HBAXEBETREFTER H#395 A F8. 4
Annuals, Disas. Prev. Res. Inst., Kyoto Univ., No. 39 A, 1996 67

B - BEX I —BHSEHIEA O Y A3 —
WERHFORE LEYOMRS

BOE B =

I, FL&ic

VR T FRERERSRL 1 AT ORI RA Lickd, EEEORLIREEEDOEBCERTS b
DTH- e, ARBHOBEL L TR IHRNLBEEIEEERD 500m bl 25H, CesA Wk
D= 7 ) — rERYO 1 BEE, GBS ) - FEEYOFEBOBEE, $EEBRYO:
MOREHEETC R S h 5 BRI ShABEYORERL L TH D, BBEEL LS OFEE - HifFEn
TRENDNHLOMELT, HEREBCHED LR TV 510, BFRITRICb BREE) S Bl
BOTKERYOFELT & HAAE, SEEBYORENN, ATMBENORERELFTS & L b,
AEBY OMEBFHA - BIRER, FHEL ST sHEET - TR,

BEYOWBHERE ORI L), $1:, BAO&ELNER - TRELILLEL bhb, HELSH
POV, ZOERMBRH IR TV BH, Whd 2 BE 7 Ok Tz 150 crm/s TR RE N
HEUILbHEESHTEH DY, BERROMIANEANCEECTH LA, JBRHHEOSRS &R BEO
¢§v,itn,E@&%vakvﬁﬂuﬂmﬂm&vé:k%ﬁﬂ?é%%ﬁ@béoxﬁ%fmfg
HERE) L BYPIMOMBEH ORI O\T, B EFIRIT & KRB TR T\ B OB
RELCAR COBRRERCSVTERTE L b, £ LT AAREREH ML RSN T PHETL
@%ﬁ%ﬁfﬂ%bt¢ﬁ@%ﬁ:y9u—bﬁ@%@ﬁﬂ&ﬁﬁﬁﬁ%mﬁnx5&%@%%m0bf%
£2¥+5,

2. HEEEHE

E@%@ﬁ%ﬁmi6%M@m§%ﬁﬁﬁxﬁﬁiﬁm;bﬁ&bahfbéﬁm,§§7®mﬁmﬁm
u9&<,E%@&%&ﬁﬁ?é@ﬂm%k%%fzaﬁ,#Eﬂﬁ@%ﬁ&%&%@,%éﬁﬁémvf
ﬁ%ﬁﬁ@ﬁ%%ﬁﬁbtﬁﬂhh<O#ﬁ%éhfbaoEglu]REaﬁﬁﬁ%%Uﬁ%%ﬁm%b
TfE%E%%&%Lt%-MﬁBﬁﬁ%T%D,bb@%%ﬁ@%f@l%aﬁs%ﬂ?ﬂﬁﬁﬁ%%
T, LTOERECHLHX— 745 FCh 100cms BE LHEELH T35, JR EREOMHETIL
183cm/fs, K= +74 5 FDGL—83m Tit65cmls, KEP71 5 v ¥ O &M ER O BT Gk 70 em/s
EBEDLI T B, ThEDERIRITORFAATBERO FIRMER 7 V2 2ETH D, TBOPR\-
BESBROBY~DOATTMEILL 5K - Dh, BYDT NI E DOBREDRBHS » e OM BB b e
15T ENSBOMEBRTEOHRECEECH 5,

—77, MEROWRS) L BENEROMBE L BN EERC L > TREBC b EL bh D, B
BCHR L BENRT L R ARRCBE L TU 2 BE23 W DRBETH LA, KRTIIL < ShoBY TR
B MBOEELSIO N T 5, Fig. 213 KBRRFAHTR & BUARS S HEEF @R LT\ 5, KHHHE
DEYOMh 15m LHEOBRBT L, BEOTE,SRDHNIEEL 5 YOREIEEASS b AR
o CORMOABRIEBEAR TH Y, Fig. 31T L 5 CBEHORBE TS D, B GL—10~
—25m ORI TIWRE, BE, DENLBOLE, 25m LIFXNMESOL EOBERE CHR I h T\ 5,

