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Notes on Pneumatic Sirens for National Warnings
for copsultation with the Aercdynamics
Division of the NEL

Te The Froblea

The existing four to five H.P. electric sirens were installed at esxposed
sites before rnd during the last war. The metal rotors of some of these sirens
have been found to be defective but it is not known how many replacements might
be needed.

A total of 7,000 electric Eirens ware installed throughout the United
Kingdom, a relatively amall nusber, and entirely in built-up arcas. During
the war the warning coverage appears to have been adequate probably because
petrol was rationed and air raids occurred mainly at night when background noise
1avels in residentisl areas were very low.

The offectivepess of these electric sirens, under preseat daytime, high
background noise levels, in jndustrisl cities, is not known with certainty
becauce of the manifeld increanse, since the last war, in sotor traffic and
corresponding increase in noise levels and alsoc because of the increasing

propertion of very tall buildings and comsequent increase in gound shadow
effects.

The background nolses in cities are rnot constant continuous levels but

consist generally of high peaks lasting several seconds alternating with brief
periods of much lower scund levels.

In judging a particular sound in relaticn to a background of about the
same noice lavel, it is suggested that the significant criterion im whether or
sot the meaning of the particular sound can be recognised and cosprehanded by a
listener with average hearing. The red warning, wailing note, is so sisple and
characteristie that it might be picked out and comprehended from an average
background poiee of considerably higher level, espacially during a period of
political tensicm. In this connection the duration of the warning signal =ay be
of great importance @.g. two minutes or one minute.

A saricus digadventage of the slectric siren system is that it deperds on
mains electric current which may fail during a nuclear attack, possibly before
a red warning could be given and, very probably, before a black warning of
i-iﬁgnt radicactive fall-cut could be given over large areas of the United
Eingdom.

This is an appropriate time therefore, for Civil Defance

planning oBeD,
to conmider the use of more powerful pneusmatic sirens, independent of tE:rp
electric mains power, particularly in outer suburbs and rural areas whare the

area coverags could be fifty to one hundred times as lar
slsctric sirens. large as that of the

In 19%8 the Committes on "Loud Noise" Alr Baild Warni T
results of both objsctive and subjective trials, of a nuﬁ;airsﬁn:li;uz:m‘::;ii::.
out with the assistance of NPL. In paragraph 45 of this report, the 'f:;n.ittu
expressed ite preference for stea= sirens where a ateas supply was available
for the cospressed air airen (then under consideration for use in Trinity Hn-'
light vessels) where a supply of compressed air was or could be made l.r..:".._]_n'h._';‘_:-
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and elsewhere for the Gent four H.P. glectric giren.

The difficulties of assessing siren performance, because of the complexities of
gound distribution are referred te in detail in paragraphs 21, = and iﬁ of ;F;;r
report. Thess difficulties would now be greatly enhanced because of the zuc ger
area of coverage of pneumatiec sirens and the consequent higher probability of damping
by topography, buildings and weather variaticns, particularly air temperature

layering.

The importance of a two minute duration for the attack warning aignal is

mentionsd in paragraph 41 of the report; "that a sigoal which continues for at least
two minuteo hag opportunities of attracting attention over cagsual background noises,

wnich give it a considerable value over a short signalll.

The present sussary notes comtaini-

he Pintech-Bamag A.G. of
{4) An account of the perfermance claimed by t
Butzbach in Hessen, Federal German Republic, of their marketed comprassed
air sirens, designed either as pylem or roof top warning syotems, together
with the basis recozmended by the P.B. Company for planning the distribu-

tion of these poneumatic sirens.

(1i) Some test repults in the towns of Hanover nod Nirmberg ns well as in the
rural area of Trauenstein, of the F.B. pneumatic sirens, carried cut by

the F.G. H. Physico-Technical Institute, Brunswick.

{411} A genersl description of the pound producing giren head, controls, powsr
and air compreasor units and compressed air reservoir.

(i¥) Tentative Home Office proposals for the inatallaticn, testing and
performance evaluation of a pilot poeumatic siren system, possibly in
Laeds and surroundings.

The mdvice and assistance of the NPL at thie early stage would be greatly
appreciated.

