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Electromagnetic Nondestructive Evaluation of Defects in Ferromagnetic Structures
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The electromagnetic nondestructive evaluation of cracks in ferromagnetic structures was
investigated in terms of the changes of eddy current stream and magnetic flux flow. Numerical
simulation showed that both the changes result in detectable signals. The amplitude and phase
angle of signals comply with different variation patterns in terms of the orientation and location
of cracks, the applied frequencies, and etc. When a back-side crack is detected under the
configurations of perpendicular to and parallel to the eddy current streams, respectively, the
phase difference of signals of the two configurations is a linear function of crack depth. The phase
difference can be used to estimate the depth of a back-side crack.

Ferromagnetic, crack, detection, evaluation, electromagnetic, numerical
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Toward reliability assessment of NDT based on the POD analysis
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POD (Probability of detection) analysis is one of effective method to evaluate the capability of

NDT method. In this report, we investigated the basic concepts on POD analysis and the calculation

methods of POD curve based on statistical idea by literature documentation. In addition, we carried

out the POD analysis for weld discontinuities in ferritic and austenite steel plates by UT(ultrasonic

testing) as an example of POD analysis.
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Application of simulation tools to coordinate the conditions of phased array ultrasonic testing

B EmspEsmtyy— Bl FHE, m)I A

Phased array UT technique can easily control the ultrasonic beam direction or focusing points.
Phased array UT technique has many advantages over the conventional UT technique. Before
using the phased array method the equivalence of the phased array ultrasonic testing results and
the conventional ultrasonic testing results are verified. We compared the testing results of six
welding carbon steel plates measured by the two methods. In that measurement about 80 percent
of the indications observed by the phased array method are provide conservative or equivalent
results compared with the conventional method testing results. In this paper we report a method to
improve the measurement conditions of phased array ultrasonic testing by utilizing the simulations
of ultrasonic pulse propagation.

Ultrasonic phased array technique Conventional ultrasonic technique Welded carbon
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steel joints Comparison of flaw indications Measurement condition designing
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Development of FEM analysis method for prediction of the sustainability of compressive

residual stress by shot peening
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Abstract

To prevent stress corrosion cracking and fatigue cracking in welds of nuclear power plant
components, compressive residual stress induced by stress improvement process. Stress improvement
process are induction heating stress improvement method, shot peening (SP) method, water jet peening
method, and so on. However, it is necessary to clarify sustainability of compressive residual stress in a
long time under the operating temperature or application of internal pressure or external stress.

In this study, in order to predict residual stress in each process of welding, SP and exposed operating
temperature after SP, FEM analysis method based on the idealized explicit method was developed.
Then, the validity of the developed FEM analysis method compared with the measured results was
verified. As a result, it was considered that residual stress in each process of welding, SP and exposed
operating temperature after SP can be predicted by using the developed FEM analysis method.

Idealized explicit FEM, Shot peening, Sustainability of compressive

Keywords

residual stress, pipe butt-welded joint

FEEDFHE S NTH O, EHETRE IS DFFGE R
iU, EEOERMBLMZFEAT ST —5 D —
DT85, —F, FifnNE#ETH 25513, HE—
ZUTHEORREFHRC DMLENH L, L, I
£ T OB CHEMIER IR OFefeE 25l L T\ %

B #=

JRFHFET T > b OIFREREOEETICHEET
DISNEEENSIETTENZ TS 2720, 5I5RK
R & JERE TR RIS TS 2 I s Lk

HWTEHINTHY, mERnES TgeEE: s W
REFBE—Z VT (L—FE—=2 7 gy —
Yy —YrwhE—=2 78 gy -2y
(SP), #BEW > ay hE—Z27%) NEHAINT
W3, UL, EEoEN@eMEZ5Ed 5 1T,
15 U JERRTR RIS 173, FEHEOEIRIRE FiTH T
5 EME AR EIE P ICNERIVERAT SNz &
IR T ADHAMBICT 2L ENH D, —RIC
IHSIIZAE DR E £ TIEMREIN 2459 %
ZEMTED, LML, E—Z 2V THEOERS
FEREMNSHRAR Imm BE EEHWZ0, JEMERE
TIDRERINEZEITT BN H 5, TD0,
Z 2T TIETHRG U2 EHER I 71 O B MR
2T 20 ENH S, ZNFETIZ, FEALDORKER
RO E—Z 2V TIETH G U2 BRI IS 1 DR

DI, BEEREISHINE E U EEE LW/ B
FaHWEDD " T, BEBEISNINEET S
KIGRERAKR 2 W 250, RRRT O X v <
MBEOICEmMENT DN Y Laai-T, &
0 FHEITIT WS A CIEME TR IS 1 D FFGME 2 5FAf 9
SENH D, RKIZ FEM AT 2 W TR ENIT AT
5 U7 BRI 1 DR fite 2 T % 2 &3 nl R
iU, RBRICHES £ < OFRFE 32 b E2 KT
HZEMTEDRED, RTPNEET 5> boket
MERITHL T, REHEHBTESEEAONS,
= CAMIE T, B> SPo>EiRkF2EE L
=R, O—HO Ot AICB T REINNZET
W 270, ME(LREE AL L FEM @
FiRZERFEL, HEMER L THIEL /- FEM #
MRk D Z S 2 MRk U 7z,

