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Preface

The present volume is the sixth of-a series of monthly reports on the
damage capabllities of military weapong. - In it the uweapon Effects Group,
Princeton University Station, Division 2, reports on its investigation of
the vulnerabilivy of targets to attack by airborne weapons and on studies--
prepared for its loose-leaf volume "ifeapon Data =—- Fire, Impact, Explosion,"

These monthly reports are compilations of informal reports submitted in
aavance of formal reports. In no case is it to be presumed that. the work is
complete or that the results reported are other than tentative, Loose=leaf
copies of the individual papers are available for distributioch to those
authorized to receive material on only specific parts of the work described.

The work described in this‘report is pértinent'to the project designated
by the War and Navy Department Liaison Officers as AN~29. The work was per-—
formed under Divigion 2 Contract OEMsr-260 with Princeton . University,
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Department .of Scientific’ and Industrial Research (1 copy)
inistry -of Aircraft Production (2 copies) :
Ministry of Home Security (1 copy) =~ '

linistry of Supply (6 copies) 8 S e
War Office (3 copies) | |
Additional distribution (5 copies) - . . .:

Nos. 26 40 32 'to Office -of the jxecutiveSecretary;'OSRDf'
Noe 33 to Cole W. S, Bowen, Office of fhe‘Chairman, NDRC;
Hoe 30 to B, T horéiand; Office of the Chairman, NDRC;
No. 35 1o Js Po Baxter, III, Historian, OSRD: | ) |
Nose 36 and 37 to E. B, Wilson, Jr., Chief, Division 2;

No. 306 to W, Bleakney, Deputy Chief, Division 2; -

No. 39 to H, L, Bowman, Menber, Division 2;

No,. h01to:W; E; ﬁéﬁébn,iMe@ber,'Division 23

No. 41 to D. P, HacDougall, Member, Division 2;
Noe 42 %0 8. ﬂ.zvincent;_Mémber,ﬁDivision'2;

Nos 43 to J. von Neumann, Meémber, Division 2;
No. Ll to M, Ii, Newmark, Consultant, Division 2;

No, 45 to V, ftojansky, Union College, Schenectady, NoY.;
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No, 46 to A, H, Taub, Consultant, Division 2;

Nos. 47 and_L8_to Division 2 Library, Princeton University;
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Nos 51 to H, C. Hottel, Chief, Section 11.3:

No, 52 to N, F, Myers, Member, Section 11433

Nos 53 to N, J. Thompson, Member, Section 11,3;

Nos, Sl and 55 to R. H, Ewell, Technical Aide, Section 11.3:

Nos. 56 to 60 to C. S. Keevil, Technical Aide, Section 11.3;

Vo 61 to Te C. Fry, dcting Chief, Applied liathematics Panel, NDRC;
' No. 62 .to liina Rees, Technical Aide, Applied liathematics Panel;

No. 63 to B5; S;"Wilks, Technical Aide, Appliéd'Mathematicé Panel;
No. 64 to K, T, Compton, Research Board for National Security;

No., 65 to Aberdeen Proving Ground (Ballistic ResearCh Laborauory)

Nose 66-to Th to Army Air Forces R i SRR SR
66,67 to Air Chemical Officer (Brig, Gen, E. Montgomery)
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69 "to Director, Scientific Advisory Group (Th. von Karman)
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73 to Col, V, C, Huff'smith
T4 to Commanding General, Continental Air Force, Bolling Field
(Operations Analy51s Division) '
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"ATTACK ON OPEN GUN IIPLACEMENTS

by R. He Dietz

Abstract

Open gun emplacements may be attacked by bombs delay-fuzed for
earthshock and cratering effect or by bombs fuzed instantaneously for
fragmentation effect, Values of the mean area of effectiveness of
bombs used against various guns are given in Table I. In order to
determine the most efficient bomb for attack on a gun emplacement of
known size, comparison of values given in the table should be made.
Since <danage to auxiliary equipment such as ammunition storage, command
posts, range finders, communications, and so forth, by cratering bombs
can cause a reduction in firepower not directly attributable to gun
unserviceability, the mean area of effactiveness for fragmentation

~bombs must in general be 12 to 2 times as great as that for cratering
bombs for equal reduction in firepower by the same bombing density, .

1« Introduction

This pépéfsdeals with the vulnerability of guns to the effects of vari-
ous sizes and kinds of bombs, It attempts to show the relative mean areas N
- of effectiveness of the bombs for fragmentation and earthshock against guns,
thereby aiding in the selection of the best bomb to be employed, and it
recommends the method by which the greatest degree of damage may be attained,
It must be understood that no attempt is made to evaluate the bomb or bombs

for various plane loadings and methods of dropping.

2e Gun positions and batteries

"(é) 'EmblaCements. == Only guns in the open and in revetted emplacem=nts
are considered here. The revetments may vary from 15 ft to 60 ft in diam-
eter with an average inside height of -“ fte The construction of emplace-
ments has been used to separate them into two types: those with reinforced
concrete incorporéted In the base platc and the parapet walls, and those

employinz stonc and mortar, earfh, earth and logs, or sandbags.

-1 - CONPLDENRNTI AL
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"(9) Supporting equipment. =~ The term "supporting equipment!" is in-
terpreted to cover those ancillary pieces nccessary for satisfactory func-
tioning of a gun or I;attery of guns,

The predictor, range finder, and tracking instruments, whether mechani-
cal or electrical, are thought of as targots vulnerable to all forms of bomb
damage; that is, earthshock, débrls *and Iraﬂmentatlon. Occasionally the
control post falls in this category; Othbr cquipmant, such as ammunition
storage and shelters, should not be- con51dored as fragmentation targets, but

subject to damage only by earthshock or craberlng.

(c) huns. -— For the purpose of this study'guns have'becn divided into

three classes: light (20-mm to 37-mm) mcdlhm (75-mm to 120-mm); and heavy

(150—mm.hnd larger),

Gertaln narts of guns are more vulneréble to damage than others cither
by earthghock o* fragmentatlon. The particular parts damaged will in most
1nstances be thu factor determining how long the gun will be out of opcra=—
tion, Ltbcmpus hav; been made~/‘to eva 1uatb thu ulnerable arca of guns to
fragn;ntatlon oy relating this area to an cquivalent area of either 1/8
1/L, or 1/2 in, of mild stecl, the presentation area depending on the vari-
ous aspects of the gun, This equivalent areca of steel should only'be used
for unshiclded guhs, unless due consideration is given to those vulnerable
parts shielded and the equivalent area for these is subtracted from the Prob-—
able aﬁoraﬂe arca for the unshielded ZUN ¢ ' ,

For the purpose of this papor guns having as much as tbre'—fdﬁrths of
* the vulneraol components shiclded by armor from 5 to 12 1n. in thickness are
considered as not vulncrable to fragmentation uombs uKCbpt in the case of a
dircct hit, Lightly shic¢lded guns, employing armor =+ in, and luSS, are con-—
sidered completely exposed to fragmentation.s No attempt has becn made to
isolate individual guns for vulnerability, since the data do not warrant
such analysis; thercfore, the cquivalont steel area is thought of collcc-
tively and is applied to all guns of a class such as all medium guns,

M

l/ "Vulnerahility of guns to attack by *ombs and sh 11," Army Opor&—.
tion Rescarch Group Report No. 288 (British), i - v

M
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3e Causes of damage
e ————

- e -
o oy s 'li-ll-.-._".r..,- ® - - -

(a) Craterlng and debris. == Vhen a craterlng”bomb_damages a gun it
may do so by direct damage to the gun and position (effects of ‘the exp1031on)
or. by indirect damage (effects of. flying débrls) o 9

(1) Direct damage, or that -damage resultlng an the fracturlnw ._:

- of the baseplate or the tossing . of the. gun about in the |
emplacement., will, in. practically all cases, render .the 3}
gun unser'vmeableg/ - T
(ii). Damage from flylng debris will varyrfrom.unserV1cedb111ty :
to that requiring minor repalrsézr This is generally at-.
tained by debris damaging. some.portion of ‘the mechanism
required. for .operation or bynenveloping The .gun. in, debrls
to guch an extent as to requlpe,qlean;ng5be£ore,f1r;ng-
. can:beiresumed, e R S " DO e e e -

- (b) ‘Fragmentation. —— Damage to guns, by fragmentation is the dlrect
result of a fragment or number of fragments damaging a component part of the
gun which will make it inoperative. Although all parts of the gun are
vulnerable to some given size of fragment at a ,1:i,rnitin'g“_d_;;i;_s,:§;a‘npe-,~_uth_e;,p_"a‘_.rt-s'

most frequently found damaged are the following:.

recuperator, - - -1 = .81ghts,
ouELeY, i o e \leyeling_devipes,
-1 -traversing gear,. - tube, :
*breech, - .- .. _ -t w ., Bradle, |
.»elevating.gear, | - .tralls,. .