II. Performance claized by the Pintsch Bamag Ccmpany for
their Pneumatic Sirens and their Flanning Recommendations

The perforzance cpecification laid down by the F.G.R. Ministry of the Intericr,
dated August 1557, for their acceptance of the posumatic girens includes the
following Civil Defence warnings:-

(a) Hed Warming

A (wailing) rising and falling note; frequency range 300 to 420
cycles par second {Horz unita) 4 10 Hz: period two seconds for rise,
two seconds for fall; duration of warning signal one minute.

(b} All clear sigmal
A steady note of 420+ 10 Hz of duration one minute.

() ARC {ltnninl Biological or Chemical) Warning Signal, which might include

the fall=-out imminent warning required io the United Hiogdom:

Three notes, rising and falling, each lasting twelve seconda separated
by twelve second intervals: total duration of the warning signal one
minute.
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(d) Fire warning {(peace time)

Three ateady notes of twelve psaconds, with twelve second intervals:
total duration of warning signal, one minute.

Hota

The Pintach Bamsg Cozpany's mpparent intention is that, norsally, a single
warning cignal of one =inute duration would be given, causing the air pressurse in
the compressed alr reservelr to drop from 15,5 ats. gauge to 13.5 ats., when the
engine and compressor would cut in aputosmatically, to recharge the air repervoir,; a
process which would take nearly thirty einutes.

In emergency however, it would be possible with tha air in the reservolr, te
give four separate ocignals pach lasting one minute thereby causing the pressure to
drop about 9 ate. gauge from somewhera in the range between 15.3 and 1%.5 ate. to
within the range &.5 to 4.5 ats. The fourth signal would be only about 5 dB lower
than the first and it would then require about two houra to recharge the compresoed

air reservoir to 15.5 ats.

(e) P.B. Company plannin recopmandations

It 4s assused that the pneusmatic sirem is mounted on a mast or pylon
| and that the sound producing elesent im the eiren kead is at least twenty
i potres (but never more than fifty =atrea) above the surrounding terrain
| and that, if it is a roof top type, it is mounted at least five motres

above the roof ridge.

' In the Pintsch Basag pneumatic eiren, the sound is issued through
four sxponential horns and the sound pressure level at thirty zetres
horizontal distance from the 420 Horz source is 122 dB (or 132 dB af,
ten metres), with reference to a basic sound pressure lavel of 2x10
microbarns. Hemcpi=- at any point, the relative sound preassure lavel in
di = 20 log e whera P is the pound pressurs in microbars at that

2x10
point. The directional effect 18 elaimed to be circular within + 5 dB
and the ncoustic efficiency to ba the "quintuple" of the norsmal 5 EW

elactric oiren.

Pintsch Bamag recommend that planning should be based on a practical
decreass of 7 dB relative pound pressure level (a8 compared with the
theoratical descrease of 6 dB) for each doubling of the distance from the
source, for unhindered sound propagation out to a distence of about 10 Em
when the general dmmping effect of approximately 1 4B par Km becomes

predeminant.

Figure I is an extract from data supplied by the Fintsch Bamag Company.
Tt shows the variation in relative scund pressure level with distance, in
free alr, o the assumption of a 7dB decrease for each doubling of the
distance from the source: it also shows the three lines recozmended by the
firm for use in assessing the mean sound pressure levels as a function of
distance in rural districts, in bullt-up areas where building heights do
pot excead twenty metres and in cities.

Pintach Bamag further recommend that 70 dB (60 dB inside a room with
closed windowa) be used as the limit for audibility range plamning purposes.
According to Figure I this level of audibility will be reached at the
follewing ranges and aresa COVeragesi=

Citiea 440 metres area coverage 0.67 Kof

..3...
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Built-up areas 1160 metres area coverage H.2h Ifg
Bural areas % kilometres area coverage 28,3 im
(Peripheral for 65 dB,outsids 5 K=,area coverage 78.5 En )

On this basis the firs estimated that, apart froz a central k.25 I;E

in the City of Munich already covered by slectric sirens, the mmber of
poessatic mirens needed to warn the 1} =i11ion inhabitants of Munich would

be:

16 for 10 hazur city area plus
66 for 280 K& of recidential area

2 e
or a total of elghty-two poneumatic sirens for 290 Em~ (i.e. 113 square
miles) averaging about 1.38 square miles coverage for each siren.

