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AS the tempo of this mighty conflict quickens to a climax, greater demands · 
1-\. are being made upon the store of scientific knowledge represented in 
the training and experience of the professional groups of our country. The 
wealth of technical information and ability so wisely accumulated in times of 
peace through a sound and balanced educational system, is now standing us 
in good stead. 

The Royal Architectural Institute of Canada reflects in the coherence and 
efficiency of its organization the results of conscientious, unselfish and far-sighted 
planning by men possessed of a strong professional and national sense. It is at 
once a pride and a privilege for every practising architect in Canada to be a 
member of such an organization. But, where there are benefits there are also 
obligations. And so today, we find the members of this Institute united in their 
whole-hearted support of Canada's war effort. 

The present emergency cells for the fullest possible co-operation. This is no 
time for an over-developed, rugged individualism, or for a lone wolf technique, 
but rather the greatest good for the greatest number. So in the larger sphere, 
the aim of our Institute at this time is not to promote "architecture for architects' 
sake", but rather, on the basis of our scientific knowledge to make an all-out and 
worth while contribution to the national effort in any sphere in which our special 
talents can be utilized . 

That these talents may be readily available to the nation, every member of 
the Institute is being registered with the Wartime Bureau of Technical Personnel, 
through the return of the questionnaire issued by this Bureau. This applies to 
young and old, experienced practising architect or apprenticed draughtsman, 
the great and the small,-we are all included in this survey. The satisfactory 
completion of this registration is the first step in our national service. The second 
step will be to insure that the total technical experience of the profession is 
utilized to the fullest advantage. 

Preparedness applies in peace as well as in war, and the problems in
volved in the transition from a war-time to a peace-time economy have many 
aspects which are definitely the responsibility of the architectural profession for 
a sound and stable solution. We must be ready for this new emergency. 

As the bombing attacks of the enemy produce their most damaging effects 
on the buildings and homes of the people, and as the design of these in all their 
parts is .a function of the architect, it seems but fitting that the profession should 
be thoroughly versed in the most apprpved methods of designing and protect
ing buildings and shelters to resist the explosive action of bombs, and more 
particularly to ensure the safety of the inmates. 

Out of the grey skies of a December dawn, a devastating blow fell upon 
an unsuspecting Hawaii; may Canada be spared such an experience. But 
forewarned is forearmed, and having in mind that prep9redness pays big 
dividends, the Rcwal Architectural Institute of Canada, in keeping with its nation
al policy, is pres~nting to the profession and the public, this special issue of the 
Journal devoted to Air Raid Precautions, in the hope that should the emergency 
arise, the information it contains will prove of value to the people of Canada. 

Gordon MeL. Pitts, 
President. 



The Committee for the 
Study of Protection of 
Buildings Against Aerial 
Bombardment, and the 
Design of Shelters and 
Bomb Resistant Structures: 

A. S. Mathers (F), Chairman. 
Martin Baldwin 
Murray Brown (F) 
Fred Lasserre 
John Layng 
Harland Steele 
E. R. Arthur, Editor. 
Forsey Page (F) 

Chairman of the Editorial Board. 

THIS number of the Journal has been prepared primarily for the 
purpose of providing in a convenient and ready form of refer

ence, the most complete and authoritative information on A.R.P. as 
applied to buildings, that it has been possible to obtain. No pains 
have been spared in giving each phase of the subject critical study, 
and also in endeavouring to obtain from authorities in Great Britain 
their latest findings with reference to behaviour of structures under 
actual attack by aerial bombardment. 

Due to the extent of the matter reviewed by the Committee, 
it has not been possible to publish all of the data collected. How
ever, under certain conditions and connected with specific · under
takings in mind, the Committee will be able to advise individual 
Architects as to the proper and most effective measures to be taken. 
Furthermore, it is the intention to add to the material now being 
published, in future issues of the Journal. 

The Committee has attempted to appraise the actual value of 
material, hitherto published in official and unofficial documents, 
and to select only the sound and proven matter for publication 
here. 

With one or two exceptions all of the material included in this 
issue, has been published previously, either in official British Gov
ernment handbooks, or in reputable publications of an unofficial 
character, and this issue of the Journal may be considered as an 
editing and re-sorting of that material by the Committee. 

In preparing the material the Committee has attempted to 
present the subject in as direct and concise a way as possible and 
to illustrate it profusely with photographs and diagrams. How
ever, it has been considered necessary to discuss rather completely 
some of the mathematical calculations involved, because lacking 
mathematical confirmation many of the conclusions reached would 
seem fantastic and unwarranted. 

Since the purpose of the Committee has been to provide a 
collection of information for the guidance of Architects faced with 
the problems of structural design involved in A.R.P. no attempt has 
been made to discuss methods of rescue, first aid, fire fighting or even 
the behaviour of civilians during an air raid. Such matters have 
been fully covered by the various handbooks and manuals avail
able to and used by A.R.P. wardens and like persons. 

This issue has been published at considerable extra cost as 
compared with an ordinary issue, and while some extra copies have 
been printed to take care of requests for them from persons out
side the profession, extra copies will not be available to individual 
Architects. The Committee therefore suggests that each Architect 
treat his own copy accordingly. 





