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Optimization of inspection interval by applying performance based maintenance concept
(Assessment of change in failure probability by probabilistic fracture mechanics)
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Abstract This study is aimed at applying the performance-based maintenance (PBM) concept
to determine inspection schedule. Previously, the time-based maintenance concept has been
applied to determine the inspection schedule for nuclear plant components. In the PBM concept,
frequency of inspection is determined by operation time before the inspection. Duration before
the next inspection is extended if the component indicates no cracking for a long time. In this
study, the change in structural reliability due to applying the PBM concept was investigated
by probabilistic fracture mechanics analyses. In order to calculate the probability of leakage or
fracture (failure probability), growth of fatigue cracks initiated at the primary coolant pipe of
pressurized water reactor nuclear power plants was simulated considering variations in yield and
tensile strengths, fatigue crack growth rate, initial crack shape and so on. It was demonstrated
that the failure probability was reduced by performing inspections according to the time-based
maintenance concept. Frequency rather than detectability of inspection had a larger impact on
reducing the failure probability. It was shown that, by applying the PBM concept, the number
of inspections could be reduced significantly without increasing the failure probability. It was
concluded that the PBM concept could optimize the inspection schedule.

Keywords Performance based maintenance, Inpsection interval, Probablisitc fracture mechanics, Fitness-
for-service, Fatigue crack growth, Time based maintenance
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Fig. 1 Schematic drawing representing how to reflect inspection results to future maintenance
(concept of performance based maintenance).
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Fig2 Model for primary coolant straight pipe with a
circumferential surface crack.
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Table 1 Mean values of material strength parameters
predicted by TSS and H3T models
(Kawaguchi et al, 2005).
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Fig. 3 Fracture probability for given crack depth
obtained by Monte Carlo analyses. Prediction
model Eq.(6)was derived by a regression of
obtained probabilities.
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Fig. 4 Crack depth distribution used to determine
initial depth in the Monte Carlo crack growth
simulation.
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Fig. 5 Distribution for crack shape (aspect ratio a/c)
used for the Monte Carlo crack growth simulation.
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Table 2 Applied load conditions for crack growth

analyses.
Number
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Fig. 6 Thermal stress distributions in the depth
direction used for crack growth analyses.The
number of cycles for each distributions is given
in Table 2.
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Fig. 7 Probability of detection (POD) curves assumed in the Monte Carlo simulations. The shape of the POD is
determined by the mean upop and standard deviation opgp,.
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Fig. 8 Leak probability obtained by the Monte Carlo
simulation in which fracture and inspections are
not considered.
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Fig. 9 Fracture probability obtained by the Monte
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Fig. 10 Effect of initial crack depth on probability of
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The crack deeper than 0.075¢ caused leakage or
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Fig. 11 Change in failure probability by conducting
periodical inspection of upop = 8 mm and opgp =
tpop X 0.1. The failure probability is normalized
by value obtained assuming no inspection.
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Fig. 12 Normalized failure probability obtained for
various inspection conditions.No significant
difference was caused by change in the POD
curve.
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Fig. 13 Postulated crack growth curve (P-curve)
obtained for fatigue crack growth under
thermal stress and initial crack depth of 0.1
mm. The fatigue life N; was defined by leakage,
which corresponds to crack growth to 75% of
pipe thickness.

ZUREONE AL 72, BusidRm TRk E &
DR BB I EWPT 720, BEDPELS LD LR
OB AT T 5.

P-curve OGN O#EE LU N, TIEH/LL T 5
H%, T X ) P-curve 285 (9) @ 5 FLIE R fif T O
KESIWKAFE LR LS 25, T2, B EBRICH
W BRERE, (ZEAREL MBI SRS
Lawd, &AL WY, Pcurve I 5%
TAHRFE LTI, WERR-EoMic, BREE
HEEICB T 2 Boe s (X9 030 L% 5.
Pcurve x W TR SN b1 Lt ODBFRE 14
WRT. BEOBEBMER L ) X 1,2,5, B
X8 mmé& L72aofR%a/,R L7z POD Hi#
DI BRI DI ppop, E TR, 1 gy (FTE R
MICEFRSNDMIMBR L 25 2 LIEESINL
WVl gy &8 mm & U725 A DRI 1 FIRAT
RKEINS.

les = 0.538 1., (14)

Rl B ORI 2 A, &35 &, FE MR
SNZHE D WA DA B At 1 ZRK T HE &
ns.

A < Max{t Al } (15)

insp res 2 insp

ZoRTIE, KEKE T CoOMERRIE, hE
TORERMM AL, L VEL 25 LIFFFRELTY
. SO X, ENIERE TR L OERYE
R D RORAEMRBICXBEINL 2 Ik 5.



60
40 I I
35 J P-curve (o; = 0.1mm)
30 F
2 25 F
3 ;
> 20 f AN
4 r
o5 F ¢t =0.538t |
r \
10 [ —H(insp)=1mm | |
[ ——(insp) =2 mm
5 . —p(insp)=5mm | |
/ —p(insp) = 8 mm
0 R L R N
0 10 20 30 40 50
t..» years
Fig. 14 Residual life ¢, for given operating time ¢,

determined by the P-curve. Detectability of
inspection was represented by sy -

INSS JOURNAL Vol. 25 2018 NT-1

1.LE+00 F
> i
z ,
o T
S
s
£ ' /
2 1LE02 |
‘.(E F
°
S
= LE-03 [ -©-TBM [
E F
o —%¢PBM
z x
e
0 10 20 30 40 50
Aty opinitial) > YEAT

Fig. 15 Change in normalized failure probability with
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the time based maintenance (TBM) concept
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Fig. 16 Inspection schedule determined by time based maintenance (TBM) concept and performance based
maintenance (PBM) concept. The number of inspection is reduced by applying PBM.
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By applying the PBM, the number of inspection
can be reduced for the same failure probability.
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