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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
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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,

SRMEREMIIAL

T S a——— -




'~

{e)

(d)

(o)

CQNNSTRITAL

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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average penetration would be unaffected, The pune~
tration predicted by the latest formula (Inelcsure

Li, page 2) gives 11°=i," for the unassisted Disney

bomnb,

Trial XII (Digney bombs, rocket aggntod}: This trial

consisted of releasing the Disney bombs with rocket
fuse and generator "armed", The M111A2 mechanical

time delay fugze was set for & .‘slay of 34,1 secands,
allowing free fall of 15,000 fest before initiation of
the rosketa, The buming time of the roekets is
epproximately taree seconds, This imparts an addi-
tional velocity tc¢ the bosb, and brings it above sonic
velocity. Wahen dropped from 20,000 fest aititude with
a true airspeed of 220 mph, the striking velccity is
1450 feet per second., Prior to dropping these boabs
with live rockets, it was necessary for safety reasons
to demonstrate that all bombs dropped would fall withe
in a radius of 500 yards of the aiming peint, Practice
drops were made at Orfordness, Englaud, Eaeh of four
bomberdiers dropped one bomb from 20,000 feet, BRockets
functioned on three of the four bombs., Errors were
respectively, 50 feet (left), 100 feet (Over), direct
hit, and 100 feet (short ond right), thus demonstrating
the aimability of these bomts, Twenty=two Disneys
were then dropped from 20,000 feet at Farge, szcoring
eleven hits and eleven misses, Seven of ths sieven
hits were rocket assisted and seven of the eloven

misses were also rocket assisted, giving a psrsentage

functioning of 63.6 per cent for the rockets, A
description of each hit is given below. Crater
profiles are given in Inclosure 9, pages 5 to 10,

(a) Plot No, 37t This bosb hit at a junction of four
roof slabs, over a supporting wall, Bomb pene-
trated 9'=1" into a roof slab having 60 ca. steel
I-bcam reinforeing. The rear section of the bomb
broke up, leaving nose section lodged in orater,
(See Inciosure 7, page 14), This break-up wae
similar to that of the unassisted Disney hit,

Plot No., 9, and under similar conditions of impact,

Angle of psnetration was 37 degrees. Inspeoction
of the rocket tubes in the vicinity of the crater
showed that the rocket asction had been incomplete,
This was determined in two ways, Firstly, there
was rocket propellent scattered around the crater,
and secondly, some of the recket tubes recovered

i8
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falled to show the two characteristie blued
bands at the end where the nossle is welded to
the tube. Between the two blued bands is a
white ash deposit. If ignition eccurs after
impact, those charscteristie markirgs are :.0%
pressnt. Inclosure 7, page 24 illustrates the
appearance of the tubes in the sase of proper
funeticning, 8ince the rocket action was
incamplete, and since the bomb breks up in the
ocrater, the penetration of this boab had not
been included in the average for this trial,
Pistols funetiored satisfacterily, firing ¢he
live cape. Bomb was fitted with live eaxploders,
The expl-sive train was interrupted by use ef
dumy detenstors, Oms exploder had becem breken
and was ast off by a secondary impact. The
othev expleder was intast. (See Inclesure 7,
page 15).

Plot No, 39: The rosket assist failed te
functien en this bomb; hance, penetration is

not wsable in average fer Trial III, Bemb
struck en bowstring truss roef slab at center ef
apan, Penstratien was 10'=9", which conforms to
the average for unassisted roekets, Bcmd
remained intast and lodged in roof (see
Inclocure 7, page 16), at an angle of 30 degress
to the vertical., The upper chords of two bow=
string trusses were damaged in the sams manner
as in the case of Disney bomb, Plot No, 28,
which hit under similar conditions. Pistols

did not function, as the safety pins had not
bean removed, Live axploders had been fitted and
these were intast, Pistols bad been Ifitted
with live primer caps and dummy detonators,

Plet No, 5931 The rocket assist failed to funeiien

en this bamb; hemge, the penstration is net
ussble in the average for Trial III, BEemb
strusk en reef olab having $0 em. stesl I-bean

‘reinforging. Penetratien was enly 6'-8", Bemd

was aet lodged in roof, as is normally tho case,
but was resting in crater, st an angle of 4l
asgrees to the vortical, intast but badly bemt,
The axtent ef bowing of the bomb case was five
inches at the middle (see Inclosure 7, page 17),
Penstration was not ussble in average for Trial
X because of the deformation of the baab case,
Live exploders were fitted th this boab, Both
exploders had blown, leaving a black residue,
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Both pistols and detorators were missing, Ome
detonator holder was in position but was bulged
outwards and blacksned., Project "Ruby" Ordnance
Officer stated that live caps and dumay detonators
had been fitted to the pistols,

Plot No, 601 The rocket assist functioned
properly. Bomb struek on bowstring truss reof
slab where the roof thickness is 16'«7" (certain
portions of the roof had a slope of one foot in
seventy for drainage, making the thiockness at

the center greater than at the edges), The bomb
penotrated 15'=3" remaining lodged in the roof,
intact, at &n angle of 36 degrees to the vertical,
Ceiling bdelow was considerably scabbed, The
lower chords of two bowstring girders were

bulged downward approximately 18 inehes, (8se
Inclosure 7, page 19), One pistol was found near
erater, Detonator was broken into small pieces
in detonator holder which had separated froa
pistol, The striker of this pistol was examined
by a British Ordnance expert who judged that

the striker had moved sufficiantly far forward to
ignite the live cap, part of whisch was found and
determined to have hsen fired, The head of
another pistol was alao found near cretcr. Both
detonator holders were bulged from underneath,
Both expleders had blown,

Blot No, 80t The rooket assist functioned
properly, Bomb perforated the 3=1/2 meter
thick roof of the Wesst Periscope Tower where
roof reinforeing eonsists of 100 em, steel I-
beass, The bomb passed betwoen two I=beams and
struck a stesl Hebeam on the building floeor,
Bomb csse broke up cirsumferentially at middle,
and nose point broke off at an internal flaw
similar to the transverse flaw in nose of Disney
bamb, Plot No, 26, However, in thie case, the
curvature of the break was opposite to that of
Plot No, 26, The berehole in the roof was so
naarly the width of the boab that the rocket
motor plate remained lodged in the tep of the
hols. Photographs of the crater and efths bomb
are shown in Inclosure 7, pages 20 and 21,
Angle of perforation wms 23 degrecs to the
vertical, Pistols were miszing fora bomb, Ome
exploder was missing, the other was ramoved
froa bomb and found tc be a wooden dumey,
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The rocket ascist failed to
funotion on this bomb, Hit cosurred oa i~l/2
moter thick roof slab having 60 em. steel Iw
bean reinforeing. The nese point broke off of
the beab and rebounded 130 feet, The¢ boab pene=
truted only five feet, and cams to rest at an
angle of 319 degrees to the vortical, slightly
bont, This hit is not usable in the average
for Trial X because of breakage of the nose whieh
again was trased to an intermal flaw, Inolosure
7, page 22 shows a view of the bomb resting in the
cruter and a view of the ncss fragment., Pistols
were alssing fram this bomb, Both exploders had
blown, leaving @ blask guamy residue, Part of
the arming wire was found attached o the roaket
fuse pot, suggesting that the bomb had been
dropped with the M111A2 fuse "safe®., This could
not be verified as the fuse had been campletely
emashed,

This is the only maket assisted

snsy bomb which hit on the seven meter roof
thicikness, Ths bomb penetrated 13'=2", lodging
ditself in the roof at an angle of 21 degrees to
the vertiocal, The bomb appcared to be intast.
Views of the crater are shown in Inclosure 7,
page 23, A rocket tube in the crater bearing
maridngs eharedteristie of a properly funstioning
rocket motor, is shown in Incloeure 7, page 2.
This bomb had live axploders fitted. One exploder
was intsct, the other had burmed partially., One
pieoe of striker of a pistecl was found, Ome
detonator holder was miseing, the other was in
position in the bomb,

Plat Mo, 85¢ The roeket assist failed to
fusetion oa this drop, The airplane brought

baek a broken arning wire; hence, this bomb
probably was dropped "safe", The bomdb struek

on the five meter thick roof of the Bast
Perissope Tower direotly over the tower wall
where the thickness of sonorete is effectively
infinite (sctually 13 meters), Rsinforeing in the
reof sladb consisted of steel trusses, (see
Inclosure &, page 4). The bosb penstrated 17'=1",
boring & hole inte the consrets betwean two
trusses (see Inclosuroc 7, page 25), The two
truoces between the borehale and ths edge of the
tower were doflected outward approximately 3
inehes, bulging the wall slightly, 8inoce this
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boab hit closs to the edge of the tower roof,

the penatration is not comparable with the

average for Trial X, Tus rockel tubes wire found
in a bundle in the crater ind bore no ubgns of
having funotionsd in flight. The base plate of
the bomb was eight foet below rocf level. Froa
the angle of the base plate in the bore hole, it
was judged that the angle of penetratien of the
bomb was 23 degrees to the vertisal. One exploder
waes intact in bomb, The other exploder had

blewn, One pistocl with arming wire still in piace
wvas found on the main rcof belew the tower, The
striker and detenator were misging. The live cap
had fired, Detonator helder sitashwd t¢ the pistel
was bulged from underneath. The othsar pistol was
in place, with arming wire still attached, tims
oconfireing that the bomb had been dropped “safe",
Tho striker had not operated. Detonator and cap
werd intact, Both the sap and detonator were
live, the latter eonsisting cf black powder
pellots in a short stem tube, 8iilce a live
detonstor was feund in this tomb, through error
in leading, it is possible that live detonators
were erroneocusly used in cther bombe of this
trial, thus possibly explaining why a auwmber of the
explodars biew, Because of this uncertainty no
gonolusions ean be drawn ocncerning the insensie
tivity of the expleders in this trial,

Plet No, 87: This is the first of two complete
perforetions through the 4=1/2 meter roof by &

rocket eseisted Disney bomb, The impact ocourred
on a roof sladb having howstring truss reinforcing,
The boab emerged between ths lower eéhords of two
trusses, perforated the three foot soncretes fleor
at grownd level and buried in the sand beneath
(S8ee Inclosure 7, pages 26 and 27), and was not
resovered. From the clesncut ap2esrance of the
hole in the {flcor, the bomb was Lrobably intast,
Angle of perforetion in roof was 17 degrees to
the vertical,

Mo, 88: This Disney bomb, with rooket assirt
funotioning, struck on a roef slab having short
span sonerete tyuss reinforcing, Thickness of slab
at point of impect was 16°-9%, The bomb pmmotrated
13'«2" and lodged in the roof intast at an angle
of 31 degrees to the verciocel, (See Inclosurs 7,
page 28), Ceiling undernesth the creter was
slightly scaubbec . DBoth live exploders were intaet,
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One pistol with dusmy detonator and live cap
had funetioned, and cap had fired, The other
piatol had shesred off flush with contairer and
¢ould net be removed for inspection,

Plot No, 8931 This is the sesond of two coxplete
psrforatiens through the i=ml/2 meter roof by
rocket ssaisted Disney bombs, The perforation
esswrred in a roef slab having 60 an, steel I-
beaa reinforeing. The bomb perforated the
ceiling between two Iebeams, struck Lhe concrete
fleer at ground leval, and broke off at the stud
holes of the earrying lug. (See Inclosure 7,
pige 29). The nose had lodged in the floor,
pointing 90 degress to the heading. iAngle of
roof perferation was 20 degrees to the vertieal,
There was very little scabbing of the seiling,
the break-through being eontained in one direstion
by vhe I«beam reinforcing. The pistols of thise
bemb werd missing., Tha live exploders weve
intaet,

(6) Sumsary, Trial XII:

(a) There are canly three examplss of rocket assisted

Disney bomb hits (Plet Nos. 60, 84 and 88) w.able
ZJor camputatien of average vertical peaetration,
Yrem thess, the average penstration is 13'=10%,
with a standard deviation of 14 inshes, The
penstration predicted by the latest formula
(Inalesure i, page 2) gives 16'=8" fer the

roeket assisteld Disney boab. Tho rocket aestion,
which if coaplete, incresases the itriking velocity
by 26 per cent, has increased ths panetration of
the Dis ey bowd 5y 31 per cent, This inerease

in pesstration, though below expectations, is
sufficient for the bomb to psrforate the li'w9y*
roof (Plets 67 and 89). In no case was the bomd
able %0 perforate the 1li'«9" roef without rosket
asgist, although some had just reached the scad
limit, ¥ven though the rocket assisted Disney
bomb is shle to perforate the i~1/2 meter moof, it
is evident from Plots 80 and 8% that the bosd

easo is not strong encugh %o withstard & side
impact, and break=up is likely to ossur if the
bomb falls flat on sesondary impact, as it doee
when the rcof substantially reduces the bomb's
velosity. This means that ths fuse dalay must be
Just sufficient to allow the boad to perf.rate the
roof and yet must be short ens.gh so that the
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axplosion eceurs before seeondary impact ean take
plwe, Besamse of tias mall axplesive sharge of
the Dizney Soab (500-1b), damage te strusture
sush as Farge weuld be slight, and dasage te
esontents and mashinery would be confined te¢ a
smull area,

The aversge erater dimmsiens, depth of spalling
and angle ef rest er perforatiean for Trial III
are obtained frea all bembs in which the reeket
azsist fumotioned, exslusive of the ene bemb (Plet
37) whieh sreke up in the reef, Average ercter
dinensgions were 11'all® leng by 12'=6" wide, depth
of spalling, 4'=10", and average angle of the bemd
or borehole wae 25 degrees, These avereges are
net eignificantly different from those ebtained
froa the mon=assisted Disney bombs of Trial X,
\8ee Inalesure 8, pages 1 ard 2),

It 4s apparent fream these two trials that the
sechaniecs of psnetration of tho Disnsy boabs 1s a3
fellewss During the imitial paase of penetration
the bomd, striking at an anglo of 15 degreeo, spslls
sere eonorete ahead of the nose than behind it,
Kenee, the resicting force is met sxial Sut has &
2orward eempenext whieh sauses tiie bomb asse to
1if¢, This sets wp 2 turning seasmt whieh
retates the boab awsy froa the normal, causing it
te trace & ricochet curve ia somerete,

this phase the bamb is sbjoct % bending., When
the nose has reached a depth of 4 to 5 feot, the
bomb has retated abeut 10 degrevs, At this peint
the bamb is 3e longer able $0 spall more consrete
ahead of it, but beres & hale at an angle eof

25 to 30 degreas umtil it 49 browght to rest in
the soncrets, er eloe perferates the slab.

