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TH: RELATIVE EFFECTIVEERLSS OF HE

-

1, biegd®T Bombings In determining the size »f
nTaInst o target, the mission to be acecmplished by ‘the
f the factors to be eonsidered in choosing the weajon,
horabins, the cbject is t» do the maxirun donape to a give ”‘rpet nkll
int: consideration the raximua wvulnerability of the latter
~ents of operations.

2. Effective Damarsc. i sclected target will present some install-
+tions at which the attack should be direoted in erﬁr to ncst cffectively
dama~o the entire tarpet with o minimun of .peraticnal roquireientss To
nccomylish this, it is necessary to measure the wulnerable areas and
compute the meon area of effectiveness. The vulnerability cf installations
within the ccmuted area will detormine the size of the wea on to be used.

3. weavons Vs Targcets, In selecting o bomb for a given target it is
not sadvisable Lo refor to a weapon as a large »r small bombe 4 bomb of
riven sizc may be considered as a large bomb when used against a light or
delicate type turpget, where the same bomb would be considered relatively

snall when directed at o target of highly resistant construc tion.

4e Explosive Weirht poer srew to Achieve Desired Rosul ts. lo deoterriine =
the e¢xnlosive weipght per area to cnchieve the desired results, it must first
be determined whether totul destructicn to the buildings anc machines 1s
necessary, or whether teuperary stcppage of production 1s sufficient to
accom>lish the prescribed missiin.

5e Computaticn of Mean Areas of BEffectivenesse The great mejority
of data previously available on the MuE's of American and British HE bombs
Wee—=been - btained by interpretation of nerial photopraphs. In the present
report the data used is based entirely upon the sround surveys nade by the
PDD, USSBS, of structurcs on the continent ¢f Europe. For buildings, mly
structural damage, as opposed to superficicl damage, is considered.
Structural danage is here defined to be damage to load-bearing rembers,
OUnly darege caused directly by the earth shock, blast, or fragmentation
cffects of HE bombs is considered; fire danage, where the fire 1s
initiated by the HE bemb, has been excludede

6o #ll structures have been rrouped into the following typest

Sincle story structures.

liasonry load=-bearing wall typess
Roofs flat or »iteched - steel or tinmber.

Light factory, steel or wood framed.
North-1light or pitched roof's.

Heavy steel-framed buildings or those
containin; runweys suppeorting heuvy crones. .
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Hongar and aircraft-assembly types =f
buildiness - steel, timber or reinforced
concrete framed rocfse

Factory reinforced concrete framed or
reinfirced concrete shell kinds., Roofs
flat, north-1light or pitched.

Small buildings of lipght ccnstruction,

D's Multi-stor;z.

(1) Masonry lohad=-bearing wall or cumposite
constructicne

(2) Steel framed.
(3) Conecrete framed or flat slab.

Te In the analysis of mnchine tool damage, all machine tools cf
the type: lathes, grinders, millers, ete. have been srouped without distinec-
ticn, ancd only for this type of tool has an MLWE been calculated.

8¢ In selecting the data used in this report attention has been
confined to structures that fitted inte the above classification. Such
targets as sub-pens, air-raid shelters, bridges, and marshalling yards
were not included, ©Structures in which the danape was due te both HE
cffects and fire (either fronm (1) HE, (2) IB's)wcre elininated, as were
those in which HE bembs of tws or mure types fell in the same structure,
unless it was possible to segregate the damage cuused by each tynees Also
elininated, naturally, were those cases in which the type of bomb or the
number of bombs was undeterminable. In o few cases buildings were so
completely destroyed thut it 'was impossible to determine their structural
classes, these were also cmitted,

o Machine tools were not included unless infermaticon on the location
of undamaged machines was obtainable as well as on damaged machinese. For
machine tools the calculatiovns are in terms of machines destroyed or heavily
damaged. Heavy damage covers those cases in which repairs involved the

P e

rcplacement of major parts end could not be made to the machine at the
plant where it was uscd.

10. The mean area of offcctiveness of HE bunbs in causing structural
damare to the wurivus classcs of buildings has been estimated by two
methortss For a discussion of wvaricus methods of estimating MAE's see
REN 406 "dethods of estimating the Mean Area of Effectiveness of HE weapons
against bulildings, machine toosls, and similar targets”, by ReB. Fisher,
“inistry of Home Security, Research and Experiments Division, RE 8 - Joint
anglo- dmerican Divisicn., For the first method, the binomial, the following
data were obtained for euach type of bhomb snd structures

<" § \ - ~ T~ 3 ~ ~
By = plan area of building 3

G; - plan area of structural damage (zero cases includeéd)

£ oz
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ns - the number of bombs in building 3

Then the MAE was estimted by sclving for M ing

EGi ___Z; Bi (l- 1-%1]111)

11, This is the method used in "Direct-Hit Effects of US 500-1h,
GP bombs on Europesn industrial buildings - structural HE damage" ali-23
Group, iMonthly Repcert EWT -2f (OSRD - 5045f) "Effects of Weapons on
rgets", Wl 2, 5 liay 1945 As in that paper, the MAE sc caleculated is
effect"” only, and in using it the following criteria, in

