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e T INTRODUCTIO

On June""16 1964 at 1. 02 p. m. |gata a cxty f about 290 OOO " pversons and Japan S
largest petroleum and natural gas producing centre, situated on the Japans ea side 150 km
from Tokyo was struck by an earthquake. It has a magnitude of 7.5 on the richter scale,
focus.40.km.below. the earthr surface; epicentre 70 km from Niigata-and ‘maximum acceleration-

of 0°16g as recorded at Niigata. - This earthquake lasting only for 20 seconds claimed 15 lives,
destroyed a large»number of buildings-and-other structures, and caused damage to property in’
the region of 800 million dollars. - The energy released by this earthquake is ¢stimated to be
equivalent to 500 bombs of the type which had destroyed Hiroshima “

- Niigata city.is located at the edge-of a low lying coastal plain-on both sides- of Shinano
River, and the damaged zone mainly consists'of foose uniform sand- of fine and »medium size,’
and in the wake of the earthquake portions of the city areas subsided varying in settlement
upto a few feet. In this area the ground water-table is also hngh rising to as much as one
meter below the-ground surface in some locations. The vibratory response of the structures
to the earthquake compacted the sand expelling out water, and sctting the structure along
with the subsidence of the ground. Similarly the vibrations of the ground resulted in 2 large
number of sand blows. {See Photo 1)

CONSTRUCTION ON SANDY STRATA

The transient state of the phenomena termed Liquefaction of sand reduced the bearins
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Pho o No 1 “Sand Blows” at Niigata

capacity of the soil due to increase in soil pore pressure, and consequently a number of
structures sank into the ground. A group of gasoline pumps had sunk into the liquified sand
under their own weight so that only the inclined tops remained visible. Thus it is seen that
loose sandy soil is very susceptible to shock vibrations as compared to harder strata in the
same area, ’

To mitigate the damage on such soils due considerations should be given for stabilisa-
tion of loose soil before starting the construction work.

FOUNDATION CONSIDERATIONS

At Niigita it has been observed thai the buildings having basements comparatively
suffered less damage than those without basements. This is illustrated by the tilt in some of
the buildines in a group of four storeyed reinforced concrete apartments one km west of the
prefectural office. where two apartments having basements suffered little tilt, Buildings
having pile foundations behaved better than those without piles. For example four storeyed
main railway station of Niigata was undamaged as it was founded on piers. Again, structures
with both the basements and piles sustained almost no earthquake damage. The two prefec-
tural offices consisting of four storeved and six storeyed, and having basements as well as pile
foundations did not suffer any damage even though the areas around these buildings showed
settlement and distortion. Also buildings having mat foundations suffered less damage than
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those having individual or strip foundation.

. Therefore in the planning and design of earthquake resistant structures provision for
basement and pile ffoundation should be given adequate consideration. Photo II shows a

overturned apartment exposing the bottom stones of the foundation and indicating the
inadequate depth of foundation.

BRACINGS AND SYMMETRICAL LAYOUT

At Niigata it was observed that the interior of many affected buildings was distorted .
and walls ccllapsed though the roofs did not suffer any damage. Hence it is important that
the main structural parts of a building such as walls, cornices, parapits, columns etc be.tfed
to the interior frame-work and to the foundation from the lowest floor to the top floor, giving
the power or resistance to the buildings as a whole.

~

The geometric shape of the building is also imp rtant. Structures having rect.angular
cross section, vibrating in a unit without interface from other structural parts withstand
the shock vibration best. In the case of a building consisting of two or more irregularly
shaped portions, the earthquake response of the building is different in different parts and
consequently may tend to knock against erch other. This is supported by the fact that at
Niigata the damage to many buildings was limited to entrance canopies and connecting hnks.

