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XlMOSECfXeX? 
In the early hours of the 1st Karch 1954, moat of 

the inhabitants of the city of Adelaide ®ere awakened by a 
lout? runbling noise followed by a shaking severe enough to 
crack the walla and loosen plveter fro© many houses, i?or 
most people in Adelaide this ©as their first experience of 
a ma.Jcr earthquake, and it ĉ as the first record in almost a 
hundred years of any significant movements in the earth's 
crust in th© vicinity of the city. Although a relatively 
minor one by th© standards of countries prone to earthquakes, 
it o&g sufficiently severe to cause aaterial damage to many 
buildings, as the possibility of earthquake damage had never 
been taken into eonoideration in their construction. There 
were no personal injuries resulting from the earthquake. 

Utois event stimulated a roneaed interest in Louth 
Australian seismieity and its relationship to world earth-
quake patterns. 

DMeS OF EAlifHrOM^O 
She earth's cnust is subject to constant Eovesent, 

aostly too email to be dotected uithout the aid of sensitive 
instruments. Theso movements cro ecused by © variety of 
phenomena and those which result in sudden disturbances are 
called earthquakes. 



Study of trorld earthquakes has shovm that r;ell-
ttar&ed bolts of oarthquak© activity occur in tfeo «erth * c 
crust. ®ham are sones r.her$ earthquakes aro oost frequent 
and olsofe ^reateot c'oEOĝ  is criaeed by their effects. 
Australia lies to the south of an earthquake belt Ghich 
runs fro.a Japes dots through. Pa^ua-Hes Cvuinoa end across to 
E m Sealand. 

The existence of a definite pattern of earthquake 
belts throughout the corld together with strong evidence 
that the continents havo drifted o®oy from each other in the 
past led to the modern theory of Plata Tectonics. S?bic 
theory gives a good explanatiom for th© oechoniso behind 
major ©orthquake activity s M can bo aunaaarieed as follows 

She Sartfe consists &t an ontor leyer of relatively 
strong and brittle rocks up to 1GO .las thick called 
the litfctQSioherQ underlain by a cooker substratum 
call©& the asthenesrahere which defense by flon. 

..... 3?hG lithospher© is divided into a oorios ©f rigid 
"plates"of irregular shape. 

..... &ost Dorld eorthcuake activity io concentratod at 
tho e d g o o of these plates c h e r o t h e y p o v c , • relative 
to each other. 5?hio movement which can be as fei^h 
as 1Gem/year is probably caused by convection currents 
i« the asthen©sphere. 

Figure 1 oh ©TO o tahy Australia, which fonao part of 
the Indian Plate, does not lie in. an active seisoic eroa^. 
£-he socticn illustrates ©hot is bslievod t© bo happening at 
the function of the Indian and Pacific Flates. Kclative 
movement between tho plates is forcing tho edg© of the Pacific 
Plate underneath tho Indian Slot© and stresses set tap in the 
brittle lithosphere end bolow 'are released as' earb^ualse enerfry. 



Although Australia d o e s not lie g b tho edge &£ a cruatal 
plat a it is otill subject to ooiemic activity'. . £M.c £q 
probably, because the "platee* ore pot rigid as coo originally 
cup^ooed end zaey thomsol^ee consist &t «e».ri©o of sub-plateo • 
Seep-GTQfo is m m being directed to discover hoc tho pattern* 
of these nub-plateo affects Australia end tfeio may eventually 
letd to the ooro nccurat© prediction"of areas of future 
earthquake activity. 