2 "direct~hit
dat&-

adcition t those previously stated, wore used in selecting
O o f.h-"* lding was hit by at least one HE bombs,
The damage dd not extend heyond this particular building,

12¢ The second way used to estimate the MiE's of structural damage
was the concentric annulus nmnethod., In this ngthag concentric circles are

drovn around the bombs and the areca of building in each (sa.y the jth)

annulus, (B, j)‘ cnd the area of structural damope in each smmulus, (GlJ),

2re rlvusurogl Then, if «j is the arca of the jth amnulus, the LE was

ystimated Dy

LS L ]

2
AL = E 3 . _J; __i.l
Z B; 3

13, Actually twe MAE's were computed by this method,; one (lﬂl) for
bombs which were direct hits and a sccond (Iflz) for bombs which were near
nissess They were then combinced according to the probablility of securing
a near niss or direct hit undor randcm attack, given that the target area
was hit, on an avera~re building as followse

. > I.'
UAE = | 4 I (]_ -g 3 )
; iy ) iy
1
14, Here i3 is the plantarea of ._}Ullﬂln; B; plus a near miss margine

Let p; be the perimeter of building B; and n the width of the margin, then

£y wos calculated fromng

Ly = By + Pj m 4

In using this method only "isclated" bombs, whose effects could be segregated
from those of other direct hits or ncar misses to the same structure could

be usede

15« For purposes of computation only in the above formula on multi-
huildings the "plan area of structural .damage" was taken tc be the

storied
damuge to each floor plus the area of structural

surn of the area of structural
damage to the roof divided by the number of flocrse

- 69 - CONFIDEN [ IAL
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HE BOMB DAJLAGE DATA

Grouping of Structural Types for Sccreration »f Data,

oin~le=Story Structures,
e

1/0% Mesonry load wall beoring types,
Roof's flat or pitched - steel or tiibor.

Light f'rzctor"y y oteel or wood Pronod,
North-lisht »r »itched roofs.

Heavy stecl fromed buildings or those containing
rumiays supporting hecavy crancs,

Honger and oircraft assenbly types of buildinrs =
stecl, tinber or R/C froned roofs.

Foctory R/C framed or R/C shell kinds,
Roof's flat, north lighted or pitched.

lliscelloncous.,

Iulti-story.
Mesonry load wall bearing or corposite construction,
otecl fraoned

Concrete fromed or flat olab,
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TABLE 10

MEAN /RE.. OF EFFECTIVENESS OF HE BOMBS
Sqge. Fte pcr Bomb

Dircct hit cfffects, structural donnse only.
Firc ond nixed HE and fire cascs ondtted.

by s 2 (oo b A Sizc of Borib
Structurc 00=1b. G 1000~-1be Gi’e

Borbs
Bld;ﬁ-

Boribs
Bldzss,

_ 3700
Boribg 19
Bldase 12

( spreading collgpsc)

Bornbs
Bldrse

4700
Boribs 6
Bldgﬂ > J—I-

Bornbs

Bldgs

Borbs
Bldzs

o Gy
HOTAO0

Bld_JSi
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TABLE 11

LB ARE. OF EFF

SCTIVINESS OF HE BOIM

Sq_- Ftt _'pC'I‘ BOT.'Ib

snnulus ricthod, structural denase -only,
Firc and nixed HE and firc crgco onitted,

Iypc of Sizc of Borib
1000-1b, Gi’ 12000-1bs HC,

otructurc 00=1Dh, GI

\eizhted Jican
e e




CONFIDENTI AL

T,.BLE 12

IEAN LRE. OF EFFECTIVENESS OF HE BOMBS

IIACHINE TOOLS DESTROYED OR SEVERELY DALUGED

500=1b. G
Botinnted ILEB: 3,300 sqe fte DT bonb

Distance fromn Bonb (ft.)
0-25 25=50 0-75 75=100 100-12

Nuriber Destroyed
or Scvercely Do~ 20 20 3 1 3
arad . j

Total No. Tools 45 170 181 1 | 1,6

1000-1b., G '
Tatinated MB: 17,000 sqe ft. per borb

Distancc fron Bomb (ft.)

0-25 25-50 . 50=/5 75-100 _ 100-125 125=150

NMurber Destroyed
or Scvorcly Don- 9 21 11l 12 6 1

N
f.._JCL,L

Totnl No. Toolg - , 12

12000~1b, HC
Tatinated Ikl 37,000 sqe ft. por bonb

Distancc frorn Borb (f‘b.)
O~ 2h= -50- 75~ 100~ 125- 150~ 175~ 200~ 225-
2 5005 75 300! 12 150 175 200 225 . 250
Numbher Destroyed
or Scvercly Dapn= == 350 25 rom 1 2 2
arrad

2 1

Total No. Tools AT 8 33
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20, Cormient on Tablcs 15 rnd 14 of Krcfield Rephort (DD %)

. Tn thc hcading of Table 13 the "E' is for estinated,

=9

the "R" for rcliablc.

