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In this World War 11, civilian populations as well as mili-
tary objectives are targets for aerial attack. The problem of
active defense belongs o the military, This includes the
use of intérceptor planes, such protective measures as anti-
aitcrait fre, and ballbon barrages. Every civilian should
understand the methods of @ir raids and the probable ratic

various kinds of aerial missiles and their destructive
and what is most inportant, a specific knowledge of met
tending to reduce the effectiveness of aerial attack. Agdi
hit by a high explosive boml will demolish a resid
partially destroy a massive building. However, it is w
remember that a city—especially one which s sp
has a large proportion of its area in streets and

of hits to misses. Everyone should have a general ide %

Principles of Explosives

An explosion 15 caused by a sodden liberd
Explosives are mixtures, or chemical compo

ignition or detonation produce large qua a
gases.
Mechanical Explosive Mixtures

Dust of a4 combustible nature suspended w air may form
an explosive mixture. Every internal combustion engine
utilizes an explosive mixture of volatile hydrocarbons and
air, Black gunpowder consisimg of a finely ground mixture
of saltpetre (potassimmn nitrate), sulphur and charcon] was
the chief military explosive for more than 500 years, When
black gunpowder burms, the saltpetre breaks down, furnish-
ing oxygen for the combustion of the carbon and sulphur.
Rate of burning js relatively slow since it procesds from
L;;furliclr.' to particle. An explosion takes place only wlien this

wrning with its product of heated pases is confined n a
gun barrel or tight container fike & firecracker, Some: me-
chanical mixtures such as those including chlorate of potas-
s, are seusitive to percussion and are soitable for caps
and primers. In these mixtures the chlorate of potassium
lireaks down easily and provides the necessary oxypen fol
the combustion of the ather ingredients of the mixture.
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Explosive Chemical Compounds

High Explosives. Guncotton ( mitrocellilose ), nitroglyc-
erine, TNT (trinitrotoluene) are nitrated products of cel-
lulose; glycerine, and toluene. They are chemically unstable.
Under the tmpact of a sudden shock they detonute or ex:
plode with extreme rapidit ¢ oxygen, hydrogen and
carhon atimms produce an in c rather than inter-par-
tiele combustion, The gas wts of this rapid reaction
produce a volume incre: 15000 times the volume
of the origmal materi te of detomation of TNT
cast or compressed in b 25,000 feet per second, that
is, 1F you had a stick of 25,000 feet long amd detonated
ame end, it would ta oned for the explosion to travel
to the nther end. gfmove away [rom the explosion
at the rate of aboug el feet per second.

Nitroglycerine 1 @‘ sensitive to shock to be of value

as o military : s sensitivity is reduced by mixing
it with leas-exp r non-explosive materials as is done
des af dynamite. TNT is an ideal military

in the various
explosive becius pill not explode by an ordinary shock,
bt must have a poweriul detonator. Mercury fulminate
aided by a ter” charge 15 used for this purpose. This

Mercury s tremely unstable that in a pure dry state
it will det elight shogk. In a cap or detonator it is
mixed wg 1er materials 1o reduce its sensitivity, In a
bomb, [ of mereury usually fires a booster charge of
a ‘relatf easily detonated explosive, which in turn de-
tonat ain charge of TNT.
Bombs
L

s are merely devices for using explosives m warfare.
shioned spherical bomb-shell fired from a smooth-
nnon had its fuse lighted by the burning of the
el charge of black powder, Modern artillery shells
trom rifled pieces have complicated mechanical fuses
set M action by the movement of the shell. Aerial bombs
planes are of various types depending upon the pur-
s¢ for which they dre to be used. Figure 1, taken from
recent article by Sherwood B, Smith, shows various kinds

i aerial missles.! _

In this figure the term sectional pressiire means the weight
of the bomb in pounds divided by the maximuom ¢ross sec-
tional area (in square inches). “Terminal velocity” is the

! Sherwood B, Stk “Air Raids and Proteciive Construction,”
The Mifitory Bngimeer, July-August, 1941, pp, 287 243,
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maximun velocity witained when the air resistance is equiv-
alent to the weight of the bomb, thus preventing further
grayitative aceeleration. The actual impact veloeity of a de-
molition bomb is about 760 feet per second when dropped
from an altitude of 10000 feet, and 930 feet per second
from 20,000 feet, For purposes of comparison, sound has
a velocity of approximately 000 feet per secand.