MATQBE CP 
fhe shaking associated with earthquakes is pro-

duced by a oudden displacement which io often caused by 
slipping alefifg as existing geological fault. In some earth-
Quokeo completely new faults or fractures are produced. She 
195^ Adelaide earthquake is thought to have been caused, by 
a osall movement aloeg the S&eB-SurasiOe ff'ault although there 
vas no Cofinite visual evidence of this* 

She area pitMn tho earth's cruet at which the 
Hoveaent causing the ea^thqua^c t£keo place io oallcd the 
focus, estl the. oxo© ©n the earth*0 surface directly above 
this io kneroo so the epicentre. Earthquake© cc® have depthc 
to focus of up to 700 km although Australian earthquakes tend 
to be shallow end the 195^ Adelaide earthquake had ito focus 
at less then 10 km below ground surface. 

Prediction of future earthquake activity io 
extremely difficult e®.<3 relies chiefly oa the statistical 
treatment ©f large amounts of accumulated soieMc data. • 
Sufficient $ata is not yet available in Couth Australia for 
this to be done oitft any accuracy. 

Ceaoureaent ©f the rat© of tseveoent along active 
faults feaa also been used to predict oarthcua>:eef particularly 
alon̂ t tho spectacular Gen Andrcao Fault in. Uorth America, end 



mfym. 

encouraging results have bean obtained by this raethod where 
Eoveaents are rapid enough to be readily detected* 

e a k s j h s m & e immsiTY urn l o a g s x t u b e 

She difference botttoen the intensity and magnitude 
of an earthquake should be made clear. !Ehe intensity io a 
relative concept relying on effects felt by on obeerver and 
generally diminished a©ay from the epicentre, labile the mag-
nitude is an instrumental ceasure related to the total energy 
released during the earthquake. 

Sstimates of intensity say ba used to determine 
the approximate epicentre of an earthquake. For this 
purpose the Modified Kercalli Scale is generally used 
('Sable 1). Reports from the public are used to draw iso-
seismal intensity contours and these can indicate the epi-
centre if sufficient fiata is available, ^his was done for 
tho 195^ Adelaide earthquake (Fig. 2).end results showed 
that tho epicentre was located in the Darlington area where 
a Eaxicms intensity of 8 ©as recorded. 

Earthquake magnitude is determined by instrument 
measurements. It is a ©ore fixed and objective neens of 
measuring the eng»gy released by the earthquake end for 
this reason is noro frequently used than intensity in scien-
tific work. Magnitude is coujconXy measured on tho Pdchfcer 

e 
Ccale. Shi© scale is logarithmic amd open-minded, although 
no earthquake greater than 9 has yet been recorded on it. A 
shock of magnitude 2 is th© smallest normally felt by humans 
and the 195^ Adelaide earthquake had an estimated magnitude 
of 6. A comparison between Australian and other major porld 
earthquakes is given in Sable II. In reading this table it 
must be remembered that the Michter Magnitude ^cale is 
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lo^arithMc s© that a magnitude of for example, ropr-eoente 
a disturbance with groima action amplitude 10 tioos that of 
a nagnltude 6 ©arthquo?s@. 

Burotiom of tho shaking caused by earthquake activ-
ity can be highly variable. Ground shakier durimo the 1 % ^ 
Alaskan earthquake lasted for- nearly to© rlnuteo while duration 
of the 195^ Adelaide earthquake did not exceed 20 cecondo. 

Emm^mm mom mmzzLih 

.She majority of Oouth /metralien Karthoualiec occur 
within a belt extending froia Kangaroo Island in the ^outh 
through the uount Lofty and Flinders Sangee In tho Ilorth. 
Other oeiccdc s©nos occur on tho southeast era Byre *'eni&Gul& 
m.C it1: tho Liirapeon Beoert and tho opproxioatc aroor of the 
main son©© are ohov;n in Fig, 2. îiooe conoo have been 
established froa oboorvutionG carried out by tho Melaid© 
University keiecograph Stations and cro baaed lorgaly on 
.©nail eartft tresora, the vast majority of ahich havo aasnltudes 
of leas than- . ̂ hey servo to indicate the broad aroas? in 
•©Mob oeiacic activity ©ay be escpocted and d© not neceosarily 
imply tho probability of a cataotrophic ©orthquake. 

