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GEH analysis to date based on design basis loading with Kuosheng
specific values there is no indication of extra loading in the 0 or 180
location. However GE continues to review with GEH Systems experts and
specialist to evaluate if any other possible reasons for extra loading at
these locations. At this time there are no possible reasons for extra loading
at 0 or 180 locations.
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H R B 0.37-044| 0.6-095 | =0025 | =0025 |0.15-0.35[0.65-0.95|1.55-2.00 | 0.20-0.30
8073029 CMTR 0.385 0.71 0.01 0.012 0.28 0.75 1.68 0.21
61765 CMTR 0.38 0.75 0.012 0.018 0.26 0.78 1.72 0.22
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A2 g 0.43 0.74 0.006 0.013 0.26 0.79 1.77 0.23
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B13 Ba 0.3876 0.75 0.01] 0.0228 0.26 0.76 1.67 0.21
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11. ASME Sec Il Part A, Specification for Alloy-Steel Bolting Materials for
Special Application, SA-540/SA-540M, pp969-981, 1998.

12.Generic Aging Lessons Learned (GALL) Report — Final Report
(NUREG-1801, Revision 2), December 2010.
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STUD S/N 006 e&» TEMPERATURE # % @z & (IM-34) (IM-35) ? &
Tof2w BEPFHT

Aol e 29 > 5 112 15 | ¢ #fiedradl B &
(Hardness) » &7 2 &4 &2 Min. ~ Max. » % #8848 a8 A
FRex Heat Treat 2> @@ » #AJLEAR? PR FRGEEEE S 7 Ah XD
v o FRREERRLTI 2 @ e Edhe 29 (% 19 F) > 7y sedk
7 Fz2. Min. ~ Max.2 9 %R A B E -

% 29 7 Appendix A ¢ Data sheet # - B >+ S/N 006 &% txeh1¢ 4 £
Rl e §RORBEIER 5 4h SINO06 2 BE{s #7 i SIN
007 ~ 008 ~ 009 » ¥oip g Hicl 4a © » “rrefEsn SIN 006 » £ ipl 4 P e
BEERT L TOCFGE @ 3735k e E LR 277 ST

o
2 1
ROUND BARS HT#N0B36 TRACE#42266
5.25"DIAJICS X 10' L
g Iﬁ;s]J, :ﬁ,-'pﬁ Scale Minimum Maximum Number Other
Customer Requirements:
Hardness HRC 38B. 44.5 . HBW331-415.EQUIVALENT
Results:
Hardness HRC 39.1
M-34 %4252 FH 2 27%F %7 ¥4 5 RexHeat
Treat = fj@ﬁi’fﬁ 7_% &> gtxgv E"‘—tﬁ}%’ F o ) EOR 7 g&,»;-— l[%ﬁi:lsl °
m 1t 3 DR EHER péﬁi%t:(ﬂ LTI 3 7)) P rrfhor 303 IJ’\rr?ﬁ—Q

E2_ % 19F ¢ o

FREOTERR AT

The hardness reported by Rex Heat Treat (on pages 12 and 16 of the
Certification) are in-process checks. The values are reported for

information and therefore only one value was reported. The laboratory (ITI)
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certification, Page 19, contains the official certified values for the bars in

the as-heat-treated condition.

M-35%38L L5 sT bl oddg +322008-HERMK
< )-Qr'f :

1. The omission was reviewed at the time it was discovered and
determined to be a “ QA Records related Administrative error/omission”
and not a non — conformance or deficiency.

2. For a “ QA Records related Administrative error/omission * -
Action is to Include the information on the form that was omitted during
the original submission and Initialing & Dating is in compliance with the
GEH QA program, Dubose QA and the requirements of ANSI N45.2.9.

3. In review of the update with GEH QA and Dubose today, Dubose
indicated that they incorporated a note on their original ( even though not
required). | requested a copy and attached please find a copy of the Dubose
original where they included a note confirming the temperature based on
area ambient temperatures recorded for S/N 007 and S/N 009 taken
minutes after S/N 006 .

FRE D2 Bt TR SeiE P oo
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- APPENDIX A
. 147C7634P001 Stud, RPV Skirt As-Built Measurements Data Shest

fa

Stud SIN (o]0]

Date/Time _4-5—1 f I 235,

Stud shall be stabllized at ambient-lemparatura of the area where dimensional measurements are -
being taken befora measuring.

Temperature (Cegress F}. : 7’;3 =

BAsED oA TEMD .E.E::m,a.&&. =0
STUDs 007 THRD o DUSPECTED
AT 225 P water i:29 Pt fﬁn:-:rﬂ-!.l

Measure the length three times in different ]:llat:es and average:
1% measurement (XX XXX Inches) Q6. DG'-f

.2" measursment (XX XXX Inches) - * B4 - 804/

3™ measurement (XXX inches) 2. 00)

_Average length (XXXXX Inches) ~ =26-003

Minimum diameter of three measurements taken on the stud shank at
different axial locations and different radial locations:

1% measurement (X XXX Inches) 3.c00
2™ messuremeant (X XK inches) 3_oow .
3" measurement (X0 inches) _ 3_p00o

‘Minimum Diametar (X.XXX inchas) 3. 000

Opsrator: ' ; Mf‘q

" QC Inspector: %}ﬁ)ﬁ'w.h\

L\

5
v R

[
GEH Witness {Optlonal): _&E.__L_A_.._.b_...___

GE-Hitachl PO 437087134 ltem 2.02
Page 20 of 39

DPRFLAPH Y REP > SF ARV EL

A~
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-20) (1V-16) ( 0) (AI-5) (AEC-7) - s & =@

v

2L

2w R

PR B R A L (UT)E (78 ) 30 2 MR chie iRl S fe
PRI AR HRRT R 2 B B ASTM eif 0 @ ¥ iRl 4 B 2 -
mmﬁ%i4%“$&ﬁqﬂﬁﬂw4’ﬂéEWu*&&qﬁﬁﬂ

ERTERAR P SR E ¢ RO FELT fua o
Hep 113 192 3752 7 21042355 UT %P 2 £ 2 4 113 £ 184
© R ATE A BRFBALILD NS L 3 560 Kips 0 P 2 6 (TEARIDER 5

AR UT Pl eSODEETERFTLEE cT R T F AT
Bt 2R (ANIN A | A sedy B ks o fI% 474
7 A2 A R RIS R RRIFEATE bl e RaE 2 e B R RSN
EAl* MB-H A 113 £ a2 A BRI E > Ju b I H 4 113 L il rda
PR BEETHEALE LG BMaP RGP B C8 2
148ksi - @ 1395 B13 2 #ifr s B 7 Rlg % - 4% C8 "% Rap & v & 3%
120ksi > a0 & REFHELEE -

Mol Bz 3t adF A mngEd > RN EEg L RY A D
W REERA T HERR TS DRSTPEEMNT > AR
' oo HARLI3 L ifaime GAZF AR T AR
FRIDIZ R o ig 3 AT R Y 0 HREF S Azt i
Fok  FUEABETEIDX2EE > ST 2P RS ES A
1339805 At R Rl R R A o AR EARF SRS
ﬁ’ﬁﬁﬁaﬁﬁﬁé’uﬁﬁ%%nuﬁx5wmmﬁé9ﬁ%*°

4
—\
ar s
A
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(I3) v hiA i Fe2rEL HRNZILLE e
#-5/23 tt% = Raad v P 3/24 22 5/2 v UT 2. 458 & & 2 scan
sensitivity # — 1x2.32d 2 B~ L E R o

PR R AR
(1) #+3/24 22512 % el T UT 2 & & > |0 * 0 & -

(2) B>t s = enscan sensitivity 84 o P 4o

a~s WBARE D SRR I FZBPIEREY FREGAAET LA
oo T FT AR F — o

b~ 3/24 *T3 T e Rl R R B F B IR L BATR IR FLIL R
B oo pdE g o BRI R BRI o RS BT
AL 80% 0 A Kbk o

C~ 5273 7 et iRl > PR % FERIR IFHE D S > AT o A
TN A AN R 2 B (#Fh GAR FRE G
BRf 4 6dB 7 Tl AR S RERAAR2R) - RPIAAFR
T BRI 0 AP dB Rk 4k o

d A XKRRFHERAEFCETF YA SoFMF w
EARFRRVHRERTE - 7 ¢ B IRBR

(IV-16) 78 & L 44 * ¢ (in-service) & /= & £ ¥ b % B P
W g ARSEF I FSIr AR RSP R SHY 2 L
4o ASTM A370 i£3% v i# * & 4% £ (Tables 2 ~3)d A & [-:# B~ {8 ek 2
5 & (54 FAL14)> & ASME CRTD #4f 4 # (ex. Vol. 57, Vol. 91)

(4 FH 15 24 FTH16) » SFH|* © o2 Fad b R 2 H R b
RGBS bk o ot ERTWI (%3 F#17) 2 -
YEAL1823) 4 M AR S HAEHE LT -
FLRIFR 2 RF LRI 2 VR AL 242 LRI TR > Ea
R B R EBZEREIRZRDAD R - LV TR & 2T

2 (MAOP)z %% -
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P FIIR 2. 120 AR (113 X Ry 7T A RTE)FIRF TR
Wk Wi ARERZEE T TL R BAF L HES AT H
i sg R PRISAR e &R VR M ROl T > F 4
F2 120 A3 QI3 L R T AFTE)IRP B AR o B % H
7 A FrEnfg g B H R BB T i F R Y 113 4 R iRz
Ao R > v B ST RE -
(M-20) sE£ B F st & /IR
rRaP R ARG I3 A e AR ,Eé%aﬁﬁéiw;_%”a*
% &

>
x
IR

560 Kips > & TG W R E S FFERFLAEL SRR FH D
Foe BREFLCELZAANIDA B 2E w2 22 FEF-HED

PHFRLE(M-20) BFHER -

cRAT2ZTREP O KEFAEET UER
PP L 39T 42 pre-tension 680kips A_TF £ X #r2. 113 492
pre-tension ¢ existing tension 4p§ ? ¥ 24hr check 620kips p ez i %
L (IM-18) ? 9 4 Bu 510 Kips+10%4p45 2 & fixdf (IV-15) ?
RPV stud anchor data sheet pr stud ID £t % % CR 22 & & (II-31) ?

