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UNITED STATES STRATEGIC BOMBING SURVEY

REPORT OF THE .

PHYSICAL DAMAGE DIVISION
(o BRI D Bk
FOREWORD

l., The Physical Damage Division of the U.S.S.B.S. was organized
and given the primary task of determining the effects on various types
of structures and equipment of HE (i.e. high explosive) bombs and IB's
(i.e. incendiary 'bombss) as used in the Allied air offensive against
strategic targetss To report on the effects of this bombing on pro-
duction, transportation, etc., was the work of other divisions of the

SUrvey

2. Definition of Physical Damage. By common agrecment when
rclated to the results of bombings, physical damage is understood to

mean that which requirces the usc of man-power or matcrial for repair
or rceplaccment. ixcept when dealing with residences, in which case
spccial terms arc uscd (PDD'ZO)I , damage to buildings is classifiicd as:

.. Structural Damage, that which nccessitates the rcpair or
rcplacement of a main supporting mcember such as & floor slab, wall,
bcam, girdcr, truss, or column.

b. Supcrficial damage, that which is less serious than
structural damcge.  However, when computing arcas of supcrficial
damapgc, destructiorn of panel (i.c., non-load-"coring) walls, glass,
outside stcps. cornices, etce., arc disrcegord:d ¢nd only that is con-
sidercd vhich rendere floor arca uwnusable Uy uke rcmoval of its over-

hcad cover.

ce I'irc Damagc
d. liixed Damage, duc partly to HE bombs, partly to firc.

3¢ liachinc damage classifications arc subjcct to less agrcement.
Howcver, thesc, or similar, terms arc commonly useds:

a. Destruction, (or Totally Destroyed), the machine has valuc

e sl ol T s c-Sree B - (a oY TED ¢

only as scrap.

L . - .
Physical Damage Division Report 20. Throughout this paper and without
further cxplarasion, rcefercnces to division rcports crc made as above.
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b, Heoavy damago, & major part has been destroyed. Usually
+he machinc would be returned to its manufacturcr for repairs.

c. lioderate damagec, 2 minor part has bccn destroyed which
con be securcd from the manufacturcer or can bc madc and installed in

the Pla.nt #

de Light damage, destruction of elocctrical leads, or that
. which can be rcpaired by welding, ectce

Occasionally the last two of thesc classes arc grouped together
under cither of thc terms.

L. Sourccs of Information. In compiling this rcport slight usc
was made of rcports by other organizations and of interrogoations of
German military and industrial personncl. Some facts were sccurcd
from the physical damage sections of plant rcports written by other
divisions of the Survey. The chief source of date, however, was the
incident rcports written by the division. These later rcecord the
findings of division pcrsonncl who accompanicd industry tcams on plant
visits or, in many cascs, the findings of tcams which werce organized
and sent out by the division itsclf. A list of ‘Physical Damage
Division reports is®attachcd hercto as Appendix A.  For the convenicnce
of thosc who may be interested, the rcports arc classified by industrics

in APPC’ndjx Be

5. Limitations of This Rcport. This rcport is an attcmpt to
strike an average and draw somc conclusions frorm the available data,
. Tts weakness follows from the facts that: 1in many cascs the source
naterial is quitc mcagre; much of the material docs not rcadily lend
itsclf to surmarization or averaging; and, of nccessity, the work has
been hurricd. Concerning the first of the above facts, it is frocely
~dmitted that the material gathered, in spite of its seeming bulk, is
but o small sample of what might have been sccurcd with additional
time and persomncl. Howcver, thc group which has compilcd the rcport
secs no rcason to suspect that consideration of 2 larger sample would
have apprcciably changed its conclusions.e Concerning the sccond, cven
a2 slight acquaintance in the ficld with borib damage, forces on the
obscerver the conviction that there 1s cnormous variation in rcsults
under csscentially similar circumstances. Hence, two incidents at a
single plant will defy o simplc concisc statericnt, and on occaslons,

observers at different plants will rcach oppositc conclusions., For
this rcason the scrious student is advised to oxamine the individual

incident rcports of the division, which are believed, in general, to
be of greater valuc than this prescnt reporte
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HOW BOMBS PRODUCE DARAGE
e e A et

HE BOLBS

l. An HE bomb consists of = cise, usually’of steel, an explosive
filling, and a fuze or futes: The function of the fuze is to

detonate the filling at the proper time or placce The case serves one
or more of several useful purposes. It protects the . filling during
storage and handlinge It provides the confinement generally needed for
high-order detonation of explosive. It permits the bomb to perfcorate
or penetrate intact more or less resistant targets. Upon detonation it
breaks up into fragments capable of doing damage,

ce An HE weapon causes damage in a number of different ways, namely,
through contact cxplosion (combined danage effeots); fragment; debrisg
air shock (blast), earth or water shocks and earth cratering due to
destroying support or undermining. HE bombs also cause fires under

certain conditions. 45 n secondary effect the deterioration of cquip-
ment from expcsure to the clements is significant., |

5« Different targets differ greatly in their wulnerability to each
kind of action. For example, personncl, airplanes, light transport,
lightly protected guns, and many types of machinery are wulnerable to
fragmentation attack. Most buildings, except those of very heavy construc-
©ion are wulnerable to air shock (blast), either interior or exterior,
Very resistont structures above ground are most wvulnerable to one of the
followings contact explosion outside invelving rnultiple causes of
damage, interior air shock or blast, ground shock or cratering. Buried

structures are vulnerable to contact or internal explosicn or to earth
shock,

4.S8imilarly, different weapons differ greatly in their ability to
create each type of damage. A light cased bomb crcates morc blast, but
generally produces fewer and lighter frogments thon does a heavy cased
bomb of the same weighte 4n AP (i.e. armor piercing) or SAP (i.e. semi-
armor piercing) bomb has a comparatively small blast effect, due to the

relatively small amount of explosive carried and to the confining action
of its heavy case. ;

% In selecting a weapon for a particular target it is desirable
to matech the maximum effectivencss of the former to the maximun wulner-
ability of the latter, subject to the roquirement thut perforation or
penetration may have to be achieved without case failure, and to operation-
al factors such as stowage and awvailability., In other wo rds, targets

~that are wulnerable +to blast are best attocked with bombs that create
mexirmin blast,

6. uAmerican HE Bombs, 3

ae AP (armor Piercing) bombs are used in the following sizes:

1000 1b. and 1600 1b. weight; the. ratio of charge weight to total

weight is about 15% AP bumbs are of small dianeter and of streanm lined
shape, giving very high ternminal velocity and also very high case

strength, Ihe filling is TT oy explosive Dy fillings sensitive to

shock ore nnt suitable. This weapon is only used when perforation or
penetration of extremely resistant targcts (up to 5 £t. or 6 fte of councrete
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¢ 6-in. to 8=-in. armor) is required. No nose fuze 1is used. Tail fuze
is normally Q.08 secs delay.

b« SAP (Semi-Armor pieroing) bombs are used in the following
sizess 500 lbe and 1000 1bi; the charge weight ratio is about 30%s
The slightly stream lined shape gives a high terminal velocity and the
extra nose and case thickness insures high case strength. The filling
was formerly dmatol, but later bombs are filled with ™T. These are
nornally used when considerable resistance perforation has to be over-
come (i.e. 3 fto to 4 ft. of conorete or up o 3-ine. atrmor). This bomb
is normally fuzed only at the tail with the nose fuze hole closed by a

steel pluge.

