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AIR PROVING GROUND 0CWWMmD
EGLIN FIELD, FLORIrA 31 October 19 46

P1OJECr NO. 1-116-7

O0MPARATIVE MT OF THE EFFECTIVENFISS OF LARGE BOMBS AGAINST
MlINFORCED CONCRETE STXJCUJRES (NLGLO-. Q2RICA BOMB TESTS-

PBOJECT XJBY)

1. Inclosed is copy of Final Report of Air Provirig Ground Command,
Eglin Field, Florida, subject as above.

2. This project was initiated at the request of Headquarters AAF
by letter to Commanding General, AAF Center, Orlando, Florida, subject:
Anglo-•.merlcan Bomb Tests, dated 3 January 19)4.

3. Object: To compare the performance of large British and

American bombs when used against massive reinforced concrete targets.

4. Pwu/,ose of equipment tested: The bombs tested are designed
to penetrate and destroy resistant targets when dropoed from high
altitudes. Bomb sizes ranging from 2000-lb. SAP and AP to 22,000-lb.
GP and SAP were used, as wel, as the 4500-lb. concrete piercing rocket
assisted Disney Bomb and a 1650-lb. scale model of a 12,000 lb-
concrete piercing rocket assisted bomb.

5- Description: This was a joint Anglo-American bombing project
carried out against the reinforced concrete submarine assembly plant at
Farge, Germany, and the U-Boat Shelter at Heligoland4 Inert loaded
bombs were dropped. at Farge to determine penetration and case strength
of the various bombs and suitability of the fuzes and adapter boosters
employed in these bombs. The drops at Heligoland were with explosive
fillers of various types to determine their sensitivity to impact.

6. Conclusions:

a. Not any of the bombs tested are suitable for use against
massive reinforced concrete.

b. The 22,000-lb. SAP Amazon bomb (T2S) and the 4500-lb. CP/RA
Disney Bomb produced the greatest penetration of the bombs tested, but
case strength needs to be increased to withstand break-up on secondary
impact after perforating a reinforced concrete roof which substantially
reduces the bomb t s velocity.

c. The rocket assist on the 4500-lb. CP/RA Disney bomb is not
reliable in functioning.
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d. All of the explosive fillers tested (see Inclosure 12 of
subject report) are sufficiently insensitive to withstand high altitude
impact against reinforced concrete.

a. The D-9 Shackle is suitable for use with the 22,000-lb.
Grand Slam bomb but is unsuitable for use with the 22,000-lb. SAP
Amason bomb.

7. Recommendat ions:

&. Action be taken to design, manufacture, and test against a
resistant target such as Farge, a bomb with smaller diameter, more
pointed nose, and greater case strength than the 22,000-lb. SAP Amazon
bomb, but with weight of explosive charge not materially reduced.

b. Consideration be given to a meanis of increasing case
strength other than by increasing weight and thickness of bomb body.

c. Improvement in the reliability of functioning of rocket
motors be effected, and provision be made for use of rocket assist
on bombs designed as above.

d. The explosive filler with the greatest explosive power,
selected from one of the types teste4, be used in concrete piercing
bombs. For a list of the fillers tested sea Inclosure 12 of subject
report .

e. A shackle be developed for large bombs which will function
astisfactorily regardless of bomb weight, and angle of suspension of
the shackle.

S. This test wes carried out only under tei~erate climatic
conlitions.

9. Inclosures:

Inclosure 1 - Test Directive
Inclosure 2 - Final Report (1-4l6-7) -

IWI liic' scctoin X CARL A. B4.46iT,
t,"ý: OýAI Section Brigadier General, U.S.A.,
.3,I.4,rP.•111. al Commanding
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h-Atky. Ltr. Hq. AAF

.1 January 1946
HEADQUARTERS, ARMY AIR FORCES

WASHINGTON

3 JAN 1946

AFREP

SUBJECT% Anglo-American Bomb Tests

TOt Commanding General, Army Air Forces Center, Orlando, Florida

l. It is desired that the Army Air Forces Center organize,
monitor, and assume operational responsibility for the entire Army Air
Forces' phase of the subject tests.