The reliability of the arming s.d firing systeam
of the Bimey rockets is aot satisfastery, Of
the eight besbe (33 per ceut) o:mum
whish failed te fumstien resket assizt, twe
eases of breken amming wiros were fouad (Plet
Neos, 81 and 85), Imprevemont in ths aming wire
systen is nedessary if fallures of this type are
to be eliminated. One example was rmumw
the resket asticn was inscmplete (Plet Ne, 37),
and ans bemd whieh missed the uuﬂnnobnrnd
te fall fiat, whick may have boen due to in-
stedility of bemb before funstioning of e roekot
motor, er to partial functicning of the rodkets
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thenselves, Therefore, imprevemeat in the
firing systam 19 aleso desirabie if this type of

boab is to be ampleyed,

TrAL VL (2.000-10, AP besb). This besb, develapad
frea the 17, and standardised in 1943 as the 103,
had net beem dropped in cesbat, snd had yet te be
tested againgt massive eencrete such as taat
presented by the Parge target, It thirefore was
desirable te drep thic bemb under ths same conditiems
es the Orand 8lem, Tall Bey and Disney bombs, To
obtain a ecemparable striking veleeity (1,100 feet per
sssend) it was nesessary to relesse this bomb from
26,250 feet altitade, Projest "Ruby" B=17 aireraft
drepped the first 27 beabs (simgly aad in trains of
twe eash ) frem this altitude, but ascurasy was
extremaly poor. Omly eme kit rasulted from the first
aine bembe drepped singly, Of the next 12, one hit and

. one® near miss were scered with 50 foet trains, In

. — ————_— = - — S —— -

the sase of one train, both bombs were odserved te bo
unstable in flight, one wobbling, the cther landing
flat, These beabds fall on eppecite sides of the
target, and when pletted, were found to be $00 fest
apart, (See bembs 5. and 52, Inslosure 6, page 2),
This large diepersion may be the result of insuffieient
fin stabiligation at senie veloecities, Por the remain~
ing nino bembs drepped en this trial the sltitude

was redused te 20,000 feet (striking veioeity 1030

feot por sseend) and acouresy was impreved eonsiédsr-
ably, Three hits and cne near miss were ebtained frea
this altitude, making a tetal of five hits and twe
near misses for the trial. The near misses were beth
usable for case cirength purpeses as the bombs Rit ea
the cenorete feoting of the building wall, A
deseription of sash hit is given belew, The results
are alse tabulated in Inelesure 8, page 5, Orater
prefiles are given in Inslosure 9, ’

(a) This beamb, drepped frea 26,250
oot, atrusk at the Junetion of $wg .reef alsbs
having skort span eoncrete truss “ré{nfereing,
Roef thicimess at point of izmpast was 16 feet,
The tead peastreted 277" and risechoted 200
fest, falling te the greund em the West side of
the building, The bomb was found flat en the
s intest, but dented near the rear lug
ses Inclesure 7, page 30). The maximuam depth
of the dent was 5 inghss at a peint 51 imehes
froa the nese, The dented area insluilied tie
rear lug. The beab was slightly belged %0
dogrees eirevmforentizlly froa the deat Wt ae
. . L o
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srosks had formed, The srater prefile
(Inclosure 9, page 11), gives a alus as to hew
the dent was made, As ths boamb pemetrated iate
the eoncrete, its angle te the vertical incresssd
vZeil ths rear sectien of tie bomk struck an the
sagk odge of the ewgiar, predausing the dent ea the
bottom and tho dulges on the aides. The eleng=
ated crater has a sharesterietio anvil shape ea
the bask aleye whe s the blew spalls amay
sdditional concreto, The live adapter beesster
(015A1) was intast, PFuse was met fisted to the
boab ,

Pist Ma, 351 This bamb, dropped frea 26,230
fost, strusk on the 4~1/2 meter recf & feet ia
froat ¢f the veriieal faes of ths West periaccpe
tower, The homb penetraiad 2'-10" and brekke wp,
with nose sestisn ceming te rest eresswiss in
the eratar, A ragged sirsmafersniial hreak had
osourred ashont tLhresequarters of the distanse
bask fzom the noso (aee Inclosure 7, pages 31 amd
32), remlting frea tho blew against the bask

alepe of the erater. The anvil is nere pre=

peint Waere the cancrebe tkialnass ie 1§ fest,
The banh peaetratnd 3'«l9¥, heunesd and £all flat
An the areier mith ke nave paisbing :o3pesite
¥9.4he hwading. .(Seo Xnclesure-7, peage 12).

The aratar wae Apan en. see.side A% 1t ovne
lapped @ oid Tall Bey amater Tha hes e
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(d)

(o)

(2)

L N

intact witheut bulges, dents or cracks. Fin
tail cone was still in place, The live adapter
booster was intast,

Plot No, 733 This bomb dropped from 20,000 feet,
struck on the A~1/2 meter roof en a slab havimg
60 ca. steel I-beam reinforcing. Impact cocurred
clese to the junctioen of four roof siabs, The

erater, 3'=4" deep, overlapped that of a bomb

previeusly dropped. The bomb ricechetoed 4O feet
after impact. The bomb wes intact but dented
near the rear lug and bulged at the sides in a
asmer similar to Plot No, 43, The dent was

5 inches frem the nose, The base of the bomb
bad been defermed, being elliptieal imstead of
sirealar, and sealing sompeund had bsen sgquessed
out arcund Che base plate, The live adaptar
bacster was intact., Views of the bomb and crater
are ahowa in Inclesure 7, page 34,

Plot Mo, 78t This bomb, drepped froa 20,000 faet,
struck on the 4~1/2 meter roof en a slab having
60 ca, stoel I=beam reinforciag. The bamb made

& vory szsll erater, 8'«6" in diameter amd 296"
desp, with a small anvil on the back slepe, (See
Inclesure 7, page 35), The bomb breks up and
rieocheted in several iarge pieces. The ncse
section ricachetad 300 fest to the West edge of
the building. The base of the bowb ricocheted 85
fest, The adapter boester had blown on asecondary {
impact. The ocwp was reeovered and feund to be
erasked, with charesal residus adhering. Tellow
tetryl pewdur was found en the inner surfaces eof
the base of the bomd, Viexs of the nose and base
sections are given in Inclosure 7, page 36, The
boab body had the churecteristic dent near the
rear lug and a orack running forward from the
bulged portion to the viainity of the froat lug,

Plot Mo, &l This bomb, drepped froam 26,250
feet, struck on the ecncrete foeting 4 feot out

from the North wall of the target. The bomb came
to rest in the erater with its noee pointing
oppesite to the heading. The angie of rest eof .
the bomb was 45 degrees te the vertical, The

feoting extends out frem the wall 2,5 meters and .-
is the foundation on whieh the second wall
thickening was to have been poured, The bomb

was cracked at the rear shouldsr as sh W in

Inelosure 7, page 37, and was dented near thm C
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" rear lug. The live adapter beoster was intact.
Crater profile was not messured, Crater was
approximately 7' long, 8' wide and 4' deep,

(g) Plot No, 713 This bowb, dropped from 20,000
foot, strusk at ground level at the intersaction
of the North wall and the consrete foeting. The
basb bounsed badk about 70 feet and was found
lying flat on the ground, The bomb was imtact
but bulged at the frent shoulder, 18" tc 24"
back of the ncse, This boab was calipered and the
increase in diameter at the shoulder was found
to be 7/8 inches, The orater, partly om the
“uilding wall and partly on the feoting, was net
profiled. Crater depth was appro:=imately three
feet. The live adapter booster was intast,

There is no apparent differemse in
the behavior and pensetration of the 2000=1b, SAP bomba
when striking conerete from 26,250 feet and 20,000
feot, In both cases the bamis tend te ricoschet out ef
the crater., In doing so, the back of the beoab strikes
against the back edge of the srater producing & deat
approximately 15 inches forward from the base, The
bomb 13 bulged 90 degrees ciroumferentially from the
dent and in one instanse &t eash altitude the bomb
gave way at the bulge, orascking longitudinally and
at the same time breaking up oirsumferentielly in the
vieinity of the dent. Also in ons ingtanse at eack
altitude, the bombs dentod but 4id not brea™ wp,
Psnetration was slight, being 3'=10" fer the emne bemb
which did not rishochet, while 2'=$" was ths mimimus
penstration for a bamb which broke ap and ricocheted
the greatest distence, The average penetration for
all five roef hits was 3'=i", with-a standamd
deviation of 7 inches. Tus panetration predieted by
formula (Inclosure li, page 2), is A'=3" fer drops
froa 26,250 feet and 3'-5" for drups froa 20,000
fest, Average orater dimensions were ll'=3" by 9'wi®,

4h a sharacteristic anvil, The adaptor besster
withatood the sheek of impact in all boabs whieh did
not break up. When the bcad breasks up, the bosster
BAY go off lew order,

fest: The Asariean febrieated Tall loyETlOE boab has

the sms dimeagsiens, weight and wall thickness &s the
British cast Tall Bay and differs only im the methcd

of samfactare, The imerican fabrisated bemd eensists
of five sestiens welded tegethear., Ths solid nese and

v




(10)

the base are made of forged steel, while the three
senter sections are fabricated from rolled plate,
longitudinally welded. The British boxb is made of
cast steel with a solid nose plug., In Trial VII, it
was found that the cast Tull Boya broke up completely
when dropped from 20,000 feet, It therefore was
desirable to compare the fabricated Tall Boy at thse
same altitude, British Lencaster airoraft dropped
four fabricated Tall Boys from 20,000 feet, but un=
fortunately all bombe missed the target. The
reaairing bomb of five allotted for this trial was
then brought to the target by a Projest "Ruby" B=29
airplans, but because of improper pesitioening of the
A= release (positioning had been made for the Grand
Slas instead of the Tall Boy) this bomb could not be
released sutomatically and was manually salvoed into
the North 8ea. No further drops were made on this
trial, Informatien gained froam subsequent trials
showed that this boab also would have broken up from
20,000 fest, ,

1 The fsbrioatod Gnnd 81.0- Tl 1- nn mlu-god
nuion of the fabricated Tall Boy (T10) and has the
ssu¢ dimensions a3 the British cast Grand Slam,
Project "Euby" B=29 aireraft dropped nine fabricated
Orand 8lam bembs froam 20,000 feet (etriking veloeity
1150 ft, per second) and soored three hits, A4ll
throe bombs bdroke up as described below, Crater
profiles of two of the hits are given in Inclosure 93
data forr the third are not available.

(a) Plat Noo. 4i This bomd was not considered to be
a fair hit as it struek et the base of an
isolated slab cast on top of the L=1/2 meter roof
te form the second rodf thiekness. Thio slabdb was
8'=6" high, 16'=8" wide and about 100 feet leng,
with its length rumning Rast~Fest. The direction
of flight of the bomd was toward the Morthwest,
Some of Lhe enargy of impact was tranamitted to
the vortical face of the uppar roof slab, ersske
ing out large picses from the back Jacs and top
surfsce., Altogethsr several humdred tons of
eoncretes frem the upper ronf slab were diaplaced,
(8ec Inclosure 7, page 39). The main roef at
the point of iapact eoatained howmtring truss

X peinforeing, Bensath the poiat of impast was a
supporting wall which was soabbed for a distance

of fifteen feet, The bemb penstrated 7 foet and
( broke up) with nose section remaining in orater,
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The ogive had a number cf eggshell cracks, one
of which extended to within a few inches of the
solid point of the nose, (8ee Inclosars 7, page
4O)., The nose section broke off irregalarly,:
three to five feat from nose. Thers was no :
"~ sign of fallure of the front weld 26 inches dack
from the ricse, Howevor, there were signs that ‘-
the rear weld had failed. The basd ring had
separated frem tho bambd body c¢ireumferentially
slong the rear weld, This is a stainless
sustéaitic weld, net heat tieated for stress -
rulief. The expleders had broken off at the
base plate but had not blown,  Encugh piecses
ware ‘found en the mttoamnttorallthne
explodors, ' The amxdliary exploderas had -
sosttered over the reof but had not datomto&. -
The tail pistols (Ne, 474 MK II), with: wm
dohy elements, had functioned prop-rl,r.

(b) Plet lo, 30t This bomb astrusk sn tho roof dnn
to the West edge of the building, over Hite sapport-
ing wall., The bomb struek on a roof slab hnh‘
shert spen eonorete Lruse reinfercing. Fene= U
tration was 7'-6%, The bodb kroke ap, wth the -
node sbction remaining in the srate, The -base

~ of the beab and mest of theliaks trdy fell sver..-

7 the side ‘of the bullding “sud were net seceversd..

' The nose, section was brelcen off simildarly to ﬂut
of the previeus hit, but there wire no pracks:
ruming clese to the selid ness; and the;wam’

- filler ‘had remained in the wese cavity, e
impact of the besis had eracied end displassdd -. :
a portion of the roof slab at the edge so that
it ' Dulged out over the wall of the building, -
The expleders and pistols were net resdwered,
"'Sesi¢ of the RIX pellets frem the ;unm

Tem up;«bro nﬂ rom mrtlu gnmd bd.u
-(c)\y“;

: ; "’ﬂil ‘bamb otmokmm mm
“tidss ‘resf slad ¢leee t3-the South edgetofothe
‘Nllﬁncm &8 redess haldbeen lefi ia:the wall
- for censtrastien of d vemtilation shags, . .(8ec
' Dielbatre 7 ‘page 45): “The arades .wascsarrounded
dn*thro.”‘l“c by vartical faeés of.poel:aiabe
"‘*"‘Wﬁl'moﬂlm layer . ~Fonetration was
@YY .7 MRe"entire =12 metey depth .0f:4be slab
Y iad W“t’ at the edge:taminating;atdithe
£ :-yeatadator shefy, ~(Ses Inckésury .7; pagiis),
37708, m Beab! bireke up,-Witi diwe sestion Temsiaing
Teih orm )m mm&- upv-in s adhger:.
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similar to the two previous hits. In this
instanece, however, the irregular break goes up to
the soiid nose {See Inclosurs 7, page 44). The
base of the bomb had fallen to the ground, and
was found with bass ring eracked and with
unaistaokable evidence that the base ring had
separsted from the boadb body at the rear atainless
steel weld, One body fragment which fitted onte
the base ring was fourd with a piece of the
welding material stripped back and adhering at one
end of the fregment, (See Inclosure 7, page ib).
The pistols were examined and found to have
functioned and percussion caps had fired, The
exploders had been broken off at the base plate,
The center expioder had not blown, one other had
blown and the third may have biown, Two fragments
of sxploder containers wsre found, blued, with
shear tears but no sign of gas wash; hence, the
ignition was probably a low order detonation
caused by secondary impact,

) X1 1b, cast T Boys £ 0 feot):
Lancaster aireraft dropped three cast Tall Boys from
10,000 feet (striking velcoity 850 feet per second),
scoring two hits. Both boabs broke up, as described
below. Crater profiles are given in Inclosure 9,

(a) Plot No, 901 This bomb struck on a L=1/2 meter
roof slab having bowstring truss reinforeing,
penetrating 3'«6", Tt broke up into larger
pleces than when dropped froa 20,000 feet. One
eide wall fragaent was five feet leng, The nose
ricecheted 225 feet and the base fell beside the
crater. The nose section had besn erasked off
on one side eo that the threads of the nose plug
were exposed for their full length (8ee Inclosure
7, page 47)., Two large fraguents of the tapered
portioa of “he bomb body were still attached to
the base plate but were bulged outward, (See
Inclosure 7, page A8). The exploders had broken
off but had not detonated, The auxiliary exm=
ploder pallets were found seatitered on the roof,
Pistols were not fitted to this bomb, The crater
proefile exhibit a characterietic anvil ahape,
indicating that the bamb bedy struck the back edge
of the orater upon ricocheting,

(v) Plot Ne, 921 This bomb struck an the 4~1/2 meter
roof on a slab having 60 ea. I=beam reinforcing,
The penstration was 4 feet, The bomb broke up
31
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into large pieces, two side wall pieses being

L to 5 feet long. The nose ricochsted L5 feet
and the base fell at the orater's edge. The
noss was cracked up to the nose plug as in the
previous hit, but the nose plug threads were net
exposed, (8es Inclosure 7, page 49). Thy
fragments attached to the base plate were larger
than the previous hit and had been bulged outward
te a greater cxtent, The exploders had been
broken but had no. blown, BEDX pellets from the
suxiliary exploders were scsttered ever the roof,
Pistols were not fitted to this bomb, Orater
profils exhibits sharacteristioc anvil shape,
indicating that the bomd body struek against the
back edge of ocrater uwpon risocheting.

X} 000=1b TV ] Boys Y 0, g
saster aireraft dropped two cast 7 ys froa
5,000 feet (striking velosity 600 feet per second),
scoring two hits, with results as shown below, Crater
profilee are given in Inclosure 9,

(a) Plot Mo, 931 This boab struck on a pile of sand
bags on top of & 4=1/2 meter roof slab having bLow- ,
string truss reinforeing. The bomb penetrated . 1
3'a4”, breaking up with nose section remaining in
‘orater ayd base section rebounding 300 feet., A
fragusnt from the nose section, maasuring 5 feet
long, was found near the orater. Omé body frag-
asnt sttached to the base plate measured 3 feet
in length (see Inoclosure 7, page 52), Two &xplod=
ors wero intset in the base plate, the third
exploder had been broken off but had not blown,
The pistol (with delay elemsnt) fitted to the
sxplodar tube which broice, had funotioned prior
to examaination, The other two pistols funstioned

after spproximately 60 minutes delay.