ce Frag Bombs are used in the following sizess 4 lb., &0 lb.,
23 1b., 90 1b,, and 26Q lb. lhe charge weight ratio is from 10% to 15%e
Except for the 4-1b, (Butterfly bomb) all of these have cylindrical cases
>f uniform thickness. The 90-1b. and 260-1b. bombs are wrapped with long-
itudinally notched heavy coil steel springs to give improved fragmentations
Fragmentation bombs are normally used with the - ins tantaneous nose fuzes,
however the proximity fuze can be used with these bombs (except the 4-lb.
bomb which also can be fuzed for long delay or anti-disturbance)., The
260-1b, bomb takes a non-delay tail fuze in addition %o the nose fuze.,
Fragmentation bombs are used apainst personnel, planes, motor transport,
light open field placements, etc., when in the open, Due to their instan-
tanecus fuzing fragmentation bombs are not suitable for use against

targets under roofse.

de GP (General Purpose) bombs are used in the following sizes?
100 1b., 250 1be, 500 lb., 1000 1b., and 2000 1lb., (larger sizes have been
{ntroduced recently)s The charge weight ratio 1is approximately 50% All
these bombs may be fuzed both nose and tail with the usual delays, nakely,
instantaneous nose, non-delay tail, 0,01y 0.025, O,1 sec. nose and tail,
short and long delay. These bombs are the most used of all typese The
case is heavy enough to allow perforation of fairly resistant targets
(from 1 ft. to 3 ft. of concrete, depending on the bomb sise). The frog-
mentation and blast are effective against normally constructed targets.

ece LC (Light Case) bombs are used in the followlng size: 4000 1b.,
with a charge weight ratio of 80/% It is fuzed either instantancous or
with proximity fuze since the case will not stand impact. The fragmenta-
tion is relatively ineffective. It is used only when extensive blast 1s
desired.

7. The British series of bombs is generally similar to the dmerican
except for different designa®ions, and some difference in sizes ond coneti i-

struotion, Normally only tail fuzes are used, however some bombs use as
nmany as three tail fuzes.

g |

a. The AP bomb is 2000 lbe with a charge weight ratio of 1 Q%

. ratio
b, The SAP bombs are 250 1b, and 500 1b, with a charge weight/of

18%, which is materially less than the 31% of American SAP bombs.

0¢ The Frag. bomb is 20 1be with a charge weight ratio of 15 %e

N
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d The GP bombs are 40 1b,, 250 1b., 500 1b,, 1000 1b., 1900 1b.,
and 4000 1b, The charge weight ratio is 30% (Corresponds to American SAP).

e The MC (Medium Capacity) bombs are 500 1b., 1000 1b., 4000 1lb.
12000 1b,, and 22000 1b, The charge weight ratic is 40% % 6507 (Correspcnds
to American GP)

f. The HC (High Capacity) bombs are 2000 lb., 4000 1b., 8000 1b.
end 12000 1b. The charge weight ratio is 66% %o 75% (Corresponds tc
American LC).

Be &Ees of Damage.

%. Contact cxplosion. When a bomb explodes in contact, or nearly
in contact, with a target several actions combine to produce the final
result.e Fragments from the bomb case cut up the adjacent elements of the
tarpete Very high compressive stresses produced in the material by the
blast wave cause complete disintegration near the point c¢f detonation, and
partial disintegration at greuater distances. At the same tine, large
stresses are produced in the comparatively undamaged regions. Thcse are
propagated as stress waves to distant parts of the target and give rise
t> wvarious localized damage zones at boundaries, connecticns, and other
points of discontinuity. The effect of detonation in contact with a
conorete slab illustratcs this behavior. Immnediately beneath the peint of
detonation a hole or crater is formed. Surrounding this crater is a zone
>f concrete that is cracked and weakened, If the slab is of the proper
thiclness therc will be a sccond” crater forned on the far surface of the
slab due to scabbing of cuncrete at the surfacees The ccncrete between these
craters may or may not be unharmed, depending on the thickness of slab.

For thin slabs the craters will meet, resulting in complete perforation,
while a wvery thick slab will normelly show no e¢ffect on the far side.

be Frapmentatione This is damage procduced by nissiles consisting
of bomb component fragments. Only GP and Fragmentation Bombs arc effective
producers of fragmentse The light case bombs have too few and too light
frogments while the AP, and to & less extent, the SAP bombs give fragments
relatively large and of low veloeclty making the bomb generally ineffective
as o freagmentation weapon. When a bomb explodes, the case breaks up into
frogments varying in size from very sinll to several times the case thickness
The fragments are not distributed uniformly about the bomb, but tend to be
concentrated in one or two zoneses The most important spray (the equatorial
spray) coincides approximately with the equatorial plune of the bombe More
exactly, the equatorial spray is directed about 10 degrees ecither akead of,
or behind the equatorial plane of the bomb, depending on whether tail or
ncse initiation is used.s Under certein conditions this differcence between
nose and tail initiation Decomes important, as in attacking machinery housed
in one~story structures. In high order detonations fragment velocities
range from about 2,000 to as rmuch as 8,000 or mcre fte per second, depending

on charge weight r&ﬁig d ¢ pf explosive Tables are 11labl
e tion “and omRQs t{ 2D 208 : 5 avallable for
/ﬂ%@fh@’ﬁ% pa%xi:ems and velobi )}i.&\gl%% well as densities of perforation

achieved apgainst various thicknesses of armor plate at different distances.
(See Terminal Ballastic Datn Vol, I-Bombing, Office cf Chief of Ordnance,
August 19445. .

Fragment?tion 1s most effeotive against compact targets containing a
liarj;ge_ proportion of vitul elerments, for example, personnel, all types of
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wachinery, transporsation equipment, airplanes, electrical devices, weapons.
Such targets are usually fairly immune to any kind of shock, while the high

proportion of vital elements makes most fragment hits effective,

The proper fragmentation weapon to use depends mostly on the wvulnerab-
ility of the target, that is, on the amount of protection that rust be
perforated to produce an effective hit. The larger bombs have heavier
fragments, consequently an increase in target resistance normally requires
an increase in bomb size, For very "soft" targets, such as personnel or
lirht, delicate mechanisms, the smnllest fragmentation bhombs, i.ec. the 4 lb.,
and 20 1b.,, or 23 lb., are riost efficient, weight for weight. For devices
protected by a % in, or rore of steel plate such as armorcd guns, large
transformers, ariored cars, etce., 260-1b, Frag or 500-1b., and 1000-1b. GP
bombs are most effective. The use of Frag bombs is limited to targets not
under cover, since instantaneous or proximity fuzing is alwnys used with

then.

Frogmentation is not an effective means of demiging structures. For
light single members (say roof purlins) fragmentation will sometimf:s cause
enough damage to require replacement, Heavy beams or columms, wall panels,
floors ctec., may be scarred or perforated by fragments, but can be repaired
quite casily unless they are 8o olose to the point of detonation as to nake

it uncertain whether blast or fragmentation played the nma jor role.

0 Debris. OStructural members, floor and roof slabs, and rock
particles may be elffective damaging agents fgainst fairly wulnerable tarpets
such as personnel and delicate mechanisms. - Such missiles are larger and

slower than bomb fragmentse Light machine tools in very long=-span concrete
roofecd buildings have been found to suffer very considerably from debris.

de 4Air, earth and water shock. Fundamentally, these are alike
inasmuch as the effect is due to pressure transmitted to the target through
the medium between it and the bombe. 4ir shock, or blast, is the most
Important, since most targets are above grounds A Dblast wave is character-
ized by a very steep front, corresponding to an instantaneous pressure rise,
followed by a decrease to sub-atmospheric pressures, then a gradual return
to normale, The peak pressure and the positive impulse (the impulse is the
product of the time during which the pressure exceeds atmospheric multiplied
by the average pressure during that interval) are the most important charsct-
eristics of the wavee For normal structures and the sizes of the bombs
hitherto used, damage is generally considered to depend mainly on impulse.
This conclusion, which is supported by experience, has permitted the exten-
sion of the very limited conclusions first drawn as to the damage areas of
different weapons against different targets to various other combinations
of targets and weapons. It is one purpose of this Survey to add to present
mowledge and to correct the extrapolations that have been made.

