2016 2

I}
H

OF
iof

M
A

KH0

0.

[HO

oln
100

~
)
D

A0
0

<0
{1

el
3l
K

%
ol

5
ol

d
K

0.

J

ol



[ UCI ]1804: 24011- 200000265541

LEAss s¢ Us
F=H4S2E0| &Moot SI2 4]
HE&2 &= Hs B

Evaluation on the Failure Behavior of Steam Generator Tube

with Multiple Part-Through-Wall Flaws by Burst Test

2016 23 25€

Rl f

ol

Fu) CH

ol
0

AN B

I-ﬂl_

JOl

s I



KH0

0.

[H0

oln
100

)
I
I

A0
0

<0
<)

el
3l
<

o0
K

=

Ol
I}
H

0
<
oF
ol

X0
r

or

o[
Ild
H

20154 123

oK

ol
g

E
ol

d
K

0.

J|

ol

Collection @ chosun



o0
Kk

oJ

oln
OH
H
ok

22 AAts!

S
E

E
ol

=]
K

-t

KO
or
ok

oJ

)

OH

20154 12

ofJ
ol

E
ol

g
K

Collection @ chosun



g = B ol B BB B R B - I I I
: : : 20 : :
4l : :
: = ol ol iod
: R
W . . . . M . w A._|_ A._._ O|~
: . . : 8l ol ol < :
0 M b B moa®
__M S P M 4o 0 E o
S o mﬂw W olomom D Mm
= = TR A = -
: P = -
w=__ A S B 0 o
A - A O
: AE R W ﬂja_"uu_:mﬂ__
: = e — g G LR
i DR Tyha !l war.,
m 0 0w s i@z W
m w N =<B - W _ 55
— N s Vg . Q7R
- O X KI0 ! 00 i odo ool
LR A R R R Comomoa P oW QR
RO m K K = e« e IS T SR
c.__. 50 m — N EEE n = - a1 I L) =
M M <« = = =

Collection @ chosun



. 27

A

N 48 2229 AKX, &

. 29

Ul
0

20
A

Al

Ul

0
4

ol
BN
15
gJ
=
00
70
i
ol

—_

oJ

=

00

Ul

<4

ol
alll
I3
ol
=¥

100

Ct

cl Al B

Al

&

Ul

<0
<)

ol
3l
I3
&
I

00

K
Kt

i0J

b=
110

H0

33
e 34

Ul
<0
Py

e}l
I3
Gl
=¥

oD

I

. 36

)
Ll

-t

Ml 4

16
I[F]
B
KO

- 11 -

Collection @ chosun



Xt

as
Jho

H 2.1.1. AIE0 AFSE Alloy 690TT M 22| 58X & (CMTR)
H 212 &2 MEAMSU ddE 289 o 2 X SF oo

- il -

Collection @ chosun



IK

B

n0

-

0
00

ol
elll
I3

I

s

ol A

o,

i FLPAPN

g 2.1.1.

o

ol
RO

180

=)

60
ok
l
ki

K

ol
o}l
)3
)l
=

11
11
12
13
16

o]

a8 223, AIEEXI0N A

|2 0|58 HH|AIE ZD} eeeerermeerrrsnrennns

X

F

X
(=}

b0

ol
=

w0

for

ol

-

A

ol
elll
(R

=¥

o0

00

i

n0

.

ol

-

<4

io)

B
18]
&)
=
00
70
i

fr
ol

P

A

ol
ol
I3

=4

00
10
K
0.
60

H0

0

SEAMA AZHO0IE0 At

3.1.4.

=

AZelH BhEE 2002

a8 3.1.5.

ceee 22

=etAdA AZd0olEl Ar=EE 22l HHEE 2J42

8 3.1.6.

22
24
26
27

=5
00
70
i

00

=¥

00

for
ol

P

A

ol
o
I3

=3
oD

I

00
0
KF
(7S

00
10

K

n0

1o

fr
ol

-

A

ol
ol
I3

=4

-1V -

Collection @ chosun



ceeee 3(0)

Ul
4

ol
elll
I3

3
ol
0
00
70
i

w0

I
00
70
i

32

=5
00
70
i

AZel EE O3

18 3.4.3.

