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BARTHCOUAKES IN 80UT AUSTRALIA

(Proposed Llineral Informetion Ceries Tamphlet)

INTROGUCTION

In the early hours of the 1st Harch 1054, most of
the inhabitonts of the city of Adelside were svakened by s
loud fumblingAnoiae followed by & shoking severe encugh to
crack the ualls and loosen pluster frem many houses. Ior
most people in Adelnide thio was their first experience of
a major earthquake, and it wag the first record in ealmost a
hundred yecrs of any sipgnificent movements in the eerth's
crust in the wicinity ¢of the ¢ity. A{Llthough a relatively
pinor one by tho stan@ardo.of countries prone to earthquakes,
it ves sufficiently severe to cauce naterial domage to meny
buildingo, as the possibility of earthquake damage hed never
been taken into conaideratidn.in their construction. %here
were no porscnol injurieé resulting from the earthquuke.

This event stimuloted a ronewed intercst ip fouth
fMistralion seismicity end its relotionship to vorld earth-

guoke pattermns.

CAUSE OF BARTHCUARLS |
The earth's cmust is cubjeet tc cornctent rovement,
nostly too smell to be dotectéﬁ without the sid of sensitive
instrumcnés. Theso movements cro coused by o variety of
phepomonse and those which result in sudden disturbonces are

called cearthquakes.



Study of world eerthguckes hos shoun that vell-
marked bolts of carthquake activity ececur in tho emrth'so
crust. Those sre zones there ecarthquakes aro most froquent
cnd vhere mreatect “omage is couced by their effects.
Auptrolia lies to the couth of on eorthauake belt uwhich
runs from Japen dowtn through Fevua-Hew Guineca and aeress to
Hew Zealond.

The cuistence of a definitc pattern of'earthguako
belts throughout the vorld tomether with sotronz evidence
that the continents have driftcd awaey fpem each other in the
past led to thc rmodern theory of Elats sogtomics. %bis
theory ives a zeood explanatiom for the pechonion behind
meJor eorthauohe activity and can de sucmariccd asc fellowg:i-

eeess Whe Darth consiots of an ouvtor leyer of relatively
strong and brittle rocks up to 100 m thick called
the litbogphero underlain by a veaker substratum
called the angthenosphere which deformp by flow.

essses Xhe 11thosph9re is divided inte e soriocs of rigid
"platos” of irregular shape.

eeses ot vorld earthcuake aetiv;ty ic concentrated at
the edpoo of theoe  tlates vhere they pove  relative
to'eaéh other. Thio mevement vhich com Be as high
as 1Cem/yoor is probebly csused by convecticm currento
i the eathenocgsphere.

Fipure 1 chows uwhy Avstrolias, which forms part of
the Indian Flote, does not lic inm en netive seismic oroag.
Fhe poeticn {lluastrates vhot is believed to bo haprening at
the junction of the Indian and Pacific Flates. XNelaotive
novernent between tho plates is foreing the cdme of the Facific
Plate undorncath the Indien Ilote ond stregses set up in the

brittle lithosphere eré bolow -are released Qg earbihiquoke eneor(y.



Althouph Austrulis does pot lie on tho edpe of & eruntal
plate it is otill cubjeet to ceismic activitj.: hio is
probadly beceuse $he "platec” are not rigid as voo originally
cuptosed ond mey thomselves consist of eceries of sub-plates.
Regearch is mow being directed to discover how tho patvern

of these oub-plates affocts Australio ond this may oveatunlly
lecd o the moro accurato predicticn of ercas of future

eorthquoke activity.

HATORE (P EALTRCUALES

The shaking cosocioted with ecarthquekes is pro-
duced by o ouodden digplacement whiek ioc ofton couced by
slipping along an oxisting recloglecel foult. In seme earth-
auokes completely rew faults or fractures are yroduced. %“he
1954 Adelaide earthquale is theught to have been caused by
a snall movement clong tho Eden~-Burnside oult altheouph there
was no ¢efinite visual evidence of this.