They emphasise that each of these girens reinforces the others so that
for an audibility range of 70 dB the additional coatributicn® at any one
giren location from the surrounding cirens would be:-

for & sirens +7.9 dB
for 5 sirens +7 dB
for 4 sirens +£& dB
for 3 sirenn +h.6 dB

Hence if one of six sirens failed, the relative pound pressure level at
that point would be (70+7) dB and at double the range for a 70 dB level
gutwards it would have fallem only te 7O dB.

In cities particularly, but also in densely built-up areas, Fintsch
Bamag suggest that, where possible, individual preuzmatic sirens should be
lecated where the average background poise level is highest, uesuslly at
pain traffic intersections so that the sound may be propagated more freely
along the main traffic routes. In some locations the peak background noise
levels may exceed G0 dB and supplementary glectric sirens may be needsd.

It is a requiresent of the FUR Ministry af the Interior that these
powerful pneusatic sirens should mot be mited within 200 metres of hospitals,
sanatoria, poultry or breeding farms and they should be at least 500 matres
from railway otations and shunting yards and 1,500 metres f{rom non barrier

level crogslngH.

IIT. Teats of The Pintsch Bamag Pneumatic Sirens by Section V of the F.G.B. FPhysico—
Technical Institute (Bundesmnstalt) of Hrunswick

The summary report dated 4th Noveaber 1566 by Dr. W. Eallenbach, senior
peientist of the Inatitute is attached behind Figure £ in this report. The gane

*Footnote

To get the combined relative sound level at any point from a number of sources
it ia pecessary to convert the relative sound pressure level in dB for each source to
the power level im watts at that point eg. dB=10log W07 3 watts where 107 Jwatts is
taken as the threshold for hearing. The power levels froa each source are then added
and converted back imto dB relative sound pressure levels.



difficulties of assessing the performancec af individual sirens were encountered as
ip the 1938 United Kingdom report, aecessitating the averaging of sound level
peasurements taken at equal distances from the pource over a geomotrical pattern.

Tha citisa of Hanover and Nirmberg where the trials were held are not very large
(populations ca. 550,000 and 475,000 recpectively) oo that it eay not appear surpris-
ing that little difference was noted between the averages of the recorded sound
levels at equal distances in these towns and in the rural districts in Trauenstein

{gee Figure 2).

The findings of the Erunswick Institute indicate that for planning purposes, 1
guch towns and rural areas, an average range of about 1,500 metres should be taken
for an external relative sound pressure level ol 20 dB and about three kilcmetres
range for the 65 dB level. They also found that in locatiocns of heavy traffic, the
sound level which should have been audible was inadequate and that supplementary

warning equipment would be advigable.

This leaves us with the problea of siren location and distribution in large
eitien whers the sgund blanketing effects of very tall buildings are Berious.

V. Description of the Pintach Easag Pneumatic SiremSystem

Two types are available, the Pylom type ( tubular or lattice mast) and the
Hoof Top type. In both the siren head is jdentical but different arrangesents are
made for bousing the power unit, the air compressor and the cospressed alr reservolr.
A11 vitsl, exposed equipment is econstructed of corrosion resistant metal.

(1)

The Siren Head

This ie 3.2 metres high snd 1.2 metres in diapzeter. It has three sections,
the bottom support and access section, the =middle section with the four
exponentinl sound issuing horns and the top section containing the sound
generator and electric motor to drive it, together with the feed end of
the compressed air supply line with the quick cperating "Herion™ magnetic
valve.

The cospressed air stream from this solenoid valve entars a guide tube
which surpounds the twenty-four wolt, 300 watt DC motor. The motor has a
vertical ghaft the lower end of which is connected by an elastic coupling
with the epindle of a rotating disc which has four holes or poris at a
fixed radius from the centre, and uniformly spaced from one another. This
dise rotates between two fixed plates which also have corresponding portis
at the pame radins as the disc. The sound ig generated by air passing
through the ports as the disc rotates.

The speed of rotation of the disc (which can be varied if necessary)
determines the frequency of the sound and the volume of air dictates the
intensity. The warning signal is started by a remote control operating
the polencid valve and satting the DL moteor in mction.

The Berion solenoid valve (made in the Herien Werke, Stuttgart I) is a
pilot centrolled; sembrans type; quick acting and secure closing device:
a drawing of thie velve is available in Home Office Files WMO/67 14/L/3
and SAG/68 17/7/1. The air delivery rate of the valve proposed by the

Pintach Bamag Company is ?UG¢I3 per hour or slightly less than 12 m2 par
minute at 1at. gauge and 207C.