* b, In Toble 14 the estinated borib density per acre to cousce
50,: donac to 90 of the buildings (col.lO) wvng obtained by sirple pro-
nhortion from cols. 8 and 9.

irmascns Ronor't

ne The 14E's werce calculated fron:
<1/D

e

froction donage

= 1T
dencity of borbing

b, The danoze categorics arcs

Corplete destruction of the building to rubblce

Donaste requiring Jeriolition, cannot Lo inhobited
or rcpaircd, but 1os5ibly retaining & roof and

standing walls.

Considerable structural donofe, but oy be nade
hobitable in its prcsent state or by means of

rcpalrs,

Supcrfilcial dninse involves stripping of roofing
and ~loss breakafc but no irportant structural

df‘lli ”;C @

c., Thc unit nunbers (col. 1) rcfer to creas of 1/4 sq. ki
forricd by putting & 1/2 k. grid over the city plan. On the cdrc of

the city, thc orca oy be < ~mowhat less thon 1/4 sq. K.

00, Varichility of [mount of Structural Dannsc
o In crder to prcscnt SONIC indi
the structural denage coused by the Hurc HbE

bt

cotion of the variability of
cffocts of dircct hito the

structural damacce couscd 1n snch building wos plotted a~ainst the cxhected

darinrc for cizht huilding=borb catc roricse. 1he cxpocted domafc was CoL™

putcd frons:

Expeccted dananc J5te=pi

b. If the building was sialler than the 14T, the oxpcctod
danincc was taken to be the building arcde In cnnsidering these plots it

should be rcncrbered that any ~tmictural danage causcd by near rniisscs to

=T o " CONFIDENTIAL
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the structurc is included, .og well, ns the dann~e crused by the dircet
hitc.

VT /R, TO LCHIEVE DESIRZD RiLOULTS

3

23. wirategic bombing expericnce has deronstrated that an industrial &
building ccases to be productively uscful when onc third of its arca has
sustained structural damare, E

ae Completc destruction is thercforce not required, A building
that has sustained severc structural danase requires gore tine to raze and |
rcbuild thon onc that has been totally destroyed.

be For industrial tarpets the prinary objective is loss in
production and not destruction of buildings

24 In order to determine the weizht of an attack necessary to
causc o desired loss in production over a period of tine the following
factors rmuct be token into eonsidoration:

The size of the target arca,
The installations vital to production.
The vulnerability of vital installati-ns to horibing.,

The relative effectivencss of weapons.

ce The current borbing accuracy.

. Other congiderotions ore:

\

Beisios htho t.r"ct o secondaory torgct?
What ic the rccupcrability of target?
Whot quantitics of aparc nmachines and tools arc on hand?
Whot is the oircraft borb copacity?
I'robablc weather ‘at torgsot.
Nececaooary bormbinz altitudes.
The ranse of aireraft being uscd
The availeble blind borbing tochnigues.

The noturce ond irmortance of the area surr unding the

_.76 =
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{

nurher aircraft of ziven types availablc.

Do avnilable stocks of borbs and fuzcs.
g. Thc strength and location of cncryy defencco.

r. The priority of the target.

Fron the foregoing considerations it 1o ovident that bomb and fuzc
scleetion and borib density rust be detcrrmingd for cach individual target
on its ovm nerits if it is to be attacked cffcctively.

25, Table 17 lists in acres per ton the. ariount of structural danmaso
thot noy be cxpected from o given weopon acainst a type structurce. Due
to the wide variation in structural types at the torgets and the nany
operational factors involved no rocorniondations arc rnade as to the weight
of ottacks. The tobulation is linited to structures and weopons invest-
i~nted by the U. S. Strategic Boribing Survaye




| Struct-
fural
zing " Danase
e Structurc ] . acrcs/Teon
1/n, licoonry load wall baaring ' 0.01 i 0e33 -
typese Roofs flat or pitcheod - f 0,025

ateccl oxr timbers - 0025

Lisht factory, stecl or wood
frened, North-=light or pitched

r00f'S e

Heavy steel framed buildings + 1000 1D

|

or those contalning runwoys lZI.OOO 1b

]
¥

|

suphorting heavy crancs. :
Honpor and aircraft ascenbly

types of buildings = stecl,

tirber, or R/C roofse
Foctory R/C fremod or R/C shell
kinds, roofs flat, north lighted

or pitched.

liocelloncoud

, 11¢(Br.) : Non-deloy

11¢( Br. )

8tocl francd
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Borib uscd stratcricallye The f~1llowing list of bombs and
fuzcs were used by the Eighth iir Forece, Other bonbs were used, but as
a riatter of supply i1cre uscd in snall quantity: '

D1ZzC
in lbse V3 ocries

10 0 G':x. ; .r.‘s N" I [30
150 Gy’ T=1
250 _ AN=1157
500 GL Ii=31
500 AN-1143, AN-1I64
600 - G’ [[=32
1000 AN=1144,, MI=65
2000 en AN=1154., Al [-1166
4500
500 AN-1158
1000 AN=1159
1600 LN=11K1
20 O.f AN=17 1
90 | f | =82
260 | .. N=-1181

Tail Fuzco,
Scrics Borib Uscd In.

