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Abstract

The new regulatory requirements and related guides were enacted in 2013,
and the conformity review to the requirements for commercial power reactor
facilities has been performed. According to “the operation guide for the
periodic assessment of safety improvement of commercial power reactors
(established in 2013)” , one of the evaluation methods described in the guide is
the probabilistic risk assessment (PRA) with regard to external events. For the
design assessment or risk assessment related to the external events, it is
necessary to improve the fragility analysis methods for structures and
components against earthquakes and tsunamis. Moreover, the new regulatory
requirements require protecting the structures and components against an impact
load, and “the NRA Ordinance on Off-Site Transportation of Nuclear Fuel
Materials, etc.” specifies the requirements for particular conditions for drop
impact testing. Hence, it is also important to enhance the technical knowledge
for external events other than earthquakes and tsunamis, and to reflect the
knowledge in structural integrity assessment against the external events.

For these reasons, the following research activities (1) and (2) have been
carried out for fiscal years 2012 to 2016 (for information about authors of each
research theme, see end of this report):

(1) Developing the method for seawall design and fragility analyses
against tsunamis (Fiscal years 2012 to 2016)

1. Fragility analysis of seawalls against tsunamis



The data of wave pressure was obtained by hydraulic tests with a model
seawall in order to develop the method for seawall design and fragility analyses
against tsunamis. The scope of applicability of the methods described in the
interim guideline of Ministry of Land, Infrastructure and Transport for
evaluating the wave pressure was examined. Using the results, we developed the
method which has a wide range of application.

2. Fragility evaluation on watertight door against tsunami

In order to develop the evaluation method of fragility of the watertight
door against tsunamis including earthquake impact, the functional limit tests
and component tests of the simplex watertight door were carried out. Using the
results of the tests and related numerical simulations, we developed the method
for evaluating the limiting conditions for water tightness of the door.

3. Fragility analysis of components against tsunamis

In order to confirm the submittals for the periodic assessment of safety
improvement, we summarized the important points that should be kept in mind in
conducting the tsunami PRAs. We also conducted the pilot study of the fragility
evaluation for watertight doors, and investigated the failure probability of the
watertight door and the influence of the seawall against tsunami.

(2) Development of evaluation method of fragility on external events
(Fiscal years 2012 to 2016)

1. Fragility evaluation on slope collapse due to earthquake

The tests and simulations were carried out to acquire the knowledge on the
safety of nuclear installations in case of collapse of slopes close to the
installations subjected to beyond-design—basis earthquakes. Using the results,
we improved the analysis software SANSSI for evaluating fragility of slopes.

2. Fragility evaluation of components subjected to earthquake loadings

For seismic PRA concerned with equipment that is already experiencing
aging degradation, the method for crack growth evaluation by beyond-design—basis
earthquakes was developed. This method was used to evaluate the fragility of
intact and aging pipelines, and to discuss the influence of degradation on the
seismic fragility.

In addition, we investigated the data of shaking table tests of safety—
related components with regard to the seismic safety.

3. Fragility evaluation on structures under impact loads



In order to validate the method for assessing the impact loading from a
flying object, etc. on structures and equipment, the overall research project
for the impact behavior of structures was developed. The test and analysis were
carried out related to damage which occurred in the sectional parts of
reinforced concrete flat plate, induced by the impact from flying object, etc.,
to validate the existing method. Also, we developed a plan for vibration tests
related to the impact propagation behavior of structure. In addition, issues on
evaluation methods for structural integrity against impact—induced vibration
were investigated and a plan for the slap—down testing of transport and storage
casks was developed

4. Evaluation of influence of tornado loads on fragility of facility

According to “the guide for the assessment of effects of tornadoes on
commercial power reactors” , Rankine vortex model is used as a steady state
model to obtain the wind field for evaluating the tornado—induced wind loads. In
this study, the wind fields were evaluated based on several vortex models in
order to understand the influence on the wind loads due to the difference in the
models, such as steady—state vortex models other than the Rankine model, and
unsteady—state models. We developed an analysis code for computing the velocity
of flying objects, and carried out a pilot study to investigate the influence of
the vortex models. Furthermore, some tests with regard to the sudden descent of
barometric pressure were conducted to acquire the knowledge on pressure change

in the unsteady—state flow.
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Fig. 2.1.2-2 Test results of water leakage
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Fig. 2.1.2-4 Overview of test equipment
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Fig. 2.1.2-6 Test results of water leakage (inside / outside of the flame)
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Table 2.1.3-1 Tsunami fragility evaluation condition based on tsunami inundation

analysis
I H fERTERIE
LR D XK1 10m
IKEEBED i & 5m
TR IV T 2 HER R 5m, 10m, 15m, 20m, 25m, 30m
Nﬁfiﬂ(ﬁfﬁl 15m%2
IKEEBEDIN 71 s
o FieEs o
B R ) :
IKEEBETE COBEKIEDAMEE S CHEHE R 0.2
1 : ¥EPk Om e