T H E P R 0 B L EM 
THE Students in the School of Architecture of an American University 

were designing A Tourist Hotel for Wake Island when the Japanese 

invaded that outpost of the United States empire. It would be no exaggera

tion to say that half the population of Canada is living in the same state 

of bliss in regard to the likelihood of attack from either coast. The people 

of Tokyo sipped their tea or wandered in the shade of cherry blossoms with 

oceans separating them from the enemy when death and destruction awak

ened them to the reality of war, and their own undreamt-of vulnerability. 

This issue of the 1 ournal is not intended to alarm anyone, though it might be 

argued that that would not be an undesirable result, but it comes from a 

professional group numbering over 1,000 who believe that theirs is a 

duty to disseminate information which will aid in the protection of the civil 

population. From a mass of literature that has grown in England for some 

years and from the United States over a shorter period, this information has 

been assembled. 

The possible invasion routes to Canada are well known. Obviously the 

cities on both coasts are vulnerable; the Japanese route from the -Aleutians 

to Alaska is frequently illustrated in the Press; Hudson Straits are open at 

times known to the enemy as well as ourselves, and a carrier based ifl the Bay 

could fly planes to industrial Ontario and Michigan in three hours. The prob

ability of an aircraft carrier ever standing off our east coast may not be great; 

but the appearance of a plane-carrying battleship like the Tirpitz is not out

side the realms of possibility. The German command must often look long

ingly at the map of our east coast. We are inclined to think ourselves in 

Montreal, Toronto and Detroit, Niagara Falls and Buffalo as cities on a line 

stretching deep into the continent and the degree of safety increases accord

ing to our geographical position from Belle Isle. The map brings us up 

sharply to a realization that such a feeling of safety is wholly illusory; that 

we are all practically equi-distant from the shores of the Atlantic ocean and 

the distance is between three hundred and four hundred miles. In other 

words, a German bomber pilot could lunch on his battleship by 1 p.m. and 

return for tea after bombing any one of the cities I have named. It would only 

be necessary for that to happen once, for this issue of the 1 ournal to become a 
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very valuable document and the services of the architect to be required by 

Federal and Municipal governments as well as the owners of industrial 

plants. 

It may be worth while examining for a moment the progress of aerial 

warfare since 1918. Old soldiers probably remember fighter planes in France 

with a maximum speed of 60 miles an hour that used to hover, motionless, 

over towns with their nose into a 60 mile gale. The aeroplane in the last war 

was a powerful weapon, but, like the tank, its development was slow, and the 

war ended before its real frightfulness could be put to effective use. The 

total damage to life and property from air attack was astonishingly small and 

the weight of bombs dropped is now dropped by the R.A.F. in any afternoon 

raid. The actual figures are these (see Civil Air Defence by Lt.-Col. A. M. 

Prentiss). "The total number of casualties from 103 German air raids on Eng

land was 144 killed and 3,416 wounded. These casualties were produced by 

a total of 643 aircraft which dropped in all 8, 776 bombs, in total weight about 

270 tons. Today an average bombing plane can carry 2 tons of bombs, and 

even a relatively small attacking air force of 20 squadrons (270 planes) can, 

within a few minutes drop 400 tons of bombs." It is worth repeating that 

the total weight of bombs dropped on England during the whole of the last 

war was 270 tons. 

During the twenty years intervening, the bomber has developed in size, 

speed, carrying capacity and armament, producing, in toto, an instrument 'of 

destruction that has shrunk the surface of the earth and rendered coastal town 

and inland city equally vulnerable. The best bombers of the last war had a 

speed of 100 miles an hour, a range of 350 miles and carried a bomb load of 

half a ton. Today there are bombers in actual use with a speed of 300 miles 

per hour, a range of 1,000 miles and a bomb load of 6 tons. Nor has research 

been confined to speed, and carrying capacity. Bombing individual targets 

can now be done with mathematical accuracy, and the bomb itself has received 

special study. Elsewhere in this Journal the striking power and havoc caused 

by bombs is discussed in detail, but here we are concerned with advances over 

the last war and what we may expect to meet in this. It is enough then, to say 

that whereas 1,100 lbs. was the largest bomb used until1918; and they were 

used sparingly, 2,000 lb. bombs are today in common use and 4,000 lb. 

bombs have been used. As far as can be learned it is likely that research will 

19 18 
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tend toward smaller bombs of greater and still greater explosive power 

dropped in greater and greater numbers from larger and larger planes. An 

Allied bomber has a wing span of 105 feet, a flying range of 3,000 to 4,000 

miles, a ceiling of 40,000 feet. These bombers weigh 20 tons, have 5 gun 

emplacements and carry 5 tons of bombs. The Bl9 and the Martin Mars 

(experimental bombers) can carry 18 tons of bombs nearly 8,000 miles. Major 

de Seversky visualizes multi-engined bombers that will travel 25,000 miles, 

demolish any city on the globe and return to their base without refueling. In 

his view great fleets of giant planes will take over the business of war while 

surface navies and ground armies do the incidental mopping up. However 

remote such a possibility may be, we can be absolutely confident that a day is 

fast approaching when the giant bomber, like the B19, will be in actual pro

duction by the enemy as well as ourselves, and when that day arrives we 

shall be as concerned for the safety of Winnipeg as much as for Halifax. 