2. At the present time, three B-29 aircraft, with flight and
maintenance crews, have been allocated to this project, These
aircraft are now undergoing winterization at San Antonio, Texas, and
will be available for movement to the United Kingdon by the first of
February. Four (4) additional B-17 aircraft, with flight and main-
tenance crews, will be required for completion of this project. Due
to the complete lack of maintenance facilities in the United Kingdom,
sufficient supplies and equipment aust accompany the flight echelon
for it to be entirely selfeustaining for a period of six mor.%hs.
While the B-17's and B-29's will be-able to carry much of the equip-
ment, personnel and supplies, it will be necessary to utilise Air
Transport Command facilities to transport the remainder.

3. A project officer to direct this operation in the United
Kingdom Vill be required. Lt. Colonel D. G. Haves of your command is
recommended for this purpose. Flight crmw of these aircraft must be
of superior caliber.

4. It is imperative that this project proceed with the least
practicable delay. Air lift for supplies and necessary equipment will
be provided by the Air Transport Comand. Your comnd is authorised
to camunicate direct with continental comands in obtaining necessary
personnel and equipment for this project.

5. This project is assigned an A-1 priority.

BY COAWD OF GENEAL ARNOLD:

C 0 P Y /a/C. C. Chauncey

Inclosure 1, Page 1 3 C. C. CHAUNCI
Major General, U. S. Army

Deputy Chief of Air Staff

V- 68310

- -. i__.,



THE ARMY AIR FORCES BOARD
ARMY AIR FORCES PROVING GROUND COMMAD

ORLANDO, FLORIDA G~ zepF

23 May 1946

Armament Branch

SUBJECT: Anglo-American Bomb Toots (Project ORuby")

TO: Conmanding Officer, AAF Proving Ground,
Eglin Field, Florida
Attn: Proof Division

1. The AAF Board activated project No. M-4885 this date. The
following information is relative to the project:

a. Title: "A Comparative Test of the Effectiveness of Large
Bombs against Reinforced Concrete Structures."

b. Authority: President, AAF Board.

c. Priority: 1A.

d. Classification: Confidential. )
e. Project Officer: Colonel G. L, Robinson, phone 1310.

2. The test program will be that prepared by representatives of
the United States and Great Britain for the Anglo-American Large Bomb
Project now in progress in England, with any amesdments thereto approved
by the Military Attache, London, England, and the Commnding General,
USAFE.

3. The tests will be conducted by Proving Ground personnel with
equipment, detailed to the "Ruby" detachment, Marham, &igland, and organ-
ized under authority of letter directive, Headquarters, AAF, dated
3 January 1945, subject: Anglo-American Bomb Tests.

4. All previous arrangements relative to jurisdiction, weekly
reports, and general operation of subject tests remain unchanged.

5. It is desired that the final report be sub.tted to the AAF
Board for concurrence prior to publication.

FOR THE PRESIDmTa

C O P Y /s/ 1m. W. Momyer

Inclosure 1, Page 2 4 WM. W. MOMY-

Colonel, Air Corps
C 9I L Executive
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AIR PROVING GROUND COMMAND
EGLIN FIELD, FBORIIA

FINAL REPORT

ON

CO ARATIVE TEST OF THE EFFECTIVEESS OF LAME BOMBS AGAINST
REINFORCED CONCRETE STIUCTURES ( CANIO-AHERICAN BOMB TESTS -PIK•JECT "UHJBXII)

PRQIECT No. 1-46.-7

Inclosure 2 5
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1. OBJECT:

To compare the performance of 1'ritish and American bombs of
standard and soecial design when used arainst reinforces concrete
targets. Particular attention will be given to the following:

a. Penetration.

b. Strength of cases,

c. Insensitivity of exploder system.

d. Reliabilitv of pistols and fuzes.

e. Insensitivit' of main fillings.

