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Abstract

Since early 1950°s fracture mechanics has brought significant impact on structural integrity assessment in
a wide range of industries such as power, transportation, civil and petrochemical industries, especially in
nuclear power plant industries. For the last two decades, significant efforts have been devoted in developing
defect assessment procedures, from which various fitness-for-purpose or fitness-for-service codes have been
developed. From another aspect, recent advances in IT (Information Technologies) bring rapid changes in
various engineering fields. IT enables people to share information through network and thus provides

concurrent working environment without limitations of working places. For this reason, a network system
based on internet or intranet bas been appeared in various fields of business. Evaluating the integrity of
structures is one of the most critical issues in nuclear industry. In order to evaluate the integrity of structures, a
complicated and collaborative procedure is required including regular in-service inspection, fracture
mechanics analysis, etc. And thus, experts in different fields have to cooperate to resolve the integrity problem.
In this paper, an internet-based cooperative system for integrity evaluation system which adapts IT into a
structural integrity evaluation procedure for reactor pressure vessel is introduced. The proposed system uses
Virtual Reality (VR) technique, Virtual Network Computing (VNC) and agent programs. This system is able
to support 3-dimensional virtual reality environment and to provide experts to cooperate by accessing related

data through internet.

=

—

1. M

AMA HzxZ 9= ZFv]S(Calder Hall) 9A-3

T yaagew
E-mail : jochkim@safes.skku.ac.kr
TEL : (031)290-5277 FAX:(031)290-5276

AdBjstn 7] A 3R
P R |

3H917)7) 35

166

BT Thes AFE o)FR AAHEHAS A
50 dEe Ao Faxtlolrh s vk X1
Wl A s Abals Hie A S
2 A s ;TR oh Aol AR
AstE = 5 Aes T wHh A Y] Fado] w7t
Hal ik mepA AbgA s ek dxE wd
& bes A B 2 AVl A
B G dAVIeR BRE I QUL 2]

A Az dsiM = F714Q v A



2004

AL Zasolel shw wrel Agte] ww
ASEM Sec. XI[3]3 2& A% 1A Z=o] uhe}
A7 Ak ol Al mEE ARhukel
AUE AL WA AY AAE L 3
of AAlz A ARABIN B Az 0§
o] e waﬂolﬁ}%lssnﬁw1g
 BHe AT EYrt s T2, 4, 5]

21 Al71el= AKX 7]<=(Information Technology:
IT°] 3ol A4 S w27 WeA|7]aL 9o
H, AHEA AEE WEAT 7INke] AZEgo=
AEAQ PC 7|Hke] AT EOIE diAstal o]
Hlz=U o] e Avker JaFs m AL ok
Htol tiF-Ee 3AbelA = AAMY Ad e

(Enterprise Resource Planning: ERP)A| =818 =913}
al 9lom ERP A|AEIE o] &3 Hl =4 2
#H ARE At Ak AdH3IJALA = LA}
d Ao A2 E 9ld ERP Al=HS E¢i8h
o] Z&AE Folvd Ausidt 28y &
ERP A2=®le a8, 914 &g 59 H&H
ArRE A8 glow AT Ve 7
A o o] HEA| A ofH xEIFFE o] Q)
& Th ERP A =EE 7]7]9] AL e, <A
ol A&st7] fsiMe 7154 BERA|Z=E
A 25 EIAI7]= Flo] FHastrt
Az T 71719 wH=EE 74
Ho o oo A 71 & (Containment
Building) Well #1x]sta It} oA Axp= St
2]  &7](Reactor Pressure Vessel: RPV), 7}$}7]
(Pressurizer)®} 7] A 7]|(Steam Generator: S/G)
s ZE Fa77E AR AR mFEo] Q)
ol AdgdEe] os) Agwo] vt whet
7—1%’@% ol A Abghe]l @ HEh A S 3}
5 et ey

AR e

j
2=

r

Oé] 5

[e)

br

O:

oo rf 2 Fo
O

oL
[}

J
H;

rﬂ“@

£

- 2~
- T
TQ7

[‘

ﬂHﬂJ

el o i o

=

oo o i O fo
ol ol
-
32 N

oo BTSN e 2 rr 2 N
ot

T

167

1,

g gsiE A
A A =
1% elEai
shets} 915
PARS o]x;]_ Tt

ox o T ol £ of)
e foro

Azl
Reality) 7] & 2]

