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STRONG MOTION DATA CENTRE: 
BUREAU OF MINERAL RESOURCES, CANADA 

D. Den h a m * and G. R. Smal l* 

Abstract 

A Strong Motion Data Centre, for the 
collection, storage, di stribution and pre 1im-
inary analysis of accelerograms from the 
Australian and New Guinean regions, has 
rece ntly been e stabli shed at Canberra by the 
Australian Bureau of Mineral Re source s. 

The work under taken at the Centre is 
de scribed and examples of the processing 
faci1ities available are given. Extensive use 
is made of computers in the analysis of the 
accelerograms and the plotting of the results, 

By December 1 9 7 0 thir t e en accelerographs 
had been obtained, by several institutions, for 
install at ion in the Australian and New Guinea 
regions and 2̂ 4* accelerograms had been received 
at the Centre for analysi s 0 The inst rument s 
located on unconsolidated material at Lae, 
Yonki and Panguna are currently producing about 
5 accelerograms per year and the maximum ground 
acceleration recorded so far, of 0 0 12 g, was 
obtained at Panguna, where the acce1erograph 
is 1ocated on re cent unconsolidated volcanic 
ash. 

1, Introduction 

This paper de scribe s the work whi ch has 
recently been carried out at the Bureau of 
Mineral Re source s in Canberra to establish a 
strong motion data centre for the Australian 
and New Guinean regions. Considerable emphasis 
has be en placed by many workers in the field of 
earthquake engineering on the paucity of good 
large amplitude records of ground motion 
obtained from epicentral areas of damaging 
earthquake s. In recent years, there has been 
some improvement in the situation due mainly to 
the increased effort, on a world wide basis, 
that has been put into the installation of more 
acce1erographs. However, it is still very 
difficult to obtain good data because of the 
low probability of a large earthquake occurring 
close to an operational acce1erograph. Further­
more , the accelerograms that are available may 
not be appropriat e to many de sign problems 
be cau se of difference s in e arthquake source 
me chani sms, and becau se of the diff e rence s in 
ground response from site to site due to the 
large variations in near-surface geological 
condit i ons. 

Our aim in Canberra is to collect, in 
digiti sed form, a 1ibrary of accelerograms that 
have been obtained from the Australian and 
New Guinean regions. The se will be available 
to all institutions participating in the 
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scheme and any other organi sat ion s that may 
acquire strong motion data. It is hoped that 
f rom the se results it will be possible to pre­
dict the dynami c behaviour of the ground dur ing 
a 1arge earthquake, and to determine more 
accurately the structural engineers' require­
ments as far as earthquake risk is concerned 0 

2. Regional Seismicity 

New Guinea Area 

Although the high level of ear thquake 
activity in the New Guinea region has be en kn own 
for many years (Sieberg, 19 10 ) , it is only 
recently, with the ins tallat ion of several 
regional se i sinographs and improved compu t i ng 
facilities, that the di stribution of earthquakes 
in the New Guinea region has become fairly we 1 1 
known (Denham, 19 69 ) . It appears that mo s t of 
the earthquake s re sult from the interaction of 
the nor thern boundary of the nor thward moving 
Indian-Australia (I-A) block and the we stward 
moving we s t Pacif ic block. 

The predominant influence in the region 
is the northward moving I-A block, Thi s 
produ ce s the high se i smicity associated with 
the Solomon Sea trench complex and the north 
New Guinea mainland. The east-west influence 
of the Pacif i c block is almos t entirely elimin­
ated except at the ex treme north and nor th west 
edge s of the New Guinea region, because of the 
"shadow zone" effect re sulting from the vigorous 
underthrusting of the Pacific block, which is 
be1ieved to be taking place in the Tonga-
Kermadec region (I sacks, Syke s and Oliver, 
1 9 6 9 ) . 