2 IKEEBRE S D 3{EDRIKETHET 5 L AE
¥ 3 PHIEAERE LW OB

1o s ] i ST 3@
—— DRl %:::1:; s TR pkx BE
" PhEEHY 0.8 // /{ R e __III!!I
¥ 0.6 ___//// KERE Py
/ / BrigitRA L
o 0.4

0.2 /r fé_—_-‘-_““———b KB

s TR 2R BE

NEVAVA e

0 15 20 30 35 &E%E
J*ﬁjﬁtﬂﬁjééﬂbﬁ*Tm) BhiEitE sy
HH) JHPIED (2018) B9zt L C—phnge

[ 2.1.3-1 BHLERERREEIC IS U KB T 52U T ¢ i oS

Fig. 2.1.3-1 Overview of tsunami fragility curves for watertight door

corresponding to installation state of seawall

(2) TR - MREREAR ST = — RO

XA A2 DD B A5 A OREENA~OIRKEFHNIT 5720, R L S8 =
WNORKIES Z S CHET D EE R L. TFE - TERARERH = — K SANARG
REREE L GBI L7, BRI, YRR, KEBBEORENE, KEFEOKENE
e, 770U T 4 REAE AT E LT, BYRAMEEI SRR E ST KEREA R & Lg%
Fv RU—=7{b L, KEFREDIREZZRE L CEENEOAXEA~OFEA R B X HfEHD
RAKRSZHET D HOTH D, BNEREOMBROFAUI DT, K 2. 1. 3-21TR7,
IBNIBEREIC DU TR, BEFOD 3 WROTIMASIENT =1 — R CADMAS (& K D IRKMENTHE R & b3
HZEICEY, REORKRSEHETEDLZ L EHRELTS,

32



%
..\:r
oy

‘ t=0 I i
! |
—>{ t=t+At ‘ T
J i RAE i
B 3 |
| - o ;
(XL =>0) P . S

X AR E
O

2. 1. 3-2 1BNWERE DAL DT

Fig. 2.1.3-2 Flow of process of additional functions

33



2.2 WRBREDINRBERICET 57 7V 7 1 THETFE O
2.2.1 HERIC K ZREROEIEEN DT 72 ) T 1 7l

sk - D7 7V T 4 A T O BT BERFESZO—D L U TRIRIRED B 2 b
%, £ T, ixEta itz HHIE 1252 T T35 A O R E LR O A e~ 2 i
B - PR EIERHmOT- 0, Rk 27 AR E T, HERF ORISR DRI G5B &
EBIT, RETIIOE T - SsBNAR 2 R OREE) ~ O AR 53R A FEE L, 77
VU T o FHI B L 72 B T — RO SR OBEOEZERE O EE DT — ¥ ZHiSG L
720 SRR 2T ALK T, 2D ORERT — & & VT, FiCRlmAES O OB R O
BB DR - BRIEOE R IR EOR R A2 X o7, ZORRAEE %
B O A G A T LA T D 3 SOURBEIC/VE L7- 1T, A KO OJERD
WEEM D7 Z 2V T 4TI ER D BRI R A TR Y £ &7z,

OHIEEIC X 2 REAERTOHEEO RZEIREE CUT TER Lvo,)
QRtEEEZOFETSIOBEMEE CIT MBREERA &0v),)

OHE BB L A% - ZHEOREIREE CIT HEERR L\1a,)

22T, OIZHWTIEHERER ORI, QIO TIIAE TSRONEER - Bii~DF
B, OIZOWTITRERFEON R « @i OEEG2R 5 & LT,

(1) HERFORE R LR DFRT — & DES &5

OHIFERFORHANVE AR D IREEER

HUERF ORI D AT — ROHBROIRIGIRIEE 2 MW 28, ZORMEER L 7257 —
X OHAFE B E LT, e ORMEFAN R HIREaR A F2 Lz, IRBAaERC
X, MRAT » 72 LRSI E D £ TOMREERGS U, RImSASIR, e
(FEHEARR) . F8 - BEICRT TR ORI OIEERERE, & HIcARBRCE
D EEBIE BT 5T — & AR LT,

