BSEP-1 RHR VALVE

tm
pe -CRACK
(C) COPYRIGHT 1984, 1988
STRUCTURAL INTEGRITY ASSOCIATES, INC. fc-2
SAN JOSE, CA (408)978-8200
VERSION 2.0

CASE /. ~ UHsv S_"V:ﬂﬁ&é’ WMLl
eF 4 © rFOR QREGrory oI
REDUCEDL I‘HlCKa*’/ﬂ'r.(
INSTABILITY EVALUATION

crack model :AXIAL CRACK IN CYLINDER UNDER INTERNAL PRESSURE

MATERIAL PROPERTIES: -
FLOW STRESS(SIGMAT )= 81.4500
YIELD STRESS(SIGMAo )= 62.8000
YIELD STRAIN(EPSILONo)= 2,317E-03
YOUNG MODULUS= 2,710E+04

POISSON RAT1O= 0.3000

RAMBERG-0SGOOD STRESS-STRAIN LAW: -

ALPHApl=
Npl=

0.3520
8.4900

GEOMETRIC PROPERTIES: -
OUTSIDE DIAMETER=
WALL THICKNESS (t)=

OTHER CONDITIONS:~
PLANE STRAIN <1> OR
PLANE STRESS <2>= 1]

dA= 1,

LOADING CONDITIONS:~-

PRESSURE=

1.0000

CRACK DEPTH(a)= 1

a/t(a/b)
0.0000
0.1250
0.2500
0.3760
0.5000
0.6250
0.7600

(a/t)= 0

1.1220
1.1863
1.3618
1.6641
1.9766
2.4176
2.8586

12.2950
1.6950

696E-02

+1000
6490

H
38,7137
16,1976
10.6242

6.6617
2.6793 :
1.8100 Prepared by: =77/
0.5408 Checked by: _*%¢ 1/ar/8)
File NO. CAC/$Q-70 Rov: ©

Page_C-2 o C~F




pc~CRACK VERSION 2.0

MATERIAL J~R CURVE:CPLRHRVL
J= 1.8657 % (da)”
Jiecs= 0.35600
Jmaxs= 2.0000

0.2862

INCREMENTATION: =
PRESSURE INCREMENT®=
NUMBER OF INCREMENTS=

0.25600
100

INCREMENT PRESSURE
WITH CRACK SIZE ADJUSTMENT FROM

STRESS Aadj Jappl
1.0000 1.1000 0.0130
1.2600 1.1000 0.0204
1.5000 1.1000 0.0206
1.7500 1.1000 0.0406
2.0000 1.1000 0.05356
2.2800 1.1000 0.0683
2.5000 1.1000 0.0852
2.7600 1.1000 0.1042
3.0000 1.1000 0.125656
3.2500 1.1000 0.1490
3.5000 1.1000 0.1749
3.7500 1.1000 0.2033
4.0000 1.1000 0.2342
4.2600 1.1000 0.2678
4.5000 1.1000 0.,3040
4.7500 1.1000 0.3431
5.0000 1.1040 0.,3892
5.2500 1.1062 0.4371
5.5000 1.1091 0.4896
6.7500 1.1133 0.6481
6.0000 1.1196 0.,6144
6.2500 1.1313 0.6961
6.5000 1.15618 0.8042
6.7500 1.2100 1.0198

BY INTERPOLATION
Jerits 0.5985
Terits 10,5866
PRESSUREcrits= 6.7264
wE 1.2830
MATERIAL J-R CURVE: CPLRHRVL
da Jmat Tmat
0.0020 0.3500 184.15641
0.0026 0.3500 152.1712
0.0034 0.3671 125.7428
0.0045 0.3963 103.8044
0.0058 0.4278 85.8588
0.0076 0.4618 70.9473

1

MATE!IAL R-~CURVE

Tappl

0.1396 622514.8725
C.2199 169317,1298
0,3200 67070.6710
0.4408 30498.7427
0.5833 16335.2663

0.7484
0.98372
1,15607
1.3886
1.6648
1.9468
2.2663
2.6136
2.9892
3,3936
3.8274
4.3177
4.8310
5.3869
5.998b4
6.6727
7.4767
WY

