locity, M69: 225 ft/sec (approx.),

ed at 25,000 ft., opening at 5000 ft.
enetrate light to medium roof construction:
ch wood sheathing covered with 2 layers asphalt

t: terra cotta tile, slate, 2 to 5 inch cirider con-

" crete, 3 inch light concrete (not reinforced).

9. Performance, Probability, M-18 cluster
2 containing AN-M69 bombs.

Malfunctions Percentage

Clusters not opening._ ... 5
A Buee *Probability of
bomb funetioning
Flatls as expected: .84
- Fuze Failures_.. ... ... (.85) (.97) (.98)
" Nonejection, nonignition, (.97) (.98) (.98)=
mechanical failures. 84—
 *This factor, a characteristic of the bomb; does not con-
sider the type of target. /\H_

3

ails tor f 2
Flatlanders_ . ...... .... 3
2

2

10. Remarks and Recommendations as to
Uses of the M-18 Cluster.

a. In production but not yet in service are two
modifications of the M69: (1) The M69X, similar
to the M69, but containing slightly less fuel, and
an explosive charge of tetryl. (2) The MGOWP,
similar to the X bomb, but containing a charge of
white phosphorous in place of the tetryl. Both of

" these modifications, designed to hinder and drive

_away fire fighting personnel, will be included in
varying quantities with M69's in the aimable

~cluster.

E  b.-Becauseé of its low striking velocity the M69

o
&
2
3

:
=B
s
o

'I__
-3
& g

- é hns heré.t_rollom' been regarded as suitable only for

e Tk

from adequate aerial cover indica

industrial roofs in Japan are of Hght

and recent incendiary attacks have dem

the ability of the M69 to penetrate and
typical Japanese plants. This characteristic of
the M69 makes it a good choice for use in mixed
IB-HE raids where the primary target is indus-
trin]l and the secondary target, for bombing
through clouds, is an urban area. The M69 bomb
is by far the best weapon now available for urban
areas.

¢. In level bombing the recommended minimum
altitudg of operation with the M-18 is 3000 ft.
(opening at 1000 ft.). Inability to set the T39 or

'55 fuze at less than 5 secs. limits the utility of
the cluster at lower altitudes and for dive bomb-
ing, as the action of the cluster striking as a unit
is not efficient.

d. To be effective a small incendiary must land"
in a favorable location. The tail ejection feature
of the M69 greatly enhances the probability that
the fuel will finally come to rest adjacent to easily
ignitable material.

o. The M~18 is being replaced by the recently
(WS developed E46, 500-1b. aimable cluster con-
taining 38 M69's. Significant differences between
the M-18 and E46 are (1) increase in weight to
425 1bs. for the E46, (2) incorporation in the E46
of two tail fuzes and a mechanical opening feature
in place of a single nose fuze and primacord
burster, and (3) a better streamlining of the E46.
[mprovement in the overall functioning of the M6
is indicated from proof testing of this cluster. A
supplementary Data Sheet No. 2 will be issued
when the cluster is available for use in the field.
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« OBJECT: =
The object of this project 1s to Ingestigate the incendiary bombing situaclon,kithfa
View to the development of principles governing (1) the selection of the best incendiary
: bombs ror a target (2) the determination of quantity requirements for a mission and (3 the

.;&mplqyment of formation pattern bombing to achleve maximum incendiary effectiveness.

1. FACTUAL ELEMENTS OF THE PROJECT:
(a) The following staff study was prepared on the verbal request of the Commandinz

General, Army Alr Forces, wWashington, D.C., to the President of the Army Alr Forces Roard,
Orlando, Florida, : =
(b) The study was prepared with the ald of

(1) reports and anaiyses of official army tests

(2) actual field tests

(3) other reports originating in aAmerican and British governmental agencles

(4) conferences of qualified personnel

{5) results of American and British combat operations

11« CONCLUSIONS: - It is concluded that:
(a) The decision to employ incendiary bombs should be based on careful consideratian

0f target combustiblility factors, pages 4, 14, 15, 18, 83, 74. :
(b} Quantity reguirements and E&LCILS, pages 38, 50, 84, for an 1ncend!ary bomblngt
mission ghould be planned with reference to

(1) the inflammability and combustidility of different parts of the target, pagesg_‘il’f

18, 16. SRSy L

(2) the existence and location of barriers to the spread of fire, pages 4 .5,
(3) nhe nature and strength of enemy fire-fighting measures, pases 4 *4.,41;“-"

e pages 15, 16, - A
(2}_ precision and density requlremencs based on the suhdivismn ar .-‘
*'”Js:ire barriers and on other vulnerabllity »onsidera&iuna.: !




(J) In the case of typi\.al built-up Japanese areas, 20-1Db. tragmem:stlm-b ,
~at presenn, the best form of HE from the viewpolint of nampering rlre-tlghters uiw |
e tavorably affecting combustlbility of fhe target, page 9 'fff
’f%g_~ﬁﬁj-f (K) A loading ratio of BO% IBs and 20% rrqgmentatlon bombs released in a co—e]‘f"
"g“f'gggern on Japanese bullt-up areas offers the most effective co-ordinated emplayment 01
W0 munitions, page S.
Fes (1) Ina target of good combustibility,
W-_”,ﬁthan blast of producing complete and irreparable damage, page 5.
B . (m) Improvised incendiary munitions, such as oil drums and droppable casoline tanka,‘
= are satisfactory for use under limited conditions, pages =G, 31, 32. -
{n) Impact patterns obtained by dropping bombs from tactiual formations possess prnperh
tles of precisicn, denQ1tgLf3nd distribution not predictable on the basis of releasea rro-
_single planes, pages 50, 55, A4.
: (0) Tactical formation patterns constitute the most appropriate unit to employ
sidering the guantity, precision, area, and density requirements of a gliven target,
S0, (55 84.

IVe RECOMMENDATIONS: = It is recommended that:

Fes vulnerability properties of enemy targets, pages 4, 14, 15, 18, gg, 70, T4
| (b) Selections of bombs and clusters for an attack be made in relation no
VUInerabilitY properties, pages 4, 15, 18, 25, 89, 70, 74, =

3 i f{c) Planning of quantitative requirements he based on a study of targgt vulng?
"'“-““-*RWU‘&S- Daaes 4, 14, 15, 18, :za, 50, B4, T4

Jf
A5




"-ﬂ,\ .

ﬂ;-ﬁ ‘»r

It 1s arganlzed undar the ronowmg chanl:er nemmga-” -
Fires and conflagrations. | s Lt
II. Targets. Aas
ITI. Incendiary bombs.
IV. Selection of bombs in relation to targets. ;
V. Incendiary bomb reqglirements for targets. e
VI. Patterns in relatlon to tactical formations, |
VII. Bomb densitles based on patterns.
VIII. Illustrative mission and discussion of principles.

Vi. IN'CII;OSURES: "Survey of the incendiary bombino situation.”

Preoared By: h e

Ted. E. Enter, Lt. Col., CWS, Head, Bomb & Chemlcal Br., Armament Division, AAF f\ :
Research Assistance by Dr. S8.8. Calrns, Bombing Research Group, 001umbia'0nlversi'
(Applied MathematdiCs Panel, NDRC)

Concurred in By :

¥.C. Buffsmith, Col., Ord. Dept., Chief, armament Division, AAF Board.
_ H.QG. Montgomery, Jr., Col., A.C., Chlef, Tactics Divislon, AAF Board.
= G.W. McGregor, Col., A.C., Fxecutive, AAF Board.
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,?};The t;rsn chapser contains a brier discussion or tynes as A
,jlpﬁ“winh regard to thelr vulnerability to incendiary banbing attaé

i ﬁunltions for use agalnst a particular target. A table of targets anﬂ C
Amended_lncendiary bombs is in Chapter IV. The report then takes up the prﬁblam.ﬁfig

S ‘guantity requirements under various conditions of attack. Special attention is given
;;ﬁ;*ﬁknaﬁpgrns_resuitxng from formation bombing, and a chapter 1s devoted to bomb.aangijﬁ
S on such patterns, since these are vital consliderations in the problem of delivering ! ombs

'a target with appropriate distribution and in suffriclent -quantity to achieve the d ”_
‘theca.Ther@wort terminates with an application and general discussion based on the mate

St outlined.

5ﬁfgj{5f - l« FIRES AND CONFLAGRATIONS

$1. ANALYSIS OF A TARGET INTO FIRE DIVISIONS:
: a, Nature and Immortance of Such Analysis. - Combat operations have disclased the 1‘7

by barriers to the ordinary qpread of rire Such barrlers may be fire walls wlthln F '”rs&iﬁk
bullding. In an area target, they may be alr gaps (rallroad tracks, wide avenues, ?{,' fi
waterways, Or' parks, see photographs on pages 8, 7.) fince a fire will generally danasn

SN total of fire damave in the rirc divisions, large and small. In cases where knoulo@an“7£
the target 15 insufficient for a definite analysis Into fire units, it has bdeen ronnd"'t
desirable to employ a2 tentative analysis based on the best avallable expert oplnlon;
photograph on page Be ) 5
oo b, Influence on Scale of an Attack. - A fire starting from a bomd Qmpped
'{:¢£vision is called a primary fire., Secondary fires sometimes arise (1) by f!re—bgz

Iiisluns may be obtained from the fact that they average apprnz_
‘321961V15331 buildings) In German domestzc targets and are oriune_




n_,k 9bauld involve taking advantage of dry, wlndy weather and putting thp'bam'
> wind will tend to spread the fire. anadverse wind can keep fire out of a threate : LS
;\{Same of the effects of earthquakes can be created by the use of high explosives. The one cune'
J_gjdtulon that can hardly be hoped for 1s unpreparedness of enemy fire-fighters, Thelr Increased._
~ wartime efficiency and alertness, and the existence of trained civilian groups, well dis-

‘:gigrlaa;actons or Important fire damage, Adequate supplies of antl-personnel bombs are raquired;'
.,l#ﬁg"with enough incendiaries to overwhelm all fire defenses; and such bombs need to be

S

i iras. SO concentrated as to coalesce Into a genuine conflagration.
_,f“' d. Destructive Force of a Conflagration. -~ Within 1ts area, a conflagration has com—'
“jplate destructive power (See photographs on pp 10, 11.) Temperatures are so high as to raise
“objects to the flash-point several hundred yards from the actual fire, thus startlng:new
~ blazes across ordinary barriers to the spread of fire, Non-combustible materials, such as
: machinery and fireproof bulldafngs, can be irreparably damaged by heat, and a degree or de-
struction 1s achieved usually beyond that of the most concentrated demolition attacks. ‘%§=

- §3. COMPARATIVE EFFECTS OF HE AND IB: s
! a. Efficacv of Heat vs. Blast. - As a destructive agent, heat 1s more efficacious than
blast, for the damage done by the former {s more complete and permanent in character. {See
photographs on pages 10 - 13.) Food, clothing and rubber goods, for example, which mignt be

~ tributed over city and other vulnerable af®as, are serious obstacles to the creation of com-

,‘iemented by more Incendiarles in sufficlent quantlity to produce a mass of unattended ;

partly destroyed by explosives, will suffer complete destruction from fire and smoke result-
ing from a successful incendiary attack. Fire damage 1s relatively difficult to repair. e

. standing walls of large gutted bulldings are generally cleared away with no attempt ac re—f&*‘
-construction. s

dfgu. Anglvsis of Attacks over Germanv. -~ The effectiveness of lncendlary Emnbs has'be

po

o o P lbﬂcted to do much greater damage, TheOperqtlonal Reseirch q9ct10n of the &th Bomber E
: ‘.f,ﬁﬂopﬂrhad instances of raids on German industrial targets in which the incendiary 1oac
- but 5 to 10% or the total load yet caused fire dqmagp over a more extended area nhen
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~5\7,inﬁksib111ty of deallng simultaneously with several objJectives. Because of the spraading}iﬁ
'hhtura of fire, these grouped targets are peculiarly appropriate for 1ncendlary attack. The =~
-uabove Ilst is suggestive primarily of strategic bombing, However, incendiary bombing attack is

degr a,or'caﬁbusuibilisy of thetr constrqptlon e
-,enance-and repair shops‘may be good 1ncend1ary targats 1: thetr

often appropriate agalnst tactical targets in an effort to damage supplies and‘materialand

~ thus help to 1solate a battlefield.