Intense earthquake chocks h m o alao bean folt in 
the Eingoton-Beaehgort aroa of fc»outh Australia, ^hey cere 
probably related to volcanic activity aa volcanic craters 
are keoEn in this area.. The go are fairly isolated occurronceo 
which cay not be cennoctad e?it̂  the main zonae of eeiesic 
activity and for this roa-on have cot boon ohom ao such on 
Pig. 3. 

Although earthquake© arc conerally connoctad oith 
©slating geological faults there is v.o evidence is Louth 
Australia that continued activity io acaeciateel cith any ©no 
particular fault. Shortly after tho 1954 Adolaido earthquake 
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tho loeotloa of th© M m Faultt uhiefe ic "buried feonooth 
a e©ver of coil along coot &f ito loB^th, oco loeatcd 
accurately by th© keutfcr Australian yopartoent of Cinoe* 
All ©thor ma^or fculte is tho Adelaide Hetrogolitsn area 
ore bow roae©nably uoll-lmoon ord their distribution io 

4-
shorn in Pig. A larger eoele version of this map is 
available for public inspection at the £epartoeiat of Cinos 
and all faults shown ©e th© mag moot bo regarded go poten-
tially active, 

Biroct Keasurooont of earthquake shock ic usually 
car-riod out by seieoasroph©, accolorcootero or vibfoooterc. 
She g o i n s t r u m e n t s o r © all basically tho ooqo ©perctc 
by ooverseat of a rases ©enpoadod op a oprit\f> Continuous 
records ©f all ground movements in South Australia are 
recorded by seiomfsrapha installed ponaanontly in special 
stations end the locations of th© seven seismograph-stations 

3 
operator currently by Moleide University or© shorn ia Pig. 

Study of instrument readings or1 ©f visible dooose 
caused by earthquake s&okino has chevn fchot fesrison'oal covo-
esont i-L blt^ =s greatest tieoes© to engineering structures. 
Vertical aovoment ie also a component of earthquake shalriBQ 
and is particularly important in settlement of ©nbaakDcnta 
and foundations, parts of th© ©orld, subject to 
regular seirmic activity? Jsnvo boss soncd accor&isg to earth-
Quatfo risk, 'x'hls has boon dona in Hon Sealosd end cones 
are currently i-oiag established for Australia bp tho national 
Conoittee en iiarthguâ o , cet up by tho ^tnndorde 
Association' of Australia* ^©rienco from oortfequoUo prone 
arose allocs the following generalisations to bo oado regarding 
tho effects of ©ar&Squako shock on civil engineering strv:eturoo:-



Buildings. Steal fre®Q<3 tell building® io which tho 
frazae supports all aall floor loads 
generally behave sell during earthquakes. 
Reinforced concrete buildings ouch ao gs>ain 
©levator© aleo fare aaticfactorily although 
cracks say develop in ssallo and piors» 
Baaonry-bearicp> aallc with cesd interior 
eonotruetion, ouch as ©any of the older . 
buildiage is Adelaide, prove to be very 
vulnerable particularly if the lino-cement 
mortar hao deteriorated. Oodera houooG raith 
roof©, wall© and foundations tiod into one 
rigid unit behave well particularly if thoy 
are built to established Building Codec. 
most auitable houses for earthquake prone 
arose ore oad© entirely of v;ood and other 
flexible materials and conofcructien of this 
typo io coBmon in Bow Zealand. Brick veneer 
construction foils in between the too extresao. 
Its flexible wooden frano can aboorb earth-
quake shock although some eollapoo of the 
brick veneer trails eould be expected. 
Hoot earthquake hasardc in the citiae are 

not due t© aa^or otructural failures but 
feather to falling debris from parapets, filler 
walls and displays and to the dieruption of 
public utilities such as electricity, gas and 
water. Piro canoed by ruptured gca cminc or 
electric short-circuits io an important con-
tributing factor in urban oarthtpaako dioaatora. 



