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Analytical Study on Creep Behavior of a Tube of Coolant Piping System in
Nuclear Power Plant
(Contract Research)

Noriyuki MIYAZAKI*', Seiya HAGIHARA*?, Eiichi CHINO*?,
Yu MARUYAMA*' | Kazuichiro HASHIMOTO*? and Akio MAEDA*?

Department of Reactor Safety Research
Nuclear Safety Research Center
Tokai Research Establishment

Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 12, 2001)

During severe accident of a light water reactor (LWR), reactor coolant piping
would be damaged when the piping is subjected to high internal pressure and
very high temperature due to heat transfer from high-temperature gas and decay
heat from wall-deposited fission product (FP), both from degraded core. In such
a case, high-temperature fast creep deformation could be the main cause for the
pipe failure. For the evaluation of piping integrity during severe accidents, a
method to predict such high-temperature fast creep deformation should be
developed, using a creep constitutive equation considering tertiary creep behavior
which has not been considered well in the pipe failure analyses.

In this study, a creep constitutive equation was developed first based on the
Kachanov-Ravotnov isotropic damage rule that considers the tertiary creep
behavior. JAERI creep tensile test data for both nuclear-grade cold-drawn
SUS316N and hot-extruded SUS316 materials were used to determine coefficients
of the developed constitutive equation.

This work was performed as a contract research from FY1997 to FY1999.

61 on loan to Nuclear Power Engineering Corporation (NUPEC)
42 on loan to Japan Nuclear Cycle Development Institute (JNC)
*1 Kyushu University

*2 Saga University

*3 MRI Systems Inc.
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Using the developed constitutive equation, finite element analyses were
performed for local creep deformation of coolant piping under two temperature
conditions: uniform temperature and temperature gradient. The analytical
results indicated the damage variable being integrated following the evolution of
creep damage can indicate pipe wall internal damage condition quantitatively.
The damage variable was confirmed further to be able to reproduce the
observation in JAERI piping failure tests, that is, pipe failure from the wall outside.

Keywords: Severe Accident, Reactor Coolant Piping, Pipe Failure, Fast Creep
Deformation, Tertiary Creep Behavior, Isotropic Damage Rule, Creep
Constitutive Equation, Damage Variable
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Table 1 SUS316 @51k XM OFIRIEICT T D

#(5), (6) FH D FRIKE

Damage & Creep Constants

Temperature® C P g o B ” - ﬁ m
600 9.700000E-22 | 4.0 | 7.5300 | 1.4871E-46 17.34687 | 0.5 3.7E-15 5.07500
650 5.000000E-21 | 4.0 | 7.6400 | 4.7723E-36 13.83154 | 3.5 3.5E-15 5.29999
700 4.503300E-19 | 4.0 | 7.3000 | 1.6534E-25 10.02782 | 5.0 1.2E-14 5.38000
750 2.244305E-18 | 4.0 | 7.5420 | 1.2481E-16 6.627138 | 5.0 | 2.3E-14 5.58000
800 4.500000E-17 | 4.0 | 7.7407 | 4.9234E-15 6.405488 - - -
850 1.500000E-16 | 4.0 | 7.7407 | 4.1919E-13 5.957083 - - -
900 6.000000E-15 | 4.0 | 7.7407 | 5.6771E-10 4.670127 - - -
950 9.0000000E-8 | 4.0 | 4.0000 | 5.6859E-09 4.479798 - - -
1000 2.2500000E-6 | 4.0 | 3.2000 | 4.6727E-08 4.293790 - - -
1050 2.2500000E-5 | 4.0 | 3.0000 | 9.0000E-08 4.200000 - - -
1100 5.0000000E-5 | 4.0 | 2.8000 | 4.2170E-07 | 4.150385 - - -
1150 1.5000000E-4 | 4.0 | 2.9000 | 1.0000E-06 | 4.226699 - - -

Table 2 SUS316 FARH LA O FIEEIZB T D
HK(5), (6) P OLREAE
Damage & Creep Constants
Temperature® C
A g| p B n
600 2.50E-9 2.0 2.50 4.56E-49 18.40000
700 1.00E-9 2.0 3.00 9.81E-32 12.80000
800 4.10E-9 2.0 343 7.00E-17 7.000000
850 8.90E-9 2.0 | 3.65 7.11E-14 6.226016
900 2.10E-8 20| 393 3.04E-9 4.062037
950 1.10E-7 2.0 4.00 2.67E-8 3.857000
1000 1.00E-7 2.0 4.00 1.00E-7 3.500000
1050 1.30E-7 2.0 4.00 3.01E-6 3.020000
1100 2.80E-6 2.0 | 4.00 3.04E-5 2.500000
1150 5.80E-6 2.0 4.00 1.42E-4 2.360000
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Itk Bl RFICTY sr 1u=1.66054x 10"? kg 107 7 v d
1072 + v F c
] 1070 | 3 ) m
%3 BEOEHA LD SIHIT A N “
x4 SIEHicYgENI B
| fhod STESGE : 0+ v n
it 7w as |B03 18 Y S 0280 0| e Al g
& i ¥~ » v| Hz| s % W 2 5 107 72 4h f
] =Za2—-bF¥Y| N m-kg/s® V7R Lo— L A 107" 7 + a
T B, & Hl|x = A | Pa N/m? < _ y b
Thvk- HH, Mm@ | Y 2 — | J | Nm < = al| bar GE)
T &, RME|7 » | W/ Js . vl Gal &1 50 [EBESER] B5 K EE
dx . EH)7 -0 v C i As ¥ a2 Y -| Ci R 1985 FRITICK 50 7750, 1eV
&b, %lt.ji%?‘) Kow MLV WA VR N R HLU 1 udDiEid CODATA O 1986 S #:12
B & B &|7 7 7 F| F | CV 5 K rad Ik -1
& @ & Hi|Fr - 2| 0| va v | rem - }
svss s val|lv-svals | AN 2 RARUEBR, /o b, Tor ATy
i Fi|lm = — | Wb| V.s 1 A=0.1nm=10""m “AEEFN TV ENBHEOHRMLDTC
R ® OE\7 27 : abxﬁ 1 b=100 fm?=10"%* m? CTREBLE.
1 ’: z ; zﬁ;; ;wi/v)xr* i b | bar—0.1 MPa=10°Pa 3.Abar li.AJIS’Gtiiﬁi“ﬁK@Eﬂ’&ﬁb?'tﬁ
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9.80665 1 2.20462 h 0.0980665 1 0.967841 735.559 14.2233
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