7

Tmat dA

0.0000

0.0000

0,0000

0.0000

0.0000

8323.6917 0.0000
4798.0118 0.0000
2903, 3481 00,0000
1828.7069 0.0000
1191.2933 0.0000
798.6976 0.0000
548.9717 0.0000
385.6303 0.0000
276.15607 0.0000
201.1703 0.0000
148.81980 0.0000
108.6527 0.0042
81,3661 0.0083
61.3100 0.0093
46,2792 0.0138
34.8122 0.02086
25.4945 0,0319
17.7902 0.0629
9.8370 0.1212

Prepared by: [CCZ ci ot A
Checked by: ~&c //21/9)
Fite No. CAL7/ 68706 Fev: S ..
Pege &7+« C-F

S ———




pc~CRACK VERSION 2.0

0.0099 O.4985 825656
0.0130 0.6381 4437
0.0170 0.5809 0302
0.022% 0.6271 0780
0.0290 0.6769 + 3332
0.0378 0.7308 0861
0.0494 0.7888 8634
0.0646 0.8516 .4221]
0.08B43 0.9193 . T436
0.1102 0.992 10,6304
0.1439 0712 70156
0.188] 1664 1903
0.24567 2484 94156
0.3209 3476 096
0.4193 4547 L0669
0.5477 8704 3,35623
0.71568 6853 7701
0,.9348 8300 2890
1.2212 97656 89156

o

END OF pe~CRACK

Prepared by: ./ </ 7~/ 7-%,
Checked by: w&c //ar/ 8y
File No. S /4769 -7 0é Ray: O
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te
pe~CRACK [e C=5"
(C) COPYRIGHT 1984, 1988
STRUCTURAL INTRGRITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200

VERSION 2.0
Date: 18-Jan-1991 CAE 2, = USING MNMUP WVREL
Time: 10149:48.47 AT Secrioh A. OF L Sr25% For

REGroIV OF REDUCEDL THC/NESS,
INSTABILITY EVALUATION

CP&L BSEP~1 RHR VALVE
crack model :AXIAL CRACK IN CYLINDER UNDER INTERNAL PRESSURE

MATERIAL PROPERTIES:~
FLOW STRESS(SIGMAS )= 81.4600
YIELD STRESE(SIGMAo )= 62.8000
YIELD STRAIN(EPSILONo)= 2.317E~03
YOUNG MODULUS= 2.710E+04
POISSON RATIO= 0.3000

RAMBERG-0O8GOOD STRESS-~STRAIN LAW: -
ALPHAp] = 0.3620
Npls 8.4900

GEOMETRIC PROPERTIES:~
OUTSIDE DIAMETER= 12.2950
WALL THICKNESS (t)= 1.6360

OTHER CONDITIONS:~
FLANE STRAIN <1> OR
PLANE STRESS <2>= 1
dA= 1.6356E-02

LOADING CONDITIONS: =~
PRESSURE= 1.0000

CRACK DEPTH(a)= 1.100"
(a/t)= 0.71C¢

a/t(a/b) F H
0.0000 1.1220 37.70456
0.1260 1.1860 15.8613
0.2500 1,3661 10,4680
0.3760 1.6762 6.6798
0.56000 1.,9963 2,70186
0.6250 2.4626 1.6309
0.7500 2.9289 0.5602

Propered by: v/ S/ 2=
Checked by: ~&c_1/2//3/

File No. &% 764 706 Rev: 2 .
Page_ &S ol C=€




pc~CRACK VERSION 2.0

MATERIAL J~R CURVE:CPLRHRVL
J= 1.86567 * (da)”
Jlg= 0,35600
Jmaxs 2.0000

0.2862

INCREMENTATION: ~
PRESSURE INCREMENT=
NUMBER OF INCREMENTS=

0.2600
100

INCREMENT PRESSURE

WITH CRACK SIZE ADJUSTMENT FROM MATERIAL R~CURVE

STRESS Aadj Jappl
1.0000 1.1000 0.0194
1.2600 1.1000 0.0306
1.6000 1.1000 0.0445
1.7600 1.1000 0.0€12
2.0000 1.1C00 0.0808
2.25600 1.1000 0,.1036
2.5000 1.1000 0.1296
2.7600 1.1000 0.1690
3.0000 1.1000 0.1918
3.2600 1.1000 0.2283
3.5000 1.1000 0.2685
3.7500 1.1000 0.3125
4.,0000 1.1032 0,3637
4.25C0 1.10£3 0.41856
4.5000 1 085 0.4797
4.7500 1.1138 0.5490
6.0000 1.1211 0.6296
5.25600 1.1374 0.7366
5.5000 1.1912 00,9441
6§.7500 1.1926 1.0629

