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HEADGJARTERS
AIR PROVING GROUND COMMAND
EGLIN FIELD, FLORIDA )
31 October 1946
PROJECT NO. 1-lib-7

COMPARATIVE T®ST OF THE EFfECTIVENESS OF LARGE BOMBS AGAINST
FEINFORCED CONCRETE STRUCTURES (ANGLO-AMERICAN ROMB TESTS-
PEOJECT RUBY)

l. Inclosed is copy of Final Report of Air Proving Ground Command,
Eglin Field, Florida, subject as abovea

2. This project was initiated at the request of Headquarters AAF
by letter to Commanding General, AAF Center, Orlando, Florida, subject:
Anglo-American Bomb Tests, dated 3 January 1946,

3« Object: To compare the performance of large British and
American bombs when used against massive reinforced concrete targets.

4, Puw sose of equipment tested: The bombs tested are designed
to penetrate and destroy resistent targets when dropved from Ligh
altitudes. Bonb sizes ranging from 2000-1b. SAP and AP to 22,000-1t.
GP and SAP were used, as wel! as the 4500-1b. concrete piercing rocket
assisted Disney Bomb and a 1650-1t. scale model of a 12,000 1b-
concrete piercing rocket assisted bomb.

5 Degcriptiont This was a joint Anglo-Americen tombing project
carried out against the reinforced concrete submarine assembly plant at
Farge, Germany, and the U-Boat Shelter at Heligolandy Inert loaded
bombs were drorped 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 22,000-1b, SAP Amazon bomb (T28) and the U500~1b. 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 at'ter perforating a reinforced concrete roof which substantially
reduces tlre bomble velocity.

ce The rocket assist on the 4500-1b. CP/RA Disney bombd is not
reliable in functioning.

WF-0-20 NOV 46 125 ML i V-68310
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| d. All of the explosive fillere tested (see Inclosure 12 of .

| sudb ject report) are sufficiently insen#itive to withstand high altitude
| impact ageinst reinforced concrete.

o. The D-9 Shackle is suitable for use with the 22,000-1b. ’
Grand Slam bomb but is unsuitable for use with the 22,000-1b. SAP
Amnsgon bomb.

7. Recommendations:

a. Action be taken to design, manufacture, and test sgainet a
registant target such as Farge, a bomb with smaller diameter, more
pointed nose, and greater case strength than the 22,000-1b. SAP Amazon
bomb, but with weight of explosive charge not materially reduced.

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

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

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

report. ’

e. A shackle be developed for large bombs which will function
satisfactorily regardless of bomdb weight, and angle of suspension of
the shackls. ;

8. This test wes carried out only under tem;)orate climatic
coniitions.

b 9. Inclosures:

Inclosure 1 - Test Directive
Inclosure 2 - Final Report (1-46-7) = ) - <
: “'.' I/c /"/ j/
[ ACOIISON for - / ‘ "c {
bR white Scotion ¢ : . CARL A. BBAﬁDT,
D.’m‘.‘w‘w‘w Bu!f Section C; b Brigadigr General. U.5.A. ' L

Commanding

i IIHPAT#,”_% _m_. ‘ | : ,
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-Authy, Ltr, Hq. AAF
11 January 1946
HEADQUARTERS, ARMY AIR FORCES

WASHINGTON
3 JAN 1946
AFREP
SUBJECT: Anglo-American Bomb Tests
T0s Commanding General, Army Air Forces Center, Orlando, Florida

1. It is desired that the Ammy Air Forces Center organise,
monitor, and assume operational responsibility for the entiro Army Air
Foreces'! 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 winterisation at San Antonio, Texas, and
will be available for movement to the United Kingden by the first of
February, Four (4) additional B-17 aircraft, with flight and maine
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 must accompany the flight echelon
for it to be entirely selfsustaining for a period of six morias,
Wnile 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 will be required, Lt, Colonel D, G, Hawes of your command is
recommended for this purpose, Flight crsws of these aircraft must be
of superior caliber,

4e 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 Command. Your command is suthorised
to communicate direct with continental commands in obtaining nscessary
personnel and equipment for this project,

5« This project is assigned an A=l priority,

BY COMMAND OF GENERAL ARNOLD:
c oPY ‘ /s/ C. C. Chauncey
Inclosure 1, Page 1 3 C. C. CHAUNCEY

