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DEPARTMENT OF MINES
SOUTH AUSTRALIA.

CMN/I 29/45

. COMPLAINTS REGARDING BLASTING.
GREENHILL QUARRIES.

INTRODUCTION. -

The extension of the suburban residential areas into the
foothille has resulted in building operations in closer proximity
to existing quarries, l. Subdivisions in the Burnside, Burnalta,
and Greenhill areas have accelerated the erection of homes near
Greenhill Quarries oﬁned‘oy J.H.'ﬂeverington.' A .further sub-
divieion:of land adjoining Leverington's property_is~anticipated
to take place in the near future. ﬂ‘AThie will mean a greater
’ number of homes adaacent to -the quarry.

As the owners ‘move in they realise that a quarry is located
behind the,rldge and the sudden»shock of explosions 1n the quarry
is soartllng. conseqdently when the foundations settle and-
-TerueKS»develop in the walls, and the timber shrinks, causing craoks
to develop along the 301nts of fibrous plaster in wooden framed
houses, the obvious thing is to blame the qQuarry blasting for the
'damage. = R

.complainxs.

'-Ao‘more“houeee'ere*ogilt and occupied the greater the
' nhmber of'comﬁlaihts"that.are received by the Inspection
~ Branch alleging damage to the structures. Thie has cul-
minated in the receipt of a petition from the "Quarry Protest
 Committee" readmg as. follows.-‘ o

“We, the undersigned re51dents of Burnside ‘present
’this petition o, our local member of Parliament, which we
truet he will place before the proper. authorities, in

,1order to elimlnate the follow1ng grlevances due to the
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operation of the quarries 1n the v1cinity of this

re91dential areas-

'l. Damage to houses due to'blasting.
2e Dust and no1se nuisance from quarries and quarry
| trucks. . o : :
3. Dlsfiguration to the historlc 'Greenhlll' by cutting
 an access road through the Government Reserve,
' removing trees to form same, closing the reserve
:road by a locked gate and placing a 'No Thorough—
fare! notice on same._.
4, Danger to the public u31ng 'Greenhill Reserve' from
' blasting, due to the proximity of the new quarry face,"

'The~Eff§ct8,of an Explosion, 7‘.f'

| ;A‘small'volnme-of'explosi?e,.usually nitro-glycerine based,
or blasting powder is changed by detonation or ignition into'a
. large'volumejof,gas,'usually instantaneous,'but varying with
'the;proportion of nitro-glycerine;“ | Blasting powder is much
'.sloner. 7 The energy or pressure of this volume of gas is

)dzssipated by -

_pl."~breakingtrock.fp”
2, rock vibration.,“f'

1 3. alr blast and noise..

;AAn.efflciently planned hole, When flred, will give a
,‘maximum of broken ground and a mlnimnm of vibration, noise
4 and air blast. : An unconfined charge of explosive as used
" ina kﬁblist.er" or “Sand blast® will cause noise out of all
o proportion to the same amount of explosive fired in : a hole.
, | o WBlisters“ or ‘tgand blasts“ areﬁconflned charges of explo-
’sives nsed to brlng down dangerous ground. that cannot be made
~ safe by barr"nland too inaccessible to bore. Such ' charges
::should now be the exception rather than the rule since quarry
fffaces now comply with the 65 foot height regulation. One
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particular ouarry,.which hed“high.fsces, snd.where such blasts
were‘frequent, with consequent complaints, has cot been the
' scbject of a complaint sihce"therheight of faces was reduced

about twelve months ago.
. PREVIOUS -INVESTIGATICNS,

Numerous'complaihts'fromisubhrbansmunicipalitiesicauSed the
Inspection,Branch‘ro cerry out-inVestigetions in 1954, These
activities; fully covered in Mr. Armstrong's report in D.M. 701/47
| MN/I/4 entitled ﬂBlasting‘in.m"e‘c,ropolitan'Qparries", were concerned
-iwith Noise, Air Blast, and Ground Vibration, and the results of the

investigation were briefly as follows.- S >

'Noise.
A Sound LeVeI.Meter°wes;used-to mcasure noise from a
number of explosive charges detonated.in a quarry, and the

results varied between -

1. 80 - 114 decibele from a ten pound blister to
2. - 90 decibels from a 500-1b, charge in a hole

' 3.r f70 decibels from:a;numcer of 40;02;‘popss

l For comparative purposes a diesel truck going up Greenhill
Road gave 88 decibels, and a light car in second gear, 76
| decibels. _ e |
' The ‘tests : showed that there ‘was no real cause for com-
plaint, and realizing that the plus g0 decibel noises would
be practically eliminated with lower faces, no further work
| on this angle was gustified ‘ (The startle effect on resi-
~dents will be discussed later).

Air Biast. .
‘ The Departmenx of Mechanical Engineering, University of
Adelaide, carried out tests with an Alteo. M 11 capacity micro-

phone and recorded with a Furzhill OScilliscope and camera.
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The results varied between

20 oz, blister at 200! giving ;00625.blast_pressure 1b/eq.in.

15 1b. blister ad 5,600¢ givihg .000014 blast pressure lb/sq.in,

.lO_lb. blister at 3,300' - Indistinguishable from effect
'of a light breeze.

1In his report on the above, Mr. Armstrong states:-

A 560-1b. bomb exploded in the open alr procduces a
maximum positive_pressgre of 6 1b./sq. in. at 50 feet

~ from the axﬁlosion, 2.3 lbg. at 100 feet, and .4 lbs, at

200 £6etssssecvesess  If & 500-1b. bomb in the open air

would not damage a building at 200 feet, it 1s not to be
expected that local blasting would cause damage by air

-blast in residential eu.‘ea.s,‘“ﬂ
No further work on this angle was considered justified,

- @round Vibration. } .

