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The Miyagi-lCen- ki, Japan earthquake caused considerable damage in the city of sendai
and its surrounding areas. As infor.mation became available, it became obvious that
Sendai constituted il good JlKldel of a modern city in the United States such as san
Francisco or Seattle. The city has me.uern, instrumented, steel and reinforced concre
buildings up to 2:> IStories high and has an operating nuclear power plant COIIIplex, con
sisting of ux lmits, located nearby at. Fukushima. The areas surrounding the city wer
subjected to peak gro-.md acce lerations in the range of 1/5g, 1/4g, and 1/39. There
were fallures of 14rge tanks, oil spill., dik~ and bridge failures, a gasholder
faHure, disruption of utility service, and landslides. The reports cOIIIpiled here
are of a reconnaissance nature only and are not intended to analyze or to reach
conclusions about what was seen but rather to rt.·port by photoG, words. and nUJllbers
What happened and what did not happen. Reports co.....&r the following topics: 3eis
micitYI strong-motion earthquake record$1 liquefaction and damage to dik.~1 land
slides resulting from t~p. earthquakel engineering aspectsl architectural aspects,
and social effects and qovernment response.
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PREFACE

by

John A. 81,_

P~esident, HRI

This b a special r~connals,ance report, publ ishe,1 an.1 dis', ituted by URI, on the June 12,

1978, Miyagi-Ken-oki, Japan earthquake. which caused consld~,.ble damJge in the city of

Sendai and Its surrounding areas. The earthquake data fr,~ U.S. ~eological SU'vey (USGS)

M • 7.4
s

Time: 08: I4 :27. 0 GMT (1 7 : 14 I"ca 1)

Location: 38.2oN, 142.2"£

Depth: 30 km

Appro.,rnate epicentral distance to Sendal: 100 km

~ppro.i~te epicentral distanre to Fukushln~ Nuclear Power Plant: 120 km
(As noted in the report, some of the points where energy was released
w.,re very I ikely much close~ to Sendai than the hypocenter was to S~"dai.)

orhe report consists of the Lollected reports of Individuals '.. i,ose participation in the

~econnaissance was made possible by their reSPective ~g~ncies and organizations and by their

own greU persl,nal energy and hard work. Publi,~[ion funds were ~rovided by the Na:ional

Science FoundatIon. We have attempted to acknowledge .oIl those who were of assistance, but

there are no dou~t some omissions, and for these we apologize.

No attempt is made to r~ach concluslon~ or to find the reasons for w~at ha~pened ?r dij not

happen; that constitutes another phase of investigation, a large part of which will no doubt

be well documented tv Japanese scientlst~ and engineers and by others. For Ll.ample, a more

de ta i led repo~t will be pub 1 i shed ':' the Nat iona' Bureau of Standards, under the auspi CeS of

the United States-Japan Natural Rc>ources Panel on Wind and Seismic Effects.

In general, the repo.t COvers as _!j as possible .. Ithin the limitations of time, scope, cost,

and space what happened to an are~ of some ml!lio~ or so people in and about a core city that

has hundreds of modern b~lidin3S up to 20 stories high, a harbor, oil refineries, power

stations, bridges, dikes, distribution systems, etc., under peak horizontal ground

a;celerario'.s in the range of 1/Sg, 11'lg, 1/3g. The Senda; area provides an excell ",t morlel

for COII'Ie :.nited States conwnunltles.

All Information provided Is the best avall~ble to us at this time. Some variations in dar~

may be expected in ~re detailed future reports.
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INTRODUCTI ON

by

John A. 111_

President. EERI .nd

UAS/John A. II~ , Associates, Engineers

San Fr.nclsco. C.llfornla

[aeh d~Ing earthqu.ke II diff.r.nt frOM ItI predecessors, and the Investigation of each

.Iso Y.rl.,. There .r. Many re.sons for the I.tt.r. Including the expertise already ayallable

In the country In which the dlsa~ter occurl, the types of structures affected by the

e.rti'lqu.ke, the geologic envlro_nt, the amount .nd typO! of dafuqe, the possible engineering

and other lesson. to be learned, the cost of InYestlg.tlon, ~lltlc.1 conditlonl, and, of

course, the ayall.bliity of funds and yolu~teers for field work.

When dIItll on the "Iyagl-Ken-oki e.rthqu.ke of Jun. 12, 1978, started to come In, our fi rst

reactions were th.~ J~p«n h•• experienced many earthquakes (Including one of 6.7 ..gnltude

un Febru.ry 20, 1978, which beceuse of I ts lo~tion .nd deptn w.s not disntrous) .nd lin

-any exp.rts In .11 .spects of seismology .nd e.rt~quake engineering .s well .s IAple funds

for ••rthqu.... Investlll.tlons of .11 types. Or. the other !\and. EEAI funds for sud. field

.fforts had essentially been depleted and at th.t time did not appear likely to be replaced

In the I~dlate future. rurthenwore, travel to and subsistence In J.p.n Is quite costly.

As ~re Info~tlon b.c~ .Y.l:~hle, hawever, It became obYlous tha~ Sendai constitut.d •

good MOdel of • modern city In the United States such .s San Fr.ncisco or Seattle. The city

hiS ~rn, Instr~mented. steel Ind reinforced concrete buildings up to 20 stori~s high and

h.s In operating nuclelr pOWI' pllrt complex. consisting of six units, loc.ted nelrby at

Fukushima. The ar.I' surrounding the city were subjected to pelk ground ICcelerations In the

r.nge of 1/511, I/.g, .nd l/Jg. There were f.llures of l.rge tlnks, oil spills, dike and

bridge failures, II gasholde .. fillure, disruption of utility serYice, and l.ndslides. Glyen

.11 these conditions, we felt thlt, In spite of .11 the tllent of the Japanese, we

s~ould see this model city with our own eyes .nd ~Ith our own point of view. Along these

lines, I have previously noted that the J~anese, i ~ 0"., sense U le.st, le.rned _re fr_

the 1906 San Fr.nclsco elrthquake th.n we did: they put some stltle design codes Into

effect e..rly while we pronllstlnlted until 1'33. two dameging e.rti'lquakes l.ter.

It WIS ~lear that our comp.ny should finance I trip for EERI, but we could send only one

engineer. I wanted to go to Jap.n mvself but could not do so bec.use of fixed commitments

here, Including Important EEAI matters. The m.n we were able to spring loose Ind who hed

the necess.ry blckground and was reldy Ind eager to Nke the trip was Peter Yanev. He had

previously covered the ~e~UI, Nlearag....nd Lice, Turkey quakes. lut things were not

quite that simple. The U.S. ~eol09lcal Survey (useS) by then had decIded to send It...;

we wanted to join them, .nd uses concurred. However, there were certain Illreenents between

Japln and the United Stafes th.t control such Matters. Persons planning to go to the

Iffected Ireas had to be Indlvldu.lly approved In edvanee .nd to be guided on the tour.

Various sor~s of approval w.re required for different _tters. To make a long story short,

after some 20 or -ere telephone calls .nd through the courtesy of Dr. Edward O. Pfr.ng of

the N.tlonal lureau of Stlndlrds (NIS) Ind Dr. Jerry Harbour of the "wcl ••r Regulltory

C~lsslon (NRC). not to -.ntlon all those In~olved In uses, the te.., Including Peter, WI'

• 1 -



cle.re6 for rendeZYOUI on June 22. 1978, In Tokyo. from there they would be esco.le6 to

v.rlous pl.,es of Interest. 1",IYding the fukushl.. NU(le.r Power Pl.nt (OmpleK. i .r-.d

Peter Y.ney with cr.dentl.ll. the EERI ..nu.I, .nd • long ckeckllst of things t.o I~k for,

to do. ,nd not to do. He did. gre.t job, Including t.klng 1••00 p~togr,phs .nd telephoning

b.ck prellmln.ry d.t. that were published In the July, 1978, EERI Ne.sletter.

AI Is cle.r by now, this w.s not the usual, more direct proc~dure of sending .n EERI recon

n.lss.nc. teem to • foreign country. I eM ple.sed to report. ~ver. that In spite of the

~ny cc.pllc.tlons, .nd bec.use of the cooper.tlon of • gre.t ~ny .gencles .nd persons. the

.Isslon __s • su·cess. Mu,h Y.luabl...t,rl.l, documented In chis repbrt, 15 being sent to

.11 EERI Members. There .re new lessonl to be le.rned ••nd It w.s Indeed. worthwhile effort.

The reports COMPiled here .r. of • reconn.lss.nce n.ture only .nd .re not Intended to .nI yz.

or to re.ch conclusions .bout wh.t w.s le.n but r.ther to r.port by photos. words, and nUMberl

wh.t h.ppened .nd wh.t did nor h.ppen. No doubt there will be ••nd there should be, ~ny other

.are det.lled studl.s .nd reports by the J.p.nese .nd others. Among these Is .n In-depth

r.port being pl.nned by MIS that will In"Yde ,ontrlbutions by meMbers of the re~onn.lsl~cet._.
The funds for pUblishing this EERI report _re ,:rovlded by the Netlon.1 Science Found.tlon

(NSf) .nd, .s the report shows. USGS, UJNR, NBS. fHA. HUD, .nd URS/John A.•I~ , AssO'I.t.s.

Engineers contributed personnel .nd coyered the costs of the trip. There II • s.p.r,t. s.ctlon

of the r.port for .,knowledgement of others to whom we owe thanks for helping us .11 to learn

fr~ e.rthqu.kes. The teem s,lrlt ~ng .g.ncl.~. org.nlzatlons. c~nl'l. and Indlylduall

wei -ast he.rtenlng, .ad It Is thet fact wnl," meke~ progre~s possible In thll COMplex field.

The following Mep (Figure 1) may look. little odd .t flr~t gl.nce. but It Is quite int.r

estlng. A reyersed outline of C.llfornl. has been superimposed (by C. Arnold) oYer a -e,
CI J.p.n of the s.me scale. If the tot.1 l.nd .re. of J.p.n were consolld.ted. It would be

• little less th.n thet 01 C.llfornl., yet the popul.tlon of J.pen Is .bout II) ~llllon,

,ampared with ~1 million In C.llfornl •• Human density Is a f.ctor to be considered In

earthqu.ke risk. Se~d.1 end Tokyo .re about .s f.r .part as half the dl~tence between

LOI A,gele~ and S.n ~r.ncls,o. The Japanese seal. Intenlltles (0 to 7) for the

~Iyak;-Ken·okl earthqu.ke .re also shown on the mep. Figure 2 comperes the J.panese scale

with the Modified ~erc,111 s,.le.

fortunately, mlny of the Severe J.p.nese e.rthquakes orlgln.te offshore .nd .t some depth.

In gener.I, C.llfornl.'s major ~hocks tend to be close to shore or on the '.nd ,nd .re

usually shallower. One can not. however. judge exposure. In the sense of ,roxlmlty to the

lource of the e.rthqu.ke, on the basis of eplcentr.l dlst.nee .Ione. The ~Yin9 f.ult or

zone of energy rele.se mey. In f.ct. be much ,Ios.r th.n the orlgln.1 hypocenter. For

eKemple, the eplcerotral dlst.nce frOlll Send,l is about 100 km, but as C.rl Wentworth points out

In his report, the damaged l.nd .re. ISend.l. etc.) lies In the down-dip direction of the

prOb.ble rupture pl~•• and the surf.ce dlst,n,e from Sendll to some of the energy rel ...e

,ould ".V. been .. short .. 55 Iall.

·2·
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Figure I Kivagi-Ken-o~: eart~Quake In
ten~itv (Japanese sCdle: 0-7).
A rever§ed outl ine of Cal ,for
nia is superimposed to indi
cate scal ... ·oi th San Franc i sco
at the epicenter. The di~

tance between Sendai and
Tokvo i§ about half the di§
tance between Los Angeles
and San Francisco. The land
area of Japan i. approxlmatelv
equivalent to that of Califor
nia. lase map data: luilding
Research 'nstltute. Ministrv
of Construction. Japan.

Figure 2

JAPAN
KAWASUMI._

Comparison of United
State§ (~,) and Japan
~Nteorol~gic41 Agen:v
(JIIA) Intens : tv §ca1es

frequency-response recordings do not extend to as high a range as that r ..corded by United

State. Instruments. Another difference Is that. at the greater amplitudes, the Japanese

traces have an arc shape due to their being drawn bv pens of constant radius

(see A. Gerald Brady. herein). The records can be reconciled for true comparisons of motion.

but care is needed.

General StatlsJlcs

It Is estimate~ that 27 people were killed by the earthquake; about half of them died because

of falling walls. This is, fortunately. a small number of hull!ies for such a heavily

shaken. denselv porulated area; however. more than 1.000 others were injured. Tsunami

eff.cts were negligible, but there was some flooding. and many houses were destroyed. Fir.

was contained locally, and in s~ne places this must have represented heroic effortl. The

prellmln...... total est Imated lou i I IIIOre than $830.000,000 (J""•• 1978. U. S. doll.,..). (5..

~~h Fowler hereIn for IIIOre detailed stetiltlcs.)
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SClIIe Hll'l~ I lsI" c.!

Highlights of this .arthquake, In ~ oPinion. Includ.:

• ~d general perfonalnte of -cdern, ~nglneered buildings up to 20
stories high (there were none higher: the early report on this,
In July, wet In error)

• fal lure of three Out of -ore th~ 80 01 I storage tanks and the
consequent great 011 contamination in the area

• ~Ilepse of a typical telescoping getholder and burning of !t,
contents

• loss of ga' distribution for several weeks because the collapsed
ga'holder caused adjacent main getllnes to go out

• failure of dikes, and the NAy resulting la"dslides

• fal l~re of the anchorage of precast eKterior wall p4nel, from a I~

building and crushing of autOMObiles by the falling units

• dam.ge to certeln types of steel fr....

• d....ge to electrical switchgear, breakers, tr~sformers. etc .• in
spite of earthquake bracing (the porcelain wa' very vulnerable)

• d~4ae and shutdown of fossil-fueled boilers at t". local power plant,
~pa~ently caused bv the failure of minor secondary pipes

• excellent p.. rf" , "ance of the fukushlm.l Nuclear Power Plant. which
apparently did not shut down (the motlvn was ~omewhat l..s~ than
that specified by the design criteria)

• recording of 1.0g at the top of a building that survived without
heavy da~.ag. In spite of the fact that a peak response acceleration
.f 0.5ll h~,: p, !viously been recorded for It

• the drappj",g t' a whole section of a bridge deck

• control of fir.

• the ability of the Japanese people to recover rapidly, repair
Important da~ge, and carryon.

·4-



SEI~"'CITY AND GEOLOGIC SETTING

by Carl H. wentworth

U S. Geological Suryey

~~nlo Park, California

The off-Hiyagl earthq~ake of June 12, 1978, occurred on the subduction -one that inclines

westward beneath Honshu, the IIlAln Island of Japan. Here the western INrgin of the grea,t Pa

cific plate, which consIsts at the oceanic lithosphere beneath the northern P.ciflc Oce.n, Is

plunging slowly b~neath Japan. A great many earthquake~ result from this deformation, In~lud

ing many damagi"g ones (Figure O. These differ from "amaging ea~thquakes in California -

along the San An~reas fauit system at the eastern margin of the P.clflc plate -- In be;ng more

frequent and generally farther from the cities and engineering structures at risk.

i~e damaged area lies on the east coast of northern Honshu about 300 ~ nort~ of Tokyo, in a

,.,~ion of low. flat alluviai plains, 10c.1 alluvial t<'lrraces. and steep bedrock terrain of

moderate relief.

fllis pap':r reports information gall1ed largely from discussion with Japanese officials and

scientls.s (see acknowledgments' and from unpublished m.terl.ls proYlded by them, Orlgln.l

obStrval,uns made in the damaged region .nd some published materl.l~ are .150 used. The In

for~tlon Is necess.rily Incomplete, because only two weeks had been available for study of

the earthqu.ke by the Japanese at the time of the visit to Jap.n by the U.S. tea.••nd tl..

for the discussion during the ~Isit _s brief. Tne IlIOre thorough .ccounts expected f,'_ th6

J.p....ese studies should be consulted when the·. become .v.ll.ble.

Seismicity

The e.rthquakes along the western -ergln of the Pacific occur In bands that follow the parr~d

deep-sea trenches and adjacent 1.land chains. The earthquakes. trenches, and Islands ~ve a

COftMOn origlr., the subduction of the westward-moving Pacific pl.te. The west-dipping subduc

tion zone~ along whlc~ the pl.t~ plunges Into the earth's ..~tle are delineated by the earth

qu~kes, wh:ch Increase In depth westward. They range from shallow near the trench to greater

than 500 km In dept.h well behind the Island arcs (Figure 2). Earthquakes cre most .bundant at

depths less tn~n 70 to 100 kM.

Oamaging earthqua~es .re frequent In this te~tonlc setting. The historic record of damaging

earthquakes off nort~ern Honshu In~ludes tens of events In the past 500 years, and T.rr (Flg

,re ~) shows five great earthquake. In ~hat region since 1897. Four of these occurred In the

firs. flye years of that period, and one In "", although all of the earlier ones may not

haye been as large a, Is shown (Tarr, oral communication, ~ugu,t 1'78).

"i~roearthquake studies more precisely define the upper part of the subducting plate and the

geonetry ~nd styles of the earthquakes. A seiSMic netWOrk oper.ted In northern Honshu by the

Obs~rYation Center for f~rt~quake Prediction at Tohoku University In Send.I has produced ex

tensive Information about the telsmlc and tectonic setting of t~~ off-"Iyagl earthquake of

June 12 (Takagi. Hasegawa. end ~Ino, "77; Hasegawa, Umlno, .nd Takagi, 1978). The network

consists of 15 st.tlons with a spacing of about 60 to 80 km. Hasegawa and others (1978) in

dlc.te that hypocenters are located to within Z to , km within the ~etwork but th.t iocatlons

are less accurate off.hore to the east.

- 5 -



Figure 1 Earthquake epicenters along the northwest margin of the PacIfic
tectonic plate. Dots show earthquakes greater t'an magnlt"d"
It.S for the period July 1963-December 1972; open circles stow
great earthquakes for the period 1897-1972 with date and -.gnl
tud.. From Terr, 1971t.
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figure 2 Eart~quake ~ypocenters beneath Japan for the period 196~-197'.
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from Coordinating Commlt~ee on Earthquake Prediction, 1978.
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I •
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-
Figure 3 Distribution of Microearthquakes beneath northern Honshu, Japan,

In vertical, elst-.-st section (shown by dots) and subducting
oceanic Iithospher•• Horizontal line above section represents
land, the upright trlang'e the vol clnle front, and the overturned
trllngl. the Jlpan Trench. Copied fr~ Figure 6 of Taklgl end
others, 1977.
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The .lcroe.rthq~k'5 clearly define the upper bound.ry of the 5ubductlng sl.b .s dipping west

..rd at ab~ut JO· to a depth of .bout 150 kM bene.th the western side of northern Honshu (Fig

ure 3). A second westward-dipping b.nd of earthquakes lies .bout ~O km bene.th the first .nd

within the subducting sl.b. A zone of .bund.nt .ctlvlty Is .lso shown th.t extends .bove the

slab from beneath the e.st coast of Honshu e.stward tow.rd the trench.

Analvsls of the sense of first motions .t the v.rlous seismometers In the network from groups

of earthqwakes in these thre< zones h.s been made by Haseg'" and others (1978) to deter~lne

the style of f.ultlng .ssocl 'Ied with their ~eneratlon. These cumposlte foc.I-~ch.nlsm solu

tions indlc.te that thrust faulting. with compression nearly perpendicular to the trench. Is

under way at and above the upper boundary of the subducting slab, as would be expected. In con

tr.st, the band of seismicity within the sl.b Involves extension .long Its dip direction.

Seismic Gap and Precursor~

The .bsence of both current seis~iclty .nd r.cent large e.rthqu.kes In .n are. off northern

Honshu ha~ suggested th.t an eArthquake ne.r .."nltude (M) 8 could be 'J<Pect.d tiler.. A g.p

In the IO-year p.ttern of earthquakes shown In Figure 2 coincides with. ".p In the p.ttern of

source .re.s of ..jor e.rthquakes since 1'23 (Figure ~). 'n an .re. where tile I.st ..jor e.rth

qu.ke occurred In 18'7. Strain resultln" frOM continued deforMation along tile subduction zone

has be.n rellev.d .Iong IRUch of the lone In tile ""jor e.rthq~kes shown In figure II. but the

existence of the seiSMic gap suggestl .n .re. where this str.ln has yet to be rellev.d. Tile

off-Miyagl e.rthqu.ke of June 12 OCcurred .dj.clnt to, but not within, this g'P, 10 that •

..jo' ea~thqu.ke Is still .nticlpoted there.

--_..l- J

Flgur. II Source .ren of ru.nt _jor earthquakes .long tile subduction
zone off J.~n, with d.te .nd Magnitude. FrOM Coordl".tln" COM
_Ittee on E.rtilquake Prediction, 1978.
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Particularly because of th£ seismic gap. other indications of an imminent large earthquake heve

been of interest. Spirit leoellng hed deMOnstrated an eastward tilt of the land opposite the

gap. but no short-te.. precursors were recognized prior to the June 12 earthquake. Abundant

data fr~ the seismic network of Tohoku University showed no clear chenge In seismic veloc

Ities. SI~llarly, no Indications of IMminent earthquakes were evident frOM the extensometers

and tllt..ters thet are part of each station in thal network.

C~arlsons along two east-west level lines that end at Sendai and Kamalsl. run by the Geo

graphical Survey Institute, show relative downward tilt to the east of 2 to 5 :;.• ',.. tween the

cenler of the island and the east coast in a 7-to-8·year period beginning In 1966. The tilt

is greater at Sendal then farther north. and an additional 3 centimeters of decline at Sendal

..y be related to withdrawal of ground water. Detailed tldel records In the area showed no

evident chenges within hours aft.r the main sheck of June 12. with a resolution of a few centi

Meters, so that little or no coastal uplift ~ccompanled the earthquake. As a result of the

earthquake, relevellng of tne survey llne~ before year-end Is now planned by the Geographical

Survey Institute of Japan.

"78 Earthquakes

The main shock of June 12 resulted from 'hrustlng In the deformation lone along or above the
upper boundary of the subducting slab off the coast of northern Honshu. It ~s preceded by

an" 6.7 earthquake nearly four months el'ller.

