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Synopsis

Japan’s earthquake resistant designs are modified on all lessons and knowledge learned from the damage done by
earthquakes. These modifications were done to improve the technical aspects of resistance performance evaluation of structures
and valuing the eternal force of the earthquake ground motion. On the other hand, reliability-based design, used as a means to
check the earthquake resistance performance, has been needed and was a concern from long before. Also, documents about
earthquake resistant standards for airport facilities and notifications have complied with having this reliability-based design as
a prior condition, but actual adoption has been prolonged. In this paper, we will be looking at the reasons for the procrastination
of the reliability-based design and technical problems that need to be solved for adoption. Technical problems especially refer to
the checking standards of the required performance for the ground motion for design and requirements of the airport as a whole.
Our target of actual adoption of the reliability-based design, we are willing to accomplish this by adding the tentative plan,
which is planned to be the framework of the design guideline, to the present design guideline. Also, airports will be subjected to
adaptability examinations for the draft plan of the calibration method for the design capacity.
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failure probability, target safety level, disaster management plan
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(2) LyL 2 HEH)

B ARRIE, mYE T 7HIEDMZ 9 30 FO%
Ry 88%& LT\ D. Tk, FHEREM 75 £o 1
~UL 1 HEEB O Z 9 30 FEO AR 33% (50 4
MR 49%) L0, »ebiEilELlCnd. LyL 2 HiE
EZOWTIE, MEERRGT (BAARIMELL T &5 %)

NEHITH 50, FIRFHIMEERTR L 50%RE & L
FHTX RV, FO, LoyL 2 METZFEEE T 7

MR O HRR LT H5E, M2 9 30 4T 4% EEMIC
XEEAETCD EOBA LD, LIeR-T, Lob2 il
BRI RIET %G, HEMEE XV A ERICE
TELEHEMFRHTCORET I ENEE LN EE XS,
ZE P AR R M R A B M VRGNS, MR ok
HHERMAEL LT, L~UL 1 MEEHIC W T BEMIC
XA G Z VR OB O OB L), oL 2 HiE
Bz OWTIE T CHEIBAEERBREOOOEIN 72
EMFLENTWND, T, Zeibfiaein sk mimc
AETHZEEERLTEY, EBICHmOhEEOHY )
(2007) IZREEN TV D TRHEEHERFTHL K%L 3 H
ZHA EEELTCWD. —F, AT —RAZ b
R, BREFHHED 2 BE T 2 5EE, HE O
BEEE I3t U CH R it R ERE A2 28l 5 LTI —ED &
HYERH D, L L2ans, EMEORECHHENE L
=L TRLT, EHRARE L CoBRICEH Lo
BEORFHIITILT U b S 220, 283, Z ek
T D Hus NSRRI ER 5 2 L THIEL TV D 2o
ZEPERSRE D REEPE DRI, %%a%mﬁkbt/f

UAHEIC L 2FHMEA LV EL TWAENRLTHS.
LoyL 2 MIFEENE, ZedkHoRHEER O EHER (%)
(2000), [AIRREFENE - FfiERE (2015) 720D, &M

%Ti%é%@@,ﬁbfﬁk&@ﬂﬁuiéﬁﬁﬁk
b5 ikqfﬁﬁwﬁﬁﬁfﬁb%htﬁﬁﬁﬁﬁ%
LB INEREL LCRET D) Lfndo,

/+)ﬁﬂ EXFLTWSD. BLEXY, Ly 2 M
BINZOWTIE, YRR RO HER 2355175
U AHIEE, B D WIS OB ERE R ST D
NTWLU T UAMEBELEST2ONEIEEXS. £ T,
VINF AR NET A EHWEZLAL 2 OV U A
ROFREFEZOWTHIRT 5. HAEPEQ TR RN
FEDOREWIEIZ EAE 40 OF U A HEEVFE LZH 0
BR-1IRT. RITENSGERA, v/ =F2—F,

TR T O R KIMEE (PBA; Peak Bedrock
Acceleration) , FFAEMSE, REMER, BRF A 7T
bbb, EREA TN, 3 ITERERET S ENEELN
WEEDWY ZHIEE, 2 137 L — MNERTBLOHEE, R

-

TR0 1 IERTEHERE TH 5.