Tests were made concurrently with a “falling pin® seia-
mometer. Thia 1nstrument consisted of a heavy base capable
of being levelled horizdntally, on which is a glass plate.
Provision is made for a number of }v diameter rods of varying
lengths to be stood upright on the glass plate. The lengths
of the “ods or pins measured 6“, 7, 8%, 12% and 15" respec-
tively. When standing on end the pins are each encircled -
by a‘holé{Of about 13 inches diameter in a steel plate so that
each pin could fall over independently without affecting its
'néighbdura. This instfument is in reality a limit recorder
of tbe.lntenoity of seigmic vibration initiated by a quarry
‘blast. The longer the pin the less energy required to
toppie it. ©  The length of-the shortest pin that falls is
noted andica;culatiqna ¢an°be made t0 ascertain the energy
réquired to méke each pin fall,  In practice it has been
accepted that if the shorter pins, up to 10 inches remain
standing, then there’ ia no possibility of structural damage:
to a buildmngAby a blast.
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Tests were made with this instrument in 1954, no reaction
of the pins being recorded in the follow1ng blasts selected

as within a comparatively short distance:

400 1bs. exzplosives 250 feet distant,
625 lbs., explosives 350 feet distant.
- 800 1bs. explosives - 400:feet distant.

However, on a test carried out at Rapid Bay, all pins
‘fell when 1326 1bs. of explosives was detonated 100 feet
distant from the seismometer.
At the end of 1955.a CembridgeeVibrograph was purchased

to enable acoereie reeords'of the ampliﬁude of ground waves to

be obtained. This instrument produces on a celluloid film,
lines that can be optically magnified to give accurate read-
ings to ,001 milllmetres. -A permanent photographic print
can be obtalned. ) r"he.zrecording member is 2 stylus, two of
which are supplied, and the one used has a magnification of

5 to 1 of the actual amplitude.  The instrument has a mass
mounted on a epring etirfup attached to the recording unit,
To record horizontal movemeht; the instrument ie set up to
allow the mass freedom ofAmoveﬁeqt in ﬁhe direction from which
the waves are expected. . The film in contact with the
stylus is fed by a clockwork mechanism, and a time recording
stylus, indicatlng ol second intervals and a signal stylus,
both operated by a 8ix volt battery. The speed of film can
be varied from 3.5 mm per second to 19 mm per second,
Slow speed is used to conserve film and to assure that the
photographic record of the shock wave may be within the length
of the postecard size_prlnt‘used. Film is supplied in ten
foot lengths which, at the low speed; would last approximately
C14h minutes, It is thus necessary to have the co-operation
~of the quarry owner’to record the effects of a blast, the
procedure“being,‘on'advice from a quarry that firing is con-

templated at'about.noon, to visit the qQuarry, ascertain the

- poundage of_explosive, number of and depth of holes, the

number of delays, synchronise_watches and arrahge for the
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‘electrlc firing to tahe place at, say, 12.04 p.m. The
Ainstrument is then set up, generally on the concrete verandah
of a comp‘.ain_ant.' ] hoy.gse, ‘and the mechanism set in motion at
12,034 p.m. " on hearing ﬁhéAshot, the operator presses the
éignal button and a styluS'chordsjthis signal-on the film,
_‘Thé:instrument is then allowed to ruﬁ for a few seconds to clear
'the‘wave fec;r&\frém'the'styigs drmmé,'thah stopped and the
.sectioh 6fjfibn cui éff R This éectirn is then Placed in
:t.he c:l_ips behind, t‘xe l@na in t.le case provided. , The lens
‘j is then illuminated by the six volt battery, and an image is
':.reflected on the ground glags screen, tie film belng moved
backw@rds and forwards antil the s1gnal mark is noted; then
the stylus line showing the vibration is sought, brought to a
central locatxon and a photographlc prinx made. . AThe'prinx

would show three stylus lznes -4'

1;_"The tine markihg?in'tenths of_seconda.7
2. The signal line. A"
LB ‘The vibration’ line.ﬂ

_ The ihstrdme@£ i§thgsed in this same Eaée'compléte with

battéries; which Sérﬁéfthézdual purﬁbée of actuatiné ﬁhe timing
' and signal mechanism, and of 1llnminating the ground glass
.'screen.‘  The actual photographic print magnifies the

_v1bration wave 50 tlmes.-;‘

' Permanent Bécords-ofxéioqnd5viﬁréﬁion.”

- The purchaéé'of ihQACambridge VibrOgraph towards the ond.
jAof 1855 has enabled the Minlng Branch to accumulaue & mass of
data on this questionu~ : complaints have been 1nvestigated,

-<and no shock wave has been recorded that would cause damage to

a building.
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. Comments. I S |

Aw’;’ | The Mining Brancn has maintained'the opinion for some

.ﬁ:time that residents ‘hear noise and _imagine damage. ‘The
Ainvestigations have supported this viewpoint as the following

C&SGS ShOW

-(a) o 650 lbs monograin exploded 1200 feet distant gave
| | 0016 amplitude. 5: The hard slamming of a door at the
:‘same set-up produced an amplitude of .028.
S () . 300 1be blasting powder exploded 1150 feet away
o lproduced .0006 amplitude.. ‘The resident lightly

, slamming a door gave an amplitude of .0006,
| (e). - A complainant residing half a mile from a country

' quarry kept a log of times and dates of "heavy blasts
uthat shook: hisvhouse“,  He had no -record of a 1000 1b.
ffshot, the”greatest'amount ever fired at one time in the
'quarry, and which gave an amplitude of .0005 at the res-

l»;,idence next door to ‘him," but hagd’ recorded two pops each
:fcontaining l%—oz. of:gelignite fired within 200 feet of
~ the’ quarrying company's office, to demolish a concrete
‘wall. '

HUMAN RESPONSE TO INDUSTRIAL ELASTING VIBRATIONS.
Overseas;InVestigations,e_Nf°

. In a paper by'Jules E. Jenkins under the above title,
'»appearing in the May 1956 issue of Mining Engineering, this
'“'question is fully discussed and illustrated whth graphs. -

o After discussing the frequency of low amplitudes, he states:

filWIf these curves are extended to the upper: edge and beyond the
limits of the graph, into the range of earthquake frequencies,