The avca vwithin the carth's erust at wéich the
movenent causinps the eavthguaze tdkes ploce is callced the
focus, and tho erca on the earth'c surface déirectly ebove
thig io knourn ms the epicentre. Igrthguakes con have deptho
to focus of up to 700 km although Australion earthgueokes tend
to be shallow and the 1954 fLdelaide earthquake had ito focus
at leso thom 10 km below ground surface.

Trediction of future earthgualire activity io
extrencly difficult ond relico chicefly on the otatistical
troatment of loarge emounts of sceuruleted seicmic data.
Cufficiont datn is not yet availeble in Couth Australic for
this to be done with any aceuracy.

Ceacurenent of the rote of mevement along cetive
frults has also been uged to prediet corthouoizes, particularly

alon tho spectacular Uon Andrees Fault in North America, ond
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encouraring rosults have becn obtained by this method whero

povements ore rapid enough to be rpealily detected.

EARTHGUAKE INTERSITY AND MAGNITUDE

The difference botwoen the intencity and mognitude
of an sarthquake shpuld be mede clear. The intensity ic o
relative concept relying on effects felt by sn observer and
generally diminished cway from the epicentre, while the mag-
nitude is sr instrumentsl measure relatcd to the total energy
released during the earthquake.

Estimates of intensity moy be used to determine
thé anproxinate apicentre'of_am gorthguake. Cor thio
purpose the lVodified Hercalli Ceale is pgenerally used
(Yodble 1). Reports from the public are used to 4raw ico-
seismal intensity contours and tﬁese cen indicate the epi-
centre if sufficient Gata is availaﬁle. This was donc for
the 1954 Adelaide eafthquake (Pig. 2).and resultc showed
that tho enicentre was located ip the Darlington sres where
8 mexinum intensity of 8 masAreeordea.

Esrthquake marnitude io determined by instrument
measurenents. It ic a more fixed and odJective meens of
neasuriag %he engepy relcased by the earthquake and for
this reccon is nore freguertly used than intensity in scien-~
tific work. {fiagmitude is commonly megecured on tho Richyer
Lcale. This seale is logarithmic and cpen«éindea, although
no earthquoke greater than 9 has yet been recorded om it. 4
shoek of magnitude 2 is the smeallest normally felt by humans
and the 1954 Adelcide eerthquake had an estimated magnitude
of 6. A comparicon between Austrulian and other major world
earthouekes is given in Teble II. In reading this table it

pust bYe remembhered that the Richter Hagnitude Leeole is
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logarithmic sc that a magnitude of 7, for example, roprocents
e disturbance with ground motion amplitude 10 tinmos that of
a nagnitude 6 esrthquolke.

Buratiorp ¢f thoe sheking coused by earthguake cetive
ity cor be highly varioble. Groupé ghakin~ during the 1964
Aleskan eoarthouake lasted for meoxrly tup rinutes vhile duration

of the 1954 /delaide earthquako did not excecd 20 gecondn.

FARRHOUAKES 1N SOUTHE AUSTTALIA

Yhe majority of Louth fAustrolicn Farthgualies eccur
within o belt extending from Rangarco Island ir the Louth
through the Jount Lofty and Flinders domges in tho llorth.
Other seiomic senos oceur on tho secutheastorn Lyre reninsukk
ane in tho Jinpson Depert ond tho opproximatc arsan of the
rain gsones oro shoun in Iig. 3. Thove zonog have been
established fx;om oboerviotiorne carried out by thoe Ldeloide
University Lelsrogroph Stations ané srco bosed lorgely on
sneldl earth tromers, the wost mojority of ﬁhic&.hava narnitudes
of less thaon 3. *hey gerve to indicate the broad arcas in
which seiecmic setivity roy be expected and do net neceovsarily
imply tﬁa'probnbility of o cebostrophic eorthcuake,