33
34
- 35

=3
00

-

70

i

Ul
Y

ol
3l
I3

i
00

Py

(=]~
Axy

8 345 U=

Ul
Py

ol
ol
I3

9
0

I

0

Collection @ chosun



ABSTRACT

Evaluation on the Failure Behavior of Steam Generator Tube with

Multiple Part-Through-Wall Flaws by Burst Test

Eom Ki Hyeon
Advisor : Prof. Kim, Jin Weon
Department of Nuclear Engineering

Graduate School of Chosun University

Steam generator tubes in nuclear power plants sustain the pressure difference between the
primary reactor coolant system and the secondary system of nuclear power plants. However,
steam generator tubes have been suffered from various types of degradation induced by
mechanical and environment stressors while in-service. Therefore, a number of experimental
and numerical studies have been conducted to evaluate the rupture of steam generator
tubes. Most studies were performed on a single axial through-wall flaw. However, in
practice, steam generator tubes with stress corrosion cracks were found by multiple
part-through-wall flaws. Up to now, studies of steam generator tubes with multiple parts
were insufficient. This study carried out burst tests on steam generator tube specimens
containing multiple part-through-wall flaws. The specimens were machined from steam
generator tube of alloy 690TT. All flaws were made by electro-discharge machining method

on the outer surface of steam generator tubes, and depth of 50% of steam generator tubes.
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In the experiment, 9 types of multiple part-through-wall flaws, including collinear axial
flaws, non-aligned axial flaws, parallel axial flaws, combined axial and circ. flaws, collinear
circ. flaws, non-aligned circ. flaws and single flaw were considered. The tests were
performed at room temperature with a pressurization rate of 1MPa/sec.

The interaction effect of axial collinear part-through-wall flaws diminished with increasing
the separating axial ligament length. However, the failure pressure by interaction effect of
axial collinear part-through-wall flaws deceased when the ligament between flaws was less
than Smm. In case of non-aligned axial part-through-wall flaws, the failure pressure
diminished with increasing the separating circumferential ligament length. For parallel axial
part-through-wall flaws, the failure pressure decreases the minimum at 90°. However, the
failure pressure increases when the ligament between flaws was more than 15mm. For
circumferential part-through-wall flaws, the failure pressure was similar to the failure
pressure of sound steam generator tubes. For combined axial and circ. part-through-wall
flaws, the failure pressure of length of 25.4mm was not the interaction effect. Multiple
part-through-wall flaws with length of 6.3 or 12.7mm failed by coalescence and unstable
tearing. The flaws with length of 25.4mm or 50.8mm failed by rupture at one of multiple

part-through-wall flaws.
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Collection @ chosun



=
[—

i1 & A

THoll At
FOF 2X

&

P

110

(Ol

3
KJ

AR

K

C
dge

b2 i o

IX
NE:

=
=

Kl

0L

~
KI0

o)

ol
ioll
ar

R0

ol
K
=
=)
Hr
=
JI
]

OIE

K
o
Kl

0l

&
—

HIZE O

AL

SHIt O SFA

ol A

o

T
=S
[

tI1
& Z 20l A

110

o)
ol

ol
of

ol
Rl

ANXNAE==S022 22 JIAH

il

_J
KIO

M
ol
o

=PI

2

oH

o)

)

Rr
H

Stress corrosion cracking)2 2N QUCH[3-5] 0l2 &0l

<
Al

fm

J

KT
=4

il
0F

10

Ju
)

o

oll
20

of
ok

Ll
Ok

o

.

10

i

-

Ju
)
Ll

et A,

UL

RIALE O

=]
=

Ol
I

CHoH Al EOHE &

—_

=
jid
g

Kt0

I
-

0l
Ul

i

<l
I+
il
0l0

1

=
[=)

dau, &

jid

0l

=i

Bl

I

_

=
1o

00
Kl
1o
<0

Collection @ chosun



A2 & SIE

0=
N
rx
e
)
_\"T'_I
e
>
0o

M1 2 S)EM) 82 AlEH 2 s

2 d70A AZE Hase 3U
MASHD &2 Alloy 690TT &< =l
MIINAN SERAFS(SCC, Stress Corrosion Cracking)0l 2T U= M2 Me=

Alloy 60001CH J12iLt, BT Alloy 6002 SOI2HAI| RIZO AFREX 2D Qe =0t

OtLlct A GFXI 210 I W20 =H2IF He SIts6thh [MetAd, 2 A2 0M=E
Alloy 690 8Z2t= 0|E0t0H AMES =dHoltA2MH, Alloy 6002t Alloy 6902 SCC A&t
d2 2 X0l Z20IXg, & A-0A ItotdXA ot JIHE d20% Ites SE8=2
2 X0IJF D1 20 Alloy 600 CH&!I Alloy 690= AFEGHRULE 2 AIS0H AFES=
Alloy690TT &Z 22 JIAHAE SdXls A0 AtES= dZ 20 et Heat?t LotJt Xt
OIOF AKX, =2 AIE2E HZ 22| Heat?t LotZ QUFAIE S e Z2UZ S=5SH

st

o olESEE LACH 22 3149MPalt 696.3MPall ), SAHAMES 50.2%0ICt.
AMEN AHEE AMEO ststxdg M EEAH(CMTR, Certified Material Test Report)&!
of Lk2 22 = 2.1.100 Hel5tALC