2. INTPODUCTION:

a. The end of World War II left both the AAF and the RAP
with many unanswered questions concerning the effectiveness of bombs
against reinforced concrete structures. One problem was to find out
why heavy bombs developed toward the end of the war (the British
12,000-lb. Tall Boy and 22,000-lb. Grand Slam and the American counter-
parts, the 12,000-lb T10 and 22,000-lb. Tl4) failed to penetrate
thick concrete in the manner predicted by formulae. This was thought
to be the result of breaking up of the case on impact, or else because
the sensitivity of the explosive filling or exploder system was such
that the bomb exploded on impact prior to fuze action,

b. Running parallel with the development of large bombs was
a project for obtaining high striking vclocities by means of a rocket
assisted 4,500-lb. Pritish bomb called the Disney. For technical
reasons this bomb could be carried only on B-17 aircraft, and was used
by the Eighth Air Porce towards the end of the war. In strikine concrete
the same dipficulties were encountered as with the Tall Boy and Grand
Slam. Both the PAF and the AAF, therefore, were interested in the
problem of bomb versus concrete. Post war tests were initiated by the
RAF to answer some of these questions. As early as June 1945, the
concrete V-weapon structure at Watten was used as a target (Trials I,
IT, and IV, see Inclosure 2), but it was too small a target for com-
prehensive tests. Later the more heavily reinforced and larger Subma-
rine Assembly Plant at Farge, Germany, became available, but as this
was located in the American Enclave, the nritish had to seek American
cooperation to use it. Trial VII was completed and Trial IV repeated
in Aurust 19145 using the Farge target. In Trial IV, the British
2,000-lb. AP bomb was used.

6
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a. Up to this point, merican participation had consisted of
B-17 aircraft of the 40th CoA)at Wing dropping the Disney boabs for
the British. Then, because of the rapid retrencloant of organisations
qnd elimination of bases in the UK after termination of bhe war in
1krcpa, directives were issued by USAFE for the assigninmt of three
B-17 airplanes complete with crews to RAF Station, Mildenhall, Nngland,
which was to be the base of operations for this toit. A joint RAFP-AAF
program for bombing the Farge and Heligoland ta-?gets was drafted.
This program incladed the following American bombst 2,000-lb. SAP
(M103), fabricated Tall Boys (TO) and fabricated Grand Slams (T14).
British bombs to be tested includedt caut Tall Boys, Disneys, and a
1,650-lb. model of a 12,000-lb. concrete penetrating rocket assisted
bomb (an enlarged version of a Disney).

d. Because ef lack of aaintenance personnel, inadequate
supply channels, inexperience of beabing teams and vagaries of the
weather, the 8-17 aircraft at Mildenhall were unable to accomplish any
missions. It was then decided that, to expedite the test, a self-
sustaining detachment of highly skilled air crews, maintenance,
supply, tchrical and administrative personnel would be assembled in the
United States, urnished with three B-29 aircraft and four D-17 aircraft,

and flown to Ingland. This *arked the beginning of Project 'Ruby".
This contingent arrived at RAF Station, Marham, its base of operations,
on 15 March 19" and bombing operations cmenced on 25 March. Mean-
while, the three &-17 aircraft and creow at Mildenhall had been moved to
Marham to be added to Projeot "Ruby*. As the test progressed, the
program was enlarged to include the newly developed American 22,000-1b.
SAP (T2#) bombs, called the Amason. The program, as finally revised,
included Trials I through XXII, three of which had already been
accomplished, (Trials II, IV and VII), and two of which were subse-
queantly cancelled (Trials III and VIII). This left eight Trials to be
accomplished at Farge (Trial VI,II,X,XXI,,III XVIII, XIX, and XXI) for
the purpose of determining penetration, case strength, reliability of
fuses, and insensitivity of eaploder systemand nine •rials to be
accomplished at Heligoland (Trials I, V, XIII, XIV, XV, XVI, XVII,
and 1I, for the purpose of determining insensitivity of various
explosive fillers, and Trial XXII to determine tho performance of the
2000-lb. SAP HN bomb dropped with 0.10 second delay fuses)*

e. The Submarine Assembly Plant at Fargo makes an ideal
target for penetration and case strengh tests of inert loaded bombs,
being sufficiently large (1400' x 310') and sufficiently thick (14i-9.
to 231-0N), and presenting several different t)Ves of roof reinforcing
(See Inolosure Mo. 4). However, its location close to the village of
Fargeo with houses within the 500 yard danger area and an electric
power plant just outside this area, makes it impractical for use with
H1 bombs. For this reason, all sensitivity ttiials %ore conducted
against the U-Beat Shelter on the uninhabited island of Heligoland

7



0
in the North Sea. The roof of this target is tsn feet thick, the
shelter beihg 50 feet in length, and 310 feet wide (see Inclosure 10).