Intense earthqualie choecks bave also becr folt in
the Xincoton-Beachport aroa of bouth fustralis. They were
probadbly rolated to volesnic cetivity oc volcanie craters
ere hroun in thies area. These are fairly isolatcd occurroncesn
which nay not be cennocted with the mein zoros of seisnic
activity and for thio rosron hove not been shown as such on
Pig. 3. _

Llthouzh ocarthaquakes are Generally connoctod with
exioting gé@logical fouvlts there is no ovidence in Louth
Austrolia that continued cotivity ic aosecioted with any ono
particular fault. OChortly after the 1@54 Adolaide oaxrthguake
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the locotier of the Idem Pauld, which ig dburicd bencoth

a cover of coll aleomp reot &f i%s lomgth, wos lesnted
aceurately dy tho boutk Augtraliorn Yopartoent of Uinog.
ALl ethor majeor foults inm the Adelaide lletropoliten srea
ore nov roaconahly uell-lknowur ord their distridbution io
ghovn in Eig.'§. A larger eesle vorsion of this wop 4o
evoilablo for public imspection ab the Uepartmont of Uines
en@ gll foults schoum or the map must bo regarded oo poten-
tially active.

DAMTHCBAKES Al SHEIRDERING

Biroet leasuroncnt of ecrthouste cheek 15 usbally
carriod out by seolcrogrorhs, secelorometerz or vibreooters.
Yhese instrumente arc all basieolly the oone ond epercto
by novement of a mase sunpended on . oprirg. Continuous
rocords of 0ll ground movements in couth Austrelioc are
recorded by seismosraphs incotelled cormanently in opecial
stationg onéd the leocations of thoe sever geisrorrorh: jtations
cperatod currently by ldeloide University nre choun im Fi@.,z.

Study of ingtrunent roodingo or' ef vigible donmage
cauned by onrthguake shoking bas chewn thad horigontol oouvo-
rent %;2;£E;=a grootest dencme to ensincering otructurco.
Vertical movonent is also & component of corthgucohe sholiins
ond 1s @axticularly inportant in pettleront of enboankncnts
end foundoations. Lopy parts of tho world, subjoct o
regular seirmic cctivity hnve beon zonet according teo earthe-
gucke risk. This hoo been done im How Zealond ond cones
are currently ‘oing cotoblished for Australis by tho Dationnl
Compittee en sorthaunase &mgineeriﬁﬁ, cet up by tho «tondaxde
fooociotion of Auotralic® P¥perience from corthguoio prone
excos allows the Lolleovwing generplicoticns to be nade rogerding

tho effects of corhBsucke shock on eivil enrminecring atructurcp:-



BuildingBeececes ool fromed tell buildinge in which tho

frane supports all wall ond floor loads

. generally behove well during earthouskes.
Heinforced concrote duildings ouch ao grain
elevatorso akoo fare paticofocteorily although
crabks may devolep in wallo eand piors.
Hosenry-bearivg wallo with vead intorior
congtruction, such as mony of the older
buil@ingm in Adelside, prove to be very
“wulnorablce partieularly if the lime-cenent
nortar hog deteriorsted. Lodern houccc with
roofs, walls and foumdations tieé into onc

. rigid unit behove well partiocularly if thoy
are built to ootodbliched Building Codes. The
moot puitaoble houses for corthouake prone
aroas are pado ontirely of veod and other
flexidble materiols ond conctructicn of this
type is common in lew Zeaiund. Brick veneer
construction £folls in botwcen the two eXbroRos.
Its flexidble wooden frame con adoord corth-
gquake shock although sene 6011@@@0 of tho
brick vemeer wolls eould be expected.