The parame t er s of shallow earthquake s are 
of the greatest importance in studies relating 
to earthquake risk 0 Figure 1 shows al 1 known 
earthquakes, having a body wave magnitude (mb) 
of 5 or greater, that have occurred in the 
region from 19 58 through 1 9 6 9, at depths of ^0 
km or less. These data were obtained from the 
earthquake dat a file kept in Port More sby 
(Denham and Byrne 1 9 7 0 ) . The most vulnerable 
areas are along the south coast of New Britain 
and the north coast of the New Guinea mainland, 
with zones of very high risk near Wewak and in 
east New Britain south of Rabaul. There is 
also a zone in the s outh eas tern corner of 
Papua which experiences several shal1ow earth­
quake s, but the level of activity there is 
some what lower than in the main New Britain-
New Gu i n e a sei smic belt® Fortunately the 
shocks associated wi th the Bi smarck Sea sei smic 
1ineation are mostly sub-marine and are not 
1ikely to cause any direct structural damage 
to land based struetures except where the zone 
is located clo se to the coast. 

At the same time a s the detailed sei smicity 
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as it move s northwards and may be associated 
with changes in spreading rates (Cleary and 
Simpson, personal communication). 

However, the activity Is so low that only 
In a few areas has It been possible to locate 
any definite trends and obtain frequency of 
occurrence relationships a Two such areas are,, 
in the Adelaide region of South Australia, and 
the Meeker i ng region of Western Australia 0 

Both these areas have suffered large damaging 
earthquakes within the last 20 years and earth­
quake risk must definitely be considered in 
these regions. The last major damaging earth­
quake to occur in the South Australian seismic 
zone took place in 1 9 5 ^ ° 

After this event, which caused damage in 
excess of $ 1 million (Kerr Grant, 19 5 6 ) , some 
earthquake resistant design factors were 
incorporated in all new school buildings in 
the state, 

The seismic zone in south-western Australi 
has been referred to as the Yandanooka-Cape 
Riche Lineament (Everingham, 1 9 6 8 } 0 Activity 
in this zone has been high in recent years and 
both the Meckering ( 1 9 6 8 ) and Calingiri ( 1 9 7 0 ) 
earthquakes originated from this feature, In 
this region the seismic activity is high enough 
for the earthquake risk to be quantitatively 
estimated. 

For the remainder of the continent the 
sei smi ci ty pa 11ern s are f ragmentary and the 
earthquake risk uncertain* There are small 
areas, such as that near the Northern Territory 
South Australia border, and that in eastern 
New South Wales near Gunning, which have 
experienced higher than normal sei smic activity 
However, it is not yet certain whether the se 
regions are part of definite trends or merely 
isolated features. The observational time seal 
is too short and the level of seismicity too 
low for the complete picture to be revealed so 
far. 

Nevertheless, the recent industrial growth 
throughout Australia due to mining ventures in 
remote areas, and the intensive urbani sat ion 
around the capital cities, has given rise to 
an awarene s s of the potential earthquake risk. 
In 1 9 6 9 a symposium was convened in MeIbourne 
to discuss earthquake engineering in Australia 
and a National Committee was formed during the 
conf erence. 

3. Instrumentation 

At the time of writing, there are ten 
accelerographs operating in the Aus tralian and 
New Guinean regions. The se are all situated in 
New Guinea. In addition two accelerographs 
have recently been obtained for use in the 
Adelaide region (D. Sutton, personal communi­
cation ) but the se have not yet been permanently 
installed. Figure 3 shows the locations of the 
acce1erographs, and also the seismograph 
stat ions, in operation during 19 70 0 The 
locations of the two South Australian instru­
ment s are shown schematically. The accelero-
graph shown near TLS is presently undergoing 
repair and not in operation» Table 1 lists the 
co-ordinate s of the instrument s and giv e s 
details about the foundations on which they are 
located 0 

Skinner * s visit to Papua-New Guinea in 

picture was being revealed; the earthquake risk 
in the region was be coming a more important 
factor in the economic development of the 
country. Before the 19 6 0 s , the capital invested 
in civil engineering works was very small, but 
during the last few years, with the increased 
development of the region (due to raining and 
agricultural projects, tourism and the growth 
of urban areas) the number of buildings and 
facilities which can be damaged by earthquakes 
lias Increased considerably. As these develop­
ment s continue the potential danger from earth­
quakes will increase correspondingly* A brief 
examination of the damage caused by four recent 
series of earthquakes emphasises the importance 
of earthquake risk In New Guinea, 

These four earthquake series all occurred 
in the main earthquake zone and Figure 1 indic­
ates the locations of the epicentres » None of 
these events were located in unusual or 
unexpected locations and they can be regarded 
as typical events for the north New Guinea-New 
Britain seismic zone. 