Earthquake of February 20. The" 6.7 earthqulke occurred on February 20, 1978, at 1:37 P.".

local time with a depth of 60 km and epicenter at latitude ;~.7· north, longitude 142.2' east

(National Research Center for Disaster Prevention, 1978a). This Is about 65 km north of the

epicenter of the June 12 earthquake (Figure 5). According to a preliminary repert of the

lullJing Resear~h Institute. the focal mechaniSm Involved failure on a near-vertical focal

plane. This suggests that the earthquake WIS associated with the lone of selslllicity within

the subducting slab where extension In the dip direction 15 occurring (Figure 3). The Febru

ary e•• th~uake has Its own paltern of aftershocks. distinct from that of the June 12 earth

Quake, and therefore was not simply a foreshock of the larger earthquake.

or~~ to

l

..
I

d----'-"'---------------
Fl gur. 5 Epicenters of the earthquakes of February 20 and J~ne 12, 1978

and principal aftershocks. From Coordinating Committee on Earth
quake Prediction, "78.
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~ff-Mly.gl Earthquake of June 12. The off-Mlyagl earthquake (figure 6) occurred on June 11,

"'8, at 5:1' P.M. local time with It. hypocenter at a depth of 30 ~ .t latitude 38.2·
north, longitude "2.2· east, ac~rdlng to the 'rompt ~port (Natlon.l Rese.rch Center for

Dls.ster 'revention, ",Bb). It ..s preceded by one foreshoc~ a few ml~utes earlier. "-ny

.ftershcKks were recorded by the selslllic network of Tohoku University. Figure 6 s"""" the

hypocenter of the meln shock .nd ,'tershocks t~rough the first seven hours (6a) and .fter

shcKks for the 'Irst 10 days 'ollowlng the .. In shock (6b).

.........

figL'~ 6 Hypocenters of June 12 main sho~k and afters~cks through June 22 .
• Iock diagram shows projections of hypocenters In ~p view (epi
centers), east-west vertical section; and north-south vertical
"ctlon. figure 6. st.o.ft main sho<;k (Il) .nd .fteaho<;ks throu,h
.Idnlght of June 12 to 'O-~ depth (from Coordln.tln, ComMltt.. on
Earthquake 'redlctlon, 1978). Figure 6b shows .fters~ks through
June 22 to 120'~ depth (fr~ i;gure r-ovlded by Observation Cen
ter for Earthquake Prediction. Tohoku ~Iverslty).

The June 12 earthquake, In ~ontr.st to the February 20 ••rthquake, was the result of thrust

f.ultl~g .Icng ....st-dlpolng rupture a' locl.t~d with the top of the sUbductln~ sl.b. The

two .ftershock petterns of Figure' .re ne.rly Identical .nd SU998st .. In shock rupture on •

...st·oio~!"9 ~i.ne e~tendlng froe a shallow depth to nearly 6O~. The .ftershock pettern of

Figure 'b lies entirely within the equlv.lent pettern of figure 3, at .nd .bove the '"p of the

subduct,ng ~l.b .bove a depth of 60 ~, and • focal MeCh3nl.- solution Jslng worldwide d_t.

(Otsuka .nd others, "78) Indicates that the .. In shock was .ssocl.ted with thrust MOv...nt

.Iong ~ preterred pl'ne dipping tr the ...st northwest .t 20·.

The ~plcentl" of the June 12 earthqu.ke .nd lu .ftershock pettern lie wen 0' the seiSllle

gap, 10 th,l ~hls rupture event did not encroech upon the .re. of unrelieved str.ln sUfgested

- 10 -



by the e.lstence of the gap. This location of the June 12 earthquake and the nearby s.. ller

earthquak, four -oAths earlier r.ls.d the possibility that they were precursors of a larger

e.rthquak. th,t would fill the g.p. On June 16 several e.rthqu~kes as large as MS.' did oc

cur In the g.p .r•• (Figure SI. The .itershock train of the June 12 earthquake decay.d r.p

Idly, howeY.r, perturbed only by on••ftershoc~ tomewftat larger than M6 and .n .ssoc'ated In

cr••s. In actlyity on June 14 (Figure 7).

"tlU
Ml J.2

Figur. 7 Numbers of aftershockt of the June I~, 1978, earthquake through
tl~. Arrow shows time of largest aftershock. from C~r~lnatlng

Corml ttee on E.rthquake Prediction.

Location of Source of Energy. The loc.tlon of the source of energy :t .n I~rtant paraMeter

In studies of the .ttenuatlon of seltmlc shaking. The e.rthqu.ke epicent.r Is commonly used

as the point fros which to ...sure distances for this purpot.. This practice can lead to

probl.MS, however, .s pointed out by Yuud and Perkins ("7a) In their discussion of the dls

t.ne. to which significant liquefaction occurs In earthquakes. Strike-slip rupture ca~ pass

clos. to a sit. of Interest although the epicenter Is ~re dist.nt. This Is ••slly ac~os

-oCited by using the shortest dlt',nc. to the rupture tr.ce, r.ther th.n the epicentral dls

t.nc.. In the reverse f.ulting ,t San Fernando, Californi., in 1971, the eplcent.r lay r.r to

the north of the d...ged .r•• In .he San Fern.nOc V.'ley. The rupture turf.ce extended up the

dip of the f.ult to the ground surf.ce within the d.~ged .rea. ~ver. so th.t dlstanc.s to

the rupture surface could be ..asur.d.

The off-Mlyagl eerthq~k. Is MOre c~plic.ted, beceuse the epicenter Is offshore end the d.~

eged .re. on lend lie, in the down-dip direction. The epicenter Is about 115 km e.st ~f the

city of Sandal. the down-dip end of eyen the early .ftershock pattern, however. lies 60 km

welt of the eplcent.r .t e depth of 45 to S5 km directly beneath the Ojika 'e"lnsui. (Figure

61). If these e.rly aftershockS delineate the main-shock rupture plane, the~ the faulting

re.ched within .bout 75 km of Sendal In t~ree dimensions .nd within 55 k!l~ters In plan

vl_.

GoIoIOiiY of the O_ged hliion

The damaged region conslst\ of three north-trending topographic 'on~~ containing different

kinds of geologic .,terlels. Most of the damaged bull~lngt end .ng~nee ..p.d structures I.y In
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ttw central a! luvial lowland, which is flanked by hilly bedrock terrain of Ceno~oic volc..nic

and seJimenlary rocks on t~~ west and older slates on the east (Figure 8).

)v

---- ... _-".
C...... r ,.. ~•••'. I......
.....o:.rt ,.,......,.. ..
:f'flf' ( ...~ , .--, ,._.....

Figure 8 Geology of the d......ged are.-. euthquake of JlIne 12, showing oed
rock areas, surficial deposits, and de~th to rock in the cOAstal
are". Compiled from 1:2oo,OOO-5<:al. to~~~raphic meps published
by the Geographical Survey Institute of Japan, Geologic Map of
Mly..gl Prefecture at 1:200,000. 8nd HydrOgP-Ologic Map of the
Coastal Region of B..y of Sendal at 1: 100,000 (Geological Survey
of Jap..n, 1968).

The eastern zone consists of rather intricate •• teep-slded hills 200 to 300 m high. These

form II ~out""".. rd-polnting range about 20 lull wide that terminates In the OJ i;,a PenlllSlIla. led

rock here is largely hard, fractured slate of Mesozoic age. Cursory vIews of quarry exposures

revealed little difference between rock near the ground surf.ce and dee?er fresh rock, and in

tact rock on the ubIquitous steep slopes ~s overl.ln only by a thin root zone supporting

grass and trees.

On the west, the centr.. l MOuntain cr~st of Honshu drops eastward to steep-sided foothills.

The hills flanking the city of Sendal cor,lst of a complex Miocene .nd Pliocene section of

sandstone and shale with Inter~lated volcenlc l ..yers.

- 12 -



The ,entr.I I ....... I.nd I~ about 40 kill ... Ide. and con~i~t~ of e.t~nslv. fl;,t .1Iuv,al plalM con

t .. lnl"g scattered steep-,lded hi lIs locally a~ high as 200 m. In the Matsushlma ar ..a bet ....en

S~nd.i "nd ''5hinl..)m<i""j th~~~ hi lIs (.onsi~l larqrly uf Mi(l~t'('1r VOICd1i(O) that include much tuff

and agglomer.te. Th~se rocks sland in v..rtlcal nalural cliffs but are soft ..nough to have

cavities dug ... Ith hand tnols.

S..ndal Bay occupl .. s most of thIs lowland zone south of l.hinonaki a~d is bord.. r ..d on the w.. ,t

by a delta plain that Is as wide as I kill at the city of Sendal, Where not used for hou~ing,

much of this delta plain and thl' plains west and north of 1,~lno"~kl are cover..d with ric .. pad

diu.

The alluvial deposllS -ere formed during the past 18,000 y..ar~ a~ Ih.. continental ice ~heel~

of the la.t glaciation melled and sea level rose to Irs present position. Rivers draining

the adjacent highland feuna their progress gradua'Iy blocked by the rising sea and d"pl'.il"d

sediment along their lower course~, partlcularl" at ~imes of flood. An Intrlcal .. a ....mblage

of s..dlmenl typ.. s Is ~rodu,ed by rlv.. rs in an aggrading r ..glme, h.. r~ dccompanied by an adja

cent rising .hore'line. Broad ribbons of channel .arod ilnd gravel .. re lrft 'os the riv... chang..s

11\ position from dme to time; finer san~ and ~ilt are depo,ited in flanking natural levees

1.1 tl ....s of floodi and organic silt and clay accum"lat .. In Ih.. interv..ning back mdr,h areas.

~idges of b~ach sand form along the shore.

The surface of the alluvial d..po~iIS is quite flal and is otlll cros.ed by the .everal ri~er.

responsible for depositing the sedillW!nt. freque'll flooding of these I Ivers ha. led to con

struc:tion of ....ny dikes ••<J"',. of whkh _r" d..maqed in the June 12 .... rthquake, The .edlment

Is 50ft and water saturaled, becau" it Is young olnd the w~tt'r table i~ very shallow, Depth

below sea level of the base of the alluvial fill O\ler I•.,.drock is shown for the <oastal area,

In figure 8.

A series of alluvial terrace, thaI .."tend In age back t'l Plloce".. occur In th.. Sendai area.

The ol~ section of Se~dal City's built on a 'ate Plel,tocene al'uvial lerra'e ~~ 10 to 20

m above the younger delta plain to the east on which part of the ne... city is built. In con

tra.t to the younger alluviUfTO, these terrace deposits undoubtedly are slightly cement"d and

th..refore .. re firmer than th.. younger sf'diMents.
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~TftON~-"OTIOH EARTHQUAKE RECORDINCS

by A. &erald Brady

U.S. ~eological Survey

Menlo Park, California

Introduct Ion

In Japan, several government agencies are responsible for Independent networks of stroni-motlon

Instr~nts located throughout the country. Among the larger of these accelerograph networks

are those operated by the following agencies:

(RTRI). Japanese National Railways

Center, Earthquake Research lnsti-

e

e

•
•
e

Railway Tecnnlcal Researcn Inst~tute

Stron~ Eartnqu.ke Hotion ObservatIon
tutL (ERI), University of TOkyo

Port and H.rbOr Research Institue (PHRI). "Inistry of TranSpOrt

International Institute of Seismology and Eartnquake Engineering,
Ing Rese.rcn Institute (BRI), Ministry of Construction

Public Warks Researcn Institute (PWRI) , Hinistry of Construction

Bulld-

Other organizations with Interest In strong-notion recording Include:

• National Research Institute of Agricultural Engineering, Ministry ot
AgrIculture .nd Forestry

• Nippon Telegraph and Telep~ Public Corpo'atlon

1 Japan Building Center foundatIon (JBC)

The Stron8-~tion Eartnquake Observ.tlo~ Council was establlsned In 1"7 wIthin the National

Rese.rch Canter for Disaster Prevention (NRCDP) of the Science and Technology Ag~ncy. Records

recovered fra. particular earthqUlkeS by the various government .gencles are made available
to the publ ic In the council's "PrOlllPt Report" pub1 iColtlon. which describes the records,

gives peak accelerations and eplcentr.1 distances, and contains copies of some of the more In

terestl~g records. These and other eart~uake records are published In the ~ouncll's annual

report. The 1ge",:e5 responsible for the .ccelerograph ~~two-ks also report on dlgitlEatlon

end enalysls of the records collected by them that th~y consIder sl9"lflcant.

The data contained In figures 1 and 2 and hbles I and 2 were obtal ..ed frOOl Reference I end

from the Prompt Report for this earthquake of June 12, 1978. 2

StatIons and Recordings

Figure I shows the northern part of Japan and the locations of the strong-motion accelerograph

stations that provided records of the June 12, 1978. earthq~.ke. The codes for the stet Ions,

end their pertinent characteristics, appear In Reference 1 and are reproduced In Table I. In

addition to the recoros shown on the Map, there exist 61 additional records taken at basement,

first-floor, or ground level, mostly In Tokyo or Its vicinity. Of these 61 records, the peak

~celeratlon 15 .0~Sg at an eplcentral distance of 305 km. A 19th-floor record had a peak

acceleration of 0.239 at a '22-km eplcentral distance.

Two epicenters are shown, one provided by the Japan "oteorologlcal Agency (JHA) and Published by

the "ational Research Center for Ois8ster Prevention. J the other provided by the U.S. Geologlcel

SwrYlYon June 30. 1978. In the sections of this report thet dlscwss the epicenter and epl

ce~trel dlste~ces, we have ,no.en to use the epicenter coordinates given In Reference 2.
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figure 1 Locations of accelerograph sites providing significant recordings of June l~. 1978.
earthquake.
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T"'e ~ectlon on ~ei~micitl hdicate.. t .... t •• i\tK.~<jh '.1'" ""tcent.al di~unce to Sentiai Is about

115 km, it ,night be inferred fran the aftershock pattern that the "",In 'hock ru"ture plane ac

tually r~ached a point within auout 75 km of Sendal, mea~ured in three dimensior;. or within

an eplcentral distance of 55 km. mea;ured in plan, Such a conclu~i~ would pla'l • significant

p.rt In ~tudies of the attenuation of peak accelerations for this earthquake, particularly for

those ~tations within latitude 37.5" .nd 38.5· north that lie appro.lmately due west of both

the epicenter .nd the cl~sc~t poln. on the rupture plane. Othar stations on t~e east coa.t

would not be affected beca~~e. for eac'" of these. the eplcentral distance is ~pr.o~imate'y

equal to the distance to the closest point of the inferred ·.,pture surface.

FiJure 2 shows the northern ~.rt o~ Japan. with peak acceler4tion, recorded .t grDund level. or

at the bas~ment or flr.t-floor level In ~tructure~. at stations in the geograph:c ar~a shown Ir

Figure I. 'n two instances more t!'oan onl! recording is !Mde 3t a single location. Each sel of

the three rumbers shown gives the peak acceleration recordea In t"'e two horizontal directions

and In turn that recorded In the vertical direction. For .....H ~round'level -,tat Ions the two

horizontal directions referred to are north-~outh and east-west. in that order. where.s the

Instruments it the lowest level of a structura are generally aligned in t~e l~ngltudlnal .nd

transverse dire~tions of the structure .nd acceleration vllues are reported in t .... t order.

The .~eelerallon units used Ire cm/se~/see. eommonly ~.lled a gal. Conversion to g units Is

simply. if slightly inaccurately. IceOftPIlshed by dividing by I.~. Eplcentr.1 distances er.

Indl~et.d from both estimated ep;~enters, An (F) following the acceleration levels indle.tes

that the recording could be considered e free-field recording, although It must be realized

that any Instrumental housing ~i'turbs the true free-field met Ion. Table 2 cont.lns • -ore

complete list of pe.k acc.lerations, Including those for significant upper stories.

Figure 3 Is a highly idealized Isoseismal map constructed from the plotted Japan ~teorologl

cal Agency intensities at specific locations. The boundary between JKA ~ and 5 is reasonably

.-11 constr.ined to the north Ind west but less so to the south. Th' other iso,eismals are

more arbitrarily chosen. If. circular area were appro~lm.ted to the JMA S region. its center

-auld lIe ~Ios•• 'n plan. to the we~t~rnmost do-,,-dip end of th~ inferred rupture s~rface men

tioned above This lends credence '0 the conciusion that for this -,rthquake the distance fro

points ~I the ground surface to the nearest point of the rupture surface Is the dlst.n~. of 1.
port.nce In .ttenuation and related studies.

The S~C ~trong-~tlon accelerograph in its various versloni hiS been th~ main Japanese strong

~tlon recording Instrument since Its development between 1951 .nd 1953 by the Japanese Cam

mlttee for the Standard Strong Motion Accelerograph. In Its earliest form (the S~C-A). it

consisted of • ,et of three mechanical oscillators whl~h. through • serle~ of 11nk.ges. scribed

analog traces on. w.Ked-paper record that W)~ driven past the r~~ordin9 pens at I omfs.~ by •

....nd-wound spring "'~tor. The natur.1 period of the transducer ~:5 0.1 sec (frequency. 10 c~s) •

• nd critical damping ~s ~rovlded with an air piston mechanism. A sensitivity of 25 g~lf.m

(i •••• 25 ~/sec/see per ~). corresponding to .pproklmately ~ em/~. was arrlnged for in the

Mlchanlc.1 linkage .nd ."owed recording of accelerations of Ig amp::tude without the pens

MOving off-sc.le. Son. 0' the models developed ~fter the SKAt-A••re listed with their 1.

portant characterlatlch In the following table.
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Figure 2 'elk Icceler.tlons .t ground level (or b.seMent or first-floor level In ~tructures'.
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Table 2 Li~t o( Strong-~tion Accelerograms

-I -I .) -. 0' .. °1 •• °1 °ll .,
,""OM-I _11'OfCl IDlur.1 ....I'J'OItO "d. .n 2~].1 O.~, 11~.1 O.J 120. o.n

-J .. UJ.I O.l' ,~o 0.1' 106.1 0.0

-I IIr "~.l O.l' S~J. J O. J!l U~.l 0.11

THOJO UJ IJ:NJaI 'J'OHOkU Un Iy. l' HO 1'0 1'0

'I'MO) .. ..0 no 100

TNOCI!l .urQD "T"00 5lIl lP eo t1 90

TNOI'-1 III'JIJ ""DIll IDiMI ortlee '1' - 0.' 2. o.w 100 0.1

THOll NOd S"lOGAJltA &HI("'lGIUM, OU. c;. ... 210 U~

TIIOI. IlJYUO IlJruo ort. GI. ISO lU .,
ftI02!l DCJlDIOM& DCJI' IIOIIK Off. GI. IS 11 10

ftIO:IO ~ aoMOaI Off. GI. 21 21 •
THOU IWUJ ClNAIWOIl OU. GI. .. SO 11

POlO IMJWa KAS"'. off. GIo dO )'J •
THOI~-1 .., 15MIHOIW(J JCl\Jw.l1C\l 'r,. IlL 100 2M 111

-I .. .soo U. 1"

"'011-1 ""'USN '"'" DIITI: ••,. GI- .,5 11• lot

I.TOlt QlIM twr. GI- 15 n 1.'

1O'O1()-1 'lONE 1'£,,_ .... U JJ 15

-I !lAM '1 .. 10

ftIOll-l noua TUM ..... Gl- n .. •
-I • 56 • U

BDlt - .lM11l1l tlZIMlIMSNI It... 20 1.0 U 0.5 • O.SS

",OU·l ....1 FlUl OU_"l rQo;Il '1'" 114••• 0.' 0.1 11 1.0 0.1 0.5

-2 ." 25 0 •• U 0.5 • 0.1-. I. JO 1.' dO 1.1 0.5 o.n
",OS5-1 ,un ", IN1NJlII<JI PWI 'fY .1•• '11' 11 0.' IS O.n , O.d-. I., lS I •• 5 O.J

Tf.010-l n.lHUI .. M1JUl.'I'O Motel PAt'17IC' •• 19 11 U

-2 W It 0." I' o.n • o.n
-) SIr " 0.51 • 0.1' • 0.15

Tltoe, ac: C'Y1IO nc .,•. IIr J1 0.7 11 0.1 • 0.55

TIt09O-1 - I"JMID 1IJfQ1'. IIr 1) I I

-2 llr l' 0.11 l' 0.11 • o.n
-I I. 11 0.'1 19 ..., 1) o.n

J:I'OU-l ~... 1'0__
~....... Ofr. I2l' 10 1.0 11 \.J

-2 IF It I .• M 0.' I 0.1

- MIT5U1JSHI 1lJ1IATO IlJTII .1•• •• U 0•• I O.'J~ 0.) •. J!

l' H o.s I' 0.1 0.' O.J

.lP M 0•• " 1.0 1!l o.n

*1 Site No. (Thi~ numb<:r c.orresponds with that in "L,st o( the sites ..her.. ~tron9-motion seis-
mugraphs are installed".)

*2 Organization which collected original record and reported maximum accelerations. etc.

*) Prefe~ture or tl~y where instrument is installed.

*~ Location or structure where Instrument is installed.

*5 lnst.llatlon condition GL: on ground; BP: bridge pier; F: (loor; B: basement:
P: penthouse

*6 ",x Imum _cceleratlon of north-south component in gals.

*7 Period of Wive which gives maximum acceleration in sec.

*8 ",xlmum .c~eleratlon of east-we~t component in gals.

*9 MaxiMUm acceleration of vertical component in g41s.
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Figure 3 Idealized Isoselsmal map constructed fra. J~-recorded Intensities. (J~ 5 approxi
mates range covered by ""I VII end VIII.)
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OllllPlng Neturel "ecordlng ApprolllNte
(frectlon per loci Sensl t I ·lty speed NlMIIber In

of crltlCIl) (sec) (ell/g. (CIII/sec) 1975

$MC-A 1.0 0.1 1i.0 1.0 33
$MC-I 1.0 0.1 1i.0 1.0 90
$MC··12 1.0 0.111 8.0 1.0 2lto
StlAC-C 1.0 0.1 1i.0 1.0 18
StlAC-O 1.0 0.05 1.0 O.S 21
$MC-U 0.60 :l.05 1.0 0.25 liS
$MC-ll 0.60 0.05 O.S O.S II

It Is IMpOrtlnt to note fra. thIs tlble thlt the Mejorlty of the Instruments of the SMAC type

thet Ire operlted In Jlpen at this time hive frequency-response chlracterlstl~, thet er. dif

ferent fro- the -ost CONROft. -odern United Stetes Instruments thet record on 70-mm or 6-ln.

filM. In particular. the SMAC response at frequencies higher then 7 cps (for the $MC-IZ) or

'0 cps (for the SMAC-A. -'. end -C) hes been designed to be MUch less than we ere used to

seeing with United Stetes InstrUMents such es the SMA-' or "FT-250. A glence It recordings

frOM these elrller SKAC Instruments conflnMS this leck of high-frequency conteht.