BY INTERPOLATION
Jerits 1.0187
Terits= 10.0091
PRESSUREcrits 5.6569
we 0.8668
MATERIAL J-R CURVE: CPLRHRVL
da Jmat Tmat
0.0020 0.3500 184.1541
0.00%6 0.3500 152.1019
0.0034 0.3672 125.6283
0.0045 0.3965 103.7626
0.0058 0.4281 85,7026
0.00786 0.4622 70,7853
0.0100 0.4990 58.4655
0.0130 0.5388 48,2895
0.0171 0.5817 39.8847
0.0223 0.6281 32.9427

Tappl
0.2144

0.3391 61806.4586
0.4962 24305.4611
0.6839 10966.8747

0.9086
1.1642
1.4573
1.7863
2.15612
2.58620
2.9891
3.4633
3.9923
4.5617
5.1911
5.90356
6.74562
7.8710
9.1262
10,5339

PAGE
/Dv C - b

Tmat dA

1919877.1739 0.0000
0.0000

0,0000

0.0000

5470.7578 0.0000
2946,3047 0.0000
1685,7285 0.0000
1013.0642 0.0000
634.1657 0.0000
410.9066 0.0000
274.2345 0.0000
187.7712 0.0000
128.7034 0.0033
90.6621 0.00564
64.5174 0.0087
46,0017 0.0139
32.7498 0.02256
22.2262 0.0387
11.9226 0.0926
8.8731 0.1401

Prepared by: '/ f///’/ yeys
Checked by: _Aac //21/3/

Flle No. CA¢ /80-2¢6 Rev: O
Page L & of C-@
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pc~CRACK VERSION 2.0

0.0291
0.0381
0.0498
0.0661
0.0851
0.1112
0.1464
0.1901
0.24856
0.3249
0.4247
0.5561
0.72867
0.9486
1.2401

0.6782
0.7322
0.7906
0.8536
0.9216
0.99651
1.0744
1.1600
1.2626
1.35623
1.4601
1.6764
1.7021
1.8377
1.9842

27.2090
22.4732
18.5617
16.3310
12.6626
10.4587
8.6383
7.1348
65.8930
4.8673
4.0202
3.3204
2.7426
2.2662
1.8709

END OF pc~CRACK

PAGE

Pr'pmd by. \77:%‘/ P-?/

Checked by: _~ec //21/3/

Flle No. X 764 - 706 Rev:_ 2
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CPL-16Q

PCCRACK EPFM AXIAL FLAW PRESSURE VS§. HOOP STRESS

Ro(IN): 12.296

t{IN): 1,696

Ri(IN): 10.6
HOOP

PRESS.  STRESS
(Ks1) (KS1)

4,25 33.110
4.50C 35.058
4.75 37.006
5.00 38,954
5.26 40.8C1
5. .60 42.849
5.76 44.797
6.00 46,744
6.28 48.692
6.50 50.640
6.75 52.587
7.00 54.5635
7.28 56.483
7.50 58.430
7.76 60.378
8.00 62.326
8.25 64.273
8.50 66.221
8.75 68.169
9.00 70.1186
9.25 72.064
9.50 74.012
8.76 765.9569
10.00 77.907
10.25 79.8K5

Ro(IN):
t(IN):
Ri(IN):

3.00
3.26
3.560
3.76
4.00
4.26
4.50
4.75
5.00
5.26
5.60
6.76
6.00
6.25
6.50
6.758
7.00
7.256
7.560
7.78
8.00
8.25
8.50
8.76
9.00
9.256
9.50
9.76
10.00
10.26

12.295
1.535
10.76

HOOP
STRESS
(KS8I)
8.5643
10.679
12.8156
14,950
17.088
19.22%
£1.368
23.493
25.629
27.7656
29.901
32.036
34.172
36,308
38.444
40.580
42.7156
44,851
46.987
46.123
61.258
53.394
65.630
57.666
59.801
61,937
64.073
66.209
68.344
70.480
72.616
74.752
76.888
79.023
81,1569
83.2956
85.431
87.566