. C. Anti-Personnel Fffects. - While infendiary bomds are not primarily anti- personnel_'

_,weapan3, 1ncldental casualties are to be expected. Thils 1s especially true since about 20%

of aartazn clustered bombs contain high explosive charges to discouraxe fire fighters by

";fftheir anti-personnel effects.

: _"-d. Dehaising of Workers. - With respect to enemy industrial productivity, the dehous-
‘ Insioz workers has an effect comparable to that of direct damage to industrial establishments.

_HfThe housing area 1s frequently adjacent to or near the lndustrial target." It is well to con-
 gider this fact in planning a mission.

VULNERABILITY CONSIDERATIONS:

: a, Principal Factors. - The following is quoted from "The Theory of Primary Fire=. .
Ralsing with Small Incendlary Bombs, " by Dr. R.R, Fisher and Dr. J. Bronowskl, 1ssued by the™

British Ministry of Home Securlty, Research and Experiments Department: ®“The mean area of
fire-divisions 1n a target area is a prime factor in determining the vulnerability of the

‘target, and (2) analysis of a target by an expert on the mapping of fire-walls can be used to
give far more accurate estimates of vulnerability, on a quantitative basis, than are at

 present avallable. " A later passage reads: "For two otherwise simllar targets, In which the

f¢_ areas of fire-divislons are in the ratio of two to one, densities of attack in the ratio of
. one to two will glve substantially the same distribution of hits.® The principal other ractorsff
entering into a determination of vulnerability are (1) combustibility of the target, (2) 1£si“

'7£;freaistanee-to penetration, and (%) fire control measures which the enemy can apply..

Yignuhustibility and Inflammability. - Vulnerabllity to incendiary bombing #arles_sa“;;“f
ong different targens of the same type. that each separate targetpmusn;ba 1ndi-

_.”pirﬁ htase or root coverage of the area, on the amount and dlstrlbution bt;"l'

ve ¢ aibhc:ion. on the general structure of the bulldings, and.on their content

ammabllity of a t.arset. can be measured by the quantity of mcendlary mat.erial;
’;purnins txme raqnired to start a rire.

S J_}r =




st b

“ytb[assu¥e.éhaugh hitn @ the hlghly intlamm&hle afgaa.

E' Genman domestic structures are, on the average, less vulnerable to incendiary a;nack
‘ ,Japanese. (:ee photographh. on pages 17 — 218

f‘PARTICULAR TYPES OF TARGETS:
Gllowing comments relate to vulnerability properties of special types 0f targets
tended to fllustrate the principles governing bomb selection, Such selection 1is
a‘éorrespondence between target properties and the properties of avallable bombs.

i1l ; ﬁ&f“Drv Forests and Grain Fields. Incendlary attack agalnst forested areas devold of
fgambuatible Zrould COver have proved unsuccessful In starting any large or continulng fires.
‘However, when aoeguate combustible ground cover is present, and the trees constituting the

lorest are also combustible, large scale forest fires may be expected from Incendlary attack.
JPeneLratlon Is not deslred, SiPub/’#bO b which burles ftself Iin the ground-will net be
herreutive. Precision properties are unimporcant, for small areas would not be worthy of

fattacx. Numerous bombs with good distribdbution of incendiary filling are desirable to ensure e

,glng. spreadinc fires. The MASs and M74s (see Chapler 1y} woluld be approprlate.
g b. Area Targets of Light to Medinm Construction (At Least 309 Roof Coverage)., - It
:ranr coverage 15°Lo0 low, then the-tulldlngs become separate targets, Strongly penetrating. =

pequired. Large numbers 0f small incendiary bombs dropped with a scatter bomb- == &

-are deairabgg in‘order to secure

Jf‘firﬁ cantrol measures. If fire-divisions are small, large plane loads or'cne%gmailegtﬁ*'

ar 'rlate, since the present type of tarwet is quite vulnerable, and it lsggeSleiﬂ.

on all unit areas, : b it

ouac Areas, Camp Storage Areas, Supply Dumps. - Penetration 15 again not needed
'ltﬁdﬂﬁfée;”In some cases, small-bombs will have sutilciﬁntmtlng;

: nePZing . _,1; ng fires. Enemy defenses’ = =
ry bombs and possibly for some use of high explosives'to &



TOKYO, a highly inflammable region,
showing large unit fire areas, with
f'ew fire breaks.




YOKOHAMA. Highly
showing lack of
large unit

inflammable area,
fire breaks and
fire areas.




FUKUOKA. A large, highly inflammable _
oSy . unit fire area. R e
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G | DUNLOP RUBBER PLANT: eastern part of Kobe. The
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\;;araeaé 'dr r1re divisions, penetrability, and defensive measures. Grouped targets present apecf s
’ﬂﬁtoniems. combined with possibllitles of great fire damage. Study of particular targeta u&nh g

respondlng mcendiary munitions.

- {11. INCENDIARY BOMES

§l. smauw memcan 1B'S. °
R 8. Types of Bombs; Responsibility of CwS. - In order that fire can De placed on the
_ target=to accomplish 1ts powferful effect, careful consideration must be given to the incen—
e diary bomb properties best suited to each type of target. The Chemical Warfare Service 1s
' . responsible for the development, procurement, production, and issue of all incendiary bombs.
LI U. Functional and Penetrative Classes. -~ Incendiary bombs are classiflied as fcllows,
- with respect to distribution of incendiary filling
: 1.. Scatter type incendlary bombs.
(-. : —~=2. Intensive type 1lncendiary bombs.
! From another viewpolnt, they are givided 1nto
1. Bombs that penetrate heavy structures.
2. -Bombs that penetrate medium structures.
3. Bombs that penetrate 1light structures. :
'-'The bombs deslgned for the peretration of heavy structures include the larger ones which
penetrate deeply and contain large quantities of incendlary material. Deep penetration 18
- also afforded by certaln small bombs of good structural strength and high terminal velocity.
- The next, chapter discusses fully the evaluation of each bomb in relation to the target upon
- wWhich it is to be used. |
S Bee pages 23 to 29 for tabular survey and illustrations.

ﬁ-‘§2. aescml'non OF CLUSTER BEHAVIOR:
' a. Quick-Open!ng Clusters.- Quick-opening clusters break open on releasa.

g .q.r-'_"'-““..“"l‘r C

mmn: m_ ;




n" lo'
Th' 0062
Tetryl 38g (in M5oxA3)

Tail ejection:

'Fthéd o Intensive: Filling Burning sock of
fungtioning stays near bomb mixture is ejected
up to 75 yds.
Bomb Fuze o | M1 M142 (all-ways fuze)
Burning time 5§ - 7 min 4 - 5 min 4 - 6 min
7.5 or 8.2
Bomb wts. (lbs) 3.7 (4-1b, type) 6.2 (6-1b. type) (10-1b. type)
Terminal
velocity S ARY TL/aec 225 ft/sec Over 400 ft/sec
-Pemtut.ion 4" reinforced g" to 8" concrete 4* concrete !hatﬂ
at T.V. concrete (heavy {light to medium construttion}
coastruction) coastruction) 4
Quick-Opening
clusters of AN-M§: 145 1b. AN-M12: 105 1b. L
iy 00~1b type 84 bombs 14 bombs 135 > “""T.f
1 R M5 adapter M4 adapter 14 bombs

M7: 540 1b.
128 bombs
M8 adapter

<

AN-M138: 417 1b.
60 bombs ]
M7 adapter




4

[

Ma7A2

-

M76

IM 40 lbs
or

NP 40 1lbs

PT-1 180 1lbs

Gusoliae_éql

,,_;@;ﬂ_?.f.agmed of

Scatters over a

Scatters over a

Spreads over
60' x 120!

|  Functioning 50' radius 150" raduis _
_gq* fqr 76 gal. tank
e
g AN-M128 AN-M103 nose Igniter
AN-M126A1 AN-M1o1d2 tail
Burning time 10 min (Approx) 20 min (Approx)
5
,,.—-—"
Bomb wt. (lbs) 69 (100-1b. type) 4783 (500-1b. type)
Terminal
velocity 825 ft/sec 1000 fr/sec
_Eiﬁﬁﬁr;tion 5" comcrete 16" concrete Instantaneous
S S IR from 25,000 from 25,000’ Burst

M12 or M13

5V
Adapter-Booster

M115

- Min safe release:

200°'. anotr;tion
Gnod frau 15,000'

Min safe release:

300", Ptictruttnn
Good from 15,0.;!.

&lﬁ ii;iqtﬂ"




ARRANGEMENT OF SAFETY PINS
IN CGLUSTER

102-4LB , AN-M50-A2 |
20-4LB, AN-M50X-A3 TYPE A
6-4LB,AN- M50X-A3 TYPE B
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;#1ng at velocities higher than the terminal velocitles of the individual small bombs. Thaf}TVf
_ latter are therefore less.subject to wind effects than when they are released from quick-
. opening clusters. After an aimable cluster bursts, the bombs decelerate toward their te;mlngl';Vﬁf
velocitles. If they strike with excessive speeds, there may bemalfunctioning due to rupturing
or 601i&bse of the bomb on impact. To allow for sufficient deceleration and for stabilization
0 { the bembs in fllight, it 1s recommended that clisters be set to open at 5,000 feet. With
such an altitude of cluster opening, it 1s @ossible to bomb from high operational altitudes
* and achieve the same sort of preclsion as with GP bombs. On twenty-two drops of the Mi7
";clds;ér at Eglin Fleld (AAF Board Project No. (M-5) s4) from altltudes ranging between 5,000
‘and 258, 000 feet, the average circular error of the center of impact of the pattern was some-
what over 500 feet and ranged from 50 to 1,000 feet. The M17 cluster was found to trail the
- 500-1b. M43 GP bombby approximately 20 mils for releases rrom 20,000 and 25,000 feet. In the
case Of the Mig cluster (AAF Board Project No. (M-§) 140), almabilitywas fourd satisfactory,
with special bombing tables and with a presetting of trall into the bombsight. :

e s b
| 1 'l
l"‘

- §3. BEHAVIOR OF DIFFERENT BOMBS ON TARGETS: L
HANEAE This section !s Intended to describe, insofar as avallable information permits, the = i

behavior of standard bombs on targets of various sorts. Specific matching or bombs with '

‘given targets 1s treated in Chapter IV. Ea

e ds Striking and Terminal Speeds.- Bombs may strike with velocitles conslderably dit* e
o erent from thelr terminal velocitles shown in the table on pages 23, 24. Fromlowfuninmdlum.ff :
”ff~alt1tudes. the M47 and M76 strike with considerably less than thelr terminal veloCibies.'g]H,_
: ﬁsince these bombs accelerate relatively slowly. The M80 may strike with less than LermtnalFlf"
<o veloeity: it'dropped from a low altitude, with a resulting decrease 1in perietrating pouer. Tnis;;
,\vis not true of the Meg, because its terminal velocity (150 mi/hr) 1s not high as comparedﬂ?
"?ﬁwﬂnh the speeu of a plane on a bombing run. Low altltude releases result in some 1ncrease'1n'

=
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: | 1lustration of a Fire-Division in a Warehouse. ey
: . il : After. s " ‘:; *
SR : Pambure s July 19448, The existence of a fiire :
_' - resistant wall is-revealed.s One fire-division, o
1 . ti e end of n warelouse (1), wns comnletel) | \ R

destroyed, the otber end remained dintact, In
,h__{'_lllrlt.l.l,'r part of the pit‘.ture (2) 1_‘: an é;‘ﬂlﬂ‘}i]e
| : : of HE damage.’ S5h
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Huls, Germany: Synthetic Rubber Plant.