— 1 —



68 AR RBFEFTaES®R H395A F8. 4 (1996)

SUVAYANA FAULT
HANSHIN HIGHWAY R-3

E—— T IR
. 1 V5430mis PORTIS.
= 11 V.=550m/s =
s [ V.=650m/s g
—— 2 T T e i =3
— 12 [} NENRER H a
= HEEREY
—El g
— 2 1 = s &=
—lZh 2
N, I o E nam—
L V=2500m/s |
| A
- 1500 T T T T T T T 3960m 150 T T T T T T T
8 o ——— WOIAL COP.
g mmavess VEATICAL COMP,

g POl G
g lom E 100 A
g g .’: Jot a-e
P g '
¥ —— ¥ e
@ Nt aenemce—n ¢

o , L L L : n ! ) L ' L !

) '
) SO0 1000 1500 2000 2500 3000
DISTARCECM)

3500 4000 4500 S00 1000 1500 2000 2500 3000 - 3500 4000 4300

DISTANCE(M )
Fig. 1 Two dimensional finite element model of the sub-structure layers of N-S direction crossing
San’nomiya and estimated maximum acceleration and maximum velocity of the surface ground ®

T —
.1 00 —~— GL1EW
3 -wﬁmﬁwwww vw*/\r‘m‘mw«\»

] —GL1UD

£ Lol o] _
- £ From T AATSCH AN
80 M! —GL1sNS | 2 N J b\ :"'\f" MidR 1N
i ] " 2 rl L) -“
‘.’s:- W\M \‘ ¥ y ! > v IN ! AR

100 = T esEw ‘l " d
X -%Wﬁ\ﬁkkmﬁw ’WWM : y

50+ ~— GL-30 NS ,-' B I
E""‘"WM‘P*’“W w VW&\MJW I =S

50 T 5 ; " “—gt‘ gvsv::::

1 — GL-30 EW Ny : T —euEw T

3’: ‘”“W""""‘MWW ﬂf‘.t’VW‘*’\f Mrvnand L T ,_eu}uo
~100 = T X ; - - \ : !

4

® 0
o,
40+

oo

GL-30 UD

L}

Fig. 2 Accelerat1on records at the surface ground and basement of the filtration building in Hirakata,

ftmw«» o "\/VWU\M

30 as

10
Period(sec.)

Osaka and response spectrum with 5 % damping of the record at surface ground

— 2 —



BE  hEBHOB X LEWOMES 69

_ = EL+32.49
. . 7 2 EL+31.10
I fene 128 e |15 & B EL+274w
i | |as .l-.s- | r kil ? | eLem.am
e A ey - IXIILX
:/'-/:a;t.': L M"‘l v.s. e ] 7 % 7 7 1eMh 2»_8 EL +19,600
T —r - = 2 :‘
- ol e s Awkl | Fim & ! §"; EL+13.20
DTN ) - 7 T
12 PIPE ] o ELts.Iw
1 PIE_qE?J. N WJ‘ quE"""'— nre [H g 3
| OZONE ROOK | /| 1 s | _1 < EL43,700
FLOCK BASIN = I FLOCK BASINE T~ Tuss
’q T SEDIMENT —rT - SEDlIBNT-I g i é  —
41111 BASIN AmH ps e _PAS_[N__ - VELELLE & | BlL~6,20
: BRGH | ARk '1'.5' aRe (] AR -g; 1L~ 10,00
. I S I o TRRERA :
I 3] 20,500 @ waw @ waw @ waw @ 20,500 ®
. 14,00 l .30 l 14,300

Fig. 3 Cross section of the filtration building

C®E%W%&ﬂ¢@ﬁwﬁ%owﬁﬁﬁk@%,kmﬁmoE%SﬁfﬁﬁéhtMEﬁﬁk@m&t
41z Table | @id., HEORE L BYEROLEY KT 2 L, BY~OATNL 8 BIREHL LT
Y5 1B B, ADBERIBRYHEY VL Le—RBELELOh, SBEATECREIND Z L2 HIR
x2h5,