Prepared by: VG120

Checked by: e /2487 .
Fite No.C/°C /6872 Rev:

pege_ S -F -°

oA

[

SIGMAh=
(2%p*Ro"2)/
(Ro“2~Ri"2)
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pe

tm
~CRACK

(C) COPYRIGHT 1984, 1088

STRUCTURAL INTEGRITY ASSOCIATES,

SAN JOSE,

INC,
CA (408)978-8200

VERSION 2.0

18<Jan~190901
11:26:26.656

Pate:
Time:

LEAST SQUARE CURVE FIT OF STRESS PROFILE

CPL RHR PRESSURE STRESEES AT 1.636" SECTION (1260 PSI,

TERM COEFFICIENT
co 4.473E+01
1 «6.767TE+00
c2 4.039E+00
c3 =1.408E+00

COEFFICIENT OF DETERMINATION R 2=

CORRELATION COEFFICIENT= 0.9666

X VALUE Y VALUE Y CALC
0.00NE+00 4.474E+01 4.473E+01
2.700E~01 4.313E+01 4.317E+01
6.600E-01 ¢, 204E+01 4.200E+01
8.300E-01 4.110E+01 4.109E+01
1.100E400 4.027E+01 4.031E+01
1.3480E+00 J.941E+01 J.938E+0]
1.838E+00 3.87T7E+01 J.878E+01

SF=3)

0.9998

DIFF
1 ' 3(‘0F. 02
~4.246E~02
4,148E-02
5.239E-03
~3.163E-02
1.918E~02
~4.801E-03

END OF pe~CRACK

Checked by:
File No. € 764 “70é oy, O
Page 2°4 D=t/

o A .

Prepared by; V. I/ 1199,
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STRUCTURAL INTEGRITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200

Date: 18-~Jan~1991
Tiwme: 11:39:50.76

LEAST SQUARE CURVE FIT OF STRESS PROFILE

CPL RHR THERMAL STRESSES AT 1.535" SECTION (632 F, 8F=1)

TERM COEFFICIENT

co 1,.319E+01
C1 «3.466E+00
c2 7.880E-01
c3 =1.097E+00

tm

pe~CRACK
(C) COPYRIGHT 1984,

VERSION 2.0

COEFFICIENT OF DETERMINATION R"2e

CORRELATION COEFFICIENT=

X VALUE Y VALUE
0.000E+00 1.322E+01
2.700E-01 1.220E+01
65.500E-01 1.138E+01
8.300E-01 1.029E+01
1.100E+00 8.8B60E+00
1.3B0E+00 6.960E+00
1.535E+00 65.820E+00

0.9995

0.9990

Y CALC DIFF
1.319E+01 3.419E-02
1.134E+0] 3.91CE~-02
1.023E+01 5.703E-02
8.87BE+00 ~-1.762E-02
7.034E+00 ~7.422E-02
5.770E+00 5.008E~02

END OF pe~CRACK

Prepared by: 11 9-9/

Checked by: w~ac /#:/3/

File No. C% /¢ &~ 7% Rev: ©
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te
pr~CRACK
(C) COPYRIGHT 1984, 1988 o =l
STRUCTURAL INTEGRITY ASSOCIATES, INC,
SAN JOSE, CA (408)978-8200
VERSION 2.0

Date: 18-Jan-1991 CASE o - L/ ¢ A (Aspee) RATC)
Time: 11:50:48,.95

LINEAR ELASTIC FRACTURE MECHANICS EVALUATION

CPL RHR VALVE, 1.536" SECTION (A), SF=3 ON PRESSURE, SF=1 ON THERMAL
crack model :ELLIPTICAL LONGITUDINAL CRACK IN CYLINDER(T/R=0.1,A/L=0.6)
WALL THICKNESS (t)= 1.63560

STRESS COEFFICIENTS

CASE 1D co c1 cz Cc3
PRESSA 44,7260 -6 7667 4.0393 -=1.4076
THERMA 13,1868 ~3.4569 0.7880 ~1.0870
CRACK =evweovvrcaconecs STRESC INTENSITY FACT(Pscveccenncesn onew
SI1ZE CASE CASE