An industrial group target requiring expert
analysis into fire-divisions,
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Ihcendiary bombs (Mﬁg) were then dropped. on the NO. 2 Target. Alnhough only 10 ‘
njthﬁ IBs aﬂtuall? hit the target, a fire had developed which wichin fOUT mlnutesr

equipment had to be withdrawn from fire-fighting, and the target was consumed. On the“

“‘7‘Target.,IB was agaln dropped followed by HF. The H® (100-1b.) acted to blast out tires'thath

~had started, and the fires were brought under control. On Target No. 4 the F¥ was droppeﬁ;;;

‘rlrst. followed by the IB. In thls case, the flires were much slower to develop as the braken
tlmbers*were slower to take hold., Tralned fire-fighters adequately controlled the rires.‘On

Target No. 5, IB and fragmentation bombs were employed. The IB effectively started tlres,

Bimllar to those In Target No. 2, and tQ? fragmentation bombs were of lnsurricient blast to
afrect materially the initial burning phases or to damage the buildings to an extent which

,arrected thelr burning characteristics. Since these tests disclosed that HE offered no rlre--

‘alding qualities, but rather acted to retard the rapld effect of IR, it was concluded that BE
1s not satlisfactory 1n any large quantities on lncendiary area missions, but should be used

only for the confusion, fear and delay 1t may create. It was further concluded that the best
method to obtain this result was by the simultaneous use of the 20-1b. fragmentation bombds

together with the IBs, 1n a coextensive pattern, the fragmentation bombs constituting 20{ of
the load.

d. Mutual Effects of - HE and IB. - Vhile the best proportion of HES in an lncendiary
attack appears to be qmaller than was belleved in earlier stages Of the war, it is certatn

that the use of some HEs, sultably coordinated with the IBs, tends to increase the damage ;eg-
German targets. Not only the proportions but the methods of coordination are still sul fgtﬁ;

for operational analysis. fince tests dlsclose that HE directly mlxed with 18 sometlmes ;_
creases the incendliary effects of an attack, the use of HF should be closely evaluated,

Purther analysls should be made of the best allocation of HFs and IBs among planes, squadrﬂns.-

or graups,t&ueorder of use Of HEs and IRs; the relative altitudes to employ; and the questian.

dependlng on the target, whether to plan an attack as a coordination ot lncendlary and d&-
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AR b s T The same assembly plant after the raid. Complete
fire destruction is seen in several buildingss 10
one building, (ecircled in ink) there is a hole
near one end from a high explosives Pﬂbbibl} the
erlt.i re buildina wou_ld have been dest.rnyed h;




in*an added net profit in the ratd.

'SUHHARY._ ; e
Basic in the planning of an incendiary attack 1s a study of fire divisions ln thef_

‘§b1-53.;uargeﬁ, 50 that the magnitude and method of assault ¢an be planned relative to the deslred:'

robable damage. Conflagrations are to be goped for only under very special target and weather

:""'_'?-_f".f?_%enditions, but when they occur, the ultimate in incendliary damage 1s attained. High explosives,
~ correctly selected and judiclously used In sultable proportions, will intensify fire damage. °

.attack 1S to cause maximum fire damage. Thizs can be accomplished only when a thorough knowledgt

If excessively or unwisely used, they substantially decrease the welght of incendiaries on

the target and are very lilkely to have detrimental effects on fire-ralising and the spread Df'
fire. ;

s v Il TARGETS

INTRODUCT |ON: s

&, Importance of Careful Target Analysis. - The basic oblective of an lncendf\'

Of the target is avallable and analyzed. In view of the nature of some targets, the best th&tﬁL-

¢an be hoped for is fire damage in the ilmmediate vic inity of the bombs, because of fireﬂ“l 2
resistant barriers. In other cases, continuing fires in adjacent areas can be expected froma
‘bomb becanse Of the abllity of the initial fire to transmit its blaze to adjacent atructﬂrasiaﬁaé

'and maierial. These factors very definitely affect the bomdb load and technlque ot amwlownen'
‘Th&y.ara prime targetl considerations.

b Homb Density and Fire Defense. - In consideration of each targe!: and corrqspﬂndlaﬁ
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;?Tgsiderably greater welght, with a resulting increase in penetrating power. Hav1ng an 3EIif
’gg;_uaysl fuze, it does not share the restriction of the Mag from low altitude release, since"”“
'j~-f* functioning is not dependent on the striking angle. Functioning of the M74 1s more pruﬁph-’/a
%5_-- after impact, so that the incendiary filling is frequently ejected in the upper part of a
© target, perhaps in an attic, just after the bomb goes through the roof. The white phosphorus
in the M74 produces dense smoke, obscuring the seat of the fire and thus deterring fire-
;_{ S e Mg7A2. -~ The M47A2, on impact, sprays its filling over a radius of 50 feet or more
oy 1n the open. When it hits a roof of lighte medium, or heavy construction (up to 4r reinforced
concrete). 1t crashes through and distrlbutes burning incendiary mixture within the target.
While the bomb has strong penetrating power if dropped from 15,000 feet or higher, its size,
shape and manner of functioning make it impossible for the bomb to bury itself ineffectu-
ally. It 1s, therefore, a good all-around incendlary for most lndustrial targets. HOw-
ever while effective for most targets, the M47 1s relatively inefficient for targets whose
small fire divisions indicate the use of smaller bombs. The M47 carries with 1t a large
enough quantity of incendiary material to start a very rapidly developing fire even in a
target lacking a good distribution of kindling material. Since the M47 starts a fire which
immediately calls for professional fire-fighting appllances, 1t isclassified as an 'appliance'
bomb,
i R ma.- In targets requiring its use, the large quantity of pyrotechnic mix, and"ﬁ‘he,
extreme penetrating power (from 18,000 feet or higher) give this bomb good fire-raising po- 1
tentialities. Its use should be restricted tothose targets which really demand the penetrating
powers of the M76. This isin accordance with the general principle of incendliary bomblng that
the greatest efficiency 1s achieved by taking advantage of the high loading possibilities of
the smallest bomb adapted to the vulnerabllity properties of the target., Efficlency 1s mea-
aured by'damage per plane load, rather than per bomb. In the case of the M78 bomd, desplae TR
~ the scattering of its f111ing, near misses are not effective., This 1s assoclated with a delay"p“i
il O .025 seconds in bursting the bomb, even when the fuzes are set Instantaneous, =
S g+ Belly Tank.- This weapon is used to obtain a wide-spread, qulckly-aonsumln: f&rlf‘
'”?*'tor targets in the open where penetration is not involved. When it functions, hurnlns_  -
- 1ine may spread over an elliptical area of 80 by 120 yards. It has value against 9111 0
~'511t :rencnes. and supply dumps, for example. s :




ure end?urpose of Info‘rmtim.- This report does not attemt, ;to éir
_1sts some of them here to permit comaarison witn our bm&s. Eince




umm,.,,, iy

Methanized Depletes oxygen unless windows break. Action of'thé bumb-ean
gasoline Clustered !4 to an aimable 500-1b. (3
(10 1b.) torch, about R ft, long.

P!'°‘°°h“i° Contains gasoline, crude rubber, phosphorus.
Mixture

0il

Thermite
50 Kg type
“Phos phorus

Sulphur Yhbosohorus inmcendiary soheres which igpite spontaneously when conta::ers hr&d
t4bout 1 gt | on impact. ([nformatinn indirect, through enemy report.) : =

-
The only Russian IF currently available.

ight tyres, with usuisl properties of small thermite bombs. Gne has 4 steel iﬂﬁé:
for greater nemetrating, (slate roof and several floors of Tritish housingl.,
has + separating explosive nose, and a4 total weight of 4.8 lbs., with a dBIl

-

Thermite
: fuze up to 7T minptes,

FroREs
26.5 1b. Thermite This bomb was pever used against kngland

15 1b.
Penzine H6%
fubber 10%
Phospharue 4%
340 lb.

e nronortion
as above

"multi-incendiary” bomb, consisting of 4 case which hursts-nt WHMQQIH
smaller [H's,. |t contains A0 small 1¥'s, R larger nne» and 13*25
2lnsive in the nose. (Springbrand C5u)

116 1b.
Crude 011 -~ Three or four variations of this geperal type,_.o.
iR T n 1 AR ST U N LR A L 8P ¢ PR

Magnesium
- fetrol ingi-
“rioe




s tro%:l;;sol-
S Bl “It

240 1b. Polystyrene 11:7%
VERRS ~ Phosphorus 0.5%

110 1b.
Phosphorus 86.5%
Benzene 13.1%
Polystyrene 0.4%

2 owviisd® | Also & slightly heavier bomb (462 1b.) of the same geaeral

Ignition aluminumgin the filling. (Never used against England.)

Red Phosphorus Fragmentation, with shrapnel effect.

Thermite

Incendiary Combined HE and IB of air-burst type.
Pellets of steel filled with phosphoraus.

Anti-FPersonnel S S
Pellets Pellets of phospborus and rubber are scattered 75 yds. on explosioa.

0il ~— A thickemed oil bomb of scatter type.