Reality Env1ronment) 0]
-85 L

013131 7}%§4_*E‘(Virma1

7133 A 87 (Virtual
AE I 7IRES] AJ 2o A
ATk 7MY dAL 3 A FAH 7HA g
& g oE AT 5 Q7] ol ¥ o
2] 7HA EokellAd  &EEtAl AgrHa 3l
Matsubara 5 [6] HAFE AL gk 7HdskE
%17 (Virtual Learning Environment; VLE)S 7]HFo. 2
A7) pdA ARGl YA £A AL (Loss
Of Coolant Accident; LOCA)°| 33l $6S 9
st 2|53 Shs5 A 2~El(Intelligent Tutoring System;
ITS)E W8T Knight [7]1 7Hd WAbs B

=

aS JfEate] A v Ao VA9 S
rﬂfa WARA o] ks Atskelth

ol AE AREAE QI Ul A dxpE
Aol digk 7PEAES & 5 e /MFEEEH
S Esielnh JidE JpddAs e AR
=S 7122 o 2L WA Alo] Eite)F-E] W
- Fa77I7MA gAEtaL AeAE AR S

TSRS 7S o
H+= 3 X}ﬂ PFAako] 28 MicroStation[8]9} 1-
DEAS [9]& Ah&stion 7MEddsd A<
Cosmo World 1015 AF&skoich g 7Hgd s
7 AREA s AA AlolE, F 7|79} 3}

o] Aol Q= AYAR

R Q Lz ALE

ME‘QZP‘Zl s

el fAe G TP S Fa
SEERCE L)
sto Z87]719) o
SRERE R E e

LI
=
§71
ok &=
ki
A

[e]

rict

Y,

[o
T
o
=
Y,
o

it
B

N

o} 3}
=

T slem d a3 ¥ES 2
24 Y e Ans
LB G YA = (Anchor node)g]r Apap2~
AHE(avaSerip) & ©] &3t AbgAret TP EA
o] A= A& & A== WAt whebA A
b= TSRS UellA vlolHulo] Ao 2=
agel A& ¢ Aok =3 wd pEEds
A2 g BeEbeAd A A7) wed tdd

RL

i



2004

Plant
ofe] W2 HE7he] el Zask AdAd HutkE
s T2 A 7 FHES AT

3. @ Clo|EHlofA AlAH,

A dolEHol A= JIFYL ARGALIAl dE] A
SHal i, e ws AR & us AREA
o] &A1 Aol 7hssitt ol @ o= 4 ©lo]
EHol e A Al =
Fujita 5 [11] YA dA4o] A EAFX] A HA
2~¥l¢] Data-Free- -Way & Z olgyr|ute 2 st
t}. Data-Free-Way = =4F3 dlolg o] ~2 o]

E7F Auel 24 Agselgon Qe E
A 018 # vk TWIAE HE3 S22

NS ST AH=4 dolHHo]x HAAAE

& AEste] £HBIL ANALY EE AR

sRg gEah A7E St Aok
B oeRdAt 942 488719 AAYBE
Ak A dolEvlol 2 A2 E AU, A
B 9 doleuol st dudon A% Wo} w4
A Bag doltl = HEE A4 AR, AREA
el

A, 7171 F4 dl 1E19‘r & dlo]
St 9tk YA (Web server)t= %2 (Linux) 2F
Aatoll A FEa o™ §) dojEHo] A~ FHe=
MySQL[13]3} PHP[14]E AF&3F3ic)h 1 ool e
o] A 2~EE SHo|AE/AN WAooz FA3)
Rom Sefo]dEeE A Aol F4l& UES
AL F3l AHUA o] FolHn. 72l 59
oA A= dHeoly Aot #eE, FFHA/EST
To 99elH, ZooldER] AHEAE EES-
sto] HolH & =5

[SRR=}
] (Web browser) & ©] & AME I

4g57) Mgk

168

1RO BO DV D0 S0 8w

Reactor Pressure Vessel Stress DataBase

=

0}
IO BED TKY BAOW SHD SERW

Westinghous-Stress Distribution|
Kori Units 3.4 Yonggwang Unit 1,2

Reactor Presslife Vessel

gee @ e

WO BD ¥IY

POW EHD SARE
AW W0 W, CocumarWemaweamssotT t

BEEO BEE® ¥AW BARNS EID Sw®

In-Service Inspection Web DataBase

Unit Name. Unit £2 PTName. samplent

Opertional Data.