(ii)

(111)

(1v)

(v)

Compressed air reservoir

This 48 located in the bunker ot the base of the inatallation and the
compreased air 1s carried by pipe line up the maat or tower to the Herion
walve in the siren head.

The wolums of the alr rogorvolr 18 5.5 mj and it ip normally charged te
5.5 ats gauge. Ag the presgsurs drops to 13.5 ats the automatic contrel
gyotem causes the engine ¢n cut in apd drive the ailr compressor to recharge
the coppressed ailr reservelr to 15.5 ata: this takes pearly 30 minuteas.

Air comprassor and power unit

An mir-cooled 14 or 15 HF diesel angine driyes an air compresadr at
1800 rpm with an effective capaclty of 25 per hour of air at 200C and
1 at gauge. The suction pressure is 1 at ard the dellvery pressury

15.5 ate gauge.

Electrle battery

This is located in the bunker chamber. Tha slza of the battery is dietated
by the capacity required to get the diesel engice and compresser unit
atarted and aleo to supply power for the IC potor which drivea the siren
dige as well as for other alectrical contrels. Two typed have boen

menticned by Pintech Bamag

2, wolt 107 A=mp. hour ¥iFe battery
o, velt &0 ar BO Amp. hour FiCd battery

The control panel kas a T-day clogk switch and the battery provides the
energy for all controlse of the giren warning system at regt for one weak
without being recharged, while ati11 leaving sufficient power for 3 engine
gtarte each of 6 seconds duratien at intervals of 30 geconda.

Becharging the batilery ig controlled by & tmmpaistor measuring relay which
antomatically starts the diesel engine and the Bopch generator when the
loweat satting for the battery voltage is reached. The cozpletion of
charging is centrolled by o minimum current relay. If the battery requires
it, recharging takes place shen the diesel-air compressor unit is switchad
on sutomatically to recharge she air reserveir from 13.5 o 15.5 ate gaugo.
The marimum charging surrent of the J-phase Bosch generator is 35 amps:

a caorrent relsy of the assembly monitors the generater charging gurrent and
terminates charging when the eurrent drops below 10 ampa, provided that

no other control pulss is ordering the ongime to keep running.

A rectifier ig aleo provided for recharging tke battery from the electrie
maine supply in peact tiome.

Controls

The following centrols &ro poasiblei=

(a) Push button contrel gwitch in the bunker at the base of the
installaticn.

(b) Command transmissicn over Fost Office lines operating a contrel
rolay outside the conmirel cabinet.

(¢) Manual control.

o



v Tentative Proposals for the Ingtallation, Toeating and Performance Evaluation
of a Filot Poeumatic Siren System possibly in Ieeds and HWW

In planning the distribution of pneumtic sirens and their individual locaticns
the greatast probleme amw encountered io elties. Here the follewing points require |
gpecial considerationt

(1) Where aound shadewing effecta by tall bulldinga and in narrow atrecta
oecur, it may be possible to retain existing electric sirwns, especially
ip thope districts which are effectively screened from all or most of the
murrounding poeumatic olrens.

(i1) It 1= anticipated that a red warning can be given in advance of a nuclear
atrike so that the red waming can be given by both the pneumatic and the
alectric siren syntems.

(1i1) After the first strike it is probable that the electric mins supply would
fail so that a subsequent black warning of imminent mmdipactive fall-ont
could be given ocly by the pmeumatlc slrens.

{iv) It is unlikely that fall-cut will start or become heavy for at least half
an hour in areas cutside the range of sericus damage.

{v) Sinee the public have been instructed to seek cover on hearing the red
wurning, normal heavy traffic would eease fairly quickly and comseaguently
the high background noise level would be expected to drop substentially
and result in a considerable increase in the combined andibility range
of the prnenmatic sirens giving a fall-out warning even in areas screensd
from several but mot all surrounding sirend.

The Eational Physical laboratery are invited to exprese agrespent oT comment on
the uncertainties in the above statements and on the following proposed planning bases.
Their sesistance would be appreciated alse in a subsequent tentatlve study in the
Home Office of an effective warning system for the City of Leeds (populaticn juat over
balf a million) and surroundings vaing Pintech Bamag mneumatic sirens, pupplementod,
where necessary, by existing electiric sirens.