The first earthquake series took place in 
August 1 9 6 7 when two major earthquakes shook 
the Kokopo and Kabaleo areas of the Gazelle 
Peninsula, east New Britain. They caused 
damage estimated at about $ 1 7 2 , 0 0 0 (Heming, 
1 9 6 9 ) • These were followed In September 1 9 6 8 
by the west New Britain earthquake which caused 
damage worth over $ 1 5 0 , 0 0 0 to the SEACOM cable 
where it crossed the ocean trench (Denham, 
1 9 7 0 , and Krause, White, Piper and Heegen, 
1 9 7 0 ) * The Wewak earthquakes occurred during 
September and October 1 9 6 8 and they caused 
damage worth about $ 2 0 0 , 0 0 0 to buildings 
facilities in the Vrev/ak district (Denham, 19 7 0 ) , 

The following year, 19 6 9, was a quiet 
year sei smi cally in New Guinea, with no reported 
earthquake damage, but in 1 9 7 0 a large earth-
quake took place near Madang „ This caused at, 
least 1 5 deaths and damage provisionally esti­
mated at about $ 1 million. These figures put 
trie current financial loss in New Guinea 
resulting from earthquake damage at a rate of 
approximately $^4-00,000 per year. 

An important point to notice is that most 
of the damage that occurred as a result of 
these four series of earthquakes would not have 
taken place had the earthquakes occurred ten 
years earlier because very few of the buildings 
or facilities damaged by these events were In 
existence then c This fact emphasises how the 
potential earthquake risk in any region is a 
direct function of Its economic development. 

Austral i a n_Conti nen t 

The level of seismicity of the Australian 
continent is lower than any other continental 
area except Antarctica* Figure 2 shows all 
known earthquake s having a unified magnitude 
(m) of 5 or greater that have occurred from 
I 8 9 7 until the end of November 1 9 7 0 , These data 
have been taken from the paper by Doyle, Ever-
Ingham and Sutton ( 19 6 8 } , on the seismicity of 
the Australian Continent; the Mundaring Geo­
physical Observatory Annual Reports for 19 6 7 -
1 9 6 9 (Everingham and Greg son, 1 9 6 9 ) 1 and the 
paper by Sutton ( 1 9 6 9) pre sen ted at the 
Melbourne Earthquake Engineering Symposium. 

Mo st of the sei smic activity is probably 
due to stre sses within the 1i tho spheric plate 



1 9 6 ? (Skinner, 1 9 6 8) resulted in the installation 
of the first accelerographs in the region 0 

They were acquired by different institutions for 
a var i e ty of reasons. On Bougainville the 
instrument s were instal1ed to assist. Conzinc 
Riotinto of Australia (CRA) in determining the 
si op e of the open cut mine at Panguna 0 CI early, 
in an ear thquake region slope stability of the 
mine workings is highly dependent on the poten-
tial effect of earthquakes and could affect 
directly the economic operation of the prospect.. 

At Cape Hoskins on the north coast of New 
Bri ta in an accelerograph was installed to 
provide information for the design considera­
tions at the proce ssing plant f or a large Palm 
Oil project operated by Harri son and Crossfield 
Ptyo Ltd. 

The instruments at the Upper Rarau were 
obtained by the Australian Commonwealth Depart­
ment of Works (CDW) to record ground motion 
records in the vicinity of the hydro-electric 
scheme due to be commenced in the near future. 
Two accelerographs have been installed; one at 
Yonki near the site of the dam, on recent 
unconsolidated lake sediment s which are at 
least 50 metres thick, and one at the intake 
site on fresh silt stone and greywacke of 
Miocene age o The soft rock accelerograph was 
installed in 1 9 6 7 and has been triggered 1 5 
times since then. The instrument located on 
the hard rock site has not been triggered 
since it was installed in July 1 9 6 9 o 

The Rabaul and Wewak accelerographs were 
also obtained by CDW and installed as a first 
step in setting up a regional network of 
accelerographs to provide ground mot ion at 
typical urban sites in zones of high earthquake 
ri sk. 