440~460 rubber pellets 1" by 1", impregnated with phoapﬁu tld c.tl’lmi
Incendiary disulphite. They are scattered by explosion. One of them nill butl_.ﬂﬂ‘
Pellets about two hours. )

Thermite sur-
rounded by para-
ffin wax & kero-
sene

Black powder.
Thermite in
four containers

,;-.;_.' A combiped IB and HE bomb of rut effectiv
Sn Culnto (100 to 175 feet above ground
radius of 175 yds. It coantains 7§ lb. ot litt-




__ﬁbomb- (Eecause or poor ballistic properties of o1l drums, the preclslon required for pin-
@*,Bﬂlnt targgts requires releases from between 150 ft. and 500 ft. The effective burstiig radius
18 B0 feer.
;_;. ' C. Droppable Gasoline Tanks. - Past operations have disclosed that targets have often
f};¢presented themselves, for whicha large quickly-consuming fire 1s most effective. Such targets
'f;fhsve been alrcraft closely parked, lnflammable stores, camps, wharves, warehouses of 1ight
Lj*;eonsnruction. troop concentrations, and troops firmly ®dug in" in fox holes Or trenches. For

v}such rargets, the droppable gasolline tank, 765 gallon, has been used. It 1s the regular 75
'J;;“jon auxilliary tank filled with thic thﬂd gasoline and having two M4 1lgnlters, one attached
iﬁ_ each side of the tank. Upon lmpact, “the igniters function, spreading the burning gasoline
,.aver an elliptical area of about 100 yards Ly 30 yards. This improvised incendiary, or *fire
Ubomb,' 13 especially efficlent for low level attack on vulnerable targets. A great quantity
.nf flre can be lald over a sizeable area by fighter aircraft, causing untold damage. In view
JQ{ the fact that all parts of this weapon are standard, and that only the putting of the
Napalm mixture iu the tanks is required, this Incendiary is especially useful under fleld
tanﬁltians. 1f suitable targets are avallable.




i simllar type and glso vary over a perlod of time 1In individual targets, because derenses'can%T

‘:iéh help determlne the selection of both bombs and planes for a misslan. A table of luadﬁ
‘,1Rg3 1n in the next chapter. et
b. Vulnerability Variations. - Conditions governing bomb cholce vary among t&rgets "

e changed, new varriers to the spread of fire Introduced, roofs reinforced, and so on. in
'vlew ar thls varfation In vulnerabillity properties and also because matters of availability

: *hﬁmay restrlct selections, the tabular recommendations below contaln alternative cholces for

‘hf“—ql:m__.“_,

il ﬁﬁﬁ?t@?es of targets. ° | 4 TR
= ¢, Fire-Division.Sizes. - It 1s to be emphasized that large bombs are generally inap~
_;proarlate where fire-divisions are small, since the smaller bombs have better pattern density
properties. If the total target area is small, elther clusters or large bombs may be used,
acecordin- to vulnerabllity properties. . .

d. Probability. - The probabllity conslderations Involved enter into quantlty require-
“pents, which are treated In the next chapter. :

e. Jow Altitude Possibilities. - Where low altitude attacksare defensively permissible,
gulck-openiiiz clusters, selected for penetratlon and fire-ralsing powers, or heavy incendlary
pombs with cdelayed action fuzes may be used. Possibilities of low altitude attacks can arise

= {5 connection with inadequately defended bullt-up areas, with certaln stores of materlalaﬁa_

and occasionially with Industrial estatlishments. The larger bomus, and quick-opening clustersy
" of MEO's (perhaps also of M74's) can be thrown from minlmum altitudes into vertical walls.,

‘-TLBLE OF RECOMMENDED {INCENDIARY BOMBS: et
, Thne recommendatlons ot pageés 37, 2Z8 and 3 are based on Operathnalexperlences.;- '
tests, and studled analysls Of targets and bombs. It 1s to be emphasized that these. racam-‘ f”‘”
;;mendatlans relate to the average targets within the different categories and that unusual‘?f i;

'T*T-target gonditions might lead to other choices. The M74, recently standardized, 1s expected

te be-avallable in gquantity to theaters during the first quarter of 1945. Untll

:he H?& 1&
availnhia, the Msg may be suustituted. | Rt

,H\

V. INCENDIARY BOMB REQUIREMENTS FOR TARGETS

VW e e 1k

;jthe mast reliable estlmaues pesslble, tor (1] _
3 alfrallgre of an a&taek.and (2] 1t 1a uaSh'



ruidﬁliiclnatcrs_

g‘ﬁl H?‘ or M49 in
T liﬂlbl! clusters

REMARKS g*ff

characteristics for most industrial structures.
used if the roof structures of an industrial plant are known to be very
light, Aimable clusters areprovided for M-50's, the M-74's, the M-69's.
Ino general the M17A1 cluster of M=50's
pon for use on industrial targets when fire division size is small and
roof construction is known to be wood.

©12) Mse
13) M9
~'{4) Improvised incen-
diaries
a, droppable
1 _ gasoline tanks
 WT"w b. 0il drums

PN

e

Dock and warehouse areas are good incepdiary targets if they are not
multi-story heavily reinforced concrete buildings used as storage epaf
for incombustible matexials.
known to be moderate to| highly combustible,
the M~69 maybe used., Fire res

the M-50, M-74, and possibly
sistant multi-story structures with moderate

to highly combustible contents will be vulnerable on the top floor to

the M-47. Improvised incendiaries
in some cases where penetration

of burning o1l over combustible material

such as 0il drums, etc., can be used
is not essential, buta wide distribution
is @f first importance.

—

,i*.li?‘"74

21 v50

The use of high proportions of incendiary bombs against oil refinery and syn-
thetic oil plants is not recommended, because the vital areas of such plants
are 1nvulperable to [,B. Heavy densities of 500# or 250# H.E. bombs are rejuired
to take out the vital processes. Such processes in 0il refineries include dis-
tillation crackiag units, pumping stations, furnaces and power houses. In syn-
thetic oil refineries, high pressure hydrogenation stalls, compressors, imjec-
tors and circulators, pumping stations and power houses are vital processes.
The ground area covered by vital processes is of the order of 5% of the gro! nd
area covered by plant, Certain useful, 'but not vital areas of oil refiner

and synthetic oil plants, which also cover a low percentage of ground area, are

combustible, These include warehouse buildings, storage tanks, and so on. They
are frejuently ignited by HE at the HE density required to damage vital pro—
the use of 5% IR and 95% HF has proved successful
in insuring i1gnition of these combustible parts. The IP's are here a secondary

duc tion processes. However,

weapon.

)

Tactical tank farm targets
in storage is the primary objective may be fractured by HE and igattian
may be assured by a small amount of M-69 or M-74 incendiary bombs,

'_-vndual fires capable of merging. When the roof coverage is low, )
; bhen roof coverage is above 50% the Pltiﬁr‘.t‘ﬁ

 1tinuing fires cons

(wide avenues, etc.) Fombs may be laid in such a patters as to re-

ceive maximum wind benefit' the M~69 will satisfactorily penetrate, and thi
M-T4 with its all-ways fuse, may be expected to cause a large number of indi-

(30% to 40%
the bomb pattern should be dense,
can be less dense and more Extended, (see photographs of Japanese are targ
4l80 pattern data and plots in Chapter VI.) The effort here is to cavge
1§ and damaging more area that would be practi&
d.atroy by H.f bombs which re. tuire more effort and mumitions.
several lartge area fire diV1sinnn in the target, an 4t¢ack
nutd a8 to inerease the probability of ignitinn on either sid

r Firo gistant buildings and cnntentT located in areas a!‘
: qt141 and cnwmercial buildinus Can be severply

is the preferred incendiary wea-

M

Where warehouse buildings and contents are

L#

in which the destruction of oil and gasoltndi

The Japanese domestic t¢rget consists of larqp area fire divisions bounded byn*
‘-alr gaps

-_firq in greater than 25% are considered to be good precision iaceldiary,-'“
targets, M-47's have a wider range of initial incendiary action tham do
the M-50's, and the M-47, M-50 and M-74 all have adequate penetration |
The M~69 can only be

=




T 4 1
k, |
{

: G
REMARKS :

: ; _ | The M50A2-3, perhaps also the M-74, offers sufficient penetratibu;_noif‘l.
SN T / German city area targelsare very well separatedby parapetted fire walls
: into small fire divisions, and dense patterns are required to produce
as many fires as possible in separate fire divisions. If roof coverage
: is low, increase the demsity; if it is high, decrease the density and
4 lengthen the patteran. The M50XA3 bomb contains a lethal anti-ﬁérsonnel'
charge, and in most cases, if the inflammability factor is at all
present, will keep personnel away sufficiently long to allow the bomb b B o s
to start a good fire?ﬂprobably beyond householder's control. _' \g54ﬁ*3f

(1) M4TA2 with so-
f\ dium burster The M47A2 with sodium burster causes additional fires and insures that

W ANLS) | the oil slicks will igdite, In some casesfP 0il drums containing inﬁl
1’j~]jqrnfiged Ia- cendiary mixture can be dropped. These contain M4 igniters and all-ways
ceudiariea. fuzes. The contents are ignited on impact and fire spreads over the
911 drums surrounding oil slick. Droppable gasoline tanks operate in the same

b; Dfﬂpytble mapner.
Glaolhe tu nks

In most of these targets, penetration is of small importance, since the | |
targets are either in the open or lightly constructed. The M6Y and M74
oOffer the best coverage, as they will distribute burning material overl?f
considerable distances and are capableof starting numerous fires wkich__-_
in turn, may destroy other stores. The M47A2 wouldbe used only on slodnjg_

and other large storage areas where large f1res at the beilnlilg areU*“
cnpahle of doing more damage.

 The attack should be a mixed HE-IE load of approxxmately Gﬂ ca;'
'“An-'mch damage usually can be done by HE on supply. dmpa as by
Halanet remains that inflammable stores are preaelt,=,;; h
3}18 vill be .unctu.. The M74 ud M69 wul cov""
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In all such targets, penetration is essential; steel boxcars, etc. require
at least the M50 to pemetrate. A dense pattern of M50's throughout the
area will in most cases be more effective than HE. For repair shops and
stations, the M76, 500-1b. PT bomb is preferable, as a large sudden fire
is required. o '

The M9 or M74 is the best choice, because the scattering effect of th’,é
0il and the large plane loads which can be carried make the resultiag
fires most difficult for the ememy to coatrol. More pemetrating bombs

would bury themselves in the ground. v e
R

Being "point™ targets, these require clusters or bombs of accurate ai.l-
ability. The M47A2 will penetrate, is accurate, and will diatribne itl
burning material over sufficient distance within the building to cau:
serious fires. In cases of larger installatioms requiring more nf
trability, the M76, 6500-1b. PT bomb in low level attack is indicatcd;
smaller plane loads of such bombs are offset by their 1mdisu cm
of large tiron.

-



,'ﬁncénnrated 1n time as well as 1n space, because or tne supporting eitect'or

@ﬁﬁfiree and the difficulty to the enemy of fighting such ffres.