ROl & LT, HUBHERL DR DRI 4 - KRGOV TURT,
RERO HAOL, AR OSAEBFERE AT INIRIC KX DSAEEH O FER i, /IR O AR
(ZXRIF D YEERFEOREGR, RHEPBIZ TV EA TRE L2V SGE OB OHE Th
%, FRBREEE & ARSI GO R 2.2, I-LIRT, BREEET. IHERT IR
LB DI T DT2DDT AT DI, FHED Y T > 7 DFAZBIEST 2BEI AT |
PrifE BICRRE LT- BT A 7. THENICRE LT Ry NU—2 A F%E 450
T N—TES D,

DRI, BHz10 J DIERZRE K Of 2007 AEFR bk Hlla R OBHRINE 2 FI T, BRImEEE
ERAITIR S LA TE 22 27 v VOB ERB AT o7z, T 2 CIEGRIE, (M4
DFCEDMEMERFME G- 2 D 5B OV TR D 728D, 7K » SRR N A T, K
V) L SN BIONARA Z 2L S HRDS BACY: « SNERIRF IR AT T o7, BRkERO—p] &
DELT, M 2.2 1217 B0, aBhE & b) R RGO EMEEIZ OV TA—E

34



v hELTEED, TORME, (A 180 FEOIEERN R b E < . $EENS X 5 HiE
R EHER LT BT — 4 OFEMC W TR, ENEIFZERRRIE A SR AT g T I
JEIVE L Afset o 2 —2361T 5, EREIOTEEMERE IR E-7 ¢ 7 = A) &ff
A UT=ABRBRT— % 2B E0,

DEBRERH A5

E N
]

@ﬁﬁéquéLgl

400 -
) %
2004 225 Gal

@
X
]
= o
9
3
"
5
u'f';(
>

SRTEINEEE (Gal)

S

N

&

e

n_) -
"/{!N/
S

)

o

SN (Gal)
o

(a) ZERIET . 39{@ B 200] S\ " .l‘
(b) MHEEEERT 149 & ' _400'@ 800 );ump:;o—o
_ 400 200 0 200 400 600 300 0 300 600
) L—Y—&HEt : MAE KT (Gal) KR (Gal)
B ARREA (2012) B9
2.2.1-1 FERIZH W FHIEEE 2. 2. 1-2 iR & fRhS a4

Fig. 2.2.1-1 Measuring device used for Fig. 2.2.1-2 Slope model and shaking table

testing test results

QFETHIOE T - EN AR DR

A SRR L O BRSO R SR S A, THROBEEIRRER N ORI ED L
(T D0 T 5720, FHETIIORT - IR 2382 i L7z,

%] 2. 2. 1-3 |ZFRBRI AV oty 520 2oxd, AR L, 41 B 60 FEo —fffE
DB S5, kS LT, £220-30mm M O 40-80mm D _FEFHD K & X OFAKEE4
100 fEAVY, 2D 2 R E 7 JBRRAE O F S8 55a it L=, SBro—pié L
T, RN CHATSEZ 2 200 [BIFE O FikBaz £ L, HHLosisdhic L
DRt AR x (LT Tx TmiEs S ),) SRhmEs A B 2 CLT (2
JTmEEREl Evvo,) AFHRILT,

SHIZ, 3 EDEREN A TIZL DB LR T L— AL D% F vy VT L—a
DB, HREN O =YOTh BRI LT — 2 2 LT,

TR, WTEE B L LIEBADr—2 1, 4,5 OfEE P conTikis, K
2.2.1-412, P& FALEDS 2m CRIEAEL & VA X372 5 FRROr — A D TR
IAETRY, T A DRI D A —2 1,4 D x HIEEEZ i 5 &L Y vk
ZUNE RN & OBEREEEAY D72 < TRV —BIAVD IR0, 17 E TR A IH A

35



No (r—=24), BHEARINERr—2A 5 1%, BHAAROER) R r— A 4 |[ZHAD &
X HIARGT OBED NS < | RIS THBBRIR D BEOBBO BN K EZ N EE X D
L7, BlEREE NSV (=2 5), 2z FREEHHIOW T, & — R & b RoREER
HER ONE D O ITAEREN AR,