120 #2842 flange &2 = = bearing plate & gap % inward distance 2

B O(IM-82) 2472 Bu- 5L - L A a2 e A 1§ P
w (IV-24) 2 5222w RhEP 5
3750 &%ﬁTﬁ%gﬁ ﬂ%%ﬁ?%ﬁJ,u%m&@TM
WHLPE S ] BERPRANF AT o a2 PR LR W
At UpER N o A IIE A eh

’i”%i*%$y&ﬁ%$1$
PE o DREF PR ATIE A R FORARIT R o A= 7 A AT BB
680Kips ' ix ¥5 Jr 435 1 2R = o 24hr check 620Kips & 28 b 23 4 R85
R AAZERY - B4 ¥ 0 EXFTE o MR EEL A
FHA N o
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Stud ID #74 7 N & G RRGHZ A B FE Y FAFEE > B
WeF 4T FREEE XK - CR 457 77CAL”” reading from
extensionmeter> ¥ 5 d24x ¥ £ & K Ber * - ¢ flange &2 T > bearing
plate @ % gap > B#4 Bz 2B T LB A\ﬁfra? =
FIABEES R e B4 L Bl 7 & 120 Lo il

preload 7 510 kips 2+ » B4 i+ o B 4 sj‘héa » B4 L K3y e

- B - s 194395 ASTM A-540 BR23 Class 1 » 3 v+
BT 26K VAT T HEAA U S Ot T 0 17 5
BUNC o % £ARR - 384k » 5 A ML L (8 > MR RiE

o kPR GFEITE i:ﬂ%p?‘rﬁ‘;‘(/T Haw Lo ML 3K
> W) & 340kips ~ 510kips ~ 2 680kips > @ % FE4FFER = {82 48 | PF
HIT R F FARE 10% 0 ¥ A REFR F X A 0 THREIR
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PRELOADING
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/180 P — — 0
® 3 /5 o
0 4 /4 4
ANCHOR BOLTS TO BE ' :
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AT 1 AND FINISHING AT ™

15 USING 4 TENS/ONING
DEVICES SPRACED AT S0O°
APART.
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¥ (IV-15) 5 & R4cf2 B C ¢ T3P » &y if s d x4 » &
- BSREES > R4 S%RER KL 560Kips o Flpt A=t ¥ H 4 113 &
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ERE T

REACTOR PRESSURE VESSEL INSTALLATION PROCEDURE

SEE SECTIONS 6 AND 6 OF GENERAL ELECTRIC DOCUMENT 22A4330,
REACTOR INSTALLATION INSTRUCTIONS FOR THE PROCEDURE TO SET
THE RPV, AND SECTION 6 OF GENERAL ELECTRIC DOCUMENT 22,4950,
PEDESTAL TO RPV CONNECTION FOR THE PROCEDURE TO PRELOAD-
ANCHOR STUDS. .

THE ANCHOR STUDS SHALL BE PROGRESSIVELY PRELOADED IN THE
FOLLOWING STEPS. THE PRELOADING SEQUENCE DURING EACH STEP
IS AS SHOWN IN SKETCH 1. ’

TOTAL PRELOAD

STEP BOLT CIRCLE (KIPS)
1 INNER 340 -
2 OUTER 340
3 INNER : 510
4 OUTER 510
5 INNER ' 680
6 -OUTER 680

THE AMOUNT OF iNITIAL PRELOAD APPLIED TO EACH STUD SHALL BE
VERIFIED BY ELONGATION MEASUREMENTS. SINCE ELONGATION 1S
BASED ON EFFECTIVE GRIP LENGTH AND CROSS-SECTIONAL AREA. IT
WILL BE NECESSARY THAT TABLES BE PREPARED TO IDENTIFY EACH
STUD. THE EQUATION v = PL/AE WILL BE USED TO DETERMINE THE
ELONGATION WHERE: .

vy = ELONGATION IN INCHES -
P = APPLIED PRELOAD IN LBS

L = EFFECTIVE GRIP LENGTH IN INCHES. DEFINED AS ACTUAL
- THICKNESS OF BEARING PLATE PLUS SKIRT FLANGE, PLUS .
2-1/2 IN. FOR WASHERS, PLUS 3 IN. FOR NUT. SEE DETAIL 3/C_342.

A = AREA OF STUD BODY IN SQUARE INCHES
E = 29 x10% psI

THE APPLIED PRELOAD DETERMINED BY ELONGATION SHALL NOT VARY
., MORE THAN = 10% OF THE VALUE SHOWN IN 2 ABOVE.

THE ANCHOR STUDS SHALL BE CHECKED, AS INDICATED BELOW, TO ENSURE
THAT THE EFFECTIVE PRELOAD REMAINS. THE INITIAL CHECKING RE-
QUIREMENTS ARE AS FOLLOWS:

A. 48 HOURS AFTER ALL STUDS ARE TORQUED, ELONGATION OF ALL
STUDS IS TO BE CHECKED. MAXIMUM ALLOWABLE RELAXATION

B. JUST PRIOR TO INSTALLATION OF THE RPV SKIRT COOLING DUCTS,
- THE ELONGATION OF ALL STUDS IS TO BE RECHECKED. IF THIS
CHECK INDICATES A PRELOAD OF LESS THAN 600 KIPS EXISTS, STUDS
SHALL BE RETORQUED.

C. -] DURING FIRST. REFUELING, THE ELONGATION OF A MINIMUM OF
25% OF THE ANCHOR STUDS SHALL BE MEASURED, IF THE
REMAINING PRELOAD IS LESS THAN 560 KIPS ON ANY OF STUDS
CHECKED, ELONGATION OF ALL STUDS SHALL BE CHECKED. ALL
STUDS HAVING A PRELOAD OF LESS THAN 560 K IPS SHALL BE
RETORQUED TO A VALVE OF 590 KIPS

FH R NP4 Ask (T2 25 2 407 >4 7 R E 5 560Kipse
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5. Tension Check Procedure

5.1 Identify proper work location (see Appendix Al and record on datasheet in Appendix B.
5.2 Perform an inspection of the work location. Verify the following

= Any interferences such as insulation, etc. have been removed
» Sufficient clearance exists to properly install tensioning equipment
» Pedestal anchor plate ond RPV skirt flonge surfaces are free of debris and dust.

MNote:

When checking for washer movement, strike the washer from several sides and with
glancing blows around the circumference, in caose it may be impinged in the spot-face of
the RPV skirt

Caution:

Do not exceed 650 kips.

5.3 Instoll tensioner and slowly raise the tensioner pressure in incremental steps up to a
value of 560 kips +10/ - 0. Use increments of approximately 200 kip per incremental

step. At each increment use a mallet or hammer to strike the upper washer and look for
movement

= 200 kips corresponds to 5,873 psi
e 400 kips corresponds to 11,746 psi
= 560 kips corresponds to 16,444 psi
5.4 Record all equipment colibration doto on dotasheet in Appendix B.
Note:
If movement is seen, the preload in the assembly is near or below 560 kips. It may be

possible to move the washer slightly even if there is a small amount of tension present
while under load.

5.5 If movement is seen, attempt to measure o gap in the joint between the top of the upper
washer and bottom of the upper nut using feeler gages.

5.6 If unable to measure a gap. or no movement is seen, the test is complete. Record results
on dotosheet in Appendix B.

SRAFLERERM O GFABET RS

CIERER D PR %%ﬁ#’@%%&?ﬁ*?’ﬁ T2 23 E5 090
yo Borikdpenffg i e ? (I-12) A 5T 2 d B2 49 o F R
% & 5 137.34ksi 2 138.6ksi- @ F2 £ & (M-5) 2?4427 "% % &
PEY R IR I AT A ERIPRE RS B P (AL

9) ?ET AP v RWE

i
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ERER 2 F 0 ey U RRPFPFEITER ST TP R
TR 22 0 < K e L 354 I Ay 2T &%«*r%:@-ﬁ{&%’ AR W
e B¢ SRR BHER ﬁf%% g e BT AL FEET
(SSE+LOCA ™) 77 € 7 "8 R&A) > ¥ 3 10%2 & > 445 o
SEBHE2AFRY B FREG AR L e 2 RSk
B b As a8 HE B R FHE U R LR EE T
+ & GE @3 =% #7351 % 2. ASME Section 11l NG-3232 %2 Appendix F
2 & foo b ? DRI A IR 2 A R ARE L P R R

% >4~ 173 % 3 (FSAR) 3.8.1.3.2 & Load Combination ® ( %% & #2

=
B

T

24) > % F.2 -] & Reactor Building Internals—Structure Steel (including
RPV Pedestal and Shield Wall) 4%+ Design Accident and Extreme
Environmental Conditions = z_ Load Combination> & F b 3 3% # (axial
tension)z. X ¥+ # F42:E 09 Fy -
138.6ksi = ASTM A-540 Gr B23 # B24 Class 1 # 300°F 2. "% ik 33

