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Strong motion studies and their influence on input motions

for seismic design of building structures
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The seismic provisions of the Building Standard Law of Japan were revised in 2000 towards a
performance-based design code. This is a drastic revision since the input ground motions are de-
fined on the outcropped engineering bedrock in terms of acceleration response spectra. In addition, the
revised seismic design code for structures taller than 60 m accepts to use site-specific design ground
motions due to scenario earthquakes. Recently, extremely large acceleration more than 1 g were
often observed in near fault regions of crustal earthquakes. The amplitude level of those records ex-
ceeds the above-mentioned design ground motions on the outcropped engineering bedrock. After the
brief review of the seismic provisions of the Building Standard Law, I shall propose the basic con-
cept of site specific design ground motions by combining both scenario and non-scenario earth-
quakes, considering the recent development of strong motion studies.
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Fig. 1. Basic concept of seismic load applied in seismic regulation at each era.
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WEFORMAIR VKD &, BREERICRE SN I v oRea—o v 7 51 X 0 B ER 2
KA ESNTZ, MBREITELNBED THWDE L0, HEZD L ODIEFEICOWTITEHRI /2
WA TH o7z, O XS RRIICH D R3S, HIENEYICKIETEMERBIRZQRITRL 2
REPEEOMRIC X F MR FEKEICE SR L, MBHEZTWRETHEL TV DRNEE
EORHTH 5.

[FEMEMEER] (TR FITBELSMNC S BREWEIR R Z 4 55, Bl 2L, “WEEYICkE
FTER %2 5.2 2HEIOFEIE 1 2L 15 TH 05, HEYNICERIRL2nE 9icE
DPEZED 27 LD, T OIEHITLERFERMEUZICHRR S e “SOX0E RS
OEFME (B2, JIHE, 1998) ICEBUL2@BETHD. Eio, HERRISCEBOEBEEICRL T
AR A S D MR R AL - AR R E 2 b BRI S hTna, ko X i, B
TEDTEHR T O FEARPMEFFZRIC X > TRERROIHICE L NI L E X 5.

COBELEDE 2 J571E, 1924 F i HEEYIER X O 1950 F 0 @A IC b 5] ka3,
1981 4R ICHTTN B R FHEDSER S5 £ TOR S0 FEMIch> THEHSTWS, beb LiE
L, BEYOREEICHIERSAS ST RSN RN, TOEMES (& X REEE)
L TREMBEICTND 2D TH S (Fig 1 OAKHBM). t-> T, MIENEZRET 5 IITHE
Y OINEORERPLEL 72505, URFOBEY)IER TRIVINS L, BRLZholcld, #H
Bzt AR ICENIAEEY L E X TLhot, ©L A, BEEICK HMERENEEY
OIPE - BEZE LT, ATkl TER LI WIS ZEML Tl 51 5.

Z D% 1953 TG S 7z SMAC I X 2 TRBBLAEIC LV, BARICRSW TS KHIE O MHEE
FEOAERE I NUGD, HMEBBHOME LHRAICHL MR- TE R, £, BFiEKLIEEL
BB T 5 BEY ORNEZHEIC L > THMD I LN TE D L HITRo T, IHETEHOEH

CETHEMOBEICLY, BRETERL L CEMBER 2 HEMmICE S RNV B 5 5
LLIRRTH 2. BEEEE (1950) OFIELIE, WIS 218 L BB EEIC X 2 5EHE
RHER S NTERD, KEICHFANEHBICRY, BETENNE SERZWIERD T A v b
TR T b OB Uik To, FEEIEEPET 5 &, MRS 218 L icfesk o aHE
REWHETDHLEMENE L TE 7, 1950 4ELAT%, 1964 FHIHITE, 1968 4E-HBiPhiE, 1978 4
HIREMHIENRAE L, WEMREL oo, BRESOWELZIT BT, HENRE, &
KM SEEE DD Hetaid v, KRR EZEL TRLT, HNEEEOATIIHEICKL
TUHTLLHETIERNWI EBHALE o T,