3 CONCLUSIONS:

a. Penetration.

(1) Not any of the bombs tested are eapable of perforating
the 23 foet thickness of the Fargo roof.

(2) The 22,000-Tb. Amason bomb, with a striking velocity
of 300 feet per second, will perforate the 14'-94
thickness of the Farge roof, and can be expected to
perforate up to 15'-l0" of reinforced concreto at this
striking velocity.

(3) The rocket assisted 4500-lb. Disney bomb, with a
striking velocity of 1450 feet per second, will
perforate the 140-9" Farge roof, and can be expected
to perforate up to 16'-4" of reinforced eoncrete at
this striking velocity.

(4) The 4500-lb. Dianey bomb without rocket assist, with a
striking velocity of 1150 feet per second,, Aill sab
the underside of the 14'-90 Farge roof, will perforate
the 10 foot thick roof of the Heligeland target, and
can be expected to perforate up to 121-•0" of reinforesed
concrete at this striking velocity.

(5) The American 22,000-lb. fabrinated drand Slam (T14)
bamb will penetrate 70-8' into reiniereed concrete at
1150 feet per second striking velocity, * .- 28 at 650
feet per second, and 49-70 at 620 feot per second
striking velocity.

(6) The American 12,000-lb. fabrieated Tall Boy (T10)
bomb will penetrate 5'-80 into reinferced eoenrete at
850 feet per seond, and 30-50 at 620 feet per second
striking velocity*

(7) The British 312000-lb, east Tall Boy will penetrate
5'-7' into reinforeed concrete at a striking velocity
of 1150 feet per soeeond, 31-90 at $50 feet pr second,
and 3'-00 at 620 feet per second

(8) The British 2000-lb. AP bomb, with a striking velocity
of 150 feet per seeend, wdll penetrate 6'-0* into
reinforced conarete.

8
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(9) The inert loaded 2C00-lb. SAP (N103) bomb, with a
striking velocity of 1030 to 3.100 feet per second, will
penetrate only 39-l1 into reinforced concrete.

(10) The Picratol filled 2000-lb. SAP (K103) bomb, fuzed
for 0.10 second delay, and dropped from 20,000 feet.
wrill scab the underside of the ten foot thick Haligole•d
roof. The bomb will blow through lesser thicknesses of
ooLcrete, such au the roof overhaag& averaging six feet
thick.

(Ii) The 1650-lb. Model bomb, with a striking velocity of
1000 feet per second, will penetrate 41.40 in'to re-
inforced concrete. With a striking velocity of 800
feet per second it will penetrate 3 0-3.

b. Case strent

(1) The Amamon bomb normally ti strong enough to withstand
Ispact on concrete at striking velocities apprdximating
1100 feet per second, but in not strong enough te with-
steand side impact occurring after perforation of a
10-9" roof. Weakness #f the rear ustenitic weld

4" contributes to broeszp of this bomb. No ether welds
Sfailed,

(2) The Disney bomb normally is strong enough to withstand
impect on concrete at striking velocities approximating
llJ5 feet per second, but is not strong enough to
withstand side impact occurring after perforation of a
14-4'- roof.

(3) The Disney boub norially is strong enough to withstand
secondary impact after perforating a 10 foot roof
with striking velocities of 1150 to 1450 feet per
second.

(4) The 2000-lb. SAP bomb at striking velocities of 1030
to 1100 feet per second has approximately a 70 per cent
chance of remaining intact upon impact with reinforced
concrete. Thse which break up fail when thf, rear por-
tion of the case strikes against the back of the crater
as the bomb traces a ricochet path in concrete. Of

hooee which remain intact, about one-half are badly
dented by this same action.