Major General, U, S, Army

Deputy Chief of Air Staff
(3 kfpﬂf \f'q
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THE ARMY AIR FORCES BOARD
ARMY AIR FORCES PROVING GROUND COMMAND
ORLANDC, FLORIDA
GLR/mep=F
23 May 1946
Armament Branch

SUBJECT: Anglo-American Bomb Tests (Project "Ruby")

T0: Commanding Officer, AAF Proving Ground,
Eglin Fisld, Florida
Atin: 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,

¢s 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 AngloeAmerican Large Bomb
Project now in progress in England, with any amemdments thereto approved
by the Military Attache, London, England, and the Commanding General,
USAFE.

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

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

S« It is desired that the final report be subiltted to the AAF
Board for concurrence prior to publieation,

FOR THE PRESIDENT:

COPX /s/ ¥, W, Momyer

Inclosure 1, Page 2 L Wn, W, MOMYER

Cclonel, Air Corps

cwl Executive
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GRMUDINNAT

HEADQUARTERS
AIR PROVING GROUND COMMAND
EGLIN FIELD, FLORIDA

FINAL REPORT

ON

COMPARATIVE TEST OF THE EFFECTIVENESS OF LARGE BOMBS AGAINST
REINFORCED CONCRETE STRUCTURES ( ANGLO-AMERICAN BOMB TESTS -
PRQJECT “RUBY')

PROJECT NO. 1-U6-7

Inclosure 2 5
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CQUIEIREMIAL

1. OBJECT:

To compare the performance of “ritish and American bombs of
standard and special design when used apainst reinforces concrete
tarpets. Particular attention will be given to the following:

a. Penetration.

b. Strength of cases.

¢. Insensitivityv of exploder syvstem.

d. Reliabilitv of pistols and fuzes.

e, Insensitivitv of main fillings.

2. INTRODUZTION:

e, The end of World Wer I1 left both the AAF and the RAF
with many unanswered questions concerning the effectiveness of hombs
against reinforced conecrete structures, One problem was to find out
why heavy bombs developed toward the end of the war (the British
12,000-1b, Tall Boy and 22,000~1b, firand Slam end the American counter-
parts, the 12,000~1b T10 and 22,000-1b. Tl;) failed to penetrate
thick concrete in the mammer predicted by formulae, This was thought
to be the result of breaking up of the case on impsct, or else because
the sensitivity of the explosive filling or exploder system was such
that the bemb exploded on impact prior to fuze action,

b. Running parallel with the development of large bLombs was
a project for obtaining high striking vclocities by means of a rocket
assisted [},500-1b. Rritish bomb called the Disney. For technical

" reagons this homb could be carried onlvy on B-17 sircraft, and was used

by the Eighth Air Force towards the end of the war. In strikine concrete

the same di“ficulties were encountered as with the Tall Boy and Grand
Slam. Both the RAF 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, Germmny, became available, but as this
was located in the American knclave, the Rritish had to seek Americen
cooperation to use it. Trial VII was completed and Trial IV repested
in August 1945 using the Farge target., In Trial IV, the British
2,000-1h, AP hombh was used.

o




¢. Up to this peint, xmerican participation had consisted of
B~17 aircraft of the LOth Comhat Wing dropping the Disney boabs for
the British, Then, becauss of the rapid retrenclmant of organiszations
and elimination of bases in the UK after termination of the war in
Europe, direstives wers issued by USAFE for the assignment of three
B=17 airplanes complete with crews to RAF Station, Mildenhall, England,
which was to be the base of opsratione for this test, A Joint RAPAAF
program foy bombing the Farge and Heligoland tavgets was drafted,
This program inclrnded the following American bombs: 2,000-1b, SAP
(4103), fabricated Tall Boys (T10) and fabricated Grand Slams (T1L),
British bombs to be tested included: cast Tall Boys, Disneys, and a
1,650=1b, model of a 12,000~1lb, concrete penetrating rocket assisted
bomb (an enlarged version of & Disney), '

