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ABSTRALY

Vdeapread davasiation and joss of Ufe were witnassad in the epicentral region of tha September
30, 1983 sarthqueke in the 2 districts of Letur and Osmansbad in south eastem Maharashtra. Tradltonst
construction in the ragion was nan - engineered and had no resatance sgainy horzontal earthquake forces.
in mast houses walls wers made of random rubble sions masonry and such  structures suffersd axtensive
demage. Survey of various sarthouake lected vitiges, snginesred and non - onginsared buldings, hop-
tas, fords &nd monuments, placan of worship, 4chocls, bukding materials uasd, conatruction prachice preve-
lent in the region, thair parformanca, causss of high casually fgures and strange phenomena axochated
with tha sarthqueke s prasanted i this paper.

INTRCDUCTHON

The ten day long Ganesh festivel concluded with the Immession of idoia in B finabs that Issted wad
Into the night of September 78, 1983, Ticed sfter the proicngsd fesiivites the vilagamn of Kile slept, wn-
awsare of ths impending doom. The entire Marathwada region was shaken up violently by an sarthquaks of
magnitude 8.4, at 3556 mm. 15T, (- 45 hours %or GMT), on 30th Seplember , 1983, on the Mahersghire-
Kamataka barder. Mikier tremors foliowed in quick succession at 4.41 a.m., 624 am. B.34 s.m. and T 46
am. - :

Shotapur {5 the biggast twwh naanest 1o the devastatad reglon. People wene jotied out of thelr sisap
in the states of Maherashtra, Kematake, Andhra Pracesh, Tami Nady, Gujarst and Madhya Pradesh, The
earthquake was fet with ferocity in the towns of Guibarga, Biapur, Bidar and Ralchur. A mikd tremor was
efso falt in Dharwad, Belary and Balgaum districis. Most of the worst affeciad villages in Kamabeka lis siong
the Shima river which rung thiough tha four northem districta of Karnateka. :

More than 50 vitages within &n ares of 100 equare km on both wides of Tema River ware stveraly
affectad. This river forms a natural divide betwesn Latur ard Oemanabad districls in tha ragion reveged by
the quake. Kllard, a denssly populated and prospercus vifege 45 km south of Latur in Ausa faluke, was one
of the waorst sMected vilagss and alsc the sepicentrs, 78" 36'E, 18* 03'H. A 15 ¥m segmant sratthing
between Makni dam and Kilard bore tha brunt of the devastabon. Not a singie aone stnactune [n thess
villages was et intact and not & singe family was Tal unscathed, The worst affectad villages weme  Ekandl,
Ganjankhady, Gubal, Huli, Kawtha, Kilar, Killathwad], Lamiana, Limbada, Mangni, Peth Sangvi, Rajegacon,
Sashyr, Tausigarh, Talni, ete., shown in fig 1.

“isiting damaged and quzke affected areas for study purposes is not simple and crectes tevnen-
douz hardships. The stench of rotting flesh sEil buded under tha debrs wis mixed with the neuseating ameil

and sight of  numerous cremations. The silan! and morbid stmosphers was pisrced occassionally by fys- -

terical waling of vilagers. A3 wotd was in short supply broken door frames and wooden raftars wara used

- for on the spol cremations. This, coupled with unseasonal rain meada the survey work difficult and could be
tompleted only becauss of great determination, couraga end steadfasiness on the patt of avthara. The
mescue Bnd refief work carried out by several agencles working in the area was hamperad by movemant of
VIFs, ldie cnlonkers and raln.  This led the Army o seal off the ares.
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Fig 1
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SEISMIC HISTORY OF THE REGION

of Mahamshtrm and Kamataka fall in Ssismie Zona | of the Selamic Zoning Map of
India, as per Indlan Code 1S: §863 - 1884, Tha quake affected reglon Les In that part of the counby which
wes consldersd saismicelly stable phor to this sarthquake. Whan the authors of this paper foured the
atfscted zreas Immegiately afier the disaster the survivors at Kiar and neighbouring vilages wene stil in a
state of shock and fear aa mik tremors continued fo spread panie in the area. The viiagers claimed they
have bean [iving with these ehocks for thee past 30 yaars,

Killari, where the impact of e sartbxuake was tha severest, had experisnced tremors In 1082,
1657, 1963, 1964 and 1992, 126 tremors wers falt in 1062 between August snd Cotober, An earthquake of
magnitude 4.5 that rockad the vilags on the night of October 18 - 19, 1582, and had sent vilsgens scumying
inta tha open, was the atrongest fal before the Kiier quake of Soplernbar 30, 1863, The n&xt motming K wan
found that moai houses in the louthlm tp of the thu had devslopad wkl

The vilegers frnly balieva thai since the fiing of the res=rvolr of the Lower Tema Dam two years
Bgo, the frequency of tremors incressed In this area. Batween October 1592 and June B3, most vilagers in
and arcund Killsrl wams slesping culdoors, to avold being trapped ks an sarthquake, They sterbed alesping
innida thak housss to sheker themsehves Fom rin, W e sarthquaks took s toll on 30th September 1283.

GEDLOSY OF THE REGION

The region ln a typical Oeocan rag e consisting of hard weatheraed basealtic rock covered by
bhack, cotton soll. The undulating topography ghvas ries to & sol dapth which varies batween 50 ¢m and 20
meters. Mont vilages are located on $ofl whens depth varies Batassn 50 omoand 3 m,

DCCUPATION

The quake sffected area (s fertie end most people it the area @re poor, upeducatsd ang am
oecuplad with the cuftvatlon of sugar cane, sunflowar, kard, grapes, whaoet, Jowar, gram and bajra. Grapes
from Kiliari have a good sxport market Tha richar sagmenta of tha population ve in brick kousss. The poor
live 1 Bite made of graas and raads, and thesa siniciures survived the sarthquake. Most people Iva In
houses which have walls mada of big stones leld In miid et [t i these Bousss which collupsed Bnd
trapped the Inmates in rubble. Meny vilpgars survived becauss they werw sither iending ceitie in Nakis or
wats oparating agricuitursl pump sets. Some had just siapt in the opan ae viliagers are used to doing.