PRESSA THERMA

0.0246 7.868 2,312

0.0491 11,106 3.261

0.0737 13.680 3.983

0.00882 16,682 4.586

0.1228 17.5622 5.113

0.1474 19,183 65.586

0.1719 20.707 6.017

0.1965 22.123 €6.414

0.2210 23.452 6.783

0.2466 24,708 7.130

0.2702 25,903 7.456

0.2047 27.043 7.766

0.31983 28.141 8.061

0.3438 29.202 8.343

0.3684 30.227 8.613

0.3830 31.220 8.871

0.4176 32.183 9.119

0.4421 33.120 9,358

0.4666 34.032 9.587

0.4912 34,916 9.806

0.5158 35.780 10.017

0.5403 36.625 10,220

0.5649 37.4563 10.416

0.6894 38.263 10,606

0.6140 39,0569 10.788

0.6386 39.847 10,9686

Prepared by: V/C//~17 -9/
Checked by: ~ec 1/3/3/

File No. CAC 769 -32@ Rey: O
Page 2-6 ot D-//




pc~CRACK

0
\»'

0

{
N

]

6631
L6877
0,
0.

7122
7368

1614
7859
0.
0.
0.
0.
0,
9333
0.
0.

#1056
83560
85986
HB42
YORY7

9678
p824

0070
1.0316
1.0661
1,0800
1.
]
!
|
l
1

1062

1298
1643
1789
2054
2280

VERS 10N

40,
41,
42.
42.
43,
44,
45,
45.
46,
47.
47,
48,
49,
49,
60,
1.
61.
62.
63.
63.
b4,
64,

1

(4 B

56

2.0

END OF
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~CRACK
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Date
Tims

CPl

A

WALI

18«Jan~19891

11:60:564

RHR VALVE,

kK model ELI

{HICKNESS

‘ASE 1D

PRESSA
THERMA

CRACK
SI1ZE

UZdt

), 0491

0737

L O8B%

O.12¢8

), 1474
0.1719

, 19656

1, 2210

245¢
2702

0.2947

3193
2438

), JE84

,a939

). 4176

4421
L 466¢

4912

D, 5158
). 5403

5649
5894
6140
B3ILH

B

1 i

IPTICAI

STRI

LINEAR

30" BB

{t)s= 1

13.

coO

72 ': )

« 1 £

1858

CASE
PREGSA

10,
18,
18,

806

) 4
&4
04
2b

” G
s

&Y,

31
Jd
K fi
37

39

44,

46,
690

47
49
50
[ 4

4 B

En
% N |

r

61

Ve

4.

171
<94

ROT

481

929

204

, 347
983
332
. ¢08
022
40,
42.

B10
681
315
017

Ji8

. 966

680
176
7617

324
878
60.

42

. 945

TURAI

e
FLASTIC

TION (A)

EAar
vJdol

STRESS
Cl
«6.7667
-J3.,456569

~-STRESS
CASE
THERMA

) -
. {

0

N

4.4%93

0.016
6,38
7.161
7.85]
8,498
9.104
D.676
444
. T40
. 240
730

4

-

-
- -

-

) )
' 6 o

8681
138

L o]

L™

020
448

868
5.281
0.6R7
16,086
16,477
16.86¢%
17.238

P e it Bt it Bt Pt P Gk
B oo oW

PR
L N

pe~ RACK

OPYRI iH1T

Y AR . ON

FRACTURE

ta

1984, 1988
NTEGK'TY ASLOCIATES, INC,
SAN JO2%, C/ (408)978-8200

2
-

0

—

- (_/ﬁ “w g /ﬁs/"’é“cf Kﬂf/O/‘

MECHANICS EVALUATION

v BFed ON PRESSURE, SF=1 ON THERMAL

LONGITUDINAL CRACK

(N CYLINDER(T/R=0.1,A/L=0.2)

COEFFICIENTS

Ce C3
4.0393 «1,4076
0.7880 «1,0970
INTENGITY FACTOR«=-=veccccsancns
P - ———— 5

Lpaqe_3<f£ of &~y

Prepared by: 77 -/ 9.9
Checked by: rwac /o1l 9 s
File No, - “‘ 7 U Rey: O
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0

)

/" C,

) 0

0

ve~CRACK

+6E631)
0.
0.
0.

YERSION

2.0

6877
7122
7360
7614

., 78569
8105
“ 0.
. 0.

BIKO
8596

BB8A2
9087
9333
9578
9824
0070
0216

0661

.0B06
v 1062

298

4643
1789

2034
2280

63,
64.
66 .
87,
69.
10.
3.
74.
75.

7.

8
8l
83
b5

86.
88,
89.

91
92

97
99

469
P65
462
b2
436
988
661
132
701
26"

833
RO,

392

942
492

041
689
136
686

245
,BOB
4.
85 .

