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TREATMENT OF EARTHQUAKE ACCELEROGRAMS

*
W. H. Boyce

INTRODUCTION

Engineers involved in structural design in
earthquake areas are interested in the forces
exerted on a structure during strong earthquakes.
To evaluate these forces it is necessary to have
réecords of ground motion) during such earthquakes.
The most convenient motion to record as far as
further processing is concerned is ground
acceleration. This motion is obtained by usifg
short period pendulums which function as
accelerometers.

The guestion might be asked, "Why do
engineers have to obtain these records? Haven't
the seismologists been obtaining this inform-
ation for years?" 1In answer it should be
pointed out that engineers and seismologists
have different objectives. The seismologist is
interested in general seismicity and also in the
internal structure of the earth. He wishes to
record as many earthquakes as possible, wherever
they occur, and for this reason he uses sensitive
‘nstruments with high magnification (up to
100,000) operating continuously. Naturally
enough when a strong earthguake occurs near such
an instrument the record goes off scale and
information useful to the engineer is lost.

The engineer on the other hand is concerned with
the effects of strong earthquakes. He requires
a much reduced sensitivity and, to save record-
ing media, an instrument that operates only
during strong ground motion.

This paper describes briefly instruments
being used in the Territory to obtain ground
accelerations and outlines the method of pro-
cessing the resultant records. Results are
presented for an earthquake felt in Lae on 2nd
Mhugust 1969.

ACCELEROGRAPH

i.e instrument being used to obtain accel-
erations is the MO2 Accelerograph manufactured
by Victoria Engineering in New Zealand. This
is the cheapest available accelerograph and was
designed by R. I. Skinner and P. C. Duflou who
were both with D.S.I.R., New Zealand (Ref.l).

A survey of world instruments appears in Ref.
2.

Two accelerographs have been installed on
campus in Lae and a network of these instruments
is being installed throughout the Territory by
+th2 Burezau of Mineral Resources. The instrument
1s triggered by a vertical acceleration of
approx. 0.0lg and runs for 45 seconds. Three
short period pendulums (T = 0.03 sec) with

* Pspua and New Guinea Institute of Technology.

nmirrored surfaces reflect a light beam and trace
three components of acceleration (two horizontal,
one vertical) on 35 mm film. A fourth, station-
ary, mirror produces a reference trace.

TREATMENT OF ACCELEROGRAM

l. Digitizing.

Before computer processing can be performed
it is necessary to produce a digital record of
each trace (x, y co-ordinates). At present this
is being done by means of a co-ordinate measuring
microscope but plans are in hand to purchase
more sophisticated equipment which will give
better accuracy and easier operation.

With the co-ordinate microscope the oper-
ation is tedious and time consuming.

2. Integration.

In an endeavour to obtain maximum inform-
ation the record is integrated twice to give
velocity and displacement. As part of this
process a baseline is fitted to the digitized
data. Simpson's Rule is used for the inte-
gration and the acceleration trace is assumed
to be linear between data points.

3. Structural Response.

For an elastic single-degree-of-freedom
structure the response of the structure to the
ground motion is given by the equation :

X+2nwz + W'x = -a(t)

where x is the displacement relative to the

ground
n is the damping factor
w is the natural circular frequency
a(t)is the ground acceleration
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FIGURE 1.
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Figure 3, ACCELEROGRAM
2nd August 1969 2.31 pm
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For a given structure (i.e. period and
damping defined) it is possible to determine the
values of relative displacement, relative
velocity and absolute acceleration as.a function
of time. The relative displacement is obtained
from the expression

¢
- -pw(t-77)
x(t) =3[ ame

= (1=t
where @ = w i n

~ This expression may be expanded and inte-
grated using Simpson's Rule.

sm w (¢-T) dT

4, Response Spectra

For the simple structure shown in figure 1
the period is calculated as

7= zn-/;—';’—-

and the base shear is given by F = kx

By obtaining an expression for k from the
period formula the base shear may be re-written

F= €£{201£)

For design purposes the absolute maximum
value is of interest and occurs when x (relative
displacement) is a maximum.

The maximum value of x may be found for a
range of periods and damping factors. The plot
of these gives a response spectrum.

5. Computer Program.

A program has been written for the IBM
1130 computer and this performs steps 2, 3 and
4 as required. Full details of the calculations
and a program listing appear in Ref. 3.

EARTHQUAKES, 2ND AUGUST 1969.

At least four earthquakes were felt in
Lae on the 2nd and 3rd August 1969.

2nd August 2.31 p.m.
2.35 p.m.
4.37 p.m.
3rd August 12.15 a.m.

Two of these were strong enough to trigger
the MO2 accelerograph in Lae (2.31 and 2.35)
and results for the 2.31 p.m. quake are
presented here.

