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W5 CAH - KR, 1976),

APFRIL, ZhECTRHEE - MR IhBERER
LUORBRICESE, kil o L EE L TI968FE 1
TR LORIIBEE REMHBIC RIS RC B
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TR RAI L DTH D,

2. HBEOS HEEOHER
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£ DI DR OB P FA R RN VT O S I
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Soil Data a b [+ R [vd
Clay 73 | 5556 (0259202381088 | 39.9
SittyClay | 17 | 70.81 | 04259] 0.0423| 0.85 | 244
SandyClay | 23 | 8616 {0.1057|0.1217/0.80 | 184
Silt 74 | 8840 |0.0241101092( 052 16.7
SandySitt | 44 | 5929 {01333} 02757 0.81 ] 289
Sand 87 | 971101993} 00641 064 | 525
FineSand | 48 | 7253 | 01116 0.2855] 085 | 45.8
MedumSandl 5 {125.7 | 01470} 00529] 066 | 22.3
ClayeySand| 22 | 84.09] 01894 0.2283| 0.88 | 43.0
Sty Sand | 48 | 66.37 | 01789} 02313] 084|324
[Gravelly 16 [103.2 | 01794 01719 087 | 54.3
_JGravel . | .30 |. 8362 01056 02945] 081 | 591
Banking | 72 | 86.34| 01415 0.1210| 0.67 | 300
Humus | 20 | 43.41} 00769 0.3982] 093 | 38.1

R: Multiple Correlation Coefficient
0:Standard Deviation
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+oEs, B—0WI I TH-TEZOLHEIEICE
DIEIOHINE EDRNENEMTS LR {mbh
Twb, ¥, BELOBEIRENEELTHL0E
PiHERD DA TCHA—DONETH - TLIBWELE TR -2
SR TRECTHS ERbIRDL, DX 5 s bR
ROBERYHRTHHNE D - T, EELIXTTEN
EOMIC ZWBOFARREIXERE LNz, IbRH
BOWURERS LOCLIEEES L SEEERERY
HABEROFCER L. (EiEk - 24 - BE, 1977),
—7F, K« BETFBE S HEEY#ET5OIN
fHOMICFE S BRI L, BB AEREZ AR
BER s 2BEY T 7)) ~BE L UTHENTER TR
R TRR LT > CSEWEEHEREMFER LTS
(KH - B8, 1976), ¥iz, 4L LBEET SHEE
OREEY R LTS (&3, 1976),

APE TR, h¥ COBEREETREOEMC
> TRIRD S PEHEBEOHRERCETOBRBRETVH 7
WEARERTHLE L, Thbh, EEL2%RD
TR O HERORUBETH - Tcfed, BIEAK (S
WEE) ok BLECLRY-+5EE LBV ERD
Bolc, 22T, FHRETESPEEOHERLZRAT
RTREERR cEbT L L L,

£ 2 ERECRT 5 EEERERNC BT 5 &R

(B Fm AR
Soil Data a b [¢ R o
Clay 84 {111.7 10.2123]/0.1071]| 073 | 68.8
Sandy Clay | 37 | 8359 | 0.1690| 0.2340{ 087 { 48.5
Sitt 21 [101.2 101806|0.1493| 068 | 71.6
sandy Sit | 38 | 81.53 | 0.2425{ 0.1453| 0.89 | 44.5
Loam 48 [132.9 |00272] 00952| 064 | 14.6
Gravelly | 5 | 13.93| 00942] 1.0456] 0.89 | 20.2
and 145 | 77.94 | 02306] 0.1924] 0.88 | 59.2
Fine Sand |178 |108.4 | 01610]0.1928] 0.78 | 63.9
MedumSand] 35 [103.0 | 02571} 01001 0.87 | 55.1
ity sand | 59 | 75.52 0.2128] 0.2185( 0.82 [ 682
Grovelly 1 20 | 62.09] 0.3115} 0.1866| 0.89 | 56.0
Gravel [126 [160.9 | 0.1998| 0.0546] 0.72 | 54.7