F-1 wAFA R PEF L DHEA N b EAL
40 DY A CROEH@H )
VFUAHIE | v/ = PBA VI | vy iy e | TETR
Nol T gia) | Fa— | o) | o [TPUEE| 4o
1](139.85,35.65) | (M7.0) 507 | 0.000018 | 0.000018 3
2((139.75,35.65) | (M7.0) 473 10.000018 | 0.000036 3
3[(139.85,35.55) | (M7.0) 460 | 0.000018 | 0.000054 3
4/(139.75,35.55) | (M7.0) 436 ] 0.000018 | 0.000072 3
5/(139.95,35.65) | (M7.0) 417 10.000018 | 0.000090 3
6](139.85,35.65) | (M6.5) 394 10.000038 | 0.000128 3
71(139.95,35.55) | (M7.0) 378 1 0.000018 | 0.000146 3
8|(139.85,35.75) | (M7.0) 375 10.000018 | 0.000164 3
9](139.75,35.65) | (M6.5) 360 | 0.000038 | 0.000203 3
10/(139.75,35.75) | (M7.0) 354 ]0.000018 | 0.000221 3
11)(139.65,35.65) | (M7.0) 347 10.000018 | 0.000239 3
12/(139.85,35.55) | (M6.5) 340 ] 0.000038 | 0.000277 3
13| fERT >
(17037cH%%) (M8.2) 335 | 0.000881 | 0.001158 2
14)(139.65,35.55) | (M7.0) 321 ]0.000018 | 0.001176 3
15/(139.95,35.75) | (M7.0) 315 10.000012 | 0.001188 3
16/(139.75,35.55) | (M6.5) 307 | 0.000038 | 0.001227 3
17/(139.85,35.45) | (M7.0) 297 1 0.000018 | 0.001245 3
1| fEBERTZ
(1923 KIEAY) (M7.9) 294 | 0.000881 | 0.002125 2
19](139.95,35.65) | (M6.5) 288 | 0.000038 | 0.002163 3
20(139.75,35.45) | (M7.0) 285 ] 0.000018 | 0.002181 3
21( 140.05,35.65) | (M7.0) 282 1 0.000018 | 0.002199 3
22/(139.65,35.75) | (M7.0) 277 10.000018 | 0.002217 3
24/(140.05,35.55) | (M7.0) 265 | 0.000018 | 0.002316 3
25/(139.95,35.45) | (M7.0) 261 | 0.000018 | 0.002334 3
26/(139.95,35.55) | (M6.5) 255 1 0.000038 | 0.002372 3
27|(139.85,35.75) | (M6.5) 252 ] 0.000038 | 0.002411 3
29](140.05,35.75) | (M7.0) 237 1 0.000012 | 0.002504 3
30( 139.65,35.45) | (M7.0) 236 | 0.000018 | 0.002522 3
31(139.55,35.65) | (M7.0) 236 | 0.000018 | 0.002540 3
32/(139.75,35.75) | (M6.5) 235 1 0.000038 | 0.002578 3
33/(139.85,35.85) | (M7.0) 232 10.000012 | 0.002590 3
34/(139.65,35.65) | (M6.5) 230 | 0.000038 | 0.002629 3
35[B 12 (M7.D) | (M7.1) 226 | 0.002736 | 0.005358 2
36/(139.75,35.85) | (M7.0) 225 1 0.000018 | 0.005375 3
37|(139.55,35.55) | (M7.0) 225 10.000018 | 0.005393 3
39[B9H10 (M7.1) | (M7.1) 218 ]0.002736 | 0.008196 2
40/BI 11 (M7.1) (M7.1) 214 ] 0.002736 | 0.010909 2

HEEE R E (2012) TiE, L~UL 2 HEEIE LT
7 L— FEESRR O HE %547 [, HEEE THRHEA 2
A7NMELTVD., EEERGFE (2012) 15 54,
RBED, A7 1% 1703 FITHAE Lo otk E

(M8.2) Ok, #A 7IMITRRE 139.85, fHFE 35.65
HUMIRAET S M7.0 OB TRHEE 2D, EhEi
DL 2 HUEBAFETIT 57 Y AHEE LT8R
o, Fio, 2P LAk RO E L - [F R