High Explosive (FLE.) Bombs
Fragmentation Bombs. These bombs are relatively light

i weight (30 Ibs.), have heavy corrugated cases and a small

amount of high explosive (15 per-cent of the weight of
4

bomb})., They are for use against personnel. The principal
parts are:
Hepvy, more or less streamlined shell The bursting charge

some i contzined in & thin steel shell surromuded by heavy steel
bands grooved so as to produce many fragmenis,

A bursting charge of TN,

Baogster charge to det charge of TNT.

Fuse to firc the
miinate and s umimlly
an autormatic relcase
whtich revolve and re
On impact, a plimng

c. This contains mercory fol-
- of the homb and ided with
cee releases ave like pi wheels
ring mechanizmn a8 the bomb falls.
y . firttg pin into & detonating cap
e, Becently there have been press
Ementation homb equipped with a de-
= whent it recsives the vibrations of &

ing buildings, and militiry objectives. Average
weight 15 300 pounds, some 1,000 to 2000 pounds. High

explosive (TR ) makes up about 50 per cent of the weight.
Their pri fts are:
Eelatr ghell—but of sufficient strength to afford poad

pene d prevend shatiering upon impact before detonatinn,

Demalition % These are large bombs for destroy-

b nose and tail or within hody of shell,
!

= on tail.

\f demolition bombs usunlly have a delay action of
@en seconds to allow for penetration. The so-called
3 mb has a special fuse with a delay of several hours

Livs. This may consist of an acid container which, on
breaRing, allows the acid to eat through a metal shield, or
release mechanism of the fose, before the detonating

explosive can be fired.
General Purpose Bombs. These are similar 1o demolition

ombs, but smaller in size; ranging from 100 10 300 pounds
in weight. Some of the smaller hambs have whistles on their
fins to make & terrifying shriek simulating & very large bomb.

Aerial Mines. Very heavy charges of TNT in barrel- or
drum-like containers with parachutes (o retard the speed
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of descent; thus permitting the use of lighter cases and far ) .
heavier charges of high explosive. now used extensively by Germany, is dangerous, not onl

because the plane may make o good target [or anti-aircrait

Incendiary Bombs gung, and becatse of the difficulty of pulling out of a steep
Sen discussion of Ineendiary Bombs, pp. 1319 power dive al a speed of more than 300 or 400 miles per
hour, but also because of t hysiological effects on the
Soe ik ) i i_“ Bnmhm - aviator himself.
e¢ iiscussion of Har er, pp, 20-31.
‘ Honnt g Effects of Hy ive Bombs
Methods of Bombing

The t;i{“” of frombs ar : First, that of penetration
due to their energy in feom a height, anil second, the

destiuctive effects resultige their explosion. Muoch de-
Blast an |b 4

Low Altitude Level-flying Bombing. In World War [,
bambs were simply thrown out of the open cockpit of
plane as the pilot flew low over his target, The plane speec
was about B0 miles per hour, and the altitude seldom
600 feet above the target. With practice the hombar
learned just when to drop his bomb.

High Altitude Level-flying Bombing, I contrast
aboye method, modemn planes flv at speeds of wel .
200 miles per hour, and may bomb from altitudes of o
20,000 feet, If a plane at this altitude is flying a4
of 210 miles per hour, the bombardier tmust relea:
about 2 miles short of the target, and by the th
strikes the target, the plane itself will be al
aver the tirget. The path taken by a falln
proaches a parabols, but is mfluenced by g

These factors are coordinated by the bomiffight Nwhich i
a highly efficient mechanical caleulator eg@bling the b

b
-
S
8 S:zf’rﬁaneuus Fuse=-500 |b, Bomb
Qangeruua Splinters-500Ip.Bomb

bardier to detérmine accurately the precise it 1o re- s
leaze his bomb, - . | ] Mllld Stesl

When released from a plane, the longer axis of a bomb Q‘ .M 2 [E Bﬁlf!_fﬂrced Concrete
is parallel to the plane but in falling it gradually becomes — s {34 Brick Masanry

S m"ﬁmw—l and Stone
| 30"5and and Earth

ickniess of Material Required for Protectionar 501
Blast-500 1b.Bomb

nearly vertical, After falling 5,000 feel it makes an angle
of 26° from the vertieal, ar 10,000 feet &f drop, this angle
is 182 and at 20,000 feet 12° from the vertical. The grealer
the deviation fromt the vertical, the greater is the possibility
of side hits on tall buildings. Bombs are communly drapped
in “sticks,” i.e., four or five, ane after the ather at interyals

( Approx Pressurg-TimeC 1501,
of Y4 second, 134, or 2%4 seconds, 0 that hits may be spaced 8 ELATNEE
100, 500, or 1,000 feet apart. . ﬁ i