3. MEEHKHI 7 ) — FERYORBME LHE

3.1 THEMHEOBES

1968 DB BT AL - LiEEOEH = v 27 ) — F EEPCEAREEY L0 Lic, BEXZIL
BY L HEEr S B ERCENT A HEL LT, YRRIEASHSOEERSA KA HER O = v
7Y — FEBWAYEEL, BERLEAEDEOBE,LERIABBYEETIFELRE L, Wb &
B, 7ERERAHETHD, F0O%K, 1978EEREMIERCLER - FELARF LTV5%, 1993F
SIBIPHE T, 700 cm/s? BT RAMEELABR I A, HEIHBNBERTH -1, tOREYH
ST BT, BEBEZSCILEIIRESYER L TE - OB AD LRERELT » 22, PEBOK
o s ) — N ERYOMBHAEEC L Dt H L BHEORFRLIBET S Lt L2 THRFE LA,
Fig. 4 1288050 % 5 R HE L RBR AN RS, Fig. 5383 (BEERK L E~KERD
H) & 980 cmis? AMERT B LRE L & 2 OFHRAMIENE L HEOBRTH S, REEAMIRED
FHEL. ORTHE, BANTIER0. L TFORA TRALLOFEELRT T BT L4bDd %,

PR 7 EREREDHE T, BELEFRENOBMCERBEY b L), REROEY T
L IR O FIREY BT HENIMER Lo 2 L 52d, BERTERRI TH 0Nl d, TOR
REPTE LRSS EOREREPVNERLHERTLAM V1 dEFEL LR,

3.2 WEAR

C OFEI AFEELS ST AWMENERS (FANMAEL, BUEEFEEZ) L A AREREEINE
BB T HRBRS G aEE Lz b 0 THAEFRY Table2 wid, FAAENBRYOBRERRAC
SRTH DTS, HEAER L LTHBTS - LR E LTS, BWER, HR, FiEHit
TR 2 IhT\w5, AENSIEEIRCEOS= v 2 ) - 1 ED TRUTORMTHY, 1THID

— 3 —



70 WA KRS $£3085A F8. 4 (1996)

Table. 1 Maximum acceleration observed in Osaka area in the 1995 Hyogoken-Nanbu Earthquake

NAME OF BUILDING | PLACE NS EF WD OBSERVER
BLD. of 31F 345 191 216 | OBAYASHI CORPO.
OBAYASHI CORPO. 15F 218 125 191
IF 170 123 193

BZF 139 87 210
TAKAMI FLOARAL 3IF 241 305 431 | KONOIKE CORPO.
APARTMENT 16F 138 193 397

IF 156 178 176

GL-1 222 267 255

GL-30 186 138 180
No. 6 BLD. OF RF 260 320 194 [ OSAKA INSTITUTE
OSAKA [NST. OF IF 129 103 155 | OF TECHNOLOGY
TECH. GL 189 155 126

GL-25 129 113 8l
No. 1 FILTRATION RF-S 95 | VATER SUP. OF
BLD. OF HIRAKATA | RF-N 101 | OSAKA PREF.

TF 182 182 187 |D.P.R.I., KYOTO

4F 181 102 UNIV.

B2F-S 65

GL 195 186 131

GL-15 94 128

GL-30 88 110 65
No. 2 FILTRATION F 188 154 ditto
BLD. OF HIRAKATA | B2F 129 106 76

PL-15 139 110 69
BL-15 129 86

63MOER L FR LN, Fig.6 (a), (b) T, BEBYOBEES CHEhL R+, TR OEH1366T
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R, P, D, BY, BEEO6BECHELCS, BEVAGONSKY Table 7 wrid, &
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No.of building O Xo damage of bean direc. @ Light danage of bean direc.
O Dmage O Yo danage of girder direc. W Light dansge of girder direc.
B Half collapse X Severe damage
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Table. 2 Sheet of questionnaire for aseismic ability of RC buildings
Check Sheet

Mo. | Name of Building [Usage Place Construction Period
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Total Area  m® | No. of Story Shape Soil Condition (Depth GL- m)
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Table. 3 No. of bldg. on every distributed hitted area

KOBE No. | KOBE No. | HYOGO No.of bldg | OSAKA No.