CONMTRUCTION PRACTICE

The survey of various demaged and undamaged atructures, materiale used erd construclion.
practicas prevaiant in tha quale affecied mgion i prasantsd in this paper. Al slona housas ware mzed io
the ground, only heape of ubbla, dislodged pleces of timber and mud was witnesasd I saveral vilages, figs
2 and 3. Well built structres mede of high strength masondy survived with repairabie cracke, like sevoral

Gevemment byidings. In RCC framed buildings partition walle were separated. A huge overhsad waler tank
at Kawtha collapsad.

All construction In the sunysd ares G be classed into two broad categornies

4.  Non snginsened construction
b, Enginesrsd constrction

RON ENGINEERED CONSTRUGTION

Non snjinsarsd buldings are thosa which are taditionally coastructed either by loeal arifisana and
TBCTS OF by viRegers for thelr owm use, without any deslgn considerationes whatecever, Houges are made
socording to Tocal condiions such as svallabiity of bullding materinis, climate dnd socio - economic
conditions. Housaa In ruret Merathwada are conatructad with beavy matsrials - perhaps the main causs of
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Fig 2 View of the devastated Killard village.

Fig 3 This heap of stone rubkle, timber and mud was strest
of stone houses at Killari before the earthouake,
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Righ casuaity figures. As sions is avadable in abundsnce, it was a very popular buiiding material Gl the
earthquake sccurred. Other biflding matssials used in the amea am mud, tkmber, tin sheets, brick, blocks
made either of sione or concrate, SJamboo and grass.

STONE HOUBES

Mesi village houses are Indhidualy enclosad within a very high boundary wall meda of stones. A
high besriiful doonway leads into the courlyard, locally nown a8 bary’. These houses have one to three
o0 and are usually sumoundad by m common verandah.

The foundslbion of thewe fousés, ss par the information divuiged by the villagers, goes down bo =
depth which ranges from 80 em to 2.5 m and rests on firm rock of dense aoil.

The wailt ame mads of andom 7ubbla xirwwe reeasenry laid in mud mortar with very few and smalt
opanings for doors and windows. The walls sre usually 70 cm fo 1.8 m thick, with 1 m baing the nom.
Such thick wally ahe popolar 8 they provida tharmal comfort and sacurity. Everywhers typieal wythe falura
or delamingiion sssociated with stone walls & vislbée due to atsence of bond stones, fig 4. Tha quaks has
demollshed all such houses in the sntie metzosslamal area.

The ronf hea heavy timbar mefters running in two perpendiculer diedtions cver which woodan pfanks
and a thick layer of mud are speead, Tha lowest Sar comsietes of & freme made of heavy wooden [oists,
piaced approdmately 1 « 1.5 m mpart, centnt to cantra, Lighter jolsts are placed on thess, peipendicular o
the jower orves, abaut 30 cin apart, centre 0 cantre. On fop of this a layer of wooden planks i leid. This is
coated with a kayer of compacisd mud, about 39 - BD om thick, mixed with focal bushas and grasa, fig 5.
The mof unt has no Intsrdocking connection with the waks, it just rasts on thick stone walis, i has no
bewcing in plan which could hews gheen a fgid diaphregm sction,

Such houssa, made of rendom rubble stone mesonry laid In mud mortar and ) designed 1o
withalmrs] any shaking snd with no eartiguake resisient measures  proved fo be deadly when the roofs
callepsed on 30th Ssptembar 1953,

Mixed Connbructon

In bigger viiages such as &t Kilad, extansions are sometimea maeds n exisiing stone structures
wither in the front court yard, or whan there i m shortaga of open space another sterey s added on to &n
sdgtng stone houss. The new storey is mads of brick or stons blocks which are laid in cement morar.
Mbiad consiructian of this type had very typical falure, fig ©.

Timber Framed 8iructures

. I ey old and tradiionat stone houses the roof rests on & tmber frame, nsisad of on a sfone
wall, The use of such verticsd reinfrcameant in a house Incregses K8 capacity to resist serthquakes. The
frama work of many such houses survived the sarthgquake, fig 7, the moof did nol coliapss an the sleeping
inmates and the stoos walls collapsed oetwards. Casuslly figures in such houses are much }ags compared
1o those housen where the roof rests on stone waks directy.

tn some houses thi earer conytruction had a timter frames, ater rooms wars added which had no
framad struciure but stons walls only. 1t is very significant that it was tha lather which callepsad and caused
casuaties and te formes which survived and saved tha inmates.

Timber frares are made by carpentars ocalty known as Subhars. Verbical posts of wood are
provided at a distance of abat 1 to 1.5 m, canthe to contre, with an axcelent quallty of joints. Tha slone
wall is mada sround this frame. The timber framed comstruction has been discontinued, perhaps due o
scarciy and high cost of bmiber.
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Failure of étnne_wali. The outer wyths bulged out
and goliapsed completely, Sastur,

Details of rooF on ztone building at Killari,
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Fig &

Fallure in 2 construction of mixed type at Nillar:,
Erick was laid I cement-sand mortar to make walls

above a stone house. The hrick wall siided and came

down en magse as there was no connectiagn between
old and new type of construction.

gl

An cld stope house with wooden frame has anr intfact
roof at HRiiflari. Ko casualties ccevurred in this
portion of the house. Newer construction in this and
adjeining houses without woocd frames vollapsed
completely and killed the Inmates.