B o> 137.34ksi 5 3% 4L 330°F 2. R3g B o A=x 1 iF> H B P
TR IRATEZ BT el B B Y T AR N
Ak cRFRE 5 R EANRET N AR ST
Pzw REMP > EF RS BFEHEAR -
Lo TRP L0ERAE P preload g F 680Kips s 3P 680 2 ki
ZRRARR o PR %}%ﬁ 2 ¢ ¥ kI 30%n loss  # preload % 714kips >
g d 2 F)poload € i iR yield #r0u * 510Kip k3 ? (M-2)
(IM-11) (IM-39) o S 61 > 24 mv i €& 2407 > thoo
it A 2 0 AT KPR 0 1395 GE 40 & 3k 1.35~1.40 < factor -

e p ot factor M0 K3 T AR (IV-LT) o SR P Zv R

g

L
EHEGFFEF (R TR D) Ay HEaY o fRE HUIR
z_ initial pre-load 37 5 714 kips/bolt (150x1.4 » * if3+ 5 2 p.425 of

-~

\
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563) - i & fs A& P.432A & 432B 0of 563 ® ¥ # {& comments #- initial
pre-load 37 % 680 kips/bolt » 37 T iE A7 4o F
(1) 434235 * ASTM A540 Gr 23 Class 1 4 4L %% PR3 & 137.2 ksi @330°F
(2) &% 343422 min preload % 510 Kips® ™ F2 % F & Yg 45 4% i% j7 % SSE
+LOCA ™ 2 ¢ i # > #FALIRKLT A o
(3) i 45 GE Document 22A4950 Sect 5.2 Rev.0 3344 > % 138 & !
Initial preload &7 = preload %3 + 1.35~1.40 > F]}* - initial preload
3T % 4 688 Kips (510x1.35)~714 Kips(510x1.40)2 ¥ o
(4) e 1% & 45 GE Document 22A4950 Sect 5.2 Rev.0 3+~ » % 2 7 &
A0 # w2 initial preload R 4 Bi% A A2 0.75 B EPRB A 0 T
102.9 ksi (137.2x0.75) » T iffadhw 4 & 5 102.9 ksix6.506in°=669.5

Kips 127 o

#F 4 GE Document # 4 GE Document
22A4950 3% 3 M, 22A4950 3% 5148,
BoR2RER |#: BIREL |

669.5 kips : ;

1688.0 Kips| [714.0 kips)|

SRE p A2 R
#% initial preload 7]
& 680.0 kips

rP = Bkt 4ad 3 ominpreload & 510 Kips & % Fe % & GE e
% 1% 232 & &> B3& minpreload % 490 kips(z% z* min preload Z
= 510 kips) » R initial preload 7% 3% 4 ¥ = 661.5~686.0Kips 2 & » p £
GE .4~ % 2 71 & £(669.5Kips 2T )F < & » Bl {xF 5 E# initial
preload - E. 41}3;:%1 initial preload =z_% 680 Kips » & = < {2 aug # -
(IV-17) & Rz * %3P » initial preload 37 5 1.35~14 & » 1
2 R4 R oo o W34 preload & & L 445 4 flange £2

mounting plate> & preload & 4x } 4 {$> & $#4% 4= flange £2 mounting plate
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S TR A 50 Fl o ¢ v]&:‘*ﬁ #25 # F R K% 2 pre-strain %] 7]
¢t o preload » € 5§z T "% o (3L prestressc = Young’s Modulus E x
prestraine) > m T RZ 2 A B4 R EP > FFEHE Y RE creep &

¢ RE(fluence)tp d MEH B € HRBA P2 FF - Flt > H R R
k2 f2 53 & RFES T - B > 745K T2 preload >
preload & & 4% & 560 Kips 14 F ¥ > & R 4c4f # preload 3 42 560
Kips » J& ¥ #g i% initial preload ¥ 43 & 7+ it 2 B4 R s e A=t 12
Yoo R A E v L3 A R T AR AE R S F B P o i > preload
5% 560 Kips 2 b s A3t P o p okt E A7k 3 & 2 680 kips

initial preload &% &_& 59 ¢ o

CREBRIAMLEP AT kA R O P gkt X 7135~ 140

22 g4 A AR AT ;\4mﬁ,+£ BIF o @R LR
w“a%t*mﬁ*»w~bﬁ #°E§%iﬂ%f%%&m

510Kips) o @ gt 4= 44l % 7 FAAk AR F i Ae ) cha¥r > £ 7 L2
AR .

FERTLF Wb on B0 o AR ERED PUlE
2T R IRA R B A e g R
680kips(680/510—l.33) B b RSP RZFRPN 0 B EG R 2
2R 50 F R ¥ S P w2 94 3R 1 560Kips -
R EP E PR 2 680Kips i da a8 R ¥ oo

E\%}L}\?’Jg{%/ﬁ@{ir'f :

A definitive and absolute determination as to whether the current bolt
preload values meet the design criteria (i.e. do the existing bolt preload

force still exceed the calculated maximum demand of 510 kips) can only be
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made by lift-off measurements for all bolts. Based upon a review of the GE
Design Report, the 1.35 to 1.40 factor for the initial bolt preload appears to
have been used to account for expected or possible bolt relaxation (after
initial preload tensioning) such that the remaining bolt preload tension
continues to exceed the calculated maximum demand tension load so that
the bolt does not become completely “unloaded” for this friction
connection. The factor also accounts for uncertainties including bolt
relaxation, bolt tension installation variability, calculated bolt tension
demand, actual material yield strength, etc. The slight reduction from 1.35
to 1.333 (i.e. 680/510 = 1.333) is less than a 5% change, which is
insignificant. Therefore, based on the limited review performed to date, the

originally specified 680 kip initial preload is believed to be appropriate.

W45 4c preload i & A 3% & & 4542 4 flange ¥2 mounting plate &
2 R4 Ea BRIy Bt o ok s 4 B L4z 9 flange
£ mounting plate & 2 2 /F# > Fla o IR LKL T 4 o [nitial
preload s + 1.35-1.40 %3 1 & a ¥ B354 £
2z B B S ed S ED g2 4R
w4 A 510 kips 12+ T o

4

> ST 1V R R B

{

0

\7\"\?&\;
-

3+ 5 2 % s preload

Y F Rl adlpib 2 %R > e ERHF2% R
R A AR o 0 iR %13&:? v & ZE R ASTM A-540 Gr B23 &
B24 Class 1 z- 3 #3441 (R 4 <90% *# k3z &)+ &2 -k faulted
condition T z_#s % 4 #&(Overturning Moment) -

ot o i34 preload % Bk O R BB R AL BR oS
it BT o P owif4x2 preload 32/ 4F & 560Kips »1 > B J1E
# 1 (510 kips)10% - + » & faulted condition ™ » 2 T3t ¢ 5 FAH IR % -

<,

SRAFVZPREP > LRALET UL o
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B ST

FEG 4 A 452 B2 allowable stress 0.9Fy = 804.6Kips (1-4) -

ERV RS I A “,/TT 7 & 4 g alternating stress 2_ #F > & & JF A g iR

mean stress (M-13) ° 27 @2 % HIEP 5 ¢

PoRZBEBF 2L B2 - 5% 220 B F Bt Fs ks T
S BHE 2T R 2R RS R R e

fwépfﬁﬂ SPLFHEUIRKTT T (FTFTH12) ¢ 284 4

-8 @ 5 0.90y (330°TFE i B T % K3 B 2 90%dkciE) X & 9%t

F 4 5 f% 6.51iN2 > 38 F ok deT

a4 0 A-BA0B23CLASS1 - 3" ¢ » £ 4 & 6.51in% -

A-540 B23 CLASS 1 & & B B B H 4o ¢

R 100°F | 200°F | 300°F | 400°F
B ki B oy (ksi) 150.0 | 1434 |138.6 | 134.4
3 PR R E 976.5 | 9335 |9022 |874.9

(oy X 6.51in2)(kips/bolt)

90%z. 37 piRftE K i 8789 |840.2 |[812.0 |[787.4
(kips/bolt)

% 330TEEE R T > & 192t 4 22 5% %4 300F 2 400°F 2
# ®(812.0 kips/bolt 2 787.4kips/bolt)#rp dEdik » & 23 2P % E &
()L RFHERL - HRIZAL: 1B RP 3?7 £5
4 & 6.51in” > F] 5 Bechtel 484 # & 4n 1§ 38> W25 o]0
i 6.51in” o
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Ml A-540 B23CLASS 1 »3” ¢ %44 & 5] & 6.402in°-
A-540 B23 CLASS 1 & & B8 B B H 4o ¢

BB 100°F | 200°F | 300°F | 400°F
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b PR E AN Y o foskint P oo BEAlE - B %Y BL(RP) - 4

S B ¥ g 4ot sKirt x-2 w5 y-2 % 2 moment o 4o Bl #ron

Hame: Moment-x

Type:  Momen

Sep:  Step-l (Static, General)
Eegion: (Ficked) [

C8YS: (Global) [ A

Distribution: Uniform w| M
CMl: 3125000

CMZ: 0

Ch3: 0

Amplitude:  (Ramp) v P

[ Follow nodal rotation
Mote: Moment will be applied per node.
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preload(e + H & ¥ A e + A2 B Hf ) # @ RPV Skirt
Flange é_a%ﬁﬁ AL RS R B T FHERET €A