Another feetur. of the records Made by SKAC-type InstrUMents Is thet the pens drew erc-shaped

curves thet heve constent redlus In the hlgher-lIIlPlltucle IIIOtlons. AlttoOUgh peek acceleretlons

can be sceled off without requiring slgnlflcent correction, It Is evident that, efter digitiz

Ing e record with high IIIlPlltudes, correction procedures MUst be edopted tn handle t~ls In

str~ntll behevlor before errlvlng at true tl.. histories.

hcent developlllflts In Japenese Instr_ntatlon heve Included higher nnurel frequencies (In

the SMAC-O, -E2, ~d -ll InstrUMents). the use of ~vlng-coll electroaigAetle transducers (In

the ERS accelerogreph developed by the Earthquake Resistent StructureS Leboretory, Port end

Harbor Reseerch Instltut.), end recording on lnalog Magne. " tlpe (In the StlAC·M Instr_lIt)

The two InstrUMents In the Engineering lulldlng et Toholu University, which re~ord 2~ 911

(2~ ell/sec/sec, or 0.2 Iog) and ,a0 gIl (Ill) It gruund I',vel Ind It the 9th flo~r. respectively.

er. $Me-" InstrUMents operlted by the Building Research Institute.

o sec

t...
~[",:;;, •• ~I
.. L

\0 lit

t
20 SICr---

...
~h';;;D;" \"""""\o~I!O.~, '." """~".'~'"

Flgur." ICIllhoku Irldge: G._nd-I.vel record. StlAC-12, peak ecceleratlons: 0.20g, 0.291.

Mot.: It SI4AC-12 .....1.. The vertical trete Is I.glbl. on the original. The two horizontal
traces clearly show arc-shaped curves.
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-.cords reproduced In this report Ire copies of original records. Dlgltl,atlon Ind ~rell.l

~ry correctIons will be perforMed by the JI~lnese Igencles responsIble ior the Instru-ents.

FI,ure ~ IS • reproduction of the ground-level record It the Kalhoku Bridge site (THOI' In

Figure 1). The Instru-ent. an SMAC-B2. Is pllced sufficiently far fr~ the bridge Ibut..nt

to be considered I fr..-fleld Instr~nt. The vertiCil trace -- legible on the original en4

on prints designed to reproduce that particular trice -- Is In the center of the r.cord. fhe

arc-sh~ed curves on the visible horl,o~tll trices confinm the statements made Ibout conc.rn

ing the n.ed for eire in digiti,ing these records. Figure 5 sh~ I SKAC-[2 trlc'ng.

Flgur. , s~ the central tower of the 9-story [ngineering Building at Tohoku University.

Two SMAt-M Instruments, at the ground-floor Ind ninth-floor levels. Ire operated by the 8ul Id

Ing _esearch Instltu(e (TI~30 in Figure 1; the 9th-story instrument in TH903).

-~-- -".- . -- ......
~::",..........~~~~~~~~_.~.~~-~.-.......

.. ,..! iiia 6.iU7:T.----'
., •..Ha::)._.. . __~~ ~'" 4 ..__.~ _
• 100 '.1. _

Figure 5 Sl1Al:-E2 35- fll. trlclng.

figure' Flculty of [nglneerlng lullding, Tohoku University. A '-story reinforced concrete
building, with Instr_nU It the !!!"!! a.... ninth fl_rs recordln, on MIlInetlc tlpe.
Motion It threshold of structllrll dllllltl. Window gIl.. broken, bookshelves ...tled.

. 2' -



'lots of both record., e~uted after analog-to-dlgltal conversion, are shown In figures 7 and

8, which were reproduced fra- a report In Japanese cont~lnin9 tne results of analysis by the

1It1.

figur~s , and 10 contain further results of BRI analysis of one nori7ontal component of motion

recorded at the first-floor lev.I , Corrected accr 1 " tlon, velocity, and displacement were

obtained by procedures developed In J~ar. A pre ,nary analysis of the high-amplitude (19)

oscillations In the north-south direction a' the upper level indicates that the displacements

involved are tlO In. (t25.4 em). This appears to be consistent with the damage found In the

Interior of the building (bookcases, In particular) and also Indicates that the bUilding wes

approaching the structural damage state although the only evidence of external damege was SOMe

broken glass from windows (Figure 51 and architectural brick veneer that ~d come loose from

the foyer ...1I.

Ref.renee.

I. Kat;onal les.arCh Center for Dljaster Prevention; Science and Tecnnology Agency [Japan).

March I';~, Stron9-~tlon earthquake records in Japan, 1'7~. vol. 19.
Z. "ational Research Center for blsaster 'reventlon, July 1978, June 12, "78, Hiyagi-Ken-okl

Earthquake: Watlona' Research Center for Disaste, Prevention; Science and Technology

Agency (Japan], "OlIPt Report Oft Strong-Hot Ion AccelerograM 110. 15.
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LIQUEFACTION AND ONIAGE TO DIKES

by David K. Keefer

U.S. Geological Survey

Henlo Park, California

Introduct Ion

The June 12, 1978, earthquake caused $OIls to liquefy at several sites on the coastal flood

plain bordering the lay of Sendal. The engineering structures most e~tenslvely damaged by

liquefaction were flood-control dikes composed of earth fill. The damage consisted primarily

of cracking, settlement, and minor lateral spreading and slu~;ng. Our'ng I trip to Miyagi

Prefecture on June 26-28,1978, I was shown six sites where dl'e damage had occurred (Figure

I). Additional information on earthquake-Induced dike damage was provided by officials of the
Public Works Research Institute (PWRI), the Japanese government agency cl~rged with building

and maintaining river works. Liquefaction-Induced damage also occurred in an uncompacted sand

fill In the port of Ishl~kl.

Su_ry of Dike Damage

Reported sites of damage are scattered In an arc extendlnv from the Abukum3 River on the

southwest to the mouth of the »ew Kltak..1 River on the northeast (Figure I). Within this

region, damage occurred along partl of the Abukuma, Natorl, Hlrole, Yoshida, Eal, Maruse, Old

Kltakami, and New Kltakami rivers (Figure " Table I). All sltel are underlain by unconsoli

dated Holocene coaltal flood plain or alluvial fan deposits (Geological Survey of Japan, 1968;

Geologic ~p of "Iyagl Pr.fecture). Many of the damaged dikes are founded on historically

active river channell. A total of 28 linear kilometers of dikes was damaged In this earth

quake, and total repelr costs of dikes and other river works amounted to 1,328,500,000 yen

(approximately $6,700,000) (M. Takahashi, National Land Agency of Japan, unpublished d~ta).

Host of this da~ge ..I caused by liquefaction.

The dikes are COMpOsed chIefly of compected sand. They are built directly on alluvial fan or

flood plaIn sedlnents with little or no ground Improve~nt. Host dikes are several meters

high, several meters wide at the crest, and have side slopes of 2 Horizontal: 1 Vertical or

less. At the tl.. of ~ visit, repairs to the dikes were already well advanced. The repairs

consisted of regrading and filling cracks, placing sand bags, and drlvir.g steel-sheet pile

walls between severely damaged dike sections and the rivers In order to reduce seepage.

Geologic setting

""tE sites of d_ge are on the coastal plein bordering the lay of Sendal; a few are on the

Natorl River alluvlel fan (Geological Survey of Japen, 1968; Geologic Map of Mlyagi Prefec

ture). The coastel plain sediments are unconsolidated Holocene gravels, sands, silts, and

clays primarily deposited by rivers; beneath MOst dikes these deposits are several tenlof

meters thick (Hase, 1967). The river 6P.poslts are of three ~In typel: channel, patural

levee, and back Marsh deposits (Tohoku Regional Construction Bureau, PWftl, ~~pub'ished deta;

H. Nakagawa, Tohoku University, unrubllsned data). Structures Including dikes founded on

channel 0' back Marsh deposits per~ormed rel~tlvely poorly during the June 12 eart~uake.

Liquefaction occurred most commonly In cnannel deposits. PerferMince of structures founded

on natural levee deposits varied fro- place to place. These deposits are generally thin, .nd

the performance of eng I"." Ing structures ..s therefore strongly Influenced by the Nt.rlels
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~

~IKE DA/'lAGE IN "'IYAGI PREFECTURE

Total length of dike
affected by cracking.
~ett lement. late.-al

Number of ~preading. or slumping
~ ~ damage s Itn (km)

AbukuIU l.ft 2 0.38
right S 0.68

Matorl 1,,(t 11 1.87
right (, 2.17

HI rose l.ft 'I 0
right 5 0.38

Yushida left 9 0.51
right 12 5·50

Eai l.ft? 5 2.90
right? .. 0.21

Maruse left 13 0.7'1
right 10 1.08

Old Iti taka",1 left 3 0.15
right 9 0.29

New Itl takaml left 16 7.13
right 17 ".13

TOTAL 129 28.17

Information furnished by the Tohoku ~gional Construction lureau.

lRight or left relative to an observer facing downstream.

underlying the natural levees (H. Nakagawa, Tohoku University, oral ,~'nication). Near the

coa~t. there are beach ridge and dun~ depo~its. and sand In these deposits is relatively firm.

Structures founded on them su~talned little damage in the June 12 e.rthQuake. Natori River

alluvial fan materials are re'-tlve'v coarse grained. consisting primarily of gravel but 1150

containing a few thin layers of sand and silt (Hlse, 1967).

Natori River (Sites I and :): Lateral ~preads, fis~ure5, and sand boil~ were apparently wide

spread along the Natori River for 3 kill upstream fra<r. its mouth (T. Talaki. P'.IRI. oral conmunl

cation). There the flood plain Is underlain mainly by fluy:al sa,d Ihat extends to a depth of

15'" or greater (Hase, 1967). visited two damaged dikes in this .rea \Figure 1).

At Site I, liquefaction affected a 160-m-long section of dike. The <onfiguratlon (Flgur. 2)

and composit ion of this dike are typical of those I saw throughout .i.yagl Prefectur•• TIla

Jlke Is composed primarily of compacted, fine-to-medlum sand. It ri,es 2 m above the high

water level of the river and I. ~ m wide at Its crest. Its riverward flank has a slope of

2H:III. The opposite flank desc..nds as a series of slopes Cagaln 2H:III) and benches to tlla

aqricultura' I.nd beyond the dlka.

• Jl •



Pre·e.rthqu~ke outline of dike
V

m

~~
2r-
I t I I I I

o 12 34m

----
figure 2 51t~ I. Nltorl ~lver: tr'cklng. settle~nt, slumping. I~d literal spreading

induced ~y liquefaction. (frUM Tohcku Regional tonstructlon lurelu. PWRI,
u~publl,~d data)

As a result of the I.rthquake, sl""",ln~. leteral spreadlr~. and settle_nts (If up to 1.5 III

occurred (figure 3). Longltudinll fissures several tens of meters long opened In the dike

crest. "tween the dike end the river. flssurls striking obliquely to the d,ke formed. and

sand ~s ejected from the~ (figure 3b). Other flss~res trending parallel to the dike and the

river formed near the river ~ank, ~r~ than 100 ~ from the base of the dike. The occurrence

of fissures Ind send boils in ground ~IY fr~ the dike Indlcltes that liqueflctlon took pl.ce

primarily in materiel benelth the dike ~nd not In t~ dike material Itself.

The d....ged section Is built on I fO"mer channel Ib.nc:oned by the river less than SOO yelrs

ago. Beneath the dike. fluvial Sind extends to • depth of It lelst 60 III (H.se, 1967), and

much of the top 15 m of Sind is fine gra-ned. loose, and well sorted (poorly gr.ded) (Tohoku

"glonal Construction Bureau, ~RI. unpublished data). lecause of the proxilllity of this site

(Ind .11 other sites of dl~.e dlmagel to a river. the w.ter tlble Is close to the ground sur

fl~e .t all times.

Liqueflction previously tonk place at this site during a magnitude (H, 6.7 earthqulke In

February 1978 (T. Tazlki, PWRI, or.l commv·,lcltlon). The sime section of dike WIS .ffected,

dnd the s~ materilis liquefied Ir both the febru.ry and June earthquakes. (

At Site 2 (figure 1). the dike Is contained by I concrete retllnlng Will (figures , ~ 5).

A section of the retaining ~II se'Jerll hundred meters 101l~ IIlOved about 30 Clll towlrd the river.

Longitudinal fissures opened In the dike behind the retlinlng Will and In ~ concrete pavement

along p.rt of the dike (figure 5c). T~e dike elso settled by as much IS 30~. This site,

which is ~t the mouth of the river. Is underlain by at lelst 20 m of send (H•••• 1"1).

Yoshlde ~Iv.r (S!!!-!l. This WlS one of the IIIOst severely damaged ~cctlons of dike In Mlyagl

Prefecture. $ettlements of ~p to 1 • occurred over a distance of 5 kw., I~qltudlnll fissures

opened ('Igure 6), ~ull1n appeared In s_ of the 1000r slopes, and sarHI Mils were IIsoclu!'d

with flssur.s In SOMe ,lece,. The fissures and b~lges Indicate that 1lt.ral ,pr.adlng and

s1U1l1111ng took ,lace. The d.....ged section resU on the fan-delta of a small str.... and I bor

In, near this site penetrec.d 15. of silt, %~ of fine s.nd. an4 5. of ~OIr.. s.nd (Tohoku

"-tlona1 Connruc:clon hreau, ""'I, unpublished e1ata; HeM '''7). ""rock 11.. eC en ever.

depth of 55 a.

• II •



Figure Site I, Matorl River

3a View downstrn~ (southeast) along repaired portion of dike. Dike
Is ~de of c~cted sand. It rises 2 m above the high water 'evel
of the river and has side slopes of 2H:1V. Matori River In center
left background.

3b Liquefaction-Induced
creeks and sand bolls In
ground bet_e•• ,lvcr and
dikr. indicate t~t llque
fact!on took place In
materials beneath the
dike. Sand In center
dlstanc~ to left of crack
Is from sand boll. Sand
bags on dike were placed
after the earthquake as
a repair ~asure. View
so~th. (Photo courtesy
Eo L. Harp)

- )) -



Figure 3 Site 1, "t~rl River

3c Liquefaction-in,:uced slufllping of dike on flank away from river.
~;ew north. (Photo courte"y Tohoku Regional Constructio~ Bureau)

- 31t -



FI9U'. 3 Site I. Natori River

~
.~..~:..-,,,- .

.-~'

3d Cracking and settlement of dike crest caused by lateral spreading.
View southeast. (Photo courtesy Tohoku Regional Construction Bureau)

- '5 -
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Figure) Site I, N.torl River

)e Cr.eklng of rc.dw.y on dike c.used by slumping or l.ter.l ,pr••dlng.
View 5outhe.st. {Photo courte~y Tohoku Region.1 Construction lur••ul

---
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Flgur. ~ Sit. 2. Natorl liver: ~talnlng ~II -eved
let.relly, end dlk. cr.st settled. (Fr~

Tohoku leglonal Construction lur.au. PWII.
unpublished date)

hi River (Sit. '). Send bolls .... r. c_ In an old rl"er cNnnel at Sita " on the right

benk of the Eel liver (FllIur. 7). A concr.te block f.~ce near thll channel ... cracked by

lateral .preadlng t_rd the old channel bank (Figure '). Da...ge to the dike on this .Ide of

the river ....Inor. Across the rlv.r frOM Sit. " cracks up to 80 e- de.p end 10 ~ wide

affeet.d • 2-~·long section of the dike. In this area, the foundatIon ~t.rlal apparently

contelns -uch .oft clay. ~ 'ey.r. of .Ilt .nd s.nd ., .1.0 be pr.sent. The dIke built

relatlvel, slowly••nd .19"lfle.nt .attl.ment took place during con.tructlon (I. law.shl .

I'WII, oral c_nlcnlon).

Old llt.k_1 liver (Sit. 5). S.nd boll. occurred I" the rice "eld .dJacent to Che 41ke (FII

ure 'I. but da..ge to the dIke Itself ..s epparently .Inor. Subsurfece ..tarlal at SICe 5 can

.Isc. of .It.rn.tlng lay.rs of .Ilty .end .nd clay to a depth of 15. (T. T.zakl, PVlI, oral

e_nle.tlon) •

..... lit..... ' River (Site 6). The dike and paved roed.-y at Site' Httled a ..xl_ of 1.5 •

• nd er.eke4 oftr a distance of , lui (Figure 10), and .and boll. for.1! on both fl.nks of the

41ke. Thl. Illlke, too. i. buIlt owr an 01111 rl"er channel. According to .ta fro- boring.

co-plete4 It\' the Tohoku _glonal Construction lure.u. MI. the lOll under the "'ged part of

the 4111 ... Is II.llar to the 1011 under an adj.cent. undallll9H Hetlon. The lOlls CGI.I.t of

gravels, sands, and silts with a few thin layers of cia, to. depth of approxl...tely 8 ••

N-values (blows/ft fr. a standard penetration t ••t) for _at 1011 l.yen under both s.,tlons

are less than 10. "-non. for the dlffer.nc.s fro beha"lor bet_n the d_ged and undeftleged

••ction. are curr.ntl, under study by Japanese el'gl"..,..

L1qu.fectlon In the Port of hhl..--kl*

In the port of Ishl_kJ, a fill eOllPOHd of fine und IIquefl.d, c.uslng sevare ~ga to

enchor.d su-.I sheet pll. bulkheads. The fill ..terlal had been dredged fr. the ...floor end

pl.ced hydraullcelly wlch no COMPettlon. Ic ....s place. next to old beach d.poslts, and the

boundary of the liquefaction d.age fol100.-d the contett ver~ closely; the natural ..terlel

was not Involved In the liquefaction.

*Dat. kindly provided by Mr. H.JI.. Tsuc~lde. Chl.f. E.rthquake le.lstant Structures Labora
tory, Port and Herbor Research Institute. "Inistrv of Construction .

• J7 •



Figure 5 Site 2, ~tJrl River

Sa View west along repaired
portion of dike. Note
patch across offs~t In
retaining wall caused by
differential lateral move
ment during earthquake.
Retaining wall rises
approximately I m above
roadway.

5b Settlement, lateral movement, and lo~gltudlnal cracking of dlk•.
View .ast. (Photo courtesy Tohoku Regional Construction Bur.au)

- )I -



Figure 5 Site 2, N.tori River

5c View west .croll trillutery of
IMtorl ftlver. Dike sectl"" s_
In Flg"rel 50 end 51> Is to right
of houle. In b.c:l<fround of th II
figure. Note crltCk I" concrete
pe_t In foreground to .llgned
with creck In retelnl...11 In
beclc.ground.

Fig"r. 6 Site 3. yo,hid. Piver

'" VI_ ent (downltr.....) .Iong ...ctlon of dlk.......re repelrs .re under _y. Dike crest
settled IS IOUCh IS 1 .. over. length of 5.... !lote send begs "sed In repelr process.

- n -



Figure' Site S. Yoshida liver

6b Cracks In dike caysed by
slymplng and laterel
spreading. Cracks are
10-30 c~ wide. YI ..
west. (Photo courtesy
K. Kawashlllll. PWllI) .

~c Scarps In dike caused by slymplng. For scele, note ..n In
background. ("hoto courtesy K. Kawash I.... MI)

. ~.



Figure 6 Site 3. Voshlda River

6d Steel $heet pi IC$ being placed by vibratory driver as part of
rEpair proce$$. Purpo$e of sheet plle$ Is to reduce seepage
Into part of dike weakened by earthquake.

,----- ......_...

--- -----------
--...--'" q Q

" q ~",'" Q _--_ Ii '"----," q,..... - - - - Q ~
,.... ,/ ~ ... ~ q Q ~ 4 sa. ._.-::::-

,,-'" ,,/ I~~q ~~.-~ .~----=-.~.
'" ---.- ~.~qP, '" • __.'"'_ Ci> '" 9

..J--..--- . -.tL- • --- .---.--.----...- • .--.-.--- -... ......---- .---- . '".~;_.-. ----
q9-;"·~ -------;~1l::-:-- EM Il1'lEIl

EAI RIVEII
o
I

100

•
200

I
300 _ters

I

Figure 7 Sit. " Eal River: Molt liquefaction
featuraS occur In old river channel.
Klnor crackln, of dike apparently
~curred where dike crosses old chan
na I, but creeks ... re repa I red pr lor
to My visit. (After Tohoku Regional
Construction lureau, PWRI, unpublished
data)

--
---------,

LEGEND

S«nd boil
Dike

Old rtver chlnnel

Ground crack caused by lateral sprelding

COlICrete block fence

. " .



Figure 8 Site 4, tel River: View southwest from crest of dike. Creek
(lncli~eted by heevy I ine) in fence end rice field ceused by
let~rel spreeding toward benk of old chennel In beckground.

Figure, Site 5, Old Kltek..1 River: Sand bolls In rice field. Plents
are several centlneters tell. Oe~ge to the dike et this site
.e, mInor. (Photo courtesy K. Kewashlme, PWRI)

• U-



fig",.. 10 Site 6, New Kit .. k_1 Illver

lOa \iew ~ast along crest of
Une.cn nat~re of highway
differential settlement.
a distance of ~ kl•.

dike and hignway that are being repaired.
surface is due to liQuefaction-induced
Sett lements of up to I. 5 m occurred ('. t,'

lOb Cracking of dike crest
..nd road....y due to
I iquefac;t lon- indlKed
slumping. (Photo
c;ourtesy K. Kawashima.
PVIIIl

- 'J -



Conclus ion

The 0ff-"iydgi-Prefecture earthquake caused cracking, settlement, and ~Inor lateral spreading

and slumping of man-made dikes along sever.l rivers In the prefecture. A total of 28 ~ of

dikes ~s affected, and total damage to dikes and other river works was approxiMately

$6.700,000. The damage was apparently all rep.irable. Kost of the damage was due to lique

faction. Liquefaction also occurred In hydraulic fill con~,.d of fine sand In the port of

IshinOfllilki. These effectl .re cur.'ently being in"estlgated by sever.l Jap.nese scientists .nd

engineers, .nd their reports should be forthcoming In the near future.

Reference'

Geolo9ical Survey ~f Japan, 1~8, Hydrogeological Map of the Coastal Region ~f lav of Sendal.