AN=-11100 100, 250-1b. G and 260-1bs Frage
AN=11101 500=1b, G’ & SAP

AN=-11102 1000, 2000-1b, G’

=106 A1l Gi' Bombs

=123 100, 250-1b, G

1=124 500=-1b, G & SAY

1=125 1000=-1b, G* and SAY, 200=-1b, G
IK=223 500-1h, Gi’ 1K12, 1000-=1b, G K13

Nosc IFuzcse 3

AN=17103 A11 GI> Borbs
AN-11109 20-1b, Ali=Il Froge
AN=-11110 20-1b, AN=IN1 Frat.
AlT=11126 100-1h, Cheri, Borib
1K 221 500-~1h. G2 K12, 1000-GP IMK13

The frllowins pistols and fuzes werce uscd by the RAF':

Tail Distols.

NO o Borih Ugced 'In
28 G’>, MC, and A Bombs
37 Go, 10, SAY & AP Bombs
55 1 n i " " 1"

5)_,_ . " " L IR | R | "
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Teil Fuzeso |
borih Usecd In.

250 and 500-1Db, ST
2000=1be Siu

Nogsc +igtols

250, 500, 1000, 1900, 4000-1D.
211 HC ond 1C
42 250, 500, 1000, 1900, 4000-1b,
211 HC
1

and 1IC
J—I-)-l- " n " "
55 t n " n "
L5 ' 411l U,Se. GP Dombs.

52 i " n "

o©ide pocket pistol
L7 LO000-1he GP and HC

The following liat of Dboribs were uscd stratesically by the RAF:

Sizg(1bs.) Tv1>0

250 - GL
500 GD
1000 .
1900 A
4000 "
2H0 |
500
1000
4000
12000
22000 -
2000
4000
8000
12000
22000
250
500 n
2000 A0

27. Firurc 22 shows the tonnaze of bonbs dropped by the first
four (4) months of aach ycar. Note the change fron heavier boribs to
lichter bonbse. Fiagure 23 shows the nuwiber and. tynes of fuzes uscd
in the first four (4) rionths of 1945. Infornation for later periods
is not available. It will be noted fron the chart that there is on
cxcoss of cxpenditurcs of tail fuzes over nosc fuzes; this recsulted

- 30 ~ CONFIDENTIAL
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from not fuzing 100-1b. and 250-1b, bortbs with nose fuzes, Table 18
shows tho nuiber of HE and Iraz. bomths dropnped by the Lipghth Air Foree,
by type and in what nonths.

28, Muzings The fuzing of bombs is the 1ost importont part of any
benbing opgration for if the corrcet fuze is not used or does not function
be it/F¢ehfhical or hunan error, the attack nay be corpletely without
cffects The fuze is the initiating part of o borb and delicate in the
scnse that noany things noy zo0 virons with any fuze so as to rendeor it
inopcrative. If o fuzc does not function the filler of the horb will

not rceeive the necessary shock to couse detonation and the horibs becore

o dud, which would cousc only reclatively little danage.

29. Two types of fuzes ~re to he considered whon they arc to he
uscd in bonbs. Nose fuzes and thosce which fit in the tail of a bomb arc
the only normal ones used in Americean demolition borbs, Usually a bomb
is orncd with two fuzes, onc in the nose and the other in the tail. Ono
fuze 1o roferred to as a sceondary fuze whon two are uscd and can e con-
sidered as insurance to noke gure that detonation of the bomb will occur,
When two fuzcn arc uscd, the one in the nosc usually is congidered the
prinary fuze and therefore considorced as the one which will coausce deton-
ation of the boribe The nose fuze in this cosce is set to causce detonation
of tho bomb at point wherc the tacticol situation deriands or where the
cffcct of detenation should give the decired rcsults. In case the nose
fuzc docs not function the tail fuze should function by causing the homb
to detonates If the tail fuzc is being used solely as a sccondaxry fuzo
1t is fuzed vith the same deloy period as the nose fuze or nagy have a

sliszhtly longer delay, but in no casce should the period be shortcer or
the whole purnose of the delsy is ruined nnd the bormb will go off »Hreo=-
naturcly and not have reached the predetermined position to causc tho
desired results.

30, In ocone coses only tail fuzes ore uoed to initiatc and cause
detonation of the honb, Outstanding examle of the use of teil fuzes
cxclusively is the aming of an armnor niereing bombe. These bonbs are nore
astrcinlined and conastructed with thickerrcases in order to withstond the
tendency flor casc foilurc asc it penetrates into the target. The nose of
an ormnor picreing borb is nore nHointed and heavily constructod to cnablc
nenetration oand perforntions If a nosc fuze werc to be put in such a
borib thc noso construction would ho weckened to guch an extent that
during penctration the cage would have greater possibility of failure
and o nosc fuzo would detonate instantaneously destroying the cffective-
ncass f the bomb, or it would be danaged to such an extent as to probably

foil to function; this lattcr is the nogst likely of the two rcsults,
Tail fuzco arc usced Ly thormsedlves in sonl nrmor piercing bombs also and
for the owmie rensons that they arc uscd solely in armor piecrcing borbse
In sorne cases n tail fuze will be the only oarming device for a gencral
purpose bomb as thoy nay be used for deep penctration if the naterial to
be attocked will not offoer hish resistanca, In theoe cases a nosc plug
is uscd to cover the nooe fuzec cavity. Another usc of a tail fuzc only

in a ~sencral nuroose borb is when nachinery incide o factory is to be

L . é
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the trrrcte By fuzing sudr & horib in the tail only, fragnonts are
norriclly secattered in o Aovmward £lat conical pattern since the explosion

sq initioted at the top or rear of the borb.

