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Abstract

In order to verify the analytical methods predicting failure behavior of cracked pipes, full-scale pipe
tests are crucial in nuclear power plant piping. For this reason, series of international test programs have
been conducted. However, full-scale pipe tests require expensive testing equipment and long period of
testing time. The objective of this paper is to develop a test system that can economically simulate the
full-scale pipe test regarding the integrity evaluation. This system provides the failure behavior of cracked
pipe by testing a wide-plate specimen. The system was developed for the integrity evaluation of nuclear
piping based on the methodology of hardware-in-the-loop (HiL) simulation. Using this simulator, piping
integrity evaluation can be performed based on elastic-plastic behavior of full-scale pipe, and the high
cost full-scal e pipe test may be replaced with this economical system.
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Fig. 1 A schematic illustration of piping integrity evaluation simulator

Fig. 2 Wide-plate specimen



wide-plate

INSTRON (Model 8503)
wide-plate ,
16
(multi-channel strain measurement system)
. (wheatstone
bridge), , (filter), (amplifier), A/D converter
16
1
(cut-off frequency) 10Hz  LPF(Low Pass Filter) ,
40dB, 54dB, 60dB, 74dB . main control
PC . Fig. 2 6 wide-
plate
(Direct Current Potential Drop; DCPD)
Fig. 2 3 .
10 DCPD
(multi-channel DCPD system)
DCPD
[14].
V. _ cosh” Ycoshipy/ 2w) / cos(pa/ 2w)] o
Vo  cosh™L[coshipy/ 2W) / cosfag / 2W)]
D
a= ﬂcos’ 1 , cosh(y /2W) . @
P cosh{(v /Vo)cosh' l[cosh@oy/ 2W)/ Cos(|c1aO / 2VV)]}
' aO VO ’ a V
(1) (2) a/W 0~1

. Wide-plate Fig. 3



o Current puf

[~ Measurement | o
\ =

4 Points ™ 2y
! i ;
= & =
a -
s —

Y -
* Current Oufput

Fig. 3 Wide-plate specimen geometry and electric potential wire placement locations for Johnsori s
formula
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Fig. 5 The configurations of wide-plate
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Table 1 Material properties for the wide-plate specimen

Wide-plate specimen

(SM45C)

Young smodulus, E

207

(GPa)

Yield strength, sy
(MPa) 466
Ultimate strength, su

977

(MPa)
0.3

Poissori sratio, u




4.2Wide-plate HiL

Wide-plate HiL 200kN-m
15
. HiL
Fig. 6 22 mm
— '
Fig. 7
, 22 mm 7 . Fig. 8
. Fig. 7
1 2 7
(necking)
2 DCPD
1%
DCPD
0. (06 7
—— Exprirrimental Data »
= = =Loawiing Schetule 4“]{

00004

; |

B

&
0.0002 | ‘F
0. 0000 #

(=

20 a0 Gl 80 100
Loading Sequence

Fig. 6 Comparison of strain values between loading schedule and experimental result
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Fig. 7 Variation of crack length during the simulation at each loading step

Fig. 8 Ruptured specimen after HiL simulation

5.
HiL
DCPD .
(GE/EPRI
Limit load ) (crack initiation load) (maximum load)

LBB



(1]
(2]

(3]
[4]

(5]
[6]
[7]
(8]
(9]

“Water Hammer in Nuclear Power Plant,” NUREG-0582, USNRC, 1979

“ Erosion/Corrosion-Induced Pipe Wall Thinning in U.S. Nuclear Power Plants; NUREG/CR-1334,
USNRC, 1989

“ Cracking in Feedwater System Piping,” Bulletin No. 79-13, USNRC, 1979

“Investigation and Evaluation of Cracking Incidents in Piping in Pressurized Water Reactors,”
NUREG-0691, USNRC,1980

R.M. Roidt, et a., “ Testing and Analysis of Turbulent Penetration and Stratification in Unisolable
Piping System,” Westinghouse RP 2291-01, 1990

G.M. Wilkowski, et al., “ Degraded Piping Program — Phase 11,” NUREG/CR-4082, Vol. 1-Vol. 8§,
1984

G.M. Wilkowski, et al., “ Short Cracks in Piping and Piping Welds,” NUREG/CR-4599, Voal. 1, No.
1~Vol. 4, No. 1, 1994

G.M. Wilkowski, et al., “International Piping Integrity Research Group Program,” Final Report,
1991

G.M. Wilkowski, et a., “The Secondary International Piping Integrity Research Group (IPIRG-2)
Program — Final Report,” NUREG/CR-6452, 1996

[10] L. Michales, “ The Use of a Graphical Modeling Environment for Real Time Hardware-in-the-Loop

Simulation of Automotive ABS System,” SAE Paper 930507, Society of Automotive Engineers Inc.,
U.SA., 1993

[11] U. Sailer, U. Essers, “Rea Time Simulation of Trucks for Hardware-in-the-Loop Application, SAE

Paper 942297, Society of Automotive Engineersinc., U.S.A., 1994

[12] M.W. Suh, Y.J. Kim, et a., “Hardware-in-the-Loop Simulation for ABS,” SAE Paper 980244,

Society of Automotive Engineersinc., U.S.A., 1998

[13] ABAQUS User smanual, Hibbitt, Karlson & Sorensen, Inc., 1998
[14] H.H. Johnson, “Calibrating the Electric Potential Method for Studying Slow Crack Growth,”

Materials Research and Standards, Vol. 5, No. 9, pp. 442~445, 1965



	분과별 논제 및 발표자