(d) Plet No, 941 This tomb struck on the isl/2 meter
roof st the junction of two roof slabs, one
having ehort span ocnorote truss reinforoing, the

- other concrete bowstring truse reinforeing, The
bomb broke up on impact and the nose and base )

sections rieccheted off the roof to the West of _ ‘
the ballding and wers not recovered, 8everal
large fragasnts from the bomb body were found , .

on the roof near the orator. (8es Inclosure 7, )
page 53), The boad penstrated 2'~7%, Orster « |
profile showe the sharasteristie anvil shaps en : ‘
ths back clope, indiecating that the bomb body 3
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had gtruck on the crater edge on ricocheting,
Several of the recovered fragments showed that
the bomb had been deiuited near the base,

(13) Trial XXIb (12,000~)b, fabricited Tell Boy from 5000
feet): Having found that the cast Tall Boys broke up
when dropped from as low as 5000 feet, it was desire
able to drop the fabricatec Tall Boys from the same
altitude to find out whether they too would break up.
The purpose of the various subdivisions of Trial IXXI
was to find out from what altitude the fabricated
Grand Slams and Tall Boys could be dropped and not
break up, 3ince nine of the twelve available
fabricated Grand Slams had already been expendec
in Trisl XX from 20,000 fest, and five of the ten
available fabriecated Tall Boys had been expended in
Trial XI from 20,000 feet, the cast Tall Boys had
been uged in Trials XXI and XXIa in an atteapt to
find the eritieal release altitude, It was inadvise
able to relsase much bleow 5000 feet as the striking
angle would resch the value at whieh ricochet would
be esrtain to cecur, Three of the five remaining
fabricated Tall Boys were therefore dropped from
5000 feet by Lancaster aircraft flying at a true
airspeed of 175 miles psr hour, scoring two hits, the
first breaking up, the second remaining intact, A
deseription of the hits is given below, Crater
profiles are given in Inclosure 9,

(a) Plot No, 102: This bomb struck on a 4~1/2 meter
rocf slab having concrete bowstring truss rein-
foreing. The bomb penetrated 3'-1" and oroke up,
The nuse section ricochated off the roof to the
North side of the bullding and was not recovered,
One observer whc saw the nose sectica ricochet,
Judged it to be about two calib/ s long., Sections
from the base of the bomb were found on the roof,
The base ring had separated from the bomb body

: at the rear weld despite the fact that additional

g beads of welding material had been added ex-

. temally ovser the original resr weld to furnish
additionsl strength, Inclosure 7, page 54, shows
views of the break at the rear weld, Recovered
fragaents from the bamb body indicated that the
bomb had been dented near tho base. The crater
profile exhibited a slight anvil shape on the
baek slape, This bomb was not fitted with exw
ploders or pistols.

(v) Plot No, 104t This bomb struck on the 7 meter

OO, ° .. -
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roof. The bomb penetrated 3'=9", ricocheted out
of the crater and came to rest 130 feet bayond,
in the erster of a Disney bomb previously
droppe¢ (Plot No, 37), The bomb was intact but
dented on the side wall where the rear teper
begins, The maximum dspth of this dent was
three inchee. The boab was not fitted with
exploders or pistols. The crater was cpsn on one
side as the bomb struck close to the e4ge where
the 7 meter roof terminates, and the 4=1/2

aster rool continues. This bomb had been
strengthened by welding extra beads on the inside
of the boab over the rear weld., Ths reason for
the external reinforeing on the boab of Plot No,
102 was that the bomb had already been loaded
with wax filler at the time the decision was

made to strengthen the boab, One other bcab

had been externally reliiforced but it missed the
target.

rial XI¢ (22 b ted Grand Slas from

0 feet)t Two of the three remaining fabricated

Grand 8lams wers droppod by Lancaster airsraft from
4,750 feet (striking velosity 600 feet per second) at
a true air speed of 200 milea per hour, scoring two
hits, one bomb bresking up, the cther remaiming intact
as descrited boelow, Crater profiles are given in
Inclosure 9,

(2)

ot N t This bomb astruck om the i=l/2
acter roof slab having bowstring truss reinfore=
ing. The bomb penstrated approximately 5'=2* and
cané to rest in the orater intact, et an ungle
of 20 dogrees to “he harissatal. The bemb had
8lid bgok sbout 1=1/2 foet frem its most forward
position, leaving an impression ef the nose in
the forward slope of the crater (see Inclosure
7, page 58). The base of the bomb was resting
on the bask slope of the orater, A deat in the
boab body had oscurred three to four lfeet froa
the base, one inoch deep, This dent was uppere
most on the bomb, indieating that it had meode
one=half of a revelutica before coming to rest
after the bomb body struck on ths crater edge.
The base plate was removed froa tha bomb and the
filler removed froa the inaide in the visinity
of the demted area. Fo signs of an interaal
erack were found, Each of the thres exploder
tubes showed a fine crack at the weld, but the
explodors had not blown, The auxiliary explodere

34
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had orarked up at the basre end but had not blowm,
Pistols had not been fitted to this bomb,

(o) Plet Mo, 97t This bomb struck on & L=1/2 meter
roof slab having bowstring truss reinforeing.
The bomb penetrated L feet, broke up and ricochete
od out of the crater. The nose section, msasur-
ing sere than one=half the total length of the
bomb, fell to the ground West of the building,
A fine erack in the casing was noted on the ine
side surface running forward toward the nose.
This orack did not extend through the metal to
the outer surfase, The base of the bomb remaine
ed on the roef near tne crater, The same character-
istie break at the rear weld had cccurred (see
Inclosare 7, page 60) as in the other fabricat-
ed Grand Slam wnd Tall Boy drops, Large frag-
sents from the bomb bcdy were scattered on the
roof ahead of the crater. 3ome of these shawed
that denting of the care had ocowrred., Ome
One exploder tube was intact in the base plate,
and one was crecked and one was broken, Kene
had blowmm, The suxiliary exploders were scatter=
ed on the roof, unbarned,

(5) T XXIo (P od G o) from

8irco the cast Tall Boys had besn dropped from 1o,ooo
feet as wall as from 500C feet, it was desiyeble te
ecomplete the Tall Boy comparison by dropping the last
renaining fabricated Grand 3lsa bomb from 10,000 feet,
This was aecenplished by a Lancaster airplane, and a
hit was scered on the 4~1/2 meter roof oa the slab
containing the craters sf Plot ¥os., 10 and 72, This
bemb (Plot No. 113) broke up completsly, The nose
section was not found, The base was found about 25
feet from the crater, Again the base ring had separate
od ‘rom the bamb body at the rear circumferential
weld, (8ee Inclosure 7, page 61), Two exploders had
breken off flush witi: tho base plate and one had
broken off at the weld, There were no signs of
ignition of the exploders, Pistols were not fitted
to this basb, The srater of this bomb is not well
definod as it overliaps the eratarv of several othar
bombe, Penetration was msasured to be 5'=2%, The
back slope of the orater, vhich was well defined,
axhibited the characteristic anvil shape previously
noted for rieocheting bombe, FPragments indiceted
that cevere denting of tho cass had oscurred,

(16) ZIriel XXId (Fabricsted Tall Boy frow 10,000 feet);

e .-
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(a) The last two remaining fabricated Tall Boys were
also dropped by Lancaster aircraft from 10,000
feet to complete the somparison at this aliitude,
One hit was seorea (Plot No. 114), the hit occurre

/7 ing on the roof »slab on whigh the fabricated
VAR Grand Slam, Plot Mo, 113, struck. The bomb penve
trated 5'«8" remaining in the crater intact, at
an angle of eight degrees to the horisontal,
About 2«1/2 feet of the nose was buried under a
ledge raised by ths bomb, The bomb was not
visibly deformed or crasked, Pistels and ex -
ploders were not fitited to the bomb, This bombd
haé¢ been strengthened by a stainless awstenitic
weld added to the inner surface of the bemb over
the original rear weld.
(17) Suamary of Grand Slem gnd Tall Boy hite
(a) Pollowing is a tabulation of the average penew
trations obtained from all the Tell Boys and
o Grand 8isms dropped on these trials:
! Altitude Trial  Bomd No. of Bombs Avg, Resaris
o Dropped Hits Fenety,
». 20,000 VII Cast Taii Boy 5 h §1<7% ALl bombs broke
' wp
XI Fab, Tall Boy s 0 - Missed target
IX Zab, Grand 8lam 9 3 7'=8% All bombs broke
. Sp_in oreter
; 10,000 I Cast Tall Boy 3 2 3l Both bombs breke
'_ up, rieocheted
i IXId Fab, Tall Boy d 1l 5'«8" Bomb intact
Lo in erater
F LJe Fab, Grand Slas 1 l 5%«2"  @reke up,
5,000 “XXIa Cast Tall Boy 3 2 310" PBoth bombs broks
up, one ricecheted
., IXIb Pab., Tall Boy 3 2 3'=3" One intact, one
' broke up, both
4,7% Xiic Fab, Grand Slam 2 2 LI=7" Cne intact in
orater, One broke
up, rigocheted

{b) The cust Tall Boy is definitely wealer than the
mcdified fabricated Tall Boy and cannot even wi.the
otand a drop from 5,000 feet. Beocsuse of its
greater teandensy to break up, the penetratioa
at & given altitude is less than for tho Labri-
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cated Tall Boy, Both the fabricated Tsll Boy
and the fabricated Grand Slam have an even chance
of remaining intact when dropped to give a strik-
ing velocity of 600 feet per second. All three
have a twndency to ricochet when dropped froa
10,000 feet or lowwr,

Trial No, XVIII (22,000-lb, SAP Amason, T28): The
American 22,000-1b, SAP (T28) boab, known as the Amaszon,
was produced in an effort to cbtain the maximum possible
case strength and penetration consistent with adequate
axplosive capacity, Thisc bomb has the same overall
length as the Grand 3lam; has a saaller diameter, 38
inches compared with 46 inches; a greater wall thick=
ness, thres ‘nchus compared with 1.75 inches and a
thicker nose., The boab consists of a forged steel
nose, forged base, and four body sections welded to=-
gother along six circumferential welds. The rear weld
Joining the base ring to the body is a stainless
austenitic weld. A coumparison of the size of this bomb
with the other bombs dropped on this project is given
in Inclosure 3, Page 1. Project "Ruby" B=29 aircraft dropped
twelve Amasons, each equipped with three unarmed 1723
fuses, inert adapter boosters, and no auxiliary boosters,
Pour more were dropped with ons each composition "A"
auxiliary booster but without fuses. The rslearse
altitude was 17,500 foet in order to obtain the same
striking velocity ao the 2000=1b, SAP bomba dropped
from 26,000 feet (1100 feet per second), It was
thought that this bomd> wculd not break up at this
altitude because some of the 2000-1b. SAP bombs did
rot break up at this striking veloecity. (The 2000=

1b, SAP bomb is ¢pproximately half scale model of tha
Anascn bomb; when reduced to the same scale, the two
bombs have practically the same diameter, wall thicke
nes: and length), Of fourteen bombs dropped at the
target; ten hits wore obtained, Two additional boabs
had to be salvoed into the North Ssa because of
aslfunctiocning of the D=9 shackle, In these two cases,
the A~/ relesse failed to exert sufficient force to
actuste “he shackie when loaded with the Amason bamb,
The causd of this failure is given in Inclosure 15,

Of the ten Amssons which hi‘! the target, four
perforsted the L=1/2 meter roof. These bombs broke up
on seoondary impact within the building. Of the six
bombs whiel. did not psrforate, cns broke up in the
creter on tho k~1/2 meter roof, two hit on edges of

the periscope towers and broke up, and three remained
intact after partial penotration of the seven aeter
roof, A& dasscription of each individual hit is given

3
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below., Crater profiles are given in Inclosure 9,

(a) Plot No, 95t This bomb strucik on the k=1/2
meter roof over the lock chamber. The bomb
psrforated the rcof close to the Nerth wall
of the building and dropped intc the water-

‘ filled leak chamber, 36 fest deep. Roof

i reinforecing consisted of bowstring eomerete
C trusses. Inclosure 7, page 63, shows the
hole made in the roof. A diver was sant

down to the bottom of the lock chamber te
inspect the bomb., The diver found tnat the
bomb had broken up, the nose section being at
least five or six feet in length, The bomb
had mude a 3 foot deep erater at the bottom of
the lock chamber on the North side under the
perforation hole and had bounced forward and
laterally to the South side of the chamber,
The base of the bomb was not lecated, Arrange=
asnts were made to pump out the water of the
chamber to find the base of the bomb, but this
operation had not bsen completed by the time
the test was terminated,

(v) Plot No, 100t This bomb struek on the i~1/2
meter roof on a slab having eoncrete howstring
truss reinforeing. The bomb perforated the
roof, carrying fin asseasbly wdth it, struek oc
the coacrete floor of the bullding and broke up,
From the appearsnce of the srater made on seeond-
ary impact, it was judged that the bomb had ~
struck on its side, MNevsuremsnts shewed that
the boab had buen deflected as it perforated the
o0f, The saxii hole was left of the peint of
impact on the rvof, Likewisse, the point of
secondary impact at ground lsvel was approximately
18 feet left of the exit hole in the ceiliing.
Inclosure 7, page 65, shows the undernsath
surface of the roof, The lewer chords ef four
bowstring trusses were severely damaged and do-
flected downward, Ome was medsrately dasnged
and one slightly demaged, The wpper ehords of
three of the trusses were seversed by the bomb,
The reinforcing rods of thess members can be
seen in the photographk of the erater, Inslosure
7, page 65, The froat section of the bumb
measured 65-1,/z inches f-om nose %o the nearest
breken edge, although a orack ran to within
56 inches of the nose., (3ee Inclosurs 7, psge
66). The longest section measured 110 inches
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(o)

(a)

cOembarersn .

in length, The base of the bomb was found

about 300 feet beyond the nose, in the direotion
of the heading. Tho base ring had separated

from the bomdb body along the cireumferential weld
for a distance of 12 inches; the rest of the breck
being in the metal of the rear sectien ef the
bomb kody, and for 12 inches in the metal of the
base ring., The three fuscs were intact in the
base plate, one being badly deformed, These were
sent to Pitcatimy Arsena) for examination., The
inert adapter boosters were intact in the base
plate. (8ee Inclosure 7, pege 66)

Plot No, 1Qls This bomb struck en the Northeast
corner of the Eas\ perisospe tower and fell to
the ground on the Korth side of the building,
The bomb probably broke up sz striking the tower,
The erater in the ground was elongated in the
direction of flight, and a fou fragasnts were
recovered from the erater. A piece of the base
ring was found just beyond the forward edge of
the crater, with a frasture indicating that the
rear weld had again failed. A plece of nose
section six inches thick at the fromt ond and
four inches thiek at the rear was found in fresmt
part of erater, The nose was not feind. The
eorner of the periscope tower was cracked over

a radius of 15 feet., Roof reinforcing eonsisted
of steel trusses. These, however, were not
exposed.

Plot No, 1061 This bomb struck on the L=1/2
mster roof on a roof slab having 60 em. I=beaa
reinforeing. The bomb penstrated to a depth

of 12'«5", and broke up into large fragaents in
the crater, The angle of penetretion was approxi-
patsly 30 degrees. The ceiling was scabbed
between four I-bsams. Two of ths beame were
deflected hree feet downward, one being brekon.
(8ee Inclosure 7, page 70), It is thought that
the resistance of the I=beams comtributed teo

the break-up of the bomb., One body fragaent of
the bomb measuring 7'=6Y long, semicircular at
rear, had a portion of the base ring attached,
(See Inclosurs 7, page 69). On ene eide ths
bas? ring had breken away froa ths bomb body
through the weld, The diameter seross the semi-
eireulsr portion was 39 inches, one inch greater
than the original bemb diemeter, indicating that
the rear of the bamb body had been deformed by
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the impact before break-up occurred, Another
fragasnt recovered from the orater, also froa

the rear portior of the beab, showed a break
along the rear weld for a distance of 30 inehes.
The nose and base plate were found in the crater,
The recovared pisces, constituting praoctically
the entire bomb, were shipped to Watertowm Arsensl
for examinition. The fuses and damaged adapter
boosters were shipped with the base plate,

Plot No, 10731 This bomb struck on the seven
meter roof 15 fest East of an unfinished sesction
where the roof steps down to 4~1/2 meters, A
orater 10 feet deep, open &t Iront end; was
formed, The bomb came to rest in the crater,
intact and undeformed, at an angle of 15 degress
to the horisental, The bomb had turned 20
degrees %0 the right. The tail asasesbly had
telescoped into the base plate. (Sse Inclosure
7, page 72), and had to be cut avay to recevsr
the three fuses which were intist, These were
reanoved and ashipped to Picatinny Arsenmal for
axanination, Inspection of the roof alab showed
that an epen crack with origin at point of impact
extonxied lateérally from the crater edge to the
North edge of the building,