I, THROHARRBUT DOV TIEHER KA W CT — 2 2P L=l 2R, X
2.2.1-5 B3 x HAEMER O 2 ORI DR A1 LT Y | [ OME x
T O z T O EETSOBERRE, Al A Ch D,

T OIS LT A TSROREAE OPETEI R L TUNS ISR, D
JERAELLT & 752 5 SR DR LT — 2 R L2 b O Th 5, M ollgXot)
BRI 2, HE MR RAEZ R T, vy FSNERT — 2 DNERRTIT
FE, EHSHRICHES TS Z EEERL TN,

WA E b, FAITHTERR e > TR Y | Fodsteda x SR IEAER >0, 2 75

[AIEEEL DU CIIIEIRSAR L QD Z E0Vnnd, BRIRIEORERFE ROV T b [EREDRS
EMFEHN., SRIOREERSEO L & Tk, BEREEOMER 2T T /Mbd 5 Z L3 AlRE
ThhI LI REINT,

br—32 MEVE | WYX | ZTE
(B£) (mm) (m)
1 41 20-30 2
2 41 40-80 0.5
3 41 40-80 1
4 41 40-80 2
5 60 40-80 2

e iy FEHIE (2016) 2
4 2.2.1-3 RhA &R — 2
Fig. 2.2.1-3 Slope model and test case

36



.
200 ® © [ =i (41, 20-30mm, 20m% 4
- . Ll
® —
E e, gy
ﬁ : Hﬂ 4 . y=0.4987x + -;1,6872
o5 g3 RF=09856
E -1200 .:. L J -l's 2
N ij:: L i ;
0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 -3 2 al 0 1 2 3
2400 Xﬁﬁﬂﬁﬁﬁ (mm Esﬁ{bg& z
1500 © 4P 2 4(41/%, 40-80mm, 20mE) X WHADxDHEAMFmTHY .
B w0 ® oy < ZOHEH (In) TEEL
~ 600 ® Lo o .-.. :. >
B ool Vgl Snge o ° (a xAEORESHORE
% 600 ® . ::‘ ® o '?. ® o o
I o . . o :. - ,\igg | y=51,943x 413 8033
o o+ ERRARATERNE 7 R d 5 | ‘ [ Re= 095;2 Lot
0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 ~100 - 1
XTI (m) ﬁ 0 ‘
- (60FE| 40-80mm, 2,0m5) {T-100 ‘
E % J','3.-200 e ; ‘
8 e 300
i g 4 =2 &g 0 1 2 3
= ®
] * BT 2
b) zZAROEESHOER
XA FEERE (mm) "
) TEE)s (2016) &2
B 2.2.1-4 TR ERREE T 4 2.2.1-5 BEERET — & OFEP
Fig. 2.2.1-4 Distribution of soil mass Fig. 2.2.1-5 Arranging data of

arrival distance

(O~ DR D 7B

ARE TSRO E O TFEORE 2 B E LT, K 2.2.2-6 (R BEL L—HF

— (A Rk E LT KRR B2 A L, B DIk & K& &G T 5 T A
NSRS 2 S L, S B N QMBS S DA T ST D ST — 2 % 1
(CADy

RAVRHEHERL D RO RERTEN 1%, TR EF RO 72D, 51 F1H 0. 5mX 0. bm, fif &
N 1. OMN O EFHARRE Lo, 2 2 O, RBEZKR L CEAA M (K2.2.1-6
DxHFETHY . LT HEZEm) &vvD,) 1Dz, EEEsdm (X2.2.1-6 Dy J5
) & BT =RENIRT U CRRARE R b O A& L7z,

THETRN L, BRIK. SRR OBCR Db D% BIRHRITR L THREEES 20em, 40cm D " FHH
DRE S THHEZIRS Lo %ﬁ&7ﬁbﬁf§¢btoit\¥QMWT®ﬁ RiTDIE
FEZFHAICE 5 X 51z, HALCHER 50mm O A S Lz,

EZEE IO BRI, mﬁﬂ%“ ERE D AT (o7 TR 15002) %
VN, KBRS ¢ Particle Tracking Velocimetry (PTV) CoR¥O7TAZSOEUHSEIE L
7

37



X 2. 2. 2-7 ([ HBERIOBEZER EORELE &2 O—pilZ~d, RANIEZES AR ED
B — 7 Bk U TR E O B — 7 fEI S 2o fe, RBRCHE DB ET — 4
EAERHNCED F LTz b 2 A, B AS I O X EZE T IR L 0. 13 %, BT
T3 DA B TEZETTIART L6 L 0. 20 f5 T o 72,