d. Becsuae of lack of aaintenance parscanel, inadequate
supply chananels, inexperience of bosbing teams and vagaries of the
weather, the B-17 aircraft at Mildenhall were unable to accomplish any
missions, It was then decided that, to expedite the test, a selfe
sustaining detachment of highly skilled air erews, maintenance,
supply, technical and administrative persomnel would be assembled in the
United States, furnished with three Be2y aireraft and four B-l7 aireraft,
and flowmn to England, This warked the beginning of Project “Ruby",
This contingont arrived at RAF Station, Marham, its base of operations,
on 15 March 194% and bombing operations cusuenced on 25 March, Meane
while, the three B=17 airsraft and crews at Mildenhall had been moved to
Marham to be added to Projsct "Ruby", As the test progressed, the
program was enlargsd to include the newiy develeped American 22,000-lb,
SAP (T28) boab, eallsd the Amagon. The program, as finally revised,
inecluded Trials I through XXII, three of which had already been
accomplished, (Trials II, IV and VII), and two of which were subse-
quently cancelled (Trials III and VIII), This left eight Trials to be
accomplished at Farge (Trieis VI,IX,X,XT,XIX, XVI1I, XIX, and XXI) for
the purpose of deterzining penetration, case strength, reliability of
fuses, and ineensitivity of exploder system,and nine rials to be '
accomplished at Heligoland (Trials I, V, XIII, XIV, XV, XVI, XVII,
and XX, for the purpose of determining insensitivity of various
explosive fillers, and Trial XXII to determine tho performance of the
2000=1b, SAP HE bomb dropped with 0,10 second delay fusxes),

¢, The Submarine Assembly Plant at Farge makes an ideal
target for penetration and case strengih tests of insrt loaded boabe,
being suffieiently large (1i00* x 318') and sufficiently thick (14t=9®
to 23'«0"), and presenting several different types of rouf reinforeing
(See Inclosure No, 4), However, its location close to the village of
Farge. with houses within the 500 yard danger area and an eloctric
power plant Just outside this area, makes it impractical for use with
HE bombs, For this reason, all sensitivity tMals wore conducted

against the UwBoat Shelter on the uninhabited islund of Heligoland
7
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in the North Sea, The roof of this target is tsn feet thiock, the
shelter being 506 fest in length, and 310 feet wide (sece Inclosurs 10),

/8. CONCLUSIONS:

s, Penstration,

(1)

(2)

(3)

(&)

(5)

(6)

v))

(8)

Not any of the bombs tested are eapable of perforating
the 23 foot thickness of the Farge roof,

The 22,000-1b, Amason bomb, with a striking velocity
of 1100 feet per second, will perforate the 14'e9*
thickness of the Farge roof, and can be expected te
perforate up to 15'«10" of reinforced concreto at this
striking veloeity,

The rocket assisted 4500-1b, Disney bomb, with a
striking velocity of 1450 feet per second, will
perforate the l4'«9" Parge roof, and can be expected
to perforate up to 16'=L” ef reinforced conscrete at
this striking velocity.

The L500=1b, Disney bomb without rocket assist, with a
striking veloacity of 1150 feet per sescond, will scab

the underside of the 1l4'=9" Farge roof, will perforate
the 10 foot thick roof of the Heligeland target, and

can be expectad to perforate up to 12'«10¥ of reinforeed
conorete at this striking wvelocity,

The imerican 22,000=-1b. fabrissted Grand Slam (TLl4)
bomb will penetrate 7!'«8" into reinforsed concrete at
1150 feet per second striking velocity, 5°«=2% at 850
fost per seocond, axd 4'«7" at 620 feet per sesond
strikivg velocity,

The American 12,000-1b, fabricsted Tall Boy (710)
bomb will penetratc 5'=8% into reinferced sonerete at
850 feet per second, and 3'=5" gt 620 feet poer second
striking veiooity,

The British 12,000«1b, east Tall Boy will penotrate
§'%7% into reinforeed concrete at a striking veloeity
of 1150 feet per sesond, 3'=9" at 850 feet pr second,
and 3'«Q¥ at 620 fest por seocond,

The British 2000w=1b, AP bomb, with a striking velooity
of 1150 faet por sescund, will penstrate 6%=0" into
reinforced consrete,

8
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(9) The inert lcaded 2C00=-1b, SAP {M103) bomb, with a
. striking velocit; of 1030 te 1100 feet per second; will
. peustrate anly 3%«1" into reinforced concrete,

(10) The Picratol filled 2000-1b, SAP (M103) bomd. fuzed
. for Q.10 second delay, and dropped from 2C,000 feet,
. will scad the underside of the ten foot thick Haligole.d
r roofs The bomb will blow through lesser thickneeses of
coLcrete, such au the roof overhang, averaging six feet
thicice