This bomb struek against the Rast
wall of the West periscope tower near a sorner
(see Inclosure 7, page 73), and breke up into
a large number of fragments whieh rebounded and
fell over a wide area including the village of
Fargo. In striking the periscope tewer, the
bomb exposed one of the 100 ex. Ie«beams used as
reinforeing in the roof slab, This Isbean was
dented on the uppor Ilange and bore marks ef
netal to motal impact, The bomb bedy prebably
broke up as the result of side impeot against
this I=beam. Inelosure 7, page 74, shows same
of the frogaents recevercd frea the bamb, 7The
base plate was broken, as well as the base ring,
Otaer fraguents had passed through the walls eof
houses in the village, ever 500 yards frea the
point of impasi. One adapter buoster was intact
in the base plate, one was broken off and ane
was missing, 7Two fuses were resovered and shipped
to Pioatimny Arsemal for axsmination, The third
fuse was net found,

w This bomb struek en tho 4m=1/2




SEMEDENMAL :

meter roof on the saxe roof section as Plot No.
95, The bomb perforated the roof and produced
a crater on the conerete floor beside the lock
chamber. (8See Inclosure 7, page 76), The bomb
broke up on secondary impast, the nose ssction
dropping into the water of the lock chamber,
Incloeure 7, page 76, shows the hole in the roo?
made by the bomb, The lower chord of one bow-
string truss was completely severed, one was
badly damaged and deflected downward four or
five feet and three others were scabbed. The
base cf the bomb was found alongside the lock
chamber, 150 feet ahead of point of secondary
impact. The break had occurred in the metal of
the bomb body near the rear weld, (See Inclosure
7, page 77). At mo point was the weld exposed,
Fuges and adapter bocsters were not fitted to
this bomb., One auxiliary booster was fitted,
filled with composition "A"., This booater was
found on the floor of the upper level of the lock
chamber, It was orushed at one end but had not
blowm,

(h) Plot No, 1173 This bomb struck on the 4~1/2

metor roof over the lock chamber, producing a
psrforation followed by secondary impact on same
steal trusses intended for fabrication of the
lock gates, Inclosure 7, page 73, shows tke
erater on the roof and a view loocking down
through the perforation, Inclosure 7, page 79,
shows the damage to the ceiling. The lower chords
of two bowstring trusses were ssvered,; three were
badly deflected doomward and one was slightly
scabbed, The bresk-up of this bomb was wore
complete than in the case of the previcus perfo-
rations. The base ring had seperated froa the
bomb body, and had broken. Inspection showed
that the rear weld had failed. The auxiliary
booster had dropped into the water of the lock
chamber,

(1) Plot No, 118; This bomb struck on the West

periscope tower roof directly over the South

wall of the tower, At the point of impact, the
roof thickness was sevuon meters in two layers of
3=1/2 getors each., The bomb cleared off the top
layer for a distance of one-~third to one~half of
tho lengih of the slab and ricocheted to the main
roof, deflecting to the left, and falling flat,
The bomb remsined intact, but was slightly dented
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near the rear of the body. The bomb was cut

open at the base for examination of the compositiom
"A" booster, This was found to be in satise
factory condition, Inclosure 7, page 81, shows

& view of the undamaged domb, Penetration on

the tower roof was 3=1/2 meters (li'wé%),

(3) Plot No, 1191 This bomb struck on a narrow roof
slab of seven meters thiekneas, The bomb pene=
trated 12 feet, breaking up the slab asrose the
narrow dimension, The bomb turned 90 degrees in
the crater, pointing approximately Xerth, This
boab was dropped on & heading ef 260 degrees.

The ocab was intact as far as eould be determined,
Inslosure 7, page 83, shews the orgeter and the
bomb buried in the debris, lying in & horisontal
position,

Sussary of Triel XVIII:

(a) Of ten Amason hits, only threeo are usable for a
measure of psnetration. These are Plets 107,
118 and 119, whish osccurred en the seven mster
roof, The otherc either perforated the 4wl/2
meter roof, hit on cermers, or broke up in the
ocrater, The average of these three ecxamplee
gives a vertical panetration of 11'=2", The pence
tration predicted by the formula of Inclosure li,
page 2, is 10'«7%, The actusl penetration of
the Amason is comparable with that of the Disney
withoat roeket assiast; but because of the
dismeter, the Anazen perforated the i~l/2 mater
roof in every instance (exsept for ene whish broke
up in the crater), while the Disney never perfe-
rated without rocket assist. This ic in agree-
aent with the formula for perforstion givea in
Inclosure li, page &, This formula gives for the
Aasson a perforation limit of 15'=10" for a
vertical penstration of 1i%«2%, It might appear
that the Amason bomb, if it did not break up omn
impact, could ba made to perforate the seven
seter roef Ly dropping it from higher altitudes.
Using the penstration and perforation formulas,
it is found that a release from 35,000 feet weuld
increase the panetration 50%, thus raising the
perforation limit to 22 fest, The bomb would
still fail to perforate the 23 foot roof evea
if it were streng encugh to withstand the
higher striking velooity., Other altermatives are:
use rocket assist, decrease bomb dismeter, or both,
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(b) The condition of the eight recovered T723 fuses
and adapter boosters is described in a report
furnished by Picatinny Arsenal, copy of whieh is
attached as Inclosure 16, All but one fuse had
successfully withstood impact on soncrete, The
one fuse which failed had fired its primer when
the fusse body was crushed by secondary impact.
The boab from which this fuse was recovered had
broken up. The Plsatinny Arsenal report further
indicates that the M39 Special Primer used in
this fusxe is not reliable, 7Two primer failures
occurred out of nine primer detonators tested
from a lot which was loaded at the same time
that the ijoctnnnby T723 fazes wers loaded,

(20) Trial XIX (1650=1b, Model Bombs): These bambs were
made from the cases of Disney bombs by reducing the

outer diameter, inoreasing the inner diameter, reduc-~
ing the length, and changing the nose shape. The
result is an experimental British model of a 12,000=1b,
CP/BA bomb, The model was fitted with a conventional
cylindrical fin instead of a rocket mctor asseabdly.
The bomb was designed by Mr, H, L. Pugh, Director of
the British Road Researsh Laboratory., The bomb and
the theory on which its design is based is covered in
MOS Report No. 475, "Design of Antieconcrete Bambs®,
Since ths Disneys used in Trials X and XII were

found to have flaws in the nose, each bomb case to

be made into & model boadb was I~rayed for flaws be-
fore machining., The purpose of this trial was to
determine the altitude at which this bomb would begin
to break up, Three bombs wers dropped by Lancaster
airerafi from 9,600 feet (striking velocity 800 feet
por second), scoring three hits., The bombs bent but
did not break up., The altitude was then increaseu to
15,500 feet (striking velocity 1000 feet per second),
and nine bombs were dropped, scoring one hit, This
bomb also bent but did not break up, This is as far
&8s the Trial had progreased at the time Project “Ruby"
returned to Eglin Field, Subsequently, two drops were
aads from 20,000 feet (striiking velocity 1100 feet
per second), scoring one hit, (Plst No, 129). In
this case the bomb fell flat because the tall structure
had come locse., The bomb had dented on one side and
orecked on the side oppoaite, PFurther drops at
18,000 feet were then to be made, with precautions
taken to insure that the tail structure did not

break away. Pollowing is a description of each hit,
Crater profiles are given in Inalosurs 9,
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Plot No, 110t This bomb, dropped from 9,800
feet, struck on the North wall of the target,
denting the wall as shown in Inclosure 7, page
84. The bomb glanced off ths wall, hit the feot=
ing, and rebounded 300 fest, striking on its nouse
on a concrete platform, and malkdng a amall round
dent in the concrete, The homb was badly bent
into an "8" shape. (Ses Inclosw'e 7, page 85).
The bomb was flattened at the base, and the base
plate had broken off, This bomd withstdod a
tremendous amount of side stress,

Plot No, 111 This bomb dropped from 9,600 feet,
struck on the 4~1/2 meter roof on a slab having
bowstring truss reinforcing, The bomb made &
crater 3'~3% desp and bounced tc the crater edge
intact, but censiderably bent. Inclosure 7,
page 86, shows the erater and the eondition of
the bomb after impact.

Plot No, 112: This bomb, dropped from 9,500 feet,
struck on the L~1/2 meter roof at the junction of
two roof slabs, Again the bomb bounsced to the
crater edge, bent but intact, Crater depth was
3'=2", Inclosure 7, page 88, shows viows of the
crater and boamb, -~ Both bombs whish hit froa this
altitude had been bowed two to three inchee out
of line by the impact,

Plot No! %_2_1,; This is the cnly bomb droppod frea
the 15, foot level which strusk the target,
This bomb penstrauted L'«4® and bounced out of the
erater, coming to rest 50 feet away, intast. The
bomb body was bowed 3-3/k inches eat of line.
Views of the bomb and srater are given in Incl-
osure 7, page 39, Impact essurred on a roef

slad with bowstring truss reinforeing.

of It appears that the suse strength

of the medel bomb is great enocugh to resist breaking up
when dropped to reash a striking veleosity of 1000 feet
-per second, but the ratio of length to dimm.ter is too
Jreat, 8.5 compared with 7,9 for the Disney; hence,
- the tendency for the bamb body to bend and bounce evt
of the crater,

""(zz)' mm Two vomb plots have besn prepared
for the Farge target, Ons shows snly those besbs
d;oppod by Project "Ruby" aireraft (Inclosurs 6, page
2).

This plot shows the location of impacts ef 98
bdy
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bombs dropped, inaluding both hits and misses, EKight
of the bombs (Plots 18 to 25, inclusive) were 100=lb,
practice bombs, dropped to check bombing equipment,
The number of hite was 4O, giving an overall percent-
age of hits of 41 per cant, If the 2000e1b, SAP bombs
dropped from 26,250 fset are excluded as being erratie
in flight, the percentage of hits becomes 38 out of
74 bombs dropped or 51 per cent. The percentage cf
hits with Amason bombs wxs 71 per cent., Tho last
shipment of four Amazons wus dropped with 100 per
cent acsuracy, as all hit the target., The other bomb
plot, Inclosure &, page 1, shows enly those bombs
which hit the target and includes thoase dropped by
Lancesters ac well as thoss dropped by Project

"Ruby" eireraft. Practice bomb hits are not shown,
‘On this plot there are 53 hits, including two which
hit on the footing, and one which hit on the wall,
There are several close near misses, including a
Grand Slam bomb, Plot No, 13,

b, Heligeland Trials:

()

(2)

Target: The Heligoland target consists of a reinfore-
ol concrete U-boat shelter 506 feet long snd 310 fest
wide, The roof thickness is 10 feet, The shelter is
constructed partly over water and partly over land,

The portion built over the water is divided into

three pens, to adait submarines. Bach pen measures

340 feet long and 70 feet wide, The portien on land
contains machine shops and testing equipment, The

two side walls have windows with provision for hinged
steel shutters, The roof is built with a 10 foot over—
hang. The height of the structure is 37 feect above
ground level, Rosf reinforecing consists of 1" and 1/2%
steel bare running lengthwise and crosowise at top

and bottom of eash roof slab, as well as vertlical bare,
At the center of the roof is a circular emplacement
containing radar equipment, This made 2 convenient
aiming point for ths trials. Altogether 133 bombe

were dropped at Heligoland, and L5 hits were scored,
(8ss Inclesure 12, page 1), All bombing was aocomplish-
ed from 20,000 feet altitude with B.17 aireraft.,

T I (Disneys with Shellite In the initial ’
trial at Heligoland a 70/20 mixture of Shellite (picrie '
acid/dinitrophenocl) was used in Disney Bombs drepped .

without rocket assist, The bombs were to be unfused
and without exploders. Ten bombs were dropped,
socoring four hits (Plots 1 to 4), three ¢f whieh per-
forated the roof, and the fourth went through the edge




(3)
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of the overhang. All four bombs fell through to the
water and were not recovered, There were no indications
of breake=up of the bombs, nor of detonatior of the
filler, Photographs of the perforations are given in
Inclosure 13, pages 1 to &,

Trial V (Disneys with Mg@a, 64/20/16)1 In the

next trial, the Disneye were filled with a mixture of
RDX, aluminua powder, and wax in the proportions 6i4/20/
16, Of 12 bombs dropped, without rocket assist, five
hite were obtained (Plots 5 to 9). All five bombs pere
forated the roof, thres dropping into water of the pens
and two dropping into the shop arsa at the rear, Thess
latter two bombs were found intact after cratering in
basezent floor, Photographs of the hits on this trial
are given in Incleosure 13, pages 5 to 11. Thers was

no indication of breakup of bombs nor of detonation of
the filler.

(4) Triel XIIT (Disneys with RDX/Al/Wax, 68/20/12); In

(5)

this trial, the percentege of RDX was increased to 48
per cent, with the percentage of wax decreased to 12
per cent, Ten Disneys without roeket assist were
dropped with this more sensitive filler, and twe hits
were scored (Plots 10 and 11), Both hits produced
perforations in the roof over the pens. One fell
through to the water, the other lodged in the concrete
flcor at the foot of the wall separating the pas froa
the shop area. The base of this bomb was 18 inches
beneath the floor level, at an angle of 20 degrees to
the horisontal, There were no indications that either
tomb had broken up and no signe of detonstion of the
filler. Photographs of the craters and perforations
are given in Inclosure 13, pages 12 and 13,

Trial XVI (Disneys with TNT)s The next trial comsisted
of Dianeys with TNT filler. Twelve bombe were dropped
without rocket assist and five hits were obtained (Plots
13 to 16), All hits res-lted in perforations of the
roof over the pens., No bozbs were recovered, There
were no signs of breakup of these bombs nor of detenaticr
of the filler, Photographs of ths perferations are
given in Inclosurs 13, pages 14 to 20, One bomb (Pliot
No. 13) came through the roof between supperting
pillars, struck the edge of the pillar, and buried
beneath the floor of the eatwalk of the pen, One

boab of this trial which missed ths target on the North
side went through the rocf of a steam tunnel leading to
the building. The bomb struck against the wall of the
tunnel and spparently bruke up, as a tall freguent was

o
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found with an impact type of fracture, The INT

filler must then have been set off by the break-up, and
the detonation progressed from low order at the base te¢
high order toward the nose. Both low order and high

order type fragments were recovered. The metal ring
which fits over the base of the bomb was found with six
inches of the threads torn off, The ring itsslf was badly
deformed. The rocket fusze pot, rocket motor plate, and
orie pistol were also found in the tunmnel, (See Inclesure
13, page 21). The pistol was unexpected, a= the Programme
of Trials specified that fuses were not to be fitted,
Project “Ruby" Ordnance Officer's records were checked and
it was found that Disney bombs on Triais I, V, XIII, XVI
and XX, were dropped with pistoles containing dumsy
detonators and live percussior caps,

RIX, TNT, Aluainum powder was further mixed with wax,

and .carbon black and used in the Disney bombs., Ten

boabs were dmppodck-t. asaist, scoring three
hits (Plots 17-19), G of the hits produced perforations
in the roof over the pens, the third perforated the roof
cverhang. The bombs were not recovered, There were no
indications of detonation of the filler., Photographs

of theese perforatiors are shown in Inclosure 13, pages
22 to 2.

Trial XV (Disneys with RD![MS!"_:{Carbon Black, 20/
80/10/2): Ia this trial, a 20/80 mixture of RDX and INT
was mixed with wax and carbon blagk and used in Disney
bombs, Ten bombs were dropped(withoud) rocket assist,
and four hits were scored. (Plots 20=23). Three hits
resulted in perforations of the roof and the fourth perw
forated the roof overhang, No bombs were reocovered, as
one fell through to the water, two buried into inscces-
sible parts of the basement, and one buried in a tunnel
after perforating a one inch steel plate on the ground,
There were no signs of detonation of the filler,

Trial XX (Disneys with Picratol): In this al. 12
Disnsys with picratol filler were droppe rocket
assist, and five hits were scored (Plota 33=37), three
with rocket assist functioning, and two in which the
rocketa failed to function, Alil bombs which hit per-
forated the roof, One bomb was recovered in the
machine shop area which had perforated the roof of the
middie pen, struck against a pillar and ricocheted,
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perforating the wall between the pens and the machine ‘
. shop area. From aerial photographs and Ordnance '

records, this bomb was identified as coming from the

perforation, Plot No, 33, There were no aigns of

detonation of the filler for any of the hits on this

trial,

(9) Irial XVII (2,000-1b, SAP bomba with Picratel): In
this trial M103 bombs with picratol filler were

dropped (without fus and nine nits were scored,
(Plots 24~32), 1In oo instances the bombs broke
up upon impact and the filler went off low order,
scattering picratol over a wide arsa on the roof,
(Plots 27, 28, and 32)., Aerial photographs taken
during impact of Plot 32 further oconfirm that this
boab detonated (see Inclosure 13, page 43). Frag-
amts recovered from two of these throe bembs exhibit-
od impact type frasctures rather than explosion type
fractures, The third bosb was net recovered, The
other six bombs which struck the roof were intact,

bzt three were dented near ths rear lug in a manner
similar to the drops on Triai VI at Farge. Penetrations i
varied from 2'-6" to 3'-§%, and averaged 3'-1", This
is the sass cs the average obtained in Trial VI,
Phaotographs of the eraterr aro given in Ind osure 13,
psges 3k to L2,

(10) m% XXII (2,000=1b, SAP bombs with Pieratel and live
fuses)s Tue final trial at Heligoland was arranged '
to test the effactireness of the ploratol filled ;
X 2000=1b, SAP baab when fused with 1/10 second delay
fuses, Twenty bombs were dropped, and eight hits
were scored. (Plots 38=45), Crater photographs are
given in Inclosurs 13, pages 4i %0 52, Noms of the
hits resulted in perforations of the roof., Craters
were only slightly desper (36" te L45") than fer the
previous trial, but the rcof was scabbed ix some
' instances. Cne boab hiten the overhang, and blew a
. hole through it, There was one dud, (Plot Mo, 4l),
and ono low order detonation (Plet No, &k). One near
aiss also functioned low order, A base plate was
found near the arater of Plot No, i4k. This bass plate
wss complete with fuse, The imner end of the fuse
, was orushed. The base plate contained wires stripped s
: from the threads of the bomb body thresds. The in- :
fereace ig that thiis bomb landed flat and squeoged
out its bage plste before fuse functiocning, The bomb P ‘
then ricocheted and scattesred its filler, buming low :
order., The photograph; Inclosure 13, page 51, showe
an aerial visw of this impact,
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(11) Semmary, Heljgelsnd Triale:

(a) All of the types of explesive fillers testad were
suffieiently insensitive to withstand impact oa the
3 meter roef, All Disnoy bembs whish hit the peas
either perforated the roef er the roef everhang with-
out detonating or breaiking up. One TNT filled
Disne; beab whiax missed the target detonated upen
side impast against a tumnel wall, Thic Bomb breke
up and detenation fellewed upon zesendary impact.