4 # i ¥ 4 (@ 45 shear force ~twisting moment~thermal radial shear
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)A€ 0T psy el Flt o B & g% RPV SKirt Flange 2 Anchor
Ring&#Zf o 2 € A2 FH 0 A 458042 < 4 'r%-iﬁlfi??’fj&% Z ¥ J& shear
force ~ twisting moment - fe & 3+ & #%4>2_ minimum preload F# - P shear
force ~ twisting moment 323 < jg > ] shear force 2 twisting moment £_
TP AL TRA2ZIEP M T RA 2R e A R FE R
22 Anchor Ring #ff w 2. B$x4 » F]4t > shear force 2 twisting moment
AR X
(MM-8) # A& L 5T =74 &P 5 : shear force ~ twisting
moment ﬁ_';s,‘f ARIE P R A1 AR Y g o PP AT
Q) ¢ #8425 4 preload ' 2 RPV p £ % » # ¥ RPV Skirt Flange
RARe A2 L e RS 2 BB T FHEHE § AL
# o Wikipet T 4 (@ 3% shear force ~ twisting moment ~ thermal radial
shear )57 ¢ i£% Ayl F¥t o K2 A2 X4 %
pE o 357 F 4 g shear force ~ twisting moment o
Qi bas i BEETR  HEAT LT LT AL FHEF S B F A
B PFK T P W= A 470 shear force 2 twisting moment 35F o »
+ o #F4r 101.4.10 i ¥ 20 T o B 158 EOC-22 F i 4 4
B by R R A BT 241744 ¢ % 5.21~523 & o
SROFZTREMP > LR ALET AL o
IR ET A B I 0 A d AR G @ % Pari'sLaw 0 2 g T
Shutdown Mode = § §*p& » 2 cycle < { ™ > 378 57 — Seh Pari's Law
2 F it (IM-38) ? Aa®in thermal load P& » B2k p B eud 235
3R > RS € F Bl K # 4R A ot A self-limiting IR
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ZEP AL E > TR EAY o FHENHRR IR R TS
AK, 7% Bz bR 2 gk 5 & S (da/dN--AKI B T SR 4= B p - 7] Paris” Law
FOLGEH o e dek A R 2 RS AR T AK AR
JF SR 0 R Paris’Law # i i * o Strain base 2k 3 A4 f7iE * A%
Bk B F A 2 5 T b stress base 2 gk B A 47 { it Sy R
AR RE X # M4 2 Low Cycle Fatigue » 4-%++3 = B F % L #is 4
G TR SR AP YV BRI a 2 T 0 34 {7 Strain base
5

E’f”}ﬁ%-‘%— A}’H”A}’H""‘%%—i‘i %ﬁ,&ﬂ,(]ﬂ-38)7“ l]\’go

FlA 5 PR A 000k > 2 (2 )¢ 3 4 0 Flot > BFHBHELE
(radial) *} & » Ayt Fm T o d 3 skirt flange fs% 4 Agik B T T o
skirt £ & KX FlEIE & 4 T » 5 4 (thermal radial shear) » 17 % 4
skirt flange »3 4r — F)|£ % & 4 ch[F] % w 1 4 22 (thermal

circumferential moment) > 4T B]#757 :

Hc =40 K/in

A f s Y Bt secondary stress » 7t G - fEp fLE
(self-limiting) /& # = +%2= B & Yp £ 34 W iRk 1P 3-8 il a2 K
fuic 4 pF o % v #4 se(thermal circumferential moment » Mc)F 7 »
+ & e#jie ¥ 4 (thermal radial shear > HC)RIiZ 5 71 » 4+ & » F15 &
g e 4 btz preload T A AT AT 2 T u 4 590 RPV A 4
#% ¥ i jF &2 pedestal mounting plate i 2_ B4 453 @ 2 § 2 4 Fd o

IR AR AR R T A o Bt Hoixy R pilfet o e B
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35 842 minimum preload B > Bl HC 3 % g > FIHc ¥ w= ¥ & 4
TRA2ZIED 2 - > 75 FRA 2B L Pz e
mounting plate 7§ o 2. B#x4 > Flt s HC 7 4 Jg o @ ALK A 1797
2 i3 4 77 BF 5 ¥ g thermal circumferential moment Mc -

d 34 seen 7 A b Eal A #7400 (A2) ~ 18°(D14) ~ 24° (D11) ~
138°( C9) ~ 156° (C6) ~ 204° (B13)% 222°(B10)% = i=z2 p B =% >
TR B % $24 2 overturning moment 2. 4e
A E R T AR S F S AR R I B A &8 3 g
e AR RF e FIR 6% (F 6°F - L)W - X
overturning moment » R-% = 4e 4355 - LA E ¢ Mhhdoig 0 T oK
LhoA o4 o RS HAERFA60 A 477 o 45 TRk B X
2 =R H s S

AR R T R PR RRP PSS B

—\

L
EI o

o 7 #& e He = 40 K/in thermal circumferential moment of
circumference based on mean diameter of RPV skirt (£ # £ thermal
moment) % thermal radial shear of circumference based on mean diameter
of RPV skirt(#" fj L radial shear) % & 38 £ §% % 5 & f #7 B chd 205
BB AR E AR T2 BAL T o L EAL PN B
4 moment % shear o B2 7% gt 58 f % KL
o i BRI R B ARG RF > QA LR ATRIZ B b
g > H¢ s thermal moment £ f 7 #7id & B uIR R S 4 AR
PR RS 6% WREE(Z M MBI A 1 A)B 5 A Rl (free
body) > 7 = % § S B2 B R EE T F 4 A R EEZ thermal
moment > & m 38 B W% 42 e 4 o @ radial shear B & RPV skirt
FRAATP D r R A B ER TG (CO) T T 1 - B
BE R L FR & TR B2 ¥ =R (55 2
2) > thermal moment 353 p » f2fh W TR 2 R¥ F HiTF - 3

\T

kil
i
E
fi
9
'F_L
e
= I*
-n\y
\Tm
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> radial shear F4k B4 A G (PG FHAR) > Flot o p B LT

T ARE A AR o Fpt o AR B pIFC 19T s o
FAHRLAM-3B & 435 ¥ Rz Ha N U2 RF 3 6

YooY 2 QKA F 33 0 & %W L& SSE(7z SRV ¥ #x) ~ Thermal

Moment 2 €% F3 4 o H g4 BEIFHE5 FT o WP 40T

(1) SSE(% SRV i# %)z 2 # /4 '~ Bxk T4 70 R k43
o2 L s AR adF o) 7g 4 510 Kips 2 iR T 0 0

E A P e IR R EE P R E &Exé_i% 7 4 5 Faulted

condition » At R 0 F A4 X i B (SSE)2 SRV ¥ ixpF s
F Ve A A K 3,125,000 in-Kips 2 fwi& 4 <&(overturning
moment) o & #5758 % R R 2Z AR R4 5 1243 ksi o

(2) Thermal Moment z. < /i @ %< BEXR T4 23 raFR kAL

H

|

&

(TS LA I
23 247 0 Ay T3 2K X faulted condition = - 325 in-Kips/in 2
thermal moment & » X 4 R B E R KX 2 e B2 - S 1758 % -
PRk 2 g k4 5 2L41ksi-

() #r FH 4 2 ¥ K+ 447 & Faulted condition (SSE +LOCA)

s ETER T Al AR R ABE R 2 A, 2 8
AR RIEEE TR A 2 R T o K R L A k% 1083 kips 2
L8 P4 24 RRERRATRE e B o AT
Wk E 2 A R4 L 1.61Ksic

Pandrs Bl 7 L ¥r2]i8 a5 B4 > a4 ¢ &%

POILR o TRt o> B o4 450 (B 5 o § ¢b#3 thermal moment 2 £-%

SRR A LR RS E S RIS o R ST

PP A E AT RS T 0§ T U445 40 680 Kips 2 T4 4 P

4>k % faulted condition = 325 in-Kips/in 2. thermal moment > &k %

BB 2R A 5 0.0861Kksi 0 ik K3 A A 7 rgx * 20 2141 ksi -

A

.
Y
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SRR 0 AR ATITER Y 2 4 R G T o

PROFZTREP > LFEREET UREL o
R EETE 2R A4 (15) PR REF T A R F 0 7 U4
ARG RRAeE S F (7)) 23R ek e PR RF0 FHK
Pradi B2 (T-10) 30 TRELHBZ X 2T 21742 (5 ¥
24 ~#Rk+ ~ SRV S/D % upward loading) » 2 RPV & 42 &
Wz R4ek s 3 (04) s32 272w HBHP 5

T ARV R RBABRERT > Rk RRFRFBEZEE

KR Bk fhe 4 1R 4x(D15)4A45 5 8.2% 0 § { 4% D14 ~C6 ~ B13 % 3

AUt KZE A fh o4 5 DI2 N B 0 B 4ip S 150 - 2 4
R 2 G 0% L o R PR PR ERE R 2 R 2

FEARAS 5 & 30.6% A T2 KB T  R B S dhe b 4 gL R T

LR Bt 5ot M RiA R ErA] 0 ¥ BARSTAII R R A T o
pRAOTE R R R E 228 < B F R L A b 2T

BREASHEF 2R L TR AT R ¢ WA UEH}_;\#;*& #

BRI TR NARERT o ST L ETE G HRRT R

Al

(]

'%ﬁﬁi#Gi&ﬁ%-ﬁﬁﬂ?%AZPMﬂliyﬁiﬁﬁwaﬁﬁ
%%ﬁﬁELQT’ﬂ%ﬁiﬂﬁiﬂ%w@4£$ﬁ%§@,ﬁﬁ

g % %’%‘ﬁﬁ;‘é W pedestal mounting plate ¥/ & F # & 17 > FEILT
TR F R G e R R B L L
SR B4 # s+ SRV S/D &