(2015) ICHEAIE, WEHRRBOHEL LT, 1703 4
\CFAE LTz ook iiE (MS8.2) kN L~UL 2 d )
VAMELE L Ta P RAEGELZENTELY. H
BRI A KD HE1%, IR U= SRR, &
FTH Green BI%EZR &, WEFHTHZ &2k D. <
NTF AR NETOAOF ST, “EFEORG ST A
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REFEEEED RN NEEND.
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FIC XD ERMREOIENAIAEIC /D, T 2T, WEK,

PHE, U u U EOsEEARIG LT 5.
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WEROMEOMZWRAET 2 2 2225, BRI 25 m 5
% X-10(b) I/~
SR (C LB ENC LA (L BHEER
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ESRRVREE EEIRVEMBOUSIN  ZERL
IR CIEER A RUUE  SAMTIEE
n (GAmTEE)
BECEEETINNT  (EECEENE
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BEOUOARNTE 3EMTEE
BT GEETES)
BEOMNOARNHFE BB ERE
Bx182% (E1) =93
(a) #E L~ bRkt
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EEZEE %ﬁ%
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LoyL 2 MRS MT% Eifl C O ERIMERE 2 R
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THVENRDH D, TO=DIZE, NS (2015) 12X
DZEPEDOEAEOBRTACHE S (2015) BR L72%E
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PEBEIC S IG5 A — AN EHEIT R 5.
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DOFHMRRZETH D, AR 0 MRS K 25 REA RIS iR
Mra 50k L, HatLeiza475 2 & CRHMiic& 2968
DHLDThD. QUM LRECHEBREDIX s D& L
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BRODHZLIZRD (B-1(0b) ). b ORFEEN
X, BEREHICER R & (T D & D) OftEHLER
WZEoTRwoENRHD., —F, BHfEoHEICEL L
UL 1 HEFB ORI G LR, OLQORHEFIMETFE I
FORNTEL L, ZORHIEMIIEEBE IR,

B, BT N0 TIE, O~OQ% MIRTIAS i M
® % 78k 5w HY N e 5
(epistemic uncertainty) 72 & & RS,

(‘aleatory uncertainty ) ,

%[\t
D+HO+@H@ ®
e A5 i
ﬁ ® HEW O
&  \(W DR
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O BRI AT AZ DFGE
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R-11 ReesEMHEomER
4.2 TREEMICET 2#EtoM

FEOREICHE WL, ESERFETHE (1995) LIk,
HH (1997), RS (1998), AH B (1999), #1/E
5 (2000) 72 XiCk by, HEl SN HEEYOEGHESE
RTIZVNT 4 =T OFMBE I ED b, o
NOEEEREZRNCOTT Li-bo<T, 79207
o B —T % T % B T A E R 22 A SR D TN 5.
#E4T1%, Mander,J..B. (1999), Grossi, P. (2000),
FEMA, HAZUS 99 (1999), Shinozuka, M. (2001) 7 &,
HPFIC K 24 5 ot S 4, AHEFVEICB T 248
R, NAAEDD LT OTIEH 203205 5.
TS (2007) 1%, Bk o> AHEFE M O HEFHULELRS
ZEY F L, BEMORMBIEERAL 0.6~0.8 FRE,
EREMTIE 0.5~0.7 BEOHBH THDLZ L E R L.
INHIFO~ODORHEELEEHE Lz, Wb EA
ZICHYT 5. 22T, QOEHHEERDOIZL > 2%
B HER AT 045 LIEL, @~@DIEH>& &0 7
KHAELD L, @EWTIX 04 L0, EBGEHTIX
022 L7225, ZOLIHIZ, FREFEEEZSHEL, HES
NIAEBIOFFHENT & & b1, WFHEZRE LI-E
BIRAEDOFRIT LD D Z RO END.