(1i) The 1650=1b, Model bemb, with a striking velocity of
1000 feet per second, will penetrate 4lli¥ into re-

. inforced concrete. With a striking velocity sr &UO

E feet per second it will penetrate 3%.3¥,

b, Case strength,

F’. %

(1) The Amagon bomb normally is strong enough to withstand
isxpact on concrete at striking velocities spproximating
1100 feet per second, tut is not strong enough te with-
stand side impsct eccurring after perforation of a
141.9" roof, Wetimess of the rear sustenitic weld
contribtutes to brealowp of this bomb, No sther welds
failed,

e

(2) The Disney bomb nermally is strongz emough to withstand
impact on concrets at strikieg velocities spproximating
1450 feet per second, but is not strong enough to
withstand side impact occurring after perforation of a
1419% roof,

(3) The Disney borb noraslly is strong enough to withstand
: secondary impact after perforating a 10 foot roof
: with striking velocities of 1150 to 1450 fest per
‘ second,

. (4) The 2000-1b. SAP bomb at atriking velocities of 1030
: t0 11C0 feet per second has spproximately & 70 per cent
. chance of remaining intact upen impact with reinforced
_ ooncretes Those which bresk up fail when thr rear por-
; tion of the cuse strikes sgainst the back of the crater
. as the bomdb traces & ricochet path in concrete, Of
those which remain intact, about one-half are bally
dented Wy this same action.

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

9
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(6)

(3)

(9)

(10)

EENNTRINRL

second or higher, Wt the hardensd stesl nose will witihe
atand impact at velocities wp to 1150 feet per gecond,
The weakness of the stainless austenitic weld jeirning she
base ring to the bomb body contribuies to the breakwup
of this bomb, None of the ether welds fajled., BEreak-up
is caused by the striking of the rear portion of the
boab against ths bask of the orater as & ricoochet path is
traced in concrete,

The fabricated Grand Slam has ar evea chance of re-
msaining intact upon is pect with concrete av @& striking
volocity of 610 feet per second, but ricochet amd
denting are probable,

The fabricated Tall Boy has a batter than 50 per sent
chance of remaining intact upen impast wth conorete

at a siriking velocity of 610 feet per second, but
ricochet and denting are very prebable, The weakness
of the case at the rear weld, although externszlly roine
forced by addition of axtrs welded metal sirips, oen=
tributes 1o bresk-up of this bomb, Break-up ceours in
the same manner as the Grand Slem,

The Cast Tall Boy will bresk wp cuosmpletely upen impast
with concrete at velocities of 620 feet per second and
above, Ricochet of the nose sectien is very probable
at the lewer striking velocities, Fractures ocecr dom
into the hardened nose, ‘ .

The 20C0=1b, AF bomb is suffieiintly strong to withe
stand impact on oconcrete at a striking velesity eof
1150 feet per acoond, but the bomb tends to ricochet
or rebound from tho crater,

The 1650=1b, Model bcab i3 sutficiently strong te
withatand impact on concrete at a velocity ef 1000 feet
per second, but ite length to diameter retie is
apparently too great to prevent bending of the bomd
case, DBesause of the tendency to bend upen impaet,

the bomb rebounds from the sratsr,

Puges and pistols,

(1)

(2)

The British Tail Pistol No, 58 functions satisfactorily
on 4500=1b, CP/RA Disney bombs dropped on reinforoed
coherete targsts,

5 10 British Tail Pistcl Yo, 47A MK II funetions

10
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satisZactorily on Tall Boy amd Grand 3lma bombs dropped
on einuforved cencrete targets,

{3} Tho 7723 tail fuse fitted to Amascn bombs will withatand
impact on heavy concrete provided that the bemd does not
break up, Plcatinny Arsenal testes on the M39 Special
Primer show that this Prizer scmetimes fails to ignite the
“l” mf.

d, Boosters and exploders,

(1} The exploders in Disney bomhs s&re probably sufficiently
insensitive to withstand impast on oconcrete without
detonating, BResulis at Farge are ineonclusive because eof
the possibility that live detonstors and peroussion caps
were used with the pistols,

(2) The exploders and auxiliary exploders in Tall Boy and
Grand Slaa bombs are sufficiently insensitive tu withe
stand impact without detonation,