31, Sone fuzes nay He set at riany ond vorying degrecs of delay
hile others arc nreoet for n single operating tine only. The 1nost
corrion of scttinpgs or delays arc instoantaneous, non-delay, 0.025, 0.01
-nd 0,1 of o scconds The "ins ntoncous"! fuzc setting pertoins only toO
nosc fuzes while the nost ropid acting tail fuzes orc called 'non=-deloy’ «
These non-delay fuzes arc slishtly slower than the instontancous noo
fuzcos in the lapsed tine between initintion and detonation but for
ractical pur)odcs it 1s considered that when using such a fuze the borib
1111 detonatce at the sane instont that s+ hits the tarzet. Actually the
clapsed tine that it takes thesce fuzes to function 1s 0.0008 geconds for
-n instantancous fuze while a non-delay fuze tokes 0.,0056 secconds to
function and actuatc the borb.,  Other fuzes with o longer delay period
~f fromi 4 to 5 or 8 to 15 scconids ore obtainobhle and they also usc 2
burnins powder train as the delay olorient., In order to change fron a 4
to 5 sccond deley to one of 8 to 15 scconds docs not rcguirc o new or
diffcerent fuze te be uscd, ao interchanseable prinary detonators oxe

ntion in functioning tine. This is o sirmple

available to effect this varl
and specdy opcration to chanpe the delay period of thc fuzc.

32, Soriec fuzco, which arc referred to as long delay fuzcs nake
usce of cheriieals and their action, to nroducc the required dolay. DBy
usin~e such a fuze it 15 oasible to delay detonation of a bomb for Le2's
PR T 36, 72 or 144 hours or 1f dolovs in nimtes are nocd.d another
series of fuzes can be used which will cive a deloy period of anywhorc
fror 6 to 80 ninutes. The chemical action of thesc fuzcs basically con-
sicta of a liquid dissolving o scrics of discs, which permitsa cocked
firing pin to be releascds 411 lonz delay fuzes arc of the onti-recimoval
type to provent defuzing of the bormb by cnery norsonnel.  This Hrevento
the fuzo beine renovaed fron the Horih once it is arncd sinco ony attoarmpt
to unscrew thce fuze fron the cavity in the bonb will actuatc the fuzece

33, Still snother type of fuza which is copable of a variety of
deloy scttings 1o one ~hich is controlled Ly o clockwork nechanical nech-
anisn. With thesc fuzes doloys fron 5 to 92 scconds are available, dep=
ending upon the re~sgleeted sCttinge A +tine scole on the nose section
of the fuzc body is set by rotating the nose picce of the fuze until the
deoired settins is opposite the nointere 4180 it ic poscible to adjust

thias scale te the nearcot .1 of & scconde

1 .LFUNCTIONS OF BOLBS

~1functions. Thc accorpanying chart (Table 19)

3L DPcrecnbazes of 1io
o corpilation of data fron t
~rog of uncxoloded bhorhs ond low order detonation.

-
ind > o =

n overall fisurcs

L

wenty (20) USSBS tarsets, #iving pereent—
on cach, as wcll as
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de Uncxhlodcd Boribs 4n cxanination of the chort
chows a voriation of Ok to 18.5 UXB's por targct,and an overall Cr-
centaze of 5,65 In many eascs these percentnzes depend on the
accuracy cf rccords at the tarset, since UXD's iere ronoved in nost
asea, before the USSDES teoris nrrived,

b. Dow Order Dotonntions (I0's). Iow order dctonations
(LO's) =arc recported on only o 1) tarzet considered in this report.
The percentage in this »ne case was %5. The abscnce of rcoorts of
I0's on the other tar~mets considercd is Dbelioved to be duc to the
foilurc of the personnel interrozoted from the tarset to either rccop-
nize or rcport I0's,

55« Causos of Ilalfunctions.

oo UXB's. The tables accorpanying this reoort arc prepared
fron the rccords of the Borb Disposal Division, Ordnance Service,
Theator Scrvice Forccs, Buropcan Theator, and record reasons for UXB!'s

studicd up te 3 lioy 1945,
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TABLE 19

PERCEN TAGES OF .wLFUNCITUNS

NC No Noo
Bomb 2% of UXAB's
Hits UXB's LO's

_______-——_—_——-———.———n——-_———m'-—_—_'

rjuehlenbau Industrie AG, Brunsvick 190 14 O
.itteldeutsch, Taucha 443 9 O
Junkers Flu;zeup uictorenwerke, ilockau 225
Bayerische iloranwerke, Duerrendorf 82
Erngt: Leitz Co., iietzler 27
Bléess with nirfield used by Blra TV