A

£ upward loading 35 & 3
- iR ¥ 7 YA

=
Ny
4
SO
qgja.\.
Uiand
P
—=
x4
&~
1
=
R0\
=
ik
\_

»

muu ki

r'
5 @im»ﬁgéﬁ%
CERAMEK Ko B RS ZFEARA it E N R g g
- D ZRAFTVRAE T - RIFERF AP H R T (IV-20) - Crack

Initiation -7 24423V ik 5 M > § £ X K2 iR 2 o Sl A G R
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2 ?%i;ﬁ—@ 7(1-8)? 3~ & check GALL report p if * RPV anchor bolt

2_ aging environment or mechanism % # AMP (aging management
program) (MM-30) - s & o FzZw H#am i

PROFTHRERYIEY FWHES O E RS EP o F RN SF

£ Ve FRE L 2B ek o R el T 2R
GrRiEA2 RV EE  dIRVEZER LS F LIRS AE
X o 0 R4 CMTR & AT - BR300 7 2l & 15 » st
&%%ﬂ@ﬁoﬁwﬁﬁﬁﬁma%m@’@é@Jﬁ%%ﬁﬁa»
HEARY A eI o

i* GALLRev.2 (%% F#13) ¥ = B e et L2 24>
%= B« RPV anchor bolt & ASME Class 1 ¢ & 2 i 2 2 5 1 %Tr L
Rag & & 150ksi B R M A 4 0 2 B R ARG RER > A%
i # 7 3 RE T (Air-indoor, uncontrolled) # sc ¢ 3 d
GASKET/O-RING B i > 5= B30 7% LIk B » #1738 = 1 SCC X it 3%
J&(Cracking due to stress corrosion cracking): ¢ X1.S3 ASME Section XI,
Subsection IWF & it ¢ 12 % % 2 12 - GALL X1.S3 Rev. 2 $f=¢ féﬁ#iﬂ 2>

iﬁw’%‘V?Sﬂtigﬁﬂk@§<¢AWMMVm§*ﬁ*&@

6 IWB-2500-1 % 7| B-G-1 42 S » #{ 4 2404 (UT) il »
i(mem>@i?§o
%= S AZE A N RPV & *}:,-—14 Mo T e

F1g 4 3t RPV 4 2% 246 B e & 15 % (54 A& =2 % = L RPV anchor

bolt & %] /» ¥]¥ & 5 improper installation: misalignment) -
cRAPZTRWE > EFHEET UER

i e R E RPV FIL 4 4 s ST Rk T e fragility - gt

RPV fragility ¥2 seismic hazard curve # convolution 3+ & core damage

v

frequency (II-5) » o @ P2 w HHEP 5 ¢
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(L)RPV at Zii 4 @ #3511 - RF 2RERMEY §HF BRBRA
Mﬁ% R F BRRA LN S A R e TR
Haffic 4 ¢ BEE6 5B 208 & 4o & 3.0g F A 705 K
FORRE A enat Bt 4 ¢ B(AM) 3 3.0g0 “rit e end e M4 g
(HCLPF):=R 84 5 131g° ¥ BHi= - S F /&4 %  #i
Fh TR A AR T TR i 0 Wb B s X 4 BRRC AR AR S
8.2% » 7 120 19iTtr = 4F chfF iR c132% 0 4p £ %) 24% > & Bk 7
TF g B4 hss B TR 25% i 1B a4 R Y Rm A S
F]F 77T 25000 d SR s s E A BB R 4 TR Y hE B
FlF o Fl A TR A e R T o F R4 i ehaf R 4 ¢ B
T g3 2250 ¥R NE 12e (4 sk (HCLPF):= % . % 1.0g -
@QFRPTAIT G FI T RRAEAHF BRERA {OEE Tk
BhG A TR FRBEA ) HCLPF 17 5 F BB/ 4 ) 4 »cehig
BoFEARTREER Y P RRAE R A0 R LOgRE  F R R
PR ER R P R RRR A A4 & 1.0g FF
FRBRS i i zlhdina s i e n ¥
3 Up e BRI o F S R RE RRER TR 0 Afie
Pio b BTN MARiRT > F RS kRS n a4 2
3 3.09 FF o H P RUERRE R ORISR 0 FIp s 5P L
HE s RR GBS 4 F RS R0 g gt 260
Bep RAIE R BRRA AR BRI GRCE S R R
o TR A BR AR Ak B 300 BenE B AR SR TG AR
T 0 YR MEDAFTRIHEL Y P RAT Y M P RF A
BRATEY 24k B 1.0g i B o H #5445 % 5 5 4.08E-7 -

(Q)CDF i & 35 F B%B/R4 & 7R HRRT > 2F %
BRANBAFRERRT R o F IR LA HTHERS
RS A R R E RGOS R RR IR G PR
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30 % 0 FUHp BB ASNF BRRA O ATERGRCRIFE A
W% EACDF 5 1RPV & s 4 AE F 1t ExiF 2w £ 5
XALi% pF R L )= 4.08E-7 x 1 x (30/365)= 3.35E-8 (++ # )LERF % it
d TR IR o - SRS S IR FIFRRE R 2 RS
RN SR FERATRS 2 R G S PR A BRI AR
BB Ok g R (s B R a4 T R )
ot R EALERF 2 e #2453 % R 5 8
3.35E-8 -

(4) B - R- BB F G THF %R LA FEFaUlid
e B H A B R R T 25% gk iR T 0 F e R 4
A B 4 @ miﬁT%_LZZ&W’#?H@HCLPFJH BERITER
109 e é R P M R T 8 85T > P2 fu— 5 s 30
%ﬁﬁ&ﬁ@ﬂ@af@w%%%ﬁﬂﬁwﬁ%ﬁf’%?%%%%

ek % %t B2 ACDF 2 ALERF 2% # & 3.35E-8 » k¥ % K NRC

Mﬂ

b *& &g ¥ (437 42 B (Significance Determination Process, SDP) 4
o B LG RREFRSRS o F o S 6 il (o
Th ‘% ¥ ACDF 2 ALERF #&:*+ 5 &+ & 3.35E-8 { < - p @ 3
7AWt (HIRIFEEE S BERTE £
éiéﬁiwﬁim’ﬁ%ﬁﬁ%?uﬁio

HerE AARE S A BB KL 240% e A4 (Crack

* FfoE

Initiation) @ & < & /] 13 UT #ipl 2. 0 p1H& > A4 £ 8. F &E
BIT- By (1F10) ? oo P 2w Rwmp 5
A2 BT TR B A R F 2 EHIEE . YRR RE R RS
2_ZEP5 o ostriation o fe H IR RETR 2 B kg A4 B R PFE tgrﬁk,;,ki 5
SUTHE T o G 2§ JF iF 2 (DK= constant) & de UAE ST o o
striation spacing 4& iz 2 X 3 & i# 5 5 ~1.25E-4 mm/cycle - F] ¢ > 4ej K

WUTHRPHBRZ AR > b2 ARBRERH 7 > L ERHT T -

100



%ﬁﬂo&;ﬁ\ﬂwﬁmmr#'mﬁﬁﬁi%ﬁ% LA R
AEZRFITFERE (ST FHR2) TR
VRS Erird % 8T 0 F BB e ek

XK AR
Bow 2 sk e (Faulted Condition) 2 f 9/ » X 4 B fic € 2 W3 3

4 g drpE 2 feft A dE R 5 0.397 in (10.08 mm) 0 F]pt o BIK P W 4y
TG R 25 mmAgd A E R 2 HEFER > A% 4 Faulted
Condition p¥ » 7 5§ % 4 {475 2 & g °
QAFZ TG S5HT BXP D4 TIRT ARG 25mmeS &
BRI 2Z HFER > AHmAF B4 2 (7)SRV Pz L K4 > &
thermal moment » % < % &4 $iTr2 R¥ H 6 > B R4 Akikcs
3.84x10° cycles 2 1.07 x10° cycles > #e i it 2 % f {441 F Mu'h * iz
Phr TR R F ARG R P o Fl o o Mot UT PR
Z B % EE®EITT - *I:’ﬁi’tﬁﬂ °
FRAPLTREL CHFEEET AR o
CH o RRAAUTREN I BIT L BRALTRZ BTG H iR
S EEF TR NEET T - B4 B84 (0-2) (II-3)
(IV-2) % 7 HEGIZH > T 5 95% 1% & & K3=R & fAifHk o7
B % 2P (M-37) &4 e UT faiRla 4 37 p o il B 5 B
Er v a2 Bk gt 28 - B 2THHRE
(AEC-11) - s @2 w H#EP I
PREPTI R BB E BR AR A U RS B2 R Y
EhAEL Y > e HEFEN RS E Rt 119 2 il a2
LT s T E K A ST A 2.5mm( & = UT KRR F L2 A
TR G )2 A BEREAEY > & FEAE U3 é}&&ﬂfam

s# i (Faulted Condition) § $“p% 5 2 € F 4 2 dF4a+ 874 & & 474
2 fg MENE 2EEIT - FH o7 LETH 2 0 TR