~ d. Estimates Based on Experience. - The estimates most C1DSEIy derived ﬂ'ﬁm

ek experience are those resulting from analyses of American and Brltlsn ralds on Garman E

e *REA TARGETS: el

|

|

——r

»and German ralds on Britlisn targets.

a. Statement of the Froblem. - The requlrement in terms of fires 1s r.nat thereﬁeatr = S
least one (preferably more) continuing, uncontrolled fire in eacn fire-division. By derini-;;:g
tion of fire-division, tne spreading effect of the fire may carry it over the whole divisioms
 Tae questlon tnen becomes the followling: How many bombs must be dropped, by tactically sound

’ methads. to achleve a reasonable assuraﬂve of an uncontrolled, continuing fire 1in every _
_divislon? o D S

b. Organization of Material. - Thls chapter relates to desirable bomb densitles; the
next criapter relates to the densitles whlchn have been experirentally obtalned with standard
bombs and tactically sound formations. =

c. Methods of Estimating. - Density figures based on fire-ralsing properties of bombs 2
vary significantly from target to target. Tney need to be estimated I1n each case by gualified
target analysts, who take into consideration the question of (1) incendlary efficlency of
different types of bombs, (2) the results of scatter bombing theory, (3} enemy fire defenses_.
(4) penetration propertles, and (f) a fire~divislion analysis of the target. Analysis Of an
Eignth Air Force group pattepnm of M47's dropped on a domestic type of target in Germany, 10
gctober 1943, shows that "the probability that an M=47, striking a German domestic type ,'
diviSldﬁ, will cause visible flire damage is between 0.38 and 0.52, and that the best estim""f :
on present evidence 1s 0,48. Taking the weight of the M=47 as 70 lb. and the mean area of a
fire division as 1/15 acre, the corresponding index of effectiveness is 1.0 acres per 1ong =
ton, compared with 7.4 acres per long ton for the British 4 1b. I® and 1.7 acres per long ton = =
for the Britisn 30 1b, Mark II] IB." Estimates of density requirements for small GIUSter&dfn.]*-**
bombs have sometimes been based on individual cluster patterns. However, recent developmenﬁs
in tormatlon pattern studles avold the use of cluster patterns. Since the tactical unit 1n ia
most bombing 1s a2 formation of planes, the reallistic figures to employ are those r&l&ttng
_ to formation patterns, and future estimates for targets should be made accordingly. ‘Further
tes;s are desirable to accumulate more data along the lines of the resulns gghbg thun: tﬁn
the nexn 6hapter. 5[.




e M“trm'vhﬂmraDMc assessments indicate that in an attack of meem«m&eﬂ

-_T‘_are 1,400 ﬂrt squads per square mile. a rea.sonable rigure.ﬂé'a#n,a' _
alewly desbructive fires, or possibly a single raplaly destructive 1

square mile mignt be increased to about 2,000 in Japans -it has been estimated 1at
‘tinuing fires per cluster area would be needed in Germany and 7 In Japan because of 1
inflammability. According to recent reports, Japanese fire defenses are ‘hignhly orgaﬁl
basis Of ten-house'units, with wardens in charge. (Note: The numerical values quoted her&fH'
and elsewnere in tils chapter are not to be taken as tnoroughly establisned, accurate \
figures. They are quoted from estimates based on such information as wasf&vailable at Eha
time,) Sl

g« Anti-jersonnel Bombs Against Fire Defenses. - A cnemical warfare publication (GH e
326, 3 January 1944 - "Air Chemigal Requirements") recommends that the bomb load in incen- =
diary attacks contaln from 5% to 25% of various delayed-type explosives to hamper fire- ;
fighting crews. It 1s believed, on the basls of recent tests, that the best deterrent to
fire-fightersnowavallable 1s tihe 20-1b. fragmentation bomb, for targets O0f light structure.
The use Of "butterfly"™ bombs 1s also nighly effective. 8

he Nature of Allowance for Fire Defense. - Certaln estimates in the llterature have R
.credlited enemy fire~-fighters with the abllity to handle "as much as 80% of all dangerons1“
fires". Such reasoning is fallacious, since the fire-fighters would at best be able to handle
a certaln maximum number of fires, and all fires beyond that number would remain uncontrel- =
led. In a lignt attack they might extinguish 100% of tne fires. In a neavy attack it might;j;;5'
be pnysically 1wpossfﬂﬂe for them to0 control more tnan F0%, Or some otier rlgure dependent*
~on the strength and nature of the assault. - e

i. Effectiveness (Figures from Tests). - Many analyses have been made of tne pmgcrtmn“-f-*_{ e
of appliance fires in different targets relative to unit munitions of various types. T&Q” ,;pf'f
Pugway Proving Ground on typlcal Japanese targets have resulted in figures of from 88 not“”]u St
appliance fires (depending on roof coverage) per ton of M88's in vulnerable japanese citiesi
also to an estimate of 113 appliance fires per 1,000 single hits with M89 bombs rela‘jjlf]J‘
over a Japanese area of 50% roof coverage. Tests of similar nature led to esclmates tha§*77wuﬁ"
1.4% tC 1.9% of Mk. IR (or MS0) bombs dropped on German targets of 50% roof coverﬁg" vou
sr.art fires. Recorded British experlience gave figures er 2% to 5% (dependmg _m?.

etticiency'ls difficult to evaluate.
j+ Effectiveness (Figures from Attacks on Germany). - Operatldnal Eﬂ&ﬁ”

5 and 505 IBp about 10 destructlve fires resulted for every 100 IB's



‘.{What less 1nt1mnma’ole areas, the range ls tmm 10 to 42& m |
f nlsG exist. but 1t 1s not the purpose of this report to decide on praetsar
ticular targets. The figures quoted are merely suggestive of the general ordtr‘._
I or the quantities involved, the nature of the rea%oning used in the astlmatss
?3ﬁ%jf” nlscrepanles between estimates from different sources.

93 POINT TARGETS: oo
PR This designation will be taken to signify targets of areas so small, say 100 : , sfﬁfigﬁﬁ“
_yards, that a typical cluster pattern could include the entire target in its interior, rather
than be included In the target area. The line of demarcation between area targets and paiﬁt 5&§f
targets is somewhat arbitrary, but a genulne distinction in method of attack is involved. The o=
_ distinction 1s between those targets which are best attacked by scatter bombing over an area,
‘and those for which precision bombing is more appropriate. Actually, once the required number
~ of hits on the target is decided for agdesired probability of destruction, the quantity re-
quirement problem can be put in the following form: Taking expected ailming errors and pattern
- properties into account, what plane loads, what formations, and what intervalometer settings
are required to give a reasonably high assurance of the desired number of hits?

§4. PROBABILITY ANALYSES:
Probabllity analyses of train bombing have been carried out, tables prepared, and cir-
cular slide rules developed by the Natlonal Defense Research Committee to ald in“"the solution
2 ©f such problems. Also, the relatively difficult problem of probablilitles in scatter bombing
- o over an area has been treated and the results put on a sllide rule from which such things as
' the number of bombs per dﬁfﬁ area, (for example, per fire-division) can be estimated to
achleve a pre-assigned degree of assurance that all unit areas will recelve at least oﬂnahlt.
Under scatter bombing methods, One attempts to place a pattern on a glven area, 1ndlvidual s
bombs having chance dispersions. Approximate uniformity of distribution 1s assumed (comparegfa." -
results In the next chapiery so that the probabllity of hits on the various parts of the ’&EQ;_H
target depends only on thelr respective areas. If the degrees of vulnerability of dirrerant'-_-*?fﬂg
areas of the target are roughly known, an estimate can be formed of the probable destructlan Sl
“ 10r a given Intensity of attack.

F

§s. -sumnv




(1) a mo-lb- HE's plus 20 Ma7's {6,400~1b.)

(2) 42 M47's (Total weight, 2,940 1lb.)

~ (3) 10 500-1b. HE's plus 10 M47's (5,700-1b.)
*”Loadings of the B-24 with ;

(1) B2 M4a7's (3,£40 1b.)

 (2) 8 500-1b. FE'S plus 19 M47's (5,330-1b.)
;,__7(5) 4 1,000-1b. HE's plus 19 M47's (5,330-1b.)

Ce m Plane Loading Table.- The following chart is based on numbers of 1oo-lb. a.nd
sno-lb. stations on the different types of planes as given 1n "Armament and Bomb Insta}.la:-
tionse, Army Alr Forces Alrcraft Monthly Chart, { May 1944, 1ssued at Wright Fleld, Dayton, =
ohio. In this table, *N" stands for mrormal® and *M®* for "maximum®. The distinction depands.
on whether such things as length of the mission or strength of enemy fighter defenses nake.

it advisable to carry alighter load, to carry supplementary fuel, or to carry added dé!ensme
munitlons. =

,-'”"
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 VI. PATTERNS IN RELATION TO TACTICAL FORMATIONS

j,tmportance of patterns. - The impact patterns that can be expected from vﬁr10u3rf§;

al formations are of direct importance as a mission planning factor for Incendianyf:ﬁq
‘WIthca=sufrlcient knowledge of the type of pattern that can be expected erM“theffV'

ion rlown. the area of coverage and bomb density can be rather accurately evaluated

)re the mission. This, then, will exercise a deciding influence on the number of aircraft

% :nacessary to cover the target. Analysis of the target, as discussed Iin Chapters II, IV and ¥V,

jfwlll Indicate the bomb density required for successful incendiary action. i

2 SR B Sﬁuroe of Avallable Data for Formations. - Patterns have not been experlmentally

'ti studled ‘for all types of formations and bombs. However, patterns for a nine-plane combat

- box (stagger) formation using 4-1b, incendiaries in both quick-opening and almable clusters

have baen developed In a series of tests at Avoﬂ park Rombing Range, Avon Park, Florida,

i under Army.Alr FOorces Board Project No. (M-5) 188, title, "Development of Incendiary Rombd
_¢gPa£tenns, 4-1b,, in Combat Formations".

_"' | €+ Need for Testing. - These tests disclosed the Impracticability of using single
cluster patterns released from individual alrcraft, since the pattern developed by the
tactical fomation was not in accord with the placing of several single cluster patterns

o “Ltogether over an area to represent additional alrcraft. Tactical formatlion patterns were

* developed for releases Of single clusters per plane, releases of trains of clusters, and
"5alvo releases. For planning purposes, 1t 1s desirable to base the area and density of the
fffﬁrgEt requirement on the tested patterh of the tactlical formatlion.

ESSENTIAL PATTERN CHARACTERISTICS:

e An incendiary Impact pattern may be evaluated in terms of:
l;?* ds Effective pPattern Area. - The effective area represents the core, oOr area of
: greatest denslty, tie total area being the entire patte Inclosing rectangles are useds
ﬂﬁﬁlgﬂse.bombs outslide of the effective area become 0f conslderable importance when several
. tactical formations are bombing simultaneously. In such a case the bombs to the left of the
& _ertectlve area from one formatlon and the bombs to the right of the effectlve area from the
,{next adsainlng rormation may merge togetner, forming a combinea pattern Of almost unitorm

b. Unirornity of Distribution. - Varilatlions In density within the errecnive“pat;ernfﬁ'.

e F— “mw‘“,

wﬂigh.uenur to-a 1imited extent, can be compensated by using bombs ‘in such nz1_ars-*




- De S lgﬁPnttern. (A sample pattern, obtainad during the nes-f?a; 8 ¢l
h.ﬂﬁapte S (AAF Board Project No. (M-E) 140) 1is reproduced on the IallowIHSﬁPGSBw

'ﬂh“trecision.Properties ‘of Clusters. - Different definitions have 5een used.nrgsu a
;ar clusner Dattern centers, These lnclude the mean point of ﬁmpact, the center'e i

.;»;fffﬁ}ﬁ %ﬁb ﬁarget and only nnree at distances exeeeding 200 yards. Clusters were released from
‘*’*f#fﬂmk!W%?age altitude of 10,000 feet and opened, on the average, at 2,000 feet. (Later tests
: Z;hsve revealed 5,000 feet as the optimum cluster-burst altlitudes,) Satlsfactory preclision re-
: 'sults have also been obtained with quick-opening clusters of MBEO's and MSQ'S fror low to
"3fmedtum altitudes and without interfering winds.
‘.f" ‘ds Train Patterns. ~ Traln patterns of clusters average about 100 yards in width. In
':”.lengch, they can be varied from five or six hundred yards to several miles under practlice
~  conditions without spreading the bombs too thinly for nighly combustible targets. HOwevVer,
'“ff in combat, bombing runs long enough to produce trains more than a mile or a mile and a half
- in length glve tne enemy time to_achleve accuracy with his antl-aircraft fire. In traln
- patterns, tnere Is an effective core, witn a small fringe along the sides and a few stray?za;'
_f;ﬁcmbs ac elther end. In order to place the center of the traln approximately on a giveHﬁji
nff'alming point, the bombardier has the problem of allowing for half the train length in his :
,“_};galming. Sometimes, dependlng on target conditions, an alming polnt may be established for
' ?~-7'~"_;j-the initial cluster of the traln. CEr
Wi €« M47 Formation Patterns. - Croups Of planes dropping M47's obtained the\rollowingfggﬁ}
\}5§;3rosu1ts. based on seven plots: e s

T 2  _,g‘ Average Values
T tude 24,000 ft.
__ NOs planes per group 20
. No. bombs per plane 37 |

m mper group pattern . 740 e
NO+ identified at burst 187 B
Hiéthrdt pattern 590 yds.
Len tn_o: ﬁattern ' - | 1,130 yds. e
aor ot 870,000 8Qe YydS. (somemat ver

3 *‘bf’

.B¢PHHBOMbs. (assuming
orm amtribur.mn)
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QUICK-OPENING MB CLUSTERS OF M54 BOMBS

P AL

et e . e
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CONFIDENTIAI.