P EDERDDL &, 1981 FEDOFMBHFEICB W THES I T O X 5 ITHE Sz,

0, = W*C; (3)
C; = Z*R*A*C, (4)
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PEF DACEERFHEE IR EY 2 QBEICB W TRESI L TWeoiext L, Q)Xo C; icidtEiE
YIDIGEDOHEEPIY A TS (Fig. 1 O RESR)., $7205, BN O LRI HE
FBIAS ST G RAL, T OMEMES & U TEEREEY b 5 KR AW 2 iES
ELTHEHEHEL TS, C,OfEE LT, KMELAHEEL 2 2 Kkt ORA KT BRI
LOMERRESNTWD., Bz 1 ERRICETVEL, HEFHZALSEDL L, £0
DR EE IS E BN 25~3 5 & 725, 1€~ T, KEWRIEZF 23, C,=101% 300~ 400 gal
OHBEANZHEEL TNWDZ LT 5.

2000 4E D ER IR IEAEE TIX, BY~D AN % TN 2 EIGE AT F LT
HEL, FICEBEOMBEE G, -t E~BYOMAER2EEL THBHEZREL TV
(Fig. 1 AL, REHHMBHOEEBLHEF Y 747V 7 % Fig. 2 1TRd. 22 TLFME
BB W TER S NI R RFURF OB A7 b v (g, ERAXRT MV ERRT) I,
B DHTERTTE L~ & O 2T 5 720, FEHEHED 2 BHiRIc BT 2 E S LR
NWCESWTERESINLTWD., LEMEE THEHPFE SN TIEIWD R, fHEDG, ZHw
DRV L, FHMEHFFEOHMBREL AR ZOEEMAINTND, HEITERLIEEE
(1950) DV~ )%, EEAEEIIHEMEEYE (1924) OV LV EKL, £ORERLE
EDIED L, BREKITIIASHIC X 2B T OMBEE 0.3 (BRPHATSHE,
1925) IZATEE L T &ITeD.

SRAARY FLOHES
VRN TR 3 2 5k TH 225, BIRME 255 L Uz PRIEENIC K ST RS
LUV EER LTz (INEE, 2009). Wald and Somerville (1995) (XA ®hT — & L mEHhE
KT — % ORFIFFA 2 N—=2 a3 U h b, 1923 ERERMBOWIEH O REET Y 546 %KD
TW5., TR DK E W NHEIRAHE & =S > b EREEREHTED 2 FFTicdh v,
R DHAEERFEICL TTARY 71 R U725 R % Fig. 3 1ORT,
ZOWE/NRT A —H ZFI LT, HE - KFHTOHES) L~ 2 FREE NI &£ 5 <R+
T XV FHM U 7. BEEER I O T B 72 IR A3 V) A S EE PR R X ., T 8 L 72 Nishimura
et al. (2001) ZHW, M; =79, X,,=58km, V,=500m/s ZAS/{F A —% L L THEL.
Xog ZRODBEITIE, BT AR T4 EERBEHOT XYV ETEHAHITLTND, IEEARY
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Fig. 2. Relationship between seismic load and design criteria of building structures in seismic regulation at each era.
k denotes the design seismic coefficient (kK = a/g) where a is maximum acceleration of ground motion and g is

gravity acceleration.

Fig. 3. Fault model of the 1923 Kanto earthquake.

Cy denotes story shear coefficient.
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by Wald and Somerville (1995).
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141°

Two asperities are extracted from the slip distribution
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Fig. 4. Comparison of acceleration response spectra. Red line shows regulation spectra used in practical
seismic design defined on the outcropped engineering bedrock. Green line shows the predicted spec-
trum at Tokyo for the 1923 Kanto earthquake based on empirical attenuation relation. Other lines cor-
respond to the predicted spectra based on the fault model.
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ARG (2007) (MHERE KRB O THRESIKE ZABL T1W2d., ZoHickiEET
W E-5< 1923 FERIRMB O HORK « KFAT & AO TR (i - i, 1998 5 AR - i, 1999)
LEENTEY, WHSOINERRY NV %E Fig 4 1Z0fit9 5. BH 4 UL EoEBEANL 3 &
JEEEAME, AR 7 ) — U BGE (KTFAT, HIR) B RO 7 ) — U BISGE (R
#, Vi=400m/s fHY) ICKVFHEL, WEEZNATY v FERL TWS, WEET IS
< FHBRESRIIRTIT D 0.2 AL TERANRY bV LR 0, HBEME CFHESATHWEZ &
bd Y, FEMEOMBERIEOFELZ I CWBEAREE DD 5. T OO EII#IZE R A2 b
NWERE, ERIETREZLNLERSTND, Fi, HERERICESERE DMRESL T
w5,