For structures whose periods of vibration are short compared to the
duration of the positive pressure phase it is probable that damage from
external blast will depend mostly on the peak pressure of the wavee. Due to
the short durations of pressure pulses from the bombs used hitherto this

situation has not yet been important; it may tecome important with
extremely powerful bombs,

1t has been shown that if damape depends only on impulses,-then for
external blast the efficiency of bombs inoreases with the bomb size of a

~6 - : CONFIDEN TIAL
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givén type. On the other hendj if damage depends only on peak pressure
. 5t can be shown that the cfficiency of bombs decreake with on increase 1n

bomb size. Consequently for external blast, the situation appears to be
the followings

(1) For small bombs an increake of sike increases the area
of destruction per unit weight of bombs;

(2) For large bombs un increase of sizc decreases the area
of destruction per unit weight of bombse

Therefore, if efficiency is measured in terms of damage per weight and 1f
211 bombs are used in the same way ond employ the same explosive, there
will be an optimum bomb size for each type of targete The alouve considera-
ticns apply only to the case of external or unconfined blaste. In comparing
the effects of explosion within the obutside of a structure several
additional factors become important. Confined explosions exert grecater

' impulses thon unconfined. Furthermore, structures are renerally less
resistant to internal than t external forces, being desifned for the
l1atters On the other hand, an explosion inside a structure is less
cffective apgainst neighboring structures thun is an unconfined explosion
ot the same distancee So far as confined or internal explosiocns are
concerned the optimum size of charpe is one just big enough to create the
required damage to the structure in which 1% detonatese

External blast is comparatively ineffective in small bombsj however,
the efficiency increases with sizes  For external blast, case weight can
he kept to a minimum, allowing most of the munition weight to be explosive,
while cascs of at least GP bomb thiclmesscs are needed for internal blast

to insure penetration without case failure.

Externol blast is effective only against buildings of normal or less
strengthe External blast is not an efficient use of HE bombs agalnst

very resistant buildings or against gun emplacements, air raid shelters
and the like. For these, internal blast is more effective, the effectiveness

depending on the degree of confinement.

e« Earth Shock, Buried, or partly butied targets are frequently
best attacked through ground shocke This is also true of those surface

structures whose foundations are wvulnerable,

in underground explosion causes ground movements and high pressures in
the surrounding earth. Any structure in or on the ground in this vicinity '
must resist both effects. Very small structures move casily,.consequently
are less likely to be damaged, than are large structuress The distance at

which damage can be expected is generally small, cf the order of two or
three crater radii from the explosion. Tests in the USA and Britoin have
shown the nature of the relation between damage, distance, anc mount of

explosive (See eg. NDRC Div 2, Weapon Datn Sheet 6A5, Underground R/C Walls -
Damag,e by Earth Shock),

f. Underwater Shocke This is gonerally similar to air blast and
. earth shock, For this reason, and hecause no examples of underwater shoock have

been examined by the Physical Damage Divlsion, no further discussion is piven
here, | ; | -

n?“'
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., Crateringe A bomb exploding underground at not too great a
depth will prmm—éf'ater. Any structure or other object extending over
or into the crater may be caus ed to settle through removal of supporte
Cratering is especially effective against strongly framed buildings having
shallow footingse It 1s also an important cause of damage to machines or
equipment of considerable length or where alignment 1s important, as in
shafting or in coupled machinerye. -

h.e Fire from HE. In an .appreciable number of cases HE bombs start
firese This ooccurs mainly where highly combustible materials, oils, rases,
combustible dusts, etec. are present and are released by the bombe Isnition
may be caused by the hot games of the explosion when detonation occurs very
oclose to the ignitihle material, as when a bomb explodes in an 0il or gas
containere Another cause of ignition is the overturning of stovcs and
heaters, shorting of electrical equipment and the likes In certain high
temperature-high pressure. processes (as in refineries, and synthetic 0il
and rubber plants) the hot liquids and gases are able To irnite spontan-
eously when released.

INCENDIARY BOMBS

9, liays of Firing a Target. There are two ways in which incendiaries
may fire a targete e 1s mite combustible material in the targete
The second is to carry combustible material to the target in the bomb. 48
a prectical matter, the second of these two methods is not very important.
The size of incendiarics is necessarily linmited. Lven the largest ones now
in use, or projected, do not produce a very big fire, that is, do not in
themselves provide enough combustible naterial to cause a big fire.

In setting out, therefore, to damage a target, things 1n the target
must be looked for to cause firc damege, Failure to understand this has
sornetimes led to erroneous conclusions as to the steps involved in

bringing about destruction or damages

10. Flight and Penetration. The steps in setting fire to a target
with an incendiary begin with the dropping of the incendiary. 1t rust have
sufficient stability in flight to comc down in such a mamer that it will
most effectively get into the target. This usually means going through the
roof. The velocity must be sufficient to carry the bomb througn the type
5f roofs and floors known to be in the target without deformation ToO pre-
vent normal operatione '

11. Finding Combustible Centers. Unce having penctrated into the
target building so as to operate as designed, the bonb must fall into or
near some ~aterial to which it car set fire. ‘Therefore, the way in which
coribustible material is distributed throughout a terget is importent. 1t
determines the probability of the bomb striking sufficicntly near Bl
combustible material suitable to respond to its fire starting abilities.

In dwelling houses and other buildings with wooden floors and roofs, there
are a gocd many places where a bomb can come to rest on combustible aterial.

In industrial plants, theé floors and building structure may be fire-resistiive
. or non-_-co;nbustible. Hence, the bomb rmust find wcoden partitions, piles: of
wooden boxes, such as "tote" boxes, wood finish or furniturc. In some
industries it may have to be initiated near or un piles of combustible stocks,
such ag rubber for exaple, >r spilled flamnable liquidse —

-3 - CONFIDEN TIAL
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Usually the kind of combustible material which would be igited by
an inecendiary bomb is that which is of the order of kindling: paper,
excelsior, thin pieces of wood, cardboard cartons, light furni ture,
draperies and the like. Heavy furniture, heavy wcodwork and flooring are
relatively more difficult to ignite. Many of the incendiaries so far
developed cannct be counted upon to always ignite combustible material
unless it is in the forms of highly combustibles.

12, Chance of Imiting Combustibles. The next consideration is the
chance that an incendiary bomb will ignite combustible material into which
it falls. OUf the wvurious types of incendiary bombs some are necessurily
more efficient in irmiting a specific type target, thun are others., 1t is
not practicable to gencralize about their relative fire-starting abilities,
because it is necessary to consider how they will perform against a
variety of wooden or other conbustible surfaces. Because the cimbinatiims
in which these surfaccs may be arranged is infinite a very larre nuabcor
of varisbles is involved.

A small mapmesiwa bomb (2-1b. or 4=1b.) will spurt lipght sparks of
magnesiun and thermite in its first minute »f operation. Thereafter it
settles down to steady burning for a perizd of about 3 minutes, during
this period a persen can approach within a few fect of the burning bomb.
Obviously, only paper, thin wood and cther readily combustitle naterial can
he imited from such a firec.