At Lae the instrument s are operated by 
the Civil Engineering Department of the Papua 
and New Guinea Insti tute of Technology. One 
is situated on the top of a 30 m water tower 
and the other is located at the base of the 
tQwer• The objects of the experiment are to 
observe the ground and tower motions during 
earthquakes and ascertain whether the calculated 
re sponse due to the actual ground motion w i l 1 be 
t h e same a s that observed from t h e a c c e 1erograph 
located at the top o f t h e tower. 

4. Analysis of Accelerograms and Preliminary Results 

At the time of writing at least 30 accelero­
grams have been obtained in the New Guinea 
region and 2k of the se have now been received 
at the Strong Motion Data Centre• Table 2 
lists the details of the accelerograms 
received so far, and indicates the progress 
that has been made in the reduction and 
analysi s programme o All the records received 
have be en obtained from the Skinner-Duflou 
M02 accelerographs. 

The original accelerograms, which are 
recorded on 3 5 mm film, are copied, and photo­
graphically enlarged by a factor of about 5 » u • 
figure k shows a record enlarged for digitiza­
tion It was obtained in March 1 9 7 0 from 
Panguna. This accelerogram contains the 
highe st acceleration yet re corded in the New 
Guinea region. Unfortunately, the baseline 
trace was missing and the edge of the film had 
to be used as a baseline. 

The accelerograms are digitized at 0 0 02 
second intervals on a scaling table o Digi t i zed 
ordinates are obtained from a shaft position 
encoding di sc fitted to the Y drive of the 
scaler 0 The output from the scaler is coupled 
to a paper tape puncho The ^ 0 9 6 position 
encoder allows a re solution of about one 
thirteenth of a millimetre, and the overal1 
accuracy of the sy s tem Is about + 0 . 1 mm. Thi s 
corresponds to a sensitivity of about 0 . 0 0 1 g 
on a typi cal M02 horizontal trace; however, 
the accuracy Is u sually 1imi ted by trace thi ck-
nesses, which can amount to at least 0 . 5 mm when 
the original film has been enlarged by a factor 
of 5 ° 0 . 

The comple te me thods of analysi s are still 
under development but the block diagrams of the 
scheme currently operating are shown in Figure s 
5 a , b and c and give an indication of the 
operat ions carried out. The paper tape s pro­
duced from the scaling machine are reduced 
to punched cards as indicated in figure 5 a , and 
the scheme outlined in 5t> is the n appl ied Q The 
filter, and re sponse spectra par t s of the 
syst em have not been completely developed. The 
filter system will be a flexible high-pass 
filter to eliminate the very low frequency 
variations in the record due to errors in scal­
ing and baseline correct ion procedure s. The 
re sponse spectra part of the operation is being 
de signed to plot the output f or acceleration, 
velocity and displacement. This part of the 
syst em and the baseline correcti ons are based 
on the methods developed by Nigam and Jennings 
( 1 9 6 9 ) . At a later date the modifications 
proposed by Boyce ( 1 9 7 0) wil1 probably be 
incorporated as an optional method of obtaining 
baseline corrections. 

A typical computer plot for the corrected 
acceleration, velocity, and di splacement is 
shown in figure 6 for the Yonki north-south 
component re corded on l^th November 1 9 6 7 ° 
Start ing with the three corrected component s 
of acceleration, velocity, and di splacement, 
the max imum of each of the se vector quantitie s 
can be determined, and the Fourier analy se s and 
power spectra can be computed as indicated in 
figure 5 c. A comput er plot of the powe r spectra 
is shown in figure 7• Plots of this type are 
available for all accelerograms that have been 
reducedo 

The Yonki accelerograph has so far be en 
triggered 1 5 times since it was instal1ed 0 

Using the se re sult s an att empt was made to 
estimate the constants b 1 , b^ and b in the 
equation 

b M k 
Y = \ e R . . . ( 1 ) 

which relate s the magnitude, M, and the slant 
distance R to the peak ground motion Y (Cornell , 
1 9 6 8) . In thi s equat ion Y can repre sent accel.-
eration, velocity or di splacement. At the 
time of writ ing only eight reliable sets of 
values for R, M and Y were available o However, 
a least square s solution f or equation ( 1) was 
attempted and thi s re sulted in the following 
equat ion. 