21
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Roof of Cormugatsd Galvarkzed tran (CGI) Sheols

In most stone houses the roof in the versndeh is made of COI sheets. The shaking caused by the
azrihguaie separated the walls ol comers, the walls moved ocutwards and the roof collapsed. Schoal
bulidings [n the metzosaipmat area wera ususlly made of Brick with GGl roof. Tamage t0 such A schogt
building is shewn in fig B, '

RCC Roof

in some buikdings the root Is made of an RCC sleb which is  supported on slone wilia where the
stons is e in mid mortar. The earthqueke caused Filure of aione walls in such buildings, which causad
tha concrete slab i come down ke a shoet, and this proved to be &n unmitigated earthquake dwester n
Septembar 30, 1583, as shown in fig 9.

Brick Masonry

As the local aof s not copducive for manufacture of good  quatly bricka thamfors i i3 nol &
commen buliding muterial.  YWhers bricks wera used they wers mestly laid In coment - sand  moftar and
oty sometimes In mud modtar. The kalier hava very  tikk wala. The pofica station, the pest offics, the
society buiiding and tha Bank of Maherashtra, all ot Kilad, showed horizontal, vertical and diagonal cracks
in walls, Severzl shops made in this wey at Sastur showed parlial damege. Damage
to tha Panchaynt Office £t Sestur Ja shawn In fig 10.

Biock Masonry

Rectangular blocks made of crushed stone of concrele are also popular 88 & Quilding materal
These are kakd 3 coment - sand mortar. These houges parformed rathar weil In the earthquake. Buildings
which are made either of brick or stone bock and ara laid in good qualily cemant caerlar usually had an
RCG rool. Such buldings performed wall during the earthquaks, ag shown T fig 11,

Adobe Bullding
Adobe hnun;u wera rara [0 tha erea and thelr collapsa e sirnilar to that of stond buildings, fig 12.
Thatched Huts

Al the periphary of most vitapes houses are meds of bambos fremed with thaiched walls or reed
costed with roud and & thatched of B mof. These Kmey stuctuies have strvived the earthquake, figs 13
and 14, and no casualifes wars reporied from thess.

Dry Pack Masonry

n Kamataka vilages near Guibarga have houssa eammonly mads of dry pack masonry. These
ustally use ofther g unsven siones, Mg 15, or fat slones. The roof s made of big heavy flat tikes
supporied on woodsn joels. Since this arsa was far from tha region of intense shaking these structures
survived the shock, thaugh some reofs have striad isaking in post eanthquake reins. The performance of
such structures will be disastrous in the event of & simiiar naar flefd  earthquake.

EMGINEERED CONBTRUCTION

High strength masonry buikdings which have best given design and construction conslderalions by
qusiifisd snginesrs, archiects and bullders are classified as enginesred structures. Most  govamment
bukdings are englnesred and are made of burmt bricks or stone biocks, lald in cement mortar with thick
planter on wadlls. The roof is made of reinforced concrete or reinforced brick. A few private buildings are also
masda in this way. Such buikdings developed large and deep cracks in walls, or pariial wall collapse, but total
colapse was not wilnsasad in the melzoseismal anea. No casuattes wers reported from  such struchires,
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Fig 8 Collapsed CCI reof of Covernment School st
Mangeul.
Pig % A jJeep trapped under the collapsed RCC roof of

District Cooperative Bank at Rillari. The RCC roof
resfed on stune walls hefore the earthguake.
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Brick building of Panchaya
axtensive damage Lo the
facause the tin roecf reste
not have a roef band.

t offige al Sastur showed
first floor. This was
d on iron rafters and did

well] constructed stone bleck masonry house survived

the guake at Kawtha.
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ANl enginesred structures such as aqueducts, bridges, canal embankments, dams, overfiead water
ignks, power houses stc., performed very wedl during the earthquake with minor non siructuea! failure. Only
pna over head water lank colapsed, at Kawtha. '

Reinforced Concrate Bulldings

Remnforcad concrate fremed bulidings In the area wem aithsr gingle or double storeysd. These and
the ones which ware unsst conatruction realsted the sarthquake My well, figs 16 and 17. At Kiten efficacy
of marthyguaks resistant maasures is provad very well, fig 16, brick masonry houses with cement gand
martar which wsed a tintal band, or vertical steal have withetood the sarthquake. Mr. Kale, a primary school
taacher budt & brick housa with [inte! band et Kikard on tha advica of his brother who works for fha buikding
Indusiry Tn Bombay. The houss survived the sarthquake with minor cracks, Ms Pushpa Ranfs house was
miode with vertical RCC columns #t joints and comen. it devsioped minor crecks only and is aract at Killarl.

Roads and Power Supply

Ko damage was chasrved In metlled roads in the spicentral region. Howevar, Narfow aireets within
villnges ware choked with stones which feli from wails, fig 19, thus making rescus and refief Work vary
diffieuit, Raln made the kutsha roads stushy and unmatorable.

Posar fallure ocoumed in tha mezesssmal area immedialely after the sarthquake. This plunged e
vilages Intc an earie darkneas and addad 1o tha prevalling confusion and chacs.