(5) The fabricated Grand Slat bomb will break p up on iz-
pact on concrete at striking velocities of 850 feet per



second or higher, bat the hardened steel nose will with-
stand impact at vlocities up to 150 foot per second.
The weakness of the stainless avutenitio weld joining the
bass ring -to the bomb body contributes to the break-up
of this bomb. Nose of the other welds f&Jled. Break-up
is caused by the striking of the rear portion of the
bomb against the back of the crater as a rioochot path is
traced in concrete,

(6) The fabricated Grand Slan has an even chance of re-
maining intact upon I. >&at with c'nrete aý. a strikiU g
velocity of 610 foot per sooond, but ricochet and
denting are probable,

(7) The fabricated Tall Boy has a better than 50 per seat
chance of reamning intact upon impact Wtbh concrete
at a striking velocity of 610 foot per second, bat
ricochet and denting are very probable. The weaknous
of the case at the roar welds althouq& externally roein
forced by addition of extra welded metal strips, con-
tributes to break-up of this bomb, Break-4* occurs in
the ome manner as the Grand SlJa

(2) The Cast Tall Boy will break up oupleteoy upa impact
with concrete at velocities of 620 feet per second and
above. Ritochat of the nose section is very probable
at the lover striking velocities. Fractures oeasr down
into the hardened woo.s

(9) The 2000-.b. AP bomb is miffisiantly strong to witb-
stand impact on concrete at a striking velocity of
.150 foot per seooond, bat the bomb tends to ricochet

or rebound from the oratcr.

(10) The 1650olb. Model bomb is saflficiently strang to
uith3tand impact an concrete at a velocity of 1000 feet
per seoOnd, but its length to diameter ratio is
apparently too great to prevent bending of the bomb
case. Boause of the tendency to bend upon impaet,
the bomb reboundm from the orator,

(1) The British Tail Pistol No. 58 functions satisfactorily
on 4500.-lb. CP/RA Disney bamb dropped on reinWoroed
oohcreto targets,.

(2) ie British Tail Pistol No. 47A MU II functions

10



satiaZactorily on fall Boy an Grand 81m bombs dropped
en -iuforusd encrete targets,

(3) Tho T723 tail fse fitted to Amason bomb. will withstand
impact on heavy concrete provided that the bab does not
break up, Picatinny Arsenal teats on the M39 Special
Primer show that this Primer satime fails to ignite the
"4lay powder,

d. Boosters a ='xnlodor*.

(1) The wploders in Disney bomas are probably sufficiently
insensitive to withstand impact an concrete without
detonating. Results at Fargo are inconclusive because of
the possibility that live detonators and percussion caps
were ased with the pistols.

(2) The ec sodor" and auxiliary ecloders in Tall Boy and
Grand 31m bombs are sufficiontly insensitive to with-
stand impact without detonation.

(3) Tho camposition "A" a-xiliary boosters used in the
Amason bomb are insensitive to impact on concrfete, and
are satisfactory for use in concrete penetrating bombs.

(4) The adapter booster in the 2000-lb. UP bomb is in-
sensitive to impact protided that the bomb does not break
up.

(1) All of the typec of mcplosive fillers testsd at
Heligoland will vatisfacterily withstand impact agairat
concrete. Per. list of the fillers tested so Li esre

(1) Not aW of the bombs tooted are suitable in their
present feos fer use against massive reinforced concrete.

(2) Nxil. the mason bomb in dimensioned properly for pod
penetration, it noeds modification to increase its case
strength to resist break-up on side impact. The stai&r
less austenitic weld in this bomb is unsatisfactory, All
other welds are satisfactory.

(3) Wh the Disney bomb is dimensioned properly for good

I U
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penetration, it "oes needs modification to prevent
break.-up on aide impact. The stud holes in the case
centribute to break-up on side impact. The bomb also
needs modification to increase ths reliability of
functioning of the rocket assist, Redesign of the
arming wire system to reduoo the lengths of the arming
wires would eliminate so&e rocket failures, but improve-
ment in the firing system is also needed to insure coam-
plots rocket action from all rocket tubes. The explosive
charge of the Disney is not large enough to cause material
damage to a massive concrete target.

