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EXPLOSIVE SOUND SOURCE
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JNTRODOCTION :

A mothod has been developed at the Royal Solool of Artillery Larihill to
prediot noise intensities at dietances up to 3%m from en explosive
aource, .
Given the chorge weight of the explosive md wind and temperaturs profilea
%o 8 height of about Zm,a small computer predicts noise intemsitics at
Zm intorvals for each 10 degrses of azimuth

There has been a marked reduotion in the number of complaints of nolse and/
- or damage from the publio since ueing the method some eighteon monthe ago.
Preliminary rosults euggest that B0% of the predicted intennities,measured .
in pesk linear dB,will be within 548 of the measured valuegusing on eite
neasuremants of wind and temperature profiles, :

Purther work in comoperation with Salford University and ICT Buxton is
being done to extend the predictien method to anywhers in the UX uneing
eynoptio dats that 1s resdily available at sy metaorologloal office.

THE PREDICTION METHOD

Thia uses & cound ray tracing teclmique similar to that dasoribed by
Buggitt (Ref 1), .

Profiles of wind end temperaturs are used in combination to obtain a
speed of sound profils for each 10 degrees of ssimuth 1e 36 profiles for
8 full 360 degres acan, :

The lower atmosphere 1o divided into layers,150% in dopth,and the spaed of
cound calculated at the boundaries of each layer.The speed of sound within
the leyer is asouned to change at a comotant rate end henos sound raye
passing through the layer would desoribe aros of clrcles whoos radii are
proporticnal to the inverse of the rate of change in the spesi of sound,
If the spsed of sound inepesses with helght,the rays are refractsd dowmnj
for a decrease with height the reys are refrooted up and for & conatant
speed of)ommd the ruys pass through the layer in a straight line {ees
Iigure 1).

Given on initial angle to the horizontal of 1 degres,the computar traces
the path of the sound ray through the atmosphers until it retums to sarth,
It then repeats the process for a 2 degres ansle and oo on until = ™y
leavas tho top of the atmosphars (about Zkm sbove ground level),It has
baen found that all rays with an initial slevation of 20 degreess or mors

will leave the atmosphere,the aver bo about 8 to 10 dogreea
The number of rays re‘h:mine ia pﬁomediﬁ- the opeed of sound profil

and this changes with diwection socarmed,wind and temporaturse,Tho wind

and tempereture profiles change with time and distamoe presenting a
formidable four-dimensional problem in data input to the computer,
Fortunately the atmospheze is swificiently comservative in the times and
distanoes under oonelderation so that wesn profiles of wind and temperature
yield useful noles pradioctiocns,
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Figure {.chows s emall section of somd zay trajeotories throuvgh 1504 layers
of the atmoephers whose speeds of somnd a% thedr bowndaries are Y0,¥1,V2 eto,
The atsosphera is asoumed te be wnohanging with time and distanes from the
sourss henoe rays that return to esrth are syrmetrical sbout thelr apex and
the horizontal distanes from source to apex 1s hslf that of scures te the
return point on the earth,Thms caledlation time can be halved by computing
trajectories cnly to the apax.Once & ray has 1left the top of the model
atmosphere the soan for that asizuth is complete sinos 21l rays with larger
angles of elevation will alss leave the atmosphere,

The intensity of eound gt a point hes besn shown to be & funotion ofis

1) The charge wsight of the sxplosive source

11)Wnather the charge is exploded in fres sir or omtained by burlal

111) The direction and distance of the point from the source '

iv) The deneity of rays returning to esrth ie the nwaber of rays returmning

per km of horizontal 4istanoce

{¥) Topography. o
la?"lgs'l'ﬂg Vimmn VING THE OREATEST EFFECT ON S0URD INTINSITY I3 THE WIND,

The sound intemsity for a given charge should idenlly be measured as close

. . to the scuros as is praotical and eafe.For & g & dstanocs of 50=100M in

{deal eines the meteorvlogical effects on the measurenent will be negligible.
If direot mapourement lp irposeible then a reasonable estimate can be omade
ueing tables contained in Ref 2,

1f the oharge weight 1o unimown,the prediotion method uses & stendard charge
of 0.45kg (101d) of H.B, exploded ih free air.This ia equivalent to & poak
ovorpressurs of 13048 st o distmnce of fkmyin on iecthermal ,windlens atmose
pheres,
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comploto containnemt of the charpo markedly reduces the sound intensity but
it ouat be emphasiped that the contairment muet be total 1e no blow out
through charge holea,¥alls built around gun emplucements als virtually of
1little use eince the sound escapes by refleotion,diffraction and rafraotion,
Quarries over {00 desp or even open ended shafts mmk to nearly 1000M deep
osa 811l have a noime prodlem shem blasting,