: amplitudeslof_tneuorder of.inehes would be required to prbduce



4 ;sf

the same degree of human sensation experienced by amplitudes
-of less than One-thousandth of an inch in the blast grequency
'range.~ | This offers some explanation of the claim frequently
,:advanced that the results of some 1ndustria1 blasts are worse
'fthan an earthquake.-- o | _

| One importanx phase of human reactions not covered by -

'the 1nvestigations of Beiher and Meisher, has to do with what

is called STARTLE REACTION. This reaction, induced by the
E ear,‘is known;so bring about momentary increases in heart

 rate and respiration, R 7$heisource'need not be loud or intense,
. but_only unexpecsed,-’_;_is hasAbeen well established that
x_tbese sudden disturbancesieXert profound influence on a person's |
decision that he detests a certain sound, and, incidentally,
f those responsible for making it._
Not only is the ear involved. ) Skin“areas,‘muscles,'
tendons, Joints and 1nternal organs are excited as well.
'The individual or . collective efferts on’ these parts of the

body frequently cause people to conclude that the earth or

building supporting them is shaking violently, when, as a
matter of fact, they are actually being moved through micro-
_scOpic dimen31ons.._ o _'

It must be remembered that the average person can feel
v1brations that are ONE HUNDBEDTH to ONE THOUSANDTH parts4
of the magnitude necessary to damage structures. ; Until‘

.~ these facts are firmly implanted in the. public ming, those
M*whose bus;ness requires them to discharge blasts will .

”ffundoubtedly be confronted from ‘time to. tlme, with claims for

structural damage, which are in fact based on misconceptions

 arising from human reactions.,‘ |

| piib J Jenkins also refers to ‘the extens;ve research carried

out by the U. S. Bureau of Mines, WSeismic Effects of Quarry:

u Blastingtﬁ and states that further research has confirmed the
_:conclusions drawn by the Bureau of Mines. o Mr..Armstrong,

in his paper, also states that the results of the tests with

' ,the 'Falling Pin' seismometer ~“were in_accordance with results

.. *
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overseas, indicating the unlikelihood of damage to buildings

cfrom normal quarry blasting here in Adelaide.

The ev1dence accumnlated since the acquiSition of the

Cambridge Vibrograph further confirms the findings of the

. U.S. ‘Bureau of Mines.

Vibrograph Tests at Greenhill Quarries. ]

exaggeration,

- The’Mining Branch was not aware of the research that had

been carried out qn “Human;Besponse",end the magnification of

vibﬁation.by,people compieihing.wae'oonsidered to be pure

'amplitude than normal blasting in a’ quarry..r~

" Distance

-Teete were continued'inian»endeavour to show

_ complainants that the slamming of a door would prodmce more

. delay.

- (approx)”

| Dat.e ‘Location " Poundage of
of Vibrograph . Explosive . AvWay. Result,
14,12.55 344, Greenhill Rd. '~ . 300° ’ - 1600% .0006 Safe
14,12.55 344, Greemhill Rd; - Sladming door’ = 12t 40006
15, 3.56 - wiemer . 70 lbs. . 1100' . No recording
- Lot 5, Burnalta ST - B o ‘
26. 3.56 Quarry Compressor - 75 1bs. . 950¢ .0025 Safe
o House . o ‘ o o
27. 3.56 Qﬂarry cqmpressor 200“ibs. elec;' 600" (No recording
R House . .. Delay - - (but complaint
, SRR _ (received.
5._4}56 Qnarry COmpressor ,}750'155 o AGOO{' : .0005 sSafe
| .~ -House. e e '
6. '4.56 ‘Quarry Comp. House 400 1bs.. elec, " 5000 .0008 Safe
oL U Delay ‘ .
11. 4.56. Quarry Comp. House 2301bs. elec. delay 450" .0005
11, 4.56 Quarry Comp. House 1501bs.e1ec.de1ay 450' .No recording
.'17.A4»56“ - ‘Further work on’ plus 65 foot face prohibited.
20, 6.56 344,1Greenhill Rd.' 2001bs.elec. delay 1800' No recording
29. 6.56 344, Greenhill Rd iQQibe.elecf delay 1800°* No recording;
3.37556, 344, Greenhill rd.; éOIbs.eiec. delay 1800* No recording,
i7. 8.56 Parbury; 23, Queen‘s 1251bs. elec. - delay 1200* . ,0006 Safe
3 .o Avemae. . f ‘ | . - »
30, 8.56 Wiener, Lot 5, 1501bs., MG., elec. 650' - .0004 Safe
C B Burnalta, o - delay : S ‘ :
4. 9.56 Wiener, Lo®, 5, 2151bs. gel.,. elec. 1400* .0016 Safe
o  -Burnalta . - - delay . ~
6. 9456 292»,_-,Gre'enhill-Rd.‘ 5501bs. BP., elec.. 3300' .~ No recording.
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‘ A complaint'wasfreceived‘on l3;12.55-thet two windows
had been‘cracked by figlng at the.querries that day.

A vibrograph teet carried out on‘L4.l2.55 gave a safe ampli-
~ tude of ,0006, _l  On“beiné:asked_to's1am the front door the
gompléihantnekplalned»ﬁhat'the glase'hed.been blown out'b§

» hiéh winds on the night of‘12.12.55. ~ An inner door was
'lightly slammed, giving an amplitude of .0006.
_In the United Kingdom a maximum of 008 inches displace-

. ment is consxdered safe. ;; In the v1c1nlty of “irreplaeeable
' monuments® the maximum is 003 inches,  Both these figures
, allow for a fair margin of safety. = The amount of emplitude

'is-dependen; on the.poundage of explosive and the distance

away from the instrument,
,Attitude_of Q@arry'Owner andxsequence of_Evenxs.