Probably the most. vulnerable part of any gun is the recuperato? coil-aséaﬁbly
which also may house the buffer, The types: of damage may vary from.un— .
serV1ceab111ty to miner damage depending upon. the availability of spare

parts and repair facilities,

"
-
-
[
-
- -

2/ "Unserviceable damage" is defined as iequiring shop repair or put—
ting the zun out of action for more than 2l hours,

37 "Tenporarlly'unserV1ceab1e Oor minor-damage" is defined as putting
the gun out of action for less than 2h hours,
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L, Reduction in firepower

In the analysis of Operation Corkscrewl-“/ it is assumed that for anti-
aircraft batteries the reduction in firepewer and operational effieiency due
to destruction of the supporting equipment will be approximately 50 to 80%,
Similarly, these same conditions are assumed to prevail for coast defense
guns except that the efficiency reduction may be only 30 to 50%, Data from
the afore-mentioned report indicates that for delay-fuzed GP bombs, the guns
attacked may be damaged to an extent of 30% of normal operation, that the
supporting equmment may be damaged to an extent of hS% and that the reduc-
tion in firepowver mlght be 60%, Although approximately 5L% of the guns
attacked on Pantellerla were damaged cither permanently or for a short time
this does not represent a real mterpretatlon of thé reduction in firepower;
actually only about 12% of the guns were permanently destroyed.

Redactlon in f1repower may mean 'che abl.u.lty to coordinate fire g AN=

accuracms in aiming, reductlon in the number of rounds that may be fired,

-

or complete destruction Iof‘ t_he p051t10n.

5. Damage to suppor ting eguipme'nt

Demage to supporting "eeuipment must be considéred as a contributing
factor, since i’c;e.iﬁfluenee on the density of bombs required proved appreci-
able, For example, let us assume that the I’AL for a given bomb is the same
for both fragmentation and carthshock and also assume as‘ a baeis of calcula-
tion that a L5% reduction in firepower is required f or"ﬁeutraliza‘oion of a
given battery. This reduction in firepower by fragment'etion damage requires
that L5% of the guns be made unserviceable. However, in an attack with
cratering bombs if only 30% of the guns are destrejed a total reduction in
firepower of L5 will result , the balance being attributed to loss of fire-
power duec to damage of control equipment., Thus to attain equal reduction in
firepower for the respective bombs the leveis of gun damage for cretering
and fragmentation bonmbs are 30 and L5%. The fraction F of the target
damaged for bonbs heving an MAE, M, and covering the target with a density D

O R e_MD. Thus for comparing fragmentation bombs (subscript £) and

i/ "Opcration *Corkscrew' =— Analysis of relation between bomber effort
and cffects achieved," by S. Zuckerman, July 20, 1943. PF-190L/53 (Seccrct).
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cratering boibs (subscript E)
~M.D
- £t
E£.= 1 s
=i D’
Fc 1= ©C
or
D, M, 1og(1 -Ff)

, a2 o
DC Mf 108 1 Fc

For Fe = O.L5, F = 0,30, My = N as assumed above, we find Df/Dc = 1,60,
This means that to attain the same reduction in firepower from fragmentation
as from earthshock or cratering, 68% more bombs areﬂrequiréd.' Similar calcu~
lations may be made for various values of I.If and __MG. ' |

If the density were held constant and equal, the MAE for fragmentation
would have to be increased by 68% to atﬂaiﬁ‘the:sameredﬁction in firepdﬁer
aé from earthshock or cratering. This wouldlihdicéﬁe'ﬁhat fhe‘&dditibnal:

damage accrucd from the effect of cratering bombs is appreciable.

6, llean area of effectiveness (cratering and debris)

~ When coﬂsidering the'MAE.due t0 dtatering~andidébris-causedfby delay-
fuzed:bombs (0,025 and 0.01 sec delay), the'effect'ffomwfragmentation must
be negiected.' The damage must be attributedéither t0 éfate;ing, which may
cause structurél damage, or to debris, Which.may'causemechanical damage .
The LiAl's obtained for délay—fuzedfbombs are for what might be called

average soil, giving lower values than those found by Zuckerman én ‘Pantelleria.

The differcnce may be attributed to the rockylnature of the soil tiere since
the resultant rocky debris will produce more effective damage.
(a) liediun guns, —— The data used in arriving at the MAE's were for

500-1b and 1000-1b GF bombs fuzed 0,025 éec'againsﬂimedium'guns ranging from
75—mm.Aﬂ.to 155—mm.AA/CD gﬁns found in Southern and Northern Francég/

T MU Bt e i S S SN

5/ “Observations of results of -aerial bombardment and other items-of
military interest in Southern France," Army -Air Forces Evaluation Board
Report, liediterranean Theatre of Operations, 18 November 19L4. "Close—1n
air cooperation with the ground forces at Le Havre, France," AAF Zvaluation
Board in the ETO, 5 April 1945. '"Bomb damage survey of pre-invasion targets
in Southern France," Ordnance Section, Twelfth Air Force, 30 September 194k,
"Report to 21st lrmy Group on the bombing of targets in the British sector,
Normandy," RZN 415, Ministry of Home Security. .
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These data indicate that for guns to be made unserviceable the MAE for
an average boub of 750 1b, determined by graphical integration of rP(r)
against E_(seeifigs. 2 and 3) where r 1s the distanse of the bomb hit from
the center of the gun and P(r) is the probability of damage, is 950 ft% _The
MAE for temporary unserviceability was found to be approximately 6000 ft%

If these empirical values are the result of cratering and its resultant
effects the radius of damage should be proportional to wt/3 and the area
proportional to we/3 where w is the weight of explosive charge in the bomb., -
For average soil conditions and for the assumed average bomb of 750 1b and
charge/:elght ratio of 50% (as in the average GP bomb), the crater area would
'be apprellmately'1000 ft2 ThlS is a close approxlmatlon of the emplrlcal
value of 950 ft2 for complete unserviceabilitvy, For temporary unservice-
ablllty'for an average bomb we have found the MAE to be 6000 ft%, so the

radius for damage.is V@OOO71000 = 2.} tlmﬁs the crater radius. The MAR for
temnorary'unservlceablllty for the QOO—lb and 1000-Ib GP'bombs is approxi-

mately 6 Tlmes the area of crater for these bombs. Assumlng that this rela?
tion may'be analled to the smaller GP'boﬁbs the MAE values for the respec-' »
tive borbs are as civen in Table I. R4 | .' ' '
(b) Light guns (20—mm.to 37-mm), == It is assumed that light guns can 4
be renaer“d unserv1ceable at approx1mately'“ crater radll and temporarlly
unserv1ceablc at L crater rad11. ThlS is, 1nd10ated by'1n01dents where such
guns have _been. rendered unserv1ceable at dlstances of 25 to 30 ft'by the
SOO-lb GPJ/ This also agrecs w1th the results of trlals carrled out with
500-1b i C. bombs (Brltlsh) burled in clay and chalk at a depth correspond-

-1ng to O OZp—sec delaJ Puzlng—/ The MAL values determined in this way arc

given in Table L

7. Mean arca of effectiveness (fragmentation)

MAE's for fragment damage are defined exactly as other MAE's by means

of an integrated probability, in this case the probability of damage of the

6/ "Boub damage survey'of pre=invasion targets in Southern France,"
Ordnance Scction, Twelfth Air Force, 30 Scptember 194k,

Z/ ”Dlstributlon of crater debris in clay and chalk'" R.C. h09
Ministry of Home Security. - (Brltlsh) -
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T
Percentage of guns damaged
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Fig. I Guns damaged by bomb hits at various distances
Solid line = Unserviceabllity .
Chain line = Temporary unserviceability
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rP(r)
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Fig. 3(above). rP(r) versus r for temporary unserviceability of
guns, Southern and Northern France. Area under curve = 9575 ft2
MAE =957% x 2n = 6020 ft3