Automotive Plant, Velkswagscnwerk,
Fallersleben

Henst¥el-Sohn, Kassel

Aireraft Plant, trla, uockau
Erla Heiterblik

Daimler-Benz, Gaggenau

Auto Union, 4i€gmar werke

Auto Union AG, Horsch, &wickau
idam OUpel, Russelsheim
Daimler-Benz, Unterturicheim
Friedriech Krupp, llagdeburg
Bayerische iLotorenwerke, bisenach
Z2eiss Co, dena

Gustloff-werlke, weimar 275

Blohm & Voss 1001

TOTAL - 6679 375 20 5e6 Ou 3 \
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S

From Table ' t 1s apparent tIt the most common knovn reason for
UXB's is_the faiMagg of the—Thae®™ o arm, cven though safety pins and
arming wires have been removed. This would appear to indicate a fault in
the fuze arming mechanism. However, it must be remembered that altitude
of attack is a consideration in the choice of fuzing, and that low
altitude attacks with fuzesygfrequiring a long arming time may result in
UAB's because impact occur%eforc arming 1s complete,

be Low Order Detonations, No data was awvailable on the recasons

for low ordcr detonations ELO\'sI of smerican bombs, However, e¢xperienee ,«

of ordnance officers of the survey lead to tho following conclusionsfis EAr TG

La e AL %
LN St

(1) The majority et creo- the result of failure of plycoc,
the bomb casing on impuct, such that the compression
necessary for normal dectonation was not possible,

(2) Somc MBe are caused by dcfects in the firing train
of the fuze,

(3) Incomple te or improper filling of the bomb or filling
with fuulty explosiveetalt ok mo—e. KN SRV SN

a b '..:-
| LR T A -
§

4

S
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TABLE 20

IThe reasons for ULB's are taebulated as followss

DS - Dropped safe. Arning wires &nd/br Safety Pins still in place,

FA - Fajilure to Arm. No arming wires or safety pins, but the
arning operation was not complete.

—

iiF - Hechanical Failure. 4irming was complete, but the explosive
train was not initiated.

CP - Crashed Plane, Bombs removed unarmed fron cerashed planes.,

UK - Unknovm. Reason for UXBs indeterninate, either because the
bonb was detonated in place by di sposul personncl, or
becuause time did not permit complete examin. tion.

No., of Bombs Cause of UXB |
| ~ UK CP |

Size of Bomb Considered DS FA R ~
s mﬁm

26 1bs. 201 1 12
25 1lbs,

100 1bs,

200 1bs,

¢60 lbs,

o0 1bs.

1000 lbs.

2000 1bs,

CUONFIDEN TIAL
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TuBLE 21

DETAYLED MALFUCTIVNS BY TYPE BUILLB

1U0-1b, GP BuUriBS
DS Fa

17

3
1
1
7
1
1
1
1
.

lb, GP BuUMBS

195
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NOSE

103
103
103
103
103
103
103
103

TAIL

e —————

-

100
10041
10042
101
10141
101A2
102

102A7 -

10242
113
] i o |
100
100A2
101
101A1
10142
102A2
106
1124]
LT3
11341
1131’12
114
11441
124

0U0-1b,

lOOO-—lb.

GP BOMBS

GP BUIIBS
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2000-1b, GP BOLIBS

S

- &

260-1b, FEaG BOMBS
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DIFFICULTIES OF BUIB IDENTIFIC.TION AT T.RGET
M

36. llethods of ldentifyinz Bombs.,

2. The attack data contained in the Target Folders assembled
for each targf.-ix to be surveyed(contained the following information:

(1) Attacking Force,
(2) Date of nttack.
(3) Unit,
(4) Primary, Secondary, or Iurget of Uppor tuni ty.
(5) Aiming point. .
(6) lumber of eircraft disp:.:.tched-
Type of aircraft.
Humber of bombs dispatched.
Type of bombs dismtchéd.
Fuzing,
Alti'tud‘e oftrelewse,,
Iype of bombing j,e Visual or by instruments.
Iime over target.

be [Frugments of the bomb case available at the terget provide
an addi tional source for the identification of bombs.

(1) Limitations of this method us 2 mesns of positive
identificution
(2) Bombs niy have beea employed against the turget
hoving the suame side wall thickness, oo
1000-1b.iIC (Br. )

(b) Possibili Gy that fragment recovered may have
been from bomb detonating in vicinity of incident

CI‘LLtGI'S&
(1) Crater sizes normally vary with
() Size of bomb

(b) Fuzing

0--
< _ ; CUNFIDE
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(¢) Nature of muterial being displaced

(d) 4ltitude of reloase (duc to striking veloci ty.)

(2) Craters provide a good mneuns of identification in
incidents involving near misses as well as dircet
hits. It wes often possible to 1dentify a bomb
scoring a direct hit on o struecture by neans of
crater mcusurement of bombs in the sare stick
folling outside the building

Qe UBlsg

(1) Unexplodod bombs in u target area provided positive
ldentificasion.