HydrogeoloQic.1 Keps of Japan 16, 1 map ••cale 1:100,000.

GeoloQic Map of "Ivagl Prefecture, seal. 1:200,000 (legenJ in Japanese).

Hase, ~t.ro, 1967, Geology of the Alluvial ',.Ins of "Iyagl Prefecture (In Japanese with

English flgur. captions), Contributions from the Instltutp of Geology .nd P.leontology,

Tohoku University, No. 6~, ~SD.



lANDSLIDES ~ESULTING FROM THE EAATHQ~A~

by Edwin L. Klrp

U.S. Geologic.' Survey

Menlo ~atk, tallfor~l.

Sever.1 thousand I.ndslidel ~re trIggered by the June 12, 1978, o(f-"Iy.gl Prefecture e.rth

qu.ke. From our field obser'/Ulons .nd from data supplied by J.p.nese scientists ."d engi

neers. the I.ndslldes appear to have been confIned Mainly to the "Iyagl ~refecture and the

northern p.rt of the FukushiMa Prefecture. The landslldc distribution w.s den~st along the

coast ne.rest the epicenter fr~ Sendal northeast to the .rea around "-tsulhlma. Landsll<es

were responsible for I Injury, II houses Plr~ially de;troyed. 2 houses completely deltroyed,

and 2 houles p.rtially d.-.ged (Y. Tsuruya. 1978. unpublished data).

Most numerous of all landslides were small rockfalls and rockslides issuing from steep slopes.

Landslides of these types were nunerous .Iong the MOur.t.inous roads of the Ojika Peninsula.

They were generally less than 10.3 In volume and occurred In heavily fractured Triassic and

Jurassic slate and interbedded quartzite. The la-gest rockfalls and rockslides occurred ~

natural slopes near "-tsushl.. town .nd eastward dlong slopes near the mouth of the M.ruse

Iliver.

Although fewer In number, rot.tion.l sl~s In artlflcl.l fill were larger th." most rOCkfalls

and rockslides and c.used severe d~ge to hlghw.ys and buildings. Two such sites were vis

Ited _itn;n the city limits of Sendal ~re houses were destroyed ~r severely damaged. The

seis.lc perfOrmAnce of these fills suggests th.t they may be hazards In future e.rthquakes.

Approximately three d.ys were spent surveying grourd f.llure from south of Senda. northealt to

the -outh of the New klt.k~1 Illver. Although a det.lled picture of the regional landslide

distribution w.s not obt.ined, the observations thrcughout t~e area surveyed afforded a g~

estimate of the size rang.- and types of I.ndslldes th.t occurred. The following description

of seismic-induced I.ndslides is presented .s site oblervatlonl along this route, ref.rrlng to

Figure 1 for locations of Indl"ldu.1 landSlide sites and ar.as of Interest, They depict the

-ast noteworthy IS well .s represent.tlve ex-.ples of t~ dlff.rent kinds of landslides that

~curr.d In this e.rthquake.

Rockf.lls .nd ~ckslides In N.tur.1 Sl~es

!!.!!....l. Two of the I.rgest rockf.1 Is frOll the earthquake occurred near "-nushl_ town west

of the Tak.gi Illy.r as fallur.s on steep (gr.ater then ~5·) natur.1 slopes. The I.rger of

these (figure 2) occurred In .n extensively ....ther.d .nd Jointed Miocene pUII,lce tuff breccia

(from Ceologi~ "-p of "iyagl 'r~f.c\,,-e, legend In Japanes~) exposed In • ~5-. sc.rp. The

slope .ffected Is .pproxl_tely 110 M wide ••nd the volUMe of debrIs produced Is .bout 6,000

m3• The rockfall damaged four houses built next to the slope ('L Tsuruya. 1978, unpublished

d.t.). As seen two weeks .fter the e.rthquake, the landslide had clear Fl.ltlc t.rps

stretched .crOSI the upper parts of the sc.rp to protect .g.lnlt r.lnf.11 Inflltratl.~ .nd

polllblt: further IIlOv_nt.

About 0.5 km to the north, • s.. ll.r rockf.ll occurr.d on • steep s'upe In dark brown volc.nlc

rock of "Iocene age (possibly andesite or .ndesltlc sediments). The sc.rp Is .bout 20 M high

- ItS -
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Figure I lands! ide sites ~Isiled d~rln9 reconnais.anee survey.

Figure 2 Rockfall on steep slopes ~ar Matsushi~ town. Fallu'c Is In "Iocene pumice. Photo·
graph was taken approxllUtely two weeks after the e.Hthquake. lerps _re already
stretched O¥er -ast of the slope to protect against further MOvement .rl~lng 'ro
rainfall Infiltration (photograph by David Keefer),
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and ~bout 50 m ~ide (FIgure 3). This rockfall produced blocky debris with boul1ers up to O.S
m in diameter. The scarp re~eals extensively '.actured bedrock. The fracture surfaces prob

ably provided planes of heakness along which the r?ck failed.

Site 2. Three rockslides occurred In steep east-facing bluffs flanking a broad plain near the

mouth of the Maruse River. All thr~e were narrow slides about IS m wide that occurred in a

dark brown volcanic clastic rock similar to the smaller s,id~ at Site I. The slides extended

from ,ear the crest of the bluffs to the base, a hei~ht 0\ approximately 30 m as shown In Fig

ure l,.

~. A small rockfall (Figure 5) St)uth of the New Kltakami River occurred on the end of a

narrow ridge of Triassic slate and quartz;'e. Slopes ldjacent to this end of the ridge showed

no failure, suggesting that this point, which was the rarrawest part of the ridge, experienced

stronger shaking than adjacent slopes. This phenomenon has been documented in other e~rt~

quakes (Boni IIa, 1959, Nnon, 1971, Harp and others, 19i'8) and is proC.lbly due to topographic

focusing of seismic energy.

Rockfalls and Rocksl ides in Cut Slopes

Ojika Peninsula. The reconnaissance of the Ojika Peninsu'a and area immediate:y to the north

was along windin9 mountain roads that trc~ersed slopes of Triassic and ~urassic metamorphic

rocks (slate and quartzite, see Wentworth, this report), which ~ere heavily vegeta,ed but had

a thin soil mantle, general!y less than 0.5 m thick. Numerous small rockfalls were derived

from near-vertical road~uts. None of these failures appeared to have produced more than sev

eral cubic meter. of debris.

Site l,. A typical roadcut failure, shown in Figure 6, is derived from weakly cemented sand

stones along a v~11ey weSt of the Naruse River. The rockfall is less than I m thick, and

slope height is about 10 ~.

Site 5. A rockfali in Triassic slate and fine-grained quartzite occurred along a steep cut

slope on the nnrth sidr of the New Kitak~mi River. The sc~rp of the rockfall is inclined at

about 60' and is formed by promirent slaty cleav~ge planes (Figure 7). Figur~ 8 shows the

blocky rockfall debris, which has been broken into pieces of up to 30 em in longest dimension ..

Almost all of the debris appeared to have broken along preexisting fractures.

Landsl ides in Artificial Fill

Site 6. Several artificiul fill failures occurred on roads crossing the Ojlka Peninsula, one

of which is shown in Figure 9. The fill material in the center foregroun~ of the photograph

has slu'ped away from b~neath the road surface, cutting about 2 m into the highway. The fill

appeared to be either uncompacted or plOrly compacted ~andy clay derl~ed from adjacent bedrock

and soi I.

This particular failure occurred at a site where rainf~I1'induced sliding Ioas repeatedly taken

place in t~ past (T. Ta~akl, 1978, oral communication). At the time the photograph was taken,

tarps I.ad been spread over the extensively cracked pavement to prevent o' minimize rainfall

infiltration into the scarp area. During Observation, heavy rainfall was mobilizing the de

bris into small, active mudflows.
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Figurp 3 Rockf.ll on steep slopes in volcanic clastic sediments (photogr.ph by David Kaefer).

Figure ~ Rockslides (arrows) In steep bluffs bordering flood plain near mouth of Naruse River
(photogr~rh by David Keefer),
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Figure 5 Small rockfell In ,lete end qu.rtzlte on the ,pur of e nerrow ridge.

Figure ~ Rockf.ll fro- roadcut in weekiy cemented .end.tone.
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Figure 8 Debris from ro~kfall shown in figure 7
s~owin9 pie~es up to JD em.

Figure 7 R~e~fall in roadeut. Note slaty cleavage
planes that fJrm the rockf~ll scarp.
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figure 9 Slump In Artificial fill along a hl'ghway on lhe Ojlka Penlnsuh.

~. Hany slope failures took place In artiflcla: f;,l within the city limits of Sendal.

These were mainlf ,,,tational slumps. In the neighborhood of Hidorlgaoka, a large rotational

slump occurred ir· a fill slope of about 15°. composed of gravelly clay. from headwall scarp

to toe. the slide extends approximately 70 m horizontally and 20 m vertically (Y. Hatsuzakl,

1978, unpublished data); It Is approximately 30 m wide and about 14 m in maximum thickness,

and the volume is thus approximately 30,000 m3 • The bulk of the slide occurred above and to

the r'ght of one of the 1,400 concrete slope-protection dams (sabo works) in Sendai (figure

10). The entire s'ide had been covered with nylon tarps at the time the photograph was taken

to pre""nt rainfall infiltration. "!any hous"s had been removed froin this slope in past yea,s

due to rair.fall-inO'Jced slur"pin~; as a result, only one ',ouse. near the headwall scarp. was

seve,ely damaged by the seismic-induced sliding. Figure 11 shows the area originally occupied

by this house, whicl was remoyed. The fence in the figure clearly shows the rotational com

ponent of slide moven.nt. About 5 ~ of horizontal displacement (Y. "atsuzaki. 1978, unpub-

I ished data) occurre.'. placing the toe of the landsl ide mass no more than several meters from

houses below, as s~n in Figure 12. The house shown in figure 12 was subsequently eyacuated

because of the threat of recurrent movement of the landslide mass.

Engineers from the Sa~o Section of the Hlyagi prefectural government were engaged in an exten

sive geotechnical Invtst Igat Ion of the landslide mass and surrounding area. Hany boreholes

had been dri lIed in t~~ slide ~te.lal. as shown In Figure 13. to establish the depth of the

failure surface. to pr,1Yide samples for strength testing. and to emplace slope inclinometers

to monitor any contlnu'ng movement. Adjoining areas were also being drilled and monitored to

detect any movement th~t might be precipitated by the slide. such a' deformation downslope

from the toe in response to the weight of the encroaChing slide mass and retrogressive slump

ing upslope from the headwall s:arp.
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FIgure 10 Rotational slump in artifIcial fill in Senda; (area covered by tarps), which destr~yed

one house and is threatening otl,ers. To left of slump Is concrete slope-protection
dam (saDO works) (phvtograph by David Keefer).

Figure 11 4rea near head of rotational slump where a severely damaged house had to be removed.
Fence shows rotational c~,ent of slump movement.
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Fl9ure 12 T~ of slump .nd house below In danger of ~in9 overridden by slide ~ss. House
hid been ev.,uated.

Figure I] Are. ne.r sl~ toe showing borehole being drilled .s plrt of geotechnlc.l Inve.
tlg.tlon of .~~ f.llure .nd surroundln9 .r...
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"-ny other hillside slopes In Sendal ~nderwent sl~llar failure. At another site on artificial

fill about 0.5 km to the east of Mldorlgaoka, SIK houses were condemned by the Mayor of Senda1

because of cracking beneath and around the houses within the fill area. The decision to de

stroy the houses was ~de to protect the houses downslope. It was decided tnat collapse of

the slope -.s imminent ~nles. the weight of the houses was r.moved (T. Tazakl. 1~78. or.1 com

municatIon).

Judging from the extensive fa;l~r. of artificial fill In many slopes In Sendal, as compared

with few noticeable landslides on the many steep natural slopes In the same area. the artifi

cial fi I' appeared to be partic~larly susceptible to seismic-Induced failure. Artlficlal

fill slopes may prove to be a seismic hazard In f~ture earthquakes.

Conclusions

The June 12. 1978, oft-Mlyagl earthquake triggered several thouslnd landslides in "Iyagl and

rUku.hi~a Prefectures. A field reconnaissance two weeks after the earthquake of the coastal

region nearest the epicenter s~pported the following general conclusions:

(I) Most of the landslides were rockfall. and rockslides originating on
steep natural and cut ,lopes, generally steeper thin 45·.

(2) "any slopes and roadways constructed with artificial flll behaved
poorly during the earthquake, forming rotational slumps and exten
sive ground cracks. Tne heaviest damage from these failures occurred
in areas occupied by housing developments In Sendal.

() "any slopes composed of artificial fill WIre more susceptible to
seismic-induced failure than steep~r natural slopes. This was prob
ably a result of insufficient com~action of the fill material.

Japanese sclentists and engineers are continuing stu~les and will most likely combine the data

gathered by different government agencies to produce a more comprehensive report of the re

gional landslide distribution, landslide ~chanis,ns. and other Important factors related to

this potentially devastating category of ;eismic-induced ground failure.
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ENCINEERINC ASPECTS

by Jame~ D. Cooper, Federal Highway Administration, ~ashington, D.C.

Iru~. R. Ellingwood, National Bureau of Standard~. Washington. D.C.

Peter I. Yaney, URS/John A. IIUMe 'A~,o~iat.~, Engineers, San Francisco. California

lntrodu~tion

This se~tion reports the ob,ervatlon~ of the civil and ~tructur.l engineer member~ of the

reconnai'sance team for the June 12, 1978 "Iyagl-Ken-~ki earthquake. No attempt I~ made

here to analyze the structures or their performance; detailed reports are In preparation by

Japanese engineers and lut~rities. and I report by the U.S. National Bureau of Standards.

under the auspices of the United States-Japan Natural Resources Panel. is also planned,

The primary objective of the reconnaissance Investigation, and OF this report, was to observe

the performan,e of earthquake-resistant buildings and other struc:ures. including industrial

complexes and 50mB equipment it~ms. lecause of the time ~onstraints of the investigation,

effects on nonstructural items :n L,.llding5 and on the numerous building service systems

could not be observed. Another obje~:i,e was to report on the general performan~e of criti

cally needed utility systems.
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K.EY :

City Center, Send.i

2 Min~mi Mdchidori 8uildin9, Sendai

3 Second Sendai Government Building, Send.i

" Sumi tome li fe In~urance Bui Iding, Send.i

5 Second Ea~tern Building Comp~ny Building. Send.i

6 Steel Fr~med "'Story Building. Send.i

7 Steel Framed Furniture Warehouie, Sendai

8 Orosh i cho Area of Senda i

9 l1aryuyoihi Build;.'g. Oroihicho, Sendai

10 Obisan Building. Oro5hicho, Sendai

II Kinoihita Bui lding, Or05hicho. Send.i

12 l1aruhong Building, Orosh.cha, Send.i

13 9-5tory Building. Oroihicho. Send.i

," Yazak. Industr;es Bui Idlngs. OrOihicho, Send.i

15 P.loma Building. Send.i

16 Engineering FaCulty 8uilding. Tohoku University. Send,i

17 Toh~ku Institute of Technology. Send.i

18 Ton.n High School, Send.i

19 Izumi High School, Izumi

20 lown of M.z.ma

21 Fukushima Nuclear Power Plant CompleK, Mamie. Fukushima Prefecture

2~ New Sendai Power Plant. T.g.jyo

23 Sendai Substation of lohoku Electric Power Co .• ttumi

2" Haranomachi Plant, Send.i City Gas Bureau, Send.:

25 Send.i Refinery. Tohoku Oil Co., Ltd., T.gajyo

26 toncrete Batch Plant, Send.;

Z7 Kin-noh Bridge

z8 Yuriage Bridge

29 Sendai Ohashi Bridge

30 Kaihoku Bridge

31 JHR New Send.i Shinkansen Trunkl;ne

32 Kit.gami Ohashi Bridge .nd Dike

33 Kirnazuk. Br i dge

3" E.i River ~.il Bridge

35 ",iy, Ohashi Bridge

36 lunnels, National Highway Route "5 (Shiog.rna to Matsushima)

37 77 Bank Building. Send.i

fig.re 1 Buildings and other structur~s in Send.i

and in other p.rts of "iyagi Prefecture.
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lulldings in the Send.; Melropol itan Aru

Sendai 'S a large, modern city, with a population of mere than 615,000 (1975 datal. its

~tropolitan area has a population of more than 1.2 million. Many hundreds of buildings in

the city are at least five stories high and can be considered to be ~dern highrise struc'

tures. The c."tral downtown area, in particular, has a great many modern buildings in the IO

ta 20-story range. A large proportion of them are steel frame; many others use the Japanese

steel-reinforced concrete (SRC) system, in which embedded structural steel shapes, in conjunc

tion with conventional reinforcing steel. constitute the reinforcement.

The lotal damaqe frQlfl the June 12. 1978. earthquake constituted only a small percentage of the

total capital investment in buildings and structures. despite the recorded high ground accel

erations (generally between 0.25g and 0.409).

Upon enteri"g the city. It was difficult to bel ieve that a sill(ificant e,uthquake had

occurred. Closer inspection revealed minor facade damage. bLt even that was not widespread;

many modern buildings sh~d no damage to their architectural veneer or glazing. However, as

the in~~sti9ation proceede~. it became obvious that pockets of damage, apparently correlated

to 10Lal geologic and soils conditions. existed throughout the city.

Figure 2 A general yiew of the cowntown area of Sendal. (Tohoku Eiectrlc Power Company photo
grapt\)
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Figur. 3 II typic.' vi... of the downtown i1ru of S.nd.l.

Fillure ~ Downtown Send.l: chimney d.mage (under rep,ir) to the Milsukoshi oep,rtment store
building. Many simi I•• chimneys appear to have been damaged.
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figure 5 Minami "achidor' bui Iding. Srnd.l. This 6-story reinforced concrete building in
downtown Sendai suffered extensi,e cracking to its brick veneer facing and shows
signs of possible structural dalllilge as well. The damage is typical for many simila'
buildings In the city.
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Figure 6 Sendai Second Goyernment building. This 17-story, steel frame structure In downtown
Sendal was built in 1'73. The building wa, designed uSing dynamic analysis and has
a raft foundation. Ground conditions are considered to be good. The building 1$
instrumented (fifteenth floor, second basement, and downhole at -~O M). There ..s
no apparent structural damage.
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Figure 7 Sumltomo Life In~urance building. Thl. modern, IS-story seel and reInforced con
crete building. in do~ntown Sendai, h3S continuou~ shear walls around the elevltor
core and on the transverse outside walls. The Interior s~ear walls Iround the ele
vltor core and some of the construction joints in the stairwells show ml~r crick
Ing. Some of the cracks were caus~d by the February 20. 1978, earthquake and applr
ently were widened by the most recent ~Irthqua~e. The other main structural ele
~nts Ire believed to be undamaged. The building 15 instrumented on the second
basement level and on the ninth and eighteenth floors. A peak ground acceleration
of 0.269 and a peak response acceleratl~n of 0.56g (eighteenth floor) were recorded.
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Figure 8 Secon, Eastern Building Compan., building: a typical IIIOdern, B-story building In
downttwn Sendal. The only apparent da~ge to the exterior, w~ich is veneered with
glazed tiles, was cracking through the spandrels and the shear walls (on the sides
opposite those Illustrated).



Figure 9 Sasaki building. outskirts of Sendai: a da~ged 4-story steel-framed buildIng. The
exterior precast concrete panel anchorages failed. (Kawahoku Newspaper Co. photograph)
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Figure 10 Outskirts of Sende': I demaged steel-fre.. furniture w.rehoule. Some of the
trensverse diagonel br.ces filled et their ~idheight conn~ctlons. Generelly,
rupture occurred et the bolt holes. (Courtesy of Professor leMUre, university
of Kyoto)
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~ullding~ In the Oro~hicho Area of ~endai

OrOShicho (Site 8 uf Figure 1.), on the easter'n edge of Sendai. was once an area of ri~e paddles.

It was de,eloped about 10 to 12 years ago, with loning equivalent to U.S .•~dlum-density resi

dential and commercial cl.~sifications. The soil conditions for construction needs are poor,

and earthquake damage was e_tenslve. At least 10 buildings were damaged seriously; four of

them, reinforced concrete .tructur~s. suffered collapse.

Fl9ure 11 Oroshicho area, Sendal: sidewalk and other damag~ from ground settle~nt end
a~~ormation.
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Figure 12 Maruyoshl bulldln9, Oroshicho are., Send. I : view from the north. This ]-story
reinforced concrete fr.me building, one sp4n by three, suffered .lmost tot.l ~l

l.pse of the first floor,



Figure 1) lI.,ruyoshi building. Oroshicho area. ~endal: view from the ealt. Failure of the
first-story columns In shear cauled the collapse. The end walls (the shear walls
on the ground floor) are being demolished. Det,il photogr.ph of JOint at
top of first-story column shows shortening and the use of undeformed bars. , connon
practice in the Oroshicho .rea.
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Figure 1~ Obls~ building, Oroshlcho area, Sendal: view from the northwast. This Is a 3
story reinforced concrete frane building with a soft first story, one span In each
direction. The columns were inadequete to resist the turslonal force c.used by a
heavy eccentric stal,..11 that cantilevered over the column line at the right en~ of
the building.

: f

Figure 15 Obls.n building, Ornshlcho .re., Senda l : view frOM the south. The upp~r ,torle,
roUted es a rigid body w"en the first-floor coll-, support was lost.
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Figure 16 Obisan building, Oroshi,ho area, Sendai. ~tation of the structure led to. disin
tegration of the four corner r.olumns, The reInforcIng bars that can be seen are un
deformed.
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Figure 17 Kinoshita building, Oroshicho area, Sendal: view f~ the east (r.ar). This J
slory reinforced concrete building is two 'Pans by six. The transverse foundation
Qr the structure Jettled 10 to IS c~ along a Middl. column line, contributing to
the extensive diagonal cracking.
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FI9Ure 18 Kinoshitl building, Oroshlcho eree. Sendll: west flce. this flee suffered less
'pplrent dame~e. The 2-story reinfo~ced concrete penthouse liso suffered e~tenslve

d....ge.

