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FUNDAMENTAL STUDY ON SEISMIC HAZARD ESTIMATION
OF VARIOUS TYPES OF STRUCTURES IN URBAN AREA (3)

By Akio KitaHARA and Teizo FuptwaARra

Synopsis

We made a simulation analysis of the inelastic earthquake response of wooden houses built
by the use of traditional skeleton system and wood frame construction, and compared with the
response characteristics of these houses in order to establish a general method for estimating
earthquake hazards for building structures. The earthquake responses of wooden houses are
markedly effected by relations among the frequency characteristics of the input motion and the
characteristics of the structure. We also made a comparison between the maximum response of
structures estimated by our analysis and the actual damage during 1978 Miyagiken-oki earth-
quake. Moreover, we estimated the earthquake damages of wooden houses both due to ground

vibration and due to soil liquefaction in the city of Kyoto during hypothetical earthquakes.
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Fig. 1. Skeleton curves of wood frame construction for analysis.
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Tri-linear Model Slip Model

Fig. 2. Restoring force characteristics for analysis.
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Fig. 4. Average maximum displacement (Umax)-shear coeflicient (Cy) relation for
wooden houses.
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Fig. 5. Relation of the peek values of input motions to the average maximum response.
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Table 1. Comparison between the estimated damage ratio (left) and the actual
damage ratio (right) during 1978 Miyagiken-oki earthquake

RC Structures(%) Wooden houses(%)

Damage Level Over I~ OverI” OQverll” Over I” Over IV©

Nagamachi | 2-story | 14.3: 6.6 0.0: 0.2 0.0: 0.0 9.9:58. 2 1.4:18.6
3-story |[18.8:25.6 | 12.5:11.9 6.3: 3.7

Oroshi- 2-story |15.9:17.9 4.4: 3.4 2.2: 1.5 [12.2:20.9 2.8:14. 1
machi | 3-story |47.7:58.9 |22.7:33.9 | 11.4:18.2

Katahira | 2-story [33.3: 1.5 6.7: 0.0 0.0: 0.0 0.0: 5.5 0.0: 0.0
3-story |22.6:18.2 0.0: 7.1 0.0: 0.0

%Danage State: I-Light II-Moderate Il-Heavy IV-Destroyed
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Table 2. Number of damaged houses and its ratio at liquefied and non-liquefied area
for each district during 1983 Nihonkai-chubu earthquake

District & | Sn | Amax | Vnax Damage at Liquefied Site Damage at Non-liquefied Site
(Ka) | (gal) | (kine) T

m- o I [oh m- o ; I ok
At Shariki 130 -0.04 170 13.1 110 66 16 11 6 13 | 99
(Ushigata) (47%) | (28%) | (20%) | (5%) (4 (9 (17 (70)
B:Ajigazawa 105 0.13 356 | 37.7 1 4 2 1 23 | 38 85 75
{Akaishi) ap | ae - 62 6D
C: Noshire 85 0.18 250 20.5 43 37 2 ] 38 | 9 10 95
(Asanai) (47) (41) (2) (10) (6) (7N (8) (78)
D: Hachiryu 85 0.15] 331 34.2 0 0 0 0 73 104 108 179
(Oguchi) (16) (22) (23) (39)
E: Wakami 80 -0.13 291 20.8 37 58 11 7 0 6 | 13 31
(Gomyoko) (33) (51) (10 (8) ()} an ! e (62)
F: Oga 90 = - - 13 ] 2 4 - - - -
(Vakimoto) y : 8y | 6 | (D]

% Damage State: I-Destroyed II-Heavy I -Light O-None
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BHBELOEEL LN,
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Kyoto during hypothetical carthquake.
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Fig. 8. Estimated maximum acceleration and velocity of ground motion in the city of

o
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Liquefaction Potential PL
Fig. 9.
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Liquefaction potential and liquefaction probability during hypothetical

earthquake.
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PIRESNTVAY, TCTIRER - B Ik 3FEEZA, HEMBRICBT 3 BIRILRF v v v v
Py 2R, HBEEEE L 2R BRICHEIHER A & iR Lo X > THELCEEZ B
70 LB ERFIBHELZIIUDETS 6 BB 3BWIRELAIZTERLZ LickD, BIRIERF v %
WARNRRI TR C B 2 RO TV B9 2 ORIV THEE TSRO % S O BIR LI AR
RERDIzo COFE, Site K UILOMATIE P35 BT &Y, FUERFIZIZEAE 0B E7L 708,
Site L T3 Pr=12, FEMKISHTH 720 Fig. 9 IKHEEIC L 3 HBHEHRICE T 3BRILRF VY +
v, BRIEFEREROFHERS 2RT