-8~ 

Foundations..... Shallow fouadatiosao arc Eos*e ocnoitiv© 
to on earthquake shock than deop piled found-
ation. For l igh t sfcraeturoo, bedrock oolios 

the heat foundation sn«2 is ueod r.hercwr 
possible in earthquake arono. Stiff ooils 
ouch as clay and clayey (jravol ale© generally 
provide adequate foundations. Lqqbo oand or 
silt nsy bo conoiderably affectcd vibration 
particularly if tho water table io ehalloQ when 
the B&tarlcl con bohavo tfoisio tropically. In 
tais case liquefaction may occur, of ton with 
disastrous? soniaequoBcea and there are ooay 
^oeorda of this phenomenon ©ceurisg in eoaotol 
dalta rogio&s. 

Biarlng the 1755 Maboa ©orthqualsG o now 
cjttay built e n t i r e l y of norblo at Idiboeioo coat 
qgsIs; without trace is to the s g q floor. At 
Faldez, is Alaoka during the earthquake 
a wedge of eoaot ©standing 1^0 o inland end 
having on. estimated v o X u s q of 75 million cuMc 
setrce slid into the soo iaeGtroylia3 harbour 
fccilitioc. 

J1qt)S£i and Sffibankiaenta....... Settlement of elabonkaonfeo ie 
connoii particularly when isotropic mat oriole are 
involved... I'hia can bo taiaiQised by careful by care-
ful compaction control during eonotruetion but oven 
then oettleoent can occur. Sharing 1921 &--S yoar old 
7 a highway Gmbssteont in Hew Zealand dQa^oasod in 
height by 1 n during a oerioo of earthquakes. 
Rods and eartholidea ao a remit of ocrthc\uafeeo have 

been the eaua© cf momy deaths particularly in rocidGO-
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tial arose. Careful design of highway anil rail 
cuttings and avoidance of steep elopes for res-
idential development ic nececsary in creac subject 
to oeiccic activity. 
12any earth of mud elides have been caueed by 

liquefaction of loose candy leasee ao a result of 
ground vibration. 

Boma... • Earth end roclifill dome ouch ae those most 
commonly conotructcd in Oouth'Aootralionusually 
stand up t»ell to earthquake ahocM. Burins the 
1906 Can FranciGco"earthquake novonent of up to 
VA ia vjas recorded alens th© Can /adr̂ c-.s Fault where 
it pesoed beneath the abutment of a rocl'-fill don. 
However no offset m s produced in the dan itoolf 
although a tunnel from th© overflow wier v;ac cut 
in tv.;o end partly crushed. Earth or rockfill dene 
having an. upctreoe concrete dock are core vulnerable 
and during the 1971 ••"On Perncndo earthquake too 
thirds of the concrete deck of tho Van Dorman earth-
fill den collQpofcd and fell into tho rccervoir. 

Concrete arch dano arc particularly vulnerable to 
soienic shoe!? of ton ao a result of reel: movement 
beneath, tho- abutments. Kinor erocke in th© concrete 
©all of tho Darosea D m in South Australia are 
thought to havo boon partly oauced by the effects 
of tho Adoloifie oarthesua&e. 

JJmmfilB*.'.ne»y reels tunnels intersect geological fmslto 
along part of tboir alignment and are often soriouoly 
affoctod by EovoDont. In eeiceieaily active areao 
special (Sooign of tunnolo ic neoecsory a© rupture of 
the lining ssy cause flooding or partiol collapoe. 
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£arth tunnels ar© less affected by earthquake vi-
bration unices liquifaction of surrounding oaterials 
take a place. 