When the 65 foot face regulation came into force, Lever-
'ington sought an eXtension ‘of . time to enable him to convert
~ .his faces. Actually his problem was the most difficult of.
_all the metropolitan operators, and he was glven the longest
perlod, 21 months to March 1956, to comply, but dia- least of
“all the operators to convert his face. L
Early 1n March, because of continuing complaints of
' eXcessive blasting, Leverington was instructed to notify the
Mining section two hours before any hole was, fired~ all holes
of which notice had been glven were monltored with little or

no vibration untll 3rd. July, 19564 when the»instruction was

'modified to apply to,<'-

-

1. Any flring of 200 lbs. of explosive.
2; All holes on the shale face (closest to Wieners).

- On the 17th. April, further work was prohibited on
cal
- his faces of plus 65 feet, and h fgggligd to the Hon, the
-Premler.‘ - This appeal not belng upheld, he dpproached the

Mining Sectioplfor,technicel_and moral assistance to gain
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access to his new faces which he established in a:couple of'}
weeks. ‘Representations.were made by the Mining Section to
the Tourist'Bureau in support of Leverington's aPPlication for
use of the track through the Greenhill Reserve, until such time
';as the Burnszde COrporation formed and bitumbnised the direct
road. L ) |

After a few days' work on the new low shale faces, Lever-
‘ington stated that the shale was unsuitable for the Cement
comoany, and an officer of ‘the Department accompanied a Cement
Company official to the old Northfield quarry, which was
re—opened.

No further notification of the firing of holes vas
nreceived from Leverington, and officers investigating.the
ciaims of the petitioners, were surprised to find that the
| shale:was again being quarried. ' Asked why no notification
of firing on the shale faces had been glven, Leverington's
‘reply sas to the effect that the instructions had been misun-
derstood, and in any case flring had been done at week—ends
when Departmental officers were off duty. There is little
doubt that Leverington dellberately conflned his firing to
week-ends, to avoid notifications'to the Mining'Branch, even
though he knew that the results of the vibrOgraph tests showed
‘.hls blastlng to be with1n safe limits. - He resents having to
comply with the Reguletlons and instructlons, and has no con-
sideration for the feelings, fears, or comfort of the neigh-
bourlng residents. - There have been suspicions that unnec- ,

essary Wblistering“ has occurred 1n thls quarry,' the Inspec=-
tors are loth to restrict him in this as any restrictions
could lead to unsafe worklng in his quarry, for which he would

endeavour to blame the inspectors.
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COMPLAINTS OF PETITIONERS.

Tabulatlon. _ _ . .
A tabulation of the Oplnlons of the petitioners inter-

‘vviewed is appended hereto, also a report by Mr. Boyes of the
Archltect-ianhlef'S Department, of his inspections of the

houses.

General.Analysis. }

' - Signatories to ihe~petition totalled forty-seven (47)
from 30<occup1ed homes, two houses in the course of erection,
anid the owner of a vacant block. '

One petitioner had no compieints and requested his name

 be removed from the list = his'home was mot inspected,
" One woman'had no complainte arid resented her husband
signing the petition.

The residents of 22 homes'were interviewed, and eight
homes visited twice, 1nformation from the neighbours being to
the effeet that most of the occupants were only home at week-
ends, I3 would thusoappear that by firing at week-ends
Leverington had caused at least-eight‘people to sign the
petition. - RN '

. The 30 homes v131ted represent 34 per cent of the homes
within an equal radlus of the furthest 31gnatorj from the
qaarry. S .

Most of the reszdents interviewed bol*eved that the loud
blasts caused vibration and damage to their homes.’ Only
one person was aware that v1bration from a ldrge amount of
ekplOSlve in a aeep hole, that made little noise, was the one
that could do damage to structures.

Confllcting opinions regarding dust, noxse, and vibration

‘ were given by nelghbours., Cne person signed the petition
bacause of the bellef that “iener had been handed a raw deal
by thc Tourlst Bureau“, and there/several people who objected

to the locked gate on the reserve.
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A .?k A fair proportion signed because the quarries were
"Spoiling the hills®; three confused Stonyfell ‘with Greenhill;
‘but the majority obgected to the roadwork in the Greenhdll
Beserve itself. |

Damage.

- Mr. A, J. Boyes, Structural Engineer from the Architect-
in,chief's Department accompanied the 1nvestigators, and hie
report is appended hereto. . No damage in the homes v151ted

' could be attributed to blasting at Greenhill Quarries.

" This report confirms the opinion of the Mining Branch, and the
findings of the U. S. Bureau of Mines.

Dist. R . . : |
'AEight‘peOPle complain*ofddnst from brucks and.blasting,
two complain of dust from blasting only, ‘one woman said theat
occa51onal dust, probably once in three months. Contra-.

| dictions were again encountered, one woman complaiining of dust
from blasting and trucks; -two,neighbours, however, had no
complaints about dust.id"eone person complainedxabout the
‘dust he saw rising from Stonyfell (about 4000 feet away),
which he confused with Greenhill. .

On the various occasions I have taken vibrograph tests,
I have never seen dust produced by firing descend on the
residential area._f Such dust rapidly subsides, but it could
be possible, with a strong wind, for ‘such dust to be blown
.into the area occupied by homes. = There would probably be
“more dust produced by ordinary traffic.

Noise. | )
Of-those'inﬁerviewed, ten.cQMplained of noise, particu-
larly at week-ends.;ff? One woman stated her children were
‘._.terrified of the blasting. »ﬁf One. woman complained of the

noise of Leverington' trucks roaring up the new road empty.
" . The general opinion was that Leverington took advantage of the



:Aabeence'of=Departmehtal officers at~the week-end to fire shots
that would record on the instruments if fired during the week,
| I do not consider that a legal “nuiSance@ hae been established.

Danger from Blasting._ ’ o A
' Two people stated that, with their children, they had used.
.Greenhill Reserve for- picnice at week-ende, but feared they |
‘mightlbe struck by flying stones.y. They could not say that
ilstones had ever landed near them.i'e ‘A Regulation under the

Mines and Works. Inspection Act, 1920-1955 reads iﬂwhen
1b1asting is being done, no blaet shall be fired, until all

: ’_avenues of approach within danger have been properly guarded
_by men stationed at suitable pos:x.’c.:.ons.‘ﬁ
‘ On 27.10.54, at the Norwood Police Court, Leverington was

A_. convicted on ‘two charges of failure to comply with the above

regulation, and fined a total of £10, plus £4-7-0 costs; on a
complaint made by Inspector Mansfield. ' It is unlikely that
~Lever1ngton will again offend, but 1f he confined his blasting
to the normal’ working week, there would be much less chance of

people being present 1n the Beserve.