Figure" Maruhong building, Oroshlcho Ire., Se~II: elst building ••Ist flee. This 6-story
reinforced concrete building shows extensive shelr cricking In the Plnels between
wlnAnw openings. The elst Ind west buildings Ire seplrlted by I 3-cm construction
VIP; tnere I. no evidence of pounding between the buildings.
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fl,wre 20 Maruhong building, Oroshl,ho e~, sendal: welt Dulldlng, ~st fa,e. Extensive

cracking of nonltructural curtain wall panels and she~r cracking between windows was
observed. The de,oratlve ceramic br;,k facing on the north wall did not appear to
have been da..ged •

•
• , I I, Ii

~
'. -- . ~

-\-._J
I I i
~

figure 11 Maruhong building, Oroshlcho area, Sendal: weSt building, ~St face. OItails of
damage to the nonstructural window spandrel, can be leen.
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Flgvre 22 Oroshlcho ar.a, Send_I: 9-story building, lightly da~ged,

"

Figure 2) Valakl Indultrl.s bulldlr.gs. OroShlcho area, tendal: portions of thr.e of the five
Vazakl Industrl •• buildings. The lo-er bu;ldlng on the l.ft II a Iteel-frame ware
hou... The .Iddl. building is a '-story reinforced concrete fr... structur., three
spans by five, Adjacent to It Is. 2-story ~tee'-frame building (for.ground!.
F.llur. of the relnforc.d concrete columns of the Middle building caus.d • gerer~l

coll.pls of the ground floor. The bulldlnJ f.11 agalnlt the front st•• 1 structure,
C«I~lng ••t ..nllva d_ge.
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figure 2~ Vazekl Industries bulldin9s, OrO$hicho aree, Sendel: Interior d.-age In the
$leel-fr_ 2-uo"; t;~i Idlng; caused by the collllPse end I~.ct of the
felled ~-story concrete structure shawn In Figure 21.

Figure 25 Vazakl Industries b~lldlngs. Oroshlcho area, S~ndel: view o' the felled ground
floor of the J,-story concrete building.
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Figure 26 Vazakl Industries bulld.ngs. Oroshlcho area. Sendal: details of demu~ to the con
crete structure. The pholOiJreph 10 the I.ft shows the I~.ct area between the con
crete bulldln9 end the steel fr... building. Deformed bers were used In this
bulldln9••s shawn In detell phot09raph. right.
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Figure 27 Yalakl Industries buildings, Oroshlcho area, Sendal: a failed ~m-colunn c~nac

tlon. The ellpansl~ connection to the adjacent It.. I lMrehol.st" preyented d_... to
the latter structure.

Figure 28 Vllakl IndustrIes building, Oroshlcho area, Sendal. The steel-frame warehouse con
tains a nUMber of multlleYel, tubular-steel storlge racks for storing heaYy gas
metering equipment. They are either bolted down or Ire welded to steel plates em
bedded In the concrete floor. The racks were damaged at the ground-leYel, trans
Y.r,e braces, but none collapsed, probably becluse of the e.tenslye use of dlagonll
bracing.
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Figure 29 Palam- Building. near the Oroshlcho area of Sendal: a 2-story. reinforced concret~

bu'ldlng, Tn. itructure has two spans by three. (here is a shear wall at one end;
failure occurred at the opposite end. which is supported only by columns, The .~

posed concrete In the failed columns appeared to be of inferior quality, Column
stirrups. 9.m In diameter. were spaced 30 cm on centers.

Flgur.30 Paloma lul'dln~. near the Oroshlch~ area of Sandal: detail of the failed wall.
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Flgur. 31 Pal~ auildlng near the Oroshlcho ar•• , Send.i.
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School and University Buildings

The following campuses were visited: (I) Tohoku University (t.o buildings), (2) Tohoku Insti

tute of Technology (two buildings), (3) Tonan High School (two buildings), and (~) Izyml High

School (four buildings).

The engineering faculty building of Tohoku University represents a unique case In earthqueke

engln.. rlng. This 9-story, reinforced concrete freme building with shear walls hes succe••

fully wlthstool two strong earthquakes and several .-.11 ones. The building Is Instrumented

With two SMAC Instru~ts: In the basement (ground level) and on the ninth floor. (The rec

ords .r. discussed by Brady In a separate section of this report.) The February 20, 1978,

earthquake apparently caused SOMe damage to the structure (cracking of shear walls, window

breakage) and lengthened Its period. The June 12. 1978, earthquake apparently M pllfied the

damage caused by the February shock: the width of the diagonal cracks In the shear wells In

cre~.ed, and additional windows ..r. b~n (mostly by fell'ng bookcases and other failing

objects). The foll~lng table s~rlzes the recorded peak accelerations fra- the two earth

quakes.

Peak Acceleration (8)

hrthqueke lli!2!. North-South East-west ~·Down

F.b 20. "78 O. " o. " 0.0', 0·37 0.26 0.08

June 12, '978 0.2. O. I' 0.15, '.00 O.~, O.}l

The building ~.perlenced about IS sec of motion at the ninth floor bet..en O.S09 and I.DOg,

end about 20 .ec of motion In exce•• of O.2Sg.
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Flgwre]2 £nglneerlng Facul-'l aulldlng, Tohoku UnIversity: • generel vl~ of the '-story
reinforced concrete fr_ building end de"",ged tl·~nsverse snear _II et the ground
floor. Some ~f ti. g;ezad 'lIe veneer ha, spelled along a dla90nel crack_
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'Igur. 33 Tohoku Instltut. of T.chnology: pl,n of the c'MPUs st~lng the two buildings thet
..r. InYestlgated (Iulldlngs 3 .nd 5). lulldlng 3 Is, '-story building on, 1• .-1
foundation. lulldlng 5, loc.t.d on • n ••p slope, Is .n a-story building with the
thr.a lower floors built Into the hill on t~ n~rth .l.v.tlon.

Figure 3' Tohoku Instltut. of T.chnol09Y, lulldlng 5: p.rtl.1 ylew of the north f.c.de. The
..011 serious ......98 to the fr'Mlng occurred on this .'de; lIIOlt c:oll.-ts hav. fall.d
In .....r.
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Figure 35 Tohoku In~titute of Te~hnology, lulldlnv 5: dam.ve to the north fa~ade of Building
5 and to the pa~sage~a1 to an adja~ent buildiAg '0 the east. The latter building
was ~onstr'~ted about 1'72, under the provisions of tne present building ~ode, for
an equivalent peak ground .~~eleration of 0.209. Under the present ~ode, deformed
bars are used, and the ~tirr"r spa~lng is 10 gft. A ~ursory visual e~a~ination of
the e~t.rior revealed no app.;~nt damage.

Figure 36 Tohak., ,nstltute of Te~hnology, Bu.l<lng S: detail of typical daMage at ~Idhelght

to a column in the north fa~ade. The stl,rup spacing Is 2S CM (10.25 In.). The
bars are undeformed.
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Figure 37 Tohoku Institute of Te<hnology, lulldlng 5: vl_ of '" up~r floor InterIor,
looking tow.rd the slightly d.meged south~rn exterior fr,me. The Interior col
umn\ gener.lly did not exhibIt d.mage, where.s Interior she.r w,lls, such .s that
In left ,enter, were gener.lly cr.cked e.tenslvel~. In .ddltlon, tensile cr.cks
were evident throughout the floor dl.phr,v-s, p,rtlcul,rly near the she.r ~lls of
the st.i~y tower 'long the north fr,~.

Figure 38 Tohoku Institute of Tecnnnlog~. lullding 5. A header (sp.n,'el be.m) over' corri
dor on the sixth floor that connects t~ tr.nsverse she.r w.lls exhIbits. ,I.ssl
c.l COMPression .rch f.llur•• ~te the dl.gon.l cr.cks 0" both ends •
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'Igwre 39 Tohokw Instltwte of Technology, Building 5: a view of the entrence area of the
north entrance to lulldlng 5 showing settlement of backfill along -olt of the
length of the building. The settlement caused extensive damage to the stairs and
to the Idjlcent retaining weill.

•

Figure '0 Tohoku Institute of Technology, Building 3: I generll vie' of the It-UJry build
Ing that was demaged severely. It wa, designed under the pre-I'7Z code for I g~lund

acceleretlon of O.ZOg.
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~Igure ~I Tohoku Institute of Technology, Building 3: d.~,. to the ground floor columns.
Simll.r d...,. is present .11 .Iong the opposIte (nort~) side of the building •
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Figure ~2 Tohoku Institute of Technology Buildln~}: I detlil (left) of one of the dl~ged

columns of the south e.terlor frame showing the re.nforcing detaill. The Itlrrup~

are undeforMed Ind Ire spiced It 25 em (10.25 In.) on centers. The vertical barl
at the bar. of the column were bent during construction to fit within the column.
Dlmage (right) to a south-facing ground-floor ••terlor column: the plaster f.~in9

and lOMe of the It'ucturll co~cret. has been spalled. The reinforcing steel
.ppe.red to ha~e 1.ls th.n 2.S OM (1 In.) of cover.
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Figure ~3 Toh~ku In~tltute of Te~hnol09Y. Building 3: typlc.l damage to a col~ on the
ground floor of the nort~-f.~lng exterior frame. T~ Interior shear wells In the
tr.nsverse (north-south) dlr.~tlon also suffered .xtenslYe damege.

Figure'~ Tun.n High S~honl' -elt f.ce. Thll reinforced con~rete building fr.me with she.r
w.lls Is .bout 12 fe.rs old. It suffered extensive d"'Io1ge. due in p.rt to thl! un
f.vor.ble orlent.tlon of the lhe.r w.lls with respect to strong sh.king. An .dja
cent 'tr~cture. orl.nted .t ri9ht ,ngles to the high ~chool. was undameg~d. The
high scnool st.nd~ .dj-K.nt to a s.".1\ bluff which may h• .". ,...,Iified the ground
IlID t 10f'.

- 88 •



rlgur. ~6 ronan High School: welt face. Partlel-Inflll panell eauled adjacent eolUMnI to be
extenllvely d_ged. Slender Interior coli.." ,"-d IIttl. c1_ge. The COIIcrete
appeered to be of queltlonabl. qualltr.
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Figure ~7 Izumi High School. iTumi. to the north of Sendai, is a city with a population of
70,000. Three adjace~, r~;nforced concrete frame structures with shear walls were
damaged, ~ut the schJol remained fur.ctiona1. The buildings were constructed after
1'71.

---------

Figure ~8 Izumi High S~hool: partial view of the slightly da~ged, Ite.l-frame auditorium.
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Figure~' Iz~1 HI~h'S,hool. An interior corridor well .Ilvned In the IOngltudln.1 direction
of the building sllOwI extensive s....r cr.,klng.
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Figure SO !z~1 HI'" School. The dl.gUtl.' creck .Iong an e.terlor tr.......rse she.r .... 11 __
caused elthlr by uplifting or by settl ...nt of the found.tlon.
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Flvure 51 Izumi High School. The two Illustrations show. respectively. two lides of a typl
c.l building. The rear ot the building (left) • .hlch Is relatively open, suff,red
little ap~rent d"-ge; damage was heavier on the side with partlal-lnfl11 well
panels (right). In addition. the Int.rlor transverse shear walls fra.. InL~ the
colUllll'ls on the rear but do not fra. 'nto the columns on the front becau.. of •
longitudinal corridor. All of t~ buildings experienced this type of d...~.

Single-Fa.lly Dwell in.i!,

A r.ported eo, dMelllngs were destroyed or very severely damage~ by the earthquake. Most of

the d....ge WlS due to foundation f.llures. such .s landslides and roc~r.lll, and to Inadequate

lat.ral br.cing. Most of the houses In this part ~f Japan have glazed-tile roofs. Thousands

of rooh WIre d....ged ••nd additional d....ge wu probably caused by the Ingress ")f ".ter: the

earthq~ke occurred at the start of the IIOnloon (r.lnv~ see'on. The following Illu,tratlons

show ~ damage tvplcal to houses. Det.il-.d data will probably be .vall.ble from the Japa

n.se authorities In the ne.r future.



F'gure 52 Town of Has~, norther" "I~~gl Prefecture: al~.t tot. I d...ge to. typical
older, sIngle-family dwelling. The d..-ge Is probably due to In~quete I.ter.l
~raclng and the p'esence of • he.vy g'.zed-tlle roof. The hovee Is In. pocket of
dalllllge thet _s puslbly Ilue to the response of local soft 101 h.
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figure 53 TypIcal roof d-... The d_gad area has been covered OlIlth plastic sheets to pro
tect the structure and Its contents agaInst r.ln.

figure st, II collapsed older, lllOOd-fr_ t...la bulldln, wIth a tile roof. (1talofanoku News·
paper Co. plwtograph)
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I"dustrlal rKlllties and Llfell ...s

Our reconMhnn~ t....... a brief Ins;>ecti;y, of several l"gustrla' facllltl" and Ilf.llne

structuras. Sendal Is a large Industrial city with -or. than 6,500 business and ~nufKturlng

fin..; the facilities Investigated repres.nt only ....11 ..-pIe of the structures that -ere

~ged by the earthquake. The degree of da.gII observed ~anged froa' ""91lglble (lIt the

Fultushl ......" ••r ro-r Plant) to sever. (at the Sendal Gas Facility). Japanese .nlll ....rs

were conductinll thorough Investigations at ._ of the s_ facilities. The ~r facilities

In and ....r Sendal (-olt o~ which are owned by the Tohoku Electric Power C~any) that luf

fer.d dNO~ge ~re being given pArticularly close attention. Detailed reports are expected to

be publlsheol soon.

Fukushl .. Nucle.r Po.er Plant Ca.pl~x. The Fukushima Nuclear Power Plant comple. II owned

and operat.d by the Tokyo EI.ctrlc fo.er Compa~y. It Is located on the Pacific coast of the

Fukushl.. Prefectur., about 7 kM south of the town cf ~ie, .nd Is louthe.lt of the town of

Fukulhl... The original earthquake .slgn criteria and dynamic analys.s were perfor-.d by

URS/Ilu-. Engl ...ers. The following t.ble summarlzel s_ of the pertinent d.ta for thll 11.

un I t C'1lIIP lex:

ell·
C__rcIII

strue· Op.r"'"
tl•• .rII· Ie......" l.aclIr I •••r'" A1c~".c1 III" I',,"' era·

MWe T,,,, S.,... S.,,,.., (nlin_ C..st",cter (%) .11' ,.'Ief
FukUshillll One 1 (Fullushin) .60 BWR' GE I Toshilll GEIHiteeht Ebasco Klj'lI\lI 100 3/71
Fu~uslllllll One 21Fulluihimal 7.- BWR GE GEl Toshibl Eb3SCO Kallll\ll 100 7/74
Fukushlllll One 31fukUsl1imlj 7.- B'MI TOlhilll Toshitll Tos'"t>\ Kajlllll 100 3/76
Fukushiml One 4I' ukus/llllll) 7'- BWR Hitachi Hitaclli H,tach, Kljlll\ll 112 6/76 10/71
Fukus/lillll One 5(FUkushima) 7.- BWR Tosiiilll ToIhitlI Tolol!illl Ka,'m.1 96 1217S .'71
Fullus/lillll One 6lFukusllillll) 1100 I'MI GE GE/TDIIlIbII Ebasco Kljlllll 71 10176 10/711

1twR. lolling Water Reactor

(Source: Nucl.ar News 8uy~rs Guide, ~Id-rebruary "78:

At the tl-. of uur visit. June 23, "78, 1\ days .fter the earthquake, Units; through 5 were

operatlnll: Unit 6 was still under construction. We Inspected the exterior of Unit 1 and the

ext.rlor .nd Interior of much of Unit 6, Includinll the cont.l ....nt ~tructure and the r.actor

vessel pedestal, the r.actor bulldlnll, the turbine building, and various .ncillary st~~ctures.

Units 1 and 6 .re heavily Instrumented, and more than 20 stron~-MOtion recordl were obtained.

The ...I~ r.corded ground accel,ratlon wal approxlmat.ly 0.129; the me.l~ peak r.sponse

.ccelerat Ion of the structures _. about O. ~5ll- The durat Ion of the records was s..-..h.t

longer than 30 HC.
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Figure SS f"ukushl .... Nuclear Power Pl."t. • general yle~1 showing the six units. They .....
frOlll right to left, Unit 0, Vnlt :i, Unit I, Unit 2, Unit 3, and Unit II. (Tokyo
Electric Co. photogr.ph)

t
'14~. '

t
+

[."1':
,
t.....',

Flgur. S6 Fukushima Mucle.r Power Plant: the containment ,tructureS of U.,lts 1 through ~.
Mone of the,e structures showed damage. (Tokyo Electrl~ Co. ohotograph)
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Figure 57 fukushl~ Nu~I~.r '~~r 'lent. A bro~en cer.mic In\ul.tor In Unit I wes the only
d...ge reported for the site. The demaged insu1ttor h.d been repleced, es IIlus·
tr.ted .bove, before the reco"n.lsunc:. visit.

I _
.. f

figure 58 Fukushl .. Nuc:leer Power Plent: • vi.. of SaMI of the euxiliery structures to the
north of Unit I. Fr..-fleld .cc:eleretlon _es rec:orded In the weter treetMent
building (the white, I-story building in the .Iddle of the photogreph), which I~

loceted .pproxllutely 100 II f.-- the Unit I ,onteiMlllnt structure. The SMC In
str~nt recorded. p..k ground e,'eleretion of epproxl..tely 0.12g.



Fl,ure 59 Fukushima Muel ••r ~r 'Ient: • ,.rtl.1 view 0' the control roo- 0' UPit 5. At
the tJ-. of the vilit on June Zl. 1978. 11 deYI .fter the e.rthqueke. thll unit ~.
oper.tlng.

'l ..r.6O 'uIculhl .. Ilucl..r "-r 'Ient: e p.rtl.1 view of the Unit' control rod drive end
Its I",ports. The unit II still under construction end .... IlIOri then ~, COlIIPl.ted
.t the tl... of the r._nel ...nee. There ... no 'lIP,rent d_.. or .fty .vldence of
workln, connection••t thl••y.t_ or et the other lyU_ of Unit' thet ....
.....ined.
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...... Senclel '_r PI"'t, Tolloku £Iectrlc ~r eo,.ny, Sendal. The ...... sendlll '-er PI.nt,

_d and oper.ted by the TotIoku [Ieurlc '_r tooopany, II loc.t.d on the ••clfic shor•• 15

~ e.lt of the canter of Sandal. The plant to.s two MltlYbI.hl oil-fired bol'er.: unit I ...

cClllP'.ted In "11 and hu • c.p,ulty of )SO "'Ii the 60CH4W Unit 2 _. CClIIP,.ted In 191). The

tot.1 capacity of the Tohoku [Iectrlc CoMp.ny 's 5.715 NW, thl. plant r.presentl~, .bout 17.

of that capacity.

loth Unit I and Unit Z .uff....d d~ to tublnll Inside the boll .... The suspended unit••nd

their structunl .upports PG\lllded .taln.t one another .nd .1.0 sustained ~ d_V-. The

plant ..s .hut down for sl. d.y. for r.p.lr•.

"c.u•• the SMAC .cc.lerogr.ph .t the st.tlor wa. belnll Inspected .t the tl .. of the ••rth

qua.... , no records _re obtained. IboIever. the plant'. Hls.lc alarlll, loc.ted .t the I.vel of

the turbine oper.tln, floor. wa. trigger.d .t IPproal..t~ly 0.1511.

Tot.1 ~1Ilage to the facilltl.s of the Tohoku Uecerlc eo......y Is ..pp.o"i ....t.ly $15 11I111 Ion;

•• t IlIlIt.CI d._V- to the plant .cc:clIIftU for about l~ of the loIS. The tot. I assets of the

CClllP.ny In property, pillftt .nd equl ...nt fo, flsc.1 l •• r 1'76 .re n,8/t0 ..Ill Ion. DaNte

fro- this .arthquake cauNd a lOll of .bout O."~ of tho.. -'lNU.

'I ...r. 61 ...... Sandal ~r PI"'t , Tohoku [I.ctrlc I'_r eo...ny: • teMr.' ,,1_ of the two
unit. oll-'Ir.d ~r plant. The turbine bulldln, I. In the for.,round, .nd the
tllCl boll., .tructures ar. In the beck,round. Unit Z, the I.... unit. hal a 600-..,
c.paclty. Unit 1 has. capeclty 0' JSO NW. (Toftoku [Iectroc ~r to. photograph)
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Figure 62 New $endal Power Plent. Toholtu Electric P~r CoIIpeny: a loosened eltterlor facing
penel In the turbine building. This was the only obvious da..ge to the exterior of
the structure. The s~~ar wall, of the adjacent edMlnlstratlon bull~ln9 sftONed
erackl...

Figure 6) Mew ~ndel '_r 'lent, TohoI<u Electric Power ColIIoany: d_ge to the two boll.rs
eonslsted of sheering of specer tubes for the furnace pllten cooler tubes Inside
the boi ler. (Tohoku ElKtrlc ro-r to. photograph)

- 100 •



@----

(2~

~if!
t-l,.--j
I I !2/i
I I
I'
I I
I I
I'
I I
I I

~~;

, ~:

f- ·7.J

~)

.27

Flgu,·. ,At 1Ie'.- Sendal Pa-r Plant, TohoL.u Electtlc POloMr Conlpany. The arrow polntl to tM
10000tion of the d_ted horizontal spacer tube. In the 600-11I boiler of Unit 110. 2.
See Figure 63.
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Flgur.65 New Sendal Power Plant, Toholcu Electric Power Company: a vI ... of the .xterlor of
the boner _lis Showing eltldence that the suspended boll.r had pounded against the
surrounding support structure. (Tohoku Electric Power Co. photograph)

Figure 66 Ilew Se....1 Power "ant. 10h0ku Electric P_r tOl'9M'Y: d_ge .round the _ter
Intalce structur. fr_ ",Inor settle_nt. Other .....1.. of .Ino~ settle_nt were
observed throughout the site.
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Sendal Substation. Izumi. The Senda' Sub~tatlon of tht T~~ku Electric 'ower te-pany Is

located on a Ie- hill in the town of Izumi, about 7 km north-northeast of the center of

Sendal. The sub~tation is a multlleyel ccapla•• Extenslye cuts and fills were necessary for

Its constrvction. The most Important c~onents of the st.tlon we,.. placed on the cut por

tions of the site, oyer. competent soft mudstone forme~lon. Ho-ever, because the {Ills were

engineered. there seemed to be no dlfferenca In the .... ,.Jnt of d_ge sustained by aqulp_nt

whether on fllh or on cuts: there was exte.,:;;I"e damage to equIpment In all parts of the

facility. MOst of It occurred to various ceramic Insulators, lIghtning .rrestors, circuit

breakers, and transfor_rs. At the time of our visit, June 2', 1978, 12 days after the earth

quake, much of t~ d~ge had been repaired. It h.d taken 1~ days to rep.lr the essential

equipment and to rest~r. ~r. Power to the City of Sendal ....s restored abDut flye hours

after the earthquake; presumably the Sendal Substation was bypas~ed,

A Japanese t... has been a,s.-bled to cunduct a speciel Investigation of the perfonnance of

the substation during the .arthquake.