Xy, HRART7 ML oMBESE LT, 1923 FEERMEICI T 5 KFEOARG O T H
BEH LIS TH LV EFE XD,

3. EBERHTRHVWAIANMES)

AR ¥ —FORERMREKEIC X2 B/EOEMRRZ LD &, REBEYOmEE
WD FEBHEF THOD ASHMEINT, ERALT M VICEEAARLBRII T O FEA %2 5 2 T
TERC L 7ot BN 2, BRI DA % 50 cm/s ICHMEL L 72 b AJ BB & L T
FEHINTWS, T Z TIEBEER & LT 1940 4F Imperial Valley #1212 331F % EL Centro (NS j%
43), 1952 & Kern County #E 1T 2 Taft (EW a4), XL ON1968 FE+FimE Iz B 5\
P (NS p5r) %, BEMES) L L COVFEB OEAMMEEZHW5GE LB E W
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Fig.5. Acceleration time histories used in practical seismic design.
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Fig. 6. Acceleration response spectra used in practical seismic design. Red line shows regulation spectra

defined on the outcropped engineering bedrock. Other lines show observed spectra of which velocity
amplitude normalized to 50 cm/s.
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1995 A FL i IR pe T B DA%, BB ICNBEHUSRNIB SR AET D L5 1R o 7z, M AARTH
5Nk NHIE &, R - K - MIEESEORE N T 7 TRAET B RHUEITFHEEE
HDHZEMERShTWS, #ilzIE, - B (1999) 135HbEEAFTEL TWDERERE T DJE
WHIIR T DWW T, 795 45~1995 £ 1200 ERICI T 5 20 £/ Z & oW ETE O FEEE 540 & 5
el A, mifEh T 7 OMBRTOR 10 FH L% 10 FEHICHEERBPEP L THRET LI L 2R
L, ZOMIEEMEbERL TW5, HERAMHEEARL (2008) < Lhid, 4% 30 4L
WICEEHE N 7 7IWT M8 7 7 ADMIENHAET DRI, HEWEHED 60~70 %, FEiEHIE
M50 % MELHEEINTND, ZOULOEMEZEXGDLED L, SH LA RIBLRRES
% % 2 IR\ WRILT B 5

1995 4F fL i IR AR LB DAL ISR 2B L e B2 N Bk N B O BRI E &L BIR A W =X L %
Fig. 7 1T, &% ORBEOBFLEE THE O IR RIEE I 2 Fig. 5 & #fh & fithh % 4
— L T Fig. 8 1T7RT. Fig. 5 IR LI EBRFH THWD ASHEBNCI R, BB oMk I
10 PRIt Wb OO, FREN 1g (g IXEAMEE TH 980 cm/s/s) % L0 5 Figh $i % <

BoHilTnsg,

E TR 5 %D IEEIE A _Y b V% Fig. 9 1TRT. RPITIEERARZ D L_LE K
MTRL 7. HRBIGEE IR~ 2R OETHE O TS e, V, =400 m/s FEE

| |
132° 133" 134° 135° 136° 137° 138" 139° 140° 141" 142°
Fig.7. Focal mechanism of inland earthquakes with magnitude around 7.0
occurred after 1995
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Fig. 8. Acceleration time histories observed at near fault regions
of recent inland earthquakes
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Fig. 9. Acceleration response spectra observed at near fault regions
of recent inland earthquakes. Red line shows regulation spectra
used in practical seismic design.
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ELTRESNIERARY LV ERBICHIRT 5 Z kﬁf%&%#,&ﬁﬁ%@ﬁﬂﬂﬁﬁy
SPERANT bV ERE L EE->TWS, B SLE RRETHER O w5 HHESR B O Rtk b
FENLTVDN, 2% EEDEEIKRA E/BLNTNLORBIRTH S,

FAUTIE, MEBIERIC LRIITFEET 5D THA 9 H. Bommer et al. (2004) (FHFEOMIE
BIRIED ERAZ XA T DT O 3 8% OFE»LH M SN HEHRS O LR, OERRE
RNRASARTERRIE (T X D MR O HIIRAY T35, QR HRE O A MR B I K 2 B EHIRIE O
LRR, ZfERL TWD.