Sotecnal Prossare.
—— WO Vempessewre (U] | 22

Service Conditems

Shuttonn Peiod
15 e 13 tvauasen Portod 1P

AGS Respomma
Moury

Prossure Tube Data
2m ot Radivn Change [
ass Thickness Change [me]

Innes Radien [
Thickmens fmm

Materiai Data
Finalthydaogen [yl
Fwence Lovel V]

inial Hydiogen [ppnl
Deutartom Incre Sp—
PTCT Contact

Yes PICT Cantact Lacation fmas]

Depth(a) 120
Wittt ) 150
Motch Radius fmin) 1.

o Web Dvabase esigned by Mo S50 Jron  Jeeg Chicn

Fu BAE

(b) In-Service Inspection Database
Fig.2 Access to stress and ISI database in virtual
reality environment

ek e W dolEuol 2t A4 Qe

o] AZA¥ FFEE ol&3te] ¢ BHepeARIoR
weA delHE HAAY 4-9d
dEd dHolEe RE AFEA A EA
T ol A7k Aol Adett. Fig
Fiaded s Ade 1 gl Mol ~

N

o] 7VET

?g_ﬁ 74x4xh)r e
A7l 7] 28k %
olggt HxE A
(Fitness For Service: FFS)Z}al gt} 7
ol oo Y= Q&) thefA = ’\]ﬂjﬂr

o] @ol] Aa¥e v MY wE B

ol X
oo NN fo my mY

o
)
o
of,

=)

)

Sec X1 Oﬂ 7]&&



ol b do O o &

l ZH*HHH

oo g
S

2004

[x]
Crack Type Crack Orientation Crack Location
& izl & Embeded in Innersurface
SURFACE (ASME) e creumeea © Embeded in Outersuriace
Crack Geometry
Crack Depth(a) TG | Internal Pressure - T tksiy
CrackLengin( 1) () | Cyclesfor Caloulation [ 1
Surface(s) Distance TT00n | StessDatabase select
Remark
t
a
2c-1
Ri
9 H
Java Applet Window

(a) Input Dialog

x|
Critical Crac
o Scale |
v
ele
Current Crack Size
181 an 2034343
o) 2285061
Critical Crack Size
ain A
Remarks
Initial ——
0483 1086 1689 2292 z.395 Final —_
a(r) Current
2
Java Applet Window
(b) Output Dialog

o

o]

i=]
-
Tz

3 FdrRe the

EXE

Fig. 3 Windows for FFS assessment of an RPV

2 (Fracture Mechanics Analysis: FMA)S <~
B AXdAY Fo S g5 5

A o

b=y 7H%}8}M1:} ;Lé oH/H,] ole] go)
o] A2 RE XA ALE-A}7}F

glolgel 3t f3ta

oo = AR T E WS A}

234 BEo QEol2E Fohd
Folt= gulolEE 9 ol ulo] 4

ARG A AT AREAL Q1H

Hlo] 2= JAVA[IS|E AFg3tglom sz w e
SHE A Al AAsAn. 9 A et 8
A Afole] E412 FTP(File Transfer Protocol)
ALEeFITh Fig. 4 = AAR S 7] HE

[e)

-
A1
S

=

=

169

"l ‘ .
i | H R
(a) Pressure (a) Axial stress
ol
B
(b) Temperature (b) Hoop stress
Finite element model Transient Analysis Results

Fig. 4 An example of structural analysis on RPV

Inspector - O

@ Search VRE \ Agent Program
@ Save ISI data \
I!i :! : m! @ Digital Signature ~ Agent for Inspector
S Step 1. ...