X 2. 2. 1-8 \Z&MZE N x5 TBROMIZE N & BZSH I OBIRAHLER L7 fE R &%
o, 220, RPOAGNTR LT v 7 b, SEOERDOE B ZES H7-0DIC
BRI T DEEN D Z & Th D, KL VEIGMUINE, 7 7NV OFEIfRD ST
BIMEASTRD HALRVY, ZIHOFERE Y | EREAMBMIUTHHE N RE L, ffiEl3d 7
MOETHELDHDOD, EOMEIFELEANILEARD E/NSND ERghoTz,

HEREROREAELYE 2 -6, L8 FREERFT %52 2 8% il 2%k
T, AR5 & 70 D HEREI O R E SOFABEDH 2 BT, MR 12521 DR DOIARS
ZDOWNERO RIS, & HIIIRHTAREES O 30288 M OWEED 728 U 7-BR OB
&L HHIZE S ORNHERS B ATV D,

Z DI D IRAFEFES DFIEIRIL L 72 5 FEE B 2 UG 9 5 Z L2 A& LT, ERtof
AR AR DR Z B L, flixe 07 —Z ZHG LT,

ZITTRLIVCERBR T — 2 E A LT, KETTIEIRNE DT T2 U T 4 FHIFREIC DU
THET L. R, AR TSNP « Bl CE2e S DRk R Ot 3o
ZUZL D 2D DfRR « BiAMRET DR A KD D,

.:‘ 253 w ‘
o ol __4~J

(a) BRAR (b) B4R OF N
XEALIE PTV SHBIFAOERS (¢=50m)
k) BRI EA (2014) &%

2. 2. 1-6 RIURHIHER & REEEE 40cm D L HAETR
Fig. 2.2.1-6 A large slope model and soil models(Representative diameter ¢=40cm)

38



5 250 s BUT T M
€ e (ER7E) ° o BRTI A
1o _ 200 o ARKTLT LM
80 z - ARRTUI LA
&< * ° o S
e o o | ool slontrnn
Z
= *
- MV 50 A AA“;‘A.A A A
" WA, f 42
[} T + 0 #
0 2 a 6 8 10 12 14

3.661 3.663

3.665 3.667 3.669

(7))

~
=

TROTMERE vx (m/s)

- — s BUTIIAM  SRETIIA
o o |VFRARAA) | Lmgroonm A RRTUSLA
Uizl o |® e SHUTUIAM o HKTLINA |
100 T ;; . a Y
Z 40 A
20 0 - ® i d B
z30 | & ‘P, B 2
S 2
< HEHEIE o 2d « .
g 20 ! 4 :‘? - Ay A AL A
w0 | | | % «?re s 4
0 EY
o ‘ ‘ o o5 1 15 2 25 3 35
TRO@RAE vy (m/s)

3.661 3.663

3.665 3.667 3.669

FERA() 80 .‘””"1’ .:wr:/wm .mv:/nm

70 ARRTUILE A RRT ST LA

S n Zeo | o CHRTIINLM o KT LA

100 50 ju a0 s °

20 — a0 |A O O

0 g3 Pan00—s
20 g y 'f Y
HEHBHE fon . A

0 [RFLd1oa 2

3.661 3.663

3.665 3667 3669
B (%)

TROGWRRE vz (m/s)

Hidh) gD (2014) &2

2.2.1-8 T2 & IR OB
Fig. 2.2.1-8 Relationship between load

2. 2. 1-7 IR D5 B OREA I
Fig. 2.2.1-7 Impact force time history

of soil model and velocity

2) 772V T 4 FHETHEDOR

RIEABEICEET 27 72U 7 o fHliE LT, X 2.2, 1°9 OflETT /L @2 2551, O
ZERSE, QFERS, OHEBRIUKT 2 FEDBEIZ OV TR,

RHEET /UL, BEHEORIIZEM AR D © THO N2 b OZSIR L, Kl N
DOAFUTKI 45 FE,  FEROABLIIKI 30 L, S 313 160m & L7z, OHEERRIUKT 5 aHlD
728, BEHEET /UK U CRIEER DD 50m ONLEICEAT =7 U — hi& Reinforced
Concrete : LA TRCHE] &VN9H,) OREEMZEIEE LT,