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:
Date 2nd August 1969

Origin Time 04 30 29.2 G.M.T.
Hypocentre (U.S.C.G.S. Solution)

Latitude 6.55%s
Longitude 146.92°E
Depth 17 Km

Magnitude
Local PMG 6.2
USCGS my, 5.3

.The distance from the epicentre to the
recording accelerograph was approximately 14%
miles, and part of the accelerogram is pre-
sented in Figure 3. The two horizontal traces
were digitized and after fitting a baseline
the accelerations are as shown in Figures 4 and
5.

Response calculations were carried out for

the two accelerograms and the response spectra
are plotted in Figures 6 to 9.

ACKNOWLEDGEMENTS

The seismological data and the copies of
felt reports for the earthquakes of 2nd August
were provided by the Observer-in-Charge, Port
Moresby Geophysical Observatory. The work
reported here was carried out in the Civil
Engineering Department of the Papua and New
Guinea Institute of Technology.

REFERENCES

1. Duflou P. C. and Skinner R. I. New Strong
Motion Accelerograph. Proceedings, 3rd
World Conference on Earthquake Engineering
Vol. 1 N.Z. 1965.

2. Halverson H. T. The Strong-motion
Accelerograph. Proceedings, 3rd World
Conference on Earthquake Engineering,
Vol. 1, N.Z. 1965,

3. Boyce, W. H. Analysis of Earthquake
Accelerograms. Bulletin No. 1, Civil
Engineering Department, Papua and New
Guinea Institute of Technology, 1970.



167

ET 21

(335)

AONI LN

UOFIDAITA SN ¥ 99wqy
HOIIVEATAOOV " euanb)y

dNT L

EANANTAN ﬁm>>\w,z>> AN ws>>>?> \

N

\~4

AR AY Loy <<<,2<<<<<< < <<Sé

O5T-

00T~

05-

0S

007

OST

002

NOI1vy31333v

(J3S-335/N3)



200

150

100

S0

(CM/SEC/SEC)

O/\[\]\A ﬂ/\/\ N\/\M WY AN .V N N

vV'vw\,\LW\:\/V@“v%VVWW@/“’7\’"@/“9 o711 1R
=g TIME (SEC)

Figure 5., ACCELERATION
Trace B E-W Direction

-100

ACCELERATION

-150




169

*yoal JO *3sul *JTTED

(S04S) dO3d

(03S/°N) ALIDOT3A

T T A - A “o.qvﬁ_d I B 2 | go 90 w0 20 IO ,mm..wo._ _vo ww.j -“3..
INESSAR OGNS QNN 5 N RS
NP7 SOWIG > SO W69 RS 675w
R R AR RS
R KPR PRI P PRI PP DR XX IR,
R AT X B s
"FRRRE: v oeoRaL W N AN N % 7/ NS VAN S/
. ~ VEI0ZdS ASNOJSHY 9 e4nbij S D@00 AR A OGO EN
15 ,f/, ) W\ﬂfm \Zeoa VNV NI I A | VNYA YV IS __
S AN O 7

P PRI PR P PRSI K PO
S PO PRI IR RSIORL S ISR IO RIS
RS R S N P S S R DS
R I AR AR SRS AINE SOS K 2 BRREX ANNE 47N
M. /\w X/N/WW \mmW, ’ 4/%‘%%@%/ K3 XWJMMV X e,N\ N/Y,\AW«X\WANK/”
S04 DR O SNESS %
R SO VY SN 6 S
S SN 7 O O
o BRSO IR DX PERSIPEIA P I BN
TS TSN Na e SN
N DS SVai o VA AN AN VAN 7 SO A AV 00




170

400

300 |
200 |
Damping O
/o0 | Domping 5o
O i 4 - 3 2 i
o / 2 3 % s

Period of Structure (sec)

Froure 7. Response Specfra
Trace A



DAL JO T3eul TiLTRY (SO3S) 4o3ad
g 90

~ (03S/'NI) ALIDOT3A

NS R s e 2 A
RSNSOGSO G725 RN E T2 NS
RS R il
AN S S Sl N
- K o AN X x/vﬂv//\/vwm W% X \A\V/A« v%% b A&vp <K %
o , 3 ° o, _ e
@.\, ,/\x WMIOB4S SSNOdSE g SN 4 MW\MWM ywmw NW\/\/& M\MA\\ S «/N\\/A« C@A\M&\W )
P .  ORTESTXKRS /A\n\ %&A/A\/Am%\w\um-
{ I OREEEGEONPRRIEAN
N7 NS RGT N /Mvm/\ UV IS % ] %WMM
KRR A A A KBS ALK PSR
3 VC/A} % 2P V/A\M\» fm Aﬁ wkm%ﬂ%ym%%ﬁx DR
w VV\QA v@@\vww\. ,ff% OXEL L N {fo HA{XW\A @ %V@ /\%N\A xw%
R P R A R
D o R S S
RN ET SN NGT: SO CH NI
R S S R
/Nw»vw RSP PSR MK PRREEH PRI
iiagea, NS SRS ety |
R R PR S R




172

300

(o] ¢ P 2 ! 2

o / 2 3 < s
Period of Structure (sec)

F/'yur'e 9. Response S/‘oecfra
| 7race B