A great advance, affecting all Canadian cities, has been made in the 

incendiary bomb. We are inclined to crow over the inflammability of the 

Japanese bamboo towns, but there are few cities in North America that have 

not older sections almost entirely of wood construction. It is true, we are less 

congested than European cities, but it is more likely that our wood shingle 

roofs, compared with the slate or tile of Europe, might be the cause of wide

spread conflagration. The incendiary bomb of the last war has been described 

as "almost wholly ineffective". We know what the modern "kilo" bomb has 

done in London and elsewhere, and what devastation it may cause here. It 

seems to be anyone's guess whether Canada will be attacked or in what man

ner, but it is reasonable to assume that when aerial bombardment comes, it 

will be done by skilled pilots whose targets will be definite objectives. Fol

lowing the European practice of the enemy we might also expect the drop

ping of incendiaries on the built up areas close to the target. 

In submitting data concerning shelters in this Journal there is no thought 

of recommending a great programme of building that would interfere with 

the war effort through the unnecessary use of steel and labour. If attacks 

occur, or better still, if the imminence of attack is known, it will be the func

tion of the Federal Authority to decide where protection should be given, of 

what kind and for which sections of the public. The information assembled 

here is as up to date as possible and it will be the duty of the A.R.P. committee 

of the Institute to add to it, or revise it, if necessary, in succeeding issues. 

The Editor. 
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THEORY OF CIVIL DEFENCE 

CIVILIAN protection is concerned with the main
tenance of civilian life, of essential services and 

of the function of a community under war conditions 
at as nearly a normal state as possible. British ex
perience has shown that the greatest effect of air 
attack was the disorganization of normal living and 
working conditions as well as definite personnel and 
structural damage. To provide complete protection 
for the total population with shelters encased in 10-12 
feet of reinforced concrete or in tunnels 80 feet below 
the surface would be not only an impossibility but 
undesirable; (a) It would now use too many men and 
too much material in construction; (b) It would take 
too long in the present state of emergency; (c) It 
would have a depressing effect upon morale, in that 
the seeking of shelter is the very negation of the fight
ing spirit essential to effective resistance to attack. 

LINE OF FLIGHT- 200 M.P.H. 
ELEVATION 30,0.00ft.; .... ---

I 
I 

BOMB / 
TRAJECTORY/ 
~I 

PLAN 

76 

I 
I 
I 
I 
I 
I 
I 
I 
I 

~ 

/ 
/ 

/ 
/ 

/ 

Concealment 
The first reaction of an individual when in danger 

is to hide or to obliterate himself. Thus the question 
of concealment is one of the first thoughts in the 
minds of those responsible for civilian defence. Air 
observation both visual and photographic often pre

cedes air attacks and concealment must therefore start 
before actual air raids occur. Photographic recon
naissance is particularly effective in mapping out 

future attacks and only first class scientific conceal
ment will successfully deceive the c;amera. During 
actual air attacks a scientific and well executed con
cealment, whether blackout or camouflage, will first 

confuse the enemy or obliterate his targets and lastly 
will make accurate bombing ineffective. 

3. Features of Precision Bombing . Note the importance of landmarks 

in helping the bomber to find his target and note the very short elapse 

of time beween recognition of target and release of bombs. Conceal

ment of landmarks or of objective will render the work of the bomber 

more difficult and less precise. 

TOWN'A' 

St41zLs t./j)river to 
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Nature of Air Attacks 
Both random and area bombing are typical of blitz 

tactics and have been used extensively by all bel
ligerents in this war. The effectiveness of such bomb
ing is due to the concentrated targets against which 
these attacks were launched. Canadian cities, except 
in the commercial districts, are not congested in the 
same manner as the cities against which blitz tactics 
have been so effective and the effect might not be 
sufficiently great to warrant the expense and effort 
involved in such attacks. On the other hand, attacks 
directed against special objectives, munitions plants, 
harbour and transport installations, power centres, 
bridges, etc., would probably be worth while, yet it 
would be suicidal to assume that random bombing 
will not occur at all. Such bombing would be the 
result of: (a) Objective having not been reached or 
located (effective concealment), bombs are dropped 
on any signs of human activity; (b) Anti-aircraft fire, 
balloon barrages and other methods used to keep the 
bomber high (as in England) make it impossible for 
the bomber to drop his bombs accurately, resulting in 
what amounts to random bombing; (c) The intensity 
of attack against our country by actual invasion having 
reached a point where area bombing would be 
effective; (d) Shelling and machine-gunning from 
planes; producing an effect on the populace much 
the same as bombing. 

What Civilian Defence must prepare for is: (a) 
attacks against specific objectives of special military 
importance requiring immediate attention from all 
aspects of A.R.P. against heaviest attack; (b) attacks 
of a general nature which will follow concentrated 
attacks on military objectives and which should 
receive consideration now so that we will be prepared 
in time. 