R: Multiple Correlation Coefficient
o:Standard Deviation
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Soil Data| a b c R o Soil Data| a b [ R o
Clay 59 | 70.96]0.2300| 01543 | 0.88 | 23.5 Clay 50 [185.5 |00637]00597]| 0.71 | 22.8
ity cilay | 35 | 28.2310.3983} 04698] 0.88 1 47.6 sy cilay | 37 [106.7 | 03236 00086 0.80 | 40.8
Sandy clay| 26 [147.0 | 01263] 0.0160] 0.81 | 27.8 Sandy Clay | 32 |155.7 |0.1439] 00556] 068 | 54.2
humusCiay| 8 | 48.27105211] 0.0249] 082 |30.9 Silt 18 {2266 |00391|00325| 047 | 19.4
Silt 75 | 80.21]0.2555] 01167 | 085 | 38.0 loam | 12 | 87.74|00345]03467}074 | 50.8
Cloyy st | 28 | 83.72 | 00556/ 01544 | 082 114.8 Sand 82 [108.0 101370{0.1575[0.85 [329
sandy St | 53 | 7803 101030] 02335] 087289 Fine Sand | 31 11254 | 00681]0.1468] 0.84 1249
Humes sit | 12 | 44.24{03968] 00812] 088]10.1 Clayly sand| 19 [180.0 [00763]01253] 062 | 46.9
Sand 78 | 849101607/ 01661]093{23.8 sity Sand | 54 [116.7 | 01007/ 0.1950| 0.80 | 47.0
Fine Sand | 82 | 79.79 | 0.2055| 01428] 0.84 |32.8 oravely 4| 43 |156.4 | 0.0318|0.2266] 0.80 | 50.7
Mediunsad 30 | 5612 | 0.3861] 00557/ 0.86 | 68.8 Gravel [118 J155.0 | 0057802192/ 081553
Rough Sand| 19 | 88.78 | 0.2184] 61856 0.86 | 45.4 R : Multiple Correlation Coefficient
Clayly sand| 17 | 67.69]0.3298] 01294] 091305 0 :Standard Deviation
SityFie 1735 | 78.18 | 0.1778] 01558| 082 | 29.2
Sitty sand | 43 | 70.56 | 0.2096] 01941 0.86 | 30.9
Gavely 1721 [121.4 | 01546] 0.0630] 081 | 28.7 Vs=a« Nb. D (1)
Gravel | 86 | 74.39]03183] 00498] 085 | 47.5 Vs : SYHEE (m/sec)

Claly Gravel | 14 [138.1 | 02127} 00032] 0.87 | 39.9 N EEgE AR X 5 NE
Banking | 72 |109.5 | 0.1558]| 00760 0.71 | 36.8 D: +EOFERS (GtEE» bIHD
Humus 8 |42.11]03583]0.2218] 095 { 835 A E COEIm)
R: Multiple Correlation Coefficient @b, ¢ : ERRGH 2 bEE R X UBRENR
O :Standard Deviation XoThEAEH
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AR D BIFHEE AR LTk Y, ERLBRETES
SIHEEOHEANE LI LD EELBRS,

3. RC £BHOBE

HERC BT, RC ERYOBBESOEE A FER,
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Buildin
50r 9=

] 1968
OFF-TOKACHI EQ.

30

o 8

0 1 '
I I I v
8—(a) RC ERYOWHEL MBOME

(18684 BE I ER)

* 5 FEEREEEEDOAZ-—VICIBMBELAT
D5 .

TYPE for Pattern of Freq. Transfer Function

IYPE A-TYPE _
PATTER A Iy B-TYPE| C-TYPE

one peak for | one peak for | more than
0<fo<32 | 32sfo |One peak
Hz Hz tor fo

0<f<10 | 0<fgI0 | 0<f<10
Hz Hz Hz
R R

A

0 t|0 fl0 f10 f

no peak
for fq

Eminent
Frequency|
fo 0<f <10
Hz

Shape

o BB L EERYS S SH LTS,
¥7o, ORI YER LB EOME L RCE
BYWEOHBIC YL TORNEERET D, &
FEBYUBR BT A-Y v 7 BERE»D 2R
(APFECi EB 2 EHT5) T gt isu
TEREBHBEOBEED = FALIER L, £LT, #2
ECHEIRBD S EREOHEERCHE I TEM
BoSHEREYHEEL, oMo LE O
el (BE, QEcd) #»REL SHoBEHEKSE

Buildings
50
1978
A OFF-MIYAGI PREF. EQ.
[ 1
ok | Jundamaged
4 FZSlightly-Destroyed
I JHeavily-Destroyed
30k Completely-Destroyed
k
21
201 r
| 7
10 .
| 4
0 1
I I
E 8—(b) RC ERYOHE LmBORR
(L978SE E IR I D

aae RV THERO ANREEEREEE L, ks, T
OBERBEERBERD & —VIZ X b g YSE L
HE, BS5CRTIS54 24 TRGEIRE,

LLEO#R L o, B B EEERD £ 1 75,
B Fhicxd s RC BEYOEESR JOEHER
ROBEESFLT LELOBNRITHS, —FH, BHD
BEERE (EE KW, PR, DMERSUTCEEE T
EZELT, 2HAEBEYHECHTAHERTRINLESF
BREFEL, MR SO ARREERR O &
VIR L BHBD 5 4 F HOBHERE R LLHBRNKIOT
»5,