Sugar W ot Kilfard

A well engineerad atructure, the sugar mill at Kilar has vary heavy machinery natalled inskie.
Damage to this largs mil wes minimal, fall of plaster wan chasrvad at one place only. A porlon of the
inflied stone masanty fel off, fig 20. Siight damage Lo the hugs chimney was observed at the 1op in the
farm of verlicsl cracks. This suger miil served a5 a local caniee for coleclion of relief matenizl (i post
sarthquake opatations. :

Canul and Aquadiet st Ganjinkhady

A.tsunj-nkhudl:Imgm.umdwmpldhmuﬂmamntdmmnllﬂuutusinpafanumuf
looks material, figs 21 and 22, The surfsce cpening was mone than & cm wids af places, tha siope sattisd
about 10 cm. A diagona! fissure In the 2anel coverad Nath of the width of tha right #mbankmant, in noth
gouth direction. It was 4 - 5 cm wida and 12.5 - 25 em deep 1t places. A nawly consiucted squeducl
showed ton-struchural minot cracking in tha raling of the bridgs #t several piaces.

Lawer Tema £am snd Reat Houss

At Makni @ 15.4 matar bigh sart dam consists of & reinforced conceetd apilway [n the middle and
sarthembankments on both sidea. A 400 m long figeure was observed in tha fafl embankment which was
ong meler deep am confirmed ty pit opendng, fig 23 The embankment partialy seftled down which was
cisar from the side of the spilway bridge, g 24. Howsver, the fissure daveioped 130 m away from the
bridge whera anchoring effects of the spillvey wers sost. A simiar fafure tut of leaser extent pocurred on
tha right ambankment alsc. Thia typs of fatiure confirms dominance of vadical motion. This king af Typtcal
gdamage indlcates that since an earth dam dampens the vibrations tharefore {t offers an inhenent resfstanca
agamst earthquakes, the damping being proportional to the deformation. As repored by ths dam enginess
a¥ gates of tha dam leaked sfter Be earthquake and heafad on thelr own 24 hours later,

Camage to the rest houge for this dam is shown in fig 25. The deor wess jzmmed at the time af
the asrthguake and inmates had problems fn escaping.

var Head Walsr Tanks

The only fallure of an engineered structure in the entira meizoseisrmal area was found at Kawtha.
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Fig 16

The well

engineered brick masonry building ef

Elactricity Boald survived with cracks, at Sastur.

Fig 17

Framed building under construction near the sugar
mill at Killari. undamaged aftetr the earthguake.
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Fig 18 An undamaged building with RCC bands at Killari,
surrounded by collapsed stone HKouses.
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Fig 20 Damaged stone masenry infilled papel in sugar mill -
4t Killari. ’ .

Fig 21 Fissure in
TafFF )
embankment
of canal
Irear
Ganfjankkeda.
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Fig 22 Slgpe failure of canal embankment al Ganjarkheds. .

Fig 23 Gne meter deep fissure in jeft embankment of lJower
Terns dam, a5 conficmed by plf aspenilg.
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Fig 24

Settlement on Ieft embankment in gpillway bridge,
Yerna Dam.

Fig 25§

In the brick masonry building of rest house of Lower
Telnra Pam Froject at Makni, walls cracked, plaster
fell off from walls and parf of 'a half brick thick
wall collapsed. Fig shows a portion of the collapsed
partition wall between hedroom and washroom.
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An overhead waler tank, fig 25, of 100 kilo litsr capecity, full at the time of the sarthquske,
collapsed completely. The posafvle reasons of fallure could be a combination of ane or maore of tha following
factors

Torskonal component of giound metlon

Tha stalr case towsr was connacted with the tank, which increased torsion in the eccenthic
siruchure, fig 27.

Prassnce cf wate; at the tme of the earthquake generated heavy (nertia forces.

Inadaquate trangversa refnforcament was Lsed near joints n columny, fig 28,

P - offect, ie. vartical lcad ve horizontal displacement effect,

a2

Other water tanks In the epicentral area which were emply at the tim= of the earihuaks wera
intact except for spalling of cover concreta i columns near jeinte such &% at Limbada and at Kifar, fig
29,

HOSPITALS

Hospitaly sEvayed in tha quake affectsd arsa were : the Rura! Hoapiial and Dr. Vias Bhujbal's
Clinlg at Killar, fige 30 and 31, the leprosy centre et Mangrul, fig 22, and a hoapltal at Nandurg,

The Rurel Hospel at Kilard I3 mada of brick masoary in cement - sand mortar. The earthguake
cauisd wide, deep, diagonal and honzontal cracks In walls, fig 33, and some pontiaons of the wall fell off
The dociors showsd the authors portions of the walls whers cracks had davaloped dua 1o & previous tremar
whith occurrad on Octobac 48, 1002, Thess ware subsequanty repalred, fig 34, Extensive damage wag
abesrved (0 non structurss slements like fites, wash besing, siactric fittings etc, fig 35, Severad dopme of tha
hospital were jammed. Sevan resident patients (2 for ubaciory, 4 for geetro enteritis and one for delivery)
escapad afler the earthquake. Several housas on tha hospite! campus devaloped cracks and rea! of the
garage and boundary wab of the poat mortem room collapsed. An hour altsr the earthquake the dead end.
the injured wamne brought into the hoapital pramiess.

‘BCHOOLS

Behools mads of random nioble Blone masonry cofapsed in he queke a¥ected area, such as the
Maharazhira Vidyalays, fig 35, end Shishu Vikar at Kiflad. However, sincs the Davanand Vidyalaya at Kawtha
W3 made of drassed stone it susiained the shock. The Zila Parishad Bask Schod! at Limbada Is mads of
beick masonry with m tn rocf Inclined ot a very low ang'e. Damage t0 thia school was in the form of hugs
g&bs in wall. A wmai bulidieg of a govammant schoa] at Mangrul, made with ane and & half thick trick wall
with cament monar and 4 £n roof showed hugs diagonal cracks. Tha roe! of orie room cullapeed because of
Qubvward movement of wal, Fig 37 shows e dameged schoo! at Sastur which hed e tin roof and vary thick
brick walls Iad in poor quality martar,

SOME TYPICAL BUILDING GOWMPLEXES

Apart from the different types of aforsmentlonsd structures, several ather kinds of nuliding
comploxes such an places of worship, caves, forts and monuments atss sufferad vary bypical damage.