Protection 
The type of protection which is to be afforded to 

the population will be decided by the government. At 
this time, when the use of materials is under such strict 
supervision, it is obvious that private individuals will 
not be allowed to proceed with shelters unless they 
conform to the government's policy on these. 

As the diagram below shows, there is a range of 
relative safety depending on the quality of protection 
one is able to obtain. At the same time a Maginot 
Line mentality and a disastrous moral development 
will result, not to mention time and material expendi
ture, if too high a quality of shelter is provided. The 
government will decide where shelters and special 
protection will have to be supplied and to what degree 
the individuals in the various vulnerable areas will be 
protected to maintain maximum working and living 
efficiency. 

Structural protection is concerned first with the 
effects of high explosive bombs: impact, penetration, 
ground shock, blast waves, fragmentation and the 
resulting collapse of buildings. Of great importance 
is protection against fires started by incendiary bombs, 
and also by high explosive bombs. Gas bombs offer 
little structural trouble, but to keep these gases away 
from wherever people are sheltering is an important 
consideration for those planning and detailing 
shelters. 

There are a number of special A.R.P. structures 
such as: control centres, warden posts, decontamina
tion centres and first aid clinics which are of utmost 
importance in an A.R.P. organization and which, if 
not enough satisfactory existing buildings can be used, 
will have to be built. Other buildings which ·we hope 
will never have to be erected in our country but which 
become essential when large mass air attacks start 
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and are being built extensively in England are: 
evacuation camps, evacuation schools and hospitals; 
canteens, rest centres, dormitories and hostels. 

Any air raid will create a certain amount of fear 
and panic. The noise of falling bombs; of detonations, 
explosions, crashing buildings, screeches, sirens, the 
vibrations of the earth, loneliness, helplessness, worry 
over family and friends, distant and near, all con
tribute to the terror of air raids. This w~ll be resisted 
only by the building up of the morale of the popula
tion and this takes different forms in different 
countries. In Spain the government found it neces
sary to build deep shelters. Russia found it advisable 
to provide a good shelter system in combination with 
the development in the citizens of an intense sense of 
responsibility toward the war. England is providing a 
degree of shelter protection compatible with the most 
energetic and efficient prosecution of the war. Always 
a portion of the population would like to retreat to 
"bomb-proof" comfort and protection and these 
people once in the shelter are not at all eager to 
venture out again. The result is a great weakening of 
morale and working efficiency, which at once indicates 
certain limitations which should be placed on shelter 
design. However, the provision of certain elementary 
qualities of confidence and of agreeableness should 
form part of shelter designs. 

Apart from direct casualties, bombs have a great 
number of indirect and direct, but less attended to, 
effects. The disruption to services due to damage of 
electric and telephone cables, of gas and water mains 
and sewers, may cause not only delay and incon
venience but a great menace to health. The stopping 
of traffic will cause delays vital to the carrying on of 
the war. Traffic may be stopped by bombs hitting tram 
or railway lines, bridges and tunnels, or by the-collapse 
of buildings. Disorganization of every day life, of 
health services, are part of the technique of air attack 
and they must be considered in connection with civil 
defence just as much as the protection of homes, build
ings, shelters and of the individuals within them. 

Warning Time 

When considering the problems of civilian defence 
the question of warning time is extremely important. 
Warning time is the time between a warning signal 
and the time when the bombers are overhead. In 
England the warning time was reduced progressively 
from 7 minutes to 3 Y2 minutes to nil. The length of 
the period of warning will determine how much can 
be done at the time to protect or hide buildings and 
how long one can take to reach shelter. In Canada a 
warning dme has not been established. It would 
naturally be foolish to give too early a warning as 
much valuable working time would thereby be lost. 
If there is no warning time, shelters will have to be 
everywhere, close to where people live, work, entertain 
and shop. 
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Location of Shelters 
When shelters are located, certain vital considera

tions have to be adhered to: 

(a) An individual, anywhere, must reach a shelter 
within the warning time. 

(b) All individuals within a given area at a given time 
(peak day and peak night) must find available 
shelter within the warning time. This may mean 
that shelters in commercial districts will be empty 
at nights. 

(c) Soil surveys must be made to locate most suitable 
type of soil for outdoor shelters. Some soils may 
have under the surface streams, as in London, 
England, requiring special attention. Presence of 
rock and quick-sand offer further handicaps to 
the erection of certain types of shelters. Other 
types of rock lend themselves particularly well to 
tunnels. 

(d) Shelters will not be placed in such a way that a 
bomb burst in a reservoir, river-bank or in a 
large main would cause flooding. Nor must they 
be placed where a damaged gas main or steam 
pipe will cause leakage into the shelters. 

(e) No major services will be tampered with in the 
construction of shelters. 

(f) The proximity of gas tanks and reserves, ex
plosive materials and high tension cables is to be 
avoided. 

(g ) Tall buildings, chimneys and other forms of con
struction which might cause an abnormal quan
tity of debris and a heavy load are to be taken into 
account when locating the shelter and calculating 
its roof protection. 