R AR 2 AT, A TREOMIE) DAY (Ko DR, CL#&k. MAk, CHARFEZE
) D ABAH AR U AU MEARES G B OB S h (S AT ONT ey DA A B T
L7c, ARETIR RIEOABCCm SFEORMARIRFT—E L L, T bOHUE DOz

YIHEO A HER ST H LIchat e T o7

39



R RSEELY

% B el DR CL®& | CM#& | cHR
B RHER (y) MN/m 3 0.02 0.02 0.025 | 0.026
X #5771 (Cp) MPa 0.28 0.46 1.39 1.86
i;; REBEEIRA (op) E 279 37.1 418 46.4
5I3RE4E (ot) MPa 0.19 0.31 0.93 124
BB | #EH () MPa 0.00 0.00 0.00 0.00
» BE CommmA o) | & 279 71 | a1s | 404
CH#ZHEEE®E 360m M A MRS (G, MPa 464 669 3900 | 10213
BRTVU L (vd) - 0.43 0.40 0.37 0.35
z GIGy ~ v 1 v (%) - 1/(1+45y06) |  #¥ 3 [32
) —® | —®
X J ho~7y oy (% % 14702420 | 30 3.0 20
579m L BT ! B | -» | —»
Y BEEHLD TIRIE % 3.0 - - -
Pl 22 £23) ) - L» _
H) SRR N AAKRS: (2017) B2 ok LN
2. 2. 1-9 FHie R ORHIET v
Fig. 2.2.1-9 Slope model
Ve - =
DZEMRFUBE % et

ARSI ClE, HEE) 2320 % 2 ST K O RHE AR 2 MRS RN ZEZ 72 0 . RHEDNE
Wt X5 LT HEAOREZZERR L ER L, TOHEIZT R LEFE AT
%o JIFHNTIE, RHEOT RV [ EOVEEN) EEBUIAO 0 AV, EORTEINDT
RO ZEFN 1.0 LR DGEDRFURETH Y | ZORO A THIEEBOIRIE L~ L% 2 2
TIE TPRSImLEREE) EFd 2,

LERFCKIT 277007 4 & LT, ETHERISEMTIC X 0 RHafsEs ihE 5 &5
2 bNDEyNOHEEIRE, J 72D BRI CREEICR DT maaHilixg & L
THI U7z, £ fER, ACFEEK) 4306al, $REELK) 270G6al T 2. 2. 1-9 (ORI <D M
GBI,

WRIZ AT JHESE) % 100Gal A T2 b S THRAR AR : Peak Ground Acceleration

(AT TPGAJ &\WN9H,) EARLEZRT Y i EORNRO RS & ORRZ kDT, ZZ
T, HERISEATIIOCH] L, s A R O < ik L IRFIREI A< T
BIFESND D, ARG CIIHEOIERINE L fEICHRY AND Z LD TE S, miIFlC
K2 BRI LR A8 LT, HEEIEEOIZ Do X 13, X 2. 2. 1-9 1R LIz 4k
DY+ SFHAEAE RSO Z A=, FOBS, ZEERES 138 T ORI LT
0.4 & L7

ANSTHIEBN S, A7 N URBERGEALC & o TRO TSI Z & OHiEEEh Y — Rl
Mz VT, AR DINEANY MUz ERTT 7y b Le—kR
— RAAY MADBRE LT B9, RE LT — NI (RS 1.0 X
107 R OVEARESAERE 1. 0X10°) ®P %K 2.2, 1-10 (™7,

LU EDOGHCH T 2RHAOZERRD 7 7 PV 7 ¢ FHROFER: ®2 &K 2.2. 1-11 1R
T, EENTORER, BHE O N AR D MO (kiES, PIEESE) ORIENR
<L VEITER DA AMTRMEARIR D RREEAMENN 2 & D330 7,

40



—ENF—FERBEE 3 e
O oo N
(1.0x10) g
' ﬂ%,T:IJ‘(sec)‘ h ‘ ‘ ‘ .H%ZIi(‘sec)u ‘
cE w
— NSRBI g_«wmmwMMmmmw Y T
(1.0x10%) e - o -
B4 (sec) BF % (sec)
(a) KFmRHD (b) SRAERLS
) BN BACKS: (2017) &%
2.2.1-10 AJjHiEH)
Fig. 2.2.1-10 Input ground motion
1.0
0.8 A
# o6 /
i /
s 0.4 7
14
- 0.2 /
0.0