(») Three unfused picratol f£illed 2000-1b, SiP bombs
went off low order wpea break-up of the sase,
Here initiation ef the adagter beoster eu secondary
impaet prebably csused the detonatisn,

(¢) The pisratol filled 2000~1b, SAP bombes, fusod for
0,10 sscond delay, will net blew throagh 10 feat ef
eonsrets, altheugh in scae sases scabbing of the
undeorsids of the reor essurs, This bomb will blow
threugh lesser thisknesses of eencrets susk as the
roef everhang,
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TEST HIYNRICAL DATA

DFERADOCTION s

a, IMuthority.--Testing conducted dy authority of letter froa
ters, AAY, dated 3 January 1946 to 0G, AAF Center,

DATE OF AOTIVATION: 10 January 1946,

DATE BQUIPMENT ERCEIVID:

DATE TESTING STARTED: 25 March 1546,

&, Alrcraft and personnsl sxrived Marbea, England 15 March 1946,

b, 7irst shipaent of Anmson (T28) Bombe errived Marhes, Ergland
2C June 1945, :

¢. leot Amaron (728) and pioratoi»-silled Disney Bombs arrived
Marlum, Zogland 7 July 1946,

DATE PROJECT COMPLEFED: 3O October 1946,

SOSPANSICES: lNooe.
JLYING BOURS: §u706 bours.

GROMND E(UES: ipproxisately 1000 boars.

RELATED TRSTS:

8. Project %o, 1-l5=22, AA? 3uard Project No, JULIL, ®Teat of
®all Boy Boub Ynetsilation in B-29 Airplane,®

b. Project ko, , AAF Board Project Mo, QHT1l, "iffective
Means for Atieck of Jepanese Caves mmd Piilboxes,”

c. Project ¥o. 1-U5-67, AAP Board Project Ho. FU725, "Test of
Tall Boy and Grend Slam Ingtallation in B~32 Airplanse,”

4. Project Ko, h—h;a. ALY Board Projeot No. BA757 “Operational )
Suitebility of B-29 Alrplane Bquipped with Naxternal 3oab Racks,* ;

o. Project Wo, 1-45.-43, ALF Board Project No, JUB6N, “Test of .
Tall Boy Boad Installation i B-29 Alrplane.®

’ Inclosure 1. pege 1. 5




: CONMBENTIAL

f, AAF Board Project No, U61:iAlT1.6, “Study of the Requirements,
Employment end Fffectiveness of largs Boambs,"

10, Subject equipment hes been Lested only under tezperate climatic
cénditions,

Inclogure 1, page 2, 52
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C OMEREMISH ™

AIR PROVING GROUND COMMAND
EGLIN FIXID, FLORIDA
QEFICE CF AC/S, A-3

15 August 1946

SOBJECT: Program for Comparative Test of the Effectiveness of Large
Bombs Againet Beinforced Concrete Structnreaf(Anglo-herlcan
Bomb Tests - Project "Ruby", Project ¥o. l-lU&e-7).

T0: Commanling Officer, Project "Ruby", Eglin Field, Florida.

1. GEMERAL:

a. Descriztion.--This test iz a joint Britich-Azerican
project tc ietarmine the concrete penetrating performance of large
bombts. The reirforced concrete Submerine Assemdly Plert at Farge,
Germany, and the U-Boat Shelter on the island of Heligoland will be
used as targets. Tho target at Farge will be limited to drops with
inert loaded bombs becsuse of the proximity of the village to the
target., All drops with H.E, loadsd bombs will be carried out at
Heligoland which is uninhabited. The types of bombs to be tested
include the following:

(1) 20Q0-1b. SAP (M103)

(2) U4500-1b. CP/RA (Disney)

(3) 12,000~1b, M,C, {Tall Boy) Both British and

American versions

(4) 22,000-1b, N.C. (Grand Slem) to be tested.

(5) 22,000~1b. SAP (Anazon)

(6) 1650-1b, model of 12,000-1b. CP/RA
Both British and American aircraft will. be used to drop the above bowde.
Britieh participation will include larcaster aircraft based at RAF
Station, Mildenhall, Englari, Amsrican sircraft participsting will
include seven B-17's and three B-29's the latter with bomd bay doors
modified to carry Tall Boy and Grand Slasm bombs. The base of operations
axd Beadquartcrs of Projoct "Huby® will be &t RAF Station, Merhem,
England, A detachment of Project "Buty" will de maintained at Farge,
Germany. This detachment will consist of assesscrs anl photographers,

b, Priority: 1lA.

c. Project Officar: OQaptain C. D, Reifsteck.
Aseistant Project Officer: Dr. Homrd X, Beinecke,

b Inclomire 2, Fage 1 53
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d. Teat Qfficer: Lt. Col. D. G. Hawes. , ) ’
2. CBJEOT:

To odtain infcrmation regarding the psrformance against
reinforced concrete of British and Amarican bdombs of special amd
standzrd design, with particular reforence to

a. Penetration,

b. Case strengtk.

Cce Insensitivity of exploder aystea.

d. BeliaMlity of pistols and fuses,

o. Insensitivity of mein fillings.
3. NEE® OF COMDUCTING TRIT:

Test vill be conducted in accordance with directive froe
BAP Bomber Command BC/S. 32104/5 ABME dated 5 March 1946,entitled:
“Instructions for Trials at Farge and Beligoland to Detearmime the
Performance of Special Bimds and Compoments Agaimst Conorste Turgets®,
coyy of which is attached as Inclosure Jo. 1.

4, RECORDS:

Completo records will be kept by Hesdgquarters, frojsct “Buby®
of all bambs dropped by Project "Muby® aircraft. These records will
ehew type and waight of bead droppsd, boab serisl
srial mmbder, relcase altitude, tive alr spesd, triy mmber, and
location of hit. A will be witten for each malfunctica of
bont release squirment, Bomberdiers will fill ot campietoly and
maintain a file of Forme 120 for each mi
photographs ¥iii be taken of all impects

The Project "Baby® deotachncnt at Farge will maintein complets
) records of the results of British and imerioan bomd hite on doth Farge
g and Heligoland targets. Depth of punetration, crater dizensiocns,

: crater profiles, behaviar of domd in flight and cn fapact, coafition
azd argle of rest of bomd after iupact, coniition of bowbd oomponents
axd filler, fanctiordig of pistcis and fases, functioning of rocket
notor in the cuse of Disney Desds, will de recorded. locxticy of each

co a roof plan of the taiget.

Inclosure 2, Page 2 N
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Physicist
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Deniel G. Hawes
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Test Cfficer & CO, Srcject "Buby®
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Chief, Sombing Branch
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RESTRICTED.
INSTRUCTIQNS FOR TRIALS AT FARGE AND HELIGOLAND
TO DETERMINE THE PERFORMANCE OF SPECIAL BOMBS
AND COMPONENTS AGAINST CONCRETE TARGETS.
COPY NO.____
APPEMNDICES.

"A" - PROGRAMME OF TRIALS.

- ADCMINISTRATIVE ARRANGEMENTS FOR TRIALS UNIT.
llC"

FARGE TARGET DATA AND RANGE ORDERS.

*D# - HELICOLAND TARGET DATA AND RANGE ORDERS.
¥E" - ASSESSORS.

npa

RESPONSIEILITIES OF RANGE OFFICER, FARGE.

SIGNALS INSTRUCTIONS - BOMBER -COMMAMD SIGNALS INSTRUCTION No. 31
(LIMITED DISTRIBUTION ONLY).

ANFORMATION

co of .

1. The Air Ministry and the United States Army Air Porce Auth-
oritiss have decided that Trials be carried out to obtain inforsa-
tion regarding the performante of H.R. Bonbs of special design,
with particular reference to:- :

(a) Penetration.

(b) Strength of Cases.

{(¢) Insensitivity of Exploder Systems.

(d) Reliability of Pistcis and Puses.

(e) Insensitivity of Msin Pillings.
2, Arrangements have accordingly been made to use the rein-
forced concrete structure at FPARGE (GSGS 4416 M.3, Grid Reference
513143) situated 14 miles NORTH WEST of BREMEN, on the River WESER.
The FARGE Target will be used for Trials witk IMERT FILLED BOMBS
ONLY. Subsequent Trials with HIGH EXPLOSIVE FILLED BOMES, will be
cerried out sgainst the "U*-Boat Shelter at HELIGOLAND.

. / Responsibility for Trials.
Inslosurs 2, page 5 57
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3. BOMBER COMMAND has been charged with the operational re-
sponsibility for these Trials. Alr Crew, Maintenance crews, and
aircraft will be provided for the Trials aa follows:-

(s) %o. 15 Squadron, MILUENHALL.

'oo n‘am.
No. XI - 5 Bounds.
No.XIX - Mumber of Rounds mot yst known.

(b) U.S.A.A.F. Detachment, MARHAM.

kaI ‘um.
No. ¥V -~ 12 Rounds.
“‘ 'I-wm.
'Qox "HMO
bo m"lzm-
“.nn-um.
“u m-um.
No. XV - 12 Rounds.
Bo. XVI- 12 Rounds.
No .XVII- 80 Rownds.
No. IX - 4 Rounds.

Por full details of the programme of Trials see
Appendix "A".

Erevious Orders.

b This Instruction cancels the previous Instruction issued
under Headquarters, BOMBER COMMAND Reference BC/S.31204/5 ARNT
dated 13th October, 1945, as amended by Headguarters, BOMBER CO-
MAND ietter BC/S.31204/5 ARMT dated 19th Janwary, 1946, all copies
of which are to be destroyed.

EECUTION
Iraining-

5. Arrengeasnts have beaz made tarough the Directer Armasent
Hesearch and Developmant. for the United States Aray Alr Ferce
Detachaent to carry out Prectice Dombing with 100-1b Sand Filled
Buabs and Insrt Filled (P/RA Bombs at QRFORDMESS. Before com-
msncing Trials against e Target at FARGE the Officer Commanding

/ the American

Inolosure 2, page 6 58
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the imerican Detachment will centact Mr. FRAME, Superintendent,

' ORFORDNESS, through the R.A.F. Liaison Officer at R.A.F. Station

: MARHAM, (Squadron Leader A. J. MOODY), and arrsnge details of these

: exercises, which are to be carried out from 20,000 ft. In ed-
dition to the facilities afforded at ORFORDMESS, Practice Bombing,
with Sand Filled Bambs, but MOT CP/RA Bembs, may be earried out at
RUSHFORD Bombing Range umder arrangemsnts to be made with Head-
quarters, Wo. 3 Group.

Iargets.

6. The Yarget for the INERT FILLED Bemb Trials is to be tke
reinforced concrete structure at FARGE, full details of which are
giver in Appeudix *C".

; 7. The Target for the RIGH KXPLOSIVE Filled Bomb Trials, is te
be the "U%-Beat Shelter at EELICOLAND, full details of whieh are

givon in Appendix *D".

0 icers.

Y ™Y

K

CEEE R

8. Squadron Leader A. J. MOODY is appoiated Armament Liaigem
Officer with the United States Army Air Forcsc Detashmsnt at R.A.F.
Station, MARHAM.

9. Flight Lisutenant C. H. WICKS is appointed irmsmsat Liaisen
Officer with No. 15 8qguadron, K.A.¥. at R.A.F. Statiem, MILDEIGIALL.

Assegeors apd Range Steff.

10. Assessors and Range Staff are to be provided by the Direct-
or of irsament Research and Development and the United States Aray
Alr Porce Authorivies, in cooperation with Headquarters, BOMEBER
COMMAND, the Ordnance Deard, Chief Enginesr Armaseat Design, Chilef
Superintendent Armesmsut Research, the Anti-Concrete Cemmiites and
the R0ad Research Laberatory. liames and telephoaeo nvsbers eof the
Assessors are given in Appandix "R*.

1. The Representative fer the United States Army Air Forse
Assessors is Colenel D. G. HAWNES (U.&.A.An!. W'. fre;a
ORLANDO, FLORIDA), Officer Cesmanding United States Armg Air Pores
Detachaent, MARMAM, and Offiser in charge Project "ENEI®.

12, Ths Range Party at PAMGE is under the commend of Wing
Commandor GARMER (D.Arm.R.D's Staff). Por the purposes of these
Trials it is under the direct eperatiocuml coutrol of Headquarters,

/ BCMBER OCMIAND
Inclosure 2, page 7 iii ) | :
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BOMBER COMMAND .

13. Details of the Range Party, establishments, e¢tc. are given
in Appendix *B".

4.  The Range Party established at FARGE is under the adminis-
trative control of Headquarters, B.A.F.0. for the duration of the
Toials.

15. The respcnsibilities of the Otﬁ.c.or Commanding Range Party,
FARGE, are set out in Appendix "F",

Iiring Control.

16. The Commandant, Central Bomber Establishment, MARHAM, is
responsible for ensuring that the Officer Commanding the United
States Army Air Porce Detachment is fully acquainted with, and is
in possession of, all Instructions for Flying Control Procedure in
the British Isles, and all Local Flying Regulations which are in
force at MARHAM.

17. The Officer Commanding U.S.A.A.F. Detachment, MARHAM, is
responsibie for ensuring, in cooperation with the Commandant, Cen-
tral Bosbar Establishment, MARHAM, -that United States army Air
Force Crews are fully conversant with Flying Control Procsdure and
Local FPlying Regulations.

Conduct of Trials.
18. The Programse of Dropping 1s given at Appendix "A¥, and is

to be strictly follewed. The operating height for the Trials as
given in Appendix "A" is to be strictly observed. Divergencies
from the prograsme will be rancticmed by Hudqurtoro, BOMBER COU-
MAND, if required.

0C .

19. Headquarters, BOMBER COMMAMD (Command Arsament Officer) -
Telephone Extension 297 - will be the coordinating suthority for
these Trials and will inferm the Deputy Director, Armament Develop-
meut (Bombs) - Minisiry of Aircraft Production, when a strike has
been cbtained on either Target.

20. The Deputy Director Arassent Development (Boabs) will then
arrange for the Assessors to be asiembled and transported to the
Targets, and will inform Headquarters, BOMBER COMMAMD, of the _

~ / number of

Inclosure 2, page 8 60
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nuaber of Assessoras, and their expected time of arrival at BREMEN
Airfield (R.40) in order that the Officer Commanding Range Party at
FARGE may make arrangemonts for their accommodation, etec.

21. Whenever a strike (or atrikes) has been obtained, there
will be & tempcrary suspension of bombing for at ileast 24 hours in
the case of FARGE and 48 hours in the case of HELIGOLAND, for the
purposes of &ssesgaent.

Headquarters, BOMBER COMMAND will advise MILDENHALL and
MARHAM when aircraft should Stand Down.

22. The O0fficer Commanding R.A.F. Station, MILDENHALL is re-
sponsible for:-

(a) The coordination of the Flying Programme for the Trials.
This requires close liaison aad cooperation with the O0fficer Com-
manding the United States Army Air Force Detachment at MARHAM, and
will include the allocation of the FARGE Target between aircraft of
No. 15 Squadron and the United States Army Air Force Detachment
aircraft from MABRHAM.

(b) Drawing up the Daily Boabing Programms in cooperation
with the Officer Coar anding United States irmy Air Force Detachment,
KARHAM, and saking detailed arrangements direct with the Officer
Comnariding Range Party at FARGE.