3606
924

484
044

20

21
¢l
¢l
22.
22,
e2.
23
23,
23,
23,
24,
24,
b,

873
18,
149,
19,
18,
19,
20,

331
684
03}
32
754
111

463
20,
161
485
812

810

133
449
768

062

361
656
946

229

5056
778

038

2~
|
g
X
%
END OF pe~CRACK
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pe~CRACK
(C) COPYRIJZHT 1984, 1988
STRUCTURAL INTEGRLITY ASSOCIATES, INC.
SAN JOSE, CA (408)978-8200
VERSION 2.0

18-Jan-1991 WsE 2.~ LA =00 CAspecr RareS)
Jan vy y — 7
12:40:31,88

LINEAR ELASTIC FRACTURE MECHANICS EVALUATION

RHR VALVE, 1.638" SECTION (A), S8F=3 ON PRESSURE, S¥=1 Ol THERMAL

kK Godel ELLIPT(CAL LONGITUDINAL CRACK IN CYLINDER(T/R=0.1,A/L=0.1)

0.3438 9.119

0.4421 .612

THICKNESS (t)= 1.5350

STRESS COEFFICIENTS
co Cl1 C2 C3
44.7250 -6,7567 4.052% ~1.4076
13,1868 -3.45569 00,7880 -1.0970

rewmenwee=STRESS INTENSITY FACTOR
CASE CASE
PRESSA THERMA

11,706 J.445
6956 4.905
621 6.047
.0 029

1.0%1 910
£J.902 721
2.5686 480
,10] 199
836 886
. 889 . 5486
2«176 . 184

2947 . 4086 .803

. 3193 8,713 441

108

761

410

. 063

691

324

-3 -3

HWwONN = DO WX

), 3684 51.508
}).3930 . 885
4175 252

Pk ok Pk e et e et el Bt et
»
<

o  J4

4666 ). 967
4912 H3.319 . 963
5158 556.670 578
.5403 021 . 200
5649 374 818

P ek ek
o BN BES B s

7.5894 12,730 »433

6140 .089 21.045

6388 1. 452 . 654 Prepared by: ,7/:5"//’ it e o A o
Checked by: w~e&c //a/1/9;
File No.CA76@ -7% Rev: 9
Page 270 ot D ~//




pe~CRACK

0.
0.
0.
0.

0
0
0

-

o R e Gk et et e O

6631
6877
T122
7368

1614
.T8589
,B81056
8360
BE98
«BB42
S0B7
. 9333
957

. 9B24
0070
0316
05671
,OBO6
1062
1258
1543

1789

. 2034
2280

VERSION

(9.
82.
B4.
86 .
B9,
9e.
94,
817
100,
1028,
106,
109,
112.
116
118,
121
124.
127.
191,
134,
137,
140,
143.
146,

2.0

820
193
672
968
3b1
088
p68

847

766
686
636
810
611

631

670

729

BO7
800
004
1258
265
422
5906
78R

22,260
22.864
23.465
24.063
24 .658
26,345
26,062
26.779
27.495
¢8.211
28,926
29.641
30,387
31.072
31,784
32,494
33.202
*3.906
34.604
36.299
35.989
J6.676
37.368
38.036

END OF pec~CRACK

Prepared by: JVF5/7/9-%/ SO
Checked by: wac ,/e1/8)
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Date:
Time:

18<Jan~1981
14:39:36.48

tm

pe~CRACK
(C) COPYRIGHT 1984,
STRUCTURAL INTEGRITY ASSOCIATES,

VERSION 2.0

SAN JOSE, CA (408)978-8200

INC.

LEAST SQUARE CURVE FIT OF STRESS PROFILE

TERM COEFFICIENT
co 2.510E+01
cl ~2.T63E+00
c2 ~1.131E+00
Cc3 2,766E-01

X VALUE
0.000E+00
4.970E~01
9.970E~01
1.497E+00
1.987E+00
2.48B7E+00
2.988BE+00

Y VALUE
2.508E+01
2,362E+01
2.141E+01
1.931E+01
1.732E+01
1.556E+01
1.410E+01

COEFFICIENT OF DETERMINATION R"2=
CORRELATION COEFFICIENT=

0.9992

Y CALC
2.510E+01
2.348E+01
2.,150E+01
1.,936E+01
1.732E+01
1.549E+01
1.413E+01

0.99968

DIFF
-5, 171"’02
1.417E-01
~B.464E-02
~4.742E-02
6.118E-03
6.928E-02
-3.328E-02

END OF pe~CRACK

Prepared by: V"¢ /7= ?-9/

Checked by: w~éc
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tm
pc~CRACK
(C) COPYRIGHT 1984, 1988
STRUCTURAL INTEGRITY ASSOCIATES, INC,.
SAN JOSE, CA (408)878-B200
VERSION 2.0