L

Dive Bombing. From am allitude of about 10,000 feet I a_ijerE PVAN
the pilot puts his plane into a steep power dive at an angle Sqinch ol d
of 50 ta 75 degrees directly at his farget. A heavy bomb - =
(1,000 Ibs.) is released at the relatively low altitude of about Y EGaE TS EE DoE 5030 Eha

2,500 feet, and then the pilot pulls out of the dive. Diveg
bombing, first developed by our Navy several years ago
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. — f The Military Engineer,
Figure 2a. Eifecrs of Bombs on g:fhin;'ﬁiﬂhy
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pends upon the structural nature of the target, Many of the
following data were oblained from the excellent article by
Sherwood B Smith, Principal Engineer, Fortiication Sec-
tion, Office of Chief Engineers, entitled “Air Raids and Pro-
tective Construction;,” and published in July-Aungust, 1941,
issue of Uhe Military Engineer.

A bomh with an instantancour fuse exploding on contact
will be able to penetrate only about one-third of its length
into the ground before exploding. Any object at a distance
af 50 feet from the place of expiosion of a 500-pound bomb

!
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Figure 2b. Effects of Bombs on Su'lkm; Earth

is first subjected to a blast of positive pressure of about six
pounds per square inch for a fraction of a second. There
follows immediately a negative pressure or suction of ahout
2 pounds per square inch for a duration of 0.015 second.
(Fig. 2a and 2b.) There is also « terrific outward movement
of the gasecus products of osion in addition to the
above effects, The blast eff@t i Yerial mines is particularly
devastating, especially li rame buildings. Opening
doors and windows ten alize the pressure and may
avoid shattering,

Stlinters or frogmogom a demolition bomb have ini-
tial velocities of abo feet per second, or more than
twice as much aseifiat ™™ ullet from an army rifle. These
splinters, however account of their ragged shape, lose

eir velocity rap ey may travel for a distance of
half a mile. ¥lyng ments of rubble and glass would

have less veloc &th bomb splinters, hut might be very
dangerous,
When 3 bomb rites several feet into the ground be-

fore exploding, blust and splinter effects are reduoced, but a
heavy ea ar pulse results. Serious damage near the
bom ma@fﬂnm the earth shock or actual movement
of the ex very high rate of acceleration. A shock
wave ojffmly frequency but small amplitude will travel for
a lengellistanct from the explosion. Damage to structures

is W is relatively unimportant. Earth shock from

alogous to a small concentrated earthquake, The
#sed by even a moderate earthquake is thonsands

.f eater than that of anv bomb.
ralt® dimensions in sandy loam for bombs with delay

t can easily be seen that water and gas mams and even
ers may be serioisly damaged by direct or nearly direct
netration and

tts; It should be noted, however, that
aters in hard pan or tightly cemented glacial till would

less than in sandy loam.

Penetration of Concrete

Thick sections of remforced concrete resist the penetra-
tion and the explosive effects of demolition bombs ; but thin
sections, such as flooring, are more easily pengtrated on ace
coutt of the scabibing effect on the under side of the mem-
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ber, Therefore, several thin concrete Roprs do not afford as
much protection as their aggregate thickness in a single
member. (See Fig, 3.) '

Complete Perforahon Explogion
After Penetraltion

Efrects of Explosion
. Enlarges Crater

b 2 Shock {Scanb:n
scabr Concussio \

e Thicknessfor protection
incomplele Perforation against direct KEnT
malitian Bompb

Penefration

—Courtesy of The My
Figure 3. Effects of Bamb: on Concrete

Ry Snpinecr.

[n Figure 4, if a bomb explodes at (1), the building on
the left where the walls support the floors may collapse and
windows within 200 feet will probably be broken, A bomb
exploding at: (2) in the steel frame building will cause local
damage, while one with a delayed fuse at (3) would prob-
ably break or sertously damage the gas and water mains
and perhaps the sewer. A similar at (4) would prob-
ably collapse the outer wall of the adjacent building.

Protection Againse Acrial Missiles
An aerial bombardment may be roughly compared to a
tremendous electrical storm, In a thundershower any prom-

inent object such as a lone tall tree may be struck; in an
aerial bombardment even a small ray of light may draw thg

fire of the enemy. Therefore. the protection is a -
plete blackout. The importance of a blackout mno%
10

Wl Bearig : “Frame Bulding
—Courtesy of The Miliary Engineer.
Fi 4, Typical Section through Street
averemphasized, and every civilian should thoroughly un-
derstand ods of obtaining one.