L‘a}:é,f,,,b »J-Q]‘\
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(MM-37) % 2728252 31lpLEEAHER LA™
BB AL B A BTy B b v e gt =t - ST
AT TR B E_T7/60 0 FptH M enIppl e 47 0 & E D] 95% G
hH R BTA R BT PR e S P BRE RS R RT &
WHRAAT o dopt 2 FEFEZ &1 LR A 50
TAOFEHD2ZALEP 5 D AeT A ER A B S R
BT Casel 2 A B L o B4 94z L Wi B 60 4
Gr R T i A7 A o Case2 P ¥ 4 % 3 4 %74 2_ » — Heat No.
61236 2_ 30 & i%x(F 2 £ 4 4 Heat No.2 %74 ¥% 4> % » Heat No. 61236
e ad7)Th At Ad o AP oA K- EATRTRZ B4
A
(1) Case 1 fiim @ i&gp izt = 2 > ¥1- B 1 5048 RPV £ #4z 4 p B] 60
Fhr R iEa 30 E AU T 4 o ik TIUTA Mk L E &
7/60/30 > ™ i :L:i |44 53 L L EAple KRR 0 gd 2 3 A feiiit
AR E Tty A g xR g4 (n=0)2 # % L 97.96% > %7
A1tz k5 2.02% b pEET2 £ 2 5% 5 0.02%...0 4% A% i< (4
Aoy g e3P BT e AL - (RPV 2 F %
Y s U 8 3 (CDF)) » 4p 4 i< o
#- Casel A k- 2R prgd 2 piffpdt ez 7t

g . . %
PP 0 1 2 3 4 6

&5

FE | 97.96% | 2.02% | 0.02% | 1.35x10° | 6.57x107 | 2.50x107" | 7.79x10™ | 2.03x107°
#E

(2)Case 2 % : %= # ¥ ¥ Jg Heat No. 61236 2 iF 4> € 3 24 %75
Mo i H Y 30X RrH 7 AR T iaE & AT A8 S 5 7/30/30
ok = JB A el Pl o A k- & 4 23 A IR E & U7
P RBE I Aok 2 A L 83%2 WA ¢ il
A8 FPREETA S L 25 KA FF A2 - > ik RPV )t
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FHRARGRETE K A 2 :ﬁ%}"&\%‘ri,ﬁé%%ﬁfﬁ > 9 i

fﬁ;?fﬁi’é}:ﬂ?ﬂ?'& );‘:J 72 a/ET i’”"gﬁ‘{gl*&ﬂ@ 5;?67 l‘é"f#—?
il]‘i o
- Case2 A k- EFREFE 43 kit #8827t
[T
E 0 1 2 3 4 5 6 7
k4
B
3
E 83.56% | 15.07% | 1.30% | 7.13x10* | 2.79x10° | 8.32x107 | 1.96x10* | 3.73x10™""
"
3
CRAOPZTHREP CEBTAEET UEX o
AN @_/%Lsiif‘ﬁi*% A BTGP o AR B B %~ R A LR
Zz2_critical load(3# 4 4 ) (IV-14) ? s o d 2w H#pP 3

AR B Y o Bl R o (R AETA 2 TRl Bt )23t
AR 2 FE A EeS IR EREY KX L 4 TF 4 680
Kips FE 424 » ¥ A 3k 3 A B Bw 2 e F ik jw (Faulted Condition)

=

z,

PoALERT AT APR AR FE ST

%

>
4 B “1

BB B4 5 109.48 ksi > 4T Bl Ao o
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FHROP AR A SRR o 5 E R4 5 11166

|
ZRENPLPESE
Table 4: Stud Stresses for the Additional Lood Coses Requested by TPC
Preload ) Stress
e n Stud Stress (ksil
Cased {kips/stud) Load Condition Type Stud Stress lksi
GB0 Plant Specific Foulted Loads Peat-Qre Max= 107.70
2 EB0 Plant Specific Upset Loads Pm+Qm Max= 107.00
. . P+ Max= 107.03
" - if u AR
3 680 Plant Specific Faulted OTM only Min= 106.06
: R T i Pe+Qm | Max=106.28
4 650 Plant Specific Upset OTM only Mine 106.11
Plant Specific Upset Thermal O . z
5 0] Moment Only Max= 10631
; Plant Specific Faulted Vertical P+ 0 s
§ bel Upward Force only st
680 Design Basis Foulted Loads® PetQm [ CMax= 11168D
560 Plant Specific Faulted Loads Pm#Qm Max= 90.13
A OTM = Over Turning Moment
8. The minimum value shown & the stress of the studs on the compression side of fonge due to OTM,
L presented only for cases 3 ond 4 per TPC request |

EELE A B A 4rY o Rk S e B4 TE* KB 0 111.66 ksi o
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CRANFPZVYREP > EFALEEFT AL -

107 MF BB el ot §2 5328 2227 B/
B chgdc s R hth 4 BREgE g2 B iFigT (A
M-6) o 2% 272 % R 5

I R - Al et B2 R TR
P g e R e A B a.Km-—174kme_ o % 115.26ksiA/in
EERS B ETGE S TR 2 F RS BOEER T A AN
AT 2 WRAS{ i A0k B2 FRT 0 % BT 4 Sfd

(w

MR EFIEG At T AT R B R BT R o 3T
B2 o le wE

1N

T
i":‘.
(i

KA RARTFF K 2P E R BEP - RF BRI ES T
g 3" [ 8UNIR T 2 BN mai ki o Bk AREB o ¥

YR ER AR A T 4R A 2.5 mm 2 44 B 0 1
HuThZ BT REFRER - FFTHPMFE2FRESFFEFHRE- T
SR B AR A IR B2 RV IEREL ST T2

FREE > EFREET AL .

]

-~

Idre T ZRAF? ARAFEE e dod 4 > B g
Wigtpiem e Bk o (MM-9) ~CGERLE 34 %3 >t T &
MH@d (M-10) ? s7odzZw Rhim s

Gtz phe X4 AL TR Y UEE 2 S EF IER 4 kL
70 B AR e R R R RO o # A iRl B g
PZEBh2 R RHORR o 4y WA R Ay T4 B R R R
TELRE S BIIRA P RGX Y~ 22 B3 ek = BEEE R d BRBORL T
FREE s R LA TR EL R A EREREE Az
Gk 2 B pd BRI ZIRIET 02 > R I R
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Fo KIP o (A 102° 3 35 4 Overturning moment % 7 &£ %424 22T &

Egi_‘\-)u *}: ’!;P\_/E‘)

A -] fhe 4 (Kips)
z 7w % 2 B X~y z=Z@>wi=
pd XIFR g*@ﬁﬂazi'J#a

D15 p B 587.66 550.82

Al p B 82.58 546.62

D13 p B 575.99 539.60

D12 p B 555.86 521.80

A3 P B 54 .43 508.52

D10 p B 494.13 464.46

d AR Bk et ARGz Z Baip d R LT
AT o Xy Z 2Bk Z BREA D RIS T d 5T
BERE > FW NGz e 22 B d AL IR BEX B F
2 o

= B
i pF o

% 21 =x ~ g ¥ 2_ JCO(Justification for Continued Operation)
?25%@%ﬂ2?$ﬁ£%’@%%i251§§
%1075 RS RUF R A R AR R 4
248 F4f 4 23 @ 45 SRV blowdown f % - Fpt g1 H B o 2 Ak
BoEApt Lo

(M-10)FFEL A o TEH WP 5 2 0§ 27201975 &3¢
PR ORF B R %*ﬁ 4y 2 %o > F pF BWR 6 & & SRV i* 323k
{2 0 A% A faulted condition T » -8 F 4 L 890kips o # £ =
7fs KF A SRV bk 4 > TEFF RIS > KA R L faulted
condition ® » i3 &3 + # 4 5 1083 kips -

B4 (2011) # $5 = B 5.8 EOC-21 2. JCO ¥ 22 & #k 2t 4
# % faulted condition & » &% + 3 4 L 375 1083 kips> & # B & 7 &

ﬁJ T
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B2 BchpAnle o A=t 582 JCO =R o ML 4 - g
1083 kips -

Ao B2 JCO =R pEF o F R 0 D Bude TARRK R
Faulted condition * z2_ &% + 37 4 & % 890 kips » +* 1083 kips 7 13
%> fe % PR 2 AL & arg % 2 Overturning moment % 3,125,000 in-kips »
W B R %2 1922570 % 625 % i Rk o H X ik T o
p?/é“‘?wg?hﬂq’ﬁ‘%ﬁé O
e Paris’law it E Mz g EF S L@ F o ()5 AKnFz m ki
v m=2320 LFRELFT 2QLEF LRI PRA B OCR(E
FARDTIIr2 g g0 A2 £ 18272 537417 2§ 197>
6155 4477 )(TM-26) ? A ¥ & ikt 8 P > c @ %% AISI
4340 ¥tz % A78E-11> 5 £ H s > 2 ¥ W iyt ER Y & ASTM
A-540 2.7 F. 1+ (IV-3) - Stressratio & # ** R 4 A% AKp g #
3R BWARA 3P (crackclosure) % > R |- T+ ) »
HAHF 3 L F 2 PIAKn 7 8L TH p o> il
AKp=0.5Ksi » 7 it § i et EH - Tk BTG RERE
fic®E (IV-18) o SR @2 w Rhwp & ¢

(II-26) & J&p £ 45 ¥ 40 T 9142 5 ASTM A-540 Gr B23 Class 1

¥

B ¥ B2 %IR58 A % 150 ksi (1035 MPa) » 48 % *+ AISI 4340 4442 -
% < pe&or (Liaw and Leax) (4~ 7 14) > " JR3% & & 1035 MPa 2

AISI 4340 #1342 » H g 5 H = £ R4o™ B 5-1 4777 « BlY F* & &
W F - 4 vt (stressratio » R) 2 0.8 2- & & » fd &+ (A log-log