Fige 2(left)e rP(r) versus r for unserviceability of guns,
Southern and Northern France. Area under curve = 150 ft2
MAE =150 x 2w = 9,3 ft2

Princeton University Station
Division 2 NDRC
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Table I. Mean area of gffectiﬁgggsa per bomb for varjious bombs againgt unshielded gunsg. _
Lot P | |
2 | Light Guns* Medium and Heavy Guns*
6 e 4 | T pe— : e
Type | Crater - - MAE for MAE for Temporary MAE for MAE for Temporary
of ' Radius | Fuzing Unsewiceqbility“ Unserviceatility**| Unserviceability™* Unserviceabllity**
(£2) | (see) | o (%) (£1°) (£42) (£t2)
- : . e '*——h'-—“_f-—_——‘——————.—————_———__—.—__*.
Earthshock | 100-1b GP AN=M30 | 9425 |1/100 1000 4300 270 1600
(guns revetted* 250=1b GP AN=M57 12,0 | or 1800 72C0 450 - 270C ‘
or in open) . 500-1b GP AN-M64 |15.5 {1/40 3000 12000 750 - 4500 :
. "7 | 1000=1b. GP AN-M65 | 19. K 4900 19600 12C0 '+ 1300 o
R G i e T _ 'E i A L e el
Fragmentation 20-1b F AN-MA1 | ‘Inst, - Data do not warrant pre= 300 - 600
(runs in open) 20-1b Pare.Frag. |- o diction for these guns 300 600
- ' 90-1b F AN-M82 . '
100=1b GP AN-M 70 |
260-1b F AN-M81 | 3
200=1b GP AN-M6&4 [ - -
-‘-—-——-—-:=ﬂ=::==:::;=::::::::::::::::ﬁ&;::::::::::::::‘*--*“-
Type Diameter of. hmplacement (ft)
; Of _ : - ] :
Damage ‘Bomo {Fazing | MAE for Unservi entility** (£12)
Fragmentation | 20-1b F Aﬁ;MAI Winst. AR 0.5 o - ’ - -~ 300 - -
(guns in re Jet- -,' 20=1b Para. Frag. 1Inste 300 o -- - - 300 —_ e
ments) .7~ 90=1b F AN-N8? Inst., 600 | 1100 | 18C0 | 26C0 | 26CC 600 950 | 1500
100=1b:GP ANV 30 Inst. 600 | 1100 | 1800 | 2600 | 36C0 600 1100 1800 2283 * 3200
- 2060=1b F AN-¥81 Inst. 600 | 1100 | 18CO | 260C | =600 600 1100 1800 | 2 .-3200
500-1b GP nh-!é& Inst. 600 | 1100 | 1800 | 2600 [ 3600 €CO 1100 180Q | 2600 |. - 3200
500=1b GP AN-M6/ L 10400 10400 110400 | 10400 | 10400 |10400 | 10400 | 10400 10400 _10400
- 5C0-1b GP AN-M6A 3fVT' ok K * FH 3% *x % e % 39 "R et 1 2 2
e _m::*:-:_-—:.;: e

unserviceable but repairable in less than 2/ hr.

*** MAE for temporary unserviceability for all revetted puns is 20800 ft2.

| . |
% Guns are claasified as light (20 mm. to 37 - mm), medium (75-mm to 120C- mm), and heavy (15C - mm and larger)., - ?

** Unserviceability means damage requiring shop repair or more than 24 hr field repair. Temporary unserviceability means

T TIHRAEdAIZEOD
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specifiec degree by fragments, The MAE's estimated in this report for frag—-

ment damage to guns cannot be regarded as very'relidblei the Qata for the

experinental determination of such MAE's ere scahty, and the assmnp;c.ions g O

ing into the theoretically determined MAGts are questionabie; This section

indicates the methods used in arriving at the estimates in Table I pertain-

ing to fragmentatione ¥

(a) Guns in the open., == For light guns the amount of relevant data

available was insufficient even for very rough estimates of HAE's. %
For medium and heavy guns the "unserviceability" MAE of 10 4100 £1% Lar

the 500-1b bLomb is that experimentally determined in bombing trials at

Ashley Jalk against 18=-pounder guns~/ The "unserviceability" MAE's for the

other bombs, excluding the 20=-1b bombs, were cbtained by multiplying by a

constant the liALls 2/ civen in T.D.B.5. Report No, 49 for the bombs against

elementary targets consisting of 2 ft* of %—in. mild steel., The constant

was determined by equating the result thus obtained for the 500~-1b tomb to

the Ashlesr i.all: figure. The "unserviceability" MAE for the 20-1b bombs is
estimated from a small amount of data in a Fifth AAF reportég/ All these
MAE's were doubled to give those for "temporary unserviceability"; the basis
for this is the ratio of the corresponding Ashley Walk estimates for the
500-1b boud, namely 25,200/10,L00, It should be remarked that the guns in
the Ashley iall: trials were obsolete affairs with wooden wheels and pre-
sumably more susceptible to temporary damage than more modern guns. It
should also be made clear that by "temporary unscerviceability! we mean
"temporary unserviceability or worses

(b) Guns in emplacements. —— For the 20-1b bombs against light, mcaium,

or heavy guns in cmplacements 20 ft in diaueter, the source of tha estimate
is th> samc as in the last Sdbseotlon-/ IF'or the 20-1b bombs and larger
emplaccionts, the data were considered insuiiicient.

For other borbs, excluding the 500-1b GP with VT fuze, the NAE listed

for lisht guns is simply the area of a circle whose radius cxcecds that of

é/ tAttacle of guns," Ord. Board Proc. Q 2642, by B. L. Weclch.
British).

9/ Callzd "damage cxpectancies Z" in loc. cit.

—

19/ "gifoct of bombs on Jap heavy ack—ack,” Ordnancz Technical Report,
Fifth.lir Force, 12 July 194l.

O N EF L I ENTIAL
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the emplacemcent by 4 ft. This is equivalent to the assumption that a bomb
landing inside the emplacement is certain vo .render a light gun unservice-
able, together with an allowance of a L-ft margin for edge effects. The 1AL
cstimated for these bombs against medium and heavy guns was calculated from
the formula |

—

R = '
MAE = 2 / [1 - ¢ Sp(r) | r dr,
i JO '

ol ll/ . : ¥
where p(r), obtained from TM9-19075~ is the average density (fragments/ft?2)
of fragments capable of perforating %'in. of mild stecl at distance r from
the borb; S[= L ft?®] is the presentation arca assumed for an equivalent
elementary target; and R is the emplacement radius increased by 4 ft for
edge cffecu,

The MAE!'s for the VT fuged 500-1b borb against all types of guns in all
sizes of cmplaccments were assumed equal to those of the same bomb when

ground-burst against heavy and medium guns in the open.

11/ '"Ballistic data, performance of amaunition," War Dcpartment,
Technical illanual TLI9=1907 .
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IAE!S CALCULATED FROM ASHLZY JALK FRAGMENTATION TRIALS

by Henry Scheffé

Abstract

lican arcas of effeotiveness for fragmentation damage To several
targets arc obtained from data in 0.B. Proc. No, Q 2390 and Q 2881,
The resulis are summarized in Tables I and Il, s -

Table I, MAE for substantial damage by ground=burst. bombs. ; -
SRR - ’ e | '
| 1 MAE (£t2) for Substantial Damaga to - l‘_
> liechanical | Personncl, Pronec,

{

B omb e
g | ! Alr?raft - Transport - Unshiclded
British 500-1b M.Ce 79,000 L1y ,000 21, ,000
British 250-1b M.Ce | 45,000 | 21,000 22,000
Cluster of-20=1b, Amer- ; | | 1
ican ili1, 18 firing® | 110,000 e PGP,

:::::::::::::::::::::::::::E::::::::::::::::::::::it:::::::::::::::::::
."Dropped with "parashects." SR P ' x

- T . . b

bombz airﬂbuﬁqﬁ.