Defacement of Greenhill Beserve. N
' As the Mlnes Department has no control over thie conten-

‘ tious matter, no questions were aeked the residents on the
subgect. " Probably half those interv1ewed raised the ques~
tion of ‘the defacement of the hills generally, and particularly
the road through the Greenhill Beserve. Actually a track.
did exist, and Leverington widened it and placed a certain
amount of metal on it 40 form a road.,' The fresh red earth
s noticeable from.most of the residences whereas the track

'icould not be seen. | Graes will soon cover the désplaced

.. goil on the sides of the road, and there will again be no

_ lev1dence of a. road._'ff Three people donfused Stonyfell with

- Greenhill.,;i' The locking of the gate and the erection of a

"ﬁﬂNc.Thoroughfare"‘sign,ie no,concern of the Mines Department,
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' SWMMARY AND CONCLUSIONS.

_ bignatories to the petition are from 30 houses, repres-
enting 3# per cent of the homes in the area,
No damage is attributable_to blasting in the quarry.
There-is no‘legal nuisance regarding dust.
There is no legal nuisance as far as noise is concerned.

Employees of Greenhill quarries have been observed.

5 guarding the gpproaches to the ‘quarxry prior to firing.

The alleged defaccmenx of the reserve is no concern of

the M1ning and Inspection Branch.

Leverington, to avoid the monitoring of his firing, has

. done this at week-ends, leaving himself open to allegations
”'that excessive charges are: fired in the absence of Depart-

‘mental officers..i,_

It is more than likely that leverington, with a complete
disregard to the feelings of his neighbours, has used ¥bligterst
at week-ends. B , | :

_ People can feel vibratlons that are one~-thousandth part
of the magnitude‘necessary t0 cause damage.

Moniﬁoring df:blast vibrations will be ‘continued in an

»Tendeavour to educate the residents of the above fact.

OFFICERS CONDUCTING THE INVESTIGATIONS,

The following officers hage been concerned in the investigation

of the complalnts and the monitoring of blasting with the vibrograph:

10.9.56

mr.nA.J.;Boyes,'I' -Structural Engineer, Architect-in-Chief's
| N " "l_ ,Department.,--‘
Mr;lBg;éonry; }‘.:'iMining Engineer, Department of Mines.
Mr. R.A. LOVe,.j '1‘Assistant Battery Manager, Dept. of Mines.

'Mr.'A% wilson,' .:w Biophysic1st, Departmenx of Mines.

" INSPECTOR OF MINES & QUARRIES.
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The Principal Architect.

Re Inspection of residences Burnside.

; " In company with Mesars. L.L. Mansfield and B, Sowry of
the Department of Mines, I inspected all the residences on
the attached list, the 1nd1vidua1 reports being contained on
'three .other- sheets. \ ‘

In no case did I find that the observed or reported
damage was anything but what could be normally expected
in deomestic¢ buildings in that or any other area, and in
fact some of the minor cracking was considerably less than
'what takes place in areas much further away from the quarries.

- 4s a general rule,lthe amount of cracking varied inversely
- .with the standard of workmanshlp and the su1tabillty of the
materials used.

Also it will be observed that there were several cases
where no complaints of damage have been made even though
neighbouring residences were sqpposed.to.have suffered.

© ATBIAP S . ; -

. SENIOR STRUCTURAL ENGINEER.



: .S"I‘RUCI‘ISIRAL. REPORT ON RESIDENCES.

KYoQ

Numbers in brackets refer to name and address .of owner as per
separate sheet and the order in which they were inspected.

:(1)

(2)

’Well built brick, approx. 10 years old. No apparent

external damage. Not possible to see interlor as owner

© never home on week days.'

Brick, cement rendered, 12 years old approx, y natural external
settlement and shrinkage cracks in masonry, cracks in ceiling

" at cornice due to normal movement and shrinkage., Construc~

(3)

@

tion not suitable for the'plastic-soil of the‘site.

- Pimber frameand weatherboards, approx. 2 years old, no

apparent damage externally. =  Not possible to see ingide

as owner never home week days.

Badly built, at least 45 years old, ‘severe settlement cracks
particularly along western verandah piers. Froﬂfdoor
frame out of square through settlement and cracks along

1n31de cornice and at front door.

(5)

Frontwall ig 9w brlck with nOvapparent headers and further

_cracking can be- expected. -

Very old, at least 70 years, stone but well built on plastic
soil plateau almost at edge of creek. ' Prevzously bolted

- up many years ago.

" One medium crack.ln internal wall due to settlement, but is -
" not serious. Recent brick addltlons 3 years ago show no.

(6) F

"

sign of cracking._

Previously 1nspected w1th Mr. R. Armstrong about 2% years ago,
and report rendered at that time. -

Timber frame and weqtherboards, with 4%“ brick infilling
between timber posts. - About 3% years old, well built
on plastic site, random rubble retaining wall shows,earth ,
pressure cracks, »

Interior walls and ceillngs are flush Jolnted fibrous plaster

- sheets on timbeér framing and no cover or cornice moulds.,

(8)

In places these have opehed at the horizontal and vertical
Jjoints due to natural movement of the timber,

Timber frame and flbrolite outside, Inside as for (7) but

‘poor quality, 6 - 8 years.: Brick walls outside below

ground floor roughly built and showing considerable movement,
settlement, and cracking but no complaint made about this
latter. . Chimney has commenced to lean outward and some
interior brick piers are out of plumb. "Interior cracking
as for (7) but worse, probably owing to poorer~timber and

f'construction.'

(9)

’(101

vell built brick, not yet completed. " No damage externally
excepting slight settlement crack where later added garage
is not toothed into wall of main bullding.

Tlmber frame and fibrolite, of poor construction and about
20 years old.. On plastic soil with steep slope,

lasonry walls below ground floer and front porch show consid-
erable movement and crackzng due to settlement.
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(3
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(5) -
(6)
7
(@
(9)
(10)

(11)
(12)

(13)

(1)
(15)

- (16)
(a7

(18)

(igj:
- (20)

(21)
(22)
(23)
(24)
(25)

(26)

(2D
(28)
(29)
(30)

SIGNATORIES TO PETITION.