Other Use for Shelters 

Shelters and other civilian defence work may well be 
an addition of permanent value to the individual and to 
the community. The improvement of construction to 
make buildings resistant to bombing is essential to 
all new structures. A thorough study of the effects 
created by a bomb exploding in a structure or near 
one will indicate what basic structural precautions will 
have w be taken to protect the building from total 
collapse as well as from the subsidiary effects of fire 
and anti-personnel glass splinters. 

Shelters can be easily introduced in the general plan 
of new buildings and will cost less when built 
integral with the building than when built at a later 
date. When shelters, etc., are actually being built it 
would be well to consider whether by some small 
change the shelter could be given an everyday use. 
For example, a garage, a garden shed, a cold room, 
could well be made to serve the double role and in 
larger A.R.P. structures, needed social and civic re
quirements could be housed. The list is long and must, 
of course, include safety deposit and storage vaults. 
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CONCEALMENT 

CAMOUFLAGE 

General 
A NY form of concealment must be regarded as 
fi only one component of the many involved in 
civilian defence and it must always be remembered 
that time and material devoted to this purpose is being 
diverted from other and possibly more effective 
measures. 

Its sole purpose is to delay recognition of the select
ed target, which, once recognized, lies defenceless at 
the bombers' mercy. Unless supported by anti-aircraft 
and fighter defence, which add the factors of limited 
time and great height to the difficulties of accurate 
bombing, concealment is of little use. The oft-quoted 
parallel of protective colouring of wild animals in 
their natural habitat is dangerously deceptive, for, if 
discovered, they can, and do take to their legs, or 
wings and get to hell out-no industrial plant has as 
yet been able to do this. 

Concealment of large industrial areas subjected to 
night or day mass bombing is obviously futile, but, 
given the other forms of active defence, concealment 
can be considered for individual targets such as a ship
yard, a freight yard or station, power plants, and vital 
isolated industrial plants, where the difference be
tween a hit or near miss and a bomb 50 feet off the 
actual target is the difference between a knockout and 
more or less protracted interruption of production. 

Concealment, therefore, is to be considered only 
for a limited range of targets large enough to be hit
table from a good height, vital enough to warrant 
special attack, and so to be protected by anti-aircraft 
guns and fighter planes. 

It can be provided in two ways, structural conceal
ment (camouflage) and smoke--()r their combination. 

It must again be reiterated -
1. That effort and material used for concealment 

must be regarded as being diverted from other and 
possibly more effective uses. 

2. It is of no use against night bombing. 
3. It is of no use against attack of an area target 

such as Rostock where some 200 acres were flattened 
in one raid. 

4. It is of no use against leisurely low-flying attack. 
5. Bad concealment is far worse than none. 

Materials 
The range of materials vital to war production is 

growing constantly wider-and, as a consequence, 
less and less is available for camouflage. A prelimin-

ary survey of materials available in any one district 
should be classified as follows -

(a) Waste from other fields-such as fragments of 
cloth, lumber, sawdust, various used oils containers 
waste chemicals, etc. The general catego,ry is that of 
things which now have to be disposed of. This is the 
material which should receive the first study and 
conservation. 

(b) Useful in other fields- wire, rope, netting, 
lumber, paint, manufactured equipment such as burn
ers and portable forges . Use-to supplement category 
(a) . 

(c) Specially manufactured-nets, smoke burners 
and other special equipment, plan for manufacture to 
be laid out but not implemented unless urgency de
mands. This must be a government decision. 

Organization 
Individual attempts at camouflage in vulnerable 

areas. will inevitably lead to waste and competition. 
It is urged that local committees for design and for 
earmarking available material be formed which 
should include, besides architects: engineers, chemists, 
painters, and manufacturers. This committee should 
be in close contact with local air force and other mili
tary organizations and · with civilian defence com
mittees. 

Their duties should include -

1. The collation of existing knowledge on tech
mques. 

2. Study of priorities in targets. 

3. Preliminary planning of schemes for their con-
cealment. ' 

4. Collection of information on materials avail
able. 

Structural Concealment (Camouflage) 

Preliminary 
1. Study of actual site both on the ground and from 

aerial photographs. (The Library of the R.C.A.F. at 
Ottawa has a collection of vertical and oblique photo
graphs taken from a height of 5 to 10,000 feet) cover
ing most of the developed areas of Canada. 

Bombing planes fly at least four miles per minute, 
and use, in approaching thei.r targets, reference points 
such as water towers, cross roads, rivers, and other 
natural features, some miles distant from the target. 
These reference points should come very much under 
consideration. (See page 76.) 
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PHOTQ{>RAPH 
AT J,OOO fT. 

5 . Proposed angles from which subject to be camouflaged should be 
photographed . 

t 

i u~~~~T~~~o~:~. 
,t" rNDICATES SPIRALS AT 

2,000 ond 10,000 FEET. 

0 ' ' SCALE OF MILES~ 

6 . Proposed flight routing for visua l obse rvation of sub ject to be 
camouflaged . 