Photo No. 2 Overturned Apartment at Niigata Showing the Foundation Stones
| CONSTRUCTION MATERIALS

It is not merely Vthc apparent strength of a structure but rather its true streng'h in
relation to its weight which controls its earthquake resistance. This may perhaps be the



=)

12, | Bulletin : Indian Society of Earthquake Technology
TALT e :

reason for comparatively lesser damage to lighter wooden old shrines. . At, Niigata .in; mosty
cases it was observed that the heavier of two adjaeent buildings had settled most, and the

hghter bulldmgs had inclined téward thé hédvier ones. Thus the buxldmgs constructed wnth
hghter matertals are bctter. Mathematlbally the f)erxod T of vnbrauon of a structure of welght
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w is given by the Telation’ .
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Thls shows that the welght of a buxldmg aﬁ”ects the natural perlod of vxbratron drrectly

STERE REIREETT . Py AL

S hAlgor earthquake iresistant, structure ;should .be. ‘consiructed »of ducule malerials
that are'strong: .and “have .energy absorbing .qualities. . which can withstand .dynamic. forces:
without fracture, since stiff and . brittle members. cannot withstand,; the vibrations of a severe:
earthquake. At Niigata this has been demonstrated in some,, buildings which.did not seem to;
suffer complete collapse as the comparatively ductile steel constrtutmg the side walls had
simply bent out. - A properly designed structure bu1lt of ducttle mater1a1 can absorb a large\
amount of energy in plastic deformatton and hence it. 1s not necessary that a structure must
bebave. elastically in the maxnmum desrgned earthquake
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The importance of providing ductility in a structure is twofold. " Firstly that "when the’
material is strained in the plastic range due to the earthquake'shock the 'strain enérgy " absorp<’
tion is much more than that in the plastic range for the same increase of strain and consequen-
tly is a source of gxtra: natural damping. - Secondly; the failure of the struefure is not sudden
thus giving suﬁtcxent warmng before ocmplete collapse thereby mtttgatmg thc possxble loss of
life and properly due to an earthquake :

T‘BUNAMI DAMAGE

A smdll [tddl wave hn;J«avpart sea coastal area ‘less than Jthirty minutes after the earth-
quake which caused backﬂ' mg of the river Shmano and ﬂoodmgfof ‘the.. low -lying regions,
causing severe damage ;to,;‘ ife ; and property A stronger embankment on both' sr@es of the river
could have mitigated the loss In some cases the. onrush of‘ t \ami s " preceeded by a
clearly visible wnthdrawal of seawater for a short pe i
the people to rush to the hxgher grounds,

ay be ‘taken ag'a warning by

| DESTRUCT!O__N BY FI A

In the wake of the earthquake fire broke out* when a tatik-of Showa Oil Co. containing
40.000 kilo-litre crude oil blew up. Soon it spread out to more than 80 tanks containing crude
and refined oil and damaged more than two hundred buildings. The fire raged for about thirty
hours before it could be brought under control by dropping chemical foam bombs from the

air. The cause of the fire is not definite, but the fire disaster highlighted the effect of a big
carthquake on oil tanks. In this connection three points necd considerations. Since the oil
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refinery and psfroc‘qemical plaats are completely automatic in Japan it nesds ianvestigation

whether the automation dzvices can set off the necsssary emsrgeacy controls as eTicieatly as "
a trained staff before installing such systems in aa area vulaerable to earthquakes. Again at
Niigata near the oil taaks there were other tanks contaiaing tetra-chloride ethyl and methonal
which give poisonous gases and explosive hydrogen gas. Hence the second debatable aspect

is the wisdom of locating such tanks in a factory area. Thirdly the non-availability of necce-
ssary chemicals and other fire fighting equipmeat and the inadequate capacity of the available

protection devices to deal with the initial outbreak of fire focuses the importance of adequate
and quick fire protection equipment near such places.

CONCLUSION

In conclusion it may be pointed out that the intensity of grouad motion at Niigata
was much less in comparison to the severity of damage to the structures. This accounts for
the fact that the damage was not due to the vibrational effects of structures but due to the
deformation and decrease in the bzaring power of the soil. Though the stractures were made
sufficiently stroag, proper consideration was not given to the foundation requiremeats, in the
soil which could then liquefy due to aa earthquake. Tae damags at Niigata brings to light the
dangers inherrent in  coastracting Bngineering structures on fills or reclaimed land. The
lessons of this catastrops can well bz kept ia mind whzn plaas for the construction in similar
regions are drawn.
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