Pistes of Worship

A temgpla and & masjld are generally- iocated in sach largs vitage. The temples are anciant whereas
the masjids are relatively new &nd am made of dreszesd stone. The former Rave suliered exlengive
damage while tha [sttar have sunived with repairatle damage.

The anclent Stri Neel Kanthealwar Temple at Kiflad has been buitt in three siages. These arg tha
snctum sancierum of the original old temple which consists of a dome, a placa for offering warshlp which
has a roof of minforced concrets on dressed stone mascAry arches, and an assembly place which & an
RCGC framad structure and ia refatively new i construction. A massive Mendi bull is situabed between the
RCC frame and the arched structure. The status of Nandi bull slided on ks base by about 1.5 om. Tha
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Fig 26

Fig 27

Fziled overhead water tank with domical base at
Kawtha.

Failed stajircase unmit of overhead wakter tank,
Kawlha,

1934
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Fig 78 Broken column with Inadegquate transverse
reinforcement, water tank at Kawtha.

Fig 2¢  Undaicyed
water tank
af Killari,

Lt
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Fig 36 Dr. Bhujbal's clinic at Killari made of stone FEloeck
masonry.

Fig 31 Thick plaster bulged out at Dr. Bhujbal's elinic,
Killari. .

.
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Fig 322 Brick
© masonry
building of
_ leprosy
L L . ~eentre gt
{ . Mangrul .
T developed .
large . and
deep
cracks.

Fig 313 Portions of
wall fell
off in tha
o¥necological
wvard, Rural

-hospital,
Xillari.




Fig 34

Fig 35
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Poctors showing porflion of a wall which developed
craecks one Year sarlier, in the tremor of Ocltober
18, 15992, These were plastered subseguently, Rural
Hozpital a8 Kiliarl.

Dislodaged elsctric Fittipgs and waszh basin ipnsida
Ehe operatjion thkeatre aft Rural hospifal. Rillari |

1994
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Fig 36 collapsed bujlding
af Maharashira
Vidyalaya at
Killari.

Fig 37 collapsed school a2t Sastur.
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famous Shiva Linga and heavy stones in the wall ware dislodged i the same directica. Damage to this
t=mple Is shown in fige 38 - 41. -

The Jama Masjid ai Kiiar is made of well dressed stones and shows very itte damaga. At Taljzpur

_ plaster fell aff from the highest spire of the famous Bhawani wmple, from juet below the Kalash. A slong

" from tha parapet feil off from ona of the bufidings in the temple commplex. The Ganeah temphe at Sastur once

again shows the afficacy of imber framed structures guring an sarthquake. The walls are built outside this

frama and collapsed put the roof is intect, g 42 and 43. A 1200 year old temple et Ambajogel, mads of
stons masonry remained ntact

Kharcsa Hillock and Caves

At Khaross the fiat hil top supporis three buliding structures, a very aid lempte of Renuka Davl, a
. mesque and mazar complex, made at & later date, 2nd a newly constructed wirsless station of the Irigation
Dapartment, fig 44. At ane end of the hliock oW caves are carved out of stone, in 3 ters, These have
sculpted In-aity rock carved figuras of Shiva and the legendery Pandavas. Some gracks oncumed n pillars
and walls of these caves. The damage pattem cof ak ¥hesa piructures clearly bengs out the performance
" af diferent kinda of strugtures during an sarthguake and safety of angineered censtructian.

Tha central column of fha Prakash Starbh outetde the Renuka Devi temple and tha sanclum
senciorum of this ancient temple collapsed complataly, fig 45. A new idol haa sinca been instafied In the
place of the ¢!d ons. A heavy Kalagh, (brass pot ) almost 75 kg in waight, Ag 46, fell off 21 & herizontal
distance of Ebout 8.25 m from a helght of 10 m. The mosgue and mazar comitlex is of & later date angt 2
rinarets pardally collspsed due fo tha sarthquake, fig 47. Plaster fell off the doma and vertical halr ke
cracks appeared In the mazar of Peer Pagha. The wirslwss stallon i3 a well enginsered structure, fig 48 and
ramainad intast [n wake of the earthquake.

.Forts and MahLmanis

A vary large fort with heavy walls Jurvived the earthquake without any damage ai Naldurg. Soma
walla collapsed lneide the fort st Udgir. Throe dumes near Sasbur, bakeved t5 ba of Mughal times, Ehow
different pattiems of damage, one was partialy damaged, fig 48, and the one which is about 300 m from
Sastur was the ‘oast damagsd. The famcus circular dome st Bijapur rests on & square base, fig 50. Hairkne
eracks were observed in the portion whare the squers base changes into 4 clrculss fom. This type of crack
can appear at this place due to vertical acceleration. A pravicusly repaired crack in walt ahowed widening,
fig 51. A 12 m high Hutatma tower at Killzn had a titted Aame of tofch ot top.

DIRECTION OF MOTION

Description of mollon felt at the time of earthquaxe and presented in thin papes iz based on
Inferviews hald with iocal residents. Varticel and torsiohsl motion was obseryed Bnd repored &t seversl
places like Kiar, Kawtha, Limbada ard Mskni.