Suma-Ward5 | Tarumi-¥ 2 | Ashiya-City 2l | Osaka-City 1
Hyogo-¥ 6 | [kuta-¥ 2 | Nishinomiya-C160 | [baragi-C 1
Chuo-¥ 14 | Kita-¥ 3 | Takarazuka-C 10 | Itami-C 3
Nada-¥ 14 | Nishi-¥ 3 | Amagasaki-C 5

E-Nada-¥13
Table. 4 No. of bldg. on every Table. 5 No. of bldg. on
usage every construct-
ed year
Usage No. | Usage No.
construction
domitory 7 | factory 2 period No.of bldg.
school 10 | houses 6
apt.bldg. 42 | shop 3 ~1960 8
office 36 | hospital 3 1961~1970 41
others 11 1971~1980 112
1981~1990 67
1991~ 33
Table. 6 No. of bldg. on every
No. of story
story No. of | story No. of
bldg. bldg.
IF 3 6F 27
2F 26 TF 15
JF 69 8F 1
4F 63 10F 1
5F 59
40 ]
35 AN
% 30 BN
g / \ —X— no damage
= 25 / )
% .o \ —%— light
S s // “\ —A— small
s V K —A— fair amount of
= 10 y b 4 v ] -
. 3 //(:><‘]’\\ O severe
l( k X —Hl— collapse
O A
-— o o < w w N~ @ o 9

No. of story
Fig. 7 Extent of damage and No. of stories
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Table. 7 No. of bldg. on every damage level 3.3 #BEHICKIT A LBEORR
damage No. of | damage No.of Rl (18052 AME) ORREAR
level bldg. | level bldg. TIERE U B O FIET IR & BT R o 2 F e

DWTHEEL Table 10 wwiR$, B AR K
2 deselly | soere 1 L ——
small 40 WrE RS | o—KkBEOREREREI X
large 28 S, BEORBIE AN NREY (25Aw+ 7
Ac)/W L LTHEFELL, 2, Acit 1P
Table. 8 No. of bldg. for every concrete WrEE O (cm?), Aw i1 1 BEMEE O
strength WA (cm?), W 2RV ECBYER
concrete No. of (kgf) THB, RIODLMD A, S IZEHBRE
strength bldg. REOR A DR OFHME & EERFE, ’E
150kg/ca® 1 w, s viﬁsmﬁrﬁ_&aﬁﬁmﬁrﬂ%i LT3,

180 929 Fig. 8 iziz, BB OKRBR AN IERK
210 70 LBREROBBYR LTV S, BRERNE
ot ; U< 75518 £0 AMT D ARSI T 5 B 5
270 1 b, BEIHAEZ RS & 1980ELIATOBH DR A
350 1 WHFRBLTHINC0. 5BETH , HEER
EHGAkEL LrERCH S, RO L 51T,

Table. 9 No. of bldg. on every total floor area HEBYOWEEIBEEETH B LD,
HEETRORBE IR Y KEL Ko TV B, &
total floor No.of | total floor o, of B OBRY ORBRAOFIE & LC LA
" Z IREERTONRWFER I - T3k, 1.0