l o g 1 Q Y = - 0 . 2 + 0 . 2 M - 1 . 1 log 1 ( )R . . . ( 2 ) 

where M is the Richter magnitude, R the di stance 
in kilometres and Y the maximum acce1erat ion in 



18 
on the accelerographs. The Lae base, Panguna 
and Wewak instruments have each been triggered 
by earthquakes who se hypocen tre s are not known 
and considerable difficulty was encountered in 
identifying the early Yonki events becau se of 
the high level of earthquake activity in the 
region in the few months foilowi ng its install­
ation. Thi s problem w ill continue to occur 
where the accelerographs are ope rat ed in remote 
regions of high sei smic activity. 

In the Aust ralian region the level of 
seismicity 1s at least an order of magnitude 
less than that experienced in New Guinea and 
the problems of as se ssing quantitative risk 
fac tors are mu ch greater be caus e of the 
pauci ty of da ta c The accelerographs to be 
located in the Adelaide area may provide 
valuable information In that region and it is 
planned to install accelerographs in the 
vicinity of Meekering where the level of 
sei smic activity is still high. 

Apart from the sei smic risk in the 
Meekering and Adelaide regions, the Hydo-
electric Commission of Tasmania and the Public 
Works Department of Western Australia are 
both well aware of the possibility of earth­
quake s be ing triggered from the additional 
crustal loading experienced when a large dam 
is filled. Accelerographs may be installed 
at the Ord River dam in northern Western 
Australia and at the Gordon River deve1opment 
scheme in Tasmania, to provide data in case 
any earthquake s are caused {due to thi s 
reason). 

Neverthe less, although several accelero­
graphs are likely to be installed on the 
Aus tralian continent the New Guinea region 
will continue to be the main source of strong 
motion data. 
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TABLE 1 

DETAILS OF ACCELEROGRAPHS INSTALLED IN NEW GUINEA 

Location Co-ordinate s Foundation Instrument and 
block number 

Date Ins talled Operator 

Panguna 
Bougainvil1e 

0 6 ° 1 9 . 5 * S 
1 5 5 ° 2 9 . 1 » E 
e1evat ion 6k0 

unconsolidated volcanic 
ash and weathered 

m bedrock 

M02 
2 5 / 3 9 

Installed in Kieta 
August 1967, moved 
to Panguna, 1968 

Bougainville Copper 
Pty. Ltd. (C.RoA.) 

Panguna 
Bougainville 

not known hard rock site 
lithology not known 

M02 
29/^3 

Installed in Kieta 
August 1967, moved 
to Panguna, 1968 

Bougainvi11e Copper 
Pty. Ltd. ( C R . A. ) 

Kobuan 
Bougainville 

0 6 ° 1 3 . s 
1 5 5 ° 3 7 . 1 s E 
elevation 6 5 m 

weathered andesitic 
lava 

RMT 280 not known Bougainville Copper 
Pty B Ltd. ( C R . A. ) 

Panguna 
Bougainville 

not known not known RMT 280 not known Bougainvilie Copper 
Pty. Ltd. ( C.R.A. ) 

Rabaul o ^ ° 1 3 . 2 • S 
1 5 2 ° 1 1 . 6 « E 
elevation 9 m 

volcanic ash M02/165 April 1968 Operated by B.M.R, for 
Commonwealth Department 
of Works (C.D.Wo) 

Wewak 0 3 ° 3 5 . S 
1^3° ^ 1 - 2 • E 

elevation 10m 

Weathered coral M02 October 1968 Operated by B.M.R. for 
C D . W. 

Cape 
Ho skins 

0 5 ° 2 8 . 2 • S 
1 5 0 ° 2 2 . 8 * E 
elevation 100 m 

volcanic ash M02 November 19 68 Harrison and 
Crossf ield 

Upper Ramu 
Intake 

0 6 ° 1^.2» S 
1^5° 5 7 - 9 ' E 
elevation 1 190 m 

Miocene silt stone and 
greywacke 

M02 Nov ember 1 9 6 7 B.M.R. for C.D.W. 