Date: 18-Jan-1991
Time: 14:49:56.,80

LEAST SQUARE CURVE FIT OF STRESS PROFILE

CPL RHR THERMAL fTRE'SES AT 2.988" SECTION (532 F, SF=1)

TERM COEFFICIENT
Co 3.006E+00
Cl -6.,115E~01
C2 ~4,677E~01
C3 1.274E-01
COEFFICIENT OF DETERMINATION R"2= 0.9995
CORRELATION COEFFICIENT= 0.9989
X VALUE Y VALUE Y CALC DIFF
0.000E+00 2.990E+00 3.006E+00 ~1.508E-02
4.970E~01 2.640E+00 2.601E+00 3.872E~02
9.970E-01 2.040E+00 2,067E+00 ~1.683E-02
1.497E+00 1.450E+00 1.469E400 -1.8913E~02
1.987E+00 9.400E~01 9.434E-01 ~3.357E-03
2.48B7E+00 5.800E~-01 5.520E-01 2.797E-02
¢.988BE+00 3.900E~-01 4.023E-01 ~1,229E-02

END CF pc~CRACK

Prepared by: Z/C%(Z.til._?_?:;..__.
Checked by: w~ac 4/as/g)
File No.CA e ';‘,/.-"’J.b Rey: O
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tm
pc~CRACK
(C) COPYRIGHT 1984, 1988 /; é:W'G
STRUCTURAL INTEGRITY ASSOCIATES, INC. A e <RV
SAN JOSE, CA (408)978-8200
VERSION 2.0

18-Jan-1991
16: 1:20.79

LINEAR ELASTIC FRACTURE MECHANICS EVALUATION

RHR VALVE, 2.988" SECTION (C), S8F=3 ON PRESSURE, SF=1 ON THERMAL

k model : LONGITUDINAL CRACK IN CYLINDER(T/R=0.1)
THICKNESS (t)= 2.9880

STRESS COEFFICIENTS
CASE 1ID Co Cl c2 C3
PRESSC 25.1017 ~2.7628 -1.1308 0.2766
THERMC 3.00561 -0.,6115 ~-0.4677 0.1274

CRACK ==+==svwweecec--STRESS INTENSITY FACTOR
SIZE CASE CASE
PRESSC THERMC

0478 10,313
09686 14.858
). 1434 18,530
1912 21.7178
. 2390 24.771
J.2868 27.594
3347 30,420
0.38258 33,216
. 4303 35,962
4781 J8.673
0.5259 41,356
5737 44,019
6215 46.775
0.6693 495,640
vt 211 52.510
).7649 55.386
.B127 58,268
8805 61..59
9084 64,223
9562 67.811
0040 71.433
0518 76.094
09986 78.786
1474 82.509
1952 86.261
. 2430 90.832

831
768
198
. 576
. 919
v 239
557
. 869
172
467
1067
041
v 332
.632
. 928
221
512
799
. 101
457
.813
167
. 520
870
. 219
658

-
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pc~CRACK VERSION 2.0

1.2008
1.3386
1.3864
1.4342
1.4820
1.56209
1.6777
1.6256
1.6733
1.7211
1.7689
1.8167
1.8645
1.9123
1.9601
2.0079
2.06867
2.1036
2,1514
2.1982
2.2470
2.2948
2.34286
2,3904

95.456
100,131
104,856
109.625
114.441
120,609
127.296
134.067
140.821
147,863
164.862
162.583
171,034
179,676
188.207
196,923
206.720
214.912
225.133
236.444
245.842
256.323
?66.884
277.622

10,091
10.627
10,963
11.397
11.831
12.409
13.039
13.671
14,304
14.938
16.5673
16.276
17.043
17.812
18.581
19.349
20.116
20.911
21.783
22.674
23.561
24.426
25,297
26.165

END OF pc~CRACK
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