A R. Mazzarol

Henry
w. Place
G. ﬁ&seﬁbauer |
D.V.vstephens‘
R. Beard'ri'
N;,Wrigﬁt-A
A.R. Morgan
Pike
C. Barnes
R;AQ,Agars

R Parbury'

Burgess

. JO-G. SpI‘Oa

Dyson .
J. Thrich"
G. Norton
W.J. Warne

wiener

D.W. Wilich -

L.E. Retalic =

R.R. Schaﬁihgér;‘ 
T oy

Evart .
K. Patfull =~
J.S. Millen
J.E;»Glasé -
E.C. Hall

Potter

 G.R. Shedley

17

o1d
314

312
369
375

322
1326
.. 336
30
. 344.
25

23

19

Greenhill Boad;
Greehhili Road.

Greenhill Road..

Greenhlll Road;
Greenhill Road,
Ggegnniil Road.

‘Greenhill Road,

Greenhill Road,

Greentiill Road.
Greenhill Road.

Queen's Avenue,
Queen's Aﬁenue,
‘Queen's Avenue,
~Quéénf§_ﬁvenhe,.

" Wyatt Road.

Greenhill Road.

"Greenhill Road.
'6; Greenhill ‘Road.,

S, Burnalt.a.‘

Queen's Avenue,

~fKing's Avenue.

Burnside.

Burnside,

Burhside.

Burnside.

King!szvenue.. 

‘sitters Drive. -
‘Sitters Drive.

King s AAvenus, .

" . windsor Avenue.

 ‘windsor Avenue.

12

Royal Avenue,

- windsor Avenue, -

'jQueen's Avenue, Burnside.

o N



(1)

-2=

Timber frame and weatherboard, not yet completed. No
complaintd about damage. - In view of (7) and (8), the

' owner has taken precaution of using thointed caneite in

(12)

'(13)

et

(15)

(16)

‘lleu of fibrous plaster. ,
'Cement brick spandril wall to steps. ontEastern wall has

cracked due to mortar too rlch in cement,

‘Timber frame and weatherboards almost new.  No structural
~comp1aints.- e :
As for (12) but abcut 3 years old,  No structural complaints.

Interior walls as for (7) but cracks worse if anything,
although no complaints as being due to blagting, these
appeared about 12 months ago.'

Two storey well built brick, about’ 3 ‘years old, on piers and
beams. . Two small cracks in ground floor interior walls

‘'which owner admits may bé due to differential settlement.
. Frol his description of these piers it would appear that the

footing slabs are deficlent in area, ’
Very old building and cracking - from settlement, considerable

distance from the quarry. No etructural complaints,
Brick War Service Home, 7 years old, Normal shrinkage
cracks in fibrous plaster ceiling. ' One sheet in Kitchen

ceiling shows the normal radial cracks that appear when
pPlgsterers mis-handle same when fixing or when electricians

. put their feet on same after it is flxed.

17

" (18)

(19)
(20)

(21)

(22)

(23)

(24)

wWell built brick, State Bank House, 29 years old. o Slight
to severe cracks in internal walls due to settlement on very
plastic yellow clay. Verandah plers and floor slab lean-

- ing out considerably through ‘earth movement,

Several large cracks that appeared durlng ‘earthqpake, and
since repaired, have not opened appreciably. Ouner
admits that some movement to be expected, especially as in
bad earthquake repiont - ,

Being built of cement brlcks, concrete and old tram rails,
- No damage. :

As for (18) - | S .
Mount Gambier stone blocks 7 years old. Several Joint
cracks in front wall due te earthquake have been patched and
not re-opened. Some slight cracks in inner and Eastern

"walls along the joints, most probably due to settlement as

top soil vey plastlc in this region.

Mount Gambier stoneblocks, 5 years old, One external crack
to settlement at North East cormer, characteristic internal
cracks at junction of walls due to butting of blocks,

Owner admits that some could be duexto earthquake cracks

that have re»opened.

Mount Gambier stone blocks 5 years old, slight cracks inside
due to natural movement and shrinkage, owner admits that these
may be due to the earthquake and may not in any case be due

to blasting ' . .

Timber frame and weatherboards, 2 years old, no structural
complaints. o ‘ :

,'Concrete blocks and cement bricks rendered, 8 years old,
shrinkage settlement and earthquake cracks, inside and

., outside. Most of the earthquake cracks have been filled

up and some have re-opened, House is situated on a plas-

tic slope and small retaining walls ctc. outside show consid-
erable settlement. - .
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© (25). Concrete blocks cement rendered, 8 years old, settlement,.
shrinkage cracks, vertical crack opening up at rear walls
where newer. structure h2s been butted against the original
“wall without toothing in. - Condition of interior unknown,
-s0il condltimns as for (24) .- : ', .

‘(26) Mount Gambier stons blocks, well built on pier and beams 5 years
~ 0ld. -~ No extermal damage. Slight cracks in ceilings
~ where flush gointed, a slight earthquakc crack in interior wall.

(27) Very well built brick house, 3 years old. No apparent external
- damage, no structural complaints, no earthquake damage.

1(28) Well bullt Basket Range stone house, about 3 years old, no
apparent external nor internal damage.

(29) Txmber frame, T&b. V.o. lining boards. S‘yeéra old,
. No structural complalnxs. : - . -

(39) Mixed construct1on of two separate buildlngs. . No struc=
~ ‘tural complaints. - ‘

2208056 . ". ’ L ' ‘ (Sgd-) -A'oJo BOyeS' )
| | ' SENIOR STRUCTURAL ENGINEER.



| HUMAN. RESPONSE_TO_INDUSTRIAL BLASTING VIBRATIONS,
o | o

JULES E. JENKINS. ‘
(Frcm Mining Engineering, May, 1956.)

| " . In the past quarter century the seismograph has played an

o increasingly 1mportant role in evaluating vibratory effects trans-
mitted to adJacent comnunities by industrial blasting operations.
‘iIn this period research ‘has: advanced through two maJor phasés - from
falling-pin seismometers to three-compnnent recording seismographs.
The initial phase of this research‘is now regarded as the era of
recbrdi s during which the seiémograph nerely recorded occasional

events. It has_emerged from this stage into the era of control

and.analysis and in this later period{has oeen‘recognised as a
full-fledged industrial tool, o

Although the falling pin- machines of earlier years indicated
probable amplitudes of industrial blasting vibrations, they gave no
reliable measure of such displacements, nor did they provide essential
'information concerning direction or frequency of motion.