W - R AR > 2 — L B 2 — Vol.13 2017



SPESDNFEERT AT LD

WG MR FEM 12, EhRYEGMRIE FEM Z BHICi8
FER} O VEF I 7R B 25 ) 2 SR IR S 5 729012
FREINZFIETHO, Fﬁﬁ@%%m%@éhf
W, —75, SPIRFIZH W TIEu G i i 81 72
ﬁ%ﬁ@ﬁ?é:&#b,%m%%i@ﬁ#bﬁ%
5HDEEZSND, I TCAMIETIE, HAELE
iR FEM T U CEIRIRN R 25 BT 5 720 DLk
{107z

BRI R E AT 2 MEO IR A REZMITICH
WL, R Q) TEIhLEHHEANEBLEL
THWENS,

[M] {U}HA/ + [C] {U},+A, +{Q}1+A1: {F}Hgl (1)

ZZT, M, [C & EnENEEYNY v X,
WES Ry X THO, {O, 4, {U},n,, 104,
(F} .o 32020, KA r+ A £ I2BU 2 IEE XY
NV, BEXZ ML, NHXT 8L, WEXZ M
ERLTWD, @EORMEOSHAE, KX Q) Tl
C Newmark @ BiEZEHA L, WHXZ bV O#RIE
fkzfr>5 2 & THS NS KA % H W T Newton-
Raphson {ED KGR Z1T D,

YK AU =7 {F,,} (2)
“ﬁK%](ﬁAﬂ[Aﬂ ﬂA,[]+Uﬂ) (3)
e =P -] G - [0) - @
{U},+A,={ } {AU} (5)
{0}~ 5 (AUl (1= 5 ok war(1- ) {01, 0
(0}, iz tat)-2 (0}~ (H-00h @

27T, [k, {F,} & =hEnm R b
v A, BIHMERT MERLTWS, £z,
BERRDIETE D (B F g E £,

AL L O FIEZ AT 5729, X (2) ot
U CH = IR AB I I B L T B B E M IE, JiIE
EMATZRAXZEEA S,

Mo i+ [Ctan) i+ [ Koy WU} = {F} (8)

T - IR E R 2 2 — T L € 2 — vol13 2017

27T, M,], [C.l & ZNZTNEENRE
BEYRMJ Y IABIUOEER NI w7 X THD,
U 0» AU gt o WU V&, TN ENURAEBY 72 X

BT D IEHENY R, HWEXY BB RLUZE
fLR7 NV TH B, X (8) I LT, EBEMAREEE
FRkICHLES Z#EA LR 252

(e + 5 ) 100 =17]

(9)
M) (35 Ui~ 0o il o 1K ),

K (9) AHNWT, (KA ZIBTEIES X O RIEHDZ
BN T EDREIT/NS <725 F TIRE R
AT TaED, TORED U, Z{AUNITRA
IT5ZET, T@)%mmTW%ﬁ%%ﬁotb@
LRFOmNRELND, iz, K (9) ZHWTIGKE
NE5N5 FTRENBRMA 7y 72D 25HH
ZITOBRIC, (RENREESY MY v I X IM,,] B
FOMREW IR ES B v 7 X [C,,] [T DY
MBI NDHDOZEHWEEE, (RIS
FIZEDD TN WEZRAWDKLENSH D, PERIC
BT 2 EBRAEART S ENTFHING, 2
T, X9 ZHWEIHEEEIZICETH 2 (U,
EEDLEODRBHEHDTHDL I ENG, M
@D 50T 1 RITOIRBIFEIC BT 5 iR E
DEZFERE, M,,) & [C.) ZHRETZ ",

UtoEfbzHns 2 &T, BEBREDF
JEICED =, BT ZITD ZENTE S,

SPRFDMEL, T < EIFHIC T </NEWEEHEIC
B LU TERYT %, AFAETIE, ZOMESMDORE
JEEETIMEL, WMENXZ MLELTEHEASZET

PIC KB EHISAi O & it L7z, Fig. 112
Pay MERBEOKEAXNZRT, M (@) T, &
WIZay RO WIE Y | THZEL, KANECIED
%, TDW%, BWHERNETL TRAMDKRELIRD

Fig.1 Schematic illustration of reactive force for each
stage of shot collision.



M. TLT, EHITHENETL, HREOHLA
BEARINNITE L 72 R iU TR O L S IR Y
BES (0., MUEENHRES L, TOMBNTH
HEZEOHF LI SR EOEMAECN &R0, Wik
BIRMWNETTDE, HREOPLIOFEBMOK K
ELBE D, LT, HOEBTHEAENET
L (e), >avw hHEy, THIRE S Z & Tz
T2 (0. ZOMEZRKEO R E i OB Z KR
TRIEHREOMED AR ZRET DB f &
FEOREDBEZRET 2B g DETET VL
T 5,

P(p,1) =f(p,1)g (1) (10)

ZZC P(p,1), f(p, 1), g (1), 2Fh
TNMTEANIB IR, i A BIAR,  far BB IR B
BEERT D, £77, p, 113, TNTNRATE
9 2MEREN S OIEHCIERE, ERLEZERR T
H5,

p=t =4 an

ZIZT, 7, voRENTNMEE LN S OIEEE
2av hO¥EETHO, 1, LiFTNhENTay oD
WA S OREZ], >3 v bOHEMMTH 5,
MIE AR D—# & LT, Fig. 1 TEXMITRL
TRESMOEmMEzHFHRT 5720, K 12) BT
X (13) D6 RDELHEATEET 2, KX (12) OffE
SAABBICRK R TR I NS REERA L 25G, #F
HOMBKIL Fig. 2 DX D ITEHKIN, Fig. 1 TH
E L= 3y MERREORE MO &2 FHHTE
)

f"(p oo —alp.0)

ldla(p,t)2mpdp
alp,t)=as(p, 1) p° + a,(p, 1) p* + a,(p, 1) p* + a,
a,=0.655, a,=4

(12)

1
ay = 10000(1+exp@5(r+075D_4) (13)

a, =10
F7-, MEBEREREKELT, X 0, 15 0k

Fig.2 Function of load distribution.

