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New approach to beyond design basis events in structural strength field
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The conventional purpose in the field of structural strength has been to prevent damage to design basis events
(DBE). For beyond design basis events (BDBE), it is necessary to mitigate the impact on safety on the premise
that damage will occur. The authors propose a mitigation method that suppresses the consequence into a fracture
mode with a large impact by reducing the load due to a fracture with a small impact on safety. We will introduce
the research results for individual component, extend the applicable area to systems of components, and propose
a new approach that contributes to improving plant safety.
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Fig.1 Multi-stage approach for risk reduction

Initial
Performance

©
2
® Recovery
£ R
S
E, Without
> Minimum ountermeasur
qg Requirement
[72]
Accident Start of Accident Time
progress Management

Fig.2 Robust and recovery for resilience against accident

Table 1 Difference between DBE and BDBE

Design Basis Events [ Beyond Design Basis Events

Safety, Availability and Serviceability | Safety and Resilience

Requirements
Prevention of failure occurrence Mitigation of failure consequence

Catastrophic failure not occur (Robust).
Failure parts are limited (Easy
recovery)

Performance Any failure modes not occur.
Index Any parts not failure

Best estimation
(For actual failure modes)
System failure sequence

Evaluation Conservative evaluation
method (For assumed failure modes)
Each component

Fracture control
Combination with accident
management

Performance Strengthen

improvement
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Table 2 Application of fracture control to components

Loads Pressure  Self weight Earthquake
Prior failure mode ~ Small Deformation Deformation,
(Small impact on crack Support
safety) failure
Load and energy Pressure  Load and stress Phase delay
absorption leakage redistribution
Mitigated failure Ductile Ductile fracture , Collapse,
mode(Large impact fracture,  Break Break
on safety) Rupture
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f-'/ |
rafter

sidewall
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Fig.3 Example of fracture control of cone roof tank
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Fig.4 Assumed failure modes of vessels under high

temperature and pressure
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Fig.5 Proposed failure
modes map for ductile fracture, creep rupture and local

failure under high temperature and pressure conditions[5]

() BKHIEE ST DEE OFHEEA R

W RHIE %521 T HEE ORHEE— N & LT, Fig6 lUR
FTEOITHE N ED RetER) & 75 =y MNER
DHIDAV TN D[4], FHTEIOR LTI, A 3 el
RS CTHEL, $ I3 EHIRERYS ) C b 2L

IS THAEL D Z LRS- TNAD, HIEREITRE
PRI L lE OMWE 2R Z b, W oOiHEE—

RRE T DI TR0 T,

O, BKHEICKI LT, BgEE 5T = v N
%ﬂmﬂ%ﬁ@@%*F7V7%%%btmmFg7®
FRITRT R DI, BRI T 5T F = v MM
i S415 Bree #UX[10]255 L L, FERIG) THEKIT
L L7 BESIC K 5@ ) 2Bl X 12, IREInEEE
K DZBIGT)OWRIE (B RNBERE & #90 & 50 T1) it
flY o, fiEL 7F = v FOFAMEEE R L=, Bree i
TR VRS E LT, REE OB A HRED
¥) ZHEIONRTA—FELTHEALTND, XEY
DRAEDEIZLY | FERLT T = v FVEL D, Hi
FIIBE L 0ITAMNT I VIZV, Fia, IEEEEER
1B TREL D E, WTHOBET—RFHEZY
(2725,

Load-controlled stress Displacement-controlled stress

Collapse(Break) Ratcvhetting(Fatigue)

Fig.6 Assumed failure modes of piping under excessive

earthquake
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Fig.7 Proposed failure modes map for ratchet and collapse

under excessive earthquake[6]
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Fig. 8 Example application of fracture control to the fast

reactor vessel under high pressure condition
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Fig. 9 Demonstration of fracture control of the fast reactor

vessel
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Fig. 10 Example application of fracture control to the

piping under excessive earthquake
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Fig. 11 Demonstration of fracture control of the piping
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Fig. 12 Mitigation of failure consequence of fast reactor

structures under super high temperature conditions
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Fig. 13 Mitigation of failure consequence of fast reactor

vessel and piping under excessive earthquake
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