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Abstract: Two acceleration methods, an effective force method (or inertia method) and a large mass method, have been
applied for performing time history seismic analysis. The acceleration methods for uncracked structures have been
verified via previous studies. However, no study has identified the validity of these acceleration methods for cracked
piping. In this study, the validity of the acceleration methods for through-wall cracked piping is assessed via time
history implicit dynamic elastic seismic analysis from the viewpoint of linear elastic fracture mechanics. As a result, it
is identified that both acceleration methods show the same results for cracked piping if a large mass magnitude and
maximum time increment are adequately selected.
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Fig. 1 Schematic configuration of a simplified surge line
with the through-wall crack in KSNP power
plants
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Fig. 2 Constraint conditions of the simplified surge line
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Fig. 3 Time history for simplified seismic acceleration
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Fig. 4 Finite element models of the simplified surge line
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Fig. 5 Variation of natural frequencies at symmetric
modes according to crack circumferential length
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Fig. 6 Variation of stress intensity factor history accor-
ding to crack circumferential length

22 54 shiA
ABAQUS W Block Lanzos 7|93 ©& o] &3}
3 7HA Bt d Aol tig f3tad w54 S

1159

hul

5000

—<EFM (0.01sec)
—LMM (RM=10711, 0.01sec)

)
8
8

w
o
=}
s}

2000

1000

Stress Intensity Factor (kPa:-mm©5

0 2 4 6 8 10
Time (sec)

(a) Crack angle 30°

12000

—<EFM (0.01sec)
—LMM (RM=10"11, 0.01sec)

10000

0
Q
=]
o

6000

4000

2000

Stress Intensity Factor (kPa-mm?>

0 2 4 6 8 10
Time (sec)

(b) Crack angle 90°

25000

——EFM (0.01sec)
—LMM (RM=10711, 0.01sec)

20000

2)

mm©®

15000

10000 |

ur
Q
<3
=

Stress Intensity Factor (kPa

o 2 4 6 8 10
Time (sec)

(c) Crack angle 150°

Fig. 7 Comparison of stress intensity factor histories
between the effective force method and the large
mass method



2 = ol o]Eldt o]f-= HjH F
%! ﬂ%ﬂl o7} Fro} #do] AAZ A A7t
nju)shy] wto g Fuke

23 Xz 2 siA

ABAQUSE o] & =
4 w4 s sl %%‘Qﬂ%ﬁﬂfm i
Mok 239 AR ARE g AR AAE A
R RAAM Bk wEe iéﬁgi AArakel o
Fig. 6 AT AW (F7F A&H] Ry=M/m=10"",
o A7 FE Atp=0.0lsec)S A &3] EW o
A A7) St wE SHESUAS o] WstE
BT Atk o7]A M2 H7F AdAE, me
a4 mEle X‘a” SRl 11’/101]A1 o=
nhel o] #4d A7} Z7ME4E Hu $E 8y
Aol ghe ZHes &+ 9

Avdmys fastEe 42 488 29s
45 wmste] ) WAk S s ARl H A

' 7 e B a3}
ATH BT (Aty=0.01sec)> &3 A}
AN AHFHRy=10"", Aty=0.01sec)S 283 2
of & ol §loy, fastswel o3 &9

oAl gkl Ad Aol g FH AT
B} ofF AA H7EE AT Fig. 82 Fig. 79 2
o] g3l =E5H #4E AV FUlel wE A
At Ao oA Ape] WSS Al sk
7]/\1 BHA Aol FEETHA %

o},
o St ou] A o Ao
=
|

_& J
(o]
p

2L 1 ojo B o¥0 & 2 oot 10 Ry

N

gojA5el v()E v st 1Ho 2R
717} Z7VEEE T O E xJo]o] A
]_

AQe & 5 Atk

=
X

ofN S

SENY
o
olN
N
>
BN
=

X
)

fo O ot gy

2

=9
TN

£ ot Lo
e

% 30,
)
Y
=
>
N

o Hr
0
tlo
ol
S
a?
i
o flo
J (-
ﬁ,

o

o3

(e

. b

N

)

S

rir

B

o) ofo ot -+
I
o

_H
2
o
2
N b
v
o2
]

i L Ho of\ oo
© Oﬁ
ol\
it 4
N fo, & o
>
o,

@
S
ro, ol
ol
o
i
=
ol\
S
rE
S
=
=
i
NS
N
)
™

Relative Difference of Max. SIF by LMM to by EFM (%)

0 20 40 60 80 100 120 140 160
Crack Angle (degree)

Fig. 8 Variation of relative difference of the maximum
stress intensity factors by the large mass method
to those by the effective force method according
to crack circumferential length
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Fig. 9 Variation of stress intensity factor history for each
acceleration method with maximum time incre-
ment (crack circumferential length=150°)
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Fig. 10 Variation of maximum stress intensity factor for
each acceleration method with maximum time
increment (crack circumferential length=150°)
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Fig. 11 Variation of stress intensity factor history with
additional mass ratio of the large mass method
(crack circumferential length=150°)
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