IR ERET S E, TOEREILFig. 31TRT X
212725, X (14) O HEBEREBEEORE b1,
EHIBED 2y FOBEBERDOEM (v, —v), I7&
Db, Tav bOHBEPFIRIIGA D NEEZHNWT
EFKT D,
g(0) =bsin (EXm)  (14)
a(p,r)

7.
IaIJSin(Ijégln)dr (15)

DIBg, Lk o B oA B R DO B & Sl £ T
IWEEFEL Tz,

SPIZHBNTIE, BWRBBD> 3y ML mI
T2 En5, MHEP, ZEMNCT > AT,
MO GG RIREEAER T 5 E M2 HET
LNEND D, T I TAMER T, KR, 24/
2T 28 LIS BRI 2 W RYAEH S & 5 b >
AT LEER Lz, A ATALTIE, T2 05
AT THEBEORIRZEIRL, TOHimZEERLD
hb&E LU CEMMEETIIVZMEH L THENY ML
EEIMT S I LT, BRYBBEMEMRIT 2 LML 7=, 3
SPERRATIC B TIE, GPU MLz MY LB
MULREREZ T 5. LA EOFIEZEE S Nk
ACETHETHRVDIET I ETSPIZKDIEHOE
bz fi@t U7z,

BI%% U - FEMBRHT F35 DIREED
F=HDFRBICHAESE

BESE N L% I2900°C Tl I bR L BESE L 2
SUS316LTP SHA—ZAT7F A hRAT > L A&
(LR, SUS316L) ZHWT, 4 161.5mm, HE
11.25mm, £ 195mm O [FEBIR OB BRIk %
BUEL /=, Fig. 4 ICHETEEZRT, RSP RED
AN T2 L, MBRikz RIS & T2
FrRIE R T TIGIEH L 2. 2B, BHELHIIER
180A, #EME 10V, VAHZHE 1.33mm/s, 71 VG

Fig.3 Load history function.

B - IR AR 2 X — BTl 2 — Vol.13 2017

—31 —



I 0.106g/s T, 108 10 /NA CHiJEL 7=, Fig. 5
IR BRIKONBIE E2 R T, IEHER, Hikihn
B U CAMEE 161.56mm, WJE 11.25mm 2k k
o LT, BYEL ia#EalBriko—iic, #&
M BT DA OIER 50mm OHiPHIC SP & i L
7z, Table 112 SP §&ff%, Fig. 6 ISP ZfiL /=&
B OB T EZRT,

L, EH) - FIRICX DY A ZILHESH
%, TDW, EEOEERREICBEINLEEDE
MR I DEAL BT 2720, IEEGRA BRI I B
PR ZfE U 7z. PREFEEE, WEKBR 74 O %5
FOEERETH S 350°C Ty, Okimura » D
&M, 350°C TIPSR < 2> THIE
RN INXZ E A ERM LI, Thab bRkt
WU —=TERFIFEEAEE LN EnG, 7
REflE thr & U7z, 72, &L - mAEET 1207C
/hr LT & U7z,

Fig. 4 Schematic illustration of groove shape.

Fig. 5 Appearance of pipe butt-welded joint.

Fig. 6 Appearance of pipe butt-welded joint after SP.
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Table 1 SP condition applied to SUS316L welded joint.

Equipment Impeller method
Cut wire SUS304
(#0.8mm, 0.8mmL, Hv468)
Projection speed 30m/s
Rotation speed of stage 12r.p.m.
Projection time 280s
Coverage 200%

Table 2 Condition of residual stress measurement
by X-rays diffraction method.

Characteristic X-ray Mn Ko
Tube voltage (kV) 20
Tube Current (mA) 4
Diffraction v-Fe 311
Diffraction angle 26(deg) 152.2
Number of X-ray incident angle ¥ 9
X-ray elastic constant E/(1+v) (GPa) 149

(a) Analysis model of pipe butt-welded joint

(b) Analysis model with weld expanded in (a)

Fig. 7 FEM analysis model of SUS316L austenite
stainless steel pipe butt-welded joint.
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Investigation of minimum required thickness of manhole cover in the Kagikaishaku

wiERes ik B, B Jt—

The Kagikaishaku quotes a lot of paragraphs in the JIS B 8201. Design margin (DM) of the JIS
B 8201 is 4 while DM of the Kagikaishaku is 3.5. Therefore, the paragraph in the JIS B 8201 which
the Kagikaishaku quoted was investigated. The investigation criteria were assumed to be described
to ASME Section I or ASME Section VIII-1. Neither “Rectangular header”, “Shell boiler” nor
“Minimum required thickness of manhole cover” were described to ASME Section I or ASME
Section VIII-1. Application of three items to DM3.5 was investigated. As a result, three items
confirmed the Kagikaishaku was able to be quoted. This paper is described to the outline of the
investigation result of minimum thickness of a manhole cover.