The small oil boub (6-1bs) throws out a small nass of burning gel.
In hitting a surfuce this breaks up into smeller masses, no cne of which
nekes a bie fire. It, too, can be closely approached and therefore is
nost likely to touch off only 1lisht combustibles.

250 1b, |

The lurcer il bombs (3VU-1bs., 100-1lbs,,/and 500-1hs.) are more
cffective. They will affect a larger area bécause of the rreater t:tal
ariount of fuel in the bomb. #s a rule they break up into small nasses 80
"that the fires they start must be in materials that take fire relatively
cusilyo.

The 30-1b. and larger bombs can be expected ts irmite fairly heavy
conmbustible material in some proportion of cases. But, even the larges®t
of these bumbs produces a relatively small fire at the heginning. 1f they
are promptly attacked with even, a 1/8 ine diameter hose stream discharging
as little as 2 or 3 gallons of water a minute, there is a wery iood chance
of controlling the fire.

8 e

13, Preliminary Fire SEread./l‘iext in the steps in setting fire to =
huilcding is the development of the fire from the point where the Dbomb
initiates firc. This depends on a chain of cumbustible material in the
imediate vicinity of the point of the bomb incident.

be In dwelling houses there is fairly continuous chains of
cormbustible materiale The flcors and furniture will usually burn and also
in some cases the wall finish.

. ce In industrial plants, a great variety of facturs deternine
whether a fire once started will sprcad. a few of these factors con be
nentioned to show how complicated this particular part of the process is to

appralse.
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Combustiblity Scale. Storape rooms in
“‘industrial plants may be a ,0od place to start. Thesc
usually offer a large amnount of nateriul, ncst of it
combustible, covering @ large percentage of the floor
area, Lven when the goods stored are non-combustible,
such as metal parts, they are often packed in cardboard
containers or wooden boxes. OUften they are stored on
wooden shelving. i particularly good example of a
highly combustible occupancy is the store room for
wooden patterns in a general machine shop., #s . measure
of oddupancy combustibility of this type the pounds of
combustible material per sguare foot would be a relatively
high figure. #1lso there would be a continuous chain of
combustible material over the entire floor area. If this
is taken as the upper end, we can visuulize other
occupandies on a rough scale compared to its Lower ranges
in the scale involve leéss and less in pounds of combust-
ible material per squuare foot, widcer and wider spuces
bctween groups of material, and a poorer and poorer chain
of combustibles. Un such a scale the next rangc will
include certain assembly” operations wherc a lot of small
items are put together. Small items are often handled in
combustiblc "tote" boxecs or on crowded combustible
‘benches, Still lower on the scule would bc the heavier
assembly operations such as those involved in a«ir frame
assembly.

When the machine shop and metal working occupancies
are reached, the occuparncy combustibility 1s quite lowe.
Lowest of cll will be such occupancics us boiler houses
and power houses or rooms where thc principal machines
would be compressors, pumps, generators and thoe like.

The forcgoing is by no means a complete catalogue of
combustibility ratings. 1t may be scen, however, that
they affect the extent %o which a fire once started will
spread.

Spread Due to the Structure. In addition to occupancy
causes, there are factors in the structure of the
building affecting the likelihood that a fire once
started will spread. In many industrial buildings, the
only major combustible material nay be a wooden roof
which is of ten some height above the floor. 4an incendiary
st come through the roof, land on the floor, and then
ignite sume combustible material on which to cause flames
extensive enough to ignite the roof. Consequently the
higher the roof the more difficult it is for it to be
reached by a fire on the floor, -

Walls. 4ny well tends to slow down a fire as the fire
mist find openings through which to spread. 4nother

- 10 -~ CONFIDEN TIAL
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type of wall is desi gned as a fire wull. This, by
definition, is a wall which will stop the sprcad of fire.
Usually it is construction, of brick and is suv thick und
resistant t) hcat transfer that &« complete burn:ut nay
ccecur uvn one side without sufficient hcat being developed
on the other to permit the ignition of combustible
moterialse |

Fire Divisionse, A fire division, which is the area of a -
building within fire walls, limits the meximun size of an
individual fire. Lven though theoretically possible,
conplete burnout within a fire division does not always
occury first, because the arrangement .f cocmbustible
naterial within the division may not be continuousg
secund, because there may be partitions, often of non-
conmbustible material, which are not substantisol enobugh

to be considered as fire walls, but which will retard

the spread of fire.

The foregoing discussion, for simplicity, has been primcipally in
toerns of single-story buildings. In multi-story buildings, the floors, if
‘fire resistive, auct as barriers to the spread of fire from floor to floor.
Stairway openings and elevator shafts, however, are avenues for the spread
of fire,

The spread »f fire from building tc building is prineipally a motter
of space between the buildings, but much judgment is rcquired to deternine
whether an air goap is Sufficient t.. stop the spread of fire in a given
CaS€e¢ OSONE }f the factors to be taken into account are (1) combustibility
of walls, (2) combustibility of ocoupancies, (3) size and intensity
of the fire, (4) the area of exposed walls presented to one another, and

(5) size of wull open inge .

14, '&Ees of Construction. The combustibility of the building
structure is a factor which sperates in conjuncticon with the vccupancy and
arrangenent factors described. For c¢.nvenience, the types of constructioun
are grouped into four olasses: copbustible (C), non-combustible (N),
fire resistive (R), and mixed constructi:n,

2e . Corbustible cunstructicn includes those build ngs which have

o roof and sometimes walls of combustible material. The burning of the
combustible portion can normally be expected to cause structural camage.

be The non-combustible type has no significant amount of
conbustibile material, but the structure is damageable by fire in the content:
Examples of this are concrete, asbestos, corrugated iron, pre-cast or
prured-in-place cement or gypsur supported by exposed (bare) stecl. Rein-
forced concrete less than 25 in. thick is als> classed in this categorye.

ce In fire-resistive construction, there is no significunt
arount of combustible material in the structure and the structure will
withstand all except the most intense fire, Lxamples are reinforced
conerete where the members are 23 in. or more thick and where there is no
unprotected steelsy buildings, usually nulti-story, where the steel

Sl
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supporting the concrete floor and roof slabs is protected by at lcast

2 in. of concrete caverlng; the Zelsﬂ-Dyw:Ldag construction wherc an arch
of reinforced concrete 2% in. to 33 ini thick is used.

de Mixed constriction includes combinations of the foregoing
types. i common example is 4 multi-story building with reinforced concrete
construction except for a combustible wood roofs

15 Enginecring appraisal of Fire Vulnerability, The appraisal
of the very complicated series of steps which affect the operation of
incendiaries on a target would appear at® first glance a somewhat hopeless
task. However, it is possible to find Sire protection engineers who .have
haod experience with exactly the factors enumerated. Many of these have
inspected in excess of 1000 plants and have teen trained to look for the
foctors mentioned above, Their advice might well be scught in selectmg
targets for attack by inceendiaries,
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HIGH EXPLOSIVE BOMB DAMAGE TO BUILDINGS AND INSTALLATIONS
1. General. This part of the report deals with HE weanons and
their damaging effects upon- structures and installations under the
following headings: -

a, Industrial type buildings.

b. Heavy structures (gun emplacements, submarine pens,
fortifications, coking plants).

c. Bridges.
d. Chimneys (masonry type).
ce City arcas.

2, HE bomb damage only, has been considercd in tho text and tab-
ulations except in the section which covers City arcase. In this part
of the rcport, HE bomb damage includes any firc damage which was causcd
by thc detonation of HE weapons but docs not includc any "jixed" damage
vhich eould have becn causced by the joint action of HE and IB wcapons.