Elevated g^nks....Sank tenors of the rod-braced type have 
been cirtrcoely vulnerable t© earthquake damage. 
Shere i e soma evidence that trz&s ilaced on concrete 
footings, tied up and resting on piles, are more 
stable' tfeess thooe on conventional shallow spread 
footings. 

mtm^mm Mm xmmMJCE 

Approximately JO COO dwellings ©ero affected by 
tho 1954 Adelaide earthquake resulting a total coat to 
Insurers of some million, the average clcis amounting 
to 52C0. She cost today of an earthquake of similar mag-
nitude he© been roughly estimated as $35 oillion. For 
comparison tho coot of claims for tho 19?^ Brisbane j?l©ofi 
disaster will roach on estimated 0100 million, which ie 
about the oese error as total costs to Insurers of the 1972 
®an©guan Earthquake in Bicaragua. 

Automatic covor a.-iaiset earthquake fire and shock 
io given, by olnost all Xncurence Companies in Australia 
tinder thai? Sougo cwncro and Householder's Insurance. Because 
of tho largo number of minor clairac rasde in 1954 for eraclting 
©hicb could have been duo to other eausea, moot Householder's 
policies bovs contain an eijrceao of 6100. 

Cover against earthquake fire io generally an 
optional extr-a for Commercial -*"iro Insurance when an excess 
of 1;5 insured value ot 310,€00, whichever ia tho lacs, is 
usually held over tfeo policy. 
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"Blenentasy-^oionology" by 0 J-. F&ehfcer • ffreenan Publinhcra* 
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Soa-JEC. ' 
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Co. Xno. 
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TABLE I 

Modified ESercalli intensity Scale (abridged). 

I Detected only by seismograph 
II Pelt only by a few people at rest. 
III Felt noticeably indoors especially on upper floors. 

Some hanging objects swing and parked motor cars 
rock slightly. 

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

V Felt distinctly outdoors. Sleepers awakened, liquids 
spilt and pendulum clocks stop. 

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

VII Difficult to stand and noticed by drivers of motor 
cars. Damage to buildings of unsuitable design. Fall 
of plaster, tiles, cornices. 

VIII Fall of chimneys, factor^ stacks, monuments, towers 
and elevated tanks. Partial collapse of some masonry 
buildings. Changes in flow of springs and wells. 
Cracks in ground and distitnbance to persons driving 
motor cars. 

IX General panic. Unbolted frame houses shifted off 
foundations. Destruction of some masonry buildings. 
Underground pipes broken. Liquefaction and sand 
craters in some alluvial areas. 

X Moat masonry and frame structures destroyed. Ground 
badly cracked and some bridges destroyed. Damage to 
dams and embankments. Landslides and general shift-
ing of send and mud. 

XI Bailway tracks bent. Few masonry structures remain 
standing. 2?otal disruption of underground services 
and broad fissures seen in ground. 

XII Damage total. Lines of sight and level distorted. 
Objects thrown in air and waves seen on ground 
smifaces. 
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Comparison "between other 
•orlfi EcrthquQicon 

Date Karthstuateo jdicfeter 
Uapsaitude Bead 

1 7 5 5 Lisbon, Portugal 8 . 7 60,000 
1 9 0 6 Can Francisco, U.o.iw- 8.3 700 
1920 Kansu, China 8.6 1©C,000 
1 9 23 So^yo, Japan 8.3 143,000 

Cjaelfca, Pakistan 7.6 ' CO,000 
1941 i^eebcrrie, 6.5 LjIL 
1 9 5 4 Adelaide, G.A. 6.0 [:iIL 
1960 Gbile, 8.4 1,000 
1961 Robertson, 13. D. . II5X 
1964 bkopje, Jugoslavia 1,000 
1964 Alaska, y.S.A. 8.4 1 2 5 

1968 fleckering, -U.A. 6.S IvXIs 

1970 Peru 7.8 250 

1970 Canning Basin, w.A. 6.7 
1971 Can Tornando, TJ.L.A. 6.6 65 
1972 Kanagua, Nicaragua 6.2 10,000 
1972 Giepson Desert, S. A. 6.2 lllh 

1973 iicton, H.C.u• 5.5 L'XXi 
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