Briefing.

23. (&) The Cfficer Comsanding R.A.F. Station MILDENHAL. is re- 1
sporsible for the briefing of crews of No. 15 Squadron.

(b) The Officer Coamarding United States Arsy Air Farces
Detachment, JARHAM, is responsible for the briefing of United
States Aray Alr Force crews.

Bosbs and Bogd Fuging.

2. The number of Special Bombs available is limited and there-
fore they should be jottisoned only in emergemcy.

25. All Boabs are to be dropped WITHOUT detonators, but in the
cades of the M.C. and 2000-1b S.A.P. Bombs, tho appropriats Pistol
and/or Fuse are to be fitted.

26. An individual aircraft carrying sore than one Bomb ig¢ teo
complete the dropping of the camplete load even if the Target is

struck by

. Inolosure 2, pege 9 61 ' . o
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struck by an early boab. Should a seccnd aircraft be airborns in
the vicinity of the Target, when the first aircraft obtains a
strike, it is also to oontinue bombing.

N TION
M.T. and Spocial Vehicles.

27. Headquarters, BOMBER COMMAND, will arrange for one 10-Ton
Crane, special trolleys, and the nscessary lorries and trailers,
for the conveyancs of the bombs at MARHAM.

28. The United States Authorities are arranging for th« provi-
sion of necessary M.T. vehicles for the use of U.S.A.A.F. personnel
while stationed at R.A.F. Station, MARHAM.

) on M t r Fo .

29. The Commandant, Central Bomber Establishaent, MARHAM, is to
be responsibie fori-

(1) Providing accommodation und Messing for mcsharg of the
United States Army Air Force Detachment at MARHAM.

- (1) Providing facilities and Technical accomsodation for the
use of the United States irmy Air Force Detachment .

0. (o] &,

30. The Director of Armament Research aza Develorsent is re-
sponsible for the cupply of Special Bombs required for the Trials.
Each bomb will beer a apecial marking e.g. "PROC Q.2304%, and also
2 Serial Mumber.

3l. The Special Bombs are to be delivered to R.A.F. Stations
_ MILDBEHALL and MARHAM in accordance with the allocstion of Trials
. as given in paragraph 3 sub paras (a) and (b) above.

Logding of Atreraft.
3z. The Officer Commanding United States Army Air Force De-

tachment MARHAM is responsible for the loading of his aircraft at
MARHAN .

/ Transport of
Inslosure 2, page 10 62 :‘
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33. The Deputy Director of Armament Development (Bambs), Min-
istry of Adrcraft Production; is responsible for collecting Ass-
essors as necessary, &nd for arranging their transportation to and
from the Targets when reguired.

Telephone and Teleprinter Facilities.

34. A special speech circuit is to be provided between the
Operations Roos at MILDENHALL and the Office of the Officer Command-
ing United States Army Air Force Detachment, at MARHAK. Privete
wire telephone circuits already exist between Headquarters, ¥No. 3
Group (NEWMARKET) on the one hand, and MILDENHALL, MARHAM and Head-
quarters, BOUMBER COMMAND, on the other.

35. Teleprinter circuits are in operation between Headquarters,
No. 3 Group (NEWMARKET) on the one hand, and MILDEMHALL, MARHAM and
Headquarters, BOMBER COMMAND, on the other.

Point to Point.

36, W/T communication is to be provided between MILDENHALL, MAR-
EAX and FARGE, signals control being exercised by MILDEMHALL. This
circuit is to be monitored by Headquarters, BOMBER COMMAND.

Only “Unclassified” messages may be sent by this channel.
No de-coding facilities exist at FARGE.

Adreraft Control.

37. W/T coamunication between ground and aircraft is to be
provided by transmitting and receiving equirment operated from
Hesdquarters, No. 3 Group, (MNEWMARKET). This 8taticn is to be in
teleprinter contact with MILDENHALL and MARHAM.

38. A single V.H.P. R/T channsl is to be provided to afford
communication between aircreft, and between the Range Control
Officer at FABRGE and sircraft. The tting aircraft is to also use

this channel.
¥lrin _Cogtrol.
39. Communicaticns Instrictions will be issused lster on the sudb- 5
Joct of Flying Contrel. ‘-_
40, There will be no ground coamuricaticns fasilities at |
/ HELIGOLAND. i
) Inolosurs 2, page il 63
CRENREIBIsL
—— ———————— —— < —y -




- CORMONTR, -

HELIGOLAMD.

bl. Details of frequencies, callsigns, emergency facilities, eto.
uill be found in Bember Command Signals 3taff Instruction No. 31

1 United States ACRY Alr Torce Datachment.

4. The Ceamandant, Central Bomber Establishment, MARHAM, is to
issue Signule Publiestions to Officer Comsanding the United States
- Arsy Air Porce Detachaent, iz accordance with Bomber Cossand Signals
' Staff Instruction No. 31, pars. 22.

43. The Commendant, Central Bomber Establighment, MARHAM, is¢ to
assist the United States Army Air Perce Detachmant in crystalising
their comsunications equipment en channels peculiar to the R.A.F.
organisation.

RIEORTS .

lods « Officer Commanding R.A.P. Statica, MILDEMGALL, is to forward
& Report to Keadquarters, BAMBER COMUALY), ahan a Hit is regluteced

, by aircreft of Ne. 13 3quadr¢a. The deport is to be in triplicote and
| contain the following iafsrwatien:-

Serial Kumber iud Type of Buwd.
Hel gkt of-Lsleaage.

Grouni 8.98d set {in Besb Sight.
True Adr Spoed.

Wiud Veliasoity.

Q.v.F,

Ualted Siskes. Arg

&5, 0f2icer Commmrilng Uuited &iates Ay Alr Porce Delachmsnt
wll formard a lspori te Headguerters, LOHIER COKMAND, whenever &
it 48 rogistuced by alrorast of the Undted Siatew Ay &ir Forse
‘ Dotachuent. The Ropart ds to be ia triplicate, and contain the
' follewiug imforastions-

i . derial Rusber and Typs of Buaws.
, Redght of Releaso.

Urownd Ppoed evl da Sk Sight.
| Tras Air 3Speed.
| ®ind Velooity.
QOYO'.
\
|
|
|
|
|

/ Bosber Cosind.
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Besber Copmand.

Wbb. A Report on the conduct of the Trials wiii be prepared bty
the Compand Armaseant Officer, Headquarters, BOMBER COMMAND.

47. Reperts on the effecte of the impact of bombs, bshavicur ef
fillings, caaponents, etc. will be prepared by the Chief 3uperin-
tendent Armsment Research, in collaboration with the othe:r Assessers.

Besd Rsgearch Lsboratory.
48. Naports on the penstration and effects of the various bombe

on the Targst structures will bo prepared by the Read Research Lab-
orstory in cooperatica with the Anti-Concrete Committes.

49. Tts abovo Reports will be furwardod to the Directer irueseat
Ke2a3arah s evelepment, Miuistry of Alrereit Produstion, for cal-
lation sacd esward trensaission to the sponsoring suthorities.

50. ACENCEL BDGE .,

BG/S.32104/5/ARMT.
ik Yarcsh, 1956.
Izsloears 2, page 13 . 65
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Sth March.1946.

; © o8 .
Headquariers, B.A.P.0. 1. 1 Copy 8igs Instr.
) Bember Comsand Lizisen Officer, B.A.F.O. 1.
0.C. Range Party, PARGE. k. 1 Copy Sigs Insir.
- Brit{sh #laval 3-in-C, GERMANY. 1.
s Flag 0fficer, Northarn GESMANY. 1.
v, Flag Cfficer, Western GERMANY. 1.
S0 N.0.1.C. WILERMSHAVEN. 1.
, K.0.1.C. CUTHAVEN. 1.
:;.-‘ 'oOoIoCo m- 10
. assdquarters, No. 3 Ur-up. 2. 2 Copies Sigs Instr.
0.C. R.A.F. Station, MILDEMHALL. 2. 2 Copies digs Liati.
8.C. Me. 15 Sguadren, R.A.F. 2. 1 Copy 8igs Instr.
;. . 0.C. R.A.F. mtiw, MARHAM. 3. 3 GOPL“ 313! Instr.
< Commandant, Central Bosber Establishment. 1. 1 Copy Sigs Inastr.
: Oblﬁnll Do G. m, U.S.‘-l.’.(ltuch“ ' -
N x1 mo N 60 6 Copi“ 81" In‘tl‘.
. Colonel FEAKX REXD, U.8.A.A.F.(Repre—

sentative with Ordnance Board). k.
A Colenel A. R. CYR, U.S.A.A.F. 2.

; Squadren Leade-~ A. J. MOODY, R.A.¥. 1. )liaieon

Flight Lioutenant C. H. WICKS, R.A.F. 1. )officers

Co Sascretary Ordnancs Board. 2.
’ Ghief Engineer Armament Design, FORT

HALSTEAD. 2.

Chief Smperintendent Arsasment Ressarch. 2.

dearetary Anti-Conorete Coamittiee. 2.

Director Arsanenmt Research & Develepment,

Ministry of Alroraft Preductiea. ) P

8.0.(A)C.R.D. Ministry of Alroraft

Preductioes. 1.

Deputy Direster Arsament Develepment
(Bambs), Mintatry of Aircreft Production. 3.
Calef Supwriztendent Road Ressarch

Laberatery 2,
Directer, Gemeral Armameat, Alr Ministry. 1.
Direster, Beader Operatiens, Alr
Maistry 2.
Sigmls Plans (2), Alr Ninistry 2. 1 Copy Sige Instr.
/ INTERMAL.
Iasloswre 2, page il 66
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C. 43K 0.

c.8.9.

C. NAY.O.

G/C. PLANS.

G/C. oPS.

8.F.C.0.

8ige Plans {H.Q.B.C.)
C. Met.O.

File BC/S.31204/5/ARMT.
Spares.
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Copy Sigs Instr.

Ty

Cepy 8igs Inwir.
Cepy 3ige Inatr.
Copy B8ige Instr.
copy 8igs Instr.
Copy 8igs Instr.
Copy 8ige Imsti.
Copy 34gs 1natzx.
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1 Wing Comsander (Tech irm).
1 Flight Sergeant, Armourer.
1l Sergeant, A.C.K.

1 Corporal, A.C.H.

b A.C.H.n

2 Wireless Operator Mechanics.

2 Drivers, M.T.

1 Fitter, M.T.

1 A.C. Photographer.

1 A.C. Cook.
ACCMRDATION. !

Accompodation is to be arranged by the Officer Commanding
the RBange Party, tbrough the Town Major, FARGS.

MOTOR TRANSPORT.

Under arrungements made by the Ministry of Aircraft Product-
ion the Range Party is allottad the foliowing motor transport:-

1 Staff Car or Utility.
1 30-cwt Lorry.
1 Jeep, or 15~cut lorry. P

The Officer Commanding the Range Party snd the Range Contrel
Officir is Wing Commender R. H. GAREER.

Inolosure 2, page 19 n
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APP nce,
FARGE.
TARGRT DATA AND ORDERS.
1, The Target is a "U"-BOAT ASSEMBLY SHELTER at FARGE, situated

on the River WESER, fourteen miles North West of BREMEN. The Target
is at sea level.

2. The Danger Area provided is 500 yards radius, and a circular
aiming point will be laid ocut 100 yards froam the Southern end of the
Target, which measures spproximately 450 yards x 100 yards. Owing to
the proeximity of a road and habitations on the North and Esat sides
of the Target attucks are ¥OT to be made between headings of 30° -
130°(True).

3. A Phovograph of the Target, showing the eiming point, the

500 yards Dsnger Area and the Dead Sector of 30°-130° is attached.
E -Q.

ko Briefing.

Prior to sach axercise, the crews concorned are to be brief-
ed by the Specialist Bombing Officer and Bombing Leader. The brief-
ing is to include & summary and explanation of the Target, together
with details of the apecified exersises to be carried out. The Bomd
Alaer is to b in possssgion of &ll exercise details including the
serial number oI ihe store carried, and the bombing height and track
is alasc to ve given.

5. Bomping Signaig.

Standsrd Boabing Signals will be situated $00-800 yards
North West of the aiming point. These will consist of an 80 ft
arrow complete with two discs, the arrow being directed towards the
Target. Detail stripe at the base of the arrow will not be provided.
These Signals will be as follows:-

(a) Ground toc Air Signals.
QLJQ Oa i i

All Clear for Boabing - Wait for a further Signal - Ceage

carry on. do not boab. Bombung -
Go Homs.
. -1l- / (b) Ground to
Inologure 2, p geo 20 T2
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CEMEDIMNIER .

(b) Ground to Air Emergency Signal.

A sacke generator will be ignited whenever it may be nec-
essary to oall attention to the aircraft to a change in signals (this
say be necessary in an emergency).

(¢) BEaddo Telephony Cogmundcatiens.

Tho aircra.t arc to keep in comstant touch with the Range
Control Officer by Radio Telephony. {tandard Procedure as laid down
in current instructions ie to be u-ed.

Danser Ares - PARGE.

6. The Danger Ares, & circle of 500 yards radius, is to be
bounided by RED flags, and clearly marked with Bi-lingual pitices stat-
ing that when the Red flags are flying from the Targst, and in the
vicinity of the notices, entry into the Area is forbidden. Sirens
will be sounded as a warning for personnel to leave the area laned-
iately information is received that an attack will be made. The re-
sponsibiiity for providing the notice boards will lie with the Chief
of Police, BREMEN, and he will provide Police Patrols to patrol the
perimeter of tho area and raise the lisd Flags as required.

Arrangesents for the control of river traffioc during bo.nbln(
aill be made by the Naval Operaticns Staff, BEREMEN Port Coxmend, who
will inform all persons using the River that they must keep outaide
Danger Area when Rad Flags are flying from the Targst.

Safety Preceytions.

(a) Lanocaster Bomb Doors are not to be opened until approaching
the Target on the bombing run.

(b) Boab Doors are to be ciosed, and the selector switch put to
koff" imnediately sach boab hes been releised.

(o) 8pecisl orders regarding the fusing of the stores to de
released will be issued separately, and will be conveyed to the crews
at briefing.

(d) In the event of failure to rFelease, the Rnn;o Control Offi-
cer is to bs oontected by R/T before atteapts sre made to jettison
the store. Due to the special nature of the stores carried and the
diffioculty for provisioning, jettieoning action should be taken only
a8 anh emergency msasure, and only in the special areas as given to
the orews at briefing.

-2 - / (e) The Officer

| Inolosure 2, page 21 13
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(e) The Officer Cammanding the United States Argy Air Foroe
Detaohment at MAPHAM will be responsible that his aircrews are adegqe
uately driefed in respoot of safety precauvtions in réspect of Fortress
and Super Fortress airoraft,

T

Ipolosure 2, page 22 ™ . ..\
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APPENDIX “D".
BELIGOLAND.
TARGET DATA AND RANGE ORDERS.
TARGET DATa.
l. The Target is the "U"«Boat Shelter at HELIGOLLWD. This

Srelter is situated on the South East oorner of the Islsund of
HELIGOLAND. The target is at sea level, and will not be warked with
any specific siming point. The Target's dimensions are L85 £t x 300

f£t.
A Photograph of the Target is attached.
RANGE ORDERS.
2. The ¥.0.1.C CUXHAVEN, has srranged for the Target Area to

be cleared on one week's notice. This notiow will be given by Head~
gquarters, SOMBER COMMAND, and the units conceérned cen operate after
the one week's time limit has expired, without sny prior warning, and
whensver conditions are suitable. As the Island and surrounding area
will be evacusted, no bomdbing signsls will be displayed, and aircraft
are to rolease their bombs without any siznals from the ground.

brie ﬁﬂ .

3. Prior to each exercise, the orews ooncerned gre to be prief-
od by the Speoialist Bombing Officer apd Bombing Leader. The brief-
ing is to inolude a summary and explanation of the Target, together
with details of the specified exeroises to be carried out. The Aip
Bomber is to be in possession of all exeroise devails inoluding the
sorial numbers of the stores nsrried, the bembing height and track is
also to be given.

Spott_igi Adroreft,

L Oring to the probability that Strikes om the Target will not
be obsérved by the bombing airoraft flying at 20,000 ft, or above,
the Offfcer Commending the United States Army Air Poroe Detachment,
MARHAM, will detail e second Fortrsss, or Super Fortress sircraft
for spotting duties.