Kagikaishaku, JIS B 8201, design margin, minimum required thickness
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Revision to PWHT Exemptions of ASME Section |
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Postweld Heat Treatment (PWHT) is the important process to recover the mechanical properties
and reduce residual stress of weld. However, it can affect manufacturing cost and elongate
manufacturing process. Therefore, ASME B&PV Committee on Power Boilers has been examined
to develop more appropriate exempt conditions from PWHT. As a result of discussion, new

exempt conditions for P-1 Gr. 1 base metals were provided in the Section I 2017 Edition to exclude

thickness limitation.
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RNIZEDOWT, BERZHRIERESMREIN, ®IE
Z13, BEICEGESI N TH D, ASME Section I DE,
2017 Edition IZ XML EI N/, T D7z, EPRI DH
i L AR — N OB E K O Section T DEKIENZEIZ D W
THITT %o

HBOWE

RV X P-1 (GRFEH) DOIREICH T 5 PWHT
DHRERGME, BEEITOEHM (M) OFEESE
BHOBEZIICX> THIBE XN TH D, Section 1
2015 Edition D&, EHEE S A 38mm 2 A 5
& PWHT MMHERIZIR D, ZOHEL, BFEOH,
PWHT OFMEIZIENT D N T 7))V &[T E 7R
MBH DM, P-1 OEHERITH LTI, ZNETHE
RSB RGETH D E VNI EANEL B> Tn
Tzo F7z, EOWEM OBEHEEICH T S PWHT D5
PREEEDS, Bt ORANAIRRILICE DWW TIER E NS
&, REMEOELE, Yud WBESENESITRD
B%, TDE®, EPRINMAR Y — L0,
PWHT OHBREMFICB I 2EIHIREE RETZDD



O B 9% A% “Welding and Repair Technology
Tk DiTbnTE,
HEZSNTNDHBONFIL LTOEBD TH 5,

Center’

(1) HEROWME

2005 ~ 2008 FFEHIZITONZHEMILTIE, HA
IEMELOEHEICDOWT, BEHEOE X (as-weld)
DORETHERYIEE OREMENITONTE 7,
19mm 7 5 38mm £ TORME I ICDONWTHEZ
oA, FEANEOEWEIMIZOWTILF
INAHZEITD &, TOWRBEAZITER D HAZ (Heat
Affected Zone @ ISIERAEETR) O X 31430 KK
INDZENER SN, TZT, [19mm] 1THEF
@ Section 1IZHWVWT PWHT NI NDHERES
THO, [38mm] 1E Section VI ZHITHBWNWTHERS
NHZmAREITHD, ZOFERICHEDE, Section 1
1%, 2009 Addenda IZHB W THEREMDE S HIE %
38mm IZIER L TWwb, £, ZOWIEZEFHEHRIC
FR—FT2RBELT, YaIo—ilb, MR
Bo(xA 0By h—2X), R TR,
&Y A 7 VRSB TN, BMIX 5 P-3,
P-4, PSAEZEDHRMOBEELITOVTIE, Z0&
WHEANEIZEL D HAZ O S 2+ 10K T&E 5
EWHHERNGE SN2, BEORELIX
fronTnian,

Z D%, 2009 FI21d 38mm (FEfTD PWHT D
R4t FROEE) O P-1 MZEBWT, HREVE
PHORBEABTIREZTVY, IVFINZAOHER LR
ROMEMMTONTZ, BER LR ORERITIE, W
DFE FEDORRETHE S Gk, EEAR, TRt
bhTnws, 51T, 2010 FI2iE, JEX 50mm O

R FHRRNC K S IRVEEABZEIMA T, [k O (1
BB AR <) NEEI Nz, LRTOFH AN THE
REINTBER LARIT, HBRE/NAB O TITD
NIV FINABHEICLD2HDTHD I EnD,
2009 ~ 2010 FOHRENIE TIE, BERE LRI ED)
W5 EAMNRBRAZED HWT, BEARHPH
ERELBATEEZTY, IEHEIEORMAMEEIC
BEBENDDMNEI MFEZR{TO> TS,

(2) HBa#
B E UTH W S NE/MIE, LAATIZiThh e

B 15475 577 = 7 o

FEFENS O —BHEZEEL T, ROMENHN
5NTW5,

D 2009 E DAL
SA-516 Gr. 70 (P-1 Gr. 2 : SGV480 f1), EX
38mm

@ 2010 E DRI
SA-515 Gr. 70 (P-1 Gr. 2 : SB480 tH4), B &

50mm

ECBI LTI, 2005 ~ 2008 E D FEHZEITH
WTERMIZEWEDSH D (CE = 0.42 ~ 048, C:
0.18 ~ 0.26%) MHWBH N, 2009 ~ 2010 EDF
HEFFETIE, R UHEAR (E#ERSIIRRD) OME
NAWS NN, HHEOIESDEDHFHNT CE N
042 ~ 043 EETEWBH DIz, TDD,
BEHMIZE W CE OMEL (CE = 0.64 ~ 0.65, C:0.33
~0.28%) BHWLN TN,

ZZTHHAZINTWS CEI, EPRI
INEHDTHD, KA TEDINS,

IZ& - THRB

CE=C+ Mn+Si) [6+ (Cr+Mo+V) /5
+ (Ni + Cu) /15

woXIE, REGCSI Z2ED AN OIW OIEET
LHHEFRLTD, KORTFHTHDEF A D,
ASME Section 11, _Eik® EPRI 2MEIET % 2 £
MU, CE =045 &752% R FEM 2 AN D #H
ELTH TS,

(3) BIRRM

2005 ~ 2008 FDOFAEMIETIL, BEHEAGIELLT
ETHEBY — V7 HHE SMAW) BNHWSsNZ, 20
728, 2009 ~ 2010 FFDFHEHRLICHNTD, B
FHiEELTSMAW WS, UL, B#EA
BOHAZIZHZA D EEHAETL2OMNEHMNTH S
729, LOKREBABOT TV IAANDTA YT —
ViRt (FCAW), I SIIERKAROYTIY—7 —
IR (SAW) BHWSL Nz, HMBRICGEA I NE
BEABOHEPAZ, 11.1 ~ 159.4kJ/in. (437 ~ 6276]/
mm) CTdh b,