Noss eartﬁguake hazerdc in the eitios are
not due to meajor otructural failures dbut
fother to fallinm debris from perapeots, filler
valls and disployes oné to the dicruption of
public utilitios such as electricity, gas and
wator. Firo couced by ruptured zos péino or
electric ahort-circgitg is an ipportent con-

tributing factor iniurban earbhquako dionntors.



Youndations.«.ss Challov foundations ore more scnoitive

to on cortheuclie shoelk than decp pilcd fourd-
ations. Fer light sbrueturos, dbodroek nmokos
the begt foundcticn omd i3 usod chercewr
Qoséib;e in earfhgﬁak& aroon. EUiLFf goils
pueh as clay aﬁ@ cloyey ixravol aloo gomerally
provide ndeguato foundationo. XZoooe cond or
8ilt oay o conolderably nffectecd by vibrotion
particulorly if thoe woter table io shollew whem
tho matoricl con behave thixetropicclly. In
tuie case liquefoction moy occur, ofton with
dicastrous conseguonces and thore are nany
rocords of thic phonomencn occurini im eocstol
delta regioag;

Buring the 1755 Lisben eorthquake o ROV
quoy built emtirely of moavble ot inmense cost
conk without trace imte the sce fleor. At
‘Yaldez, in Alacke during the 1964 carthgucoke

6 wedge of comot oxtending 150 n inlend cnd
having on cotinated volune of 75 millien cubic
potros olid into the soo Cestroyins herbour
goeilitioco. ‘ '

Blopes ond EmbonkEontCeeseses Sottlencnt of cmbonkmonte ie

conron partiéularly vhor thixotvopic materinls oxe
invelved. %hio con be winivised by coreful by coro-
ful compacéionlcqatral during conotruction dbut cvon
then pettlenent con cecur. During 1931 &- 6 yoor old
7 = highucy cnbankoont ip New deoland decexceased in
height by 1 1 during o cericoc of ecorthguaokegs.

Réck end enrtholides oo 0 reoult of corthauakes have

beon the couse cf many deaths particvlinsly in rocidon-
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tial arces. Careful design of highvoy ond redl

cuttings ond avoiGance of steep slopes for res-

identiol developmont ic mececsary in oresc subject
to cedomic cetivity.

lany carth of mud clidez hove been coused by
liguefaction of locse candy lenscs an & rosult of
ground vibration.

. Domge... Eorth and rockfill demo cuch ac those most
commonly conotructod in South Austrolicnusually
stand up vell to corthquake shoek. DBuring the
1906 Con Troneicco’ carthouake rmovonent of up to
1% o was recorded alcn the Can ‘fidrecs Fault wherc
it possed beneath the cbutmont of o rock~£111 donm,.
Rowever no offset was produced in the dan 16301l
althouch a tunnol from the overfleov wior vag ocut
in tuo ond partly crushed. OUarth or rockfill dcme
having sn upstrean c@ncrete Qock are rcore vulnoroble
and durin; the 1971 fon Fernsndo eorthguake two
thirdc of the concrete Jdeeck of the Ven Hormon coarth-
£ill d4em collopeoed ord fell into the roservoir.

Corcrete aréh doms arce porticularly vulnorcblo to
soisnic choelr ofton mg a result of rechk rovenent
boneath the cbutments. Niner crocks in the concrete
wall of the Lerosso Dem in South Austrclia are
thought to have boon partly causced by the effeots
of tho 1954 Adeloide carthouake.

Zunnels...ldcny rock tunrelp intersect reologicnl faulsso
sleong pert of their oligmment and are ofton coriounly
gffectod by moveront. In seicpically cetive arens
gpecial Gesipn of tunnels i& néeessary as rupture of

the lining moy ceause f£loodinr or particl collapoce.
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Eérthntunnels are lesé affected by earthquake vi-
bration unless liquifaction of gurrounding materisls
takeo place.

Hlevated ©onks....fonk towers of the rod-braced typée have
boen oxtrenely vulnerablo to carthounke damare.
Zhere 1o sone evidence that tonks ylaced on conbrete
footings, tied up and recting on pilcs, sre nore
stable thar thooe on conventionsl challow spread

footings.