The Spotting 4iroraft will proceed to the Target srea in
cosmpany with the Bombing airoraft, but at a lower level. The Bombing
aircraft will keep in toush with the Spotiing airoraft by Radio
Telephony co that the letter can position itself 30 «s to see where

-le / the bombs
Inclosure 2, pago 2|, 76




the bombs astrike after they hawve been released, and tike nscescary
photographes.
The Spotting airoreft is not to fly wituin 2000 yards of
the Target or at a height of less than 3,000 feet,
* Oblique photographs of the point of impaot should, if pos-
sible, be taken oy the Spotting aliroraft.

Communioations.

Se In addition to Radio Telephonic communication to be esteb-
lished betavwan the Bombing and Spotting airoraft, as outiined in
pers. 4 above, both the Bomb dropping aireraft and the Spotting
siroraft aie to mairtain W/7 communication with Headguarters, Mo. 3
Group, HEMMARKET.

Bafoty Preocautions.

6o (o) %he Captaln of the Bombing airoraft is responsible that no
Bomde are rsleesed if ships or boats are within 500 yerds of the
Target. .

(b) In the event of “hang-upe™, Bombs are to be jettieoned in
the sea, if the Captain of the Bombing airoraft oconsidere it
oadeasary. Iu viow, however, of the limited number of Special Bombs ‘
avuilable, the jJettisoning of bombs ic only to be undertaken as and
emOrgency measure.
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The Officer Commanding Range Party FARGE will bs resporaible ’
for the folicwing:-

1. Adainistration of the Bange Purtiy.

2. Lisison with local Allier Forastions, and, vhere necassary,
the Civil Authorities in BREMEN.

3. Safety arrangeaents in the Denger Area at FARGE.

L. Coordinating arrengeusnis for the inspection and seciking of
the Target at HELIGOLAMD, and msking arranguments witk the Naval Auth-
cities for the trensportation of the Assestors and Range persomnel by
sea to and froi HELIGOLAID, as required.

5. Informing MILDISBALL axd MARHAN deily, &t a tise to be mut-
ually agresd, of the weathar conditisns ever ths Target asrcie, and

stating whethsr the Bombing Pregresme is to cantinue.

6. Inforaing beadgeartere, DORER COMMAND direct of any prop-
osod change in the progremms whilch aay appesar desirable, or neces-
sary, as the Trisls peroceed.

7. Informing Headguartors, DOBEE CRAAND, by W/T (repestiag to
MILDBSALL and MASSIAN) of tihe bamiing results as sceu a8 possidle 1
after each scrile. VUhenover pessilile o preliminary Report ahould de
given by 1/T to the aircraft while over the PARGE Target. Weasver a
Strike is confirmed, he will infers MILDERHALL and MARUAM immedistuly
by W/T in order to prevent subesguant aircreft becaming sirdborme.

8. Plotting esch Strike om the Target, o facilitate the ocoer-
dinetion of resulf a,

5. The growd coatrol ¢: sfrcrart then over the Ta.get at FAMGE.

10. Arrenging for Bomd Dispescl psreannal to be awullable at
PARGE ¢o0 deal with besbs diepped mith live fuses.

Inclosure 2, page 28 80
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COMPARATIVE SIZES OF BOMBS
USED ON PROJECT RUBY
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SWIVEL LOOP~

1000, 520 235 30 35 <0 48
RELEASE ALTITUDE FT.X 000

ROCKETS FUNCTION AFTER
3LS SECONDS OF FREE FALL

] FU%SES &4 "
) . ) ME LOADING BRiTiSH X538 AIST 1
ARMOR FRRCING SVEEL CASE CsnuLiiTe 59730 )

NOTE -B0WME BOLY, ROCRET MOTOR & TAIL

B CONE SHIPPED SEPARATELY -TO BE AISEMA.ED
AT AC LOADMSG POINT

INCLOSURE 3 PAGE 2




/ELECTRIC GENERATOR ARMING WIRE

;C ARMING WIRE

TIME SWITCH ARMING WIRE

EYE 8OLTS __
\ l /SQU'b ST I S \
Ef \\i*ﬁ’ VANE
( JL Zﬂfﬁ
({ 1\ [/
P/ o @) i 0 L l _ _ y -é ___T‘J | ELECTRIC
N / CENERATOR
FUZES (2 ROCKET Tudes (19 / BOX CONTAINING
BRITISH ™33 PIST FINS MECHANICAL TIMZ SWITCH
( oL (MODIFIED MHI FUZE) &
J CONDENSER FOR IGNITING
SQUIBS INITIATING PROPELLING
& TAL CHARGES

2 ASSEMBLED

DETALS OF 4500 LB

ce/ RA

OISNEY BOMB
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Amaton bomd Velng lowered into position for loading {n B-29,
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1b. Model bLowbs in boud bay of

Three 16

ster airplare,

British
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’ CONSTRUCTION DETAILS CF FARGE TARGRT

1. GENERAL:

: a. Functior of Structure.--The huge reinforced concrete

' structure at Farge, Jermsny, known by the code name of VALENIIN, wes

t designed a8 s Eomg)roo? factory for the assemtly of 160C-tor Tyoe XXI
sutmarines. Started ir Msrch 1043, the structure was only 90 per cent
conpleted at war's end, and oroduction of sbmarines was never begun.
The Nazis intended to ship orefabricated submarine sections by rail

and by barge to VALENTIN from various points in Germany, and to assemble
them comolete and ready for oceration at the rate of 14 a month. Sub-
marines were to hgve beer launched into the Weser River through s
soecial lock chamter incorporated into the building.

b. Dimensions.--The builiding measures 140C feet in length
end is 318 feet wide at the river ~nd, 260 feet wide at the middle,
and 220 fcet wide at the ogposite end. The height is T4 feet tc the
too of the first roof thickneras, and 82 feet where the second roof
thickness had teen completed. Appraximately 4O cer cent of the secomd
roof layer had been added, grincipally over the narrcwer Eastern par-

; tion. To provide headrcom for testing of periscopes and air tubes,

! two towers orojecting above the roof hsd been constructed on the MNorth
? side of the building over assezbly stations 11 armd 12 (see page 15).
L This plant incloses a sosce of asrsroximately 1,400,000 cubic yards,

E requiring the pouring of some 550,000 cubic yards of concrete.

c. Assenbly Line.--Barges were interded to enter the struc-
ture through s water enirance at the North end of the West wall. A
200-ton crane would oick up & section and place it on a bogey on 2
‘ tuintable. The bogey would then move on a track running into the South
i " bay to another turntable where snother crsne would unload the section
E ani dlace it in s storage sosce along the South wall. The bogey would
i then turn laft and crocesd up the South bay. When a train of eight
: empty bogeys had sccamalated, the crane would select eight appropriate
sections to make up 8 complete sutmarine. The train would then move
u? the South bay t0 sssembly staticns 1, 2, and 3, wvhere mounting of
keel and straightening of sactions would take place. At station 3,
the train would move laterally on a transfer track tc station 4, wheve
welding of sections would start. The train oroceeds to atations 5, 6,
7, and 8 to complete the welding operations. At station 9 the batteries
are {imatalled. Another lgtersl movement drings the submarine to station
10, where mounting of the periscope ard air tube is accomplished. At .
stations 11 amd 12 the supilying and equipping of the sutmarine takes
place. At station 12 the sutmarine is in the ujper leval of the lock .-
cChamber. The getes are clcsed and the water level is raiced uantil the
submarire is flosted. It is then woved laterally to station 13 over
the deeper section of the lack chesbar, where diving tests are con-
ducted. The water level is then lowered to the level of the river,
and the gates are opensd to allow the sibwmerine to flamt out into the

D. Inclosue U, £yge l 85
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river. The empty togeys are run out of the lock chamber ready for
ancther trip. Sections coming to VALLNTIN by rail would enter the
tuilding through an opening in the Scuth wall near the West end. Other
openirgs near the East end were to be used for entrance of supplies,

2. FOUNDATIOH:

Walis and partitions are zupported on monolithic corcrete
foundations extending to a depth of 55 feet at the lock chamber, and
to lesser depths elsewhere. The tearing surface was dimensioned to
transmit a Jressure of eight tons per squere foot to the subsoil.
Page 5 shows views of foundation construction.

3. WALLS:

The outer walls were cest in tlocks rormslly 57 feet long and
14! 9" thick. ‘'Brunswick Rzirfornement' with a percentage «f 30 kilo-
grams of steel bars to one cubic meter of concrete (1.85 1b. per cu.
ft.) was used. It was intended .0 increase the wall thickness to 23
teet, srd one saall section of the Sorth wall near the Tast emd had been
increased to this thickuess. »Fage 6 abows views of the walle during
construction. Recesses at intervals along the outer walls were the
unfinigshad portions of ventilating shafts. Provision wes to be made
for camplete chenge of air every oimites. In the winter the air
was to be heated to 25 Jegrees Ceatigrade.

. RBOCGR:

Roof construction waw of four tyzes, the princijsal one consist-
ing of prestiressed reinforced concrete arch trusses or bowstring girders
{See page 7-8). These were cast on a siie adjacent to the tuildirg,
lifted to the: roof and placed side-by-side with lower cbords in contact,
These tsusses werc 100 feet in length and 1U feet 9 inches in height
at the center of the arct There are seven verticel concrete ribs with
diagonel oreces consis’irg - © steel bars with turnbuckles. The 1ower
chord, three feet wide st the _ese, containe a total of 104 steel rods
10 miliineters in diameter prestressad to 95,000 pounds per square inch.
Upon setting of ths concrete the tension is relegsed und the strecs
drope to 50,000 pounis per squsre inch rewilting in & grestressing of
the concrete in the lower che.d to0 2,500 pcurds coumpreselon per square
izch. The trusses vere criginslly designed tc support the weight of
only 14' € roof thicimess. Since tke roof thickness ws to be in-
crepsed to 23 feet, additional reinforcecent was sdded. This consisted
¢! three burdies of sieel wire 10 millimetere in dismeter placed on
each side of the lower chosd, rumning through holes ip tke ends of the
trusses. Theae wires, ten €0 a burdle, were restresssd and clamped
in glace by drivirg steel cones irto the toles. %he reinfarcing steel
used in these trusses was a high quality cold drswe steel known by the
trade deeigretion of St 105, It containa approximgtely 7 per cent
carton, 3 per cent silica, and 1.2 per cent manganese. This steel had
an ultimate tensile strongth in excess cof 150,000 pcunds per squere
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inch. The concrete of the truss was camposed of special alumina cement
and had a minimwmw campressive strength of 500 kilogrsms per square
centimeter (7095 pounds per square inch).

In the spaces btetween trusses stoel reinforcement bars of
semi-circular shaspe, were placed with enls pointing up and arcs in con-
tact with the lower chord. This reinforcing amounted to 25 kil
of osteel per cubic meter of concrete (1.5 pounds per square foot?.
Finally, steel reinforcing bars were placel through trensverse holes in
the lower chords ard concrete was poured to form a roof slabd 14'-9" in
height, 100 feet long and 67 feet wide. The dead load before addition
of the second roof thickness amounted to 6,200 pounds per running feot
of truse. Concrete used to form the roof slab consisted of two types,
one employing slsg cement, the other employing fortland cement. The
strength of the concrete in the rcof slab was supposed to be 400 kilo-
crams per square centimeter (5675 pounds per square inch), but because
of lack of control of water content of the gravel, the strength after
28 days wes found to average only 370 kg. per sq, cm. (German concrete
strength measurements are based on 20 centimeter cubes, whereas Ax.rican
practice ie to use 12-inch cylinders of 6-inch diameter). The maximum
cgeregate size renged from HO to 50 mm, (1.6 to 2.0 inches), and the
water-cenent ratio vas 0.50. The aggregate consisted of river gravel
from tre Rhing and Veaer Rivers, and from Demmark. The main component
was quartzite, with eome flint and soft limestone and shale. IFractures
frequently occurred through piecos of the aggregate. A sample of
concrete is shown on page 12.

After the first roof layer hed hardeped, a second layer of
concrete was poured in blocks over the Zastern U0 per cent of the
tuildirg. ¥or drainsge of raimmter, the top surface of the second
roof thickness was sloped one part in 67 from the center to the North
and South sides. This ugde the total roof thickness 2i-1/2 feet at
the center amd 23 feot at the edges.

Starting at the West end of the buiiding and extending for
207 feet Xast, a similar siope had beer added to the first rcaf layer,
making the thickness at the center 17 feet and at the eiges 1W'-9%,

The second type of roof coustruction wes exployed only whers
the span between retaining walls wes apiroximstely one-half that of the
tyoe descridved gbove. Here a refabricated concrete arch truse was also
used, but the deeign was simpler (sss page 9). These trusses were 47
feot long amd 14'-9" high st the center. The wed and upper chord were
made of plain concrete, but the lower chord had 7€ reixforcing rods
prestressed in the sme menner as for the large trusses. Conciete wus
poured over these trusess to make a roof slab 1U'-9® high N7 feet loxg,
and 33'-6" wide. No semi~circular shapad reinforcing rods were placed
between trusess in this typs of constructiom.,

The third type of roof, resarted to when the eupply of comcrwte
Inclosure 4, Fage 3 87
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arch trusses wes insufficient, consisted of steel I-Lesms two feet
Figh, epeced approximately three feet apart, witih Jrecast concrete
slabe six inches trhick placed between beams to form the Yoarding for
the lower surface of tre roof slab (See page 10). In the construction
stage, these teans were supported by sortable steel columng which were
moved to the next section after the concrete hed set. U the long
spans (100 feet), the I-teams were made up of two RC foot sectiors
riveted tozether at the certer. The roof slab of the West Periscope
Tower contains I-teanm reirforcirg, but here the height of the beams
was 3' 3", and the thickness of the first roof layer was only 11' 6",
The secord roof thickness over this jortion wss to be 11' 6" in order
to bring the total thickness up to 23 feet.

The fourth tyoe of reirforcing was found orly over the East
Periscope Tower. Here riveted steel trusses were used. (See page 11.)
The height of this truss was §' 2", They were spaced aporoximately
three feet apart with corrugsted metal sheets placed between bottom
chords to form the boarding for the lower surface of the roof slab.
Concreic was goured over the trusses to form a slab 16' 6" thick.

The second layer was to have bteen 6' 6" thick to meke a tots)l thick-
ness of 23 feet,

An gerisl view of the Ferge Terget, %0 per cent completed,
is shown on sege 13. Two holes through the roof were madg bty H.E.
Grand Slez hits obtained by the RAF in a reid of Msrch 1045, These
two holee are visible in the photograph. Close-up views of the rocf
damege caused by these bomwbe, which exploded in the roof, are shown

on page 14, The hits cccarred on the gection of the roof containing
concrete arch truss reinforcement.

Pages 16, 17 and 18 contain detailed sketches of the concrete

arch truss, the short spsn concrete girder, and the steel truss
used in tke Farge rocf.
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Vléws showing oomdtruction of Youndatlions,
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Views showing wmlls wnder construction.
[«
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per view shows bowstring gircers being fabricated.
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Views showing forms in place for pouring of root slab. |
Concrete is pumped into the forms. . ‘
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View showving type of prefadricated concrete girder
asad for short epen roof slads.
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COMSIRARTIAL

View showing I-beam type of roof construction in left

foregraund, with bowstring girders in left background
and at right.
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Viows ehoviug stesl tsusess used in the roof siad
of the Bast periscope tower.
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showing size of aguregate.

Samp.e of Yarge concrete

.“
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Aerial oblique view of Varge target. Mote the seconc
roof layer extending over the far half of the
structure. The two holes seen in the center were
produced by H.E. Orand Slams dropped during the war.
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Craters wado by two H.B. Grend Slams dropped during the war.
Tue bombs exploded after partial penetration and blew holes
through the roof.
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British 12,000-1b
from 20,000 re
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Photegraph showing 4500-1b Disney bomb ( Flot No. 2) lodged in
roof of target. Bomb was dropped from 20,000 feet without
rocket assist. Upper chord of a bowstring girder is visidle

in crater.
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View showing scabbing of ceiling produced by 4S00=1b. Dismey
bomb (Plot NO. 2). Lower chords of three bowwtring girders

have been scabbed.
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Photogreph showing L500-1b Diansy bomd (Plot No. 3) lodged in

roof of target. Bomb was dropped froa 20,000 feet without
rociet assist.
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(Fiot Wo. 9) droppsd

Dianey bomd
000 feet. Boab struck at intersestion of four roof

of creter of 4500-1b
3 droke up, lsaving noso seotion lodged in crater,

View
from
olabe. Bomd

~
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View of oriter of 4500-1b Disney bowd (Plot No. 9) be- ‘
rmm.nam-.wuuumumm.
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Two viéws of orater furwed by L500-15. Disney bowd (Plot No. 10)
dropped from 20,000-feet without roc_st assist,
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View of crater of L4500=1b Disney bomb (Plot Mo, 26) dropped
fras 20,000 feet. Bomb bounced out of crater and nose bioke
off dus to intermal flaws.
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gments of Disney bomb (Plot No. 26) on

Man is standing at creter.