FMA Engineer<= Step 2. ...
® Search VRE i
@ Search ISI data 1

g ?aaArch data PN Agent for FMA Engineer

® Save FMA result FEENS gtep ; -
® Digital Signature ep 2 czo

Regulator <= — _ %
@ Searclﬁ‘lltzto S Agent for Regulator
@ Search ISI data % Step 1. ..
® Search FMA data
@ Save regulatory
comments
® Digital Signature

Step 2. ...
i

‘N FMA Analysis

3 702

FMA Engineer and
External Experts
@ Search VRE
@ Search ISI data
@ Search FMA data
@ Review regulatory

T 3 comments
- ® Save
support report
Data Warehouse © Digital Si;nature Applications
Complete

Integrity Evaluation
Fig.5 Integrity assessment procedure using the
agent program

Tz #4e) dF e Ry

6. OlOIMEE 0|83 oIz B
Alag

13
=1

ZhabgL ol FoRe] we dEIIE
Fglol dasty olfs st s
gate] AAFG L Fig. 5l YeERAAT A
A= HARAH(Inspector)= 7HEF HAME ekl
AAEAE e wrd HAbEeh Aol A
Az 7l AZAAEL 7R Y= FMA

>, oY

[ o
o

B oy o,

o

o
AU o] (Engineer)= 174 AS FaAsHA €
A Ads dnkAow A IIAAY] A
23l TF A AH(Regulator) off Al H It} A
Al AL B3 AL AA-I dY se= <l
a BHE Fido] AfEY oldd EAE A
al7] 98l AEHl olo]HE 7|9kl PPYA AEES
A ora AT Yoshimura S[16]2 thar= H A4
I 2139 ADVENTURE 2 7§2-8td A AL-g=17}

iis)
c

<l

.

o

2 ol L1

O,



2004

i B4 e AAFE FAskA FaL dlo]d
Eo Egg Wwol Zras YT F UA=EF
qolHE AA®S A7 v vk TR dlo]d
E Al2"e M2 g Gl Adygss =
2Ok 2AE skt AeAdd 9T
T8t AHEAbE QX PC oA dACE
A&t g2 PC 9] ADVENTURE & 233

& qle,
B mRo A doldE suke] zm gee
7] 117497k Al 2= ¥l(Agent-based Reactor Pressure
Vessel Integrity Assessment: ARIAS)E 7)2&}S]t.
Fig. 5 o] Yebd 243 AR, FMA <Ay of e}
AR A ke BAR A s
Aot oy oojdE Zzawe Fed HHS
AME FAY £ JuES AR EshEd
o] dES] 322 Fig. 6 o e AR
A= da3k deolHE 9t dold
g ozdel id Agle Afn Ade 73
AREAFAl St F e =N Ho =i A
de AL F vk cejdE ZrIH
<ol Hlol g mo] =9 s =

g 31
SR EFsn A% delHE doleuol

=
=
A

[m 2

N
-

<
T

g 9 &)

= -

[e)

= 43e] oy delvh ol

7] 9l ARIAS o= 7 UEYA AFY
(Virtual Network Compution: VNO)[17]7] =& 5 53}
STE VNC = AMujo] &3 B= ARgAelA 5
dg aed AEE AFaFH vheset J|HE
AHES Fell daAES AleE o Utk Fig. 7
AR TFE 913 VNC 7153 A3 ool

e Aol

=

ZRage] &

(M rlo to

7. B &

I AA2 b 87 AX8HE7HE
U7igh dgr=gs sty A

2 oeo]HdE 7|vte] e ¥ Er] A
4 7} Al2~El(Agent-based Reactor Pressure
Vessel Integrity Assessment: ARIAS) S = 7} A
7, S deolgwo]l~ Al2®l AR BE, T

i
ri
2
il

o o rf
ln!