9

4.3 RAKIERES R &L FREEM

WAL DFEAELHRACIZ AL S HEM B E 2 TIN5 2
CIE, AR OBRFHIB W TR THEHETH S,
T, BRICHER - HGEHOELE D, IRIMEDR A
R E O TR TFHEIZOWTHAE L, W{bicET %
TV T 4 =T O kR R

TRALSERREE Y EITIE FLE=Se P %2 MW 50
N TH D, TR (1997) 1% PuiEICBIE &%,
INEBZ LR (PL>b) iR I AR E ERL,
Mzt ROFHOBFHISHA LT, 2ok, HEE
BOWE M OBREL IERESMEEL TS, S
(2005) 1%, WIRILIEERERZTEA & (1997) & [FAIEE
IEF L, TEEH (N, D50, Fo) ZEMmAm & E L
TEVTHNLE - I ab—arBERL, RRIE3E
EOT7I7TV T 4 h—TEFMMLTNE. WS
(2011) 1%, BEHIE (2000.10) ~%5F - =Pk
& (2008.6) O 9 HIEIC X DR LR AR & A L,
WHIE X o % LR L, 2E L L 7 s A e
REMFFNCTME L TWD. K5 (2012) 1%, ik
{BIZPE D $R EAEIEY) (R IOKERSCW)IEERS) 15 fEEAR
Wradmd 21280, HEFHEEREUINO HEESRDZE
MH T Y R 0ET ML ARHEEN 2B LTz PL DA
EWRSEERIL LTS, ZOE, IMbI A OB %
PLfii 15 LEE L TWA. EBICRTS (2014) 1,
FACH T AR R (2011) OR[ITERBS 4% 5 F 1)
RV, WRIRAGICE Y B O 7 TV T 4 h—T %
2 HALEETMIZL VA LTV 5. KL, SHAKE
AR HIFR TR OIS E 25 L TR Y, ZAuc kv ah
FIDOMEE RRFE % B D TR PR IR 2 0.69 23RO TV D
MIZH D, WAV TIE Hannich D et al. (2007)
73 Fs (Factor of safety, FLAEIZAEY) EFRSIDHIEEE
ERWT, R EMEOTMM 21T > T 5D, FHl=
i 0~1 [T AEEORBEEEHNTWS.
David Kun Li et al. (2006) %, IL (Liquefaction
potential index, Pr fEIZfHY) ZIEEEIC, WIRILFEA
MERAFTE L TWD A, RIS 0~1 (ZHa 3 5 Al
ZHNTNG.

7ok, Fs, IL 2, FAEO FLiE, PLiEoEssE &
EHTHRR-THND, 20X, WIRIEFEMRIE, Py
HEEEE LIf A B Ch 5. 2, ko
FAEEG A BRI 5 2 &, b ES W
ZAHMECE, ZOAMEMEEDO TRIITE L TV D Z
&, GEBER T ESE OMOBREHESHI B W THESE S
FHETHDH L, REBERTED.

—75, MRSV TIE, MR O R ECIRA B
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SRR -

BV, RAMEIIMMO IR Z, T O DRI
K LS oBEE, —EORERBOOFMI 5
RS TR, LA LR D, TIMEICRE O Hi
PNEIE, HEEWICR UIBHIENL E U CTERT 2720, #
EHOREZMIES D VITHIET 2 2 LI LV, E
T = HIHES S EHEM T 2 X, HiE S REICD
72 2 BRFVIRBECHRE =R OFAMIZ B3 2 L A (et =
LMENDD. TO—RE LT, R D &bk
ERRITINE R & R OMEIE I O FE LR ORI
WY, PEEEEL L2753V T 4 h— T O &
8% E \CHIRT 5. B, PLEZIRE L Lz ho
oA (B-10) [CETMELiZZ &, MERRS
VEH R R RN & U, SRR UGB T % 3 ¢
EHI L, mETHD. T, REEEMEIZONTE, K
1o (2014) 1T X 2K FHIOFFHE®RL D 0.69 & H
WHZENTEDLH0O0, Bt ERDLERNS 5.
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fcﬁ%) *ﬁ‘%\@ﬁo“’ﬂz, V1> V2 li%t{fw— KoTRDBZEMTE B,