Table II, MAE for substantial damagce by American 500-1b GP

: .o . . :
M--—-ﬂﬂ e i s aT—
. . o w! -l SR e T e e —
. L]

" MAR (£t2) for Svbstantial Damage

- |
o or i Tanget — e Foight of | Ave. folgnt of
+ ] Burst, 36 fi | Burst, 10 ft
ifen in decp trenches T 1,600 ‘ 5200
iicn in shallow ditches - 8000 ! 5600
licn pronc .without cover 21,000 25000
icchanical transport | 16000 | 38000

!
Z:::::::::::::::::::::::::::::::::::::::::::::::j::::::::::::::::::::

M
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e Ashley Valk trials

The greaﬁ value of the Ashley Walk trials lies in the fact that theyJ
were direct experimental measurements of th: effectiveness of bombs against
actual targets (except fof personnel, for which wooden dummies were sub-
stituted) when the bombs were dropped under operational conditions. This
eliminates many of the questionable links in the chain of reasoning to the
same goal from static experiments against sand pits and a ring of wooden
panels, Thz reader is referred _to the original papers for details as to

targets, operational conditions, and so forth,

2e Results

Table I, giving MAE's of British 500-1b i.,C. 2nd 250~1b 1l.Ce bombs, and
clusters of- American 20-1b fragmentation bombs for substantial damage to
alrcraft, mechanieal” transport, and prone troops in the open; is calculated
by Eq. (1) which follbws, taken from 0.,B, Proc, No, Q 2390;42/ NSubstantial
damage" is defined as follows, For aircraft: complete destruction, or
damage rcquiring more than 10 man-days for repair, For mechanical transport:
damage involving write-off or requiring repair at a secomd echelon or base
wbrk&hop. For personnel: incapacitation, e B ;
It should be noted in Table I that the results.formtpeusooalb'M;G, and
the 250~1b 11,C, berbsdo not conform to a scaling law to the offect that the
MAE varies as the 2/3 power of the weight,
Table IT gives MAE's of American 500-1b bombs with T50 fuzes against
troops and mechanical transport. 'These_HAEfs-anIQﬁ6£éd TYom * . Ba Procs
Nos. Q 23812/ and were checked by Eq. (1). DIy the method explained in the
following,'rough estimates of the standard deviations of these MAE's were
calculated; these ran around 20% of the‘MAE. No estimate of error could be
made for the IMAi's in Table I since Proc, No. Q 2390 does not give the number *
of targets exposed to risk, but only the proportions damaged —=- tho Ps in
the notation used in the following.
1/ If desired, the corresponding MAI's for clusters of 8 British LO-1Db

GP's and clusters of 26 British 20-1b frag bombs could also be obtained from
the data in this report.

g/ "Relative efficiency of various bombs with alternative fuzing
against close support targets," .0.B, Proc. :lo. Q 2390, PF-3330/31.1.,

3/ ™"Trials with an M 64 500-1b borb nose initiated against close sup-
port targets," 0.B, Proc, No. Q 2881 and appendices. PF-3330/31,2.
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3, llethod of ‘calculation

The method of calculation 'is as followse. Let the ground arQund the
bomb or cluster be divided into zones_ of area A, (L =1, 2, susds 1et7ni be'
the nuiber of targets exposed to risk, andilet‘pifbe the proportion receiv—=

ing the specified degree of damage. The AL is calculated from the formula
MAE = p1A1 e p,g,Ag secee | (1)

In greater detail, the calculation for individual bombs is made thus.

)/

Choose a set of radii ry, s, eees With the jth bomb as center (if the
bomb is air-burst, the point on the ground below the bomb as center) draw
the circles of radius Lo Let nij'be the number of targets exposed to risk
in the 1tn ring lying between the radil T 1 and ri (take . = 0), and let
x.. be the number damaged in this ring by tie Jth -bomb,

1]
Then the pg,.Ai) n. introduced in the Loreg01ng are defined by

i

o e B 0
i 3 1Y 7y A
- .
. "(ri ri—1)’
S ?‘ 1)

D

For clusters the areas in Fig. 2 of Proc. io. Q 23590 were planimetered to
'y
cat the Ai' -
If the number n.ps damaged in the ith zone were distributed according
to a binomial distribution with probability T., then the quantity defined in

Eq. (1) would have a variancc given by the formula

o ek B Tl - T, oo 57 ) : _-t
5 Zj’llqs 1Jiﬁ1r,j(1 1) (1 3)/n1n3_; I (2)

wher LFJ is the correlation coefficiecnt betwecn piland pj. If we ignore
tho off=diagonal terms in formula (2) we got
> A2, (1 - T, )/n g (3)
3 1
formula (3) could be regarded as a good approximation to formula (2) if we

could convince ourselves of the plausible assumption that the correlations

W

L/ In Proc. Noe. Q 2390, ry = 50 i ft for 1 =1,2,3,4,5,6s In Proc,
Mo, Q 2831, ry = 50 ft, rp 100 £, ra = 200 ft, r) = 300 ft.
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P13 (1 # 3) are negligible, or else we may rcgard formula (3) as an indica=

tion of the order of magnitude c:;f formula (2). Finally, an unbiased estimate

of formula (3) may be shown to be _
S T .4
z{.. Aipi(1 pi)/(n:_L 1) (L)

and the square root of this was used to astimate the standard deviation men=—

tioned above,
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TESTS OF INTERNAL EXPLOSION O OIL STORAGE TANKS

by J. A, ilise

Abstract

Tests made on four model steecl oil storage tanks, containing oil
and subjected to an internal explosion; agree with the prediction that
the charge reduired to produce ruptulez when tanks are full, is given

_appr011mate1y”by w = 3 tr® where w (1b) is the weight of exp1051ve,'g
(in.) is thiclness of shell, and r (ft) is distance from point of ex-
plosion to nearest surface of tank, ihen tanks are partly full-a
somewhat larger charge would be required to produce destruction,
althouizh the charge determined by the above formula would produce some
damage. The effect of efficiency of riveted joints is approximated by
multinlying actual thickness of plates by efficiency of joint to ob-
tain an equivalent thickness for use in the above formula. It is also
concluded that, for equal stowage efficiency of various bombs on air-
craft, the 100-lb GP bomb is the most efficient weapon. For the usual

sbeel oil .storage tank, any GP bomb should penetrate without brealkup
if dropped from an altltude of at least 3000 ft,.

1« Previous studies

A ﬁfev1ous studyl/ of the SUbJeCu‘waS based on experlmental data ob-
tained from internal exp1051ons in a water=filled steel plpe—/ In reference
2 the internal charge at the center required to rupture a-water—fllled stool
pipe was obtainad theoretically by a consideration of the cnergy released.by
the explosion, and the formula thus derived was checked experimentally. This
vias 5ppiiad, in reference 1, to steel Oll storage tanks and it was noted
therein that no account hadlbean taken of the effect of using oil instead of
water, of the effect of the top and botton of the tank in limiting the length

of "pipe," and of the cffect of partial {illing of tanks. In order to verity

_ %/ i fLCCB of internal =xp1081ops on 011 storage tan“s," L iT-2a (OSR
5045a), Division 2, NDRC, lay 1945.

2/ ”'1uorﬂa] uxp1051on in water-filled pipe," OTB—9m.(OSRD-h9h8m),
Division 2,'I'DRC, April 19L45.