(3) The composition "A" suxiliiary bocsters used in the
Asagon bomb are insensitive to impact on oconcrete, and
are satisfaciory for use in concrete penetrating bombs,

(k) The adapver booster in the 2000-1b, SAP beab is in~
sensitive to impact provided that the bomb does not break
up,

0, gigm. k

(1) A1l of the typec of explosive fiilers testad at
Holigeland will satisfactcrily withstand impact agairst
oconocrete, Per-a iitet of the fillers tested see Inclosure

-2 '

(1) Mot any of the bombs tested are suitable in their
present ferm for use against masszive rainforced conorete,

(2) While the Amason boak is dimensioned properly for good
panetration, it needs modification to increase its case )
strength to resist broak-up on side impact. The stair= -
less austenitic weld in this bomb is unsatisfactory. All

v+ other welds ere zatisfactory,

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

n
b




(&)

(5)

“(8)

)]

eoncpaerXl”

penstration, it slso needs modification to prevent
bresk-up on side impact, The stud holes in the case
centribute to break-up on side impaot, The bomb also
needs modification to increase ths reliability of
functioning of the rocket assist, Redesign of the
arming wire system to reduce the lengths of the arming
wires would eliminate some rocket failures, but improve-
ment in the firing systea is also needed to insure come
plete rocket aoticn from all rocket tubes, The explosive
ctarge of the Disncy is not large enough to cause material
damage to a massive concrete target,

The 2000=1b, AP and SAP bombs, because of their small
psnetration and their sazll cxplosive charge, are ine
offective against hewuvy concrete targets,

The Tall Boys and Grand Slass are not properly
diamnsicned to give good penetration in concrete,
While the fabricated bombs are stronger than the
co>responding cast bombs, neither type nor zise is
strong enough to resist bresk-up in initial impact
from high altitudes,

In bomb design a material increase in penetration for
a given weight 13 obtained by increasing strilking
velocity, Since an increase in relessc altitude above
20,000 feet results in only slightly inoreased striking
velocit, , rocket assist is esesential, Dsoreasing the
beab diamet.er also results in greater penetration, but
if the ratio of length to diameter exceeds a eortain
ceritical value, (approximately 8 to 1) the bamb will
bend excessively, A slight gain in penetration ia also
obtained by increusing the saliber radius of the nose
ogive, and by decreasing the striking obliquity.

The D=9 shackle is satisfactory for use witih Tall Boy
and Grand Slam bombs, but is unsatisfactory for uss
with Amason bombs,

4. EECOMMENDATIONS:

Qe

That action be taken to design, msnufacture, and test

against such a target &s Fargs & bomb with smaller diameter; more point-
od nose and greater case strength than ths Amason, but with weight of
explosive charge not materially reduced.

b.

Consideration be given to msans of increasing case

strength other than by increasing weight and thickness of bomb body,
i.0,, using multiple layer walls, internal ribas ur corrugstionse, or

the use of

12
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special alloys.

¢. 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 degroes in order to increase penetration, eliminate the
uncertainties in bomb behavior, and avoid the added stresses arising
from non-noraal ineidence,

o, The Yarge 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 tasted, be usad in concrete-penetrating
boxbs,

g+ A shackle be developed for large bombs which will function
satisfactorily regardless of bomb weight, and angle of suspension of _
the shackle, —_)

5. RECORD OF TEST:

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

6. DISCUSIION:
a. Farge Trjais:

(1) Target: The 1400 foot long Submarine Assembly Plant
at Parge has a reinforced concreto roof iel/2 meters
(14'=9%) thick covering 68 per ceat of the roof area
of 380,600 square feet. The remainder has been
thickened by the addition of a top layer of concrete
2~1/2 meters thisk, giving this portion a total thicke
ness of 7 meters, or 23 feet, This top layer had
besn started at the Eastern end of the structure and
had progressed toward ths middie where work was
abandoned when the region fell into Allied hands,
Several types of reinforcing were used ir the first
roof layer (descrided fully in Inclosure 4), but the
principal method consisted of the use of precast, pre-
strer;ed, reinforced concrete bewsiring trusses (see
Inclosure 4, page 2), The roef plan (Inclosure 6,
page 1), shows tks arrangament and sise of all root
slabs and indicates the type of reinforeing used,

i3
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8ince the aiming point for the bulk of the relisases
was a bullseye painted on the &~1/2 meter reof at a
distance 300 feet from the West end, the distributien
of Projest "Ruay" bomb hits en this target (see
Inclosure 6, page 2) is concentzrated en the Western
half of the bullding., When hits were desired on the