,,

transformers

Figur. '7 Sendal Substation, Tohuku Electric Power Ce-pany, Izumi: plan of the facility
s~lng the location of daMaged equipMent (circled).
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Figure 68 Sendli Substltion. Tohoku Electric Power Comp~ny. Izumi: one of ~"y broken T
shaped. three-phase drc:uit breakers. The photograph wlS taken immediately after
the earthquake, befor~ repairs were initiated. (Tohoku Elec:tric: Power Cc photo
graph)

i

l_~
i ~. 1

,.".":"" .

Figure 6'

-.:; C_'
, "t' ~

Sendai Subst.tlon, Tohoku Elec:tric: Power Company, Izumi: three circuit breaker.,
like the one illustrated In Figure 68. that have been repaired.
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Figure 70 Send.1 Sul:statiofl, Tohok!J £lectrl~ Power Compan·:'. IZUlIII. damaged eqt.:!p..n\, In
cluding drcult brea"ers (•• ittl 'n" porcelain br~kr.n throurh) and. lightning
arreStor In .he backgrou~d.

I
.' ~~I I ,

, I'
I ,.

/.{
.·..,.·iJ~ .
. ~'

Figure 7\ Send.i Subst.tlon. Tohoku Electric power Company, Izumi: damaged equIpment .t the
substation. lncluding potentl.1 devices, current transformers, circuit breakers, and
reactors. (Tohoku Electric Power Co. ptlotogr.ph)
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Figure 72 Senda; Substation, Tohoku Ele'tri, Power Comp~ny. I~umi. One of the repaired mein
transformers. The bushing~ illustrated were d.ma~ed during the earthquake and have
since been repla,ed. Note tt~ stains from spilled oil. "-ny bushings and lightning
arrestors were d~g~d.

Figure 73 Sendal Substation, Tohoku Electric Power Company. Izumi. One of several piles of
broken equlptWnt.
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"ara~chl Plant of Senda; City ~a~ durr3u, Sendai.

Plant. located appro~imately '.7 ~ northwest of the

The total collapse of a large propane g.iI~ holder was

ga, serylce for the city. It was estlmet&d that gas

stored until the end of June. s~ three weeks after

The Sendal City Gas lureau's Haranomachl

center of Senda I , suffered major damage.

primarily responsible for the 'toppage of

service for the city would not be re-

the earthquake.

The holder dl.mater was 38 M; Its height ~, 17 •. At the time of the earth~uake, the holder

contained I~.OOO M3 of propane ga,. at the relatiyely low pressure of I kg/m2• and held water

In a '-M section at the bottom of the structure. The tank had at least two, but more probably

three, ~elescoplng ,,,ctions constructed of rlyeted plate. I cm 0/8 In.) thick, stiffened with

ring stiffeners at approximately 2 to , m.

The collapsed tank caught on fire shortly after failure. and all of the stored gas was con

"Mfted. The fire wes extinguished about 25 minutes later. The collapsing tank struck nearby

plpeway~ and other piping systems and equipment, causing much additional damage to the facil

Ity. There was evidence of other kinds of damage throughout the facility; however, none of

the other t~nk, at the fa~lllty are believed to have suffered major damage •

.A~_ •
. ~.. .. .. ;-.. -.

Figure 7' Haranomachl Plent. Senda I City ~as Bureau: an overall view of a collapsed propane
915 holder and some of the surrounding propane storage tanks and affected pipeway
and equipment. (Kawahoku Newspaper Co. photograph)
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Figure 75 Hara~~hl Pl~t. Sendal City Gas Bureau: collapsed gas holder and the damAged
adjacellt pipewlY structure. At the time of the inllutigatlon. the sellerely damaged
steel plpewly structure had been re~lIed. and a replacement structure was under
construction. IS illustrated.

-~-·--·-·_·"~"'\"~"::"N4·4

Figure 76 Haran~chl Plant. Sendai City Gas Bureau: damage (left) to the telescoped gas
holder and to some of the nearby plpewaYs .nd equipment. The holder plate Is
approximately 1/8 In. thick. Note the stiffeners on the Int~rior of the col'.psed
tank. The trusses are portions of the original support structure that had sur
rounded the tank. Typic.1 d.mage (right) to pipe systems In the IIlclnlty of the
coll.~sed gas holder.
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Figure 77 "ara~chl Plant. Sendal City G~s lur.au: sheared pipe flange connections In the
plpeway structure In lhe vicinity of the collapsed gas holder.

FI9ure 78 Haranol1lllc:hi Plant, Sendal City Cas Bureau: a brittle fract ...,. of the ]/8-ln, plate
wall of the collapsed gas holder. The leng h of the fracture Is approximately
1. 5 m (5 ft).



Sendai Refinery, T~ku Oil Coftp!ny, Ltd. The Sendai Refinery of the Tohoku Oil Company, ltd.

Is located onshore, about IS km e.st of the center of Sendal and adJ.,ent to the New Sendal

Power Plent. The refinery covers en .re. of 1,6oo,ooo~. Its c.peclty Is .pprc.lmetely

100,000 berreis/dly. There Is a total of 87 sror~Je tanks In the facility. The western por

tion of the COlIIPI•• suffered little d_ge; .11 cf the IIlIJor d....ge WlS concentr.ced on the

east side.

Three I.rge t.nks containing topped refined fuel call.d Top Crude (TC) failed, spilling

approximately 68,100 kl of 011. The surrounding dike could accomnodate only 35,000 kl. The

011 overtopped the dike, Inundated much of the refinery area, Ind spilled over Into the port.

Three other tanks suffered damage but did not f.ll. Meny p.rts of the facility were still

covered with 011 It the tlllle ('If the Investlgnlon. The refinery WlS not In oper.tlon IM!C'uIC

of the v.ry gre.t d.nger of fire. The hcliity hid been shut~ for .nnual .... Int.nanc. end

checkup and hid not yet res_d oper.tlon .t the tl.. of the earthquake. Thus I serious fire

h.zlrd fro- the spilled 011 fortuitously -as ev.rted

During the Investlgetlon, the co-peny ..., checking _ch of the equlplMnt throughout the UlIII"

pl... for o-g., and I luge scele cle.n-up effort WIS uncler wlY. The seriously de_ged tanks

were stilI not Ipproachable because of the spilled oil. The gas handling and distribution

system ~as considered to be hazardous.

• • • •
..".

"att."••••",,,... "-

,

---~<

'\'9)

FI,ure 7' Plen 0" the Sencla' "-finery, Tohoku 011 Comp.ny, ltd. The New Send.l Power Plant
Is shown on the Iow.r right In the pl.n. T,nks .re shown .s circles in the plln.
The clrcl.s thet represent the t~ree filled TC tlnks h.ve been blackened; ones that
represent the three other d.....ged t.nks .re ..rked with.n •• The refinery stru~·

r"res are locat.d to the right of the tlnk fir••
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Figure 80 send.i ~flnery, Tohoku 011 ~.nv. Ltd.: .n over.11 view of the refinery', t.nk
f.r•• The ,pl!led oil Ipp..r, I' the d.rk .rel of the pnotogrlph.

Figure 81 ~nd.1 "-finery, f3hoku 011 to-pIny, Ltd.: I plrtl.1 view of the refinery. There
I' no Ipplrent d_oe fro- this dl'tlnee; '-ver, .t the ti_ of the reconn.ls
Since, III(nt of the equlp.-nt within the refinery camplell hid not vet been checked
for oper.bliity.
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Figwre 82 Sendel keflnery, Tohoku 011 ~eny, Ltd.: one of the three felled store,. tenk•.
Thi. tenk hes en epproxlmete volwme of 23,000 kl. 1nL Jamase illu.trated is due to
s~tlon ceu.ed by repid evacuetlon of the 011 through the ruptured connection of
the bese end well of the Unk. The .everel tenks, of slmll.r size, In the fore
ground ere thought to be undelllllged.

...

F1lur. I) Send" I Refinery, TohoItu Oi 1 COlIlp""", I.td.: en und....ged ge. storege tank. Mole
the heevy tllagonel IIreelng I" the ,supporting str"c.tlJre.
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Figure 84 Send. I Refinery, Tohoku 011 Comp.ny, Ltd.: ground s.ttlament .t the refinery.

figure 85 $end.i Refinery. 10~ku Oil COMPany. ltd. ~ I.rge ..ter stor... (left) t.nk na.r
the main refinery ~~l.x appeared to have e~erien~ed significant rocking. The
anchor bolts stretched. or pulled out. from I to 6 In. Detail (right) of one of
the pulled-out. or stretched ••nchor bolts of the water stor.ge tanks shOWn .t left.
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Concrete "tch PI~t, ~andel. A ~II c~crete bit,n plent Is located about 2.7 ~ south of

the Send~I-~sh. arldge. 3ft National Highw~y ~.~. EMc~Pt for s~ of the foundations end

lower suppertlng structures, ell of t~ structures, tanks, and equl~nt at the site are ~de

of steel. This was the only SMell ~nufacturln9 or Indultrlal facility that wal Inwe'tlgated

in anv detail. The facility sustained ~~r;cus trp~. of ~tructural da..,. to equiPMent and

t~k lupportS, buckling of Itorege tank .alls, camege t~ str~tural steel 'ra-Ing, etc. It

.as inoperable for two days after tl_ e~rth.uake while rep"rs ~re beln~ carried out. The

MOst serious structura' daMage had not yet been corrected at the time of the Investigation.

--•

Figure 8(, Concrete latch 'Iant, Sendai. Differential -etlon of the upper (light Iteel)
structure and t~ conve,or belt structure damege~ the vellical stack and.as re
Iponslble for extensive daMege to the light steel structure. f~ stiffer rein
forced concrete substructure wes not d.-.ged .

• lIlt -



Figure 87 Con~r.t. 'atch PI~t, sen~l, ~lew of the supporting substructure of a cement bin
and related equipment. Iv the time of the Investigation, the damage had been re
paired by replacing a nUlnber of the diagonal braces and by loIeldlng the $heared bolt
conn.~tlons bet_en the diagonal braces and the vert'"l pipe collllMs.-

~igure 88 Concrete 'etch Plant, Send.l. A large gravel-and-sand-stora,. tank experienced
buckling of the steel plate et Its INse--1t the extr_ leH .Ide and at two .epa
rdte locations on the right side.
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Figure 8, Concrete latch Plant, Sendal: a detailed view of the damaged supports of the tank
shown In Figure 88. There were several such buckles at the base of the tank. The
tank and Its superstructure and support structure did not e~perience any other dam
age. The tank was full of sand and gravel during the earthquake.

Iri dges and Tra"sportat ion Structures

The Japanese Klnlstry of Construction reported that 78 highway bridges had been damaged as a

result of the June 12, 1978, earthquake. An inventory of damage~ highway structures included

only those bridges having an estimated repair cost of 1 million yen ($5,000) or more. (There

were no reported cases of significant damage to the many steel pedestrian bridges In Kiyagi

Prefecture.) Bridge damage was confined principally to structures within Hiyagi Prefecture.

Of appro~imately 100 bridges in Sendal, only four were reported to have been damaged; two of

thes~ were inspected by members of the reconnaissance team. Host of the damaged bridges were

within an area e~tcnding about 90 km northeast from ~endal.

The reconnaissance team visited the sites of 13 highway bridges and 4 rail bridges to view

representative damage. Cracked concrete piers and columns, displaced or dislodged girder

bearing devices, settlement of abutments and piers, and vibration-induced settlement of fills

at bridge approaches are typical e~amples of the damage that was observed.

Records of significant strong motion were obtained from the Kaihoku Bridge, 65 km northeast

of Sendal, and from the Dati Bridge, about 75 k~ sc ·thwest of Senda! and just nor.h of Fuku

shima. The team members visited only the Kaihoku Bridge site. The ma~imum ground accelera

tion at Kalh~ku was D.31g; the maKlmum pier acceleration was greater than 0.50g. ~ ground

record was obtained from the Dati Iridge sit.; the peak pier acceleration wai 0.4'g.

There was no reported damage to highway tunnels in Kiyagi Prefecture. Only one railway tun

nel, on the New Sendal Shinkansen line -- the bullet (fast) train -- northeait of Sendai, was

reported to have suffered damage. There wa» minor, hairline cracking in it. concrete lining .
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After the earthquake, the Jepan National Railway Corporation stopped all trains until safety

Inspections could be mad•• Host train service was re.tored within thr.e d~y. following the

earthquake. The public bus system In Sendal ... not adversely affected by the earthqueke. It

... repor~ed that eirline traffic to and ~rom Sendel was Interrupted only briefly while a

rapid Inspection of the airport ..s made by elrpor officials.

No IIIIIJor da...ge at Shlogama Port, 18 km northeast of Sendel, was reported. One fr..-fl.ld

.trong-motlon record, obtained from a SKAC-B2 Instrument at the port. recorded peak acc.lera

tlons of 0.28g In the north-south direction. 0.20g In the east-west direction, end 0.17g for

the vertical c~ent of the earthquake.

Kin-Noh Bridge. The Kin-Noh Bridge, located about 6S km northeast of Sendal on the National

Highway, ~te 3~6. Is a 2-lan., 25-span multlccnflguratlon structure that 15 575 m long. It

was constructed In 1956 and 15 lllllde up of ~Ine .Imply supported plate-girder spans. each 28 m

long. Four of the spans are totally suspended; five are simply supported through-truss spans,

each 60 m long; one 15 a simply supported plate-girder span that Is 23 m long.

Thr.. major earthquakes have occurred In this region since the bridge was constructed: one In

1962; ~ther on February 20, "78, which caused significant dAlllllge at one of the abutments

and to the girder-bearing devices; end the June 12, "78, earthquake, during which one of

the suspended spans collapsed. Repair work to damage from the February 1978 earthquake

was under way at the time of the most recent earthquake. The repairs Included replJcin9 bear

Inglon the five truls spans Ind tying the trUIS splnl together with restrllners. The Ibut

..nt at the end ct the nine plate-girder spans had been shored but had not yet been repaired.

The bridge will be replaced at an estimated COlt of 3.2 billion yen ($16 million).

Figure 90 Kin-Noh Bridge: view of the collapsed suspended plate-girder span.
(Kawahoku Newspaper Co. photograph)
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Flgure" Kin-Noh Bridge: the only visible pier damage occurred .t Pier 8. which Is .dj.cent to
the coll.psed suspended sp.n. Shear crac~in9 extended 12 cm through the 152-em-deep
pier ••pproxlMltely one-fourth of the w.y up the COlUMn from gr.d••

\,

~

~
.. -*5. .: .•' '. ~.

. ..... .. ..
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Flgure'2 Kin-Noh Irldge: the girders .t Pier 8 dlspl.ced SS em longltudln.l'y tow.rd the
.but..nt. Illowlng thB unrestr.lned suspended sp.n to drop off the .S-cm hinge se.t.
The ~y.ble Jirder-beerlng pl.te came to rest .t the edge of the pl.r c.p. The
flx.d burlng on Pier 7. It the opposite side of the suspended spin, dlspl.ced lon
qltudln.lly O.S e-.
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Flgur.9S Kln-Matl'rldge: axtanslon of anchor bolts at Plar 6. The foreground shows a por
tion of a repaired I_r chord truss ~r.

Figura" Kln-IIoh'rld91: Ilaarln, r.ltralnln9 davlu uMd on the repaired bearln9 supporU
of the truss spans. r.. raUralners had ....n placad before the JUlIe 12 .arthQuake.
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Yur'aae Irldge. The 10-sp.n Yurlage Irldge, ,onstructed 'n 1962. I. locatad 1.2 kM fro- the

-outh of the N.torl ~lver on the ~tlkirtl of $enOl I and I~ 107 ~ fr~ the .,I~.nter. It hal

leven prestressed-concrete T-glrder., e.ch '5 ~ long. and three ~In sp.n.. -he spans are

twin-ceil. segment. I It ~onstru'ted. po\t-tensloned concrete box glrderl. The center span •

.... Icn Is 90 III 10110. has a 60-", span .t alther end. The bridge .... op"" to only one lane of

traffl, bec.use of he.~y column damag~. ~ dama~- OfJS reported to the three·.pan box struc·
ture. Ex,avatlon at tn.: first ,>Ier It the oPPO!'·., ,IJ-, of th8 bridge to Invntlgate pos

sible found.tlon damagt: l'~ In fHogreu.

Flvure 9S 'l'urlage Irld<,jQ: gener.I view Ihclwlnt tile flrlt tllG col_s, which ..re heavily
d.-gad.

r'

,
#:. ..

Figure" . , ...rl.,. Irlclte: : Iquef.ctlon In ;;1Ie flood ,lain below the IIrlclte.
'4
i

- 120 -



; ,

...

..

_.- ..-.----
Figure 97 Yurl.ge'ridge: evidence (left) of light girder Imp.ctlng with the abutMent and

pronounce~ she.r cr.ckln9 of the exterior girder at the bearing. Pier 1 (right),
founded on a caisson 19 m deep and 2 m by ~ m In plan, suff.red heavy shear crack
Ing. The pier cap w.s reported to have settled 5 em uniformly.

Figure" Yurlage Bridge: the face of Pier I, :~ln9 severe distress. The plaster-of
paris patchwork Is used to determine whether addltlon.1 pier cracking Is occurring
under service I~ds.
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lena I Ollnlll 'rldge. Tile Sen.1 Ohnhl 'rldge over the Hirose "Iver on the National HIII'-y,

~te " ~s ~.tructed In '965. It suffered heavy pier 0...,. durIng the June 1'78 earth

q~ke. The structure II a nlne-lpen. sl~ly supported, composIte ~ncr.t.-and-steel plate

glr6ar bridge with 3' • lpen 'engtlls. The bridge wes retrofitted acrols the joints, with ,t..1

r.'tralnlng plates bolted to the girder webl. ~Ithough the reconnalslance te.. Inlpected the

bridge site only 11 dey' aft.r the earthquake, repair efforts were well under ..y, ..king It

1~llible to view MUch of the orIginal da..ge.

Figure" Sendal Ohashi 'rld,.: general vl.-. The .rch bridge In the background, which
II mede up of two steel plate girder. with erosl-braclng and Is supported or. slen
der circular columns. carries an Industrial weter ~ Ipellne. Ttle bridge toNIl not re
ported to heve been d.-.ged.

Figur. 100 sendal Ohe~hl Bridge: t.~r.ry cribbing used to support the steel pine glr6ars.
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Figure 101 Sendal Ohashi Bridge: typical pier configur.tion. The crrss-pler dimensions are
approximately 5 ~ by 2 m. The piers hive rasslve caps.

Figure 102 Sendal Ohashi Bridge: typical pier damage at the construction joint be~ween pier
and cap. The vertl~1 reinforcing bars h.ve buckled across the joint. Signlfl
ca,t concrete sp.lling Is evident. Horizontal concrete cracking around the pier
Nas discovered upon excavation of soil around the piers. (Klnlstry of Construe·
tlon p~tograph)

- 12) •



Figure 103 Senda' Oha.hl Bridge: tvplcal d...ge to the base of e pier before repair.

Figure 104 Sendal Oheshl Bridge: typical d~ge being repaired et the ba.e of the pier.
Note the outward buckling of the undeformed vertical rebar. The concrete cover
had been roughened. the footing strengthened, and additional rebers placed to
strengthen t~ pier.



_..-. ...... IJ:

FI9u~. 105 Send. I Oh.shi 1~ldge: det.lls showing the .dd.d ~elnfo~~.d ~on~r.te form wo~k.

The thi,xness of the ple~s will be ln~r••s.d on ••~h side by 50 ~.t the top.
t.perlng to 70 ~m .t the b••••

KllhDku '~Id,.. The Kalhoku Bridge. lo~.ted on Prln~lp.1 ~t. 51 .pproximat.ly ~5 ~ no~th

e.st of Send.l. Is. two-lane. flve-~p.n. ~ontinuuus. singl.-~el1 ste.l be. gl~d.~. tts tot.1

length I. 285 ••

The be.rlng' .re mov.ble .t .11 pier. e.~ePt 'l.~ 2, where In SftAC-B st~ong-motlon .c~.l.~o·

gr.ph Is located. Hydr.ull~ dempe~s .~tjng In the 10ngltudln.1 dl~e~tlon h.ve been Incorpo

r.ted Into the be.~lng sy.tam. All piers .nd their .butMent•• ~••ke..d. A free-field S~C-'

Inst~ument ~•• located on ~~k bet~en Ple~ I .nd 'I.~ 2••pp~oxlmat.ly 30 ~ f~om the struc·

tu~•• The •••• of the pl.~ .nd the free-field Instrument...r••llgned with the prin~lp.1

.x•• of the b~ldge. The pe.k re~o~ded .c~el.~.tlons .~.:

F~•• FI.ld

'Ier

longltudin.l

0.209

0.50+ 9 (off s~.l.)
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Vertl~.l

O.12g

0.19g

Tr.nsverse

0.30g
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The only d.....ge noted ..n .. lnor ••Ul_nt of the wl"9 well of .n .outMnt. There wa. no vl.

ible da~ge to the pier. or be.rlng. and ~o evidence of the girder.' hiving IMpected with the

ealt ebut..ftt. (See Figure' of the contribution by A. G. Iredy In thl. report for the fr••

field (ground) r.,ord.)

..

Figur. 106 Kelhoku Irldge: general view. l"lnlstry of eon.tru't;on photograph)

Figur. 107 Kelhoku Irldge: Pl.r 2, showing the 51tAC-12 lnsrr_nt lll'hich r."ordecl a peak
a,c~I.retlon greeter th~ O.S09 1ft the longitudinal dlre,tlon) ano the fixed
beerlng .nd hydraulic deMper IYlt...
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The ..... Sendal Shin"'n,en TrlHlkli .. of the Japan National Rall ...y. The Japan National bll_y

Corporation (JNR) Is constr~ctlng thl ~ Sendal Shlnk_n,en Trunkllne, a Jerl.s of elevated

structures for the fast train. The line will ••t.nd thro~gh "Iyegl 'r.f.ctur. and II Iched

uled for COMPletion In 1"1. The ..jorlty of the elevated Itructures, a Jerl.s of prestresled

concrete T- , 1- , and bo. girders with varyIng conflg~ratlonl of Iingl. and ~ltlpla col~

bents, htd been COMPleted at the tl .. of the June 12, 1978, earthquake and • .,arleneed varying

degreel of ~ge to the bearing ·~s and colUftnI. Demege wes con~ntrat.d to struct~r.1

loceted appro.l ..tely 30 to \0 ... northealt of Send.l. All Itructurel were dellgned under thl

1971 Japa..se lel ..lc code.

~. '-,.,.

