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Study on ratchet deformation occurrence conditions
of beams due to vibration load
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According to experimental observations, the failure modes of piping in nuclear power plants caused by
large seismic motion are fatigue or ratchet deformation. However, the mechanism of ratchet deformation
under the large seismic load is not so clear. In this study, authors conducted experiments and analysis of
beams which simulates piping due to cyclic sinusoidal or more complicated waves (composite sinusoidal
wave). As the results, authors confirmed that ratchet deformation occurrence conditions are strongly
affected by the frequency of input wave. Moreover, he mechanism of ratchet deformation was explained
from the view point of energy transfer from input loading to the beam and amplification factor of the beam.
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Fig.1 An example of strain at ratchet deformation
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Fig.2 A schematic of the analysis model
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Fig.3 Ratchet deformation occurrence condition at 1.0fn
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Fig.4 Ratchet deformation occurrence conditions

(experiments)
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Fig.5 Ratchet deformation occurrence conditions (analysis)
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Fig.6 Experiment apparatus

Table1 Material properties of Pb99%-Sb1%
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Fig.8 An analysis model

Table.3 Material properties of pure Pb

Young’s Yield Density Poisson
modulus stress ratio
16 GPa 50MPa | 11340 kg/m"3 044




Stress vs strain
(Elstic perfectly plastic model)
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Fig.9 Stress vs Strain (Elastic perfectly plastic model)
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Y value vs frequency ratio
(Composite wave)

Y value vs frequency ratio
(Sinusoidal wave)
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Fig.10 Y value vs frequency ratio (Sinusoidal and

Composite)
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Fig.11 Input energy per 1 cycle load
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Amplification factor (Sinusoidal)
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Fig.12 Amplification factor (sinusoidal)

Amplification factor (Composite)
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Fig.13 Amplification factor (composite)

F PGB OIRIERFROM 2 i85 2, 1B
B D & = L[RRRT, IRIERFRO B — 7 [T
KEL 21X EEHREL L 0 IESI B85, =
AUTIBPEARICHE > CHEREEDME T4 285 Th 5,
T AU 0 SRR CHRIRGS R m < 7o 0 TR T
DEZ D RT L 72 TD, —FEiREEClIIRIE
FPNE L2 | ETHEAE Z D IZ< <o TV 5,

Fio, EREIEE DA & OHA1T 9, Figl2 &
Fig.13 Z#tb~2% & | mliREEAN 23y TGRSR D
T IS IERGENMEEE Z A~ RIERFR D G < 7o TND, 2
FUTBEGIIZBT 5 0.5 ORI L 288 THY | 1K
REE O AT 2R Z LT LTns 2 &
Y SYIRVR

5. ¥R

AWFIECIFRITH LT, 2 FADFE D 15L& 8
AT EEINGEE 2 5% 7- F255% K O FEM fifdT %
AT, BB O ERE IR DR R & g5 = &
TRED 2 E DRI o 1,

51 HARMEEZE 5 A - & EOETEERFRES
HoiEm

BEABNHEEE DRk 5323 &6 & HARMREELA (EHEL
D1 XV ThHDEEOTHERREST, &6
D ORI 2 5. 72 & & O TR
KL EDS D> T, ARIREEIR L OANEEE R A
WO THETEIR A U CGEE R 52002 R
binotz,

— I EBNIMEE DRI D EIRENL (RS 1 &
DR LARIREELOMAEOEDORAL, ETHETEILE
PRE O IFRRORHIEANE Z Vo9 < 72D, ZHUHK
RE O DN -T2 Z LI L DB LB Z B
%

52 ANTRIA—IT K HDETHERREDAH=
i ON

TERER I R O S NI % - % 72 & & OHEFTE
BHAGAFE O TEFARABIZ 30T DIRENffE 1 1
I WVHETZ 0 IZGAT AT SN D =R —DBLHED B
T 52 ENTE, BB T AT =L —TkE
<720 | EHREHEUC 2 D100 F—TAD 55 <
Tpolz, Fio, BEM L IEEROERIZONTH, AT
TRNAF—ICLDFBATE T,

5.3 RIBMHEEIC K SDETEERREDA H=X L

1 BHEBERET VA AW CEAEIE 23 28R
R MR ARk LT, AEHRES CHRIERE R R X <
720 | EAREEICIRIFERFRAV NS < A2 D LV O AR
L, BEABENEERE L 2361 D T AL S g A &



BT 2 ENTE, F o EEEE AT ek s
FE DR LA~ AWNEE O DIRIBRERITRE < 7o o
7o ZAUTMBIRBEGR Dy OFETHY . ZDOZ LITER
BB TA =RV —ME AR D7 h3K
TNZ & TG EINEEE O KA LN
EDOHHEZDIAL TD, ZHODFERND, ML
TEDFEANTTE LT, ARIRESR O IR R 53 H 3 SR 7252
BERFTZenboote, Tk, FEEEOHERRE
Zh.z 12 & & O THETEORA S 2 M+ 2 B8,
BRI DJEEHE Gy O T, BEIRRE OFEAIREIFL & V(R
REANONBRE R A H UL L E WS RGEDE
Fd, AL, SRIELR T 2 HUERE 2 51T
WFFE2AT> T D A CTHEISRIERM T &V R D,

EEPINHRE A 5.2 1= & & O THET RS 2R
L EICE DD ENTE -, FRIUEATE
REIERE DR O THETERASRIEb E &, Zib
ZHEET % Z & CHEATICTR O CHEIREER O S3h3E
ITHAER AR LT < 3752 &ndbnolz, ZOfHM
X —EDI N G2 T & EIARIEE S 2 HF AT
TRV —=PREL D ENLET A Z LN T
77

SHXGE

(1]

(2]

(3]

ASME, “Forging a New Nuclear Safety
Construct”, 2012

EPRI, “Piping and Fitting Dynamic Reliability
Program Volume 1: Project Summary”, 1994.
Md Abdullah Al Bari, Ryota Sakemi, Yamato
Katsura, Naoto Kasahara, “Proposal of Failure
Mode Map under Dynamic Loading — Ratcheting
and Collapse”, Journal of Pressure Vessel
Technology, ASME (Submitted, January 2017) ,

pp-3.