7. Mosaic obtained for map making by a vertical photograph taken 
at 32,000 ft . altitude . 
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2. Preparation of drawings and models for testing 
systems of camouflage-consideration must be given 
to sudden changes in aspect due to snowfall, rain and 
changing seasons. Consultation should be maintained 
with local R.C.A.F. flying centres. 

Preparation 

The design, purchase; assembly and construction of 
camouflage material to be applied after structural 
alterations for defence and blackout have been put in 
place. 

Time and material being important, camouflage 
should be arranged in the fo llowing progressive 
stages-

1. Dulling of reflecting surfaces, such as glass, 
shiny paint, and the surfaces of parked cars. 

/ 

MArr BE CAUSE LI GHT NAV f.NEIIGt 

IN ALL OIAECT IONS WITH EQUAL 

1NfEN91TV ( AL MO ST ) . DARK 

BE CAUSE THE MULTlPLI C ITV OF 

. REfLECTIONS A8SOABS NOltE: L IGHT, 

~6-
/;- .(.: 

:,~,~.!ICAL BL ADES //~/ ALMOST EQ UALLY MATT {ALTHOUS H 

// ROUHO TOPS GI VE SOlliE GLO SS ), 

/ NOT SO O ARK BECAUSE f'EWEit 

/ / IIEFLE CTI OHS , LESS AISOI!i .. TION . 

- -~~ ... 
ANGULAR PARTICLE S 

LEA S T WATT 
MOS T LIGH T. 

HARD SMOOTH SURFACE 

9 . Different textures reflect light in different manners producing different 
effects from the air as clearly shown in Fig. 7 where the different shades 
producing the mosaic are all the result of different degrees of light 
absorption (the dark blotches produced by clouds are naturally ex
cepted) . This principle of texture is basic in camouflage work. 

8 . Oblique photograph showing landmarks as the bombardier would 
actually see them. These he would use in adjusting his bomb sigh ts 
though his telescopic arrangement might be able to pick up the specific 
objective . 
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A large factory in rural surroundings can be 
located by the bend of the river where it ap
proaches the highway, the large grove of trees 
forming a "U" and the shadows cast by the fac
tory itself with road flanking it. There are further 
ground and plantation patterns which , together 
with the main identification landmarks must be 
treated in the process of camouflage. 

In camouflaging the area from the railway spur 
to the bend in the river has been made to appear 
in an enlarged farm by moving the principal 
features to the left and enlarging them at the 
same time. For example the farm at the river 
bend has been moved , the basic shape of the 
wooded grove on the opposite side of the river 
has been maintained, though by camouflage (or 
new trees) it has been enlarged, the factory has 
been covered with camouflage net, etc., and a 
dummy enlarged factory has been built with ad
joining fields made to resemble the now covered 
or otherwise changed surroundings of the real 
plant . Camouflage will require alterations to con
form with the change of seasons. 

By means of garnished nets the original plant is 
made to resemble the fields it is to imitate. These 
nets are at least one foot off the roof at the 
greatest sag. The roof has been shown not com
pletely covered to show method of fixing nets . 
The angle of guy wires to the ground should not 
exceed 10 degrees as any sharp dip will be notice
able from the air. Open fields are represented by 
coloured garnishing material woven in a pattern 
while planted fields are simulated by the material 
being woven into the nets in straight lines. Note 
the representation of trees on the roof and near 
the factory, the covering over the parking space, 
and the penthouse made to resemble a farm 
building . 

The dummy plant consists of wires strung to form 
the outline of the original plant (enlarged) . From 
these are hung sheeis of shadow casting material 
which will have to be moved at different times of 
the day to conform to the changed positions of 
the sun. Cloudy days will provide their own 
camouflage. Oil drums resemble ventilators on 
roof of real plant and penthouses are treated 
similarly to building . The ground within the out
line of the dummy must be made to resemble in 
reflective quality and tone the roof of the original 
factory . 

10. TYPICAL PROJECT FOR CAMOUFLAGE OF A FACTORY. 
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2. Reduction of contrasting colours. Here tone 
(the black and white value) is of more importance 
than colour. 

11 . Grain Elevator, because of its mass and shape, makes an ideal land
mark for the freight yards beyond and is very difficult to camouflage. 

3. Alteration of patterns contrasting with sur
rounding area. 

UNSATISFACTORY 

12. The irregular pattern does not blend with the surroundings and 
draws attention to the building . 

SUGGESTED 

13. Painted resemblance of street and house shadows produces a 
blending which fits into the neighbourhood. 
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4. The disguise of shape by structural material such 
as nets, screens, planting (natural or artificial), ex
tending to reference points as well. 

5. The erection of decoys and dummy buildings 
(by the time these later stages are being reached, the 
need for outside collaboration and control will be 
urgent). 

Maintenance 

1. Constant visual and photographic survey from 
the air of camouflage in place. 

2. Equally constant revision of camouflage to con
form with changing weather and season. 

Disadvantages 

The camouflage of plants against direct attack in
volves a great expenditure of time, knowledge and 
material, plus the certain presence of anti-aircraft and 
fighter plane defence to render it effective. It requires 
constant surveillance and maintenance and in the end 
much of it will never be tested. 