Low Urder Dsotonations

(1) In inecidents where low ordor detonu tions occurred
recovery of' large sections of the bomb case provided
identification,

Lvery bomb cnploys a fin asseibly which differs from
that of every other bomb in three charncteri sticse

(n) ‘width
(b) Length
\c) lweight.,

(2) when a fin assembly could be recovered in such a
condition thut it was possiblc to determine the width,
length or weight, identificution was possible,

Strike iittack Keports.

(1) S.ie roeports showing bomb falls upon a target area
often made possiblc the isolation of the bomb pattem
of one attack fro.a unother. «hen a different weapon
wiis employed it wus possible to accurctely identify
the weapon causing dunuge in wurious parts of the
turget arcu providing not too great an overlup occured.

- he “The amount of damage wos not o vulid eriterion in de terning
bomb size In targets involving similar size bomas i.Ce HUU=1b GP (B.T).,
oUL=1b L. Buu-1b. GP (US), 1CGuL-1b GP (US), and 1QUU~1b iiC it was irposs-
- 1ble to deteriine bomb size fronm asiount of danage, The position of detonusi

was the doeter 1iining factor in dcterain a; the type and c.aount of da.age.
37¢ lLlethods of identifyings Fuzes,
———————————— et O OO

ne Point of Detonation in Bu iz ss ~
e O CUNFIDEN TI AL




(1)

(2)

(3)

CUNFIDEN TTAL

The position of the point of detonation within buildinrs
1s a direct clue to the fuzing., .ussuning that the roof
structure wus cupable of initiuting the fuze and that -tke
borb was released at the altitudes flovm by heavy bombers
the following general observations imde by urdnance off-
icers are applicable,

(0) Instantaneous fuzing. Bo:mb detonated on roof or
after partial penetration, |

(b) Non-delay. Bomb usually detonated just undernecath
roof structure or initating point,

(¢) uvsul Second Delaye ©Pomb detonuted approximately 10
ft. below initiating point.

(d) veu25 Second Delay. Bomb detonated approximately 25
ft. below initiuting point,

vel Second Delay., In single story structures bomb
cratered in floor. In fmlti-story structures bomb

detonated after penetration of two or :i1ore storics.
Extent of penetration being dependent upon nature

of struotural naterial,

(f) Long Delay. Bomb came to rest in multi-storied
structures or penctrated ground forming a crater or
camouflaf upon detonation.

The fragmentation pattern and centers of heaviest damage
indicated the position of detonation in incidents
involving bombs that detcnated without forming u crater.

Low altitudcs of release usually resulted in a relatively
low striking veloecity or un aangle of penetration con-
siderably off the wvertical.

of Cruter

Bombs fuzed instuntaneous, non-delay, or uv.Ul second

tall delay normally produced shallow, clean swept craters
with thin widespresd debrise. Floor of crater night be
seen wnd floor and walls blackened.,

Bombs .fuzed v,U25 second delay produced craters with a
definite lip. ©Shear platform was usually visible. The
debris extended in tongues for a distance about three
timcs the crater diameter.

Bombs fuzed v.l scoond delay foried coraters with a
pronounced 1lip and well filled with debris. Crater
walls appeared vertical at the top and there was no
pronounced shoulder. Debris spread was hecavy but
limited in .extent,

iy

- 02 - CUNFIDEN TI. .3,
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38s UVifficultics fromx conflicting atticx Uatas
_____““m

a., The main sources of information for attack data in order of
importance vere:d |

(1) Statistical Control Daily Sumuaury of Operations

(2) Urdnance Lxpenditure Leports

(3) Intops Summary

(4) ‘Tactical iiission Keports

(5) Fhoto Interpretation strike Attaclk analysis HEQQrt.

be la many instances these three sources of information were
not in agreementﬁfas to bomb loads carried and fuzings rmployed.

S Overlapeing damage,

| &s With the exception of the rare target against which only one
or two weapons had been employed great difficulty was experienced in weapon
identification due to the overlapping damage., 1This was especially true of
targets wnich were high on the priority lists of the US 8th al and RaF
Boniber Command,

b. Causes of overlappin: damage
(1, Large number of attacks.
(2) Heavy concentration of bombs.
ce Besides difficulties in weepon identification it was also
difficult to isolate dasage caused by a given number of bombs. Ihis was

quite nredominant at targets which were hit vi th the large LU type bombs.

4U, Bvidence 0Ubliterated.

As wvidence pertaining to amount of damagec sustained and veanon
ldentification disappeured rapidly at German targets for the following
reasons: |

(1) XKapid ratc of reconstruction and repair
(2) Clearance
(3) Craters.filled snd resurfaccede
bs 4t many targcts the only damage thut could be surveyed was
that caused by attacks occurring in the last few months before the

capltulation of Germanyy Jvidence of damage from earlicr attucks having
ocen oblitecrated by the pfasons stated in Faragraoh a,

o
CUNFIDEN TIAL
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4le ubsence of fragiients
e e U S D,
2¢ Karely could fragments be found at a puint of detonation of
« non=oratering bumb which could cefinitely be attributed to the bonmb.

be

1t was usually possible to receover fragnents from craters
by digring.