I ro,

]

=y o

170

User

Plan of User Guide Plan of Process

Input data View Result and data

v

Agent Program

s
Input for FEA
Input for Assessment

Search for Integrity

Analysis Result

Data

v

Application
Assessment and analysis module

Fig. 6 The role of agent

Client

Web Browser

Server

Transfer ARIAS

Module

7

VR Environment

Review Agent

i

’ p é ' (VNC) (> | Fitness for Service
Web Browser . Real time Structural Analysis
:#/Communication
Module

Web Browser

=—p Control input device ..... » Commander
<= Display information = <** Result of commander

Fig. 7 The structure of ARIAS for reviewer

ZzaA BEI Jdo]HdE Zgamon FAFHC
ool ME =2 a3le HAAL FMA <A Y o], Al
2kl AEA ek AE ZTzooo] glom siE
oo]HE =R FEshe AFEAEe] A
7t HA4E Boa A4 Hrbge] #ek BE
JR T ARIAS o] ofsf Hejech 3 2y 4
HE 7oz QIEYoA HduE Alxglo=m
AEAR AAZHF7 AAE FIAA Ao=m 7

SR

_

P

ik
Mo
ok

(1) Choi, J. B, Kim, Y. J., Pyo, C. R., Kwak, D. O.,
Park, Y. W., 1999, “Deterministic Fracture Mechanics
Analysis on the Integrity Evaluation of RPV Under
Pressurized Thermal Shock,” Trans. of KSME (4), Vol.
23, No. 8, pp. 1425~1434.

(2) Huh, N .S., Kim, Y. J., Park, Y. W., Jun, H. K., Choi,
Y. H., 2001, “Development of Nuclear Piping Integriry
Expert System (II) - System Development and Case
Studies,” Trans. of KSME (4), Vol. 25, No. 6, pp.
1015~1022.

(3) ASME, 1998, “Rule for in-service inspection of
nuclear power plant components,” ASME Boiler and
Pressure Vessel Code, Section XI

(4) Huh, N .S., Im, C. J., Pyo, C. R, Kim, Y. J., Park, C.
Y., 2000, “Development of a Three Dimensional Elastic
Plastic Analysis System for the Integrity Evaluation of



2004

Nuclear Power Plant Components,” Trans. of KSME (A),
Vol. 24, No. 8, pp. 2015~2021.

(5) Kim, Y. J., Suh, M. W,, Jun, H. K., Park, Y. W. and
Choi, Y. H., 1997, “Development of expert system for
nuclear piping integrity,” Nuclear Engineering and
Design, Volume 174, pp. 69-78

(6) Matsubara, Y., Toihara, S., Tsukinari, Y., and
Nagamachi, M., 1997, “Virtual Learning Environment
for Discovery Learning and It's Application on Operator
Training,” IEICE Transactions on Information & Systems,
Vol. E80-D No. 2, pp. 176~188

(7) Knight, T., Dalton, G, and Tulenko, J., 1997,
“Virtual radiation fields-virtual environment tool for
radiological ~analysis and simulation,”  Nuclear
Technology, Vol. 117 No. 2

(8) MicroStation, 1995, Bentley System, Inc.

(9) I-DEAS Master Series 9, 2002, SDRC, Inc.

(10) CosmoWorlds 2.0, 1998, SGI, Inc.

171

(11)Fuyjita, M., and Kinugawa, J., 1999, “Material
Information System on Internet,” Proceedings of an
Intelligent Software Systems in Inspection and Life
Management of Power and Process Plants, pp. 127-144
(12)Huh, Y. H., Lee, W. K., Kim, J. H., Jung, H. G. and
Moon, H. G, 1999, “Construction of Web-based Creep
Property Database System,” Proceedings of the KSME
1999 Fall meeting A, pp. 333~337

(13) PHP, 2004, http://www.php.net, The PHP Group.
(14)MySQL, 2004, http://www.mysql.com, MySQL AB.
(15)JAVA, 2004, http://java.sun.com, Sun Microsystems,
Inc.

(16) Yoshimura, S., et al., 1999, “ADVENTURE, Annual
Report of ADVENTURE Project,” Univ. of Tokyo

(17) Virtual Network Computing, 1997, http://www.uk.
research.att.com/archive/vnc/index.html, AT&T Labora-
tories Cambridge.



	Paper List
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장
	제8발표장
	제9발표장
	제10발표장
	제11발표장

	Author Index