Protects ainst High Explosive Bombs, Fragments
from tation bombs move upward and outward,
therefdke, a fone close to the ground is the safest. British
soldier ped many injuries by lying flat on the ground
wheiPewe bombed, A 30-pound bomb containing about
hf TNT will produce, on exploding, about 1,400

) Frents which have an effective range of more than
N. The demalition effect of these bombs is not great
1t of the small bursting charge, The effective range

i rBgments from a demolition bomb depends upon the
sizaghf the bomb and the place of explosion. For a rough

parison a zone 200 feet away from a 100-pound bomb,
and one 1,200 feet away from a 2,000-pound bomb would
d

rous because of splinters. The blast effect of a
00-pound bomb would be severe within a distance of 70
ee1, while the blast of a 2,000-pound bomb would have a

destructive zone 400 feet from the bomb.

Int an ordinary howse, a basement below the ground level
is the safest from H.E. bombs, provided the structure is
stromg encugh to tesist earth shock. Reinforced concrete
buildings or ordinary frame buildings afford more protec-
tion in this respect inn a brick supported building. How-
ever, a basement unless made gas tight might be a dangerous
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place should war gases be used. There are many designs
of air raid shelters from small ones, accommodating six peo-
ple, to thase having a capacity of 200 people.

Unexploded H.E. Bombs

All unexploded bombs are dangerous becatise there is no
way of determining whether they have faulty firing mech-
anisms or delay action fuses. They may be disposed of by
detomating with suitable explosives where they have fallen,
provided no important structure is in the vicinity. If this
is done, protective materials such as cham mats or logs mg
lessen the effects of the explosion. 1f they dre to be remgh
to some safe place, this work must be done by a b
removal squad of especially trained, skilled men. AS
chemical warfare schoal recently held in Olympia, S
and Seattle, Major W, A. Johnston stated that the o
Uepartment of the Army, or special details of the
department would furnish such serviges.

An unexploded bomb makes a relatively
it hits, and may be buried deep wn the ground.
be recognized by air rauid wardens who should
sary precautions, such as ropmg off a consi
having adjacent buildings evacuated. They shomig make

sure that the bomb-removal squad is immedf § Nl
Falling Buildings and Rubb!

Blast or earth shock from heayy demolition bombs may
weaken structures so that collapse sooner or later is inevi-
table, Such falling material may be a serions menace. Great
care should be tiken in approaching or passing weakened
structures,

Fragments from Anti-Aircraft Shells

Since these shells burst at high aititudes, falling fragments
will have a very considerable impact velocity ; enough per-
haps to penetrate a shingle roof and certainly enovgh to
necessitate steel helmets for all who have to be out of doors
<luring an air raid.

Machine-gun Strafing
Low flyimg planes may subject portions of & city to a hail
of machme-gun bullets, Basements below ground would a®
ford adﬂglf.d}.lam protection from such strafing, but w
frame buildings would be easily penetrated.
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INCENDIARY BOMBS

W. L. BEUSCHLEIN __
Profesiar of BEREET I

Univers ington

Types QNHI}F Bombs

Many substances ar to be highly combustible.
Only a few have hepmgguttessiully used for incendiary
purposes m Warld N and 11, The heating vilue
should be relatigely nd the burning rate not too
rapid: conditions Yhach dre common to magnesium metal.
Common incendi % tabulated below in the order of
heat generated (duNgg mbustion,

\ Hyatof  Prabable
Burning Flawme

Calorips  Temprraturey

MATERIAL por (rrem Deg, Fahr.
Petrofeum {gasohinn, faeloll) . . o - o 13,000 2,000
Pioh (A SaaMY) = o o - - = s . 4 B400 1,500
Magnesi R S o W P [F s i, 000 3,300
Phospho I SR e LG %‘% 250
e N/ 1T DT IE Tl 4E®
Th e Neating valtes are not excessive when one re-
calls tha t of a good de of codl averages 6,500 to

fes per gram, rinitrotoluene, the well known
as a heat of combustion of 3600 calories per
fe rate of burming is indicated roughly by the
e flame temperature.” Thermite, which is relatively
calories, burns sp rapidly that temperatures of 4500
Fahrenheit are created, In arder that phosphorus be
ccesstitlly as an incendiary, adjacent material of a
y combustibile nature must be present.

Chemical and Physical Properties
his discussion s limited to precautions suitable for resi-
ential districts, For such areas mumeruts 2mall incendiaries
are used, with a correspondingly light weight of charge.
Petrolewmn and piteh are seldom used, for their incendiary
value in gmall quantities is slight in the presence of fire-
fighters, Except for large buildings such as apartmemnt
houses these bombs need scarcely be expected,

The magnesiwm bomb, on the other hand, needs special
emphasis, This “elektron” bomb, used by the British and
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