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Establishment of Replacement Criteria for Stud Bolts using on High Temperature
in the Power Plants

a4, AEI”
Namyong Chung, Munyoung Kim

ABSTRACT

The stud bolts tend to degrade faster by high temperature(over 450 ). Therefore,
replacement cycle inspection of stud bolts were carried out various method such as ultrasonic
test(UT), magnetic test(MT), wobble test, visual test and hardness test. Especially, wobble test
method has been applied to determine replacment evaluation criteria of stud bolt after long
time operation. We applied three different methods on the three site and the obtained data are
compared with the results from the evaluation methods. From the results, the replacement
criteria for stud bolts under high temperature in power plants are proposed.

F87]e40]: High temperature(i1<), Stud bol(AEJ= EE), Power plant(’d4Adnl),
Ultrasonic test( 53 7 A}), Hardness test(7 =A%), Wobble test(?]&7] &
%), Degradation(<d 2})

Nomenclature A : outside diameter of the stud bolt

4 . allowable depth, mm

H : counter-bore depth, mm Subscripts

LHD . Left side
RHD : Right side
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Table 1 Mechanical properties of bolt materials

Mechanical properites Balt Casing
Yield stength oy, [kgmm’] | >632 241
Tensile strength g, [kg/mm’] | >084 >5.2

Elongation [%} 213 215
Brinell - Hardness(HB) -3
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Fig. 1 Three types of damaged thread position in
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stud bolt after long time operation
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Fig. 2 Brinell hardness measured for stud bolt of

main steam stop valve
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Fig. 3 Wobble values measured for stud holes of

main steam stop valve before maintenance
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Fig. 4 Wobble values measured for stud holes of

main steam stop valve after maintenance
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Table 3 Replacement criteria of stud bolts according
to material hardness(Cr-Mo-W-V)

Exchange criteria

Inspection Remarks

Hareness| Evulation

> 360 | Replacement | damaged
290-360 OK > 25% in
Replacement | group

within 2years| (all bolt
(280 | Replacement | exchange)

Hardness
value(HB) | 280-289
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Table 4 Allowable depth for wobble test
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S
. ze Case 1 | Case I | Case I
(Diameter)
M42~M>56 254 1.90
2.03
M64~M100 2.03 165
_(b) B method
Size © Allowable depth, 4(mm)
(Diameter). (DH=300 mm)
22.4 x DH/300
<4"(101.6mm) x DH/
(1.216 mm)
>1.6 x DH/300
4"(101.6mm)
’ mm '(0.811 mm)
3.2 %%H%l AHE EE WHIIEY
SHE

ddMuE 12 2T EEY midREZ
B4 A% aAVF Fypgoeze 9
FAAE A% SAHA, AU 2% /7
g B3] 9% FHFY U vy
ZAH(ultrasonic test), E3HdElE A sh=d)
F2 AMEslE AT2A, UYAALe] A4 uir
Ao A% e 4% Frhgyel 9l

A}

ok Eg, AT T2AHAA F YA Ale]
g AFH 4 ‘4 - E3EA
(embedment)® A4¥WH o2 Uy AW
4 7AE —1—7”3}% 71€7] &% (wobble test)

go] Qo™ ¥

olgldt o Fr7|EAM §HAE Y
Us  ATEY YARE £4H10%0l3hdl = A
€51 e 71€7] 2 e &487 &
HE EE9 $YIAFR1AA JAMDY) urA
HAE e A9 V€7 EAHdE 43S v
A oy tg =EA By el o

AA B4 5 -&(critical stress)E Wil



e 12RA AMEE 2B E BES AZE 4

Qe 1A YA FEo 271880l 7t
22 &3 ustocl 8 7127 $4HEY
Hgo] BFFIth EE F /A WHAES
4, 71€7] FH)& BT AEE 1L AHE
BEJ g3t HEY Z3} oj= & W
wEdte] wAAN7IZE e EAH] 44
3, @A AHI Sle 7187 SAWHe
2t Aol wet ZAZE A FHEgtol
ANz gzy] qEd A2 @ged asAd
BA7NEE AHE7lel oEE EAIHel A
Ligs)

4.