- 500m 10 3000-4000m HFofb %< Bbhs,

500-1000 18 | 4000-5000
1000-1500 10 | 5000-6000

Fig.  RBRFRFOFHAROKFEA
9500-3000 6 BEVSTEGREY 1, fEY6 L LTEY
ByisfEe LTEHL T3, BERE/urittEk
BIEOREICIG LT, TOELAET, 71~804, 81
ELARE & 5ol 5 FRHID 4 BRI Lic, ®E VAL, VITIEORBHELGTCBCOhAHVWBY, ¥
i, BRECAMDEED NS VBYIKEL, IBIFOHRELUBROBMCPHI EOFEIIZLAER K
I\ 1980ELIRTOBMI, KBLAMDREN0.8BEH > THLRKEIVEHELZITTV5HC Ltbhnd,
BABIRED 2 B2 B HEXER IR MO B IREOFHE (BEREZE) X, 19704030
730.75 (0.70), 1971-19804E430.95 (1.18), 19814FELARER1.04 (1.33) &7ch, BRRE & IR AN
DERBEMT 2R D 5, LREL, BLOBYTHE, PI</hoTw52, ToRRELTa2v s
V= FEENKEL LT B I &, ZOBOMESE Tk, EWBECFHMATEL VW &, EHEOHK
EREE L THEOHECD D, BEBEREOEAL L TRAVWNE LAEE YO i lhELL
nd, BMARRIEREES S o, BEAROMNIAAE  THHFMARTRELYZT V5304 %
Wicd, HEBFREILTLLHLA TRV, TR & EREOERE2RLTE D, JIBROBE LK
PoMIEEFEL TS EELLRS,
Figs. 10, 11 3, BEERBCHMHA, BWEHECOWT, BR Aw/A »idc, 980 gal HY4OHNE
EMER LIcBE DO AMIGIE W/I(Ac+Aw) it L b, HE L1k 52 -2 L LTERL
b DTHoH, RERNFEYO 2 v 7 Y — + OFFEEIL150-240 kgf/lem?, £ D A¥1x180-210 kgf/em? T

b O -3 00
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Table. 10 Relations among construction period, ultimate shear coef. and damage level

period of ultimate damage level-weak axis | damage level-strong axis
construction shear coef.

1 2 3 45 6 Av.| 1 2 3 4 5 6 Av.
~(0.4 74 31 2 33 1 6.0
~1970 ~0.6 1 2 8 3 1 39 3 4 I 85
~(0.8 6 2 8§ 31271111111 85
Aw=0. 75 Sw=0. 70 ~1.0 2 2 2512 61 3 3 2 33
As=1. 01 Ss=0.97 ~1.5 1 30/ 4111 2 2.6
1. 5~ 1 11 30

~0. 2 1 1 4.5

~0.4 6 3 4 5 1 2.6
1971~1980 ~0.6 17 4 5 4 3 2.2 3 5.0
~0.8 20 2 1 3 1 L7{10 2 3 4 1 2.3
Aw=0. 95 Sw=1.18 ~1.0 11 2 1 2 1.8 8 1 5 6 1 2.6
As=1. 25 Ss=1. 05 ~1.5 73 1 1.5)18 5 2 3 2 1.9
1.5~ 211 .8127 7 2 1 1 1.5
~0.2 1 2.0 1 2.0

~(. 4 4 9 4 2.0
1981~1990 ~(.6 361 1.8 31 2.3
~0.8 273 2 2411 3 21 2.4
Aw=1. 04 Sw-1.33 ~1.0 3 2 2 .9 1 5 3 2.2
As=0.94 Ss=1.16 ~1.5 2 31 1.8 513 4 1 2.0
1. 5~ 4 3 3 L9911 7 2 1.6

~(.2 11 1.5
~0.4 3 21 L7 1 3.0
1991~1995 ~0.6 3 21 1L7] 1 1.0
~0.8 4 2 .71 6 1 1 1. 4
Aw=0. 84 Sw=0. 98 ~1.0 1 1 L5511 2 1 2.0
As=1.10 Ss=1.24 ~1.5 111 201 4 3 1.4
1. 5~ 1 5 L8 2 7 2 2.0
~(0.2 1 2 1 1 2.8 | 2.0
~0.4 132113 8 2 2 2.5 1 | 4.5
~1995 ~{.6 3514 712 6 1 221 6 1 4 3 1 33
~0.8 3211 613 3 2 22(18 7 7 6 1 2 2.3
Aw=1. 04 Sw=1. 32 ~1.0 15 7 41 2 1.9112 14 10 9 4 2 2.7
As=1.05 Ss=1. 32 ~1.5 10 7 4 1.7(3122 7 5 2 1.9
l. 5~ 79 4 1.814022 7 2 1 I.6