7 meter roof, boabardiers shifted their aiming peint
Eastward towards the center of the building. 7Two holes
through the 4=1/2 meter reof, but bordering on the

7 meter portiocn, were sometimes wied for aiming points,
These holes were saused by Grand 8lams drepped

during the war by the RAF. ' These bombs had exploded
after partial penetration and had blown a hole

through the roef, Inclosure s (pages 13 and li) shows
the location of these holes, and tho dmage to the
roof caused by these bembs,

(2) ;M%’LM‘ Prior to activation of Projest
Ruby”, the British had completed two trials on the
Farge target with results as eutlined belows

(a) In Trial IV, thirteem 2000=1b, AP bombs were
dropped from 20,000 fest by Lancaster aircraft,
te give a striking veloscity of 1140 feet per
second, and seven hits were scored. One bamd
ricocheted after penctrating 2'«4¥, struck a
vertical wali, and fractured the base piate,

The remaining six were intact, although ene had
bent slightly, and another had flattened cemsid-
erably at the base. COnly fcur of the six were
considered to be fair hits, as one struck en the
eodge of the reof, and another struek on a
veartisal fase of esencrete, Craters of the feur
gook hits varied from 5'-6% 10.6'=35" desp, with
srater diameter averaging 10 feet. One bomb
ricocheted, ene rebounded from its crater, and
two remained in their ocraters, All exploders
wore intact. Pistels were net fitted to these
bombs. The penetrations of the AP beabe on
Farge were sonsistent with earlier results at
Watten, There two hits were ebtained from
18,000 feet (strilking velocity 1090 foet per sec.)
with penetraticns of 5'-1% and =5, Beth
bomks were intast, but one had bounced amd the
octhar had rieosheted out of the srater,

(b) In Trial VII, Five cast Tall Boys were drepped
by Lanesaters from 20,000 feet (striking

1,

wga' ‘b .

PRI T T T T e oo = v v— i - ~




CQARSINTT

wveloeity 1150 feet per second), scoring four
hits, All bombs which struck broke into a large
number qf pleces, Penstration variad between
5%as® and 5'«8", Inclosure 7, page 1, shows one
of the Tall Boy eoraters with nose ssction of the
bomb lying in the crater, A4ilso shown is a pheto=
graph of the base of the ssme bamb, Expleder
conteainers were broken in some instances, but
exploders had not detonated, Pistols were
examined and found %o have functioned,

(3) ZTrial X (Disneys without rocket assist): Project
"Buby" B-17 aireraft dropped 12 Disney boambs from
20,000 feet with rucket assist not functioning
(striking velocity 1150 feet par seocond), The bombs
were dropped with rosket fuses and gensrators “safe"
(see Inclosure 3 for sketeh of Disney bomb). The
Disneys used in these trials were frem a Vickers
Ammstrong lot which had besn condemnsd for' manu=
facturing flaws., Seven hits, all in the 4~1/2 meter
roof, were scored., Results are tabulated in Inele
osure 8, Page 1, A detailed description of esch hit
is given below., All bombe 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 &,

~ (a) Plet No, 2: This boamb penetrated 11°=0" into a
roof slab with bowstring truss reinforecing.
Boab lodged in roof at an angle of 28 degrées
to the vertical, intact. Ceiling below was

/slight]y scabbedy (8ee Inclosure 7, pages 2 and
3). Bomb was fitted with Mark 58 pistols and
dusmy (wood) exploders, Detonators and firing X
caps were not fitted to the pistols, Examination
of the pistols showed that they had functioned,
but the striker points had flattened upon
hitting the shoulder of the empty detonator
holder,