77V T 4 =T, A X, EIEE) &L, xp (Gl N E) 285X NI E O EERE LT
RKoOoND., 7TV TAN—TDORT A= )y CHROFEE) & GHEEERA) 13,

q{ln(}’l +x) -4
-

] =B, + fIn(y, +x) + S, In(y, + x,)] (F6)
DOREN S, WALV RDBNLD.
Bi=1¢. B+ Bln(y,+x)=-4/¢ (F7)
FHARIC o TR ENT 20, G0 LD IEBBEREBEN 7 IV T A =T LD,
3) 752U T4 Hh—TDFHEEH
Ak O@ICR LB kD, F-1 \R LIt T — 2 2 AW, RO EICE LTI IV T 4 h—T %5t

fliL7z. RBBICEOVHE LEERERKE, ZRCbEDSERNENTZT IV T A =T DT A =2 2RF-1ITRL,
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RIEFREL HETE AE
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Bi 5.5
B -48.7
" 323
72 95.5

b) 79V T 4 h—T DT A—4

. S N E
INT A—H
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KA AR 72 0.18 0.18 0.18 0.18 0.18 0.18

IO P RETH Y, T kfli=exp() CHH S 2.

1.0
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0.8 EfENE
—25
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# 06 175
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1% F 05 &Rk

D gz (2013) @ HBAARKRESICEE LB 0 B O eiEE) A ARER COMRILEEIZ SV,
2013.3 H55E - HAARELENS 1 LRV IE-> T, HAMEHZ, pp.28-29.

2) AR (2007) @ PEBHEE O EoRKE - FEfgS (E - T) |, ELGmA IS RE(E, P.148s.
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3 A 29 BHCIEIB AR 3,000m 75 E ARG S, MBERSHEmOIGEEIR, OB AMORRE, &H - @iE, e

J(&UEEW@E#%M XOEIH, WEREY —ITAVENLVOEBERT, BEEENL A L7254 A 13 BICREMZH (B
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BT, S A PRET D2 L THEEY B bHEET D, LV o WEREERER TR, HiEY A LIRIEY
B DGR D D MR AR ORI A EW®T 5.

WY1 L2 OMMNOMRERE C, G, B, HWICHMIL LT 5. (EfES), HWVEEMHEMDISEZE R, R, &
BE, ~EOHEASH L EETS (RH-12H1).

‘I_‘ Ii\'j
%*HEQPR

X H-1 {Ef#ESR, Ho0T —EDOFEEEN & D5
MREZ LT 25 E LCUT2ERT S.

C;
F=—L i=1~2 H1

1

MLO In LS L,

In(F) =In(C,)—In(R,) ,i=1~2 (H2)
720, F, o5 8ITn #EE, LTOLOITkD.

cov(F,Fp) = E(RiRy) - E(Ry)E(Ry) (H3)
(H3)R4L, R, & R, DEPWTHD Z NN D. LIR-T,

cov(F;, Fy) = cov(RR,) (H4)
L. Thiy, EOCHBEREIL, h2ERLUTOLIICRD.

cov(InR;,InR,)

J var(In(F,)) / var(In(F,)) (H5)
Ry & R, DEEREEZEBIER M E LTUTOL S ITEETS.
Srnrs Agiry)s fra(Inrs ApyiGry) (Ho)
ZZT, WA R, R, ODHEBAREAE pr L1ELS EHHRD S FIT
cov(InR,InR,) = pg - & i v (H7)
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8% | HHEIC & 2 E15EE O
D& 5 n O ERMEELE Z,, i=ln ZRE L, —oo< Z=h, all i ODF{ELRME p(E\EyE)aRD D, ZOHE,
R DOEIRF R TERAER (o), X0, + * L X, ) DRV B I OFENIZ L > TROBEND Z EIFEAMTHD.

hl hn
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—o0

T2, hE N p(E)}, © ITEHEER A ORBAMEK CHD. LT, Z, i=lon HIEBMERAREEL, BILOKE
HEIE IR X, i=1~n LAFMEIEBIFERAH Y OB L LT, BT X S Ic&T.