- COMPAR Mnumnne AND QUICK-OPENING CLUSTERS. g el i
.;;;; - For general purposes, aimable clusters, rather than quickropenlng. are belng supplied
SR thﬂ theatres. The quick-opening clusters, for reasons brought out in the following dis-

: ;f°“33i°n Of fleld tests, are useful only by restricted formations in area bombing where either—
;,(35 accuracy can be obtalined by low-level flying or (2) acchracy 1s not an important factor ,
In the attack. The usefulness of quick-opening clusters, which present larger plane-loading - <

Sl possibllities, is recognized under these speclal conditions and such clusters are belng sup-
A pldd 1n limited quantities. :

B -FbRHATIOH CLUSTER PATTERNS (RESULTS OF TESTS):
' - The Test Procedure.- The following, brlefly, was the procedure at the Avon Park
SBStS. rererred Lo al the beginning of Chapter VI, A target area was lald out consisting of a
square, one mile on a side, grldded at 100 yards intervals, An alming circle was used 20
yards in radius and having a bullseye In the center. The combat box formation, illustrated on
Page 53, was used in all save one run over thas target, when a javelin down formation was used
for comparison. The formations were flown with © Instead of 18 planes, the lower elements of
each group of six being omitted because of (1) avallablllity considerations, (2) hazard from
bombs and cluster parts in the quick-opening clusters, and (3) the ablility to determine the
pattern area of the 18-plane formation by use of o planes since the lower elements do not
affect pattern ﬁlze but require only a doubling of the density computation. Percentage re-
covery of bombs ranged from about 50% to over 904. To assure that the bombs not recovered
(due to the nature of the terrain) were distributed approximately 1ike those actually plotted,
Spotters were located along the sides of the target area, at safe distances, and were able to
.7 specify, with good results, the loeation of the total pattern, Thls total area was then uni-
o ' formly covered by locaters, plotters, and a clean-up crew. A tabulator survey of the results .
2 18 on pages 54 and 680, except {1 so are as denslity questions, to be dlscussed in Chapter Vil,
are involved.

D. Table for Quick-Opening Cluster.- The patterns for quick-openlng clusters were
developed through the use of Ms clusters of M54 bombs. Since functioning characteristics are
not relevant to pattern developments, the Ms4, belng non-standard and avallable, was the best

- munition to employ in determining formation pattern properties, The M54 has the same weight

. and about the same terminal velocity as the Mso. Furthermore, both bombs are clustered in the

. same way, 34 bombs to & 100-1b. cluster. The conclusions based on the tests can therefore be
1 reliably applied to the standard Mg clusters of M50 bombs. All the following materlal shﬂuld

fbe raad wlnh this in mind.

s
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AIMABLE MI7 CLUSTERS OF M50 BOMBS

ALTITUIDE  |GROUND |TOTAL PATTERN | 5, yremy COVERING
BIRST (MI/HR)| W (YD8) L | w (yps) L TION |CULAR| CIRCLE
5, 000 224 | 430 | 600 | ss0 | soo | -s0 | -25| 66 | Bffective 3
% 13 Bffective Minimum intervalometer | |
5, 000 222 580 850 450 400 200 176 | 266 fok - ads k! apacing (18 Tt
3 One cluster mot re- :
5830 | 16,000 5, 000 227 550 800 400 400 0 -100 100 Bffective leased. Minimum : pd
e spacing. %
990 | 15,900 5,000 224 570 390 500g | 300 +50 -150 1568 Rffective
| 990 | 26,400 5, 000 235 800 580 800 400 +100 +200 224 Rffective e
! z Effective 2 clusters not re- o
770 | 185,800 5, 000 220 580 510 325 300 50 160 168 {on edge) foated. %
990 | 21,000 10, 000 208 | 6s0 | 880 | soo | «s0 | -78 -50 | 90 | Bffective lo
990 | 21,000 5,000 232 | 600 | 700 | s00 450 | -126 | +100 | 180 | Bffective g
e aiming e?ors 81 120 163 -
: = >
F
king positive and negative signs into account glves an average range error of about -44 and an average
| ggriection error of =45, These are small enough so that no systematlic error 1s indicated. The consistent
§  cdvering of the aiming circle with the effective pattern, for both almable and quick-opening drops, 18 a
3 highly satisfactory precision property. The patterns from ailmable clusters are signiffcantly shorter and 5
'Tf*uﬁré compact than those fromthe quick-opening. Thelr greater width 18 probably assocliated wlththe‘higherfz =
titudes at which the formations flew, Pattern plots for the ist, 2rd, and 7th entries in this table are
~ on the next pages. :
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'tgsts Just quoted, releases were all mon the leader.® Such releases, as nearly simultaneous
\_aa can be arranged, make for less scattering In length than separate aiming procedures. The
2 errect of other procedures on the pattern, however, 1s not easy to predict, beyond the llkeli-
ﬁood of irregularities in the pattern due to divergencles In timing of releases. In view of
nhe remarkably 200d preceslon properties secured in the above drops on the leader. it 1is
dlrficnln to see ‘how improvements 1n accuracy would result from other techniques. It might,
hﬂwever. well be true that a squadron of g or 18 plaﬁ%s is the largest formation which should
drop on a single bombardier, and that certaln combat conditions might call for having leaders
of three or six-plane elements do the alming, each one with a sultable chosen aiming point.

It 1s not to be supposed that the preclsion properties and densities achleved under the

practice conditions at Avon Park can be consistently attalned in combat.

S e« Miscellaneous Aspects of Test Patterns.- Acclidental errors incoordinating releases,
(delays due to (1) obscuring of vision of bombardlers relative to lead bombardler, (2) fallure
-__Qf bombardiers to release promptly (3) fallures of mechanlcal equipment) have obvious effects

‘r Gn terns, as revealed in some of the results at Avon Park. lLate releases stretch out the

le h of the total pattern and detract from either the size or the concentration of the
ertective pattern. These effects were sufficient, in the tests, to obscure the influence of
A speed, ‘wind, and, except for the aimable clusters, of altitude.
Q§v. slmmm-

s Cluster patterns and stick (or train) patterns are of minor importance in comparison

"”;‘Hith formation patterns, which are the basic unit for the study of almost all daylight in-

)3}candiary bombings It 1s not possible to deduce formation pattern characteristics from those
f;ﬁf’lﬂdividual clusters or even from stick patterns. Total pattern areas for:g-plane (or 18—
““)Tjje} rormatiensg with suitable lateral spacing, average about 500 yards in width, (with




Tl i)

=

'?;gf

.f*tblluwing organization of data is appropriate. The eight-cluster and ten-cluster pattefns ara .
expltlned by accldental fallures to release and by accldental extra releases. These same pat-
tarnsare included inthe table onpage 54. In this and in later tables, ntotal® (or !e,rrective-)

‘ denslt.y means density in the total (or effective) area, | R f":’_’ :
Single-Cluster Releases of M8 Clusters from Nine-Plane Formations.
= | ' '
AREA 10, 000 sq. yd. ) DROP (306 TIVE AREA SITY |(306 BOMBS)
(Sq. Yd) BOMBS) + PATTERN
-

8 272 10 50 206, 000 13.4 14.9 86 80, 000 29.2 32.9

10 340 3200 180, 000 18.9 17. 93 62,000 51.0 45.9

9 306 7400 6 50, 000 4.7 4.7 65 116, 000 17.2 172

_ 9 306 10600 324,000 9,44 9. 44 96 192, 000 15.3 153

S g L 8 | 272 4510 |390,000f .97 7.85 74 200,000 | 10.1 11.3

| : {
; AVERAGES 350, 000 10.7 10.8 B3 130, 000 24.6 24.5

With uniform distribution, this means that bomb hits averaged about 20 yards apart
gffective pattern area. This 1s an overall average for the effective area. In some 100 X 100
yd. squares, the average would be about 10 yards apart. It should further be noted that these
figures are for releases of only one cluster per plane, instead of a full load Oof twentys Sueh- -
st - QANETS cluscer releases were intended to give a basls for estimating the results ror releases e
. 1in train of larger numbers of bombs. o
-_;__  e TS b. The 'ho--(:lust.er Releases.~- A set Of five releases of two clusters per plane was
~ carried out, from approximately the same altitudes as the single-cluster releasas. with a

SRR ﬂﬁ“”w'seuim' how the density of the pattern would be reinrorced by the clouhle loﬁ. The_m'




«Effective pattern taken as only part or a rectangle. Hence*'
dimensions given in the table on page H4d. U Fite L e ]
The total density 1s here increasgd as compared wish tha sif 1
about 45% and the effective density by about 37.5% The results are 3*‘{
that the patterns from releases of the second clusters are carrledft
greater length) andalso overlap with those from releases of the first cluﬁt,;' _
greater density). Bombs average about 17.4 yards apart in the ertective ﬁreﬂuA‘_
c. The Ten and Twenty-Cluster Salvo Releases (Quick-Opening).- Thnrcl-”’"
sluster releases, Ms, from a nine-plane formation, with minimum 1ntervalomener'56 t

pare table on page 54). T yffJ

'P—
TO TAL IR |
CIUS- s TUDE PATTERN (BOMBS PER | IN E - . DENSITY
fERS. | BOMBS | (FT.) (Sh. YD. ) 10, 000 TIVE AREA AREA . DENSITY
50 3060 8 400 532, 000 67. 8 79.5 247,000 98. 4 _' SR o
178 6052 | 6300 529, 000 114 36 320, 000 163 annnun nunait;
{116) ; l165} :

nsities AT parentheses are adjusted to the full load of 180 clusters, Epftﬁki ggjbug{
two clusters not released. s =
Here the pa*roﬁf

about three times that of the ioublﬂ*ﬂlu ter rel#ase. This ren—cluster releaae':
for Bi7 bombers. The twenty-cluster release resulted 1p an effective densiny ab
1) 7 times that of the single-cluster release |
y 5 times that of the double-cluster release
(B} 1.7 tlmes tliat of the ten-cluster release 35
_ In the teri-cluster release, the bomb hilts average a little over teu'"i
effective area. In the twenty-cluster release, they average abqut e |
tanbes cari be used in forming an estimate of the average number ﬁ;hf”

;

)

A

Ry

'carrying HB CIusters. i
| d Dependenee or Area and Donsity on Lnad.- Th&_'