Al KIksr the motion was a complex combination o! swinging. jumping and verbcal bype, and the
ground shook like a sieve. Three masonry colmns mace of diessed stons ahow a dominantyy rodational
component, fig 52, whereas stone phlars in the Maharashira Vwﬂ show @ vertical component of
mation of the easthgquaka, fig 53. : )

At Easlur the swinging malion cama from Kilkad, A man sleaping on ﬂ'm floor wes awokened and
coukd mot stand up gespite his best efforts. He ramembers belng swung on tha ficor twice, and was
dispianedbyasnmasﬁﬂmfmmhis place of rest

Al Limbada torstonal mobion in north east direction is evident from the rotated statue of Lo Shivs,
fig 54 This is also nunﬁm‘edhydaﬂ-ecﬁonuffnurpimmunﬂmetamph.uwmcrpm in the east are
giadmwardu tha north whiie thoss m the west ane tited towards the south. In Umarga the rmotion came

m neodth west,
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‘Fig 38

Fig 39
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Fig 40  Worship place with arches and RCC roof at Neel
Kantheshwar temple, XKillari. This porticn of the
temple survived with minor cracks Iin arches,

Fig 41 Undamaged ROC
frame at
Neelkantheshwar
temple, Killari.
™ les fixed on
RCC column
fall] off,
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Fig 42 Ganesh temple at Sastur. WNalls around the timber
frame collapsed outwards while the roof is intaci.

e

Fig 43 Inside view of ropf of Ganesh tomple at Sastur. The
timber frame has excellent wooden jeints.
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Fig 44 plan of Kharosa hillock with several caves and
three buildings on top of if. Nat drawn to scale,

i

Fig 45 Completely collapsed sanctum sancitorum of Kernuka
Devi Temple at Kharosa.
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. Fig 44 Heavy Ekzalask
B which fell
off the
spire of
Renuka Davi .
temple.
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Fig 439

collapsed Mugal dome asar Sastur.

opy.

b
1




—ru i

. m———

Damage Reoport of the Latur - Osmanabad Earthiuake

Fig 50

Fig 51 . Gracks ipgside
© the Bijapur
- dome.

The famous
dome at
Bijapur.

a7
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Fig b2 A shop building at Killari with damaged masonry
caluvmns. Three masoary eolumns support the
traditronal verandah roof which is propecly
connected with Lhe main structure, Forsional
effects are evident.

Fig 53 At Maharashtra vidyalayz in Killari stones were
displtaced in pillars tewards the north by about 4 -
6 cm. The. circular pillar waz made of 5 layers of
hewn stones. One stone was displaced by a lift of &
om in iZ2 om showing presence of vertical metion.
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Fig 54 Twisted sfatue of Lord Shiva at Limbada.

49
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Rotstfon of twa fridges in the Rest House at Makni ara Indicative of a complex sarthgquake mation,
At Makni the sound and vibrations came from the aa#, as if from Kliad. The vibrations felt were dominantly
horizontal.

At Kawihe & fleld near the water tank which was prepared and ploughed the previows svening for
sowiry sunfiower was flatienad aftar the svent and the furrows hsd disappeared. i ssamad that the Geld
had undergone shaking comperable to that of @ sieva and the fine particles had seltled on fop. The new
sesdings which wera planted befare the sarthquake were not showing sny signs of growth, probably tha
tender rootets had Sroken off Post earthquake rain Introduced virus in the vineyarde, The famems take
these signs as an il omen. The farm  [abour waa too disturbed t retum for work on the RBolds. A large
nomber of after shocks wena fet in tha village and the direction of motion, as cbserved by the villagars,
wos vertical and came from the direcion of Kilar which is north of Kawtha,

Tha Sarpanch of Kawtha villegs, Sii Shivali Ran Palil, informad the authara that several wall ciocks
stopped at 3.58 a.m. The mation was first verticel then rotetionsl and then there were  very pronounced
horzantal movamantia, which seemed to come from Killad.

Al diatrict headquartsrs of Qsmansbad vartical mation was reporiad. A fed starding boundary wall
of a school &t Mangrul fall lowarda the west Al Gubal tha motian came from the north and the ground
shook violenlly. At Gulbarga tha mobon was swinging eid horizonlal at the time of tha sarthquake. At
Halikasd the shock cama from the south. At Kamsl Mager the motion wase horizonta) and came from tha
weast.

PHENOMENA ASSOCIATED WITH THE EARTHQUAKE

Blascription of sounds, smalis and cther stranga phenoméne observed prior, duning and after ihe
earthouake and prasented in this peper is largely baged on interviews with local inhabitants. The
garthquake wes accompanied Dy a pungsnt smell of sulphur In the  cuplure zore Frightenky seunds
accompanying the earthguake i ware described by interviewees ae {hoza assoclated with m  fast ¥ein
running by, a bomb explosion, sialicBigg, thunder, helicopter, thrashing machine for sun flower saeds, etc.

Sounds

At Widar the sarthguake was accompanied by & commobion which sesmed to coma from the scuih.
it was. described es 4 combination of a train running under the fest of tha inhabitante, a vefy heavy objact
roling inside tha ground, whiming of helicopier roler  blades, foliowed by B screeching sound, as if o fast
frain had sucdenly appliad brakes. The sound was simiiar to what was heard at the time of the previous
earthguake ke of October 18, 1962, The faling dobris gave s fo dust clouds su high ay e housas, [e.
Jm hnigh epproximately.