o7 Lo MIOL b, Mo AR EERIuES
24 FRITIE As 24 TR IV B & 1 FTCHERNE
QI BEANEDRS, O T, HBEIXKS T
BRI 28, 3BT ERRTMETIIE
11, #2RBOTE L b CHENEE O b
EEYO BRSAN L L ERELTVE, Tt
B, A 24 FTHBRERER B.2Hz UE) gl
ARENE DR, BXA 7V TCREBMBOBEECL -
THEHOBEKC € - 2230 bh 3 B3R TOFEHT
AMEE LCRERPEEchD LEL DD, Bt
P2, O LB LEpOREERAYEE LSS,
HEmRtE oy RC BRI LTIl FEBEE
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Buildings
1968
801 OFF-TOKACHI EQ.
Undamaged
60 llHatt-Destroyed
‘ eavily-Destroyed
R B Completely-Destroyed
40T
2 27
201
[ s
0 I—M? 5
A Ay C
9—(a) RC ERUOHKEL LA 7 DEUR
(1968511t B

ny+n, (-.-—-

¥ ("o ny:Completely-Destroyed Buiidings

n,:Heavily-Destroyed Buildings
Ny:Half-Destroyed Buildings

n,: Slightly-Destroyed Buildings
- N : Total Investigated Buidings

Py =

P Ny +Nyeny —h—
N

(Ao

_ MyefyeNge N,

3 N
P(%)
60 —— 1968 OFF-TOKACHI EQ.
~———~ 1978 OFF-MIYAG! PREF.
50 EQ.
40
30 -
0
20
10 N
0 ==

1 I I I\

10—(a) HWWEHIXFCLS RC EEHOHE
: X

Buidings
i 1978
OFF-MIYAGI PREF. EQ.
80+
Undamqged
i [:]Slightly-Destroyed
60
| s
40
201
2
0 [T 1
A
9—(b) RC ZEypofmELEs 1 7Ok
QO E R ‘
P = __—"‘; T2 ¢ “{'; n, : Completely-Destroyed Buildings
ny:Heavily-Destroyed Buildings
Py= 2,_;:2;:13 ( ___:: ny:Half -Destroyed Buildings

n,:Slightty-Destroyed Buildings
Py= ————.—-—n"nﬁnf % _g— N :Total Investigated Buidings

P (%)
60

— 1968 OFF-TOKACHI EQ.

50F @ - 1978 OFF-MIYAGl PREF,
EQ.

40

30+

20

1

10

0
A A; B C

B 10—(b) #iigx4 YRHK X% RC EHHYO
HER
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Completely- HENE 1 | WS O | /G O | 0 1 | K O WE O
Vs {Heaviy~ B | EEED O EEM 2| EREIV | BRI EEmO
Haf-Destroyed ER 7| E2 O BB 0| BB 7| B3 0| B0
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Total 5m 10m 20m 30m 30m~

Depth to Bed Rock

B 11—(a) RC EBRYOHHE L FEBOMmEMEIR
& DBtk (19681 Bruti )

BHROWETE I HE OB ERY OB S b
bbb sbDEELLIS,

F ¢, RC BRgpo@mEC T, Lo s o
FErRENEORE L HIRE (SEEECHRTS) &
L THET 50, BF CORELLhURD
REOHBNCI T EEO S FEE O Bl nEZrs
e UTERBEMBOFHSEREYHTEL, TOHEED
HAEERR LT RC EEGOWHEOHESMEREL
7oo WRERILCRT, SORE, HHBCRs-T£4
HEAR AP BHHECIEEE COEX20m &
FEETE3 S W 250 m/s BEO MBS, FRRIFHE
T ERETO ES 30m L) TS PHRE 250
m/s BEOHKC RC EEYOFEHRS M £t
BEEPED bhic,

HEoz s, RCE#EYOHEE L iR L oM
OB RE IR B,

5. ML DERMREERLIHE—FN
ROEERK

19682~ B5 I HER 7 B OV 19TBEE T B VP BRI ds 0
T RC E@YoWE L Ml & OEEREERED 5
nre,

—fgic, RC EHYOMEROER LR T 20
R L B OEEFRYERTRETH D & LR
S, HE—EYERRE UURBENAEE SR T
5o THREAICIEYORE =34 ¥ -2 BRI
W OBEN I AXMEFAE N LB =2 F - LT
HBRACEE LHTRBRT5 ST L2 BENRYE
BT52LTHD, TOBODEFRMLERITPMEBHME
#HEDFEHRAGEROGEOME L ORERRLEEL
TR RO A 2B, K OURBEFRE oW T
Dynamical Ground Compliance ¥ UC, 3 CRME