%
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Fig. 5 ICRL &I, REFEEOTTOERIK
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£50.02~0. 40 HHEHT Cy OB L LTENFNEKD
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BTREINT LICMO 2 ikIc Xk - TEB L.
T, NRETZHEORBHEEO FARE & H
EYMOES - YAMMIER G 2525L, 20
EHORRISEDEEE L ERFEEIRD ONE T & &85, 55, BIERETIIE C T OMERIC
LZBAGEDOFHRIIC O L EERETRINIERIECIRIE U 7 22T, BWEOAHEILE
B EETHEH 2R (L TREREMERANVS) 2HETHES G K L TRRIGENT
NEBZ AHESRKD OGNS (Fig. 10 Dy FEDF D)o XSIHH A P TONRE LGRS
O Cy opHEBB oL, LRoMERC G HHOELZ DT THANTHRE T 2 EEDRORTREXR
IS DM R R BA A RMOFEBRD N5,

Fig. 10. Method of damage estimation.
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O NBERNI G TELU LY. BOBROBARFALERTS C, ONHICRET S EEVERDOE
AL DEMMICAE LS, iz, BB THEOES3EMARLERE WL Dh#D, chhbER%ER
OIE L ERFELRE U, i, BADEEL SHECHRETIRER DO TRIRLAES D, B
RTRBELTEIPHABHEINELLVDT, TCTREFTRELLBOLNTELRE L - 21icH
I ZBABEREMNBENFN 5em, 10 cm) ZHVTIEL 22,
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WTR UKo ¥, BRE</ =F2—F LOOHBOEHA G TR U, X TEORY TR, ~
JF2F .- F LOBREOHMBIR 5 &, HEROMBOKREIIHE (Site L) THO 2 BRETH S JELHE
LY, BEMBTRMED OB TRy LB LEA, Site L TREWTIBYOAL 5. AT
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2, FRECLIBYRERECIZbDLD, £/, |EHETOBRMRZ 2ERBTOLO X HERI/NXL
RAEAZRU. BROBOWVEYI, AL O TREVEBROLOIVBENAEIRIHEAIS - &
%, C BIOREVFEAHLTOAY, BRENICRFZIEROENLDO LZIZRABE L 570 —
K, MHEBETHIC X 2RI E IR T 4 Site L TIBREIEETI0ATHY, WBHDZ I3 ER
KRENZENHLSHTH B, LEDHERICREONZ LD, AFHICL - THROBERKIC X 2 HEDE,
WS OBEORED T TR EREETE) KL3BEOELEBHIBE LS ERINTVHE LD
LEZbNS,

i, HEORRIIC X 2 HEIC DV TEENHEEZ TS0 5. 1BITR LI K S, Site K Pt ISR
TREFHBREFCBBERERFEIN L 5720 —F, Site L TR=/=F .~ FRTL0DHEIT Ps
138, FERRIIBH LD, <7 =F o — FBLIDOBETIZ Pr 1312, FERRII0% & 15 - 120 HWIRIL
PHEUBOBMOFEEREOFMC OV TR AETHAERLLIKES LI - THWRNDT, 2T TR
HAEPEMEOBOMEREL & L, BRIEBRE LXK TREEENCHID 5T, 80BDAEES

Table 3. Damage ratio of wooden houses for different sites and different structural
types in the city of Kyoto during hypothetical earthquake

M Damage State | Site | WS- ¥S- ¥S- ¥s- WS- WS- ¥F-
L-0-1| L-0-2| L-N-2| H-0-1| H-0-2| H-N-2 L-N-2

7. 0 Heavy B 0. 0% 0.0 0.0 0.0 0.0 0.0 0.0
(Unax>5cm)

F 0.0 3.2 0.0 0.1 1.4 0.0 0.0

L 1.5 19.7 0.0 2.7 14.0 0.0 0.0

7. 5 Heavy B 25.5 59. 0 6.2 3.0 50. 9 4.8 0.3
(Umax>5Cm)

F 57.17 82.5 25. 4 69. 0 85. 2 30. 1 1.2

L 71. 4 85.5 45.3 84.6 89.0 53. 1 9.1

Destroyed B 0.0 0.0 0.0 0.0 0.0 0.0 0.0
(Umax>locm)
F 0.2 5.0 0.0 0.3 2.1 0.0 0.0
L 3.8 19.6 0.0 5.6 14.0 0.0 0.0
P (Umax>5cm)
Houses by Traditional 100% P (Umax>10cn) 100%
Skeleton System o ' ' ' ' ' ! ' ! ! !
¥S-H-0-1 l ] ]
¥S-H-0-2 | | ]
¥S-H-N-2 _l _]
¥S-L-0-1 | ] ]
¥S-L-0-2 | ] 1

S-L-N-2| ] ] I

Houses by Wood Frame
Construction
¥F-L-N-2

| — |

Site L Site F Site B Site L Site F Site B

Fig. 1{. Comparison of damage ratio in the city of Kyoto during hypothetical earthquake.
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