)
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the conclusions in that study concerning the charge required to produce

rupture, a2 seriecs of ‘tests on model stecl oil storage tanks contéihing oo M 1,

was madc. E

2e Lodcl tanks and Erocedure

Fbur mociél tanks werc constructed as shown in Fige 1. These tanks werc
approximatcly 1/10 scale of 60-ft prototypncse. They were imbedded in a 3=in,
concrcte slab set on the ground, and werc spaced on about 25-ft centers, in
one linc, | ' ' _

"Forum" oil, number LO, having a spccific gravity of 0,88 and a Saybolt
viscosity at 100°F of 11l scc, was uscde This is an oil usecd f or.pémting
wood forms for concrctec worke Tanks 1 and 2 were filled with the oil and
tanks 3 and & werc about half full, £ _

The charge uscd in cach test was onc 22=gm pellet of Tetryl, detenated

by a Noe. 6 clectric cap. In tanks 1 and 3 the charge was on the vertical

center linc of the tank, in tanks 2 and 4 the charge was placed about 1 ft
from thc_side. In tanks 1 and 2 the charge was placed 1 ft below the top of
the tank, and in tanks 3-and 4 it was placed at mid-depth of oil.
Hizh-speed motion pictures (about LOOO to 6000 frame/sec) and colored
motion picturcs at 24 frame/sec, Fig. 2, were taken of the tests.
After the tests were completed,coupons were cut from the tanks, two of
the solid shééﬁ stecl and five across Joints, and these were tested for

tensile strenzth,

3. Experimental results

The explosion on the center line 1 ft below the top of tank No. 1,
which was filled, recsulted in the destruction of the top of the tank and the
rupturc of scams in the sides [Fig. 2(2)]. The circular secam about half way
from cdgc te center of the top was rippad open and the central portion was
thrown upward hinging like a flap on onc small neck of metal, Thc radial
scams in thc top werec also rippéd opcne [Ihc vertical scams in the side viere
ripped 1in scveral places, but the high—-spced picturcs showed that the latcral
seams began to rip only after the top startcd to open. The oll was relcased
and gushed from the tank. Thc wholc tank was lifted about 6 in. from the

basc. This tank was considecred to be destroyed,

CONFIDALNTTIAL
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2 in. lap joints, solderecd
with sheet metal rivets
at | in,

g"xg" reinforcing ring in-
side tank.

srg" lap joint, soldered with
sheet metal rivets at |"

20 gace (.0306") sheet steel
Imtedded 3" (joint width)

| Qll

3

Concrete slab, 7' 0" square,
3" thick.

ELEVATION

FIG.l. MODEL OIL STORAGE TANKS.

Princeton University Station
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Fig. 2(a). Tank No. 1, filled
with oil, explosion en center line
1 £t below top of tank.

Fig. 2(b). Tank No, 2, filled
with oil, explosion 1 ft from edge.

Fig. 2(¢). Tank No. 4, half-
filled with o0il, explosion 1 f¢
from edge. -

Princeton University Station
Division 2 NDRC
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Tanlk ilo. 2, which was filled, was also destroyed by the cxplosion of
4 charge 1 £t from the edge [Fig. 2(b)]e The sides of the tank and top edgc
ncar the cxplésion suffercd the greatest damage. Seams split open and rc-=
leasced the oile. The tank lifted about 6 to 8 in., at the edge near which the
charge was dctonated. | |

The half-filled tank No, 3 with charge at mid-depth of oil, was destroyed
by the oxplosion in the center. The vertical scams in the sides opencd and
0il spurted oute The top of the tank was sucked inward and presented a
partly collapsed appcarancce Apparcently the oil and some air werce ejected
rapidly from_thc interior through the side scams and the side walls moved out—
ward so that, on the suction phasc of the blast, thc arca of opcnings in_the
side was insufficicnt to admit air returning to the tank and as a result, the
internal pressurc became lcoss than atmospheric. This tank lifted bodily
sboub 10 ine.. . - . g

Tank o, 4, half full of oil, was damaged but not destroyed by the
cxplosion of a charge 1 £t from the 2dge [Fige 2(2)]. One seam at the lower
cdge ncar the charge opencd and allowcd a smail flow of oil. That cdge had
1ifted about 30 ine as a rcsult of the cxplosion and may have been cracked
opcn on striking thc concrcte slab, _

Since thc carth's gravitational pull was not scaled dewn in thc model,
the pnenomenon of the lifting of the tanks was not in scalce. However, the
rclative motion of certain points of the model was mcasured from the high-
speed motion picturcs. This motion is shown graphically in Fige 3. Those
eraphs indicatc that thc top conter portion of the tank ruptured first and
began to move with a fairly high velocity, vhile the rcst of the top, freed
from the restraint of the center sortion, moved with a much lower veloclitye

Tcnsion coupons 1% in. wide were cut from tho tanks after the tests; two
from the solid mctal and five across ScallSe Tension tests of thesc gave the
wltimate strength of the stecl as 54,000 1b/in% and the officicncy of thce

joints (basecd on ultimate strength) as 6L

. Analysis of rcsults

The formula prescnted in reference 1,
w = 3 tre, _ (1)

where E;(lb) is the weight of charge roquirced for rupture, t (in,) is

.-_—__—_——-—-—-—_—‘_—-_
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n

Velocity 32 ft/sec.

on
N

m3ec

FIG. 3. MOTION RELATIVE TO TOP EDGE OF POINTS ON TOP
OF TANK.
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Division 2 NDRC x | CONFIDENTTIAL

e et et e e S o U el




_‘—-—-—————-_‘I—— i T

CONFIDENTIAL ' - 08

thiclness of shell, (ft) is distance from charge to nzarcst poeint of tank,
appcars 1o cive satlsfactory'rusults in this tcste. | .

Since Tutryl was uscd instead of TNT, thc weight of charge uscd was
multiplicd by 1.1, an cstimated factor for conversion of Tetryl to an cquivaw
lont amount of TNT., The actual thickness (0,0306 in,) was multiplicd by the
officicncy of joints (6L%) to obtain tho equivalont solid metal thickncss.
Then, with w oquul to 22 gm, a 0,0485 b,

[770,0485 X 1,1

"N 3% 0.0306 % 0. - 0% Tt

£

In the test, the distance r at which brcakage occurred was 1 fis Hov=
cver, vhen the tank is only partly full, the offect of the cxplosicn is less
severe and a soncwhat larger charge would be required to produce certain
destructione The results for the partly full tanks were crratic in that a
charge 1 £t from tha sidc produccd loss damnge than the one at the center,
which was about 3 ft from the side wall, This phunomcnon rcmains as an un=

explained anomaly ascribable to the small nurber-of tcests made.

5. Conclusions

Scaling to prototypc sizec, a charge of 0,0L85 x 1,1 x 1000 = 53 1b of
TNT wonld be required to rupturc.a 60~ft diamcter tank whon detonated within
about 10 £t of the tank wall, This mecans that a 100-1b GP bomb should
sufficce The top of the tank will be rupturcd if thc bomb detonates within
critical aistancc, |

When bonbs arc dropped from high altitudes, thoey may penctrate the top
of the tank and dctonate at a distancz such that tho top may not bc rupturcde
Howcver, - there is always a chancc that they'may'dctonateﬁithiﬁ vulncrable
distance of the side walls, and may thus destroy the tdnk. Consider the

plan vi:w of a tanl

:, Fig, L, with outside radius R, and vulncrable distance
r, for o given borb of weight U.

The vulnerabls arca, shadad in the figurc, is an annulus of arca
L= nRR e WLR e r)?‘ = n{2Rr - I‘z)r. (2)

The angle of impact, o, may be such that ricochet will occur if it strikes

the side of the tank., In that casc a small arca (shown doubly shaded) must
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be deducted from.thg“vulnepablc_
Parqq._inwQMQr;lthis will gon-
».orally'be'verymsmall comparcd -
to the vulnerable arca and will =
be neglected. If the vulnerable | %
arca is A, the assumed uniform. .
Divectién bombing density in tons per unit
j,{each{bQMb is W (ton), thc prob-
ablllty of at lcast one hit is

of bombing  arca is D, and tho weight of

Fp+=1::-0 "‘o. (3)

For equal}Bémbing densitics,

thercforé,*A/N'is a measurc of
probability of hitting the vulnorablc arca of a tnrgét. éiﬁCG 5*@5255
can say, for CP bombs up to 2000 1b at least, that r is proporulonal Lo wi'2

for the samc thickness t. Hence, on sub5u1tut10n in Bq. 2.y

o

* 2 R =1 L1 . e /O ~ .
/31 3t " Bt o B
where the Gls arc composite proportionality factors.
Then ,
-'.::\/'HT 0 C]_‘:-'J-l"fz = Liogh o 4 (5)

In looking for the maximum of :/W’with respect to  we take the derivative,

]

vhich 1is

~ /1
Thus the aff1”10J5 \/J’ 1ncru15us with decre 951nﬂ W‘ ﬁnd.thg smallcst bomb | 4
that vill pcnetrate ﬂnd dutonﬂto Hlthln thu tank wlll'bﬂ the most officicnt.,