/

* (b) Plot No, 31 This bomb struck close to the
_Junation of four roof slabs over a' supporting
wall, and penetrated 11'=1* into bowstring truss
roof slab, The boab remained intact) lodged in
roof at an angle of 21 degrees to the vertical,
(8ee¢ Inclosure 7, page 4). Pistols functicned
properly, Bomb was fitted with dummy exploders,
Detonators and firing caps were omitted,
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Plot No, 9: This bomb struck at the junction

of four roof slabs of bowstring truss construction,
Ths rear portion of(bomb case broke off near lug,
fractured into a number of pieces whish fell
around the crater, The nose section lodged in
the crater at an angle of 32 dogress te vertical,
There were cracks 18" long running toward the
nose of the bomb from the fractured edge. Two
possibie 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 squeeszed between the roof sections,
(Anotner bamb, Plot No, 37, which alse hit under
similar circumstances, broke up in the same way),
Penetration was 10'«7", only slightly less than
in the two previous cases., Pistols funetioned
satisfactorily., Bomb was fittod with wood dumay
exploders, Detonators and firing caps were
omitted, See Inclosure 7, pages 5 and 6 for
photographs of erater,

Plot No, 10¢ This bomb struck on roof slab
having short span concrete truss reinforcing,
For deseription of this type of construction,
ses Inclosure L, page 3, Bomb penetrated 9'5"
into roef, /remaining intact in crater, ledged at
an angle of 29 degrees to the vartical., Pistols
funetioned properly. Bomb was fitted with dummy
eploders. Detonators and firing eaps weres
omitted, See Inclosure 7, page 7, for phote=
graphs of bomt and crater,

Plot loz 26: This bomb struek on rooef slab
having om, steel I<beam reinforeing. Point
of impact was near junetion ¢f four roof slaba,
Bomb rebounded 55 feet from erater, landing flat,
(S¢» Inclosure 7, pages 8 and 9), The nose troke
int> three pieces en secondary ispact, Inspec~
ticn of the fractures showed that the bieak=up
ocourred decause of two internal flaws in the
nose, One ‘flaw ran almost entirely across the
nose of the bomb at a point about 2-1/2 inches
ahead of the fillier eavity, The other flaw,
starting at the transverse flaw, was in a plane
through the bomb's longitudinal axis, extending
to the eylindrical pertion of the case., Inole
osure 7, page 10, shows thess flaws, PFPene-
tration of this bamb was below normal, being
only 8'«7", Angle of penetration, judged from
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the baek slope of the cratsr, was 28 degrees.
Bomb was fitted with dummy exploders. Pistols
functioned satisfactorily, firing the live caps
which had been fitted, DBecause this was a
faulty bomb, the peneirztion has not been
included in the average of this trial,

(£) Plot No, 283 Thie bomb penstrated 10%=6" at the
center of a roof slab having bowstring truss ree
inforeing, The bomb severed the upper shord of
one bowstring truss and deflected a second one
upward, as shown in Inclosure 7, page 11, The
bomb came to rest intast, lodged in roof at an
angle of 25,5 degrees to the vertical, The
seiling below was slightly scabbed. This can be
seen in Inclosure 7, page 3, at the top left,

This bomb hit on the same rocof slab as Plot No, 2,
Bomb was fitted with dummy exploders and live caps.
Pistols functioned satisfactorily, firing the
oaps,

(g) Plot No, 29; This bomb hit at the junetion of
twe roof slabs, over a suppciting walli, Short
span concrete truss reinforeing was used in
these slabs, The bomb penotrated §'=3", bounced
out, and came to rest 15 feet behind crater,

(Sec¢ Inclosure 7, page 12,) Bomb case was

slightly bant, but intast, (See Inclosure 7,
page 13), Angle of penetration, judged from

back slope of crater, was 34 degrees. Bomb was
fitted with dummy explcders and live caps,

Pistols functioned satisfactorily, firing the
caps, 3ince this bomb bounced out of the crater,
all of its energy was not expended in the impsot.
Therefore, the penetration is not representative,
and is not inecluded in the average for this trial,

(4) Symmary, Trial X; Considering only Plots 2, 3, 9, 10
and 28 as represantative of Dianey impacts without
rocket aszist, the following aversge crater charaster—
istics are deduced:

Average vertical penotration 1C -46" 8td, Dev, 0O'-8Y

Maximus penetration 11'=)"

Minimus penetration 95"

Average angie of rest 27,0 deg, 3td., Dev, 4.0 Deg, -
Average crater length 13'=0" Std, Dev, 2'=6" <
Averags crater width 138" Std, Dev, 1'a=2"

Average depth of spall LV Std, Dev, 1'=0O"

If Plot No, 9 is omiited on the assumption that it is
not a representative hit because of break-up, the
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