%3, The matcerial analyzed has been extracted from Physical Damago
Division reports covering the rcosults of field surveys of thec various
targetse Table 4 lists the FPhysical Damaggc Division rcports by numbcer
‘and titlc from which the pcertincnt data for industrial typc buildings
has been taken. The report numbecrs and titlcs covering sourcc data
for other installations have been rcferred to in the text.

L. The attcmpt has becn made in the rcport to associate thce HE
bomb damage cffects upon buildings with the structurcl vulncrability
classification of the structurc and the weapon used. In certain of the
vulnerability classifications sufficicnt data for an cffecctive study arc
lacking and that limitation must bec rccognizecd. Tt will bc noted that
the forcgoing applicsionly to U.S. and British bombs, principally of the
500-1b. and 1000-1b, sizcs. A large bomb detonation (4000-1b. and above)
invariably offccts buildings of morc than onc structural typc, duc to its
lorge ncar-miss radius, wherceas the smaller bomb has o smaller near-missc
range in causing structural damage. The smollcer size bomb cffccts arc
thercfore more likely to be confincd to the structurc dircctly adjacent
to their points of impact. This is not truc of the larger sizcs of bombs
and the measurc of their cffectivencss should be obtained irom the scction
of the report dealing with mean arcas of cffcctivencss of HE wcaponsSe

HE Wcapons Uscd.

5, The following HE weapons were uscd to inflict damage on industr=
inl targets which arc listed in Table L2

- 13 -
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6. HE weopons used agoinst other installations arc listed below:

Torgct Size Type Fuzing

Submarine Pens  Br,12000 1b, Tallboy (0.5 Sce. delay
(11.0 Scc. dclay

(25 to 30 Scec. decla
Coking Plont U.S. 500 1bs Nosc Tail

05l 'scce 01 ‘scce

QLN .025 "

1"

Gun Emplacement U.S.1000 1b. 0.1 .01

Bridgcs | U.S5.1000 1b. | 0.1 o DL =%
O.1 Non-dclay

U.S- 100 1bq .
City Arca U.S, 250 1b. - O.1 Nose 01 T&&l*
U.8, 500 1b, » 025

U.S5.1000 1lb, _
| com';m;mu;l.
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7. HE Bomb Damage %o Industrisl Buildings. = Tablec 4 contains a
compilation of data for 21l damaged buildings included in the targets
ns listod in the Toble, Tho buildings demaged were principally of the
factory typc and the various appurtenant buildings usually found 1in |
industrial plants; the structurcs were prcdominontly singlc=story but
n number of multi-story buildings wcrc also damagced.

Table 4 lists twenty=tvo (22) different targets and o summory of
the HE bomb damage suffcred by these objectives is given beclovr:

No. of Plan srca Total Floor Total sArca of Total Lrco of
JTorgets. of_ the Lrco of Struct'l Roof Struct'l Floor

e e e e S e R e

Damaged Bldgs. Damaged Bldas, * Damage Damoge

ACTCSe Acreca, Aecres Aecres,

g = 217 253 83 15

Total areca of Froction of Domoging HE * Struct'!l Damnge

Supf'l Damoge Struct'l Roof Bombs | (Roof plus Floor)
Acrcs 3 Damage Tons in lLcrcs/Ton

47.5 .38 | 420.3 0,23

Onc Ton = 2000 1lbs.

Firc demage to roof structurcs, couscd by HE bombs, wos inoignif-
sicant in ocmount but this catcgory of damnge cccounted for 20,455 of the
total arco of floor domege listed. The diffcercnce in the amount of
HE-firc damage suffered by roofs and floors was probably duc to the
jgnition and burning of contcnts on tho floors causcd by detonation of
thc bombs. | -

8. Domagce to Structural Typcs of Buildings caused by U.S. ond
British 500-1b, and 1000-1b, HE Bombs, Danoge and borib data has been
1iftcd from thc rcports, listed in Table 4, referring to U.S. and _
British 500-1b. and’1l000-1b. HE bombs, but only thosc itcms of damage
which werc definitcly ticd back to a speccific weapon and to a specific
structural typc were cxtracted to wvoid confusion with the cffccts of
other weapons. Buildings of diffcrent construction have diffcrent
vulnerabilitics to HE bombing, in gencral, and & division of buildings
into structural typcs has been made in order to comparc the damage to
the respective types caused by o given weapon. The structural typcs
arc indicatced beclow:

Smﬁbol Dcscription

Single=Story Buildings
1/a Masonry load bearing wall types

1/b Light factory types; stccl or wood framed

1/c = Hoavy stccl framed or thosc containing runways

that oupport hcavy croncs. -
- 15 - ' CONFIDENTIIL
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Description

Hongar and Aircraft asccembly types; stceel,
timber or rcinforced concrcte framed roof's

Factory reinforced concrcte framed or shecll
typcs '

Miscellancous buildings of light construction.

Malti-Story Buildings

Masonry load beoring wall types or thoso
of cormposcite construction

11/b Stcecl framed

M/ C Reinforced concrctec fronecd or flat slab
constructione. '

The above structural types have been used in Tablce 1-3, which compare
the demage cffccts of U.S. and British, 500-1b. and 1000-1b. boribs.

9, Toble 1 scparates U.S. and British bombs of the 500-1b. and
100C-1b. sizes by the fuzings used; structural roof demage, the nunber
of borbs inflictinz the damage and the structural roof damage in acrcs/ton
is indicatcd for the purposcs of corparisons Duo attention rmust be
given to the nuwiber of cases involved; the recliability of the valucs
in colurm 10 is contingent upon the number of buildings attacked with

the wcopon,

n. Fow cnsces were available for the British bombs of the
500-1b. and 1000-1b. sizes and the data for the 1/c, 1/c¢ oand 1/f struct-
ural types for the 1000-1b, IC appears to be the best.

b. U.S. 500-=1b, GP - The most rcliable data is showm for

the 1/a, 1/b and the 1/f structural types. The 0.01 sec. toil deloy
fuzc produccd morc daomage per ton of HE than the 0,025 scc. tail decloy

fuzc, cxcept for type 1/f where the rcsult was nearly cqual,  Date for
the rmlti-story type in Table 3, ~rc inadequatc in amount for conclus=

iong ®

c. U.S. 1000-1b., GP - This weapon docs not appcar to bc as
cfficient for causing damage as the 500-1b. GP, but additional incidents
arc rcquired for a truc cvaluation. The 0,025 scce tail fuze fitted to
this wcapon appcars to produce niorc damage than the 0,01 scc. tail fuzce.

4. British 500-1b. MC = Insufficicnt data does not pormit any
appraisal of this wcapon to causc damagcCe

c. British 1000-1b, 1C = the best dnte for this weapon is
showm againgt the 1/¢ strustural type whore the 0,01 scc. delay fuze
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sgenis nore efficient in producing domage. «gainst the 1/f struct-
ural type the 0,025 delay fuzec woc better than non-deloy but an
insufficicnt nurber of cascs will not support o conclusion. The
1000-1b. }C fuzed 0,025 86c. delay shows better results against the
1/c structural type than the U.S. 1000=~1b. GP, fuzcd 0,025 scce tail

declaye
10. Teble 2 has been preparced to indicate the cffcct of U.Se

500-1b. ond 1000~1b. GP boribs against the structural typcs, regard-
lcss of fuzings., Incidents have been added to those shovm in Toble
1 to include those buildings which were attacked with boribs fitted
with nixed fuzings. Sufficicnt data for cccuratc study arc not
available for the following itcns:

HE Wcapon Structural Type

U.S. 500-1b. GP 1/c
Br. 1000-1b. IMC /e /fa

Table 2 suggests that the U.S. 500-1b, GP is a norc cfficicnt weapon
agninst the various structural typcs than the U.S. 1000-1b. GP. The
Britich 1000~1b. 1iC type shows supcriority ever thc U.S, 1000-1lb. GP
in sttacking structurcs of type 1/c, but is inferior against type
1/c structurcs, on tho basis of the data listcde
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EFFECTS OF HE BOMBS ,GAINST SINGLE STCRY ey
' STRUCTURAL TYPES OF BUILDINGS “ W
ALL FUZINGS

BOIMB DATA Lrcas - NU:BER OF BOMBS ‘ Struct.
of’ L . ' | Roof
Struct. Dircct t Near y D"*Il"l.f"’C

Size Type Roof lisses A/Ton
Danoge

PRI SR N S U B DB AL AR S

BRITISH BOIDS

o 1o [we 1o 1s [w[salom

STRUCTUR,AL TYPE 1/f

Arcos given in 1000's of squarc flecte
Onc ton = 2000 lbs,
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EFFECTS OF HE BOILDBS AGAINST IULTI-STORY TYPES OF BUILDINGS
_-——-————_————-_————-_—____

BOIIB DATA LS OF DALLIGE . ABER OF BOIBS
; FU T

i y (4.0 i : :
SIZE | TYPE NOSE| TAIL | STRUCT. l STRUCT. | DIRECT | NEAR | ToTAT,
SKC.) SEC..}. ‘FOOF - .1 #0008 i HITS | 1ISS

Structural Type 1/a (Snecific Fuzincs

U.S .BOL‘IbS ' /
T . -_

ritich Bonmbs

1000 | IC | L DLOBs Y ] | 1,0 | 0,78 -

o> tructural Tyl)“ I’/Cl .nll FUZln"‘

Us bonbs

|
N Structural Type : /b (Specific Fuzings
!

++ 4 casce 1s a single building or o single unit of a building corplex consisting of
rnorc than onc structural typce

&
| 500 F Gp | 0,025 8ol 2.0 0409

015'




CONFIDENTI..L

VY STRUCTURES .

11, Subnarinc Pcns. Reports 10 and 39 cover the results of bonbing
~ttrcks nn the subnarine pens located at Brest, Fronce, and Homburg,
Gérnany rcopcectively. Tn both instonces 12000-1b. (Tallboy) borbs,
criploying various fuze scttings, were the woapons used in the attocks,
Results of the curveys chow thot little cffective dannge was accorplished
~nd in neither case were the pens rendered unserviceable, .. description
of cach tarrct and swnery of denese inflicted follows:

12. Subnorine Pens ot Drest, Fronece (PDD 10). This structurc was
constructed of reinforced conercte of excellent design and strength. It
woo 1200 feot long by 600 feet wide and contoined 15 subnaring pens.
Originnl construetion had a flat reinforced enncrcte roof varying in
thickncss fror €4 £t. 8 in. to 14 ft. However the protective quality
of thc roof s suppnlerented by scveral ricthods on diffcrent roof arcas.
In somc arcos an additional 5 ft. of rcinforced concretc wos pourcd
dircctly on the originel roof vithout bonding by reinforceonont ctecl, On
othzr ~reas precast concrete blocks were loid, and on others o sclightly
pitched roof of rcinforced concrctc wos ercetede In the loattcr arcas
an oir space oxisted between the original roof and supplcricntaory pro-
tcctione This men received nine dircct hits by 12000-~1b. (Tallboy)
Dritish bombs., Five were fuzed for 1l scc. deloy action and four were
fuzecd 045 scce dcloy. In addition two of the sone Type boribs fuzcd
0,5 scec. detonateld ncor the renr side of the pen. In nll dircct hitso
the boubs foiled to penetrate the roofivricr to Cetonation. otrikeo
on roof opans’ cither rcsultced in craters writh necorponying undor-roof
snnlling or hour-glass choped oncnings,., wtrikes on archd dircctly over
heevy prrtition walls resulted in roof cratera nd spalling on the under-
side of the roof and partition walles In no cnuc did serious struct=
urcl dererc occur such o5 roof collapsc or wall cracking. lilnor danagc
cccurrcd to interior focilitics such as crone rails, ~ir and clcctric
lincn, welkweys ond hond rails by falling debris fron the roof gpollse
The two strikes ot the reor of the structure couscrd no donase to tho
rdin buildins but dernolished o feoyr neorby buildirngs of licht construction.

13, Subnerine Pens ot Hoaburs, Germony (PPDD 32)_ This structurc was
constructed of rcinforced concrcte of cxccllent deoimn ond otrengthe IT
wos 518 £4. long by 442 £t. wide ond had o £1nt reinforced concrcte roof

aryins in thickness fronm 10 ft. ©o 11 f+, 6 in. This pen rcccived ocix

dircect hits by 12C00-1b. (Tnll'bcy‘:l Dritich borbhs ~ll fuzed 25 to 50 scce.

deley. In ~diition one ncar niss by the sanc type borb and sanc fuzing
.8 in the

occurrcd 100=ft., fron the weast sidewall of the structurc.

crnes of the strikes on the nens ot Dreot, France, nong of the dircct
Crater data and intcrr-

hits penctroted the roof »rior to detonation.

ortation of witnecsces rcsulted in the eonclusion that nll borbs detonated
hon-dclay aofter penctrating ab-ut 3 ft. into the roof concrcte. Strikes

on the roef recoulted in cach case, of hour-glass shoped openings ranging
in 1ip dicmecter fron 14 to 25 ft. ~nd in throat disnctcr from 9 to 16 £ts
7ith the rinimmun scetion occurring fron 3 to 5 ft. below the roof surfaccs
No najor structural donagc, such as roof collapsc or fracturing, resultced
fror1 the hits. Ifinor denage to operating devices inside thc pens resulted
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T apalling or) hour-glass shoped openings. wotrikes
ap L

|\~ 2. Subnorinc Pens st Drost, Fronco (PDD 10). This structurc wos
constructed of reinforced concrcte of cxcellont design and streongth. It
wos 1200 fect long by 600 fect wide ~nd contained 15 subnarine pens.
Original c mtmctwn hoa o flat reinforcced enneretc roof varying in
thickncos fron 1#'f£te 8 in. to 14 ft. However the proteetive quality

of thc roof - cupnleiiented by scvercl nethods on differcent roof arcas,
In sone crcna an additional 5 f£4. of reinforced concretc wos pourcd
dircctly on the original roof without bonding by reinforccnient stecel, On
otheor nrcas precast conerete blocks werc lald, and on othors a slightly
pitcho:l roof of reinforced concrctc waos crceted, In the latter arcas

an odr spacce cxisted betieen the original roof and supplerentary pro-
tocction., This men rcecived nine dircct hits by 12000-~l1b. (Tallboy)
Dritich bombs. Five were fuzed for 11 scc, delay action ond four were
fuzcd 0.5 scce delaye. In addition two of the sance type bonbs fuzed

(a5 Gcoca dotonated near tha rear agide of the pone. In all.direect hits

the boubs foiled to penetrate the roofivricsr to detonation. Strikes

on roof ..J)ano:.thcft sulted jin craters with nceorponying under-roof

oy, on arcns dircctly over
hecovy pr it on wralls rcuultcu. in roof craters and ...:1')"‘1111‘1"" on the¢ undcr-
side of the roof and partition walle In no cade did scrious struct=-
uracl rlm‘w.:r.;"?)"é"“cﬁﬂ__.._,_ug o5 roof collaopse or wall cracking/s 1 ,1nor darage
occurrcd to interior focilitics such as cre nd'"f'f‘i“i;;‘f-lr and clcctric
lincao, w.'.rr.;.llc.';::;;r.s?:-.ncl hand reilsc by falling debris from the roof spalls,
The two strikeo” at the recor of the structure couscd no danage to tho
indin building but denolished o few nerrby buildin:s of light construction.