B, @ CA M) U H—E—=RTfIrbnTWwa,
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T 2N—E— RIEFZEOHE, HAZITHT 2R LR
REEHTLIHNTHEBENZZES MEZEHET 2
M, ZORMBOBHFIEHEL TH5T, HETH
HHE O LHETHRLIRNEDORED 200 %
MR8 3 BB Th N/,
BRSEARICEE L T3, JE X 38mm DB D54,
ER SR DG E & & 5 B TH A2 00 X)L A
ERIZLVERENAAVSNZ LrL, EX
50mm DFBEMIC DN T, HRHBRZITDRWE
W, WEDOVIERLEEZHNTNS,

£EE LT, BREICHOWSNIEEME OB,
ROEBOTH D,

SMAW : E7018
FCAW : E71T — 1M
SAW : F7TA2-EM12K (Wire-Flux)

HEEROWE

ASME T3, Oz W 54 E L T
P, SRR S, HEENH WS NS0, SR,
s, BlRAE & OB TH N7z, EPRI
DAL R — MTBWTHE TN T WDl Bks R
13, RKOEBOTH S,

(1) EEEEER

WS EABRE, WEHRLGHE (R RI12) 1o
CTHAZ DX ZHEL TWD, HIEREEIL FEE
7% 200 ~ 263HV0.5, E— 27l )Y 217 ~ 303HVO0.5
Tholz, £/, SO — I, BHHEHBOEE
HRE R )L — RO WT N OEAL T HHIE S 1
THD, BEOHMTHNDRTIIR W Z EAME
HINTWa, £/, E—VfE303HVIE, EX
19mm OBM THIEINTHD, BTENHD
ME WIS TWDR TR W EDER S
Nz,
BHEOEEDRETHEL/ZHSEOME CFEfE X
IFE—2#E) 3EMITEA, HIE L = EBAL O FHik
IHKAFT %, S OEFIEL, NADES (EEES)
MELBDIZLEN>DTRKELRDEDICRAD
7%, 250HV0.5 ZHBA5ZERFEAERL, I—
N ZAHETIE, JBE 38mm OBMIcB N THE
C 250HV0.5 LA FIZ/a > 7=,
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(2) EEEER

ERRBOMRIL, 2TOr—2ICBNWTEHMEK
Db RHFBERNMESNTWS,

2005 ~ 2008 FFDOFAEMIE TIL, EHESIENHE
DHEITH o 7272, HAZ K ORHMIZ DN TDH
EERA B ThN =, UL, 2009 4 O AT
T, BEHEESBICOWTHRBRNTONTEBD, #
MEREL EOWRINT IV F—TdH 2T EMNERS
NTns,

(3) 5I3RAER

BHEDEE (as-weld) DIREETHIRRBRZ1T-
7=, TSR REM L 0 BARWEIZ /2 5 Bl
Ronahnok. ZOME, BHEOEETH-TH,
VETEERIS R & RIS LL B DSk 26T 5 Efsam At
TWnd,

(4) HRIFABR

VR OEY R E AT 2 2 &, KOVERTO
et 2 iR 5 B TR ERS b 7z, &
BROOFERIL, 2@ TICBWTHTEEEZBEL THO,
BEIIHE IhTninn,

(4 BT Ly

MR 2N ED M a YT 572012, Bk
gl S, EWHENEEES L THWSNTHD,
2005 EM SITHONTELZRBOMERIT, WTNIC
DNTHREHFTH- Tz, EEMEZFMT D200
B, BIRHBICEADENN TS, HEHR
HITHONTBHBO, FITEWREM O HAZ ITDWT
BN EHT 2 2 ENHR I N7z,

XL T, JEX 16mm (BfFO2TO
Code IZBWNWT PWHT BRI NDES) Okt
DL L THEERENRAS NGNSz, 2DZ
LS, FEWP1EEMIHLT, 72 /)8—E—R
BEEZEA LR TD, JIVFNRBEZTAE
ETIZDWTHAZ Db ZHHITHENTES
CHEETNTWS,

23, BRI 50mm EFTOREIIZDOVWTITHIZ
2, P-1MOGE, BWEMO [EHOEX] OF
L, PWHT "ERINDIES O [IEZEOE ]
DIEFEE S LT, EMAMEEICB T 28 BiaA



BFRSNEMAS Tz, ZOZEMS, 50mm id PWHT
ERREIOERICESZEEZRLTESY, 35
WWEWMEIZEZELZELTH, RS
NESNS G0mmZEZHAS/ESI TH PWHT %%
PrcE2) EffamfiTTnd,

ASME Section IO EZXE

EPRI OHffi L iR — M, ZNREEETTH> Y
BOBRLULHBICERBLZHDOTHO, BMEHN
P-17251F, 72N\ —E—REEOX D REERA
BEM LR OEEEEZ2TORTH, +oRERL
PRNE SN, PWHT 2%RFRTHIENTEDHEL
TWwd, ZOLHR— MNIHEDE, ASME B31.1 (Power
Piping) MU B31.3 (Process Piping) 3, P-1 A%

I----------

PWHT DRSO RE UGN TTHh iz,

Section IIZBWTRHEINZHERIZRKOESBD
THD, WEED 8 HIZTHKE I T 2017 Edition 12X
X N7,

@ P-1 Gr. 1 {EHEERICXNT % PWHT ORRSM: 25
TZITET %,

@P-1 Gr. 1 OIRHEHIL, CE£045 THHO T, &
BEJE X 7Y 38mm LA R D8 &13 PWHT % 478 Bk
ELRW, UL, BEHEEIN 38mm i 5%
a3, 250° F (120C) PAEOFPEAZMNEALET S,