42, Insufficient sttack Data.
i o sk £ A DG &N GRS

de when a target was a secondary target or a target of
'Pportunity the subject attack was not always listed,

be Lack of Information Kegarding Fuzing

(1) Fuzi -1 8 employed were nct always listed, This was
i cepedially ‘trucef RAF datud - Gemorally .the cply fuZings
listed for wuF attucks were those in which speecial

purpose bombs)e.g. lallboy, Grand Slam, were dropped.

Danage uther Than Shown in aAttack Data
-_'_--—-______.___-—-'__——-_--—___

2¢ Danage at iony targets was in excess of what would normally .
be expected from the wéirht of attucks 13 steds This was due to the
followings

(1) Spillovers from acjucent industrial targets or aresa
rﬁidﬂ-i

(2) Tactical nissions concerning which very little
information was available.

(3) artillery Fire,

(4) Demolitions carried out by the Ger:.uns,

Damare not visible sn air eover e 1nternal fires, achine

COITIDIINT IAL




CuliFIDEN TI.\L

LACCURACY «F DuTi Il TakGeT FOULDERS

-

44, General. Tarpet folders were ce¢mpiled by the G-2 Section =f
the U.S. Stratesic Bombing Survey for cach target t> be visited by any
+f the field teamss #11 of the informution available concerning the
tarpets wis thus assembled for the teans before they actually left for
the tarrct. The data usually originuted from either one of two main
S Urcess

4. Grournd Intellirence Reports ----- the uccurucy of which
depended up 1 the rclicbility of the source,

be FPhotc Intelliience Rep.rts ----- which were subject t. the
discrepuncies inherent in the me thod,

45, Data eontained in Turget Folders. There were numerous types of
reperts included in the viurious turget folders. The nunber and vuriety of
rcoorts in ony specifio folder depended upon the inportance of the target
in the strategic bombing offensive. & coumplete list uf the diffeorent
types follows:

Roport Description ~ Publ. by
Tarpet illustrations »

Photo Interpretation Report cn V=l
weuapon installations.

Industrial Report based on photo
interpretation

Photo interpretation reports on
railroad facilities in Ger:any and
occoupied countrics

Photo interpretation report on A/C -
plants and lH/F

Photo interpretution report on bomb

| d&;.'lf.i. {"O °

Nerative damege renort based on
Photo Interpretation,

Phioto Interpretation on rceonstruction
and clearaiiCos, 1 CIU

= i b
- /
s

J’
Damage report based on strike photus, i/ ACIU

Detailed Phuoto Interpretutivon Report

on dain e . yAL T F 2l
: \i// f

Second phase Photo Interpretutimn

report on-Daiwgze and Repalrs. sk -

el 0:' 5 -
v
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Photo Interpretuti on reports pet-
roleum refinerics

Photo Interpretaticn con activity
and repulrse

General Photo Interpretution on
beab dami;e and activi tye

Photo Interpretation report on
industrial activity and repuirs,

Photo Interpretation repurts on
cormunico tion,

Reports on dauiage and effects from
air raids, bascd on Photo
interpretution,

Prelininary danage assessments.,
Notes on Targct Wilnerubility, 1its

characteristiocs, and choice of
buiab tu boc used w;inst it

Reports siving aining points and
plan of targets,

U Boembing Data,

Ve Extracts from Intellipgence Reports.

46, PFunctions Tergect folders first denonstrated thceir usefulness
in facilitating the seclection of certain plunts as adapted to Physical
Danapge Surveys. this having been donc they were a:ain of inestiuable
value when it cane to briefing the Field Tcams which were being sent
out to study these targets. The information which they conteined was
used by the tcan not only in the briefing period but also during the
actual survey at the target und in theprocess of writin;: up the reports,

47, #lthourh the various vays in which this data was used cannot
all be enuneratecd, a few ideas can bec r"ained fronm the following:

ae They provided a peneral idea of the nature and extent of
damagze to be expected at the tariet along with the overall layout and
arrangement of the factory buildingse

be OStrike photos showcecd where bomb hits occured which may have
since. been repaired or filled ine. This wus also uscful in cheeking bomb
niots prepured by Germon agencicse

ce Data giving size and fuzins of bombs drouped assisted in
cpecifically identifying hits which otherwise night have becn in doubw-
This contributed to the accuracy of weupons e¢ffectiveness infor:ation.

- 96 -
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48. Lstizmte of sccuraoye In meneral it nay be said that the data
contained in Target Folders was a close approximation of actuul conditions
28 they were found at the target area. salthough it is true that mony
di screpancies were found, these were usually on very specific detalls
which were often of a minor inmportance. whereas the general information
conccrning a plant was correct, it was sometimes found that the designation
of the usc of speeific buildings was in error. lhere were alsc cases
where buildings were included as a part of a certain company when they
actually belonged to another snd different firm adjacently located.

49, is far as danage assessnent is concorned, the errors made in
Photo Interpretation Keports were more often in error on the conservative
side, actual danage being in excess of thut reported. llore detuiled
information about the accuracy und difficulties encountered with acrial
photo interpretution is found in anothcr secetion of this rcport., It should
be notecd that the infornution contuined in Target Folders pertinent to the
func tions of the Physioul Damage Division was uainly derived frof |
sourcee '
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