e e L a

| & Subnierine Pens ot Hopburs., Germony (PDD 39) This structurec, vag
constructed of reinforced concrctc ~f cxcellent dC{JlE}I‘l and strongth. ItT

woo 518 £1. long by 442 ft. ride and had o flnt reinforced concrcto roof
U0 ko T FHe 6 91 This pon reoeivaed) six

dircet hits by 12000-1b. (Tallbcy, Dritich bhols 21l fuzed 25 to 30 scc.

arying in thickneass fron

by the sone type bonb ond same fuzing

doloy, In odiition one neaky riiag
occurrcd luO-ft. fron the went sidewoll of the structure, -5 in the
cnics of the strikes on the nens ot Drest, France, none of the dircct
hita penetroted the roof prior to datc nntlon. Crutcr data and interr—
orration of witncsses reculted in the eonclusion that nll bormbs detonated

hbn—-dclﬁv ofber 1‘)OnCtI‘f‘.u11’l‘“ ab~ut 3 ft. into the roof concrcte. Strikes

N :
on the roof rcoulted in cach c:*.:::w," ~f hour-glooss schoped openingso ranging

in 1ip dicrmcter fron 14 to 256 ft. ond in throat diometer from 9 to 16 £t

with the ninimun scetion occurring fron 3 to 5 ft. below the roof surfacc.
No najor structural dannce, such as roof collapsc or fracturing, resulted
fron the hits. Ilinor danage to operating devices inside the pens resulted

fron folling debris. The nenr milss ~ausced settlonent and latcral
dienlaccrient of the west we 11 btut did not noterially coffect tho
h'ti‘.billt}" of the structurc nor prevent its continucd usc as & sub=
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fron follins debris. The near niss couscd settlornent and latcral
disnlacciient of the west wall but did not naterially cffect tho
stobility of the structurce nor prevent 15 continucd usc as o cub=

j10r1inc NCne

14, Coking Plants. Physicel Daniarre Report 13 covered the survey
of borb demace to coking plants, located ot lontigy and Liepo, Belgziun,
In ~ddition the Munitions Division of the Survey issucd rceport "The
Coking Inductry in Gerrany"e The intercsted rcader will find details

in thegsc two reporis.

15, Gun Erplaccenients. Physical Donage Division Reoport 1 covers
the results of borihing attacks on four 15-cn fun crpplaccrients located
necar Lonrues, France, The target consicted of an arca which included
not only the four scparate sun crplacerients but ~dso corrmnication
tunncls and trenches, personncl shelters, amrmnition storage sheltors
and obgervation posts.e The arca was well saturated with bomb hits
vhich included two direct hits on structurcs and two ncar-niss hits to
structurcs., Positive identification of the size and fuzing of the
bombs wos not possible but in the opinion of the survaey party all
strikes were nade by 1,000-1be GP bombs fuzed with O.l scCe NOSC and
0,01 scc. tail fuzcse. Danage resulting fron these four hits is do-

scribed in the followings

~. Onc dircet hit ond two ncar nisses occurrcd ot Gun
Trplacerient 2. The dircct hit struck on the roof of the lcft wing
which, at thc point of contact, was cutinnted to be four to five fect
in thickness and was conatructed of reoinforeced concrcte, This borb
pvenetrated the roof ond rogsulting blast dectroyed the weotiwnll and
frocturcl tho cast interior wing wall fron the cciling to the floor.
Onc ncar nics, striking three fect fron thoe front corner of Erplace=
ncnt 2, hadly crocked the concrcte jun base probably putting the gun
1t of actione snother neor niss two feet fron the risht wing of

r~ -

the ciplaccnient apparcntly crusced no naterinl structural damagce

b. Onc dircet hit occurraed on +the roof of an arrmunitlon
stornrc cshelter.e Thiso building wno constructed of reinforccd concrcte
hovine o 3=foot roinforced concrcte roof. The borb penctrated the
roof and coimletely demolished the chcltor.

Physical Donage Repord 1L covers the survey

16, Tortifications.
at 1'ctz, Fronce. A4t diffcrent

of borih denage to Fort Saint Blals :
tirics this tocticrl target was ~ttacked by cround troops using oxtill=

— a r - oy R
cry up to 250 rmj; Dby fizhtcer bonbers dropping 250= to 100C=1be bNIIDC

-L’
(no structural danage =/as apparcent fron these attncks by the ground

forces ond the fighter bombors); and, on 8 October 1944 Dby B-2_6's,.
dropniny 2000-1b. borbs. Of theoce 2000-1b, bormbs, six were dircct
sscs. The annlysis in BDD 14 trcats with

hits and four werc nGar-niss
dnroce eruged by the 2000-1b,. borbe and nay hc scen for dctoilse.
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be. Hoavy damage, a major part has becn destroyed. Usually

the machinc would be returned to its manufacturcr for repairs.

c. lioderate damage, 2 minor part has been des troyed which

can bc securcd from the manufacturcr or con be made and installed in
thc Planto

de Light damage, destruction of' elcctrical leads, or that
which can be repaired by welding, etc,

Occasionally the last two of thesc classes arc groupcd togecther
under cither of the terms.

Le Sourccs of Information. In compiling.this rcport slight usc
was made of rcports by other organizations and of interrogations of
German military and industrial personnel. Some facts were sccurcd
from the physical damage sections of plant rcports written by other
divisions of the Survey. The chief source of data, however, was the
incident rcports vwritten by the division. These later rccord the
findings of division personncl who accompanicd industry tcams on plant
visits or, in many cascs, the findings of tcams which were organized
and sent out by the division itsclf. A list of Physical Damage
Division rcports is attachcd hercto as Appendix A,  For the convenience

of thosc who may be interested, the reports arc classified by industrics
in Appcndix Be

S>e Limitations of This Report. This rcport is an attempt to
strike an average and draw somc conclusions from the available data,
Its wecakness follows from the facts that: in many cases the source
naterial is quitc meagre; much of the material docs not readily lend
itsclf to summarization or averaging; and, of nccessity, the work has
bcen hurricds Concerning the first of the above facts, it is frcely
admitted that the material gathered, in spite of its seeming bulk, is
but a small sample of what might have been sccured with additional
time and personnels However, the group which has compiled the rcport
secs no rcason to suspcct that consideration of a larger sample would
have apprecciably changed its conclusions. Concerning the sccond, cven
a slight acquaintance in the ficld with bomb damage, ferces on the
obscrver the conviction that therce is cenormous variation in rcsults .
under csscentially similar circumstances. Hence, two incidents at a
singlc plant will defy a simplc concise statcrnient, and on occasions,
observers at different plants will rcach oppositec conclusions, For

. this rcason the scrious student is advised to cxamine the individual

incident rcports of the division, which arc believed, in general, to
boe of greater valuc than this prescnt report.
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HOW BOMBS PRODUCE DALLAGE

HE BOMBS

1. An HE bomb consists of a case, usually of steel, on explosive
£fi1ling, and a fuze or fures. The function of the fuze is to |
detonate the filling at the proper time or placce The case serves one
or more of several useful purposese. It protects the filling during
storage and handlinge 1% provides the confinement generally neceded for
high-order detonation of explosive. It permits the bomb to perfcrate
or penctrate intact more or less resistant targets. Upoun dctonation it

breaks up into fragments capable cof doing damagee

2. An HE weapon causes domage in a numaber of different ways, nanely,
through contact cxplosion (combined’ danage effcets)s fragment; debriss
air shock (blast), earth or water shock; and carth cratering due to
destroying support or undernininge HE bumbs also cause fires under
certoin conditionse #s o secondary effect the deterioration of cquip-
nent from cxpcsure to the elements is significant.