0 400 800 1200 1600 2000

PGA (Gal)
X PGAIZAADESDIKERD

Hih) SRR N BARS: (2017) B2 |2k LT
2.2.1-11 BED 75V 5 1 i
Fig. 2.2.1-11 Fragility curve of the slope

OQFERFUBE T D Mt

BFEIRFUC RIS 2 AR 2 07 & LT, AT 1 E O T3RASGHfie Getiii Z FE
UM EZE T DD, 1 v & 2 OISR p, (v) ORRE TEIEANF— R LER
%o HREAHEN nEOHAIFR Q. 2. 1-1) L7ed, T 2T, BRERERIT, SRR Gl
WER LRSI A7 DT, fER P, (0TS T 5,

pn(w) = 1-(1—-p ()" (2.2.1-1)
T,

v o o

n o BHROR EEL

p (V) o UEO SO DS HAE S T v 2R DR

41



pn(¥)  : n{AOLIROEEENEAES T v 2 a2 g

FRROBZF AT, RTINS TEET 2L VIO L LT kG
B SAUTHILIICI0 T D THROEIGHEE & Bt & ORYRZFHE L7z, = 2 CRMiifsE
13, B OHREIRADOFMGIIZE L, HEAE COTSEOME L Lz, fETSo%E T
AT CIE. A & MU OTEZEEIER 2 SR ARSI & VLB & FHONCTRBLL . Ao 3o
TR DO AR FE S & B[ Lo FikA Ve,

ZORE, BAEOHEC LS &, K 2.2.1-12 O (@) (TR TEHORE AR5 L LK T+
BROBIFE RS AIROFE TR & % FERBEOMIC IR GRO AL, 7308 FIRE
25 30m/s LU I IPERE DIERET 2 L W O B R b5,

ZDI=, NETARLF—DPER TRV SN D &V I IRIFRINAE S 7oA T E
2R LT, HHOYE PR D FIREA SR LI 5P 21T, B R LA
THZLEMER L (K 2.2.1-12 (b)), AFEE AW SO RS LA EO—fF] &
#K 2.2.1-13 [T~ T,

\ (m)
500 : , W
E T
b £ oy i
T E 0 1 X '
o I |GERbooEE WA |EE
> (m)) 100
400 1 i
) o P | : :_5_
.0 10 20 30 40 0 10 20 30 40 500 CFEE X
ETEE (m/s) ETEE (m)s) 0 X AFEEEE 1000 (m)
(a) BLAIER (b) FRHTHEER ) FRGEANAARKZE (2017) 2%t
LC—EBngE
2.2.1-12 7% PEEORRRIERFHT 2.2.1-13 HHORKIZILNTE
Fig. 2.2.1-12 Verification analysis of fall Fig. 2.2.1-13 The ultimate arrival
velocity position

CHBIEIRFU BT it

BERFUCKTT 27T 00 7 413, RCEDHEENDET NBEZ TG & LT, EZet
SpooEEN R & T VEEOREHER L OBIRE KD, T THET— NiE, RCEDET IV
BECHUOEPHFEI I Y | FRFEERD O GEIRAST 4V MRICHIT % B 2 SRR 7
BRaxtgel Ulc, MLIEEAWME CLT REAMME] L)) & B7 LEE T
FE—RA 2 FOMER L= & 12, BIEVMIOSEARITE LT, WM % T
M) Zxtgel Ule, SAWMBEOTMMCN LT, RO =7 U — MEFETR

42



FFEOM U E AWM 52 % POV T, Rl 32 OB AR T TS
Z W,

AR ClL, MERRRr7R B Ml & L C, B EH (TSRO i & ) IR R S
EEBLICE TN o b—ya VTR FERL L T\ D, EDTH, HEEMOET
TARIZIBWTIL, 1 RIOFI TR SRR A 2~ 2 = IRoTBIRY FEM fRbT 5 O3 5T
FHEIHNT, K 2.2.1-14 20 (@) &7 &2 cEEwE | -SSR TET /UL, f§
DI HIFEL BRI LT,

ZIT. K 2.21-14 (@) IORTHEEVOMEZRTIERK L, K 2.2.1-14b) TR
& BV AIEFED RC EDTT NV T 5V o ZHREE, Wi 2 IRE— A b 1, FLA 1,
RO 1, DR S BRD, B RASOWTIIHATIEYS 72 © OFKH & a, & BRI £,
TTVBEDIG IR §. AR ORNOR S BRO, HHRAZNE ya &35
&L EREEEHTNEK 2.2.1-14) D LBV A Y =T ORRIZR 5,

