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1.0 Introduction
What are believed to be the first strong motion analyses of a Papua New Guinea earthquake were
presented at the 42nd ANZAAS Congress in Port Moresby in August 1970 and published in the
Bulletin of NZNSEE (Ref 1). Subsequently, a few PNG strong-motion records have appeared in
PMGO reports for New Britain earthquakes (Ref 2, 3) and a USGS Open-File report on Bougainville
earthquakes (Ref 4).
The earthquake occurred near Lae on 2 August 1969 and was recorded on an MO2 accelerograph at
the Lae campus of the Papua New Guinea University of Technology. The recorded accelerogram was
analysed to provide:
• A baseline corrected accelerogram
• Integrated ground velocity and displacement
• Structural response spectra for the two horizontal traces.
At the request of Kevin McCue pertinent details are reproduced here to make the information more
readily available.

2.0 Background
I lectured in Civil Engineering at the University of Technology in Lae from 1968 to 1973. At the
instigation of the late Prof J H Lavery of the University of Queensland one of my major research areas
was in earthquake engineering. I installed two NZ MO2 accelerographs on campus in 1968 or 1969,
one near the base of a water tower and the other on the tower platform – the purpose being to obtain
simultaneous records of ground motion and structural response.
Results obtained in 1969 are contained in my Master of Engineering thesis (Ref 5). Records analysed
& included in the thesis are:
• 2 August 1969, 0431 GMT, traces A (N-S) and B (E-W) – ground acceleration, velocity,
displacement, structural response spectra, tower acceleration (these results are included in this
paper, apart from the tower acceleration)
• 10 March 1969, trace A – ground acceleration, structural response spectra
• 24 June 1969, traces A and B – acceleration (ground & tower)
• 2 August 1969, 0435 GMT, traces A and B - acceleration (ground & tower)
• 23 August 1969, traces A and B - acceleration (ground & tower).
The intention was to lodge the records with the BMR Strong Motion Data Centre in Canberra, set up
in 1970 under the direction of David Denham. I do not recall if this happened with the MO2 records or
the SMA-1 records from about 1972/3.

3.0 Accelerographs
The instrument used to obtain the accelerations was the MO2 accelerograph manufactured by Victoria
Engineering in New Zealand. This was designed by R I Skinner and P C Duflou of DSIR New
Zealand, and was the cheapest available at the time (Ref 6).
Two MO2 accelerographs were installed on campus in Lae and a network of these instruments was
installed throughout PNG by the Bureau of Mineral Resources. The instrument is triggered by a
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vertical acceleration of approximately 0.01g and runs for 45 seconds. Three short period pendulums (T
= 0.03 sec) with mirrored surfaces reflect a light beam and trace three components of acceleration (two
horizontal, one vertical) on 35mm film.

4.0 Site conditions
The area in which the instrument is situated has been described as mixed river alluvium with silts,
sands, and gravels in irregular deposits. Test drillings at the instrument location revealed gravel to a
depth of at least 30m.

5.0 Treatment of accelerograms
5.1 Digitising
Before computer processing of an analogue accelerogram can be performed it is necessary to produce
a digital record of each trace (x, y co-ordinates). This was done using a co-ordinate measuring
microscope – a tedious and time-consuming operation (40 hours to digitise 17 seconds of a single
trace).
5.2 Integration
In an endeavour to obtain maximum information, the record is integrated twice to give velocity and
displacement. A zero baseline was fitted to the digitised data using a new technique developed by me
for analogue traces (Ref 7). Simpson’s rule was used for the integration with the acceleration trace
assumed to be linear between data points.
5.3 Structural response
For an elastic single-degree-of-freedom system with viscous damping (see Figure 1) the response is
given by the equation

˙x˙ + 2"#x˙ + # 2 x = $a(t)
Where

!

x = displacement relative to the ground
η = damping factor (fraction of critical damping)
ω = 2πf = natural circular frequency and f the natural frequency of vibration
α(t) is the imposed ground acceleration
The solution of the response equation may be written as
t

x(t) = #1/"1 & a(% )e #$" (t #% ) sin "1(t # % )d%
and

0
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This expression may be solved numerically to give the response of a structure with a given period and
damping.

!

Published on www.aees.org.au, last updated 12 June 2012, Bill Boyce

Figure 1. Structure representation

5.4 Response spectra
The base shear is of particular interest for design and is given by F = kx. The period of the structure T
= 2π√(W/k.g). By rearranging the expression for period to obtain stiffness k and substituting in the
expression for base shear we have F = W(ω2.x)/g. The maximum base shear occurs when x attains its
absolute maximum value Sd. This maximum value Sd may be found for a range of periods and
damping values and the plot of these values is termed a response spectrum of relative displacement.
5.5 Computer program
A Fortran computer program was written for the IBM 1130 and this performed steps 5.2, 5.3, 5.4 as
required. Full details of the calculations and a program listing appear in Ref 8.

6.0 Earthquakes, 2 August 1969
At least four earthquakes were felt in Lae on the 2nd and 3rd August 1969,
• 2 August – 2.31pm, 2.35pm, 4.37pm (local time)
• 3 August – 12.15am (local time)
Two of these were strong enough to trigger the MO2 accelerograph on the campus – 2.31pm and
2.35pm. Results for the 2.31pm earthquake are presented here.
Seismological data and copies of felt reports for the earthquakes were provided by the Observer-incharge, Port Moresby Geophysical Observatory. The epicentre and the area over which the first two
quakes were felt are shown in Figure 2. Seismological data for the first quake are given below:
• Date – 2 August 1969
• Origin time – 04 30 29.2 GMT
• Hypocentre (USCGS solution) – latitude 6.55 deg S, longitude 146.92 deg E, depth 17 km
• Magnitude – Local PMG 6.2, USCGS mb 5.3
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A recent search by K McCue brought up the following:
Author
USCGS
EHB
MOS
ISC

Date
1969/08/02
1969/08/02
1969/08/02
1969/08/02

UT
04:30:29.20
04:30:29.53
04:30:30.00
04:30:32.00

Latitude
-6.50
-6.501
-6.60
-6.52

Longitude
146.90
146.932
146.90
146.92

Depth
17.0
8.0
33.0
33.0

Magnitude
mb = 5.3
MS = 5.2
mb = 5.2

Figure 2 The epicentres and felt areas of the earthquakes of 2nd August 1969, felt and recorded in Lae.

The distance from the epicentre to the recording accelerograph was approximately 23 km. The
maximum accelerations were 0.057g for the N-S trace and 0.066g for the E-W trace.

Part of the accelerogram is presented in Figure 3. The two horizontal traces were digitised and, after
fitting a baseline, the corrected accelerations are shown in Figures 4 and 5 (below). Response
calculations were carried out for the horizontal accelerations and response spectra are plotted in
Figures 6 to 9 (below) for damping values of 0 and 5%.
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