@ BT D P-1 IEHEEITH T 2 HBR&E M (General
Note (a)) 13, P-1Gr. 2 KO3 IC#EMAT B5M4:1C
AT D,

ZZTC UN—7 (Gr) &E L FUEEE (H

HIZ K9 % PWHT O RBREMNZ2 KIEIC®IEL TH U P-No.) ORHMIZDNWT, EHOMEIZXLDHT
0, 2016 Edition IZ XKWL TW5%, ZDE%T, SNZRNSTHO, MBEHERRICHE I N/-5EMR S
Section I }z TX Section VIII Division 1 IZHB W TH 73 70ksi (485MPa) A D FWIL, —KIC

R PWHTDRBREEDLEE

Code &S B X2 PWHT D& BRE 4
Section | ;z?cﬁitﬁifi?ébz—é, PWHTIZERSN/Z, (TLYMORS Y ABEERL)
J2017 Ealition) | P16 (2) FHEEES1 5in. (38mm) B
(3) B#EEX>1.5in.(38mm) TH>oT, 250°F (120°C) LA L DF#ETTD,
Section VI RO (1) E=L (?) @L\fhb\]:i@é@“éi%é, PWHTIZE RSN/,
Division 1 (M XD @) RO (O) DEHEHET DIHE

(@) BEEZ>3/16in.(5mm) THOT, ZEAEEITON, £/-1EH10%D A
BEBEHRITO T IINATHERIN R BRI A ERT 5.
() BEEZ>1in.(25mm) THDT, 200°F (95°C) LI L DF#E1T, BiE

Table UCS-56-1 | P-1
(KIEZE:2019 | Gr. 1, 2, 3

EditionlZ .
- EEFITRELHEFT S,
RRENSFE) QBAD CE) B
RDEFGE /R T DIHE, BAEDYA T (CBFRESPWHTIFEREINAL,

B31.1 p_1 (M BEEX>3/16in. (5mm)'Cf>D'C ZERIELETD. ABEIEMSED, i
2016 Edition (£CDGr. No) ABE10% RV T IV ISATHERINTWSIEE(E, 1BEF 70X
Table 132.2 T ATHEL,

(2) B#EEES>Tin. (25mm) TH>T, FEFIC200°F (95°C) KL EDFEETTD,

B31.3
2017 Edition B E B E
Table 331.1.3

(B UW-20REICKY, £ TORSCONWTPWHT O E RSN DB M FICON T, ROVWTNOORMZH R T DHE(EL, PWHT
DREIN5,

@) BASE~TED/2in. (13mm) LI THo T, THADDEREH1/2in. (13mm) L FOE B ZEfT T 28 MF. 72720, #F (3
UAAV N ARBIROESZIETHD) ZERET, £ LIFZROREN2in. (50mm) LT THY, mHD, 200°F (95°C) LUk
DFHEFTD,

(o) BAZE~TEM2in.(183mm) L FTHo T, THRDDEEN1/2in. (13mm) L FDF2—T LERDBIESR, /==L, Fa—7
DONED2in. (BO0Mmm) LI T THY, EIRDRFZEHEN0.22% 4B X D154 (3, 200°F (95°C) LI EDFEETTD,

(©) BASESTEN/2in. (13mm) LU, £7218T HRADDEEH1/2in. (13mm) LUT D IEMR B & it 3R (ZEUT F 2833,
72720, TIEEMDEZHT 1/4in. (32mm) ZB X Hi5E (%, 200°F (95°C) KL EDFEETTD,

(d) TEEBMICITORYYRBE, 72720, TEZRMOEZHT 1/4in. (32mm) ZFBZ D5 E 1S, 200°F (95°C) Ll L DF#ETTD,

(e) 72vRBHE (MEEF—/N—LAARE) TEMBES A= M ERIT 55, 1720, MESRH OEZH31/4in. (32mm) %
A 515A(F, 200°F (95°C) LI EDOFITOEHE(C, 1B B DBRER I FHEEEMITT 5.
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ROIVIE

Gr. L TN TW5,

PWHT D HFRSEMHITDWT, Section 1 & B §
% Code DHLEZMILT 2HATR1ICHEH TS, &
72 L, Section VIII Division 1 IZDWTIE, KR
NERERONEZEBITFTHD, 2019 Edition 12X
BLINDTETHD, FUHMLBR—MIEDINT
BREtL7ZIcennb 5T, 7L BMURREMEIC
137> Ty, 7z& 21, Section 113, & HIBR
ZHIBRL 7= 0REMOmMAZ P-1 Gr. LIZRREL T
W5, Section VIII, B31.1 XTUB31.31%Gr. 11T
FRE L Ty, 283, #%3E Code 1Tk - T
BTERNELR D ZECERT S EEA SN S,
Section 1 DFE, RM K VARSI RT3 2 #9PEE Rk
MR Wz, FEEHBRICHT 2HEREDR T 5N
TWial, Ok, EHEMBO@EENEDH W,
HAMICHE I HABOBENERELHLINS, —F, fill
DELE Code ITIXHMEERD D 2728, B O
EEZHET LIRS LT, HRHABOMRZ AN
52 ENUHEETH D, T D=, Section VIII,
B31.1 f TXB31.3 T, P-1 Gr. 2 (SA-515 Gr. 70
MUV SA-516 Gr. 70) DiBRT—# 12K D P-1 Gr. 1
~ 3 ZI/N—="TZ% LB =N/, Section I TlI,
REFINICEEANEDS S P-1 Gr. 1IZRE I Nz,
Lol, EixdT—40Eonk84E13, P-1 Gr. 2
KO 3ITDWTH PWHT ORERSEEDO RE L N7
bhasEEZ5N5,