Direction and Pletsnce from Sourcs

By geommetry alone,the attenustion of sound is 6dP per doubling of diatence,
Mogsurements hava shown that this value 16 increased probably by diffraction
in the air and by abdorption near the ground,.Tha valug gquoted in Ref 2 1w
94B per doubling distance but no information ie given on how the figura was
detarmined Moasuraments at Larkhill indicate a valne of asbout 73dB taken in °
a near isotherwal ,windlens atmosphere at distances up to 800M from the source.
This typs of atmosphere ip rarely experienced snd since the groater the
diatanoce from the apurce the greatsr the depth of atmosphere that nust
aatiefy tho above eomditiona,it 10 olear that direot measurement tens of

km from tha sourcs ie impopeible,

‘The method therefore aseumes & stendard sttenuation of 744B per dowbling of
diatance for en isothermel ,windless atmoaphare in which sownd raye will be
straight and diverging.

Absorption of sount by alr 18 frequency dependent and by direct o‘bnervation
the attenuation of explosive sound with fregquencles in the range 10=-20HZ is
very smal) end almat certainly lese than 143 per ki of path length in the
atmosphore,

Temperature grodients in the vertiocal are a scalar quentity and apply
equally in all directions.The obaerved variation in sound intemsities with
direction from tho sjurcs can be attributed altwnt entirely to the tind,aa
will be shown later,

£ _Ra to Earth (oes Figurs 2)
The density of rays returming to earthiie the mmber of reys retuming
within each km) depends on the gradients of opeed of sowmd in the lower
atmoaphers,
If the speed of sound mmauea with height the rays sre bent down and the
attenmation with &lstanos decrensed (Nolee Enhanoement),The intenalty can
be inoreased by come 10-204B over the value to be expeoted in ths standard

atmosphere,
In the otaendard atmosphere the speed of sound 1s oonstant with height,the
Taye are straight and diverging and,apart from the grazing ray at zero

degrees glevation,no rey returns to earth. attunua.tion rate TidE per
doubling of diptance)
If the ppesd of sound dacresses with haight so that no reyn roturn to earth
at all then the value of the opeed of eound grafiient in tho lowest 150M layer
1a used to inarease the attenuation rate,Values of 2548 par doudbling of

- ddptance ars posaible on extreme dayn.(Noime Buppresaion)
The conditions of most interest are whan scound rays are bent up at first

and then bent down to converge on & small area (Noise or Blast Focus),These
ocnditions are by no moane rare snd in the UE are usually assooiated with

the polar front wenther aystems that frequently crose the British Islea,

The apeed éf eound dsoresses with helght at first,then increases with height
usvally because of a marked inoreass in wind speed at height coupled with a
ochange in wind direction The upper wind 4ireotion csn differ from that at
the surfnoe by as much as 160 degroes,Thua the surfsoe wind 1o not a reliable

97




prodiotor of cound intensity,

The area of sound foous osn experience sn increase of 40dB above that
normally axpected at that diatance,It oan be located in sny direotion,even
upwind of the purface wind,at distances momally between 4 and 15km but a
foous oculd pecur,that could give rise to complaints of noise,at J0wjOkm, -
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Zopography
The preamce of hills and valleye affaata the local scund intensity but o
prolonged investigation would be required to determine the magnituds of the
effoct in Lsclation from tha other variables,There is mbjective evidence
that atesp-sided valleys dnerease the obssrved nolse intensity but the ehadow
offsct of hills 18 obsourse,Fhat ie certain 15 that aress out of the line of
sight to ths souros oan otill experienoe high noise levels because reys can
be refracted ovor intervening high growmd,
No corrections for topography sre incorporated in the predioticn method
-hoosuse the terrain of the Salisbury Flain did mot warrent it and beocause the
the main soures of the nolee {artillery) was mobile and oould change its
position by tems of km in almost as mumy minutes,

- Results :
Isopleths of predioted nolse intensity are shown in Mgure 1,




They show a typical moisy day with a noise enhancement area downwind and to the
right of the surface wind,but also a well marked foous almost upwind.The upper
winds on this day were veering and increasing with height,from 145 degrees
én/sec on the surface to 276 degrees 1Tn/ssc at a height of 1800M A.G.L.
Hote the areas to the southeast where the nolsé deorsases with increasing
dstence before incressing again at the foous.Note alsc the area where the
sound would be inaudible.All of these features have been observed in the resl
atmosphere, :
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FIGURE 3,
Proliminary moasurements, within a radius of Skm have shown that 804 of the
predictions were within sdB of the measured value with a maximum error of 10d4B
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