At Limbada the shock was accompanied by B nolse ke a bomb axplosion, Then tke crackfing of a
fire, At Makni the nolse was (ke thal made by a mator oycle. At Cemanabad creaking sound was made by
doors and windows. Picture frames were displaced. Terifying sounds of a running train end fre crackers
were heard at Ausa. At Biiapur people reported 3 sound like that produced by lightening durng a thundes
storm, Al Gubal a peculiar and dreadful sousd of ‘gud gud’ accompanied by a shemy nolse wes heard.
The shocks were accompanied by sounds which resembled dynamite explosions. At Gulberga the awful
sound was a5 if a road rober bad hit the house, At Halikasd &l were awakened by a rumblng nolse of a
runring train. Al Kamal Nagar the sleeping poople wene awakened by a nolse of a traln running past some-
whera naaiby. Heavy furmitura like beds and swings moved. Tha sound was like that of a big bomb blast
accompanied with a fright=ning sound like ‘dhum- sven’. At Mangrd a loud ¢recking sound was hesrd, as
if several road rollers were moving simuttanscusky. At Umarga the esrthquake was accompanied by a noise
akin to a distant bonb hlasl.

Smelts

The earthquake was sceompaniad by a strEnge smell of hurming sulphyr gkin to that fatt after firfng
Diwali crackers. [t lasted  for aboul 10 - 45 minutes and was reported from Gubal, Kidan, Limbada and

—
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Osmarsbad . The smell was absent @l Kamal Nagar and Umarga.
Animal Behaviour

Strange animal behaviour was cbserved with the main event, foreshiocks and after ghocks even in
reglons with [Gsses MM intensity. Tha Chiefl Executive Officer of the Zils Panchayat, Guibarga, S Subhas
Chandra, LA.S., informad the authors that large ants came out of their colonies in droves e night befors
the earthquske, At Kawtha dogs weked and peacocks srreeched bofere and after the evenl This pattem of
strange animal behaviour continued for each after shock. At Mangru! dogs wailed the entire night and can-
tinued to do sc prior o every shock. At Sastur fie chofus of walling dogs was witnessed by the authors, a
mid shock occurred immedialaly after that,

Ground Water

Since the quake of Cclobar 18, 1982, ground water conditions in the meiroseismal area have been
Fighty disturbed. Two iube wels In Dr. Poddars fleld, aboul 100 m deap, ran dry ofter the quake of 18
October 1962, The Docler had his pumg safs tokan out for fear of damage in tha numerous small quakes
which followed, After a subsaquent shock of 28 October 1592, sound of gushing water was clearly heard
even 3 melers away from the well, Tha pumyp s&l was immedlately re-inatalied, and a very thick dischargn of
water was obiained. The purps are dry after the sarthquake. Others in the viliege have reported furbid and
fou! smelting water from wells, On 1B.90.62 for one day the water was |ke & very dilule solution of praster
of paris In 3ome wells.

Dr. Poddar namatsd a very interesting fcidenca aboist his friend Besevre} Virgjdar. The fatier uses a
drip Irigation system for watering his vineyard. Somelime betwean March and April 4983, he found that
sall stones in tha feld ssemed to be unuaually olly sfter baing watersd, s if kemaeng had baen sprinkied

on them. T his surprisa ha found that whan these stones were immersed in a bucket of waler a thin fim of .

oil came on top.

At Kawtha the Samanch, S0 Shivajl Rao Patil informed the authora that 1.5 km west of the faled
water tank, the bore wells showed an increass of ouiput, whereas 172 @ km east of the same waler tank
the siuatlon was reverse,

in Takar vilage of Paranda lalika, Osmanabed district, bubbles wera reported and white smoke
emanatad from wells and continued for 3 - 4 hours after the earhguake.

Lights and Smoke

Strange atmosphiaiic pheacmena wer repdited 1o have besn cbserved twfora the sarthguake, like
smoke emanabng from ground  and kghis fn the sky. The Serpanch of Gubal, S Aleuddin Abdul Patei,
accompanisd by many vilagers, informed the euthors that about a month before the earthquaks very strange
phenoimena wers obsarved in the vilage. About T km west of Gubel on both sides of & nullah, ina 10 - 12
acre fisld, 3 - 4 meire high white and black smoke was obasarved betwsen 8.00 am and 1.30 pm, from far
off places. On that day, &r o day bafore of after the smoke appeared, a vary strange bright light was seen
i the sky after 7 o'clock in the avening, i.e. afer it was derk, which persisted for about 20 minutes. i lef
the villagers stunned. Foul smeling wanm wats! came out from the pump sats thersafter, Also, a ot of
iihsaam Et::ﬂja-.mdiua and gastro enteritis staried  afler that Singe then water in the region hag been
‘khara' i.e. brackish. '

in Rubrawadi and Khajui vilages of Gulbarga distict in a €0 em wide by 50 m iong are2 30 cm
high smcke was seen by the vilagers the day aftar the sarthquake, in the evening around 5 - 5.30 prm.
These ame not isclated ingtances but were repesatad in sevarzl villages.

ISDSEEIMAL MAP

Qn the basis of an extensive damage survey and information collected from woeal pecple, a
prefiminary isoseismal map has been drawn  for tha earthquake o! September 30, 1993. The AMI scale

T gy = 1 s 4 A
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given in 1S 1883 - 1484 was used in preparng the isossismal map. The maximmum Modified Mercat
inensity (MM} was Viil+, obsoervad at Killar, Talnl, Sastur and adjoin/ng vikages, Tsossiamals VI to V are
ghven in fgure 55,

intenshy W+ weg assigned [ thote places whane ail rural and poorty bu¥t structures such as
stone hausss ware razed o tha ground, ordinary rick bufldings with cemert - sand mortar developed farge
and deep cracks in walls, gaps occumed [n walle, some heavy fumiture overumed, peopla wers fightaned
and panicked, some monuments twisled and moved, cracks ocoumed In soft embankments opto widthe of
several cenfimetars, dry wells refillad and existing wets dried up.