Bt o HESEFEER)E-S ELRJZ Paris’ Law ¥ ¢ 2 m ¥ o

F(AK, =5MPay/m ,3—; =2x10°m/cycle) %

AK, =20 MPa\/ﬁ,Ezwlo’sm/cycle) % 2L > %~ Paris’
! dN
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da
dN

72t B GEE 20~3.02 F 0 4ol m A iz

Law =C(AK )" »7fzdc=478x10"m/cycle 2 m=2.32- 4

ENVRE TN S NI WLy WS- E VR S S R R L
LAl WMRa T HEA S B BATF L RS B o

i A 7 BT FOUR T AR % WA (deald o2 0.05)5 T s B¢ ek

J& 1P &g e

(IV-3) & A HH#FLF 0l a0 K5g & > RIGT AR e 5 4
Mo Bk AATY o R 2 R H AN R Y R E G R R
1034 MPa 2. AISI 4340 44 4L > 4o @] 5-1 #55% © %= fu & Ml £ 1545
G AL k3R G 150 ksi=10345MPa - & K Aple A A~ &
FARR eE KA R 0 Ft o R A FEY RES PR

(IV-18) % &4+ R B> % - B &8 » d > crack closure »c i 7

~

oo IR el e E T BEE B4 ReL0 PE2 AK, 22 R=0.8 B

ke 0 B AK,=2.5 MPaVm » 4[] 5-1 #17% o
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bR asbmme HE2 S A S D Gl F=12029 0 F0 % %
Ac=15.14 MPa=2.19 ksi -

BN 9 49T 6 25 mm 2 Ao B R E T X 2 - B
W

a=2.5mm ™ > B2 AwAkig e ki F=1594 >
AK, =1.594x15.14 x /7 x0.0025 = 2.14MPa~/m < 2.5MPay/m
FlP o BRI T R0 25 mm 2 A 2 AL Ry Hla
SR e B - BRAPAS B )G X 2R P BB LS -
ZA R TR UT RPD UREEGREFFRE RG22 2%k
AT AR AL RS R

JUIE 44 A2 C6 2 D14 W BETE G TR G ¥ A A E
f i AEHIT S SRAP TG SHERIRY FT A8 |

;\2 » IR ¥ ’;Elﬁﬁiﬂfgﬁ ﬁ g LA R R (72 A2 ET. ;J——Qr' l_#_
CRF ERA R IR F2 R YR

cRoPZwREP (V18 B EL A3 A/ NFEEF40T
PRIEBERDLIT > LI RRFA BT REPMF - RFF =
(1) - A48T 2 A2 C6 S %A hE TG £ & enfes » 7 B3
i BB RN 2ZET > a0 B - 8744 5 - B
B BETR G A e i o

(2) - RF I R EBRGE RFF s maREH B R
ZRFFZEPEFFRD R At - A PR BRE 4 s [ F
B2 g S 2.5mm 1T B seh AT R R R - IR o

PR ALY 0 SR MBI B2 AR TP B
Yok A IR B2 R ¥ T E 42 CRevs (£ Y FTH2)

SR HWP > SR ABETIIREL o
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13.%4 & 12 low cycle fatigue % ¥ ¢z 8 g & & £ F (IM-27) ? &t
fatigue life p¥ » & 3+ & 4 % SRV blowdown % alternate stress » & 3
¥ g 5 % i 4 g thermal moment 2 S/D upward load ([I-29) o 12
& Jj ¥ charpy test #icdiy & 34454 2 fracture toughness » 35 2t & e F 1
RV U 4 hiF i 30 £ (S n 1R 422 charpytest & (IM-28) 7 & 7

N A

SFzw RBWP S

(M-27) - S-S HAXF R R R SR ¥ AR B4 ok
= ] 5t 104 ~ 109 = s ¥ A 5 M3k =k ¥ (low cycle fatigue) » @ i
4T T B Tt o F AR S B R ¥ (high cycle fatigue) o 43 =&
RAEFETIRF DL EFTU AP ERLRGOERET R - FEX
RAPF LRGSR R TR R D A RS I
WA PR - TR R TSN AR REARY R
A AT MRS R Y H - BRAZE IR A 2
At o defR gt 2 REFRF F et A K Tl B
PRI ANTSE B BRI B LRT E S S BRE -
i =0k & (low cycle fatigue) 4 47 > & 2E 4R * R %2 &7 A 47 o

& SSE(% SRV i* )2 iR T » # & 28Kk £ 90.16~77.73 ksi

2 ph 4B BB B Rl £ LR BRE R Ay deT &9

BB RIARNNZ e RREZ R EREE
A‘c"r A‘C"z Ag@ Ayrz AS

eq

-0.00288 | 0.00371| -0.000126 | 0.00100| 0.00399

FfE2 AL F AR (M-27) % REZE40T £ 9757 o

P BF R NR R AN IR B Y S A
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£ B hFE 73+ 40
R 515 & E
Ag,, (cycles) 7 T i
(cycles)
SSE(Zz SRV| 1243 0.00399 4.55x10’ 19,896
%) Ksi
Thermal 21.41 0.00767 1.27x10’ 100
Moment ksi
L7 i 1.61 0.000637 3.21x10% 1,400
ksi

-

iR Bt e R A ey T kA A Ao 0 40 £
TR 2 4 TR FIU o P R R A AR A R R R

NS

/I‘ L
FrU2LAR o

4y

(IM-29) sz T2 = B F e 2 4 F 4 i a4 2
AeTiidp 2 Revi2 ¥ 0 B4k 3t B4 (¢ 45 SRV ¥ 30) 2 gk ¥ 351
SRR o B P nay T T FIUT PR ] 2.5 mm 2 2 iR
BHtzfinT R4 2(7SRVF%) 2F BRRER4 ¢ HEHE
AARFSE > wHMd FEIWH2 A AR BRE)E
1.57x10°cycles = B3 4B 40 & 5 4 )T L4 RS
19,896 cycles (<<1.57x10°)» 33 2 » S o0 L % § U4 F RUp L HazF
iz R BERL T v P

(IM-28) ¥%= Fdw T 8P a8 2 EHBEHR I RE S H TR - P
w4 4797 * o fracture toughness 4] * 3 ip44 4L Charpy test & i< &
BRLEEFEFE - AMLA 7 FERL RN ZLL: T EE
PARBE R B AT L o

cR PR LERL TP w M ¥ 2 Rolfe-Novak-Barsom
correlation * % #-CVN #4% 5 %74 &7 & - & & & * Rolfe-Novak-Barsom
correlation i& f7ar B 4% B PF > 3 H Bp Ul iE 2> T FIRR R T

i 110~246 ksi z_ & ~ & vt 7% ic CVN 7 & 16~89 ft-lb 2. FF - 3¥'wm
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FEHETFALL (M-28) 2 8 Rwmp
ERAPLEREL C LFALET L
145k s+ 8 A 472 8530 0 e PR R TR R, R A

aﬁa¢££ﬁ@%%¢F&@ra’ﬂwOMégaﬁﬁﬁ\ﬁﬁ
PSR 2 A ES R 2 a ST (Kg) #&rk

B BB e L HEA RS L0 FRAT kLR RRPH
B By &2 (1M-48)

(1) p # e 45158 CYN 42 5 e Kic % 174ksivin» %% = Je[1] > # 4340

A er'E K5 R B 910MPa (22 Bt "% R 3 & % 1060~1100MPa ) » H
£iplen K 2 162-222MPaVm 2. /¥ > @ H 475 6 @ & "predommantly
dimples” > G PR T A LR L dimple s K <] B
AR

(2 F- A 473E 250 3|~ B VAR 4274340 4% [2] 0 H"F RB R &

1200MPa > # Kc % 98MPavm (89.18 ksivin) » F* JTe% ¥ % k35 B A
Mo e A R EEF 2 VARSteel » B ¥ g48% Kico i E Rl g
LGN Kic’ - Ap ';,' xé‘"ﬁm‘g ﬁg}i;ﬁ:%\")\%:ﬁ;ﬁk’gpf% o ﬁ#ﬁ&"ﬁ’Km«b’

% 2 98MPavm * i o

(3) %% < J<[31%- # 0.41%C, 0.009%S 2. 4340 4 #F 317 I v LB & » %

(4)

MEE® VEREZEIRT L BT Bt T % o bW ETH A 479
2P E AR gt 00F 05 S A B T G ST TR g o 5
TR ERRFEAINTRE M E K don WHETA W REF Ko Blig v
umﬁﬁiﬁ?%ﬁ%ﬁ@ﬁ,ﬁ*%ﬁéﬂ@ﬁ@ﬁ?#é°

p 4> enominal stress ¥ :E AL R B 213, FH T NFR &
# Rk o Bl BN F fpreload T ¥ i § - % chprestrain > %4
° fe[41$1- § 0.42%C - 0.011%S 2. 4340 4% (' %% & 893MPa,

elongation 21% )#5 3¢ prestrain % Kic 2. 82 %55 % s virgin # 42 Kjc =132
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MPa\m, i 2% prestrain 5, " k3 R H 43 924MPa> @ K¢ " i
7| 102MPavm o
G)FHF-E s - w2 ELod Al AL At l st
IR ML E Y - % 4 F-d](load control) Z_jkiw > @ R4 * R
413 =4 441 (displacement control ) , {& <0 crack driving force '
AE RHAem W iy i Nl B4 H4lE e i
W ETH G RS FE T AR IR AR S ITEREL S8 2
R E R TP Adrert 2 % 4 L faulted condition o 4 s F - KR
%%iﬂéﬁiﬁﬁﬁﬁﬂ*ﬁﬂ&?%ﬁJ@Qﬁ%ﬁ?éﬁ’ﬁ
et o Aot d R e b A L gl o oA e Pl A v
RFA M HEEF AR E RN LR 2 TR RTF]D TR K <
WHEF R