8 n_',.,

WITH A 200 FOOT INTERVAIDMETER smm}

T
pUn e GG | [TOTAL pATTRRN | APPROX. NO. *|aPPROX. toaL|
- |ews-| NO. | ALT. JoNTARGET AREA | BoMBS ON |  DENSITY
| mems | BOMBS | (1) 1 (g, ws.) | TARGET AREA | ON TARGET
171 | B814 | 7400 995,000 5,000 - 50.3
otk _ : _ = 2

sxAccldental fallures to release account for the ract that only 171 clusters were droppeﬂ"in-;gﬂ
. stead of 180, _ .._f 
ﬁ“'f; This represents bombs, on the average, about 10.5 yards apart over the effective area,
“f};jconslsning of a strip about 1800 yards long and 350 yards wide. The central 200 yards of the
'*'strlp. however, was more densely‘hit than the rest. (See plot for "Quick-opening Cluster.
Pattern 11v)., The perlod of straight level flight requlred to approach the release line and
drop the train amounted to from forty to sixty seconds. Thls would be a fairly long, but not
1mpract1cal. bombing run over a well-defended target. : '

M-bu,bu

¥ GEHSITIES EXPERIMENTALLY OBTAIRED (AIiJABRLE CLUSTERS):
The behavior of patterns was found to be different for the almable as compared wlth

the qulck-opening clusters. The aimable clusters produce Shorter, more.compact pafterns,-
since the bombs do not disperse so widely on cluster opening. In the case of the qulckrepen—'f
. ing cluster, this scattering of bombs 1s probably due to the effects of the slipstream of the
plane, The more con"entféted patterns lead topossibilities of very great densities, é__jCIally
when whole squadron loads are released with minimum intervalometer setting. The ill;hf;n_
problem in the final chapter of this report makes use 0f such extreme densitles. Thesa
releases are involved in the table on page &0, :

ALTITULE OF: TOTAL DEN- APPROX.
Shie el pmg;n SITY (Rowps {51 b
CIVSTER CYUSTER ; PER 10,000 ::‘:ic"

'_,ab:wmp: RIRST (84, YD.) SQ. YD.)

18, 000 e e e T G T T R T e
SH N0 s o0t 2ER 00 ~~x-44‘6m;w}5,{
26,400 | 5,000 | 348,000 | ___23 & A
800 | '-'-.s uoof" A ARRURe o
394, Mo_;ﬂ o
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y minimum intervalometer setting)

usters




377, 000 52.8 95 180, 000 104

380, 000 177 90 160, 000 s28 | &.57as)

| *“gTba”ﬁouble release has about 1.75 times th® effective density of the sinsle release and. the

H;-“ﬂiﬁ*fiuster Per plane release about 5.5 times the effective density of the sinale—cluster-”
“;1imrﬁléase. An extrapolation gives an effective density of over €00 bombs per 100 x 100 yard
 ;375q“are for the twelve cluster salvo, which means an average distance apart of a little over
._;iraur yards. It is to be emphasized that this expected density of €00 bombs per 10,000 square

yards if far higher than can be obtalned with quick-opening clusters using similar releases.
This glves maximum density for the formation. The following principle 1s suggested. (see
graph, p. 71) subject to verificatlion or modification on the basis of further tests and
~ apnalyses: when aimable clusters are salvoed, the density, for a given type of cluster, is
approximately proportional to the- number of bombs dropped. The pattern area remains rbug}'_ﬁy

the same. In this statement, "salvoling® 1s taken to meana release with minimum intervalomeﬁﬁg‘

setting, about 10 feet, this belng mechanically simple and making for a more compact pabne?nijﬁf:

‘than a genuine attempt to salvo by manual release.

- $4. DEPENDENCE OF DENSITIES ON ALTITUDES: |
”‘L _" 3. Nature of Dependence. - The above results on almable clusters show a pronounced
~ effect of altitudes on patterns. This appears to be true for releases from about 15,000 feet

_ranu depends not so much on dlspersion as on the 1lncreasing difficulty of rlylng tight-a;f,._
rormanlons as the altlitude Increases above thls level. The graphs on pages 72, 73, show

'.*J;the behavior on the basis of these tests. They should be accepted only withdue eunsideratlnn.;,
,ag;az the limited number of observations on which they are vased.

'“iilPﬂhiﬁ

ﬂ'm 0 TACTICAL CONDITIONS:




TS c; solution. - In order to emphasize the density requirement aspecc or the :
'1'195 lt be supposed, without detailed argument, that penetration, 1nrlammab111tys andu vail-
'-30111t3 considerations reduce the cholce to aimabl Mi7A1 clusters or else M47’bomh3'earr1ed 1nfi»
£QIMations or P—17F planes. In order to assure destructlon, let 1t be requlred that an ex* |

fms or slowly destrhctive fires, (ﬁ17A1 clhsners) this 1nplles 10 concaining rires in e&chff-f
11vislon, six belng subject to enemy control. The bombs In these clusters velng of thie In-fv 5
‘tensive type, and Inflammable materials covering only two-thirds of-the fire-divisions area,?}~-5i?
'fué;about fifteern bombs would have to function withln each division to start the requlred number
‘j Qr fires, Lel It be supposed that experilments wl simulated targets have revealed that 25
“hits per section afford a reasonable allowance for duds, fallures tO penetrate roof, anc
faflures to transmit fires. Thils density :mrrvapouds to 25 pombs per 100 x 100 yard square,
“but a considerably hlgher density 13 needed to glve reasonable assuralice agalnst the'escﬁpe
Of some fire divisions due to thin parts of the pattern landlng on thems The target area aan'
ve covered, with a reaeuxaalo allowanice for aiming error, by two effective patternf:
800 X 1,400 yards. Such patterns are obtalnable from 20,000 feet, with the use ur'
17 clusters in each Of nine B17-F bomoers, An intervalometer setting of 380 feet aQS'T
the correct effective pattern lenuth. The effective pattern area 18 700,000 square yards. 5
If nine-plane formatlons are used, then each formatlons drops 11,880 pombs, a.ndan esnimtad
310,000 (& 1ittle less than 909) will ve ln each effective paliern. This glves &n ef!ecnive
“denslty of about 142 vombs per 100 x 100 yard square, approximately four times thE'TEQﬁfreﬁ“;
denSIty.It glves, on the average, 100 hits per fire-dlvislon area ‘ang thus artords P&&SGB&QI&‘
"asaurance that no fire-divislon wlll escape with fewer than 25 hits. Hence, the ;
s otgaiahteen,8~17F pombers loadedwith twelve M1741 clusters each offers a high p;
5that7€he entire rarget will Ue d¢¢tro)ed. Congider next the use of H47 bu$ "
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_nine~plane formation releases (1 cluster, 2cluster salvo, 10 cluster salvo (q&iffig,,f_
'20 cluster salvo (quick- opening), 6 cluster salvo (aimable) and 20 cluster trj;
opening; ] glves a basis for approximate computation of pattern characterlstlcs for
plane 1loadings, altitudes, and intervalometer settlngs. Further tests are des,, ,
Strengtnen tne statistical basls for these studies and extend them to other tyaes'ﬁiﬁ VIBW S
and clusters. Tne results Of the Present chapter complete the practical basis for 1ncan§&;wjﬁ_
mission planning. It 1s safe to conclude tnat on vilnerable area _targets of 300 x Sﬁﬁf”'“”
or larger, formation patterns de=
fenses and glve a high degree Oof assurance tiat the target-wlll be destroyed. If ;he;t&["f
15 t00 large to be covered by a single pattern, several formations, each with its asslgned
area and siming polint, can distribute patterns so dense as to saturate.a111defenaes”dnd
assure target destruftions Ifa domestic area target ls such that a conrlagratl g “ :
toen (wlith tne ald of good wind conditions) a sufficient number of fires starte
_O0f the area can be expected to sweep tnrougn the entire target, by wvirtue of
~effects of fire,

VIll. [LLUSTRATIVE MISSION AND DISCUSSION OF PRINCIPLES

?§igfluTnouuc1|ou-

?fthe factors afrecting tnelr use. The rlnal tactical recommendatlonéfbit
fb;oyment should be based on the considerations discussed in the Drﬁi;;ﬂ
‘ﬁ@cidaéb&naz a-particular target s ~corpustible and tnah.mana.de ' '




‘square yards for 9, 620 square feet). The considerable number of small divisions ind]
the use of clustered small bombs rather than larger bombs. Fire guards are well-organiz{_ﬁf*
but sinice tne target area can be covered by a single, well-placed formation pattern. 1t 13
. ﬁeclded Nnot to sacriflice any of the plane capacity to nign explosives, but rather to depgnﬁ“
fﬂﬁ a neavy concetitration of IR's, some belng of the anti-personnel tyDEnIKJOVErWnelm the

“Wlth the same sOrt Of contents have shown that about one intensive-type small bomb out of

the degree of wulnerability (Chapter II). Fire-fighters are assumed able tO control a maximum

ggﬁenses. The MEOxAZ contain surriclenf charge to be lethal 1n a confined space. The pene~jﬁﬁif€ﬁ
ﬁtrﬁtion requirement 1s strong, ruling out M89's. Results of tests on analogous structures' ,

“511 furictloning witiin tae target can be expected to start a continuing fire. Thails measures':j"'

or five such fires per fire-division (Chapter II). The bomb best satisfying the requlrements;-"

I0r tals particular target 1s the MFO bomb, This 1s determined with the ald of the above
target anal ysis compared with the analysls in Cnapter III of bomb properties., Anti-Alrcraft

defenses force tae attackers to work at altitudes of 25,000 feet, so that almable clusters,
Delng subject to less wind pffect, and belng adabted to the tactlical formations flown by Bhe _-
alrcraft, are preferred to the qulck-opening types (Chapter III). The declsion hav1 fﬂ
made tO use almable clusters of MFO's from 25,000 feet, the next questionis that of quf‘
requirement. Thirty penetrating borbs per division should, according to the above, start rive3
‘dangerous fires, enough fully to occupy the flre defenses. An added elghteen per dlvislon(

should start tnree more sucn fires, enough to Insure destruction even if the rire-squad.\by;ff

R

_ unusual efforts, extinguisnes one or two fires above thelr expected maximum. This gives a
~desired total of 48 penetrating, functioning bombs per divislon. Occasional ncn-penetratingi;‘“'

.-and maltunctlonlng bombs nave been found, by tests, tO average 11% of tne loads Henc&!
f54 hits per fire-division are required. That means a density of £4 nhits in every ifawa

,1 sqnare yards or 502 hlts in every 100 x 100 yard square (10,000 square y&rd aﬁea}' 0
‘thﬁfﬁasls of the work of Cnapter VI, It 1s estimated that effective pattgrns ahou‘e;;

Wt o
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qltttle chance of general conflagrations. The tactical decision to attack the averase ;1ifj e
~in the Eurcpean Theatre with incendlary ﬂbmbs should be based on the thought of rire Gamng&mﬁmgfg
that}can be created within the area actually hit by bombs. The hope of causing tires tﬂ en- ok

D] ajﬂd with this in mind. However, 1t 1s not implled that attempts at large-scale area,"
amage by fire should be abandoned. If a large-scale effort 1s planned, then the area in
ﬂhigh incendlary bombs are to be dropped becomes the target area, and all factors of planning
ﬂsed to carry out a successful smaller target mission must be utilized. Pandom incendiary
Bl bGMDing of 1ight density will seldom, 1f ever, produce results in German area targets; first,
lﬁ;,; - because adeguate fire control measures are avallable to counteract the bombs, Or thelr re-mf'
L sultant fires, due to thelir lackK of coricentration and second, because of fire-divisions which-
preclude the hope that over-looked or unattended fires may develop Into large area confl f a Al
tions. In the Far Eastern Theatre (Japan), the target generally presented offers all the};;'_f
capabilities of conflagration. Target conslderations for Japan should include the cbjective _ =
of destroying large fire-divisions with the ald of spreading rires. The bomb pattern need,npt]
cover an entire fire-division, (area bounded by wide streets or waterways) but may be so
placed as to start major fires located with consideration of the probable effects of surface =
. winds on thelr continued development and spread. Throughout all theatres of operations and =
- combat zones will appear targets different from the types most frequently considered in cnts“jiﬁ
. report. Such targets may be native villages, isclated docks and warehouses, maceriel andjj;
bulldlnss.adjolning runways at advanced air bases, etc¢. Each of these types ct targeta ummtﬁf”
necessﬁrily be considered with respect to the following questions: g o
(1} IQ 1t cambustible? (2) Is 1t easy or difficult to penetrate? (q) w111 the effﬁchi?&}p&f




." memtore. from a tactlcal standpoint, 1t appears that

(R Quick-opening clusters should be used on releases from deck-level to medium altimﬂe
(8000 ft.)