(4) The 2000-lb. AP and SAP bombs, because of their small
penetration and their small explosive charge, are in-
offeetive against heivy concrete targets.

(5) The Tall Boys and Grand Slams are not properly
disensicned to give good penetration in concrete.
While the fabricated bombs are stronger than the
corresponding cast bombs, neither type nor size is
ottrong enough to resist break-up in initial impact
from high a] titudes.

-(6) In bomb design a material increase in penetration for
a Zivon weight is obtained by increasing striking
velocity. Since an increase in release altitude above
20,000 feet results in only slightly increased striking
velocit., rocket assist is sseential. D*ereasing the
bcmb diameter also results in greater penetration, but
if the ratio of length to diameter exceeds a eartamn
critical value, (approximately 8 to 1) the bomb wtll
bend excessively. A slight gain in penetration is also
obtained by increasing the caliber radius of the nose
ogive, and by decreasing the str4 king obliquity.

(7) The D-9 shackle is satisfactory for use with Tall Boy
and Grapd Slam bombs, but is unsatisfactory for us*
with mason bombs.

NBOMUCIDATIONS I

a. That action be taken to design, asnufacture, and test
against such a target as Fargo a bomb with smaller diameter, mre point-
ed nose and greater case strength than the MAason, but with weight of
explosive charge not materially reduced.

b. Consideration be given to &sans of increasing case
strength other than by increasing weight and thickness of bomb bod7,
i.e., using multiple layer walls, internal ribs or corrugatione, or
the use of

12
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special alloys.

a. Improvement in the reliability of functioning of rocket
motors be effected, and provision be made for use of rocket assist on
bombs designed in accordance with paragraphs a. and b.* above,, to
further increase penetration.

d. A means be developed for obtaining a striking angle of
zero dogrc~es in order to increase penetration, eliminate the
uncertainties in bamb behavior., and avoid the added stresse" arising
from non-normal incidence,

o. The Fargo target or other suitable targets be used for
continued tests of bombs and projectiles against concrete,

f. The explosive filler with the greatest explosive power,
selected from one of the types tested,, be used in concrete-penetrating
bombs,

g. A shackle be developed for large bombs which hill function
satisfactorily regardless of bomb weight, and angle of suspension of
the shackle,

5. RECOR~D OF TEST:

Test was conducted in accordance with Test Program, copy of
which is attached as Inclosure 2.

6. DISCUSJIONL

(1) Tenst t The 1400 foot long S tariine Assembly Plant
at Fargo has a reinforced t oncret, roof 4l1/2 aeters
(14n-90) thick covering 68 per cent of the roof area
of 380,,600 square feet. The rtaindr s beusen bo
thickened by the addition of a top layer of concrete
2-1/2 asters thick,, giving this portion a total thick-
noes of 7 ast~ers, or 23 feet. This top layer had
been started at the lantern end of the structure and
had progressed toard the middle where work was
abandoned when the region fell into Allied hands.
Several types of reinforcing were used in the first
roof layer (described fully in Inclosare 4),i but the
principal method consisted lf the use of precast,, pro
strcond ed, reinforced concrete bewstring truases (see
Inclosure 4, page 2). The roof plan (Inclosure 6,
page 1),t shows te-r arrangement and sise of all roof
slabs and indicates the type of reinforcing used,

13
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Since the -iming point for the bulk of the releases
was a bullseyo painted an the 4-1/2 motor roof at a
dietanee 300 foot from the We.t end, the distribution
of Project Raley" bomb hits on this target (see
Inelouer 6, page 2) is concentrated en the Western
half of the building. When hits were desirod on the
7 moter roof, beaoardiere shifted their aiin point
Uastward towards the center of the building. ?wo holes
through the 4-1/2 metor roof, but bordering on the
7 metor portion, were sometimes ued for aiming points.
These holes were *aased by Grand 8lans dropped
during the war by the RAL,) These bombs had exploded
after partial penetration and had blown a hole
through the roof. Inclosure 4 (pages 13 and 14) ohs
the location of these holes, and the demage to the
roof caused by these bombs.