FE Vi HE o P A KBRS B AR K T AR

’

S
AT
3

<

MFRE - ERREEDGF K 2 PHUEFAT > - 2§ &
Whag X4 288 A B P B EAS g e MR ey

Kic» ¥ - 2 a Al * &7 432 ¢l F Hie 7 Ke g -
rRAaTZTRWP

D@2 @) "= BF ERpiFisre Ul hssnt 2 5 ¥
TR Revl @ o 3l % 2 K 5 B4 R iplE4R 2 (CMTR)#r ¢ 2
%ot rdF i CVN #rigdtem & > EE 2 K % 174ksiVin s fdp B = J
% il prestrain s 2 EF AT B 5 o (3)% (B) B w5 d SEM
B2 FER o min4 X4 B (Crack propagation) % L3k 2550 5 &7 &
(Dimples) » 2 7 5c @ &322 3 FA84] 5 0 5 6UR - Flt o J1ARd 1k
RELRAAFTEHERFRMNT > B HLFR R 474 =R
BRI CO Rt T R G fpP-iE BT Eﬁf\%é&é)ﬁ R
W24 52 50% a2 a2 R LRYIHE

BEIT o BACETA G T REIRET A PR 2 AR T 0 13 pRATK
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R2JEA v fa s NE A T 2K, B IR Bk o e if

6irm 5 o BLERUTH G i WA HHFR B R 4
B 2. 50% o B 2H 2 B4 A TS LK, =FG\/E PN A
A5k 02 & T #c > Preload B3k = 510 Kips » &2 e i 4
P/A=510/6.506=73.39 ksi> %72 7 2_ B /7 & a=iF 2% 4 & /27 50%=
2.846"x50%=1.423" - d >+i% 4> 4c preload(prestrain) 5 4% #5741
(displacement control)i LA KRR F U R A 2 MKt o FE ) preload ¢
T e pRm T iE o A 3T R (R 5 2.8466")%F 4u A7 Ay
preload is » § /}J:é/;é i £ pF oo preload F oiErT E 2 ABg 0 H o
FEkiFird AL L (M48) 5%

PR o P e VIR ANARL K =

K, =1.49x55.0x /7 x1.423 =173 ksi/in

¥ %< % R Air Force Material Handbook - 4340 44412 K & %
BRL LM > v VR R 4 F - fracture toughnessK, 48 » § ¥+ Y E
B 4218 850°F P » K 437 100ksivin o ¥ B F ' & 545 # 8 it
Foow g B 5 950°F> 4 37 RR 2 ABE k5 0 B K, RiT 120ksivin o
ARG T ELARKE SR AP HHIAEHZ 447
B BT 2 IR B AE 7 vt R 0 CVN GBI B3R % % > CVN=24.94
~43.25 ft-lbs - p w1 42 % ¥ 12 Rolfe-Novak-Barsom correlation % & &
7 & 0 e & &* Rolfe-Novak-Barsom correlation & {7 &7 & 4 & 7> 5 H
Bt "lig 2 > k2 R IRB AR o, § & 110~246 ksi 22 ¥ ~ & - fiF
#5 CUN 2 % 16~89 ft-lb 2 12 2 %5487 B K. & % 87~246 ksivin
2B o AP D R F R HEFE R L o, ~CUN 2 K 358 4
FARRFEE o et P 7 EPEER AP Bdc 120 CVN 24.94 ft-lbs %
H 5 pl2_ "% PR3 A& (154.2 ksi) » % Rolfe-Novak-Barsom correlation #% & -
# K,=115.26ksiin o s — 74y B B F 2 K W2 d C6 %74 o 4 7 v
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P B2 FEGRL P BRE R KwiikéKw:H526mNﬁ’j§

B BAcT BLERDSTHA G 2R Y ER TR mIRRE Y FREK
PAERBE  RMVRGIIRTI Y RhREp B hr ] o iLp

FLT P A BRI G o a2 R

PRNF LR 2 RIS 2 FARE EATERRE R

Foorshe Eor T RF R A R FE I REE S 2 R YT

SRAP NP RLIBEWS RGBTt 2 EET
BAR L reV2 0 2 P RUF vt R A O RELR S B R R ¥R
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rRATZTRERP KFASET UEL o

M A ZKIA E AR 0 23k ¥ 31 i ASME Boiler & Pressure
Vessel Code Section X1 4p B 172 » 4242k ¥ & & 2 3% $ cumulative
32 e a2 Loading 2 B R e - A2 BT R B HAKE
LAt BEEEY 0 TT 4 EIRAY PR YA R R T - &
BpEs (IV-19) « sFof2w Bwmp 5 ¢

¥ a- Rz 7 “m % o & ASME Section X1 > Appendix L
"OPERATING PLANT FATIGUE ASSESSMENT" ¥ » & £ % XX % F
TR R R AR E
Pio RF Bt i e R RS R AR F RPVE
MEHRLE R4 2 SRV i~ e d fo X A 4r FLE = *h k916
4v z_ thermal moment 14 2 d OSG-XE-105 52 & & & /7 2| ¥ & F]1F &

%%%agiii%%EJ%J’ﬁﬁ‘fﬁﬁ AT - 57
TR R AHRARFEG 0 ()58 2 Paris’ Law ¥ B (2) 50
da

AK | ) = e e e 1
oy = CAK)" 1)

NORGE SR F T E S R

as N
[da=a, —a,= [C(AK)"dN =3 C(AK,)"AN erereeev 2)
0
ZEa i = oM
a; =a, + Y, C(FAG)™ (#8)™? AN wommmeem e (3)

() ¥ > a, A EER
N Ry
Cm: k¥ A& d M7k
F: &®ma iz fadkc
X 4 4(a/d=0~0.1)p% -
F=3.973-116.792(a/d) +1660.950(a/d)* — 7902.790(a/d)*-----(4a)
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FFE A (a/d=0.1~0.74)p% -
F=1.732-11.043(a/d) +49.407(a/d)* -94.716(a/d)®
+75.452(a/ 0)* ~=mmmmmmmmmmm e mmm e (4b)
a:BEiER

W P E f5(2.8466"=72.3 mm))

Ao LR KA
AN @ % - 24 iv% 2_cycle #
—EEFY P RFERAFEFEIIRT A RZZIRRA
% cycles 4=
po TR - EE R
Ac(ksi/MPa) A% 2 cycle #&
AN

RPV AR S f-is i B4 (¢ | 1243/85.73 | 498
£ SRV # %)

thermal moment 21.41/147.66 1

R R AL Y 1.77/12.21 14

3
IRV ARRZFEH)RIRRS T REREE IR KA
o R IR RS o
Bk 4y 2004y T 07 7 19303075 A 2.5 mm 2 4~ a2 B0 Fpt 0 a, =25

mm > ﬁ%ﬁig\ Lo F B C= 4.78x10™ micycle 2 m=2.32
: 4 (% 35 SRV i# %) > Ac=85.73 MPa » AN=498,
ald=2.5/72.320.0346 « % » (da) + F—1.593 -

i )\(3);' ’

¢ =0.0025 + > 4.78 x10 7 (1.593 x 85.73)** (7 x 0.0025)""* x 498

=0.0025+0.0001897 = 0.002690 m=2.69 mm

% &% thermal moment /¥ » Ac=147.66 MPa > AN=1,
a/d=2.69/72.3=0.0346 > * » (4a) » F=1.520 -
fl; P (3); ’
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a; =0.00269 + > 4.78x107*(1.520 x 147 .66)** (7 x 0.00269 )"*° x 1

=0.00269+ 0.000013=0.002703 m=2.703 mm

§ AL W R R L REE LI Ac=1221MPa> AN=14,
ald=2.703/72.3=0.0346 » i » (4a) » F=1.515 -
AVIDN (3); ’

¢ =0.002703 + > 4.78 x107*(1.515 x12.21)** (x x 0.002703 )"*® x

=0.002703+2.3x10"° = 0.002703 m=2.703 mm

d P En o WeiEE - B oz BRARXRKED 25mm
£ E %2703 mm s Kt iR s 4§75 2 TR A E A 10.08 mm o ¥
PEE- BEFHPT>EE -

cRoPZwREM (V1)L A Z2AHRNZTLES 40T
g Boa st s 2 3% - = ASME Section X1 » Appendix L
OPERATING PLANT FATIGUE ASSESSMENT 4 # it F£ 5 paifii> & %
BV A TR EFE- BEREH O E 0 P RRLBEET R R
B PR T S B ERA T IRERLBT LA Sk
B oo TERES P RRG RIRA 2 G R RBOLI S FERS
FrERWL T - 25 o3 R A A2 EREHDERES 25 R
s REF B RES25mMm U T Ao E o A BT R -
Wiz 3 FiFKL o SR o F e ¥ ig M2 ASME Section XI 3+ & % 4
B AR EAPTR O T R Rt R e Rk B2
V&

JA
F
SRNFLWHEMD S LR ALETIIEEL

o
=
S

FaF2L o Revb o

R B 2-30 BIHMAL ATE Y TV AL AR RS B
zug; sk (IV-21) 25 MF R L kb Ul e § 2
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14.P. K. Liaw and T. R. Leax » *> Fatigue Crack Growth Behavior of 4340
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