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ABSTRACT.

Measurements were made of a wide variety of industrially
caused vibrations in the Melbourne area. The vibrations have been
classified on the scale of Thoenen and Windes, according to the like-
lihood of their causing damage to buildings.

Blasting of rock during excavations is the vibration most
likely to cause damage; next in importance is the movement of people
inside buildings.

Traffic movements (including trams and trains) and
machinery (except for pile-drivers) are not likely to cause damage
beyond a radius of 20 or 30 ft.



INTROTUCTION.

Tﬁ% Burcau of Mineral Resources ig often called upon to
moasurc industrially causcd vibrations, and to assess the likelihood
of their causing, or having causcd, damage to buildings. This rcport
describes a survey undertakon between January and March 1960, of a
wide variety of industrial vibrations in the Melbournc areas It was
intended both to give gencral information on tho subject, and to simplify
thoe planning and conduct of futurc tcsts of individual cases.

2. MBTHODS.

Vibrations were rocorded with a Sprongncther threoe-component
Portable Blast and Vibration Soismograph; .this instrument has beon
doveloped by the W.F. Sprongncther Instrument Company, as a complcto tool
for thc reccording of vibrations by blasting and industrial opcrations.
Thrco mutually porpendicular compononts of the ground motlon, as detocted
by the scismomcter system, arc rodirded photographlcally on a singlo strip
of photographic papor. Timing lincs arc placcd across the record at
20-millisoccond intervals. Samplc rccords arc shown on Plates 1, 2 and 3.

The ground displuccment is magnificd 100 times by mcans of a
mechanical optical lever system. (i.c. a ground displaccoment of 0.01 in.
causos the record to be displaced 1 in.)

In this roport the amplitudc and frcquency of the ground
motion arc defined as follows:-

The amplitude and frecquency of the three components
of the vibration are scalcd from the seismogram.

The amplitudc of cacheomponont (half the distance
from pcak to trough) is moasured at the same instant
for cach componont. The frocquoncy is defined as
the predominant frequency in cycles por socond, at
the timo an amplitude is measurcd.

If tho ground motion is assumcd to be simple harmonic motion
(most industrial vibrations closcly rescmble simplo harmonic motion) the
acecloration of a component of the ground motion may bo caBulated from
tho oquation

a= ¢ T* 5% a

wherc a = aeccoleration in in/soc2

f

frequency in ofs

A

amplitudce of movement in in.

From the three components of the aeccoleration, thc rosultant
acceleration is calculated from the cquation

ap = \//aL? v e ?ﬁ + a,r2

The rosults of the vibration tosts including details of tho
vibx'ation sourecs, aro shown on%p%!zps ¥, 2 and 3.

s B
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Thocnen and Windes (1942) made experiments to try to
classify vibrations according to the damage causcd to structures.
They arrived at the conclusion that ground acccleration was the
best index for classifying thce vibrations. This does not nccessarily
mean that vibration is the causc of damage, but simply that the
acceleration valuc is uscful as a guide to detcrmining tho likclihood
of damage.

An acceleration cqual to gravity (g = 32.2 ft/sccz) ig
a practical index of damage. Thocnen and Windes, in tcsts carricd
to the damage point, found that damage occurrcd frequently when the
acccleration ncarly cqualled, or oxcccded 1g. They dcsignated
accelerations between 1g and O.1g, by the word "caution", and lowcr
valucs of accecleration by the word "safce". Table 5 is bascd on o
Table produccd by Thocnen and Windesi it shows amplitudes, frequoncics,
and accelerations for a large sclection of vibrations.

Vibrations of very low amplitude (0.0001 in.) and short
duration (high frcquency) were found by Thocncn and Windes not to cousc
damage cven when the accelorations werc high.

3.  RESULTS.

Tobles 1, 2 and 3 show thoe results of the prescnt tests.
Tho highest rccorded ground displacement was 0.021 in., and froquencics
ranged from 2 ¢/s to 120 c¢/s.

Only in two of thec tests did tho ground acccleration cnter
the "dangor" zonc of Thocnen and Vindes.  Thesc were -

(1) 5 ozs. of AN60 gelignitc cxploded 10 ft.
from thc rccordery and

(2) o 209-1b. man jumping to the floor from a
height of 3 ft. 4 in.

This confirms the findings of Steffens (1952) who stated that local
movements within a building (heavy men jumping, doors slamming ctc.)
almost always producce strongor vibriotions than outside sources.

Ten of tho tests showed accclerotions in the "caution" zonc.
Of thesc, four worce from blasting ond three from pilc drivers. Only
one was from moving vchicles, in this casc & scven-coarringc troin possing
within 15 ft. of thc scismograph.

In the tests on ordinary industrial machines (other thon
pile drivers) 21l but onc of the moasurcd accclorations wore well
within the "safe" zone. It must be accepted; thoercforc, thot ncither
machincery nor moving vehicles arc very likcly to causc damage to
structurcs.

4. ACKNOWLE DGEMENT .

. The rosults shown in tests 1 to 4 of Table 3 arc taken
from a rcport by Polak (1959),
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