The first contribution of the three-component recording seismo-

. graph was the weight-for-distance formula developed by the U,S.

' Bureau of. Mines. ' This empirical formula enabled users of commercial
eXplosives to determine beforehand the probable vibratory effects of a
"~ blast when the weight of the exp1031ves charge and the distance from
'the shot point were known. f, This formula has thhstood the test of
time and is ‘still‘ app]icab_le - .fo.r blasts detonated.by instantaneous

_methods. | o - o |

The second maJor contribution of the three-component recording
seismograph followed the 1ntroduction in 1945 of short period or
. millisecond delay detonation. e This might be described as a two-

vd'stage contribution, the first of which revealed a 50 pct reduction

. in the vibration.magnitude when millisecond delay detonation was used

rather than. instantaneous discharge.," The second part of this
double contribution led to the discovery of the vibration dig

| Qhenomena. '
In Fig.'l_the‘horizontal coordinates indicate the displacements



amplitude in inches,'and the vertical coordinates,.the explosives
‘neight in'pounds, }The top curve is‘thatpof thexU.S.:Bureau of
‘Mines for instantaneeus detonation. .ItS'curvature conforbs to the

,two-thirds power of the explosive weight as provided in the weight~

’forsdistance formula, hence the v1bratory effects increas proportion

in proportion to an_increaseﬁin the explosive charge. If the .
other curves shown below are temporarily disregarded,‘it.may be con-
sidered that the entire area below this top curve represents both

useful and waste energy.

As mentioned previously, when millisecond delay detonation was
first investigated it was found that in general the U.S. Bureau of
Mines curve could be decreased by about 50 pct, or to the position of
the middle curve.~ At the outset it was assumed that-this curve

 would likew1se increase in some prOportion to the explosive charge,

- as did the top curve, that 1s, the curve would 1ndicate a continuous

l upswzng.‘h A8 seismographic data accumulated this assumption was
found to be erroneaus in part. . It was discovered that for the
smaller ‘explosive loadings, vibrational effects conformed to expect-
ancy only up to a pOlnt., . In Fig. 1 this point is indicated at
1250 1b, Thereafter the.Vibrational effects assumed a downward
trend that continued o the bottom of the dip, which is shown at
2500 lb. ‘;' After - reaching this low point, the curve rose again
until 1t leveled somewhere near expectancy for the higher loadings.
There is good reason to believe that this curve continues to the
right and. beyond the limits of the graph in a series of smaller dips.
A8 of now loadings are up to 70 OOO lb, but blasts of this size are
few and far between.&“; COnsequently data is scant for loadings
of over 25, 000 lb.
| For the purpose of illustration, the dip is shown in Fig. l as

S extending over a 100 pct increase in the explosive loadings. In

.actual practice, the increase in the explosives ‘1loading varies from
20 to 80 pct, depending on individual blasting procedures and
. local terrain conditions.f, . )
When explanation is- sought for this dip phenomena, the laws

'governing distribution of energy seem to apply best. ' Blasting
vibrations transmitting beyond the\shotapoint are classified as
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'residual ‘energy, which- cons1sts of two parts, irreducable minimum and
- waste. If the low. point of the displacement dip is accepted as the
point below which_it is not possible}to reduce, and if a final curve
is drawn through this?lom point to the'family of curves, the values
'falling on this curve represent’ the irreducable minimum - in other
words, the.amount,of energy that must,be driven into the earth to
effect .a new line of cleavage.Ae ‘ It is with this waste energy that
“ human response to industrial blasting vibrations begin..
In the course of these seismographic studies, investigators have
been constantly alert to the wide discrepancies between.reported
. vibration intensities based on human evaluations and and actual intem-
sity as determined by instrumental measurement. - Although it was
‘early recognised that these human factors extended into the fields of
physiology and physchology, investigators refrained from straying into
. these fields, believing them outside their professional scope.
, Nevertheless, the point has been reached where someone must lead
.the waye. | o |
Investigations of human reaction to vibration are largely con~-

fined to steady state motion, for example, the riding qualities of

vehicles and vibrations in ship structures ang . aircraft. - - At first
and :
. reading, published reports are confusing & contradictory. But on

further study each report is found Yo have ‘merit w1thin the limits
investigated.r ' f

Unfortunately, aside from the fact that they provide valuable
knowledge concerning human reaction % Ao constant agitation, these
' reports say nothing cf the transient or impact forces that occur as
the result of an- embedded dynamite blast. However, they do dis~
close interesting trends, which undoubtedly will be defined further
tin impact investigations. o |

The work of Reiher and Meister at the Institute of Technology in
Stuttgart, Germany, in 1931 and 1935 provides important clues in this
direction. These researchers subgected a group of 15 persons 25 %o

40 years old, of various occupations, to the continuous oscillstions

of a vibrating platform, through amplitudes from four ten~thousandths
of an inch to 4 in., at frequencies from 1 to 70 per sec. ‘ They

exposed each subgect t0 various vibrational modes for 8-min, intervals



. ‘ _ o

'during whicn the subject stood‘or'reclined." then thé subject
_reclined, motion was applied both parallel and transverse to the
axls of the body. . After each test the sensations experienced

by the subject were rated as 1) not noticeable, 2) barely noticeable,
73) well noticeable, 4) strongly noticeable, 5) objectionable, and
' 6) uncomfortable. . Thus between categories 1 and 3 the threshold
of-irritation was established,*and between categories 4 and 6 the
threshold of discomfort. |

As vas expected the degree of sensation varied widely between

suhgects. Furthermore, the same sensation wae not always exper-
: 1enced by tne same subJect reaeting to the same v1brations. Even
so, the test .results were carefully plotted and a wealtn of valuable
 data obtained, These data are condensed in Figs. 1 through 6,
which reproduce only three of the six curves by Reiher and Meister,

namely, ‘the second, fourth, and . sixth, indicated as,perceptibl_,.