.~ (2) Aimable clusters should be used %*rom medtum to high altitudes with fuzes set t.o

<.“rﬁhurst the clusters at about 5,000 ft.

_ t‘]i;t'step is the selection of the Incendlary bomdb most 11ke1y to produce the best re-
. sults. The tactical recommendations for the bomb to be used should be weighed carefully con-
f?f;{siéering-che following factors:
e (1) Type of target.
(2) Penetrablllity.
(3) Filre-division areas.
(4) Capability of fire dew€lopment.

By careful consideration of each bomb's capabllity, 1t 1s noted that restrictlions must

. Dplaced on its usage. As an example, the M50 4-1b. magneslum bomb will penetrate £oo readily =

& It 1s very likely to plerce the structure and come Lo rest under"'3
. the house where 1its fire-ralsing capabilities are at a minimum.

- foratyplcal Japanese house,

On the other hand, the Magg,

ﬂ_f7“1th only one-half the striking velocity of the M50, will come to rest scmewhere inside the
~ structure and where 1ts maximum fire ralsing effect can bDe produced.

- 1s of such type that developing fires of major proportions must be created in the minimum
~ time 80 as to be beyond the control of amateur fire defenses, the Ma7A2 bomb should be .

 selected.

;?;properlyxma:ched to the target, the maximum can be expected In flire damage. The table tnfgf'
__Chapter IV sets forth the recommended bombs for most types of targets., When con&@derlns {0
“t&:gst nﬂt covered by those recommendations, the closest approximation to the targé% at: h&nﬁ

,can be used, After operatlional use of all the incendlary bombs by Epmb§ 

damage assessment records of the organlzatians will substantiase ana Int;

If an industrial target

For each bomd there is a definite requirement and capability and when ghegéiaf9 f{"



e exampl e,

,"shouldbe selected foran lncendiary missmn.cm the tms sof tar
| Eﬁsmp exlsts between altitude and formar.lons, slnce. as t.he 1
| ,1t.les of maintaining a tight formation increase. Formations at 6_1
f are usually looser than at 10,000 feet. Therefore, breaks m pattem my

':rage can be arranged by flight plots of the tactlcal romatlon to ve rlawn. an ﬂ;tdth
the sl itude _aml

':-;.'fﬁr!r'ation for optimum results can be detemlned. as indicated m the Dre..edlng ulnst.rative ;

f. Records. - In vlew of the fact that lncendlary vombing to date by our .ur r‘arcas.
"has been coufined chlefly to use of the 100-1b., M4742, complete and thorough lncendm
_damage assessment records for all typesof bombs are not vallable. It 1s urgently recmﬂndedf
that tests Of the sort described 1n Chapters VI and V1I be conducted, using tactlcal M&t'ﬁ
formations, for all types of fncendlary btombs and clusters. It 1s further recmended that
accurate damage assessment records bte kept in all theatres for the various mcendlm M—
lng, operations. Coples of such records should be forwarded to the AAF Board for e\raf' tio
in order that a comprehenslve doctrine of employment may Le developed based on aet_'ﬂ

tlons.




GI Hcme Security.

s%apga% vulnerablllty notes. Division R.E.8 of the Minlstry of Home Securiby at Prlncets
- Risborough, England. e Riacs
"Bﬂ’umfec‘tmates of the apparent ratio ot effectiveness of IB to HE in causlrig 'V'Isl.'blé":-:}_"-;-:‘:~

Caa L & 1 o,

3

he theory and tactics of incendlary bombing, R. H. Ewell (TDMR713), -

~ B. Incendlary attack of German Citles. Direc®orate of Bombing Operatlons, Directorate of Mr

-'“7_;-:\.::..___"':f-‘l'actics, Alr Ministry, London, England.

8. Japan - Incendlary Attack Data - October 1343, AC/AS, Intelligence. _ -
7. ®"Tokyo Fire® (1923) - Boris G, Laiming. : B .
- 8. 1B Flle of the AAF Board (No. 471.8). 2 Yoo el R

. 9 Notes and letters in IE File of Lt. Col. T. E., Enter, AAF Board. e
 10. Memorandum on IB's, Operational Research Section of the sth Bomber Command (7 July 19;3}. |

~ 11. Some notes on RAF experlence with incendlary bombing (ORS VIII BC). '
- 12. Memorandum on the use of mixed loads of HE and IB in B-17 and b-g24 a!rcraﬂ, ORS {VIII

. BC) 15 November 1943, e

- 13, xBritish comments on Dugway tests.

.+ 14. aBritish information on the efficlency of magnesium bombs.
.~ 15. sEfficlency of incendlary bombs. Ly

 xltems 13, 14, and 15 were obtained from Mr. W, T. Knox of Standard 01l Development Corpom—

,1’it1cn, Ellzabeth, New Jersey. They consist of four items (two included in No. 13), des:gngpeaf@-
by the Reference Numbers PDN 1708, SE 38437, PDN 1707, and PDN 1650 St

’_;l._=__'18' Maa Bomb requlremencs for attack on Japanese Targets, Major J. R. Adams and Ha C. Bot.t.el,-_fj‘




tlwn from medimn to hlgh altitudes In which qul‘bk-onenlng clust.ers can be us
' -nlon is the squadron front (V off V's stacked dfmn), in whlch tnere are no,

It.aly with marked success with quick-opening clusters. 'rhe a_lmabilihy of qulck—open;-
from 8000 feet or less 1s quite datisfactory. However, 1t must be noted that the effective
. area of the quick-opening cluster in formation patterns contains about 85% to 75% Of ther"
bombs, while the effective area of!the aimable cluster contains from 8¢ to gogior tha,xnmal
.~ bombs. Therefore, from a tactical standpoint, 1t appears that ,qg_
e (1) Quick-opening clusters shpuldtn:usedcnlreleases from deck-level to medium;altltude';;ﬁ
(8000 ft.) o ; S =
(2) Almable clusters shoeld be used from medium to high altitudes with ruzes set t.n-. i
burst the clusters at about 5,000 ft. e e
C« Bomb Selection.- Once the decision to use incendlaries has been made, the next most
impnrtant step 1s the selection of the‘incendiary bomb most likely to produce Lthe best rg-~tw
sults. The tactlical recommendatlions for the bomb to be used should be weighed carefully con-
sidering the follawing factors: ' ;
(1) Type of target.
(2) Penetrablility.
(3) Fire-division areas.
(4) Capabi‘ity,aﬁ-rlre development. e
By careful consideration of each bomb!s capablllty, it 1s noted that restrlctfa,

i for a typical Japanese house. It is very 11hely to pler,e Lhe structure and come co rest;j_;w?.:_J
the house where its fire-ralsing ‘apablllrles are at a minimum. On the other hand. the ; ;52*33

~time 80 as to be beyond the control of amateur fire denenses,




sed 1n bhe Drecedlng chaDBers. Thererore. wnen det
"'10n should be selected foran 1ncendlary mig s'ion en t.he

:.ﬁirriculries or maintainlnb a tlght rormatlon "urease.

feet are usually looser than at 10,000 feet Therdfore, | i,
Increase in pattern size usually occurs wlth a corxespq ding decrease tn bﬂmb_
placlng incendiaries on any target area, the tacthca

alrplanes must be consldered as the pattern unit. The xpected pattern frﬂn»tnif

i[coverage can be arranged by flight plots of the tdntlc.‘ rormation to be rlown. ana,‘ &
- krniowledge of bombs required per gdven area to saaurate \le fire defense, the altituﬂe anﬁ
Intervalometer settings can be declded. Thus, the‘tactlcal recommendation as to altitnde,&aﬂ
formation for optimum results can. be determined.?as indicated In the preceding lllustrative
example., Jf

I. Records. - In view of the fact that lncendlary tom! ng to date by our.Alr Forces,
has been confined chlefly to use of the 100-19., M47A2, COMD lete and thorough lncendigj‘, i
damage assessment records for all tipesof bombs ‘are not available. It is urgently recomntndedyﬁff'
that tests Of the sort descrived In Chapters VI and Vil be conducted, using tactical cunbat e
formations, for all types of incendiary bombs and c¢lusters. 1t is further recammendad'that“
accurate damage assesspert records e Kept Iin all theatres for the various lncegglary
Ane operations. Coples of such records should be forwarded tO the AAF Board for §
iri order that a comprehensive doectrine of employment may be developed based on a
tions. e




.=-111ty and Denetratlon. thggagggq
| formation to ve flown; an ;;],,g
.3knowledge of bombs required per gifn area to saghrate Are fire defense, the Bltltﬂd&_ﬁnd
Antervalometer settinss can be decided. Thus, the jtactical reeommendatlﬁn as to altlitude and

formation for optimum results can be determlneu.,as inaicated ln the precedlng Illnstrati§%__

f. Records. - In view Of the fact that 1ncendlary bomh}ng to dage by gur_glr Forces.;*'
has been confined chiefly to use of the 100-18., M47A2, comalete and tharougn 1ﬁeendiaryﬁ
damage assessment records for all typesof tombs are not availanle. It 1s urgently PECOEmBnd¢ﬂ3
that tests of the sort described in chapters VI and VII be conducted, using tactlcal canbat;

formations, for all types of incend lary vombs and clusters. It is further recnmmandeé ;h&&
accurate damage T

ins operations.
1n_0rder that a
tiorns.




2 noverago and denslt}. With a kncwl-
blllny and penetratlon. the area of

vlel Hﬁat bombs requlred per glven area tq.sanurate k@e fire derense, the alultude anﬂ~~=
1 rffalqmeter settines can be decided. Thus, the tactlcalirecommendation as to altltude and
Brmatiﬂﬂ for optimum results can te determined.‘as lndlcaﬁgd in the preceding illustrative
example.

- f. Records. - In view of the fact that incendlary bombing to date by our Air Forces,
_fhas been confined chlefly to use of the 100-1b., M47A2, complete and thorough 1ncendlary
;fdamagg assessmerit records for all typesof bombs are not avallable. It 1s urgelntly recommended
ﬂéhat tests of the sort descrived In Chapters VI and VII be conducted, using tactical combat
*tgrmaticns, for all types of Ilncendlary vtombs and clusters. It ls further recommended that

[courate damage assessment records be kept in all theatres for the varlous incendlary bomb- .

,Inb operatlons. Copies of such rew6?5a should be forwarded to tlie AAF Board for evaluation.[?»‘:

4 comprehensive doctrine of employment may be developed based on actual opera—
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