B sbvic

PWHT D HFREIEICEE 3 2 e 1E O fkfe & 1z,
ASME Section I 2017 Edition IZ KM X 72k IFEZL

BRATLD, ZoXSRKEARELUITEEICS
1o THy, [1.1IFUDIT] THXAEZXKDIZ 2009

Edition IZBWT CE 238 AL, RFRAIERES D L
fRZ D Code &R L 38mm ICEAIETWS, &
B DOWIETIE, ZNABEHEICK DR LR EEZRE
L, PWHT ORRGFHICEENDEI OHIE (=72
L, MK P-1Gr. 1 TH> T, CE=0.45D
BEWRS) ZHIBRLZZ ENRBMTHD, FKFIZ
LD Code EDEHILBHEN TS, =L C, £
DB DNTIE, KD 3 DARA > b ELTH
Founs,
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>CCLIOTT B asd) V7 UV P WISE PR S 11V WAL [R]

OPWHT %R TE5ES (16mm) EHIRTE/R
WEX DIEFEIRICONT, BEO X EOIRETH
WM & i U 7250, ARRENARSNT
WINDBRFTH- 72,

QiBrT—#13, BTD 38mm AR RES O LR &
BRAHMEMZERLTEST, I 5ITEWN50mm iZH
WTHHFERABIZARSN Lo (BEXIZXS
BMATEE DZN R SN > 7).

G/NAE (BIMINHWV) ERAROFEI O Mg
TR, ENABEEITORGEITERERE
MAE SN Tz,

FAETIX, RO ASME DX D BWEEZTTD &
[EUEDREF ] & AR HANICH 575, ASME ITH
WTIE [EHT OEATHYE1 R D < BlE O it
EWSBIRTERMNTDON S, ASME I3, EEMIT
B R 7 fI M 2 oR S 2 E IR EE IR AT, T ORF
HRCOHMMHE, BRBECEOVWTHEEERET
LM, FHEEEZEZEELT, MrORBERAL
7ZHIMrEEE 35512 &K - Tld Code Case) 525
ZENEN, ZLT, ToRIZEGEsNZRABRT—4,
HLWHRZICEONWT, WHABELZTY, X0
BHMREEICRLZEOKETSE NS Y FO—F
ZEALTHED, INDNREOLZWEED 1 DTH
H2,

HADEEG, ASME Z22ZICL2bDTH-TH,
WEDHE M T DEAICH D, Lnl, kiR
LEBRERDY TO—F2EZ 5L, BEOHEIX
TOURFOEMARICE DWW P27y T
Py I AZRTHO, HEHRDDOTIERNEN
A%, LT, 2D ASME OHELDY TO—F I3,
AHEEEFZR DLW R L Wil 28k i
IO ANSHEAEOFIELEL T, BRPEIIBNT
HBEIIRDEEZD,

SEXM

[1] EPRI Project Manager: D.
Couch, “PWHT Exemption
Thickness test Results,
Final Report, Aug. 2011
(EPRI Technical Report No.
1022883)”
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Kagi-Kaishaku-How the rules are perceived?

sraem BRI B2

A person who installs Electric Facilities obligates conforming requirements to technical

standards provided in Electricity Business Act for their facilities in Japan. “Kagi-Kaishaku” is an

actual example for the technical requirement to thermal power generation for Electric Facilities.
Although it is known that the rules of Kagi-Kaishaku have provided referring to ASME B&PV

Code, the knowledge as a technical basis obtained by discussion and consideration for the rules

have been lost. The author and his colleagues have independently investigated the technical basis

for Kagi-Kaishaku. In this review, the author explains how the rules should be perceived by the

knowledge or deducing obtained in our investigation.

Kﬂvwords Kagi-Kaishaku

IFL®IC

[FEE KSR O H A FEME DR (BUF, kK
RN E WD) OIFEFED 1 DIZIEF 30 i D Hih
HEICETHD, LIFIRA 7 — 1L TOHEE
INTWED, BETE, 1 5—2hHETH9
D D% & T DRI T 2 ERDED 5 N 7=k
Li25>TW5S, KEMHIZKERW 2 CUF,
ASME #itg &1 D) 2BFZITHESIN TV SHSH
WS, B4 OFRIAICE T 2 HMNE RO K EIER
HDNTNW5B,

IOXOBYERDOTF, FERMRII, Eﬁﬂ%%%
RIS L C, HABREINHHEEBSHHEICR
mta$*”ﬁmﬁ%§EK@F@F%¥W%A
(LAF, WS &WD) IZBWT, KEMIRE 10 Z=iE
S OYEEFEE 217> T 5,

ARNL T, WSZOMOFEES 28U T
5N KERIROHLE OHEAME = ITET 2 HI RS
WREFNL, HMEAXDEALFCHWENTNWDS
FEBOERICDONTEZ THEN,

KERROME DT

BRFEETIE, BRTIEMNARICEEZE KIZ
TZERYBDOEEERP LT 2 EEHIT, BREMIC
BREMIGT D720, [FEEH KM O %
EDHER] CIF, kEEREWwD) 28D, HE
MK OREE LT, ZREEEWD) ITHLT,
KEBEFICHI > CGERT A EZ2RD TS,