H 2.1.1. AlE0 AtEE Alloy 690TT ME 22| st X & (CMTR)
C Si |[Mn| P S Cu|Cr | Ni | Mo|Co| Ti | Nb| Al | B N | Fe

0.01]0.30|0.26 1 0.01{0.00|0.0429.6 |59.3]0.03|0.01/0.25|0.00|0.17|0.00 | 0.00 | 9.91

dg2 MSAE0 2oiA EPRINEAME Dot dE2 MEAIES MASHACH
ME A0l MEAIES] 20101 ks &N ®I| AddME dE2 WSAIEO 2B
ol Ol&0I010F ofd, WEAIE2 22 0| WMEAE 2 BHZRH HES
1.58F Olet EO0IMd <XIotd0F stChd Ligtld, Olo el WEAES & Z0IJt
200mmO[2&f 0| G4 OF LItE Of gets =X @, HEH S &= UCD It

Collection @ chosun



oA

(T/S) S &

=
—

ZHUH

|.

n
—

H(TSP),

ol A= &L
=

=1
=

INPN

=N

I
92%Jt &

(s

PN

00

K
0l

]
<
-
ar
0l0

ol
JI[d

AT

AE Solil =W

)
=]

B 11k 11

i00
Bl
i00
10

Kk
oM

o0

Uk

I
-

i
=

ol
a3l
5]

0
K
I

J
KI0

Mel 50%012t01H,

HanlUi34
HanBit34

TSP Crack Size

100
90
80 4——

ICH 37mmI)tX|

S

20l

2l

=22

-

20
0

HEZEO

adEE

HOIl A

v
—

S ONPN

g 211 8

d =
=

b XIXICHe
Ol 9} 25.4mm E+= 50.8mm

50.8mmO|0H, Ct& =Z0| &

=

-
=

bl
KJ

0l
Jy)

ii00
10
K

Ju

_l

q

=)
ol

Ol &

I=ONDARE,

ol
KJ

_I

=

5 R

[=1g=13

=
o

A
00
0
i

ol
60

=3
[a—

0l

gg
50.8mm Ol He=z 0

K]

o0
halll
i00
70
i

g 2.1.2

=3
—

R

=
=

Ols

Collection @ chosun



DOIA A ZALE <t

X

o
F

90°EL= 180°E L ZOIA RIXI0A

ii00
0
Kk
o0

i00
70
Kk

oF

o

2t XX

8 212 &8

AL

)

M0

ol
LY

IS
<

ok

[l
H

0

==
[—

Ju
K

ol
o0

F
U

ol
00
30

Ju

i

RO

i
=

ol
o0

ol RSl =

=t E(AS),

.

100
10
K

, APT),

(AP

OF
R0

o

ol B S

Al
ANT),

o)

|

50

AR(AC, ACT),

oll

BHEZ = Z (AN,

J
9

ki

Dl

o0

0l

-

n
&

ol
00
70
K-
o

Oel el E==ge Z<0l

Z BiXIE &E<(CRA),

oled
==

o=F

00
0

Collection @ chosun



| Hel S0l

O

- AROI

[=)
o

Olet Z2¢

=2

21

=
)E
o

A 2

[9]

RN A, CRN B

HHXI 0Nl CH

24 5H
=]

=

I-DI-Ol
= =

—/

H BHXIE E<(C
2

o0

1

D
KIo
il
e
N

3
ol

J

o0

o0

on,

2 0.13mmZ A Xl scC

8
i
0

44 Z<0ICH

= =
— o

EH

(EDM)2Z Jt235t%Ct EDMI}

=0l

o AJI2t Xl &

Sh
=]

Hr

1=
H

X2 HE20M SCC

0

a

ol
=89 =0] 0.2 ~ 0.3mm O]

St
=

z|

2:
=

&3

0l
00
30

ol

Hr

ol
o]l

1

il

220

gell

¢}

o3
ag

-

ol

o]
A

Ju

Collection @ chosun



H 212 42 IEANSE0 DA 2 g4 & Xl EEF
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N/A N/A
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APT-A 2 6.3/6.3/6.3 N/A 172
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Nonaligned
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ANT-A 3 6.3/6.3/6.3 N/A 1/1
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CRN-B 3 N/A 15/15 171
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