This conclusion may rcquire modlllcatlon vhen stowagc of bombs on plancs 1s .
considercd. For cqual stowvage efficicncy the 100-1b GP'bomb is most cffi-

cicnt against tanks of any sizc thav it can penctrate. The tosts tended to

confirn this gcncral conclﬁSién. The conclusion would be valid cven if the

vulncrable annulus theory was not cndircly correct, providod only.that the

a * " -, -n
distance r varicd with W wheren < 1.,
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3ince cven a 100-1b GP bomb will penetrate 3/L-in. stecl plate without
breakup if it has a velocity of at least 300 ft/éec%/ it appecars likcly that
any GP bomb, 100 1b .or larger, if dropped from at least 3000-ft altitude
will pcnectratc,

W

- 3/~ Data Shcet 205" of Micapon Data, firc, impact, cxplosion," Division
2, NDRC,

CONFIDENTIAL




Monthly Report EWr=6d (OSRD=5657d) ADVANCE RELEASE: This

September 5, 1945 information is tentative
Division 2, NDRC ‘ and ‘subject to revision.
Project AN=29 Princeton University

W. Bleakney, Supervisor

ATR ATTACK O STSEL 1TLLS

by Ae A. Ziegler

Abstract

In a steel plant large enough for coke ovens and steel furnaces
to be used as separate targets, the best bombs are the 500=1b GP
fuzed 0,025=sec delay for the coke ovens and the 2000-1b GP fugzed
0,025= or 0.1=sec delay for the steel furnaces. If one over-all
attack is to be made, the best bomb is the 1000=1b GP fuzed 0,025-
sec delay, with the 2000=1lb GP fuzed 0,027 =sec delay a good second
choicee

The principal components of a steel mill in order of their
vulnerability to bombing attack, the recommended bomb and fuze delay,

and the results to be expected from bombing attack are given in
Table 'Ic ' :

Table I. Vulnerability of components of steel mill to bombing atta cke 3

— — e e e e e — T =

= e = = — ———
- | Recommended | Recommended
Component Bomb Fuzing Results
—_—-"—————JT-———-—-————-—-—-— A 3 - = =
Coke ovens 500-1b GP 0,025=-sec One direct hit will disable one section for 3 to 8
or delay monthse This will reduce the quantity of coke and
1000-1b GP gas available to the blast furnaces. Auxiliary equip-

ment, such as the aspirating plant, coke loading and
ramming equipment, and so forth, is also highly vul-

nerable.
Open=hearth 2000-1b GP 0,025=sec or |At least 25% of the furnaces must be damaged to af=-
furnaces or Os1=sec delay|fect production seriously, Damaged ovens require
1000=1b GP several months for repairs, Gantry cranes and other
ecquipment are additionmal targets.
Blooming mills 2000-1b GP 0,025-sec or |TheJe are frequently a bottlensck of the plant,
or Oe1=sec delay|Small target, but essential to operation and diffi-
1000=1b GP cult to repair, Smaller bombs could damage controls,.
Blast furnaces and(2000-=1b GP 0.025=sec or |Direct hit requirede Small target. Stoves, hoists,
related equip- Os1=sec delay|and charging emuipment are also vulnerable to smaller
. ment bombse. Long repair or rebuilding time if direct hit
is made on furnace.
R s e - o —_— . —
Conveying equip- 500=1b GP Good secondary objectives within target area. Bridge
9 ment and or cranes at ore docks, coke pushers, gantry cranes
services larger throughout plant, and so forth, are all essential and

vulnerable to direct hits, Services are essential
and vulnerable to direct hits or near misses.

|- s i
Air compressor 2000=1b GP Oe¢1=sec or Important, but of very heavy construction, Small
or 0,025=-sec |target difficult to hit and damage,
larger delay

W
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Te Introduction

ThéTe aré very few incidents and very little other information that can
be used to verify any recommendations which may be made for attack on steel
mills, Such recommendations must be made on the basis of a knowledge of the
function and construction of the many components of a steel mill,

There are three principal operations in the production of steel, and
the vpasic piece of equipment for each overation is as follows:

(i) coke ovens, in which coke is produced from coal with various

gases as by-producis;
(1i) blast furnaces, which are used for the reduction of iron ore
1o relatively pure irons
(iii) steel_furnaces, in which the iron is alloyed with other mate-
rials, principally carbon, to form steel.
After being cast as ingots the steel usually undergoes a fourth process

at the mills, The equipment here 1is

(iv) blooming mills and rolling mills, in which the steel is rolled_

to the_shapes necessary for structural usage (plates, channels,
beams, and so forth).

In a modern integrated steelworks all four of these processes are
carrizd out on the site and all prcocesses are carefully integrated for the
purpose of producing a continuous flow of finished stecsls from the raw mate—
rials, In such a worlks no section is independent, each being dependent on a
continuous and properly regulated flow of primary products and on the ex—
change and use of by-product gases in the production of these primary prod—
ucts,

All steel plants, however, are not of this nature. In many cases only
one or two of the basic processes are carried out at one plant; the material
is then transported to another plant for the remaining processes. This .
latter arrangement is the one most Eommonly found in Japan, and it was there-
fore evident that any attack on the alrcady overburdened Japanese transport v
system would have a direct offect on steel production., This was particularly
true of shipping since the Japanese had coke and blast-furnace facilities on
the mainland, the products of which had to b= shipped to other mills in the

home islands for completion of the steeclmaking process.,
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For either arrangement the basic processes are the same and are attacked
in the same manner, To stop the production of steel it is not necessary to

destroy an entire steel plant; complete and permanent stoppage of any of the

basic processes will achieve the same result. However, because of stocks on

hand, the destruction of any process will not be immediately felt,
To appreciate fully the difficulties in bombing a steel mill, the con—

structlon and relative importance of each individual component of the plant
must be understood,

2o CLonstruction and importance of components of a steel mill
“___mm‘*—_—m——u——ﬁ——m

(a) Coke ovens, — The first of +he basic processes is the manufacture

of coke,_  Stéel:cannot be produced without coke for use in the blast
furnaces. Thereiore destruction of coke-producing facilities directly _
affects the production of steel. From the point of view of bomb damage,
coke ovens may be classified into two typres. The older type, which can be
repaired after a hit with only the damaged parts needing repair work, and
the modern type, which undergoes excessive cracking as a result of cooling

and vhich requires complete relining if cooled for repairs or. cooled because

of loss of control resulting from bomb damage. This means that the damage

done to the older types of ovens is essentially limited to the radius of
damage of the bomb, while the damage to the ncwer types includes the entire
oven section,

Liost coke ovens, both older and modern types, are built in batterics of
four or five scctions, cach section being about 100 to 125 £t long and made
up of some 30 to LO ovens 3% ft wide, center to center. The sections are )
about 50 It wide, so that the plan arsa for attack is about 5@ % 120 = 6000 £12
The tops arc made of good=quality brickwork about 3 ft thick, and control
equipment, loading chutes, and so forth, may mask some of the oven top for
bombing attack,

Since a_b00-1b GP bomb is thc smallest that can be. counted on to perfo-
rate the vop, it is the smallcost bomb that can be used. If the enemy is
xmown to have placed any protective cover over the ovens, or if the roof

thickness is grecater than 3 to 33 ft, 500-1b SAP or 1000-1b GP bombs should
bs uszde Delay fuzing of 0,025 sec or longer should be used to allow the

bomb tc penctrate well into the ovens, and to allow for possible slowing up

»
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by equipment above the ovens. Deflection of the bombs by such ancillary
equipment as chutes sbove the ovens may causc '‘misses and. should be- taken into
account vhen, determining the area vulnerable to borbing in planning force_
requircments, These deflectedfbombs will not damage the ovens themselves,
but damage to other cquipment may have an appreciable effect“on'operations.

The coxtent of the damage is measured by the length of the damaged por-
tion and not, as in the usual case, by a circle of radius equal to the
radius of damage, Since the individual ovens extend through the entirc
width of thc scction the area damaged is cqual to the length damaged times
the width of tho section.