Smoke 

An effective and persistent smoke screen has the 
object of concealment as its end; and so long as it is 
maintained denies recognition for accurate bombing 
not only from high but also from low level attack. It 
relies not upon disguise but upon hiding power and 
can be considered and used independently either of 
A.A. or fighter defence. It will probably take 20 min
utes to half an hour to produce smoke sufficient to 
blanket the target and surroundings. It must be assum
ed that there will be this much warning of a raid. 

The probable use of incendiaries demands roof 
watchers on all building targets. 

In industrial areas subject to attack, a constant 
smoke haze can be maintained from existing chimneys 
and engines-if the smoke reduction by-laws are re
versed in practice a very heavy smoke haze could be 
set up at short notice. Wind velocities of 15 m.p.h. 
or over will, however, render its maintenance almost 
impossible. 

Preliminary 

1. Study of ground and aerial photographic recon
natssance. 

2. Survey of available materials for making smoke. 

3. Survey of machines for releasing smoke. 

M ethod 

Depending on the surroundings and prevailing 
winds, screens can be laid either by mobile units or 
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from fixed points (probably both will usually be 
required). 

a-Mobile Units 

1. Prepare trailers with smoke burners and suffi
cient reserve material to maintain screen from one to 
one and a half hours; to be hauled by motor car or 
team. 

2. Prepare schemes to take advantage of various 
winds. 

3. Constant experimental tests and rehearsals. 

b-Fixed Units-for difficult country. 

1. By experiment decide on sites for batteries of 
burners to take advantage of varying winds-burners 
should be independent of civil power supply and suffi
ciently light to be m:w handled quickly for a distance 
of 100 yards by small crew. 

2. Assemble batteries either in positions or under 
shelter near by with all necessary supplies. 

Operation 

a. Defence will vary with direction of wind -
windward battery of prime consideration for trained 
personnel. Flanking batteries will be secondary but 
still of importance. 

b. Definite schemes for each quarter of wind direc
tion will be worked out and rehearsed . 

c. Efficiency tests by aerial photographic recon
naissance. 

Technical Informcttion 
There is no technical problem in the production of 

smoke either by burner or by chemical means. 

Information from British sources on chemistry and 
equipment is already available in the United States. 
This will be general and will not take into considera
tion the use of waste materials which may be available 
in certain localities and so conserved for use in the 
various districts vulnerable to attack. This also applies 
to equipment. 

Conclusions 
It is essential in designing camouflage that time and 

material is not wasted by treating the problem at too 
small a scale, that too much faith be not · placed in 
models which are only an experimental stage in prep
aration, and that after the target is successfully camou
flaged as seen from the air it is so maintained. 

Plants on new sites of which the enemy are not 
likely to have photographs should receive preference 
over plants on old sites which have been extended or 
left unchanged. 

The provision of false glares, fires, and other de
fences against night bombing lies outside this section, 
being part of the active defence. 

14. Pots are placed around a particular plant for releasing of smoke 
clouds. Upon receipt of warning the smudge-pots on the windward 
side are fired. 

15 . With more smoke out of the chimneys and the help of smudge-pots 
this plant, which though blending with its surroundings, is made 
obvious by its chimneys and smoke, could be hidden. 

16. A plant in natural surroundings is much more difficult to camou· 
flage and if the plant is too large to apply the method outlined in Fig. 
10, only an extensive smoke cloud will be effective . 
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BLACKOUT 

I N spite of occasional newspaper articles to the 
contrary, the consensus of opinion in Britain and 

elsewhere seems to favour blackout. 

Methods 
Paint; adhesive materials; flexible shades or cur

tains; rigid screens; and such makeshift substitutes 
such as rugs, blankets, curtains and opaque cloths. 
Each type has its advantages and disadvantages and 
is affected by initial cost, maintenance, duration of 
bombing and frequency of blackout. The most im
portant media are discussed below and further infor
mation may be obtained from illustrations. 

Paint 
This is the simplest and cheapest method, but is 

not easily removed and where used extensively in 
factories, particularly, has the following dis
advantages. 

1. It provides complete blackout which has proved 
unsatisfactory where the power plant has been destroy
ed and light is not available and artificial ventilation 
has failed for lack of power. Under those conditions 
the interior is black day and night. 

2. With a near miss or for other causes, such as 
blast, glass fragments become dangerous missiles. 
The best practice seems to be a modified blackout in 
which painted glass is used in some windows and 
shutters in others. By this means shutters may be 
open between raids and light admitted. Even if power 
is cut off, natural ventilation and daylight are avail
able and production is not interrupted. 

Under this section on paint note should be made of 
skylight obscuration by "Fabric-Bitumen emulsion 
treatment". This method is described in a "British 
Standard Specification, A.R.P. 48", copies of which 
may be obtained ·from the Canadian Engineering 
Standards Association, National Research Building, 
Ottawa. The system provides permanent obscuration, 
and considerable protection against blast. It does not 
prevent the shattering of glass (from blast) but pre
vents the scattering of glass "other than small flakes." 