... ~ .

. r.~

" I...

• #
.' ~ ,;'

JI.,... '

f'lg~re 108 Natorl River 'rldge: thil Is a three-span continuou, lingle-ceil, relnf~rced

cast-In-pl.ce concrete bo. g;rde~ Itruc:~re, on 3 m by , m piers appro.imet.ly 8 m
above grade. Typical damage lncl~ded cracking in the central part of the pier,
where the gross cross-sectlon.l are. of vertlc.I steel wes reduced.
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Figure 109 lI.torl River ,rldge: denll of sPilled \;ontrete, ~howlr,~ tlf "uckled "er
tlc.l rebar.

J.~-.

Figure 110 Natorl Alver 'rldge: she.r cr.cklng In the relatlve'y lightly reinforced upper
portion of • pier ne.r the Rlfu construction office of J~R.
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Figure 111 Cracking of space frame tie beams near the Rlfu Construction Offl~•.

Figure 112 Failure of a bearing plate supporting a single cell bo~ girder near the Hlg~shl

Sendal Construction Office. The girder displaced laterally 50 em.
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Kltaga.I On-shl Bridge and DI~. T~ Kltag~1 vhashl Bridge, cc.pletad In 1976, crOSlal t~

Kltaga.I River 60 km northeast of Sendal on Principal ~te 23. The seven-span, ~OD__ deck

trulS structure suffered no visible structural da..,., although there was minor .ettleMent of

the abutnent apron. The bridge was designed with the latest Japanese criteria and Incorporat

ed new ahutment bearing details. Significant damage occurred to the dike and roadway along

the Kltagaml River south of the bridge site. particularly to. 1/2-km-long section In which

the roadway on top of the dike settled about 1.5 •• Continuous steel sheet piling was being
~r;ven to stabilize the dike.

Figure 113 Kltagam; Ohashi Bridge. No structurll dlmlge Wli raportad.

Figure ll~ Kltagaml Ohashi Bridge: detail of • salsmlc be.rlng devlOi It the .but.-"t.
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Flgu'-e I1S Kitagaml Dike: road dalllll¥ and temporary stabilization of the dike near the
Kltagaml OhashI 'rldge site,

Kalya Ohashi 'rldge. The Haiya Ohashi Bridge Is • three-span ~erber-truss bridge located on

the ~atlonal Highway. ~ute 3~2. approKlmetely 62 ~m northeast of Sendal. The 181-m-Iong

truss bridge. constrU'ted In 1928. was closed to traffic because of • brittle fracture through

the rivet holes of the top chord channel members at the first pier. Four steel plates had

been welded around the top chord members. $(_ of the smell steel angle members In the top

lat~r.! bracing were buckled In the vicInity of the pier. No damage was reported to either

ttle piei. or the abut_h.

Figure 116 Kalya Ohashi Bridge.
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Figure 117 ~Iya Ohashi Bridge: steel plates ~elded to the top chord channel members. Not.
the clean fracture at a line passing through the centerline of the rivet hoi•• of
the lattice bracing and the permanent 2.5-cm separation.

Figure 118 Maiya Ohashi Bridge: buckled diagonal braces of the overhead truS5~.
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~. Five short, unreinf.-rced-concrete-llned hlghoHly tunnels thro•.'gh rock, loc.ted about

20 kftI northeast of Sendal on the ...tional Highway Route ~5. suffered no apparent d_ge. The

Japan National ~llway Corporation reported that one ,on,rete-llned tunnel, about ~O km ~rth

east of Sendal on the New Sendal ShlnkaRsen Line. had heirline crackini.

Figure II' Typical Undamaged Highway Tunnel. This tunnel is on Rout. ~), which runs along
the coast between Senda; and Ishinomakl (north of Se""al).
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AACHIT(CTU«A~ AS'(CTS

by Chrlltopher Arnold, Architect

Iul1dl", SyU_ IlevelopMnt, Inc.

Sin Francllco, Cilifornil

Introduct Ion

This Hctlon of the raport provides observations by the architect .....r of the te. of 1Ie

tlonel Science Foundation reHlrehers that vilited Sendel frOM July 6 through July', 1'78.

The notel are of two ..In types: (I) direct observltlon of Irchltecturll damage particularly

to ceilings, ~rtltlons••aterlor walls, Ind gl.zlng, Ind (Z) In attempt to Identify the con

tribution of arChitectural eonflyurltlo~ to the seismic reslstlnce of • building. In the lit

ter cIse, leiS Ittentlon Is focused on che filiure of detilis thin on .n ItteMPt to IsseS5 the

underlying causes of filiure, whlct ..y result fra- t~ s~pe of the building IS a whole or

frOM detilis of building fone that clusa .atr... forels to be IMPOsed on specific reslstlnt

el_nts.

Observations Ire .Iso ..de on _.gency Ind t..,orlry operltlonal ISluel of flcilitles, Ind

so-e attention is directed tOWlre." u~daMeged buildings that revelled Interestlnft Irchitectural
~ ..

IlpeCtS.

In the Itte~t to broaden t~ (bservltion Ind dllgnosls of elrthqulke damate, this section of

the report necen.rily Indulges In s_ specul.tlon, for which the luthor Ukes full respollsl

bi llty.

A.cnltecturll 0...,.

In general, Irchlteeturll G~~.ge Wi' ~:nl.. l. High-rise buildings behaved plltlcullrly well.

Although glass brelko1~.....~··f.irl'! eKt,nsh,e, raphe_lit gillS In the lIlIny windows d_ged by
.~ .

the February 20, 197: ear\o".quake "eller.lly perform~d well during the June 12 earthquake.

This experience showed that gIllS perl'orunce depended on the _., In ..... Ich the gIllS had bee~

flKed; gllss thlt had be.n fixed with dried-out clulklng tended to break. This Is cle.rly an

archltecturll problen th.t ~rlts the close Ittention of glass Inst.l1ers IS ..11 I' thole

specifying archltecturll det•• ls.
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fl ...re , Ceiling d.-l" to Second Government bUilding (see Engineering Aspe~ts. fl9ure 6).
Note that this ..s In the 2-story wing of the building, probably a more flexible
structure than tile ... In tower. Alth0u9h not clearly obvious frOlll the picture. tM
ceiling hangers are ~ch stouter than comparable ~rs In standard U.S. construc
tion.

Figure 2 Vasakl building (s.e Englne.rlng Aspects, Figures 23-28). Interior d~ge of the
2-story steel frame ~rtton of the V.,ekl bulldl"g c~plex; a flexible structure.
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Figure 3 Y.,.kl building: o~~n ,~room floor, with large glass window, to street. $ever.
Interior d..-ge.

Figure' V.'.ki building, Interior.

II' •



••
figure 5 VISlkl building. Intlrlor.

It is Ipperent thet Irchltectvral d.-.ge 11 related to the flexibility of the building. The

Illustretions below show enother flexIble fraMI struttur••

Figure' Morlsada Kosyo 'ulldlng. I ~-story steel fr.-e office building located I~ the
OrOlhlcho ..e•• C01UlMI ha.,. defo"..d elong the line of the third floor (arrow).
where the col_ section lOll' reduced for the top two flOClrs. SClffoldlng_s
erected efter the elrthqUilke.
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flg~·~ 7 Morlsede Kosyo lulldlng. Column deior~llon resulted 'n ..jor Interior .r~hltec·

turel d_ge.

Flgurl' ~rlsade Kosya Building. Interior d...,.. Dlegontl brace Installed after earthquake .
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figure' E~terlor cladding f.llure. Detail of 'asakl hoMe center shGwn In the Enqineerlng

Aspects section, Figure ,. These panels are of very 11ght-welght concrete; how
ever, tnelr large size (nDst are eoproxiNtely IS ft high by " ft by I ttl results
In a heavy panel. P.nels shown were flush before the earthquake.

Architectur.1 Configuration

Underlying some of tne fall~res of structur.1 det.lls .re some archltectur.1 Issues. Although

the d[rect c.use of failure m.y be In tne det.ll design and construction of column relnforcp

ment, the Indirect c.use originates in building configuration. The .rchltectura' configuration

Is sucn th.t e.rthquake forces are concentrated Into certain structural details th.t becar..

overstressed and f.ll. The f.ilure of the Obis.n building (Engineering Aspects, Figure I")

orlgln.tes In the torsion caused by the archltectur.1 planning of st.ire.se locatl~. The

she.r failures In the Klnos~lta building (see Englnerring Aspects, figure 17) cr'urred along a

face with no she.r walls at a point w~ere a heavy concrete canopy cantilevers over the building

corner.

(! t---l
• ~I

I. • II
I I

I- • II
I I

I- • II
I t~ • ~

~

L ______ ~
~
o•••ft

Figure 10 Kinoshita lulldlng: plan. Note disposition of .alld Neils, open front, and canopy
Clntllever at corner.
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'lIMr f.llllr•• In col_I .t T_ Mltih ScwJOI. Tohokll Instltllte of TedllIOIOlIt. _ 'z_1 HI,h

~I (£",I_rl,. Alpects, nlllrel 116, "3. Met 51. r'lpectlvely) occllrred ..tIere t'" .rchltec

tllr.l confl,ur.tl~ cr..t~d lhort col_I due to deep Inflll concrete lpaftdr.ls end where thll

condition occllrred on _ facMe of the building but not the other. In eclctlt.on, t .........vy.

fr... buildings hid ll_lt.d (or no) s~r weill In thr. north-louth dlr.ctlon (the dlr.ctlon of

.. In .-phillis of the ••rthquake) becau.. of the .rchlt.ctur.1 ne.d for full d.yll,htlng to

cl.lsroa-s. The Int.rlCtlon of .r~hlt.ctur.1 end ,~ructllr.1 f.ctorl I. v.ry cl~.r In the..

PlllPI...

. .I 1. _.. __
-------··········-···1

!

f···················.. ·:

:•................_-_ .. ,;

L::~---- -.- - ;
i

~
r:::~._.._.... . ". ... __ .,_._,

r-······················--------····

~o 10 40 10ft

'Itur.11 rl.n .nd ..ctlon of IZUMI High School. Not. In plen the .bsenc. of .....r .-111 '1'
the "lt~lt dlr.ctlon .nd t~. t.r.ln.tlon of north-south lhe.r ..III .t the cor
ridor. The section shows how deep pour.d concr.t. spanelr.ls on the rl,ht cr••t.
s!lOrt col_I. which f.lled. Even though the .. I" .-phtsll of the e.rthqUlk....
In the ~rth-~th direction. In thl. Instanc. f.llur. occurred In the "It~.t

dl r.ct Ion.

It Is Int.r••tln, thet both T~.n High School .ne1 Izu-I High School luff.r.d col_ f.llur.s

'¥en though the l.tt.r Wli built .ft.r • code chi"" th.t r.sult.d In Inere.s.d lhe.r r.lnforc
Ing. Although the f,llur.s .t II~I .er. -uch 1•••••ver. thin .t Ton.n. It Is ele.r thet the
beslc probl~ ll.s In the conflgur.tlon r.th.r th.n In the structur.1 det.lling.
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l6entl~.1 ~nflgur.tions! Selective Failure. An Interestlnt case was observed In two buIldings

of ldentl~.1 ~onfigur.tion. one of which failed ~OMPI.t.ly. the other showing In~lp'.nt f.'Iur••

Flgur. 12 $andal Unyu Soko warehous., • 2-story ste.1 fr... warehouse. suff.r.d ~~I.t. fIrst
fl_r ~.,llapse.

,
FIgure 1] Send.' Unyu Soko warehouse. W.rehous. ~rll.hed truck .t loMlnt dock; tile e1,I",

escaped.
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FlguA 15 Sendal u"Y" Soko drehouse. Adjolnln9 ..rehous8 shows type of constructIon ,h,ller
to c;;ollepse" _rehouH.
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Figure 16 Sandll Unyu Soko ..rehouse: braelng failure. Warehouse braced only It perimeter,
with unbraced center bays.

In these storlge building, the live loads may vlry and may be very 'Irge. Possibly the eol

lapsed warehouse WIS helvlly loaded on the s.~ond floor.

Chlnce. The neKt two pictures show column failure in I market south of downtown Sendal. The

detlil shows thlt this helvy concrete building WlS close to collapse. At the time of the

.arthqulk', the store WIS crowded with about 300 shoppers; If the building hid collaps.d, casu·

Iities ~u.d hive been very heavy, and the Impurtence of this Sendll earthquake in relation to

clusualty statistics might hive changed dramatlcallv.

,

figure 17 Toko store: general view. Note shelr f.llure, It first-floor column,. These fail
ures occurred It short col~s created by deep poured-in-pllce splndrel,.
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figure 18 Toko store: detaIl of Interior column failure.

Figure 19 Mldorlgaoka residential area, south west Sendal: t~plcal concrete-block screen
.. lis. Such walls were responsible for Many casualties: at the tl.. of the
earthquake. Many people were Wilking home alongside scr.en walls. Note light
braced-fr... carport.
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Figure 20 Kldorlgaoka residential area: concrete-block screen wells. end typical new dwell
ings. Wood-frame house, exterior plywood or stucco on wood lath. Note smaller
scale of house relative to U.S. practice, r~5ulting In closer interior cross walls
and shorter spans. a beneficial sClle effect for seismic resisten,e.

Figure 21 Grand Iowl, east Sendai. Complete collapse of wide-span roof trusses, which ere
slmller in type end construction to those of U.S. bowilng elleys. In Senoel.
bowling elleys. after an Inltlel popularity. hlye fallen out of fashion, and this
alley WIS closed end hence unoccupied.



Figure 22 Grand Bowl, east Sendal: collapse of exterior canopy and gla•• wall.

An L-S~ped eUlldlnt, The Sunnyhelghts condominIum projett Is a 17-story l-shaped reinforced

toncrete building. The building Is separated by a lel~lt joint Into two rectangular buildings.

The apart..nt party walls act a. effective shear walll In one direction. but In the other the

concrete Will Is perforated by doors, windows, etc. The ~ulldlng with It~ shear walls aligned

with the north-south axl. was virtually un.cathed. Thl. building Is a good eXaMple of the

principle of seperatlon of the el.-ents of en l·l~ped building to ell.lnete torsion.

! 1
T .J
.-------'-.

rI...-Jr--"j
o 5 10 2011

SUNNVHEIGHTS

Figure 23 Plan of SunnYheights apart..nts.
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Ftgu~. 2~ Synnyneights bYlldlng: general view.

Figure 25 SUnnyheights building: eleyatlon of damaged wall. She.~ failu~e ,aused dlsto~tlon

that ~esulted In inoperable doors fo~ 57 of the 190 units.
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5.1.-1, Jolntl. In the building pl'tured below, the 1.,..le Joint luffered ~ d...... but

"j~r ttru'tura' d.-ete through pounding at thlt point .11 avoided. ESlentlally, only Irehl

te'tural trIM Ind flalhlng are In need of repair.

F'gure 26 Sunnyhelghtl building: lel.-Ie joint be~ ~ wlngl •
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Figure ~7 ,.nnyneightl building: seismic joint detell .

•

.....

Figure 28 Vesekl building. Lerge sel~l~ joint protectl light steel fr... building on left
while ~oncrete structure on right suffers major collepse.
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Figure 29 IZUMI high S,hool: ~lsmlc joint .t 2-story connection between .. In wings of school.
"inor .rchitectur.l d~ge only.
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The .. In ~lldl~ of t~. S.~dal Social 'n,urance Hospltel Is a S-story relnfor~ed ~oncrete

f. ~ stru~ture built In 1968. AdMinistration Is housed In a t.-porary 2-.tory light It..1

pn1ebrlcated building while a new bulldln, II uncIer eonstruetlon. The building I.~ by

\he gover~nt: a prlyate organization runs the ho.pltal.

~o d..lge beyond .llght eracks along the staircase was .uffered by the building. Eleyator.

suffered no ~e although they stopped becau.e of ~r failure. (110 _ was In the cen at

the time.) The bulldlng'~ emergene~ power system I••ufflclent for light. and for the operating

r_ b~t not for the eleyltors. "cause of the earthquake, two additional _r,encv patients

entered the hospital. Electricity was Iyallable for life .upport .yst.... In the phanaacy,

s_ bottle. and an Ic......... r fell down and were daMe9.d, but no dang.rous It... were Inyolved.

The ho.pltal dr~ two-third. of Its ~ter lupply fra- weill and one-third fra. the elty IUP

ply. The well puIIIp' -lId not operate due to ~r failure, and power wal not reltored until
12:'5 _, 10 ~ter u,a,. was cut back one-third. The .upply pipe for elty water wal not daII

1ged: '-ftr, there I. an _rveney tenk on the roof, edequate for fl"e houra of 11.lted u.
89'. 110 drain d-vt .... experienced: 1_ ._r d_ve .... caused by ground settl_nt, but

the ._r r... lned u'lble.

The ho.pltal adMinistrator said he wal considering three change. In safety proc.dur.s: to In

crea.e ...rgency electrical .upply, to Iner.a.. the e..rgency ... ter .upply, and tu provide

larger battery capacity In the _rgeney panel.

"lscell,neDu. Ob.eryatlon. on Conflpuratlon

The buildings pictured below were damaged slightly or not at ell by the earthqaake. In ee~h

case, th~ building exhibited Interesting arehltectural treatMent.

Figure)l Dlltortlon of open Itore front (oppollte Tau Store, Fl,ure 17), IhoI.Ilng cla.. lc
effect of open, unbreced eleyatlon In IIght_lpt bulldl",.
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••

'llIur~)2 ~soll... stet lon, ~t_ Sendal, und....-Q.d. lulldln9 Is hlllhly ••,..trlc
Meaus. of pert'1 ...." end .1IOW.,c.. for I'''''P a'c.en. Note stout, dOH ''1 spec.eCS
col~.; bulldlnll __y ~ll be dyn..lcally s~trlc.l.

,...re J) TMPOr.ry structure, SIInd.1 Socl.l InsurlfKe Hospital. lIot. distortion of brecl",
-.4 foundation posu.
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Structures sl.lllr to those I~n In Figure 33 ..re In frequent use IS construction shacks

Iround S.ndel. The demountabl. light Iteel fr... 'S wlr. brac.d end h.. a nonstructural

Inflll panel. The structure shown It the Soclll Inlurance H6lpltll WII I contractor's

Ihlck. A 11.lllr Itructure was In us. II I Z-Itory a"lnlltrltlon wing for the hospital

while a new bulldl"" il being CCIlIIlleted.

Figure 3' FI fa Itltlon. Toholui 011 Co. Typicil fire nation with open front Ind solid Ilde••
Note thlt alMI Ire bu II t la br.c.d-fr_ structural rlther than wi th heavy lhear
..Ih.

FI",,.. 35 U.S. hili..." Tokyo. Durllll tile Sandal and otller ..rt e.,.wltMI..a lIIIlo
..r. In.lde the &INn., reported Ilrge <astl..ted lZ-lnch) nU of thh build-
Ing. Not. that this building hi. I ,.rtlll1., open first floor with lC1ft1 COlUlllllI.
ItalooIYer. the col_. Ir. tied It each floor, which r.aulta In I Itlff.... COlIpIr
abl. to that of the .hort.r col_. It the other end of the .Ite.
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SOCIAL EFFECTS AND GOVERN"ENT ~ESPONS[

by Hugh H. Fowler

Feder.I Dis.ster Assist.nce Admini'tr.tion

Department of Housln; and Urban Devel~nt

Seattle, W.shington

Population

"iya91 Prefecture has a population of about I.' million, of which approximately 650,000 reside

In Send.l. Another million people live in the suburbs of Sendai or in ne.rby cities .nd vil

lages. This section of Japan is quite ,~unt.inous, and only the co.stal pl.ins and mount.in

v.lIeys ar. inhabited. The ~opul.tlon is much mare densely L()/lcentr.ted than is C,)'A1lOIl for

cities in the United St.tes. The City of Sen~.i, with a popuiati~n of 650,000, is compressed

into an ar.a that is probably about one-third the sile oi Seattle. Washington, which h.s .bout

the sa... populat ion.

Cllu.1 ties

The e.rthquake Clused 27 deaths: 17 resulted from fall in~ rock or ci nder block from fence

w.lls or frCllll collapse nf the fenc;es, 7 IIICIre were caused by other fall ing objects or collapsing

structures, .nd } were the result of physiological effects such IS shock and heart failure.

Nearly all fatalities occurred In or near Sendli.

As of June 28, 1'78, records showed that 1,5,0 injuries had been c;aused by 'he e6rthq."ke.

Injuries such as cuts .nd broken bones accounted for ~re th.n half of the total. More than

200 of the injured were treated by doctors on the spot. The others were taken to hospitals

and clinics by ambulance or in priv.te cars. lecause tre.tment facilities av.i lable were .ble

to acc~date .11 of the injured, triage was not nece~sary,

There are about 6.500 business and m.nufacturing firms and about ~52,OOO households (homes and

apart_nul in "iVagi Prefecture. In "iVagi Prefecture, 8C~ dwell ings were destroyed (30' in

Send.i). "'jor c.uses of the destruction were landslides, inadequate foundations, and Inade

quate laterat bracing. A number of 2- to '-story apartment building, were rendered uninhabit

able when their first floors, which housed shops or parking space, col lapsed.

According to date compiled by the M.tlon.l LAnd Agency, the e.rthqu.ke CAused da~ge ANOpntlng

to 166 billion yen (S830 ..Ill Ion). A detailed outline of the v.rious types of d...... and the

&".OftOlI'ic loss that resulted Is presented It the end of this chapter. In some casu the

A~ur.tS li't~d lepre~ent the c;ost of replacing a building or facility with a modern structure

e"en thoug", the dall\A!jIe c;aused by the eart~,.u~ke caul d be rep.i red at a lower cost. AllllOH

h.lf of t~ total dAmage estl~te represen~, the cost of repalrlni or replacing factories,

stores, ar,d other bus Iness esUbl Is '-n1~.