Such {igures as radius of damage and MAL (mean-arca of effcctiveness)
are meaningl:ss for a modern=type oven since the important factor is not the
amount of damage but the time required for repair: the entire section must
be cooled and relined, regardless of the -amount of damage. The time spent
on rcpalrs is but a small percentage of the total time the oven is out of
operation; it is the cooling and rehcating vhich acecount for most of this
time, and thege two processes must be carried out regardless of the extent

of thc damage,

For the older=-type ovens.the radius of damage will give a measure of i
the worlk necded for repair, but herc again it is the time out of operation
that is‘important. i‘lost of the time is required for cooling and rcheating
and this timc ill not vary greatly with differconces in damage provided, of
- coursc, that'thg'damagc 1s sufficicnt to nccessitate cooling thc ovens be-
forec repaire, A diridct hit by a delay=fuzed 500-1b GP bomb will causc such
damagc,
Near misscs farther than 2 ft from the ovens generally do not causc
damage cxcept possibly to the anclllary cquipment, which is important. The
ovens thamsclvos should be the primary target., If gas=collection pipcs arc .
damaged, the scctions unaffected may be onerated indecpendently and repairs
~may bc made gquickly., Coal towers, hoppers, ramming cquipment, and so forth ¥
can‘all'be dam~ged, as can the aspirating plant, by-products plant, and_so
forth., If thc aspirating plant or th: raming squipment is knocked out, an
cntire battery may-be put out of operation long canough for cocling to danmage
the ovens. However, the time depends on such factors as the ingcnuilty of _

the operator, the availability of men and materials for temporary repairs,

‘manual handling of coal, and makeshift ramming cquipment.
R ——————————————— . ————
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~ Recommicnded. bombs in the order of prefcrcnce ares, 500-1b GP, 1000-~1b
G, 500-1b SAP, and 1000-1b SAP fuzed 0,025-scc delay or longer. A single
hit on an oven scction with any of these bonos will put that scction out of
opcration for 3 to 8 months, but the rest of the battery will prcbably con-
tinuc to.opcratc. All of these bombs are also effsctive in damaging nearby
cquipmente |
(b) Blast-furnace plant, —=- The blast—furnace plant consists of the
blast furnace and its ancillary cquipment: (i) blast furnace, (ii) charging
apparatus and storage and mixing bins, (1ii) hot=blast stovés, (iv)'bloﬁing
plant, (v) gas-cleaning plant, (vi) railwaf'sidings, (vii) calcining kilns,
and (viii) ladles and molds. |
- (i) Blasb furnace. A very substantial loss in production can be ox-
pected from the destruction of a blast furnace, 12 to 18 months being re-
quired for the construction of a new furnace, However, complete destruction
of a blast furnace is an unlikely event except in the casc of a direct hit
by an extremely large bomb, Consider its construction. A modern blast
furnace is 80 to 100 ft high, of 15 to 20.ft inside diamcter, depending on
the rcequired capacity, and stands on a very substantial concrete foundation.
The lower 10 or 12 £t of the furnace is known as thc hearth and is a re-=
ceptacle for the molten metal and slage The bottom of the hearth 1is usually
8. or 9 £t thieck with valls of firebrick about 5 ft thick. The section above
the hearth is called the bosh, This is the part of the furnace in vhich the
smelting occurs, Thc walls of the bosn are of fircbrick about 30 in. thick,
3tccl cooling plates are inserted in this wall to protect the‘brick‘from;thu
high temperatures (2800° to 3000°F) maintained in the bosh, These walls, as
wall as the heartn, arc reinforced by a stecl jacket. The upper portion of
the furnace, some 30 to 50 ft high, is called the stack and has fircbrick
walls which vary in thickngess from.S‘ft at the bottom to 1 ft at thc top.
The stack is exteornally reinforced by a stecl jacket'% e th{ck. ALl ot
e he steel jackets of the furnace as well as the cooling plates in the bosh
are water coolced, Shculd the water-conling system ccase to function, scrious
damage to the furnacg would result, |
The furnace is charged at the top and is fitted with a "double bell and
hopper® arransement thich permits charging without loss of gas from the

furnacc,

. §
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‘A blast furnace is normally in contihuous operation for a period of h
or 5 vears, ' Operations must usually be suspeﬁded'at the end of thig time SO
that the furnace may be relined and other mgintenanbe'work:may"be performed,
The repair period varies from 3 to 6 months, depending upon the' extent of
the work to be performed., The furnace is so constructed that any part may
be removed for repair without disturbing the remaining portions. ‘This
arrangemend, bf_coufse, is quite'advantagedﬁs'inheXPediting the fepair of
air-raid damage. ‘

It is obvious from thE'sturif construction of a blast furnace that a
direct_hit‘by‘a'very large bomb would be necessary to producé substantial
damage. liits on the side of a furnace would almost certainly ricochet be-
cause oi the smallnangle'of impact. This leaves only the open top of the
furnace, a circle 15 to 20 £+ in diameter, as a target, and the probabilities
of hitting 1t are_small indeed, '

A survey of 12 English steel plants attacked by the Germans showed only
one direct hit on a blast furnace. The top of the furnace was hit by a
1000-kg bomb and the structural damage was classified as severe. However,
repairs were quickly made and only 2 days' production from that furnace was
loste

The obvious conclusion is that a blast furnace itself is not a profit—
able tairget. This*is:particulahky true since some of the ancillary equip-—
ment is more easily destroyed and its _loss can quite effectively shut dowm a
furnace, The use of 2000-1b GP bombs, fuzed 0.025-sec or longer delay, will
be effective if hits are obtained.

(ii) Charging apparatus and storage and mixing bins. The materials to
be charged into the furnace are delivered by rail from the stock yard over a
trestle to the bDins near the furnaces. Under the trestle and bins is the
"stock housce,! Here thz propsr amounts of ore, coks, limestone, and so
forth,

skips then carry the "burden'" to the tops of the furnaces,

are mechantcally measured out, mixed, and placed in the skipse. The

Charging operations in a modern blast furnacc cannot be carried out at
all satisfactorily without this specialized apparatus. It would probably be
possible to kcep the furnace in operation without this cquipment, but only
on a very limited scalec. It is the gencral opinion of experts in thc steel

industry that a loss cquivalent to about 3 months' production of a furnace
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would occur if that furnace's charging apparatus weroe destroyed. General-
purposo:boﬁﬁs of 500-1b or larger size with delay fuzing should be effective.
(11i) lot-blast stoves. Hot-blast stoves are essential for blast- |
furnacc operatian. They heat thc air blast for the furnacc, arc usually
about 20 £t in diameter and 50 ft high,_and have brick walls 2 to 3 £t thick.
There arc usually U stoves to a furnace, but only 2 or sometimes 3 arc in
2 use at onc time, This means that under normal operating conditions there is
2 large surplus of stove capacity. Further,-the stoves arc so interconnected
that no loss would occur cxceplt in tha case of the destruction of a large
nurber of stoves. " The destruction of 505 of the total number of stoves would
causc a loss of pig iron of about 20% for thc 6 months required to construct_
new stovese. It is rccommended thab 1000-1b or 2000-1b GP bombs, delay fuzcd,
be uscde
(iv) Blouving plant. Blast furnaces cannot opcrate without the hot air
blast. The blowing plant, then, is another vital point in the steclmaking
'process. Tt is the normal practice to housc 211 of thc blowing apparatus 1n
onc building, This is the usual stosl-framed . single-story type used to
housc heavv machinery. Stand-by capacilty of 10 to 20% of th: normal require-
ment is usually maintaincd. The blowing machinery itself 1s cx ctremely large
and hoavy and probably could not be destroyed except by the very largest
bombs, Thc air_pressure maintaincd by thc blowing machincs is rather low
(2 to L 1b/in2), but the volume of air required by the blast furnaces is
tvromondous =- hence the use of such large machinery. The only unusual
fonturc of the blowing house is the heavy concrcte floor (approximately 5 £t
thick) nocussitatdd'by the machinery. It is not likely that any bomb
smaller than the 12000=1b GP would do sutficiont damage to delay blast-—
furnacc opcrationses | i
: (v) Gas—clcaning ﬁlant. The offects of destruction of the gas—clzaning
plant v7ill varv according tc the uscs madce of thc gas. It 1s the usual
prﬁctlc, to usc the blast-furnace gas at the coke ovens, soaking pits, rc-
heating furnaces, and stoves and for hcating the boilers if the blowingZ
plant is stcam oncrated. In som: plants, principally in Germany, the cntirc
blowing plant is gas driven, The gas must be cleaned TO be efficicntly used
for any of thc af orc-riontioned purposcs, The cas-clecaning plant would rc=-

quirc 6 months for replacement and if destroyod would result 1n severe loss
o e o s
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iof’dutput fq; this time unless sqme_oiher swpply‘of gas or source of power
. were vailables Tt is recommended that 500-1b GP bombs fuzed 0.01-sec delay
be usedse . . _ Il (R e :