Intansity V1l was aseigned o those ereas whers maomi peoplo woma frightensd end ran cutdoors,
many found it dificult io stand, heavy damage occumred In sfona huildings, arndd fine cracks developed
plastsr and smal pieces of piaster fall off In weli buitt buidings.

Intensity Vi was atsigned to areas whers tha earthquake was feit by most, & few persons los? Eheic
balarice, a foud rafting of windows and doors wan haard, many peaple weme Tigiiened and rn outdoors,
thiects fell off from racks and shelves, fne cracke appsared in plaster, smal plecas of plaster fel off in
some erdinary itk masanry buikdings and smak cracks appeared in many stora bulidings.

Intensity V' wad aseigned to aneas whaes many steeping people wers ewakensd, o few ran pul-
gocra, animale bacame unassy, buikings trembled, pklures fames knocked against walls ahd unstable gb-
jacts holl indvore, the ssngstion was similar o thet of vibration due b heavy phject falling Inyide buildings
and siight demaga cccumad in siona hoyses,

CAUAES OF EXTENSIVE DAMAGE

Disastrous effacts of the earthquake are condenirated within en elipss of about 100 square Koma-
ter area. Jtone houses collapsed because they had heevy MOTs and thick wala. Thase feazhures shalterad
tha wylhes, separated tha walls ol joints and comers and i8d to collepse of walls angd roof. If bond siones
had bean used In wals end the wally and rood had besn propedy ted ogether by sarthguake bands fewer
casuaites would have occumed. Tha lraditional imber framed stone Houses performed  much better com-
pated to those atong housas which hed no frames.

Several causes hava been identifed which lnd to high casually Mgures. Thease era

1. The timing of tha quake. The earth shook vicleatly in ta sarly howrs of the moming when mast

people ware st in bed and wene caught unawares in thelr sleap.

The earthquake had a shaBow focus.

Meximum shaking octamed n a vary denssly populabed sres,

Consiruction n the eplcenital ares was tofally unsuited ko shaking of the kind caussd by thia

sarthquake.

Most peaple who dled wepe trappad n their own dwellings.

Cuality of construction of stone houses was vary poar.

Liss of vary keavy, bly, rounded and undressec siones made the walls very urstabls in B

eartquake,

B. The use of very poor quakty mud morter has almost no cohesive strength to bind the huge
siones.

8. Vesry thick stone walls wers made without any bond slones.

10, Veqry heavy roof penarsied high inerta forces.

11. Collapsed boundary waks choked the nanow strecte and kiled pecphs running outsida,

12. Wally separcted at pints and cofmers becausa of absence of earthquake bands.

13, Walls moved outwards whena L roof was used, resulting in ool coffapse,

14. At some places mixed type of constuction (brick and stone masonty] withaut proper
connecions iad 10 damagsa.

i6. I enginesned buikdings diagonal cracks oocurred batween two cpenings and befween opening
angd comer which are mostly repalreble.

16. Torsional falure occurrad due to Imegular shape of bubdings.

NMBho kiafa
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Fig 55 Praliminary isoseismal map For the Latur - Osmanabad
earthquake of September 30, 1%973.

17. Re - entranl coimers caused damays lIn many buldings.

18. A suddan change in siavatian of tha bullding caused damags n upper pottlons.

18, Doors were jammed inowall englisansd hulldings, spedally In roorms which wene ! Junction of
two wings of & building,

20. Extensive non structuret fallune was observed whare alements were not anchorsd and ted o
the main slructure proparly. such as ias, efactric fitings and wash basins.

2f. In relnforced concrete columns of water tank lateral ties ware widsly specod, specially naar
feints, which I8 unfavourabls to the structure during an earthquake.

22. Torelonat moticn was pradominant ot places which Incraased the damags.

RECOMMENDATIONS

Al sclantific data redevant 1o this earthquake should not only b widaly disseminated but should
ako be made avallable {0 all sclantists. Selsmalogical Instrumantation and tdipretation techniques shouid
be strangthened and upgraded at tha nationsi leval. Stange phsnomeng sugh as animal bshaviour
associzbed with the aarthquake shou'd be thoroughly studied.

Ssismic histery and geotecionics hed eadier indicatad that earthquakes are rare in the Deccan trap -
reglon. However, ihis earthquake hes attered the current view of an aseismic Deccan plateaw and haz now
necessltated a thorough revialon of the existing Seismic Zoning Map of india  New bulkdings should
include ak earthquake reslatant massures pedainig 10 2one IV of tha existing Selsmic Zoning Map of Indie
{{31 1893 - 1464}, as an interim measura. Il proper conatruction praclices e not implemanted huture
sarhquakes of moderate magnitudas n highly populated regions can again become unmitigated disasters.

Existing struclureg need to be svalvated and slrengthened against earthquake forces, Tradbiona!
stone construction can be mads safer with a lew modifications Hka wall thickness should be redused and
bond stones, vertical steel and eanthquake bands sbould be used in walls lo resist laleral seismic forces os
desgribed in the ndian Standards llsted in referancas.
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There is an urgsn need Lo create awareness about earthquake resistant measures, design, repair,
restoration and elrangthening amotg tha masses. This can be achieved through workshops, seminars,
video films, posters, ifustrated boaks, exhibitions and redie brosdcasts in al Indias languages. Short term
spaciafist courses for adminlsbators, decision makers, technical amd nen echnical personnals alzo needs I
be organized. Mode! houses which vse local materals and incorpotate all earthquake resistant measures
should be built in esch vilege so that local inhabitants san become awara of tham.
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