Fio, EwZEAH CPIEK 2.2 1-15 1R T L DS, RELSIOE T - SR DB KL
ONEED~DEZU AR DB OB ORI A SR L, B 1, 2, 4, 8m D THLASE
R CIRA LTREERE L CET /U LT, &St oESuikicR sns,

n()=v,/ 2.2.1-2)
ZZT,

n(ry) PR O HBROEEL

7 R T OO ()

i s TR (RRETCIELL 0.5, 1, 2, 4m O 4 FEEH)

V; R O TSRO ()

RO BRREHATE VIZoOWT, K 2.2, 1°9 1R T RIeRHEFE T VD3 [HiZ VT
WA IR Do ARET IR, MiZ T~V EAMIO— L T 2EROKFEE xS L LTk
V| EBRNSKS 2 BATE 710 & B RE L T = RoTh 7R AREEREI O IR BRI A THO 13 T’ &
785, Ziva 4 FEOIREG THOSMREE Lz,

RC ¥EDIEEY N OFHEOFEL A L EO LS ICET /MEL CEY T AR I 2 b—
>3 U R ST DS, B ERICIX H SRR A A OFREE & L CHWTE T LEE
ORI FE LTz,

TEZERBRAS S7 > D) & SR OV OB 2.2.1-16 (a) D& BV FFHILT
BY. EERIEHOIZ SR, ZOEERE S 2V (§=0.289 KTr0.473), LFEiod
TECHEM L= TN o b— g BTSSR, X 2.2.1-16 ) ITRT 7 T
U7 4 i CPo L0 E AWM T L 0 AT — N e AT,

43



HHE (NS)

300

250

200

150

EDRBRRE R
11013757}
i Kgl/ C192EI(1.} +1))
13 3 : S
K ®
81, +1, ,
3 A 3 P
@ & ; x
=i :1x Vel y
ERE
() 1ERRETILIE (b) 4BEENETIVEDLER (c) EREZELE M ADOBER
H) SRR N BACKS: (2017) &%
2.2. 1-14 #EMOET ML,
Fig. 2.2.1-14 Structure modelling
EZE0=1,2,4,8m0 g
TRESEHETE 3
&L.ETIL{E
2.2.1-15 o7 /1L
Fig. 2.2.1-15 Soil modelling
00 1.0
0s A
Nk-EHE o 300 | wE-EHE .
£ ﬁ 0.6 I //
%HE 2°° o I /
» £ = [ / - Al
7 FAt=1.244*(140.289*)*mv & 100 0.2
Cov=0.289 J +— - fhFEE
.%;zom 0.0
0 e 0 200 400 600 800
0 50 100 150 200 250 300 0 50 100 150 200 250 300 !Ml(t'm/s)

EHE (kg-m/s) BEEE (kg-m/s)

(a) FHEABRER (b) EEMD TS T HhE
HiH) FRIEANBAKRT: (2017) BTkt LC—EphneE
2.2.1-16 EZERBRFER LSO 7 7 V) T 4 sl

Fig. 2.2.1-16 Impact test result and fragility curves of structure
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Fig. 2.2.2-1 Specimen for crack growth tests

# 2.2.2-1 BZERABROBERSN—E
Table 2.2.2-1 Test conditions for crack growth
i) Azuma, K., et al. (2018) &%

RERE Ivala BAREAHS (MPa) Ji 145 (MPa)
R= 0w/ Om O mx A G = 0w Ouin
300C -1.0 116 (0.250 7 233 (0.50 0 9)
300°C -1.0 163 (0.350 7 326 (0.700 2
300C -1.0 186 (0.40 0 ) 372 (0.80 0 p
300C -1.0 210 (0.450 9 419 (0.90 0 9
300°C -1.0 233 (0.50 0 9 466 (1.00 0 2
300C -1.0 244 (0.520 9 489 (1.050 9
300°C -1.0 256 (0.550 7 512 (1.100 9
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Fig. 2.2.2-2 Relationship between the crack growth rate and the range of the

effective stress intensity factor
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Fig. 2.2.2-4 Flow chart of CRACK-FEM
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Fig. 2.2.3-1 Outline of small missile
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Fig. 2.2.3-3 Damage status of RC panels
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Experiment Analysis result
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Fig. 2.2.3-6 Comparison between experiment and analysis result
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