Bagle for pemeral planning over a larpe aTea

(1) A relative sound pressure level of 70 4B (with 60 dB inside a closed roon)i &
reasonsble basis for audibility of a charagteristic walliog note.

(11) The planning ranges suggested by the Pintsch Bamag Company o give a 70 d3
1-:m1i from individual preumtic pirens are acceptabls, viz. 3 to 5 lms in
i g and cther open areas, 1200 metres in residential and town ATOAS
where buildings do net excoed 20 metres in height and 440 metres in ity
positioning requirement of the individusl siren in relation to heavy traffic

intersections and in relation to the screening effects of very tall buildings
{say, excecding 10 smtoreys above ground lavel).

(111) In citiem it will be necessary to take into consideration the gecoetry of

areas soreentéd from one or more surrounding pnoumatic sirens and the com—

bined waming sound levels moach i
within an unhindered 1200 metrs ::ngli?-‘thnu& areas from the ressining &



Figure 3 has been taken from an earlier Home Cffice file coa/61 57/1/2 doc. B
ag o rough guide to the sound level-distance relationships which have been estimated
or found with existing eleectrie and hand-operated elrens, in compariecn with the
sarlier octimates (1560) for tha Pintsch Bamag compressed alr siren.

The views of YPL would be particularly welccme on the problem of the recogmition
and comprehenoion of the simpls but very characterinotic red warning signal in a
rapidly fluctuating background nolna of considerably higher avernge sound pressure
laval than that of the warning gignal. Eelated to this are tha questiona of the
optimum duration of the red warning signal and ths preportion of peopls (with
sharper hearing) in any group at the same location neaded to Becurs group action
on the signal: it might be conaidersd adoquate for example if 1 in & or 1in 3

recognised the warning signal and alpo adviged the othera to take the necenaary
protective action.

Finally the problem of lack of aynchronisation of the rieing and falling Tod
warning notes from different sirens require conslderation as posaible cause of
sonfusicon in comprebending the warnings.

J. Mahulay

July 1968
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Cany of tranalntion

B TrAcHMENT Ta

Pryaico-Tooknlenl Dopartoont
Section ¥V

Roference: 28351.66 V/K a/11/66

33 Brunaowick

70y Federal Civil Defonco Dapartment,
=~ 532 Bad Godeaoberg.

] i : - ignals in
Rosanrch into sound digtribution of siren olgm ’
= u:ban and rural areas = your leotter of B/6/65 I1.2-02-21-75-40%

wWithin the ocopa of the nbove cited ronearch project, the Fedoral

fig 2.

Departmont took mousuremento of the aound intennity of comprescaed alr slrens
in the towno Farnboerg and Hanovar aos woll an in tho Horthorn Secation of tha

*Laudkraie Traouetdtein. The evaluation of the results has now been completed.

Sinoe the preparation of tho final reporte 'will otill toko oome timo Lho

anoloand relevank Cigures and partioulars are given to serve as a banio for

future planning. { Se 'ij 2_'}

8 5 The measured sound levelp woere arrangod according to dletance from the

aita of the airen and moasuromontn talken at aqual dictancos were avwxugug.

Thin gave curven for both urban and rural areas ns shown in tho attached

graph. Also enteread on the graph is a lina drawn through the point 122 dB

—ar

nt 30m. distance with a Td8 drop por doubled distonco as wall as the prosant

planning cucve 1548 below that line. The graph showa that the curves of
nctunl measuremont movo back And forth across the planning curve at moan
distances (up to 1,000m.) and at greater distancea above it. The omall
varistions between urban and rural area curves result from unavoidable
variation in statistic measuremonts and arvse not relevant. Hoth gurvaen
provide satiafactory confirmation of the presont planning ourve which haao
to dato largely been wsed in planning.

2 Both the rooults obtained as woll as subleotlve oboervation in towno

ghowed that the peni sirvon sound lovel wan coccnafionally insufficient in areas

of heavy traffio although the distoneco from tho nearest airon ohould hava

enourod adeguato audlbllity. The ocsuse io clearly the blonketing of the

plgual by heavy traffioc nolse. Whore this rooure it would appoar sdvisable

to fit additional equipment, o.g. an elootric siren, to eneure adequato
audibllity in such localitien.

De, W. Kallanbach
Cherregiorungayht
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