CERT D HEBTRS O LRICBET2MEIN ) 74 V=T THSRLEFINTNS.
B 21X, Housner (1965) IEYEFE TICER S TW ol KINEREAE O 7 — & 0 E &) 4 i 1%
LR ERICL, BAMEEIZ0S5g ZBARWEERHL NS, T—4RXR—ABFKET DL
RIDORF T D72, FRIJRERPRVNFER LB D,

Wrfg D9 D IEBC IS BRI R BE 2 O b EREABRET STV 5. Hanks and Johnson
(1976) 1£32 =M = 7.1 DHIEICOWT, EIZIEEE R 2% 10 km FEEEICALE 2 BUALA O R AN
HEE i ZINE LT, M = 4.5 OHBEICOWTIL i O MARGFHESHBE CTRWZ Lnb, HAN
HEEAE i &

i(R) = (5)

(o=
B |

EETMEL TWD, 22T o MBI ICBIT 2B ARSI OBLE, o XBEERT.
BAINEE W g E Lo /AT emEICERL, FNEXET2 0 I I M ITERFELRNWEDE X
Thd. o THENREAETIHIBLIC L > TERRD D, FHMICG = 2kbar £ L, p = 2.8 glem?,

R=10km &FHiXi=075gnERERD. 728, 6 =5kbar ETNIXi=18g,d. %
D%, McGarr (1982) 1XFEERE X ZWEORGE TN 2ZE L G ECHLEL, 4 o ER
ﬁ%&ﬁbfwé.aiﬂ%@&%i:i@ﬁﬁ@,EMEfiu=0%;%fh%Efuu
=07g WWETIZu=20gtM#HELTND.

B RIEE QBT EREICOWTIX, KEEHOy I - v U 7 Ii2H D Solitario Canyon
Wi 2%t & L, Andrews et al. (2007) 725 2 RGO EN/FRFEICHE SV THRHFL TW5.
BOMFEAME 15m EIRETD L, WES 1km B2 S O &K EMEITKFE SR 3.6
m/s IZ72 % EHEEINTWD, THITERBEEBEREN L — ) —KEE L ZEELWEEICAT T
BY, HAHMICEZ 200 LARWREOSRG TOHEMETHS.

PLRIR LIz X5, BIRICERT 2 BRSO EROMEEGEIH D b OO0, ZOHKHE
FINRT A= DEZFCIVEHT S, I OICEED? D FHH S NI B PHIEEERE RO IR
PRI K DB ORI TH 2R T LPWERICET LI 2B 25 L, RREEZ -HBICRET
LT LITELEO ThD., —F, TPARRBLNRICHE S 2 HEfE I KIRIE O MBI S AR T %
&, HRIZEOE AWHRELL EOXYAMN Z BB A D Z LB TE e, MROMEHIC
X EFRMEDMFEET D LR STV 5.
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KE - il (2000) (ZNFBEEAZ T A —F & L TEAMITRE 25 2 72572 2 BT 7 v
ERtgel U, H-DETNEIGES — OF ZHBRICH W e IERR T MBS AT 2 F i U 7z, kol
WE, FHAERE, SIEIC S W TIEMEONMELRMZERN LT 5 ERESFHEL, NEEEA
PINSVIZE/NATT L)L THIBEN O EIREICEL TWD, —JF, RAHEE & EREAITITNT
Ub ERRERED bR, Eie, AT A MCOWTITEIR & RERIE ORI Z O % bt
S, BRRIEETSH-> TH ERESFEL 2V E PRI,

IV. REFRANMEBOEFEFSHE

P R i3 PN H B D BB IR 65 O BLRIGE SR 23, BLROFRFHHAATTHIEE L~V & L6 5 Fl 2R L
T&7e, £, TOMEBHLNNVOERELZEDD Z LITH LN ELIEHLLE. 20 Z ki3,
R A NEUTHRAET HREEOH H2MEBELZIEEL, TREBHIIIE O R 2 KB 7205 ARFER
PERRIE-OHU AR IR AR 2 U I B B L e THIHEEh 2 /Ek L, BEMEY O ELR 2 2Rt
LT EDEBEEELRLTND,