DARTACUAKES AND INEURANCE .

Spproxinately 30 OOO-dweilings verc effected by
the 1954 Adelaids LorthguaZe resultins in a total cost to
Insurers of sorme U6 million, the average claim emounting
to 1200. %heo cost todey of sn earthquake of similor nag-
nitude has béen.rougbly estimatod os U35 million. For
compayisen the cost ef claims for the 1974 Irisbene Jlood
visaster will roach an estimoted L1100 million, which is
sbout the sgme order ac total costs te Insurers of the 1972
Kangzuan Eart&quuke_in Hicaranua.

Lutomatic cover n-ningt corthouske fire ond shoek
is oiven by o2lmost all Insurconce Uompenies in Australia
under their Houso owmors and [ousebolder's Insurance. Because
of the lorfe numbor of minér'claims nede in 1954 for eracking
whieh could hove beeﬁ,due~s@ othcr couses, most Householder's
policies cow contoin an excess of U100, o

. Cover opeinst earthoucte fire is gonerally en
optional extre for Commercisl :ire Insurance wvhen an excess
of 1 incurecd value of 410,000, shichever is tho lecs, is

usually held aveé.tme Poliey.
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TABLE I

Modified Mercalli Intensity Scale (abridged).

iI
III

VI

VII

VIII

IX

XI

XI1

Detected only by seismograph
Felt only by a few people at rest.

Pelt noticeably indoors especially on upper floors.

Some hanging objects swing and parked motor cars

- rock slightly.

Felt indoors by many, outdoors by few. Hanging
objects swing and windows, dishes, doors rattle.

Felt distinétly ocutdoors. ©Sleepers awakened, liquids
spilt and pendulum clocks stop,

Felt by all and many are frightened and run outdoors.
Windows, dishes, glassware broken. Pictures fall from
walls and objects from shelves.

Difficult to stand and noticed by drivers of motor
cars., Damege to buildings of unsuitable design. Fell
of plaster, tiles, cornices.

Fall of chimneys, factor§ stacks, monuments, towers
and elevated tanks. FPartial collapse of some masonry

bpildings. Changes in flow of springs end wells.

Cracks in ground and distumbance to persons driving
notor cars.

Genersl panic. Unbolted frame houses shifted off
foundations. Destruction of some masonry buildings.
Underground pipes broken. Idquefaction and sand
craters in some slluvial areas.

Most masonry and frame structures destroyed. Ground
badly cracked end some bridgés destroyed. Damage to
dems and embenkments. Landslides and general shift-
ing of send and mud. :

Reilway tracks bent. Iew masonry structures remain
stending. Total disruption of underground services
and broad fissures seen in ground.

Damege total. ILines of sight and level distorted.
Objects thrown in air end waves seen on ground
smmfaces.



Doate

1755
1506
1220
1923
1935
1941
1054
1960
1961
1964
1964
1964
1070
1970
1971
1972
1972
1973

TABLl IX

worléd Lartheusicon

Larthounko

Iisbon, sortusal

Cem Francieco, U.l.4.

Kansu, China
Yokyo, Japan
‘umelts, Fokisten
decberrie, L./
Adelaide, C.4. |

Chile,

Hobertson, H.0.:..

skopje, Jugoslavia

AlOSk&, ‘ U.S-;’l.

lieckering, UL.h.

Teru

Canning, Dagin, Vel
Ceon Cernsndo, U....l.
Fanogua, Nicaragua
wippson Desert, <.i.

ricton, MN.L.u.

Comparison botucen fuctralion upd other

tidehter

Larmitvude

R
8.3
8.6
8.3
7.6
6.5
6.0
8.4
5.5
5.4
8.4
6.8
7.8

Lead

60,000
700
15¢,C00
143,000
60,000
LIE
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