3. Different targets differ greatly in their vulnerability to each
kind of action. For example, personne¢l, airplanes, light transport,

lightly protected guns, and many types of nachinery are wulnerable o
fragmentation attacke Most buildings, except those of very heavy construc-
tion are wulnerable ‘to air shock (blast), either interior or exteriore.
Very resistant structures above ground are most wulnerable to one of the
followings contoct explosion outside invelving rultiple couses of

damage, interior air shock or blast, ground shock or cratering. Buried
structures arc vulnerable to contact or internal explosion or to earth
shocke,

4.S8inilarly, different weapons differ greatly in their ability to
create each type of damagees A light cased bomb crcates morc blast, but

eenerally prcduces fewer and lighter fragments than does a heavy cased
bomb of the same weighte &An AP (i.e. armer piercing) or SAP (i.e. semi-
armor piercing) bomb has a comparatively small blast effect, due o the
relatively small amount of explosive carried and to the confining action
of its heavy case.

5 In selecting a weapon for a particular target it is desirable
to motch the maximunm effectiveness of the former to the maximun vulner-
ability of the latter, subject to the requirement thut perforation or
penetration may have to be achieved without case failure, and %t opcraticn-
al factors such as stowage and availability, In other words, torgets .
that are wvulnerable tc blast are best attacked with bombs that create
meXximun blaste

6. American HE Bombs.

a. AP (armor Piercing) bombs are uscd in the following sizess
1000 1b. and 1600 1b. weight; +the ratio of charge weight to total
weight is about 15%. AP bombs are of small diaueter and of stroam lined
shape, giving very high terminal velocity and also very high case
strengthe The filling is T™T or explesive Dy fillings sensitive to
shook are n»t suitable. This weapon is only used when perforation or
penetration of extremely resistant targets (up to 5 ft. or 6 f£t. of concrete

o CONFTDENTTAT.
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. sr 6-in. to 8=in. armor) is requirecd. No nose fuze is used. Tail fuzs
is normally 0,08 sec. delaye |

be SAP (Semi-Armor pieroing) bombs are used in the followling
sigess 500 1bs end 1000 lb,3 the charge wei eht ratio is about 30%e
The slightly stream lined shape gives a high terminal velocity and the
extra nose and case thickness insures high case strength. The filling
was formerly Amatol, but later bombs are filled with TNT. These are
normally used when considerable resistance tc perforation has to be over-
come (ie.es 3 fto to 4 ft. of concrete or up to 3-in. armor)e This bomb
is normally fuzed only at the tail with the nose fuze hole closed by a

steel pluge.

ce Froe Bombs are used in the following sizes: 4 1b., 20 1b.,
23 1be., 90 1b., and 260 1lb. Ihe charge weight ratio is from 10% to 15%e
Except for the 4-1b. (Butterfly bomb) all of these have cylindrical cases
of uniform thiclkness. The 90-1b. and 260-1b. bombs are wrapped with long-
i tudinally notched heavy coil steel springs to give improved fragnentations
Fragmentation bombs are normally used with the instantaneous nose fuzes,
however the proximity fuze can be used with these bombs (except the 4-1b.
bomb which also ocan be fuzed for long delay or anti-disturbance). The
260-1b. bomb takes a non-delay tail fuze in addition the nose fuzee.
Fragmentation bombs are used apainst personnel, planes, motor transport,
light open field placements, eftc., when in the open, Due to their instan-
tanecus fuzing fragmentation bombs are not suitable for use against

targets under roofs.

de GP (General Purpr:ase) bombs are used in the following sizess
100 1b., 250 1b., 500 1lb., 1000 1lb., and 2000 1b., (larger sizes have been
introduced recently)s The charge weight ratio is approximately 50% 4l1
these bombs may be fuzed both nose and tail with the usual delays, nakmely,
instantoneous nose, non-delay tail, 0.0l 0.025, 0,1 sec. nosc and tail,
short and long delaye These bombs are the most used of all typese The
case is heavy enough to allow perforation of fairly resistant targets
(from 1 fte to 3 ft. of concrete, depending on the bomb sisze). The frag-
mentation and blast are effective against normally constructed targets,

es LC (Light Cose) bombs are used in the following sizes 4000 lb.,
with a charge weight ratio of 80%. It is fuzed either instantancous or
with proximity fuze since the case will not stand impact. .The fragmenta-
tion is relatively ineffective., It is used only when extensive blast is

desired.

7. The British series of bombs is generally similar to the American
except for different desi zne tions, and some-difference in sizes and eon=vi i=

struction. Normally only tail fuzes are used, however some bombs use as
nany as three tail fuzes,

as The AP bomb is 2000 lbe with a charge weight ratio of 1 Q%
ratio

b, The SAP bombs are 250 lb., and 500 1lb, with a charge weight/of
18%, which is materially less than the 31% of American SAP bombs.

6« Tho Frag. bomb is 20 1b. with a charge weight ratio of 15%e
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de The_gg_bumbs are 40 1bo, 250 1b¢’ 500 1b§, 1000 lb., 1900 lbl’
and 4000 1b, The charge weight ratio is 30% (Corresponds to American SAP).

6o The MC (Medium Capacity) bombs are 500 1b., 1000 1b.,-4000 1b.,
12000 1b., and 22000 1Db. The charge weight ratio 1s 40% to 50y (Corrcspcnds

to American GP)

f. The HC (High Capacity) bombs are 2000 lb., 4000 1b., 8000 1b.
ond 12000 1b. The charge weight ratio is 66% to 76% (Corresponds tc

American LC ) »

8, Iypes >f Damage.
When a bomb explodes in contact, or nearly

&. Contact cxplosion.
in contact, with a target several notions combine to produce the final

Fragments from the bomb case cut up the adjacent eloments of the
targete Very high compressive stresses produced in the matqrial by the
nlast wave cause complete disintegration noar the point of detonation, and
partial disintegration at grcoter distances. At the same time, large
stresses are produced in the comparatively undamna ged regions. Ihcse are
propagated as stress waves to distant parts of the target and give rise

t, wvorious localized damage zones adb boundaries, conmecticns, and other
points of discontinuity. The effect of detonation in cuntect with o
sonerete slab illustrates this behaviors. Imnediately beneath the point of
detonation a hole or crater is formed. Surrounding this crater is a zone
Jf conerete that is cracked and weakened. If the slab is of the proper
thiclness therc will be a sccond crater forined on the far surface of the
slab due to scabbing of cuncrete at the surfacee The concrete between thesec
craters may or may not be unharmed, depending on the thickness of slabe
For thin slabs the craters will meet, resulting in complete perforation,
while a veéry thick slgb will normelly show no effect on the far slde.

resulte

be Frapmentatione. This is_damage procduced by nissiles consisting
of bomb component fragments. Only GP and Fragmentation Bombs arc ceffective
producers of fragmentse The lirht case bombs have too fow and too light
frogments while the AP, and to a less extent, the SAP bombs give fragnents
relatively large and of low velocity making the bomb generally incffective
ns o Pragmentation weapon. When a bomb explodes, the case breaks up into
frosments varying in size from very small o several times thc case thickness
The fragments are not distributed uniformly about the bomb, but tend to be
concentrated in one or two zonese. The most important spray (the equatorial
spray) coincides approximately with the equatorial plune of the bomb, More
exactly, the eq<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>