(2) P Prior to activation of Project
uwcbh7, the British had completed two trials on the
Fargo target with results as outlined bolowt

(a) In Ttial IV, thirteen 2000-lb. AP bombs were
dropped from 20,000 feet by Lancaster aircraft,
to give a striking velocity of 1140 feet per
sooond, and seven hits wer" sored. One bomb
ricocheted after penetrating 2040,, struck a
vertical wall,, and fractured the base plate.
The remaining six were intact, although ea bad
bent s8Lghtly, and another had flattened emaid-
erably at the base. Onuy feur ef the six were
considered to be fair hits, as one struck on the
edge of the roof, and another strock on a
vertil face of eonrete. Craters of the foer
goed hits varied from 51-65 to .40-50 deep, with
orator diameter averaging 10 feet, ue bcmb
ricahoteed, ene rebounded from its orater, and
two rained in their craters. All exploders
wer intact. Pistols were not fted to these
bombs. The penetratione of the AP bembe on
Fargo were consistent with earlier results at
Watten. There two hits were obtained from
18,000 feet (striking velocity 1090 feet per "oe)
with penetrations of 51-10 and 5'-.5. Both
bombs were intact, but one had bounced sad the
other had ricocheted cut of the orator.

(b) In Trial VII, Five oat Tall Baoy were dropped

by L•ecasters from 20,,000 feet (striLkng

14



velocity 1150 feet per second), scoring four
hits. All bombs which struck broke into a large
number qf pieces. Penetration va-iod between
50-59 and 51-80. Inclosure 7, page 1, shows one
of the Tall Boy orators with nose section of the
bomb lying in the crater. Also shown is a photo-
graph of the base of the same bomb. Exploder
cont~iners were broken in some instances, but
*xploters had not detonated. Pistols were
examined and found to have functioned.

(3) Trial I (Disneys withoeut rocket assist): Project

"Ruby' B-17 aircraft dropped 12 Disney bombs frtm

20,000 feet with rocket asist not functioning
(striking velocity 3150 feet per second). The bombs
were dropped with roaket fuses and gonsrators "safe"
(see Inclosure 3 for sketch of Disney bomb). The
Disneys used in these trials were from a Vickers
Ametrong lot which had been condamned for manu-
facturing flaws. Seven hits, all in the 4-1/2 moter
roof, were scored. Results are tabulated in Inad-
csure 8, Page 1. A detailed description of each hit
is given below. All bombs have been assigned a plot
number, and the location of each hit is shown on the
roof plan, Inclosure 6, page 1. Crater profiles are
shown in Inclosure 9, pages 1 to 4.

N (a) Plot No. 21 This bomb penetrated Ul-0 into a
roof slab with bowstring truss reinforcing. /

Bomb lodged in roof at an angle of 28 dsgrAs
to the vertical, intact. Ceiling below was
sli htli-i (See Inclosure 7s pages 2 and
3). Bomb was fitted with Mark 58 pistols and
dummy (wood) exploder. Detonators and firing
caps were not fitted to the pistols. Exmmination
of the pistols showed that th4 had functioned, ,".
but the striker points had flattened upon
hitting the shoulder of the empty detonator
holder.

S(b) Plot No. 31 This bomb struck close to the
junction of four roof slabs over a supporting
saJ. and penetrated W-10 into bowustring truas
roof slab. The bomb remained (Inta" lodfed in
roof at an angle of 21 degrees to the vertical.
(See Inclosure 7, page 4). Pistols functioned
properly. Amb was fitted with & exploders.
Detonators end firing caps were omitted.
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(a) Plot No. 9: This bomb struck at the junction
of four roof slabs of bowstring truss construction.
The rear portion ofboab case broke off near lug,
fractured into a number of pieces which fell
around the crater. The nose section lodged in
the crater at an angle of 32 degrees to vertical.
There were cracks 18w long running toward the
nose of the bomb from the fractured edge. Two
possible explanations for the break-up of this
bomb are advanced. One is that the bomb bent
excessively and snapped. The other is that the
bomb got squeesed between the roof sections.
(Another bomb, Plot No. 37, which also hit under
similar eircumotaneos, broke up in the same way).
Penetration was 10'--7, only slightly less than
in the two previous cases. Pistols functioned
satisfactorily. Bomb was fitted with wood duLmy
exploders. Detonators and firing caps were
omitted. See Inclosure ?, pages 5 and 6 for
photographs of crater.