55, IFHOAX+ - IHEEOAEIDIEELRLTCE b, FHHROBERNS0LT, FHfERGIEN
10 kgt/em? LA EDBEWHEENEF L TB Z EMbins, Fig. 12 B0 AMNRE (10AdW) L #iE
DORAFRER LT 5, BROKREABNFREAL 0L LOBH I FEEI BRI/ NEL L>T B2 Labhb
b, BELEDOHRTELELTWEMIELNTRVRD, HEFRATRERNKZVEHLIEE LR
ABKECEML DD LD, SOV, SHERTH2Y, kL, #RAEED X5 —HA
AR TR B CRERH R OREC L - T OBOEALNRNS & L ERABETH S,

FHEOREVCERVPBYOM IR T 50, HEBANOKEICBHRTINZHALMC TSI, B
B, AE, ZEROEH-LAF LHEEH 1D, KEBYOLBRMN50% U ELE LA THAYERIL
B, WwEMYHC, REBHOLERENE RCEBYD2FEEN i Figs. 13,14 R, Thibo



BE : RSO I LBYOMEN

base shear coef.

0
1950 1960 1970 1880 1990 2000

A weak axis

o strong axis

Fig. 8 Distribution of ultimate base shear coefficient of RC buildings

~1970

1971~1950
1981~1990
1991 ~1995

6
3‘5
> L J
9 4 x
[
|
§3_ " " *
a S -
- 0
A A A i ==
1 | J
™ = © o] =] e} {
. n
(e} (@) o — —

Ultimate base shear coefficient of weak axis
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Buildings consiructed before 1971 Buildings constructed between 1971-1980
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Fig. 11 Extent of damage level and shear stress of strong axis




BEIR . EEOR X L BMOMES

Damage level
(A
ﬁ

0 0.5 1 1.5 2

Ultimate base shear coefficient of weak axis
Fig. 12 Extent of damage level and base shear coefficient of columns

Fig. 13 Distribution of collapse ratio of wooden Fig. 14 Distribution of collapse ratio of RC
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Fig. 15 Extent of damage level and shear stress of RC buildings, where collapse ratio of wooden houses is
greater than 50%
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Synopsis

Not only wooden houses but modern building structures in and around Kobe were suffered severe
damages done by the 1995 Hyogoken-Nanbu earthquake. We surveyed damage of wooden houses, rein-
forced concrete structures, steel structure and space structures as well as aseismic safety pf urban facilities
and indoor furnitures, and investigated dynamic properties of wooden houses by measure of micro-tremor
and/or failure tests ofexisting houses.

The belt of local intensity 7 zones were mostly distributed about 1 km far from the Rokko fault, where
maximum velocity of ground surface were estimated more than 150 cm/s. A lot of existing buildings con-
structed before 1971, were severely damaged, but few of buildings constructed after 1981 were lightly
damaged in that zone.

In this paper, one example of observation system in Osaka prefecture were introduced, in which the
maximum acceleration on the basement of a building were less than the acceleration in the ground. Other
data recorded in Osaka also shows the similar tendency, which may appear the soil-structure interaction
effect. We also showed the statistics of the relationships between the ultimate capacity of existing rein-
forced concrete buildings and the damage done by this earthquake. It is pointed out from those results that
input motion into structures may be smaller than the surface motion of ground and that average of simple
estimation of ultimate base shear coefficient become larger corresponding to the code revision and buildings
having less than 1.0 of shear coefficient may be suffered subjected to the severe ground motion.