Z,=1-67 -X,-0Y ,i=l~n 12)

TG, X & YIFMNETHY, 0 IFBEKTHLS. (R2)&MREHOMAEL L TR BT, Z, i=l~n DZIRITFRIRESR
DATERD D L, FFERMERIZLLFO X 912 1 FoOFSUCHE T X H(e.g., Curnow, R. N. et al. 1962, Gupta S. 1963)

© n

P(EE,--E,)= I ’l:[]

P(y)dy (13)

® hi+9iy
J1-6?
I, g IIEEERSMOMRELEK TH L. 0, (TMRERZ, i=1-n OMERE p; EULTO LD RERICHS.
py =00, .i#] (14)
728, 0<0,<1 Thb.

wIZ, FHITRT L 90E, nBOBEMDRH Y, TNENOMN OMRER % C, i=1~n, (ERHRBOMREL % S,
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1 2 eer |
= = =
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-1 fEMHEES) & &) O/
BHEREBUTSEER MWD DO EL, ZNENUTO LD ITERT L.

Jailne| A, ¢e;) si=l~n (15)
Js(nr|Ag,¢g) Li=l~n

TZIT, 2 &0, R EREOIE, MERERETH D, MEVOBRBIRELZLUTOL S ICERTD.

%:Esl.o i=l~n (16)
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ZZIE, G, =l FEVITIRSE, S, =l 3R RARBE ERET D, F & O EERIRY , W OB E OB
ZRDD.

CsiCs ..

= ———— Li# 17

Py Crle i#] a7)
22U, miFEARZE LY, DITOBRIZSH S.

géi+§§i:§1%i (I8)

ZZT, m=lnimlrn L, INREEET 5.

Csly
py =2 e 19
F

(14) & (19)37 5 DL F O BIfR % 135 .

Csi
6 =22t ,i=l~n (110)
Cr

E7z, I6)RLVUTEHE5.

Ay = Ai i=l~n (111)

1

— ﬂ“S‘

1

WA, HERERRF, , iml~n 1XZRT O RIRFESRDAT GHIOER ) iz, B)X~0#MzE2Ex5. 2ok, By
HFPHIZ0< F, <1.0 TH Y, In(1.0)=0.0 IZHFEET D &,

72’Fi

F

b=

i

i=l~n (112)

Es. DX EEHT D &,

h; =—_(’102_/1Sf) i=l~n (113)
F

7. 3)XE M0y A FI)RUZEH T2 &,

PEE;E,)= | ﬁ{@(%ﬂﬂw (114)
Ci

—o0 i=1

L, MHBEBEERLZHEEOETSEREZ RO IADFETE . xRl EFROMBRLFEERICHHETE 5. (114)
RN EH BRSO, W70 CITERMEBEOMIE RN EERVIAENTWD Z &b, 40T
HETHS.
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ZIT, nHOREMMOBGOMBEMKRZREL 5. Zha ppLES, HERE G LILTHEET 5. 19T
TOXIITERTE 2.

$3=pph (115)

GRDHN, SHIZMS)KEfE S Z LT,

$E=¢h-¢3 (116)

LRDOEND. Ll BOWT AL 2 ZUYRITHEHT D 2 LT, HEHMBE pr O FTOMEEEROMREITS.

155 1 DZFE TR

1) Curnow, R. N. and Dunnett, C. W. (1962): The numerical evaluation of certain multivariate normal integrals. Annuals of Math.

Stat., Vol.33, No.2, Sep., pp.571-579.
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&, nHOHIRA NV b adR LT 5. BKEOHELSMN Xy U TO LI IR ENRTES.

5.
&
Xy =max{X,, X,, -, X,} (K1)
ZLTC, MEOHRBEDEKZ DL ALYV UFDO LS IR TE,
Fyy(x)=P{X, <x, X, <x,--, X, <x} (K2)
X, =l [ TEWZMSL ERET D EUTO L 1T D,
FXN(x):FXI(X)'FXZ(X)"'FXn(x):il:[lFXi(x) (K3)
LTI EEHERREHTH D D, IR RERICE S D EUTERD.
(K4)
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Gy (1) =1-T1(1- G ()

KHRiZ, FHEA <2 b PBA DR KIEDO 5, DF WEO G ERkD LA THS.
7, HUEA N b P OFERAEME R v EEE, RT Y UBRENRET D E, HEA NS R i AERICEAT DR

(1 EELE) st IND.
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