(d) Plot No. 10t This bomb struck on roof slab
having short span concrete truss reinforcing.
For description of this type of construction,
see Inolosure 4, page 3. Bomb penetrated 9'-5"
into roof, (renaining intact in crater, lodged at
an angle of 29 de4gree to the vertical. Pistols
functioned properly. DBmb was fitted with dny
exploders. Detonators and firing aps were
omitted. See Inclosure 7, page 7, for photo-
graphs of bomb and crater.

(e) Plot Xo. 261 This bomb struak on roof slab
having 60 oa. steel I-beam reinforcing. Point
of impact was near junction of four roof slabs.
Bomb rebounded 55 feet from crater, landing flat.
(&a Inclosure 7, pages 8 and 9). The nose kroke
int.3 three pieces en secondary impact. Inspoe-
tion of the fractures showed that the bveak-up
occurred becatse of two internal flaws in the
nose. One "flaw ran almost entirely across thue
nose of the bomb at a point about 2-1/2 incheso
ahead of the filler savity,. The other flaw,
starting at the transverse flawp was in a plame
through the bomb's loneitumnal axil, extending
to the cylindrical portion of the case. Inal-
osure 7, page 10, shows these flaws. Pene-.
tration of this bomb was below normal, being
only 8'-70. Angle of penetration, judged frmm
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the bask slope of the crater, was 2$q degrees.
Bomb wasn fitted with dummy exploder.. Pistols
functioned satisfactorily,, firing the live caps
which had been fitted. Because this was a
faulty bomb,, the penetration has not been
Included in the average of this trisl.

(f) Plot No. 28: This bomb penetrated 100-6" at the
*enter of a roof slab thaving bowntriug truss re-
inforcing, The bomb severed the upper chord of
one bowstring truss and deflected a second one
upward,, as shown in Inclosure 7. page 3.1. The
bomb came to rest intact., lodged in roof at an
angle of 25.5 degrees to the vertical, The
ceiling below was slightly scabbed. This can be
seen in Inclosure 7,, page 3, at the top left,
This bomb hit on the s*me -oof slab as Plot No, 2.
Bomb was fitted with dumy exploders and live caps.
Pistols functioned satisfactorily,, firing the
caps*

(g) Plot No. 29: This bomb hit at the junction of
two roof slabs,1 over a supp-c:.'ing wall. Short
span concrete truss reinforcing was used in
these slabs. The bomb penetrated 9'-3",, bounced
out' and came to rest 15 feet behind crater.
(So: Inclosure 7, page 12.) Bomb case was
slightly bent.. but intact. (See Iraclosure 7,,
page 13). Angle of penetration, judged from
back slope of ctrater# was 34 degroee. Bomb was
fitted with dummy exploders and live caps.
Pistols functioned satisfactorily, firing the
caps. Since this bomb bounced out of the crater,
ali of it. energy was not expended in the impact.
Therefore, the penetration is not representative,,
and is not included in the average for this trial.

(4) Swumary. Trial It Considering only Plots 2, 3., 9, 10
and 28 as reproeaen~ta±ive of Disney impacts without
rocket astist., the following average crater character-
istics are deduced:
Average vertical ponotration 1C ~-61 Std. Dev. 01-8d
Maximum penetration Usin.
Minimum penetration 9e-5fl
Average angle of rest 27.0 dog. Std. Dov. 4.0 Dog.
Average crater length 131-O0 Std. Dev. 22-6"
Average crater width 131-8" Std. Day. 11.2"
Average depth of sal*-l 40--6" Std. Dev. 11-O0"
If Plot No. 9 is omitted on the assumption that it isI. not a representative hit because of break-up, the
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