Most bulldin'lS 'n J.pan ha"e tile roofs. Literally tnousands _re damaged this wlS the IIlOIt

apparent typ" of damage In the .. rea. (Tile "lling from roofs caused. nUlllber of Injuries.l

Item' of Table 1 Indicates that 20,63' structures were flooded. Sendal City and ";yagl

Prefecture officials reported th.t onlV four honte; were flooded as • dl rect result of the

earthquake. lecAuse of the extensl"e roof d~ie, and oecause the area received heavy rains

.fter June 12, It may be that second.ry water damage Is reflected In the table.
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In considering the damage, one must underst.nd the topography and con.truction siting areas

in and near Sendal. Sendal has three distinct areas: the old (original) city, which Is cen

trally situ.ted on solid level ground; a newer section on the eastern side, toward tl. cOllt,

much of which Is constructed on soft, flat ground (some of which includes fill areas); and an

area of hills to the north and west, where people have constructed homes and buildings on ter

races. Damage and lo.ses ~re much greater in the soft and hill areas than In the old sec

tion.

In the hil, areas, un.table fill .urface. in combination with satun.ted soli caused many land

slides. Cr.cks, mostly associated with t~e landslides, formed In the terraced ground where

houses an~ apartment buildings were built. According to officials, a tolal of 337 landslides

occurred throughout the Prefecture.

liquefal;tlon In conjunction with inadequate foundations contributed to heavy 1amage In the

flat (soft) area. Reports of dike and levee subsidence were verified in many areas along

streams. At Nokahura, which is near Sendai, a dike that was originally 7 to 8 m high settled

1.5 m because of liquef.ctior.

Reinforced concr·ete buildings, bridge piers, and bridge abutments settled and sustained damage

in many .reas due to liquefaction and inadequate footings. Soft soil layers under reinforced

concrete structures contributed to much of the damage. It Is interesting to note that d.mage

to buildings from north-south shakl •.g motion was often noticeably more severe and extensive

than damage from east-west movement. Steel-frame buildings by and large surv,\,. ~e earth-

quake better than reinforced concrete structures. Some lost facades and windows, only one

coll.psed. Older buildings constructed of wood fr.mes were dam.ged because of in•. ~u.te

lateral bracing.

A major oil refinery in the port area of Sendai, containing 98 storage tanks of varying siz.s,

suffered damage when three large tanks containing fuel all sprang luks. Sev.ral 11I111 ion gal

lon r of oil flooded t~e refinery are., and some reached the waterway serving the port.

The major cause of deaths and Injuries from the earthquake was col'apslng or falling walls

made of stone or cinderblock. These structures serve as fences, privacy walls, and noise

barriers. There is a National Code th.t requires that walls 0" this kind that are over 1-1/2 m

high mu~t be reinforced In both directions with steel rod. (The rod must be at least 5 mm in

diameter and must consist of an 80-cm grid across and down the wall.) Some of the walls that

f.ll contained reinforcing that did not ~et the code. More fatalities resulted from walls

that contained Inadequate reinforcing than from those with none: those with no reinforcement

tended to crumble, while those with inadequate reinforcing toppled on people who were nearby

or who held onto them for stability as the earthquake occurred.

Public Facilities, Services, and Lifelines

[f'ects of the earthqulke on so-called critical faci I itles, on public services, and on other

vital activl· in were varied. In some cases, functioning WIIS interrupted only telllpcHlrlly. in

other cases, the i~8Ct on seg_nts of the population I.sted for several _I<s.

law (nforcement and Emergency Services. Only slight damage was sustained by pollee flcili

ties. The police communication system rlayed a vit.1 role in maintaining order and dispers:ng

factual information Immediately after the earthquake. Fire service f.cllities, also, received
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little damage. and units had no dif'lculty coping with the 'ew (10) fires that started.

Of the ~1 hospitals in the prefecture (27 in Sendai), several sustaln~d varying amount. of

damage. The natural gas and electricity outage interfered with medical services. However.

there were no reported problems with overloading because of the influx of injured to the city

for treatment.

Transport.tion. The Natlonll ~1'wIY .topped all train service in the area immediately If tar

tha earthqua~e to In.u~e agllnst accidents and to assess d~ge to the system. Servlce.a.

restored quite soon. after repairs were made Ind the safety of tha line and It. control 'Y'

tems was ascertained. Public bus seryice In Sendal was hampered In the hours immedl~tely fol

lowing the earthquake becausa 0' traffic light failure. Air service between Sendal Ind other

points Wi. quickly restored after Ilrport officl.l, I,sessed dlmage and found that safe ser

vic. could commence.

Utilltie,. Damage to the natural ga' distribution system In "!yagi Prefecture was a major

recovery problem. Gas distrIbution systeMS In six cities wef~ .ever.ly Iffected. ADout 60%

0' the 200.000 households in Sendai are dependent on ga. f~r heating Ind cooking. \. of

Junl 28. 1'78, 22,000 of those households as .~II IS IO,~19 housaholds In other cities of the

prefe.ture were still withc~' 91•.

Electrical service to ~1'.100 homes In the prefecture was Interrupted. for the most plrt,

service ~s restored wIthin a day or two. few distribution line poles were t~~led. Two

el.ctrlcal generating plants serving Sendal ~re out of operation. One of those plants.

locate~ near the oil re'inery at the port, depended upon fuel from the one refinery that was

rendered inoperative. The other. located In north Sendal. was rendered Inoperative when the

city's storage plant for low-pressure ga. caught fire and service had to be terminated. Elec'

trlcal power frQm other areas and faci'itie~ was diverted and It the time of the reconnais

sance was meeting the needs of Sendai. although several factories In the prefecture were still

without power.

Within the prefecture. there are about 50 separate water and sewage conveyance systems, most

of w~ich are publicly owned. Prefe~ture officials estimated the damage to these systems. all

~! whl~h had been restored by June 25. 1978. at about 530.000,000. Severai 11ft station pumps

had to be replaced. Damage to sewer lines in Sendal was minimal; however, until electricity

had been restored, the system was partially Inoperative. Several nuclear electrical generat

Ing plants are located nelr ~Iyagl Prefecture. It Is interestin9 to ~te that none experi

enced any siyni';cant earthquake-related problems or damage.

Com~unications. All telephone service In Sendai and In the surrounding areas was Interrupted

from 5:1~ p.m. until 8:00 p.m. on June 12. I~78. Iy 8:00 p.m.• 50% of the service In the

5endai area and 75% of the service In areas north of Tokyo had been restored. The dl,ruptlon

eKtended .s far south as Tckro.

With the los. ot electricity, all television and radio stations were unable to broadcast.

Severa' came back on the air soon afterwards by using emergency generltors Ind performed an

important service by broadcasting factual Information provided by the police and local govern

ment officials. H~ver. because MOst uf the populatIon wa' wIthout electrical service. only

those people with battery-powered transistor radios could rec~lve emergency information. (No

formal emergency broadcast system eKlsts In JaDen.)
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ke~pon~.

Immedl.tely .fter the earthquake. govern,~nt offi~lals in Tokyo (n.tlonal). In Sendai (pref.c

tural .nd ~Ity), and In other affected communities met to t.ke emergency-re~pon~e .ctlon and to

pl.n recovery me.~ures. Send. I e~t.bllshed a Ol~.ster Counterme.sures Headquarters he.ded by

the kdyor. Included In this group were repr..sentatives of the National Railway. water, gas,

.nd electric utilities; the pollee .nd fire departments; the Red Cross; .nd others. This head

quarters remained op.r.tl~n.1 for 2~ hours. day Immedl.tely after the earthquake. It was

stili In oper.tlon on June 27, 1'78. Actual respon.e activities .r. the City of Send.i's re

sponsibility. If.n emergency 15 beyond the means of their resources, City offlcl.ls mly re

quest .ddltlonll servlce~ or flnancl.1 help from the prefectural or national government.

With regard to food supplies .nd distribution of emergency r.tlons, the Governor of the Pre

fecture .ctlv.ted a He.dquarters for Self-Sufficiency for the purpose of monitoring food sup

plies and prices .~ well .~ to In~ure the .v.ll.blllty of other items necessary for the popu

l.ce to survive .nd recover. Among the tasks the Headquarters performed were:

• Checking on r.gion.l .nd ~entral wholesale markets

• Checking on bre.d .nd di.ry products

• Check Ing dep.rtment and food stores

• Arranging for additional propane bottles and burners

• ~nitoring the supply of electric cells (batteries) for flashlights

• Requesting ~ooperatl{l from the sales industry to maintain st.ble
prkes (price~ of Su:141 crit Ic.l i 'I:,~S actually were la-red during
the eme rgency per ioJ)

• Receiving and considering consumer complaints

• Providing propane burners and fuel to handicapped centers

• ?rovldlng coordination ..it" rroduce•••"d suppliers of lumber, glass,
~on~rete, and other building supplies to insure that adequ~te stocks
were available where needed

• Coordinating with ~atlonll Government officials in Tokyo when
necessln

The he,'dquarters used the media to the fullest extent possible to broadcast factual informa

tion c~eerning supplies and prices. Clos~ dally c',"tact was maintained with 30 design.ted

stores in the area to monitor ev~nt!

The policu force ~'.1~~ , key role in maintaining order .nd providing Information to the

populace. e· ';>'/,.' the lJck :>f el".~rl.: power Ihnlted the effectiveness of the miSS medi.,

police used ICliJdspeakers On "ehlele•. Iy 8:30 p.llI. on JUNe 12, IlIOre than 7,000 people had

gathered at the Sendai t rai1 station (.11 trains had stopped after the earth~u.ke). The pol Ice

moved in portable gener.tors. set up 'ghts. and use" loudspeakers to proviae information. Iy

keeping them informed a~lt the likelihood of tsunami or another earthquake and about the d.~·

age situation, authorities Wlrp able to calm the public and avert panic. By ~:)O p.m., •• 1

but 600 of the r.rowd had dispersed.

A traffic control center w.s set up Immediately after the earthquake to handle the severe

traffic problem. Crowds of people and vehicles had gathered at crossings. To de.l with this

the following measures ~re t.ken:

• Al laval lable police were ordered to duty.

• The traffic control center monitored critical areas and dlsp.tched
pollee to ~.ndle problems.
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• Loud5pea~~rs were used effectively to Inform the puol1c.

The damage caused by the earth':ju.ke hid been jUdged not gre.t enougn for the Priroe "in!ster

to Issue I Nltlon.l Stlte of Emergency decllrltlon for the "Iy.gl Prefecture. Article lOS of

the Dls.ster Coun~erneasures 81slc Law provides the b.sls for Issu.nce of such. decl.r.tlon.

Offlcl.,s of the Ministry of Construction h.ve visited "IY'gl Prefecture to .ssess the damage

c.used by the e.r::l\quake. On the basi s of thei r assen_nt, the M.tlon.1 GoverNMnt will de

termine the .mount of nation.1 funds to be provided (usu.lly two-thirds of the cost. with the

remaining third to be borne by the prefecture).

Japan has a Disaster Relief Act. which Is .dmlnlstered by the "Inistry of Health and welf.re.

Under this .uthorlty, which does not ~equlre • decl.rltlon by the Prime "Inister of • Natlon.1

Stlte of Emergency In order to .et, relief was approved for two cities and four towns. E'ch

municipality (or prefecture) submits. request. accompanied by d.ta. photographs ••nd loss

statistics. to the National Government. Included as benefits under the Act .re low-Interest

Ia.ns (5.05%) to replace buildings of wood construction. The period of repayment c.n be ex"

tended to 25 years. Homeowners with existing loans On their property are not eligible for

much assistance under the Oi,.s:.r ReI ief Act other than. low-interest loan. fhls me.ns thlt

they would need to carry two lOin p.yments. City of Send.1 .nd "Iyagl Prefecture off1cl.ls

.re trying to get national funding to cover the Inltl.1 lOin b.l.nce.

The prefecture dlsaHer pl.n provides that lac.l government t·eads can request Military support

and asslst.nce (from the Self-Defense Force). Between June 12 .nd June 19. such help Wli re"

quested by and provided to six cities and seven towns. A tot.1 of 2,117 millt.ry personnel

were involved in supplying wat.r to people In are.s where nor~l systems Wire not oper.tlve.

They were .150 instrument., In saving three lives.

Two factors Influenced the need for ev.cu.tlon: the d.nger of a tsunlml .nd the unsafe condi

tions c.used by the earthqu.ke d~ge.

A tsun.ml warning w.s Issued .t 5:21 p.m. on June 12. The Ictu.1 order to ev.cu.te must be

given by • maror or other he.d of government. T~e Send.1 mayor did not order .n ev.cu.tlon

but did Issue. w.rnlng. LocI I offlcl.ls In other cOlst.l communities did Issue ev.cu.tlon

ortle ... and more th.n 20,000 people llIDY'ld Inllnd. The "all cle.r" w.s received at 8:15 p.m.,

.nd those who had left their homes were permitted to return.

Evacuation w'S necess.ry to protect people whose homes had been destroyed or judged uns.fe for

habitation. Approximately 70 f.mll:es were ordered from their homes In thr hill ,re.s of

$end.i because of continuing danger of landslides.

Host displaced. evacuated Individu.ls .nd f.mllies stayed with relat:ves .nd friends. However,

the tity and Prefecture res~nse pl.ns provide for the use of schools, hospitals. and other

public buildings as snelters. Under extreme e:t>ndltlons. ttw. ".tlon.1 Defense Fe,,,e Cln pro

vide tents or other types of shelter for tr.nslent popul.tlon.

Little ••arch-and-rescue .ctlvlty WlS associ.ted with the e.rthqu.ke. Lifesaving me.sur,s

were performed .s necess.ry by flre Ind pollee forces working In the Fire Defense He.dqulrters.

est.bllsked In .ffected municipalities Innedl.tely .fter the quake. Two apartment buildings

were involved when their first floors coll.psed••nd ev.cuatlon ,f the occup.nts of other

floors required the asslst.nce of fire dep.rt~ntl. The M.tlon.1 self Def,nse Force .,slsted
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In locating the ~y of a ..Inlng person. Two other bodies -...re re~overed by nelgh~rhood

grotJPl"

The City of Sendel hes fhe res~... te_s on alert u ell tlMs. When the earthquAke occurred

and electrl~al pOWer ..s lost, the traffic signal system (there ere MOre then ~OO signals In

the city) be~aMa Inoperative. Major traffic congestion deyeloped at ~st Intersa~tlons, and

anbulances were able to respond to only 2~ of the nore than 200 call, for aid. A oentral e~r

gency faCility, where people co~ld obtain ..dice' treatment, was Quickly established in Sendal.

Hasp:!a1s activated an e.rgency medical Information ~enter, which consisted of computerized

data "n r1xtors, hOsplta' bed spece, _bulences, etc.

On Ju)e 25, only 705 people (In three cities end nine towns) remained I~ shelters. Sites used

for Shelters included school gy~aslums, c;tizens halls, and other ~ubllc facilities. EMer

gency rations were distributed by volunteer egencl~s. The Japenese -.d Cross wa! not asked to

partlclpa:e In the ...rgcncy-respon~a or recovery phases of this disaster.

lecause both gas .nd electricity were lacking In many hoMes, people bought food that did not

require cooking. Stores received additional quantities of precooked 'oods from areas not

.ff~(·ed by the .artnquake. Fortunately, MOst grocery stores and markets In the area remained

Intact, and there ~. re~dy ac~ess for Shopping. Food prices romelned steble despite the

heavy demand for pertlculer types of food. Iccause most i>ume~ depend upon ges for cooking end

heating, the Sendal Gas Camper.y (public) distributed porteble ges heeters for purchase et less

than COlt.

More than 300 homes In Sendel were destroyed. Under certain conditions, the local and prefec

tural gover~nts may construct prefabricated dwellings for those who lose their hoMes.

Approxl.-tely 70 such dwellings were under constructIon In Send. I to provide s~lter to those

who CI id not have other ....ns.

Neither tile Cl ty of Sendel nor "lyagl 'refectu,'e atte.ted to euabllsh or .. lntaln a locater

service for Missing persons. As loon as the radio and television stallons resumed servl~e,

selected stations set aside en hour .ach dey to broad~ast na..s and ~ssages. The telephone

company .lso liberalized Its use of phones to assist vIctiMS.

l\econstruct Ion

Mew construction In Japan ~.t conform with the Archltecturel Law, which contains speclel

requirements to IIltlgete eartt:quake damage l.nd is administered by the "Inl5try of Construction.

Builders must submit plans to ~refectur.l or larger municipal governments for review and

approval before starting construction. ~;th very few exceptions, buildings destroyed or seri

ous Iy damaged h..t been constr"cUd before the ,_ was In effect.

The Sendal City and "Iyagl Prefecture government formed a Reconstruction Planning to-Mltt..

to insure thet building replacement end repelr will contribute to-erd sefety. the COMMittee

includes representatives of higher education institutions, cQIIMCrclal and business concerns,

Industry, and the .rchlte~tural p~fesslon. The Sendal Construction Bureau wll' Insure that

_ cOllstruct Ion in the City -Us the requl re_nts of tile Mat lonal lulldillt Code.
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Un!!ploy-ent InsYrance. Althouth ~nyfacturlng flnBS and buslnesl .ere hard hit by the e.rth

.Ylke. I Ilrge ..jorltv of thole whole jobs were Iffected were beck It work loon after the

..rtnca.-". SoMe NRYf.ctyren who were operating on a .rglnal bash hed not reope""d It the

tl.. of the reconnellslnce; the -orkers Iffected were drewing yneNPloyment insyranee.

EarthqYlke Insurlnc~. There are at lelst two types of elrthq~lke Insurlnce IVIlllble In

JI~n. loth are e"penll va.

One type of protection, IVllllble to I flrmers a.'oclatlon. cover~ lOOt of the damage up to a

..,,1_ of 25.(l()(l.OOO yen. lener IllIDUnti of cow'rage can be obtained.

The other (major) type of earthqulke Insur~nce Is e ~l~n thet Is endorsed Ih~ gUlrlnteed by

the governMent. This protr.. wei inltllted five vee,s ago but hes not met with generll accep

tlnee. Whet appeer to be ..Jor IIMltltlonl a-e It I high COlt Ind the Ilmltltlons on coverage.

The lIIIl"l_ coverage for goods Is 1.5 .. I I lion yen ($7 .SOO); the maxl_ coverlge for hoMes's

2.~ million yen ($12.000). (The Iverl~ e home In Jlpln coStl 15 to 20 million yen.) Iot~ city

Ind prefecturll offlclill In Sendll stlted thlt they felt there is I need to equalize the pro·

grl~. It wes their consensus thet the Insurence progrem will become popullr If coverlge cln

be Increased end rltel edJusted. This type of Insurence Is required of those who request a"rl

receive low-Interest disaster-relief loens.

Conclusions

The 1977 Dlslster CounterMeasures Act 0' Japan. edmlnlstered by the National land Atency. re

qulre~ thet each lev.1 of government hl'e I plan and I competent orglnlzetlon for dealing with

dislsters. The rlpid and effective response by III levels of governnent (national. prefec·

tyrll. end municipal) towlrds allev'ltlng the Iffects of the earthqulke wes the result of •

unified. integrlted program of dlsester preparednes, end response.

The amount of recovery work accomplished or under wey within two weeks after the earthquake

occurred wes impressl~. The lpeed end efficiency with which I VISt elllDUnt of -ork had been

performed WIS most admireble. Officials responsible for directing operations and others work.

ing to accomplish the monumental tlsk of recovery e"hiblted unusuII Indultry end knowledte

about the problems they feced Ind how to solve them. All. without exception. devoted their

efforts e"clusi~ly to serving the needs of the people and communities thet were adversely

affected.
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Tabl. 1 Outl1ne of Prlll.lnery o-ge 'rQlll June 12. "78. MI yagl-Ken-old Eerthqueke

Value
~tJ1t (.1111on U

1. Dud 27
2. Missing 0
3. Injured 1.052
4. Households sufferIng da.age 3.477
5. Indi~idulls suffering dl..ge 13.768
6. Buildings wholly destroyed or burned or WiShed "'1 803
7. Pirtillly destroyed buildings 5.227 108.0
a. Pirtillly d..aged buildings 58.927
9. Flooded buildings 20.634 31.0

Subtotal 139.0
10. Hospitals 119 1.7
11. Clinics 194 0.2
12. Medical equipment 735 1.0
13. Water works 4.8
14. Sanitation facilities 29 5.3
15. OtAer ~anitation facilities 33 7.4

Subtotll 20.4
16. Factori es and stores 1 55.078 455.0
17. Other business establishMents

Subtatll 455.0
lB. Paddy fields (ha) 5.5 0.3
19. Fields or flnftS (ha)
20. Agriculturll facilities 535 24.1

Subtotal 24.5
21. Finn produce (ha) 541.1 1.1
22. Joint-use flclllties 424 5.8

Subtotal 6.9
23. Livestock 2.100
24. Livlstock facIlities 35 0.6
25. Livestock products 3

Subtotal 0.6
26. Sericulturll (stlkWOI'lll) fac 111 tIes 12
27. Fishing bolts 17
28. Fishing port flcillties 109 13.5
29. Fishery Ind Iquaculture facilities 341 5.0
30. Fishery products 0.2
31. FiShing equi~nt 64

Subtotal 1B.9
32. Forest land. roads 56 1.6
33. Forestry flcillties 38 0.9
34. Forestry pl"OduCts 6 0.1

Subtotal 2.6
35. Pri..,., schools 367 7.0
36. Middl. schools 170 2.1
37. High schooh 102 7.0
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38. Ottler sclIOOls
39. Cultur~l I~set~

Subtoul
40. Roads (s ,E:S of dlllllge)
41. Bridges
42. Rivers (sites of dl..ge)
43. Shores
44 Erosion control facilities
45. Ports Ind harbors

Subtotal
46. Railways
47. Electricil fa,llities
48. Communicltlons facilities (sites of daMAge)
49. Social welfare fa,illtles
50. Urban facilities
51. Gis facilities
52. Other facillti.s

SubtoUl
Total loss

NuOOer of people evacuated by order or
rec_ndftlon
Number ~f communities where headquarters for
dls..ster countel"llltlSures were set up
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Quantib

323
2Z

720
65

11S
5

lZ
85

2.660
166

76

53

231

26.017

56

V.lul
(.mion U

14.7
1.2

33.2
16.8

32.1
6.6
1.1
1.7
7.6

66.0
34.8

13.7
2.3
3.0
4.1
Z.O
3.1

62.8
830.0