Upper Ramu 
Yonki 

0 6 ° 1 ^ . 7 f S 
1^5° 5 8 . 7 ' E 
elevation 12 50 m 

Re cent lake 
sediments 

M 0 2 / W July 1969 B.M.R. for C D.W. 

Lae 
Ba se 

0 6 ° ^ 2 . 8 » S 
1^6° 5 9 . 4 * E 
elevation 31 m 

Recent alluvium M02 Late 1968 Papua and New Guinea 
Inst itute of Technology 

Lae 
Tower 

0 6 ° k2.8' S 
1^6° 5 9 . k < E 

Top of water 
tower 

M02 Late 1968 Papua and New Guinea 
Institute of Technology 

elevation 60 m 
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TABLE 2 

ACCELEROGRAMS RECEIVED AT DATA CENTRE 

Locat ion Date Triggered Maximum 
acceleration cm/sec* 

Remarks 

Yonki 

Yonki 

Yonki 

Yonki 

Yonki 

Yonki 

Wewak 

Yonki 

Lae Base 

Yonki 

Lae Base 

Yonki 
Yonki 

Yonki 

Lae Base 

Lae Base 

Lae Base 

Rabaul 

Lae Base 

Panguna 
(soft rock) 
Panguna 
(soft rock) 
Panguna 
(soft rock) 

Panguna 

Yonki 

l k . 1 1 . 6 7 

2 8 . k.68 

H o 5 . 6 8 

3 o 6 . 6 8 

1 7 . 6 . 6 8 

1 6 c 9 . 6 8 

2 9 . 1 0 . 6 8 

7 o 1 . 6 9 

7 o l e 6 9 

1 0 o 3 . 6 9 

1 0 . 3 . 6 9 

8 . 5 . 6 9 

1 * * . 6 . 6 9 

2k. 6 . 6 9 

2k. 6 . 6 9 

2 . 8 . 6 9 

2 . 8 0 6 9 

3 . 8 0 6 9 

2 3 . 8 . 6 9 

7 . 9 . 6 9 

1 6 . U . 6 9 

1 6 . H . 6 9 

to 
3 0 c 1 2 , 6 9 

2 8 . 3 . 7 0 

1 3 - 5 . 7 0 

5k. 1 

2 7 . 2 

> 1 5 

— 3 7 

^ 8 

not known 

— 1 3 

3 3 * 8 

not known 

not known 

— 5 7 

not known 

not known 

not known 

not known 

not known 

not known 

not known 

not known 

1 2 1 . 9 

*>* kl 

power spectra and digitized 
outputs available 
power spectra and digitized 
output s available 
fogging obscure s most of 
record 
reduction s and analy si s 
not completed 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
film jammed j re cord 
unusable 
reduct ions and analysi s 
not completed 
power spectra and digitized 
outputs available 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
record mostly fogged 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
earthquake hypocentre 
uncertain 
reductions and analysis 
not completed 
reductions and analysi s 
not completed 
reductions and analysis 
not completed 
reductions and analysis 
not completed 
earthquake hypocentre not 
known, reductions and 
analysi s not comple ted 
power spectra and 
digitized outputs 
available 
reductions and analysis 
not completed 
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FIG I Shallow Earthquakes for the period 1958 through 1969 



FIG 2 Earthquakes with magnitude(m) 5 or greater, 1 9 0 0 " 1970 
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Based on G 2 0 - I 4 

4 8 c 

A / B 9 - 2 3 A 
L — 

FIG 3 Locations of accelerographs and seismographs 

Australia and New Guinea 1970 
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FIG 5b 
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A N A L Y S I S O F Y O N K I A C C E L E R O G R A M R E C O R D * 

A. N O R T H - S O U T H HORIZONTAL " 0 ^ p O * < E ^ 

O V E M B E R 
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FIG 6 
G 8 2 / 2 - I 2 8 A 
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FREQUENCY H Z 

LEGEND 

O N - S 
• E - W 

X Z G 8 2 / 2 - I 2 7 A 

FIG 7 Power Spectra for Yonki 14 November 1967 