(vi) Gailvay sidings. Railway sidings are essential and can be destroyed
relativgly“easily'but are:-not a good targetu since they can be repaired
quickly,. -

(vii) Calcining kilns. The kilns are used to improve ores containing
high'pércenfages of impurities. However, these orés éay”be charged directly
into the blast furnace, with only a small loss in effibiéﬁcy; Hence the
calcining kilns cannot be considered a profltdble target,

(v11 )~ Ladles and molds, .Ladles and molds are essential 1tems'but usually

exist in such.numbers that 1t 1s 1nprdbaole that enough of thempwould'be

destroyed to affect production,

(g) Steel furnaces, =— The third of the basic prdcesses is the conyér—
sion of tiie iron into steel. This is accomplished in the steel furnaces;
three types of vhich are in common use: open—hearth furnace, electrlc T
nace, and Dessemer converter, ‘

© By far the greatest proportion of steel is pfodﬁéed in Op'en-hearth fur-
naces. The electric furnace is used for steels of partlcularly'hlgh quality, ;
The Bessemer uonverte“ is little used since it no 1onger has any partlcular
advanta ze over the open hearth and since it produces a steel of Lnferlor
quality e '

Opothearth furnaces arousuglly'arranged‘side byiSide in a long row in
a steel—=fraued building. Indivicual furnaces vary in capacity from 10 to
300 tons. It is the general practice, hovever, to use furnaces of 100~ to
150=-ton capaciff: The approximate size of such a furnace-would be 80 by 20
ft, and it would be tapped about every 12 hours.

Ti:c furnace hearth rests on a heavy concrete foundation, and the walls _
of the furnace are oq thin steel plate supported by a structural-stecl frame,
The iﬁSide of the furnace walls are lined with about 1 It of'brickwork.'+

A dircct hit by a 500-1b GP bomb would probably destroy or severcly
damagc- an open-hcarth furnace, However, it requires the destruction of
several furnaces to affect precduction materially, This is duc to the fact
that normally only about 75% of the furnaces are. in operation, the remainder

being in somc stage of repair. By speeding up work on the furnaces bcing
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repaired and'by'deleylng malntenance oneraulons on those in use, it is pos-
sible to offset partlally'the 1055 of several furnaces. About 3 months would

be requlred to replace a, destrqyed furnace. The number of open-=hearth fur-

..rnaces found in a steel‘mlll varies from.about 5 for a very‘small plant to

. } 2 . L
= s
" 'I i r" ,‘-' " -
L] - .
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about 40 for a 1arge plant. i

 The” eccessony equlpment to the furnaces includes the charging floor and
the charging-machines, The destructlon of the raised. charging floor would
put the furnaces eut of operatlon for dbout 1'menth.'but it is hlghly'lmprdb—
able dhau-eempleue-destreceleqhofhthe.floor could be effected and, further,
any damaged portion coulé be temperarily repaired very quickly, The charg-
ing machines are essentiai, but it is the usual practice to have two or more
of these machines in an open~hearth building == any one of which can be used
to service:all of the furnaces in that building.. It is unlikely that all of
the charging meehines weuld'be destroyed, -

In addition to the furnaces themselves another vital and vulnerable
component;‘ of - the'bulldlng is the castlng cranes., When a furnace 1is tapped,
the molten steel runs into a large ladle, usually of 150=ton capacity. This
ladle 1s then carried by the casting crane to the ingot molds where the steel
is cast as ingots.,. These cranes are of speciaiized construction and could
not be replaced and dinstalled in less tban Ly months. Much more vulnerable
than the cranes themselves, however, are the columns and girders of the
building frame uron which the cranes are suneorted. Hits on the bulldlng
stand a good chance of distorting or danaglnr the structural members so that
the cranes will not bte able to operate., Re=aligning and "truing up" the
building frame is a tedious job which on the averagelweuld require about
4 months. Because of the unusual capacity of the cranes the building frame
mist _be quite substantial, Although 1000-1b GP bombsrcould be used if neces-
sary, 2000-1b GP bombs or larger are recommended. Best results will probably
be obtained with 0,025-sec or longer delay fuzing.

The onen~hearth building is recommended as the second best point of

attack (coke ovens are the best point of attack) in a steel plant., These
‘buildings are casily Iecognlzod from the air and present a much larger tar-
get than most of the other buildings. of a stecl plant, 1In addition, any hit

on the building is almost certain to cause important damage.
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A survey of the 12 steel plants in ingland &ttacked by the Germans
showed only onc hit on a furnace building., In this case the bomb was a

parachute mine and the damage resulted in a loss ¢f two weeks' production,

Since the roof of the building was destroyed and blackouts had to be observed,

part of the loss occurred because night operations were suspended for three
weeks wh:f.le a nevi roof was mstalled.

(d) Blooming mills and roll:mg mills, =~ The remaining process in the

product on of finished steel is carrizd out. in two pr1nc1pal stages, first
at the blooming mills and second at the rolling mllls (sometimes called
finishing mills), Bombing of blooming mills ‘and rolling mills can cause a
reduction in the production of finished steel, However, because of the
_duplica*t_icn of facilities, it is unlikely that morc than a slowing down of
_'product"'1i on can be echieved'. The principal bottlcneck occurs at the bloonﬁng
mills through vhich all the 1ngcts must pass for rough shaping before being
dlstrloutec to the various rolllng mills, y

The mportanc components of thc blooming m:Llls and rolllng mills are
roils, moto.;.s , soaking p:t_ts , reneating furnace, crancs , and building struc—
ture. ' , _
. T}‘s “'olls'are made of cast stcel, arc difficult to destroy, and exX1st
in such large numbers that thc y can easily be replaced. More vulnerable are
the frsmcs or stands which support the rolls. These would take 1 to 2 months
for roplacenent, but since all cxcept the very smallest mills have several
stands of rolls which can perform the sane function, destruction of onc would
merely decrease production, not stop it. Zach stand of rolls is opcrated by
its own clcctric motor. The motors arc usually installcd below ground level
and arc thus well protccted from all but direct hits.

Soaking pits and reheating furnaces arc necessary for the proper hecat—
ing of vhe steel for rolling, They are rather substantially constructed of
concrete, stecl, and brick. The fact that there are usually several of cach
makes 1t difficult to do more than slow dowm production,

Crancs and building structure arc vulncrable to almost the same extent
..as they arc in the open-=hcarth building. The principal differcnces are that
 the rclling—mill cranes are much lighter and exist in grcater numbers than
vhose of the open-hecarth building, Also the building structure is lighter

because of the smaller cranc loads,
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Table II shows the results of hits made on rolling mills in German

raids on English stecl mills,

Table IT. Results of hits on rolling mills in German raids

on English steel mills,

Bomb ' 'Number‘df'Bombs Location of Hit ; Loss of Production
Para=-mine 1 Mill building® 1 yr
250-kg 1 Soaking pit None
1000~kg 1 Soaking pit 8 wk

50-kg 1 Rolls ¥ None
Para—-mine | 1 Rolls None

%—W

% . :
This was an old wall=bearing building and the entire structure col-
lapsed..

3., Conclusions

The most profitable point of attack in a steecl plant is the coke ovens
provided sufficient other outside sources of coke are not available, i
order of nreference the best bombs are: 500-1b GP, 1000-1b GP, 500-1b SAP,
and 1000-1b SAP, fuzed 0,025-sec delay or longer,

The second best point of attack is thc open~hecarth buildings. The best
bombs in order of preference are 2000-1b GP and 1000-1b GP, fuzed 0,025- or
O.,1=sec delay. Bombs larger than 2000=1b GP may be profitably used against

this target.

= —

Blast furnaces and their auxiliary cquipment pfosent small target arcas,
but can be seriously damaged by 2000-1b GP bombs fuzed 0,025-scc delay if
hits are ovtalincd. -

Therc are other targets, such as thec water system and gas mains, de-

struction of which can cause severe damage and long delays in productione

However, sincc they present such small targets, are so difficult to hit, and
probably could not even be located from an attacking aircraft, it is not
considercd worthwhile to selcct them as aiming points. Damage to such

equipment is best caused by delay-fuzed bombs, so that misses from bombing

other parts of the stecl plant may cause loss of prcduction by damaging

utilities,
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