Completely~
Vs jHeavily-
Half -

Slightly=
(mls) Txgh “ﬁes
otal

wWw =0
[=3
N -N-N-N=)

[

e (I3
1§ 12

pollre

=Y
w

5m 10m 20m 30m 30m~
Depth to Bed Rock

B 1=(b) RC BEEYOFELEXBOMBER
& DBAtR QITSEE BRI

PL4Q)

e

0
A L /m
4

0 X

L -0

b'b

Y
12 BRI L ATIRD 44

VifghiEph, B, FOREY AV CRERBER
DO —EYROLERBIEILNL TS,
Agecit, FamEoeRShik RC EBYOUMER
D ER IR 2o, HlE—EYROER

CBBREEE LIRS €5 RERT B lcnR, kdo

Dynamical Ground Compliance FIficE -5 < Hifg—
BYROGEMBEEEL, Th &S H7RDEEY D
DEEROEES e FARRTLIEERFATEIILE
L.

Dynamical Ground Compliance #ki3, ZWRILDO%
T EE e R g E O RATURIGE R, KT
@ harmonic iR DHAER LcBE (R122B) o
WEACEEAME COEBIERCN LT, BRAE
ER LEERTFORNFALEELTZEY — I =%
BEREAL TR TH—Ih - EREMEE LCEES
BReME, BROBBEMZRDZLOTHY, &0
T EE X o THB RO D~ 2R & BTG R e BN
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B 13 FEmpikuig hoRuHRK

BCERATH 0T, BRIEREST L SLRIRTRA
&%, & UTREHILBHIBOBRIKATEL bh
T3,

Uo R

P+ et b p=fig+ifen +(2)

to * B ATOMIEEERED IREALL
Pyeei®t : JXFEH @D harmonic iniES)
o+ SRR B Ml DR
b : RATYRIAERED LR
fir, fer : Dynamical Ground Compliance

En

ZLC ERFAGCRERBE JCHMIRERERS X
5 IRt i A ER AN EET A 5RE
D Sway DLEEE U Hk—BYERRO gL B
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BT fin, fon BRVGCTRATHE IS,

Upr _ A

Tor ~Da O
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o G\ (s
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RC buildings of a few stories are in many cases heavily damaged by a strong earthquake
motion. It is geneally understood that the main reason for this kind of damage lies in the inte-
raction between structure and ground condition caused by an incident seismic wave. This paper
Is an investigation about the damage of RC buildings caused by the 1968 OFF-TOKACHI
EARTHQUAKE and the 1978 OFF-MIYAGI PREF. EARTHQUAKE by using the GROUND
COMPLIANCE THEORY which consideres the interaction between soil and structure. Various
examinations were made about the structural properties (stories, scales, columns, walls etc.,) the
grade (completely-, heavily-, half-, slightly-destroyed and undamaged) and the ground conditions
of damaged and undamaged buildings in the disaster-striken areas. So we made the experimental
expression which calculates shear wave velocity from the data of soil exploration and produced an
analytical vibration model of buildings by a spring-mass system which is considered the interaction
of soil-structure system. By the CONVOLUTION INTEGRAL METHOD we evaluated the
incident wave varying with the ground condition. And we made the response calculation by using
the above model which has elasto-plastic restoring force characteristics called POWER FUNCTION
TYPE. We report the result of this analysis because we could comparatively well explain the
relationship between the damage of RC building and the ground conditions by using the model
considered in this paper.

The results of this investigation can be summarized as follows.

1) The experimental expression for estimating the shear wave velocity of each soil which constitutes
surface multilayered ground conditions from the data of soil exploration is

Vs= a+NbeDet  crrririnreinnenminnnennnan 1)
where Vs is shear wave velocity, N is the N-value of standard penetration test, D is the depth
from the surface to the middle point of each soil layer and a, b and ¢ are thee cofficiernts
which we evaluated by MULTIPLE LINEAR REGRESSION ANALYSIS. This expression
corresponds well to the measured value of shear wave velocity.

2) In both earthquakes mentioned above, the damage of RC buildings corresponds relatively well
to the surface ground conditions which are grouped into four classes according to the aseismic
design code for architectural structures in Japan. It is thought that this result indicates the
influence of the soil-structure interaction.

3) It is also found that the actural earthquake damage grades of RC buildings are well explained
by the results of elastoplastic response calculation of spring-mass analytical vibration model which
is considered the soil-structure interaction by using the GROUND COMPLIANCE THEORY.