- objectionable, and,uncomfortabie. o Horizontal lines in Fig, 2 and
in the illustrationspto‘follow indicate vibration amplitude in mils,

or thousandths of an inch, and vertical lines the frequency in cycles

. per sec,} . The_bottom curve represents erce tible, the middle curve
objectionable,.the top curve uncomfortable. The arrows on the right
indicate three vibrational characteristics; - The top arrow indicates

}the rate of change of acceleration, sometimes referred to as dggg the
middle arrow 1ndicates acceleration, and the bottom arrow, velocity.
When the slope.of the curve_correspondsfto the direction of one of
these arrone,.it.indicatesxthat the human sensations within this seg~ |
ment of the curve are'stimulated and reacting to the vibration char- |
acteristic-shownfby.tne arrow.p-vianis reveals that in the lower
‘freeuencies, below 5 cycles,.thelreaction’tends to conform to the
rate of -change in acceleration" in the middle frequencies, 5 to 10
cycles, the acceleration; and 1n the higher frequencies, above 10
cycles, to velocity. | _ | _ .

In this case, at 10 cycles (bottompcenter reading up) the effect

of vertical movement applied to a person standing must be increased

nine time over perceptible before becoming objectionable, and 32

times before becoming uncomfortable.. The difference between

obgectionable and uncomfortable represents an increase of three and

a half times. :
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When the person remains stending while being subjected to horizontal
movement, Fig. 3,the motion must be increase 13 times over percep-

tible to become obgectionable, and 39 times before becoming uncom-

| fortable. The difference between the objectionable - uncomfortable

limits is three times, or approximately the ‘same differential as that
for vertical movement. - 1In general, vwhen someone is standing,
. twice, as much horizontal as vertical movement is required to invade

objectionable - uncomfortable limits.

When the subgect reclines and is moved in the vertical direction,

" Fig. 4, and increase of 13 times over ‘perceptible is required to

become ob;ectionable, and an increase of 51 times to become uncom~

fortable.» ’ When this reclining position is compared with the
standing position, it 1s found that three times as much vertical
movement is required to invade the‘obgectio ble-uncomfortable limits.

In other'words;;the'body;is;more_sensitive to.vertical vibrations
when in an upright position.  When the subject is still reclining
and’beingimoved'horizontally,‘psrallel'to the axis of the body,
‘,Fig. 5)'the'reaction'is similar to that for horisontal-standing.
When the subgect reclines and motion is applied transverse to
the axis of the body, human reaction is more pronounced than for any
,of,the various combinations with the éxception of vertical-standing.
' In summary, the human body under'steedy state agitation is most
sengsitive to. vertieal motionlwhen the person is‘etanding and Isast
sensitive when he is’reclining, as shown in the left diagram of Fig.7.
fthen the movement is confined to the horizontal, the reclining person
is most sensitive to motion applied transveree to the body axis, as
ehown in the lower diagram. ' Sensations of this kind are experienced
| in sleeping cars of trains. ' ’,. S
| Finally, altnough this discu831on is confined to amplitudes
having a frequency of ten cycles per sec., the importance of fre-
quency on these human reactions must not be overlohked. For

‘example, in Fig. 6y if the frequency were increased six times to 60

. cycles the obgectionable sensations would be experienced at 0,19 mils,

or about two tenpthousandths of an 1nch This motion is but one-

sixth of that considered gectionshle at 10 cycles. ' Furthermore,

' objectionable motion at 60 cycles;would not be pgrceptible at 10 cycles



Now, if frequency is decreased to 5 cycles, the objectionable sensa-
tion would not be experienced until an amplitude of 5 mils was reached,

or four times the movement. considered objectionable at 10 cycles.

If these curves areiextended to the upper edge and beyond the
limits of the graph, into tne7range}of earthquake frequencies,
amplitudes of the order of inchesdwould'be required to produce the
same degree of human sensation}experienced by amplitudes of less than
one thousandth of an &nch in the blast frequency range, This offers

© gome explanation of the claim frequently advanced that the results
of some 1ndustr1al blasts are worse than an earthquake.

One important phase of human reactions, not covered by the

investigations of Reiher and Me;ster, has to do with what is called

startle:react;on, This reaction, induced by the ear, is known

to bring about momentary.increaees in hegrt rate and respiratién,
The source'need.notdbe loud.or intense, but only unexpected.

It has been well eetabiished that these sudden disturbances exert
profound-influence on a person's-decision that-ne.detests a certain
" sound, and incidentally; those responsible for making it.

Not only is the ear involved. . Skin areas, muscles, tendons,
301nme, and internal organs are exclted as wells, . The individual
or collective,effects on’ theee.parts of the body frequently cause
peopie'£0'conclude that the earth or building supporting them is
'shaking violently, when, . as a.matter of fact, they are actually
being moved through microecoPic dlménsions.'

It must be‘remembered‘pha§~tne average person can feel vibra-

tions that are one hundredth to one thousasdthparts of the magni tude
. — e . ) T .

necesgary to'damagelstructures.‘ . Until these facts are firmly
implanted in the pubiic mind, those whose business requires them
to discharge blaste~will'undoubtediyfbe'confronted, from fime to
time, w1th claims for etructural damage, which are in fact based
on misconceptlons aris1ng from human reactions.

Although these facts point to the rOad ahead, they do not in
. themselves hold any 1mmediate application to industrial blasting
procedures. _ They do, however, clearly disclose the urgeént need

for further investlgations into the complexities of human responee



to.impect.f,_f'There'is eoery reason to'believe'ﬁhet the body can
' withstand a far greater degree of shock under impact than it can
'»under prolonged agltation.bf p

The Vibration Measurement Engineers organizatlon has made an
exhaust;ve review of its files and,epdeavoored to co;relate some
 of the'measured seismogfaphic”data with statements made by people
the company regards as chronic complainers._'.i On the basis of
'this approach, there 1s reason to believe that industrial blasting

‘ivib:ationsgmight be 1ncreased:as much as five to ten times that of

steady siate motion before the objectionable - uncomfortable zones

" are. invaded.
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