EOFERMENRETLHKE LD &, R—8HSATHONIHETLSHK TH - TH, HIFERMII,
BN BB DSR2 IUE, HEBSMEICEVDELD 2 EDERIEEE L THL2 L 2o
T&E 7 Ok, 2009). P SN HEBEEHZREITHEO 4 TOBBREOEEL T 5720
A N THRAETHIMBEOS ) A LHEL, SHEORE L KM S 72 PRIHER 2 1F
R AMEMERL TS, UbhElEz, EELWVERFHMENOLRDE% Fig. 10 I3 7.
LR OFENA T ) AMEBICES SHEHEMEICHEY 32, BIZE, Y1 MR ITERTE 2
FIET 5, WBOE SO, MEEFBEOMERE, W OhDTF U 251, EiE
HEALCHEET VR EDOFRFEFEEZHWTHIET Z5HMAT 2. WTIhOFEIC S EA L Eis
bV (HAREZEES, 2009b), REHAMBE LM T 2G5 THMFELNNT VAR HENI 2R
FTIEVNEETHD.

Fig. 10 O AN ER 2 FRNCHET S - LWL LT, R EEBETREMEH L v
g5, UFVAEZHERNE NI BRT, TZTRFEVFIAHEBLIERZ L L, £
—RICHEAT A RIKBOHEH L L TH D, TOREMRITEL TUILLTO 2 mBzEF 65,
FBISEOEKRELT, RKIZ, ERAOT7 v —ToF ) A EMATREETH- TS, v FUATH
ELRZUNOHENEETLZZ LDV 25, VT UL EBDICHENEAELZELTYH, Bk
DOIREERFHMAENIERRE LIChH D 2 enn, FHRKRICYZY - ZTHhoOERD S L FEEH
5. LIcinoT, ZOX5 RHEBEHFHMIFERORHENLS 2O 72Hic, RERIOSHEWOHE
BL-VVEEF EEZEATRBRELOMNBETH S, F2HEOEBEKRE L TL, ERICcY TV 4%
ORWHE, Wb d TEBREZTORELIC WHIE] ([Cxhicd 2 ES L ~v (g - fih,
2004) TH 5.

BROBRFERRICY TIID D &, HRART MUBIESF U AHBICHY 5. HRARS
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A concept of determining ground motions for seismic desigr
(Combination of scenario and non-scenario earthquakes)

Scenario earthquake Non-Scenario earthquake
Selection of scenario earthquakes that influence on
construction site - Blind fault earthquake
(Active fault map Past earthquakes)
l Unexpected earthquake

Uncertainty in estimation of strong

Strong motion estimation by fault .
motions

mode
(Empirica semi-empirical anc
theoretical approact)

v v
Site-specific ground motion
[ &eiemic hazare | L niform leve throughout the country
L anaysis T *l

Minimum Requirement for seismic

Site -specific characteristics are considerec design
(Sub-surface structure irregularity)

A 4 A4
Ground motions for performance-basec
seismic design

Fig.10. A concept of determining input ground motions for seismic design of building structure.

ML ERWTHRARROMEMERZHEERL, 51TV AHMBICESSYA MNEEEZEETLI L

TRV, EEEMEEE OMBIEZINRT S Z L ARFHHMBHIOLEN LR LEZTND. IF
K, MEEFENSHICEREL, ) AMBICES SHBERMEORKE M LT, £2E—
BICE T 2 HIEROMBEH LNV HRLA KT SETWSOPEBA TS .

V. ¥ & &

2000 FFOBEILIEEOWEIC LY, THAEE THE S - BB S EGEIEY) O 3R
BE#E L THRHAIND Lo ICkoT. BURORFTHATIMET L L THWLEN TN HRARY
MVORERIMZ Z2DI1ED &, BAANCITESFETIC X5 1923 8B HRMIE o H T o Hu
BE03ICATEAEL L, BMEMEARIGE L PRMES S b, BEREMEICKIT 5 KPS
AIBO T RNHIER) & FRART MADRIERIET D Z L 2R LT,

—75, ILAEFAE U 7o NEEH R N HE O EIGIT BE CIERE BEEIRNE O Redk i e 5 & Z A TEIH
S, INBEFERAT hrERELS EE->TNS, MBEBHEEO FREZFH N E 25, KK
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