KEEE TN B2 ED R ETIIH 207E
KR REE TIE RV, 200, BRI E
fFofIRE LT, EIXKEERZE FORNEL TWD,

TD—), KRN H ETHRTHD I L%
WEZ, KEAED SRS EORLKEN T H
MAVIRIL D & 2 FHIHIC DO W T, KIFERICHEEST
ZHDEHWTHELTHY, REKERERT D
FHEEZ KRR OHERINFICRE T N2 HD T
BNELTWS, LML, kEESITHT 2 E%EM

DREHN R EHE OHNITRO 5N D 2 EIThA, K
FRIRD THFHE ORI PREICBUT D, (THFEHIE
WCHEDS KEN OBREREL/Z>TND I EEM
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o T, BEMTE, KEMROBENEDRIEE
DEAEAEE GO HIWTHAE L 72> T o,

HE - FAEOIRZE

(1) B#Ox9

ASME ##4 D Section IX T, WEHM TiED#E
T LB a5 720, LERR L
B, BEEOBEUMEEEZZEERL TRMERX S L T
%, Ihze—HmZdBMoP&ES (LUK, P-No.
EWND) EnbNTWaEA, HIERE 9 ORM DK
i, ZOBRASEBEBIHEREIN TN D,

KR 11T P-No. ITBAT % H]EH 9 & ASME Bl &
DEEZRT, P-No. W15 10 HEIIEKIA D
MEREID Y TEN, BUF, 20 FENY IV I RGY
VI Ed 30 FEDHIROHGE LN TN,

KELFRIRD R /3013 ASME DR & —F L T
275, ASME H#I2IE, #lAIT P-10 % P41 &
72 XD ITKERRITIZ B WK DNEIET 5, Eiz,
Koz &> Tid, P-No. l3E Bz —7%% (Gr.)
ko TiMeE s, FIAE EY 7T UMK
5y CTd % P-3 1T KEfERIL O ASME BlgOWITNnd
Gr.l1 /5 Gr.3 IZfiMEEN TN 5,

ZZT, FAHFLABREDMETH > THKHEHER
& ASME BIM CIEBR D E B0 dH 2 T LI
BENRBLETHD, HlZIE, kscMmves icfEIN
B 7 O LRI T KBTI P-5 Gr.2 ITK 5
INDM, A% DO ASME B ThH 5 Grade 91 %
M2 P-15 Gr.E IZIR 3 3N, S BITIRIEREILEE (DL
T, PWHT £W9) OFEHBHRE->TWS, Xk,
TN —TEFITOWTH AR E ASME Tldi#Ewn
NHO, REMOKXs>TH D P-113 ASME B T
TIV—THFEINTNBEN, KkEMRTEZ I —7

MFE I TniRwn, 728, JIS B 8285 [[EHE
A DVRHERE T 515 O MeaReABR] 1S KEMBIT I RT
ASME Bt 1T WREM X r &72 > TH D, JISB
8267 1% JIS B 8285 ORMX /3 ZFAL T2,

HMORPITBNTHRA > ~ERDDIE, B
TIEEDBERICBNTEREZFREFDODLEVWS ZETH
%, IO, EHEIIEOB AN 5IEFE—DX 5y
ZHEINDD, MBS U IS ICIER—&
BRERBNENDSI ZETHD, ZORIZDONT, X
DHINEEZTHD,

JIS G 3106 M SM570 % JIS G 3115 ® SPV490 1
KEFERTIEP-1 KRG END, TN 5 DMEHZ
P-1 D THBRENESWMEHZ I N, ASME £l
TIEP-1Gr.3 &EXmpaid (JIS B 8285 B UK
). IS OMEIEEREL ZBE, PWHT Ol
SAEEHIES 21 L0, 595°CLAE 700°CLL N DE R
NEE SN DA, ZOREHFHO FRIEELL BT
Fid 2 2 ERERSEEICH - TE, FREEED
I 72120 U 72 R B 2 R P RF R I BT € PWHT %
AT ENRIESE 22 THEINTWVWS, P-1
DEGEIT PWHT FRIEE & DZENHE K 120CE T
BHHLENTNS7®, HE L 500C2 KIEIC RNE
IR TOPWHT 2V AJfg & 72 %, LAAL, SM570
X SPV490 O X D ix @ EM DG, PWHT iREN
KIE2LMERLMENEC DB ENH D, Lz
Mo T, HE LIS AEEE T2 PWHT R TH-TH,
MRHREE B, 2D K 572413 SM570 % SPV490
DOPWHTIZBWTHEHHITRETRNWEEZE A 5N S,
F/2, BT HBCTCREARBELEINTEEZRNE
BEN (LR, SCC End) IZBLTWwS &, w1
D 7T > MTIE SUS304 AR SN TW/=43, SCC
DB % 2 F, SUS316 % SUS316L ITAHE I /=

xR1 BHDOP-No.DLEER

KB HRIR B DiELE ASME Section IX
1,3,4,5,6,7,8, 9, 11 Steel & Steel alloys 1,3,4,5,6,7,8,9, 10,11,15
21,22, 23,25 Al & Al Alloys 21, 22, 23, 25, 26
31, 32, 34, 35 Cu & Cu Alloys 31, 32, 33, 34, 35

. . 41, 42, 43, 44,
42, 43, 45 Ni & Ni Alloys 45, 46, 49
51, 52 Ti & Ti Alloys 51, 52, 53
— Zr & Zr Alloys 61, 62
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AN d D, T, SUS316 % SUS316L Dif £
AT SUS304 K D MIHMICEN TN DS NS TH D
B, NS OMEHIWT NS P-8 (ASME #k Tl
P-8 Gr.1) [T/ E N, i Lk RIZFE UMK S &
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