HE S2E9 WADIIE &3

e kJ

L

[—
A
(=]

>

49 2%E FPHoz BMse B o 3
AT Y SHANE AHE BEA 89
Aoz ool QHFE BHE Ra
A e 2HE BEE Ao 499 2% 2L
24HQ A2 A8t F R gk
Aoz B @ WA F9E fstolol g,
E¢ 2HE BEY N A FER
E34(10% oHAE AZAAA 6.35mm(1/42]
AW Gustel Bugde st 10%o0l8
ERNAE AAHE Brkstel Ru@. =3,
E3AA A2 dedde A4 33
e Agate Bk 2dee, 2413
o %z Qste dual A8 A Aol
meisofe} @k,

Y E e AHE EY F$ AEA
% 7127 249 g% 2ES TATEE ]
g o QwHoE UT wEe Hrhgyol
gEstel Brhss A% A Yepte @4
2AE ARHen 71g7ld 9@ nArZ9
Hge 2 qust gt Aol @y ne
2ol ALgEE AHE BES 7871270 9
@ wATIZS dagUe BH7IEe Hma
of 71719 We HENA A AY Hojxof
Bk EW, 71971 240l 9@ aAsIEe)

7He % AFAL Hguo] Ay AA B
EZRA & 7170 g &Lz oiA
Zolg Uehllez FUFAos 71FEd m
A71EE HEse A @R dAMe 1
gote 22 3HEgS 71&73 vastg Hrlst
ook @t A 7127 Ao g Ay
H-F9 Hdgol 0734 mm, 033 mmEA
F ARAL 71EF &l L Table 4 (b)
9] B method?] &-€3zH1216 mm)Et} 2o
2 71€7] A o7 mA7|RdE 2A47}
A et

5. &2 &

AN ¢ ne 2HE 2EA g@ Ty
TBANZY FEE i §AA, Ad
3 BYE A% = 247 FEUAe Pa
g A% 7127 242 Eo e e
& A

e
i

) FAALel Q3] 10%018He] YubAb AF &
BelE 717 EHog BEEZ sl glo
W, &357F AR g dee ¥l
(critical stress)#9] &3o] 7}FHER 7] &7
U E HE3td yrlste AL Anrt ¢
on, 973g F#sto Auskes Aol FHHo

%2:
B = 3871Esd Aw
A e AR, A B
2 439 ddEA Fx
o8 A3 F Uk

FAel A gl B}
Aol i sc},

N
HN
o
"
ofo
FlF
>'_L4

HigA H6&E, 2000 285



g -

A

o
of

4) wAHNE 1 AHE BES BA7|E
e 71e7123 S8gto] ARAEE A2 o
2A AR o] FFHEA e &
gate] e &9 3 43he HEstoiol Ak

a8

1) "Bolted Joint Maintenance & Applications
Guide" TR-104213, EPRI, ppl0-13, 1996.

2) Age, AEY, 2F$, "2AE 72N
neRe g4 ] HRe FIIY B,
g7 A =24 A¥ A23d 10%, pp.
1837-1844, 1999.

3) “Current Topic in the Design and Analysis
of Pressure Vessels ASME,
1997.

4) “Analysis of Bolted Joints," ASME, pp. 1-133,
1998.

5) “Analysis of Bolted Joints," ASME, pp.1-169,
1999.

6) ALY,
21 3} AL, pp. 165-199, 1999.

7) "EEA Ry FRL PO AR ERICOLT

and Piping,”

247, " BEANTY ¥ANFTF

286 SI2AEASHIZEY

Hitachi LTD Engineer
TAA-93-001, 1993.
8) Toshimichi Fukuoka, Tomohire Takaki, "

Sheet, ES NO

Mechanical Behavior of Bolted Joint in
Various Clamping Configuration"”,
PVP-VOL.354, Current Topics in the

of Pressure Vessels
and Piping ASME, pp. 195-202, 1997.

9) F+¢, PEA, wE3, 7E&3, "7
AH4E 2= ZEY gy 92 AFS
A H7p, dqEnAss, FAteddE
23 A, pp.190-195, 1998.

10) "Steel Bolt Material", ASTM, pp. 185-

793, 1993.

Harold. A. Rothbart, "Mechanical  Design

& Systems Handbook", pp. 17-23, 1992.

John H Bickford, "

the Design and Behavior

Joint", Third  Edition,

Expanded, pp. 66-69, 1999.

"Thread Wobble

PGBU  Process

Westinghouse, 1993.

design and  Analysis

11)
12) An Introduction to
of Bolted
Reverse  and

13) Measurement  600930",

Specification Rev 4,