Adhesives 
Where permanent blackout is possible (or com

bined with shuttered openings in modified blackout) 
several types of flexible opaque materials may be 
affixed to glass with adhesives. 

1. Thick rough papers, reinforced with cotton, 
linen or other fibres. These should be secured to the 
glass with a permanently tacky adhesive such as flour 

17. (Opposite) Blackout in Trafalgar Square, London. 

paste .with 5 % ~olasses added (pastes containing 
glycenne are not mcluded as glycerine is needed for 
other purposes and may not be obtainable). 

2. Car~board, wetted prior to application, secured 
to glass w1th paperhangers' paste, or cold water paste. 
To prevent deterioration from weather, paper and 
cardboard should be used on interior of windows. 

. 3. S~ch t~xtile mate~ials as sacking may be pressed 
mto a b1tummous solution spread over the glass. This 
method offers considerable resistance to splintering 
and is recommended by the U.S. War Dept. for sky
lights. 

Under this section it is worth noting that by far the 
largest number of window breakages are caused by 
blast at distances beyond the extreme range of splint
ers. One of the advantages of adhesives is that the 
material is lapped and fixed to muntin bars. This helps 
to anchor the glass light to the window structure. 

Shades and Curtains 
These may be of heavy building paper or opaque 

fabrics and are recommended for dwellings and hotel 
bedrooms. They have the advantage of flexibility 
and may be adjusted for light and air during the day. 
It is advisable to provide ·sufficient material to cover 
the opening by 6" on all sides and to fasten the mater
ial at the head and weight it at the bottom. If the win
dow is destroyed these curtains may stay in place, but 
are not light-tight against wind. To provide ventila
tion light-trapping ventilators may be used (see illus
tration). 

Rigid Screens 
There are many excellent reasons why this method 

is the most desirable means of blackout. 

1. When properly fitted, they are light-tight. 

2. They protect room against the elements if glass 
is broken. 

3. They diminish the danger from broken glass by 
taking the first shock of splinters. 

4. Some windows fitted with screens may be open
ed during blackout and light-traps used to provide 
ventilation. Ordinary double hung window opened 
half way would lessen possible danger from glass by 
SO % . 

Screens may be of any light weight material that is 
not subject to warping. If roo light in weight to be 
rigid, the panel should be mounted on a light wood 
frame, but heavy, cumbersome frames are to be avoid
ed. The outside of the panel should be painted as a 
protection against weather. The screen may be made 
to fit neatly into the reveal of the window, or (as in 
curtains and blinds) it may be made some inches big
ger than necessary and fixed to the inner wall face or 
window trim. It is unnecessary to add that even a 
chink of light is dangerous, and in England, is a pun
ishable offence. 
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1 B. Movable Skylight Shutters for factories, plants, etc. These dia
gramatic representations are suggestions offered by the Ministry of 

Home Security, England . 

(A) In regards to four upper external shutters, materials which 

could be used are sheet metals which may be stiffened with ribs or 
corrugations and the edges may be folded to form frames . Thin sheet 

metal may be backed with fabric or materials such as wallboard or 
building board, or faced with asbestos and the whole covered in bitu

minous emulsion. (In these combinations it is important to make these 
panels water-resisting, especially along the edges.) Building boards 

and panels of various types (plywood, masonite, etc.), may be used 

if adequately framed or strengthened and painted or treated to be 
weather resistent. Impregnated roofing felt reinforced with wire netting 
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to strengthen it against the effects of explosion may be made up in 

panels with wood framing . Operating gear must be hand operated, 
wind resistent and weathertight. 

(B) In regard to four lower internal shutters the ministry points out 

that if they are "intended to remain weatherproof after fracture of the 
glass, internal guttering will be necessary". External shutters are easy 

to weatherproof and they assist camouflage in eliminating reflections 
and in offering a painting surface. They offer, however, no protection 

from flying glass and are a greater obstruction to ventilation. As a 
consequence internal shutters are recommended if the ceiling and 

location for shutters is not too cluttered with pipes, etc. They also are 

more economical as they need not be built of such durable materials 
as are required for external shutters. 
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19. WINDOW OBSCURATION DETAIL~ : (1) A drop 
curtain is a simple installation for occasional use . 
(2) Framed wallboard screen fits snugly against 
spacing pieces in window opening and, in case 
of blast, will be held against window by elastic 
hangers to retard flying glass . (3) A more elabor
ate screen equipped with lightproof ventilators, 
top and bottom suggested by British Ministry of 
Home Security . (4) Detail of a light-proof shutter . 
(5) Ventilator valances for blackout draw curtains 
and spring roller shades. All of the obscuration 
methods presented on this page have been u.sed 
with success in England . 

VALANCE o. 
CURTAIN BL ACK
OUT VENT 

20. Methods of providing ventilation during Blackouts. Principles are 
similar to those of photog rapher's dark rooms. 

VALANCE & SHADE 
BLACK-OUT VENT 

21 . Windows covered with obscuration 
screens with light-tight boxes allowing 
ventilation, London, England . 
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