View showing location of bomb case and nose fra
roof of target after bouncing out of crater,

Inclosure 7, Page 9 118 s
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Upper view shows nose separated from bomb case (Plot No. 26).
Lower view shows how nose broke up due to internal flaws.
The cark areas on each piece reprerent the flaws. The fresh
breaks have been covered with chalk to make them stand out.
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Upper view shows crater .f L500=1b Disney bomb (Plot
No, 29) dropped from 20,000 feet without rocket assist.
Lower view shows where bomb came to rest after bounc-
ing out of crater. lan is standing in crater,
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View showing condition of bomb (Plot No. 29) after
impact. Notice slight curveture of boab case,
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Creter of rocket asaisted 4500-1b Disney bomb
(Plot N¥o. 37) dropped from 20,000 feet. This
bamdb struck at junction of four roof slabe.

Bomb broke up leaving nose sectiom lodged in
creter. Break-up is similar to that of wassist~
od Disney bomb, Plot Mo. 9, striking at jwmo-
tion of four roof slabs.
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Views of crater of L500-1b. Disney bomb (Plot No. 59) drop- .
ped from 20,000 feet. Rocket assist failed to functicn.
Lower photograph shows bent condition of bomd case,
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Viow showing crater of 4500=1b Disney bomb Flot
Mo, 60) dropped from 20,000 feet with rociket
assist. Bass of bamb 18 approxisately seven
feet below roof surface. Vertical face of adje~
oent reof slab is seen in background.
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bombd (Plot
Mo. 60) dropped from 20,000 feet with rocket assist.
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Upper view shows oreter of L500=1b Disnsy

—~—

“




e

e  a——

e ————

Upper view shows crater of 4500-1b Dieney boab (Plot

No. 80) dropped from 20,000 feet with rocket assist.

Bowb perforated 3 1/2 meter roof and broke up on floor

‘of brilding. Lower view shows rear half of bomb es it

was found in dbullding .muég striking H=beam at right,
1
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Views showing front half of Disney basb (Flot No. 80)
vtuchhrckonpcnnnorofbm.dinc“prfoﬂtm
West periscops towesr roof. Upper
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Viow of creter of L4500~1b, Dieney bomd (FPlot Mo, &) be-
fore yemoval of rubble., Rocket tube in crater bears evi-
dence that rocket assist functioned properly. Intense
heat at nossle end produces characteristic maricings which
are clearly viaible in photograph. Ind of tube has grey
ash depogit Letween two narrcw blued bandss rest of tube
is blscikendd, If rocket asaiet fails to function in flight
and tudbes ignite upoa impact, the markings at the nossle
ed ars much less prancuced, &s the xopellent burns
from both ends of tube. Yor an exasple of burming after
impact ses Inclosuwre 7 , page.235.
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View of crater of 4500-1b, Disney bomb (PFlot No. 85)
dropped froma &ooo fost. Rocimt assist failed to

function as cated by rockst tubas in lower view.
Uppar view shows trusses deflected laterslly.
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o? roof perforstion of 4500-1b. Disney bomd y
Mo, 87) dropped from 20,000 feet with rocket 7]
aseist. The bomd pasesd through ceiling betmeen L
two bowetring girders, damaging both, and scabding e
& third girder, :

Incloeare 7, Page 26 135
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Upper view shows creter of 4500=1b, Disney domb (Plot
No. 89) droppod with rocket assist fram 20,00C feet.
Bomb perforated i 1/2 meter roof and lodged in floor
of building, brealing into two pleces as ehown delow.
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SAF Ybomd (Plot

Bo. 43) dropped from 26,250 feet. Bomd ricocheted
off roof to ground. Lower view shows bomb intuct

tut dented near rear lug.

Upper view shows creter of 2000-10.

Inclosure 7, Page 30 139
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Upper viev acews orater of 2000-1%, SAP bomd (Mot
Bo. 55) dropped from 26,250 feat. Lewer view showe
recovered parte of the bomd. Aadapier Booster is
alssing from base plate,

fuclosare 7, Page 3 140
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Upper view shows nose section of broken 2000-1%, SAP
borb (Plot No. 55) as found in drater. Lower view
shovs lengthwlse crack extending beyond front lug.

Inclosure 7, Page 32 141 i




Views of crater of 2000-1b, SAP vomd (Plo. “o. T2)
dropped from 20,000 feet. Bomb dounced and ell back
into crater with noee pointing opposite to heading.
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Upper view shows crater of 2000-1b, S4PF bomd (Plot
$o. 73) dropped from 20,000 fest. Crater overlaps
0ld Tall Boy crater. Lower view shows bomb after
ricocheting 4O feet.

faslosure 7, Page 34 1L3
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dropped from 20,000 feet.

Inclosure 7, Pege 35
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Viev of crater of 2000-1d, SAP bomd (Plot Bo. 78)

Bomd droke up and ricocheted.




Fhotographs of 2000-1d. EAP Domd (Flos Bo. T8) thas
Vroize wp on impast. Nose ricoohsiad 350 feet. DNamd
dxopped from 20,000 feeot,

fmclcenre 7, Page 36 145




views of crater of 2000-1b. SAP bomd (Plot Ko. 61)
dropped from 26,250 feet. Bowd struck concrete footing
at Yase of North wall of target. Bomb cass was crecked
and dented.

Inclosure 7, Page 37 146
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Vievs of crater and nose section of 22,000-1b. ? 14
bomd (Plot No. 4) dropped from 20,000 feet. Boab v
side swiped vertical face of second roof layer. .

Inclosure 7, Page 38 147
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Viaws of concrete displaced by 22,000~1b, T 14 )
bomd (Plot No. §) whbich struck at dase of a :
slab of second roof layer. I

Inclomure 7, Page 39 1L8




Upper viev shows inrside of noge section of 22,000-1b,
T 1% vomd (Plot Fo. 4). Xote cracks running up to
80114 part of nose, Lower view shows base of domd
with circumferential dreak at resr weld.
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ev of crater of 22,000-1b, T 14 bomd (Flet.¥o. 70)
dropped from 20,000 feet. 3Boadb struck close to west

2

odge of duilding and droke up,
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Viev of recovercd fragaente of 22,000-1d. 2 ik
Somd (P10t No. 30). Noes section ie seen at
lower right.
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, 000=1d,

Viev shoving bulge at top of west wall of Farge

target, resulting frca imvact of 22

T 14 vomt (Plot No. 30).
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Views of crater of 22,000-1%. T 14 Yomd (P10t Ro. R) )
before and after oleaning aut debdris, Lowver view ghowe .
80%e of bomd with Break extending 1nto s0lid part of *
nose. i
Inclomure 7, Aage Uk 153 .
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Upper viev shovx damage %o scuth wall of duilding
causad by 22,000-1b. T 14 bomd (Plot ¥o. 3)
dropped from 20,000 foct. Kacess in wall 1s
unfiniehed ventilator shaft. Lower viev shows base
plate found orn ground.

aclosure 7, Page 4 151&4 s
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Upper view shuws base plate and ring of 22,000-1b. ? 1k
bendb (Flot No. 31). Finger points to groove where ring
bad been welded to bowd body. Lower view shovs fragnent
vaich fits into groove of base ring. Note wvelding
Baterial partly stripped off of fragment.

Inclosure 7, Page 46 155
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Upper viev shove orater of 12,000-1%, cast Tail Boy

houd (Plot ¥o. 90) dropped fros 10,000 feet. Lower
view abows broken nose of this bomd found 225 feet

absad of orster.
Io.losure 7, Pege 47

Fote the expoced threads of nove plug.
156

COWNBENTLAL

. 4




Upper view shows uome fraguents recovered from 12,000-1b,
cast Tell Boy hoxd (Plot No. 90). Lower viev shcwe base
plate vith tvo attached fragments Mulged cutvari, _

Inciosure T, Page U8 157 o
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Upper view shows crater of 12,000-1d, cast Tall Boy (Plod
¥o., 92) dropped from 10,000 fest. Bsse of bomb 16 at
crater edge. Lover view shows droken neso, craocksd up
to noee plug.

Inclosure 7, Page 49 158
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Fruguonte of various eizes recoeverad froa 12,000-1%,
cast #ali Boy (Flot Bo. 92), lower view shows Ltes
Lregusat fros sose end.

ucloscre 7, dage 50 155




7iew of crater of 12,000=1b, cast Tall Boy bdomd (Plot
Xg. 93) dropped from 5000 feet. Nose section renained
in crater. Lover view shows large nose fragment

found near crater,
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lower view showe base of 12,000-1b, cast Tall Boy
bomd (Plot No. 93). Attached fragment is three

feet long. Upper view shows fragment which droke
avay from base plate.

Iocloswre 7, Pege 52 151
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View of crater of 12,000-1b. cast Tall Boy bomd (Plot
: Ho. 94) dropped from 5000 feet. lower view shows large P
fraguent recovered. Note reverse curvature of
projection. Y
Inclosure 7, Page 53 162
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Upper view ahows crater of modified 12,000-1%. ? 10
bozd (Mot Bo. 102) dropped froa 5000 feet. Lower

viev shows broken Wase plate. MWote the circumferemtial

separstion of the rear weld.

Inclomure 7, Page 54 163
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Fraguent of modified 12,000-1b, T 10 bowd (Plot Ho. 102)
showing circumferential separation at rear weld. This
bomt bad teen strengthened Wy extarnally wvelding several
beads over the original rear wald., JFinger at right
points to strip of external weld, adhering to original
weld. Finger at left points to external weld on bemd
body.

Inclosure 7, Page 55 164
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FPragment from body of modified 22,000=-1b. T 10
boad (Plot No. 102). Reverse curvature at bottom

of fragment indicatas bomd body had Teen dented
near base.

inclosure 7, Page 56 145




Upper view shows crater of modified 12,000-1b. T 10
bord (Plot Bo. 104) dropped fror 5000 feet. Boad
struck on T meter roof and ricocheted into old
erater on Uf meter roof, ae shown in lower view,

Inclosure 7, Page 57 166
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Views of 22,000-1b. ? 14 tomd (Flot No. 96) dropped
from U750 feet. lower viev abows dsnt 1. doad dody.

Inclosure 7, Page 58 167
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View of 22,000-1b. T 14 dowd (Flet No. 96) wisk
bass plate removed. Offflcer ie pointing to
broken XDX pellet of suxiliary esploler,
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Upper viev showe cretes of 22,000-3b, ¥ 1M
(Plot Fo. 97) drepped frem VTS0 fest. lover

Somd

view shows bdrektsm Waee «f Yeahb, vwith Sreak eclong
rear sircumlerential weld.
Inclosure 7. Pege 60 169
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Upper view showe arater of 22,000-1%. ? 1N bemb .
(Plot Ee. 113) drepped frem 10,000 feot. lewer
view shovs Bsviken Lase of beamd, vith dreak alesg
rear circaaferestis] weld,

Inzlogure 7, Page a1 170
. GBRA: NN




Views of creter of sedified 12,000-1%. © 10 desd {
(Fiet Bs. 114) drepped frem 10,000 feet. Thic bamd ’
had Ueen interually streagibensd &t the rear weld.
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View of the crater and perforatioa hole aade Wy
22,000-1%, SAP Amazca Bomd (PAct Bo. 95.)

Inclosnre 7, Page 63 172
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Saeids view of rﬂmttu )nd. by Amason boabd,
Piot %o, 95
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Viows of crater aad perforatien of 22,000-1V.
SAP foasca bemd (Flet Bo. 100) drepped frem

17,500 feest.
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~ Views of nose and bese of Amasgon btoed (Plot Bo. 100)
wuich perforated 4 1/2 meter roo’ and broke up on
floor. PFinger points o crack in bomb body. “j

, Inclosure 7, Page 66 175
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Uyper view ahows 22,000~10 SAP imezox bomd (1ot Be. 1013
} otriking ca cormer of eass periscope tower. Lower view shsand

caasTete Alulodged Ty domd,

ioclosare 7, Rge 67 176
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Upper vievw showe corner of east periscope
tover where imason bomd (Plot ¥o. 101) struck.
lover view shows vome of the fraguaate re-
coverod fres orster ia gromnd benseth tower.

Inclesurs 7, M 68 177
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Upper view shows crater of 22,000-1b, SAP bomb
(Plot ¥o. 106) before removal of dstris. Bomd
dropped from 17,500 feet. lowerview shows large body
fragment found beelds crater.

Inclosure 7, Page 69 178
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Upper viev shows crater and sose of the fragueats of
o~

Amason boad (1ot 106.) Lowsr w1
roaf, Omne I-Beas wves crecked by the impast. o

Inclogure 7, Fage 10
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| Ugper view shove 2000 of Amasea demd (Piet So. 108) )
cud of ore

¥Yeing 1ifted cus . lower view shows fragmeas ’

vith part of base ring attached. Fiager polats S0 a

bresk extending through rear weld. , s
lnciosure 7, Pege M1 180
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$ies of the point of strike of 22,000-1b, SAP
&smason bomd (Plot Mo, 109) dropped froa 17,500 feet.
PNinter shows wher¢ bamb body otruck against I-beas,

Smlecure 7, Page T3 182
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ring recovered froa Asasog

Parts of base plate and tese
(P1ot Mo, 109.)

boab,
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View of crater and perforation produced by 22,000-1b,
8AP Amatzon bomd (Plot No. 116) dropped fros
17,500 feet.

Inclosare 7, Page T5 184
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Upper view shows two perforations in roof over lock
chamber made by Amagon bombs. (FPlot No. 116 at left,
Flot No. 95 at right). lower view shows crater made
by No. 116 on secondary impact in lock chamber.
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Upper view shows base of drokern Amagon bomd (Plot No. 116)
in Iock chambder. Rear weld held in this instance. lover
viev shovs auxiliary Vooster from this bombd.
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Crater perforation made by 22,000-b. SAP Amazon
bomb (Plet ¥o. 117) dropped from 17,500 feet.
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Two views of roof perfo—ated by Amszcn bomb (Flot No., 117)
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of secondary impact of Amagon bamb (Plot No,117)

Point
Large fragment of bomb cen be seen
graph,
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Amason domd (Flot Bo. 118} Struek on T meter
vest perisoope tower and ricccheted to maln roof below,

Inclosure 7, Page 81
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Crater of 22,000=1b. Amason Bomd (Flot No. 119) dropped
from 17,500 fees, before and after debris 1e removed.
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View of Amason boad (Plot ¥o. 119) buried ia
orater.
Inclosure 7, Page &3 192
e e, _ o _
. — o




M8

P — -~ —— e e e ¢

o e——

h ok

Point of ispact of 1650=1% Model demd (F1o¢ Ko, 110)

Dropped from 9800 feet. Domd glanosd off wall aund etruck
footing, making orster showa delov,

Inclosure 7, Page SN 193
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. Views of 3ede) doad (Mot Bo. 110) after striking versteal

E vall of m"o i ’
Izclosure 7, Page & 194

’ymw»-——v—~ . I N e et R Tl 2 -

L ]




T T T T

Crater of 1650-1b. Nodel bogd (Plot Be. 111) before and

after removal of debdbrie,

Inclosure 7, Page 86

Bomd was dropped rrom 9600 feot.
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Views of orater of 1650=1v, Model bomd (P1od Bo. 112) te-
fore and safter rewmoval of dedries. 3Bomd droppsd from
9600 feet,
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dropped from 15,600 foet. Lower viow shcws bent bond resting

i
} Upper viev shows crater of 1650-1b, Model bomb (Plot No.12M)
| in adjacent crater.

Inclosure 7, Page 89 198
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Crater and parforsiioz made Yy Disney Bomdb (Plot; ¥o. 11)
Trial Q11
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Crater and perforation made by Disney Bomb (Plot ¥0.13)
Trial XVI.
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perforation made by Disney Homb (Flot Bo. 15)
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Crater and perforation made by Disney Bomb (Plot Ka. 16)

Trial XVI
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Toad remalasd in crate,

Inoioeure 13, yage 36

- - ———




(Plot ¥0,27)

ignited low order.

Crater and fregmute of 2000-1b SAP Bomd
Bow's Uroke up and filler

Trial IVII.

276

Iaclosure 13, page 37

Cenrew e ————-

i




TTTW T e T

- . e — e —————

Crater of 2000-1b, SAP bomd (Piot ¥o0.28) Tria} XVII.
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Aerial photogrsphs showing low order detonation
of 2000-1b SAP bomb (Plot Mo.32.)
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Crater and scAbbing produced by live 2000-1b. SAP bombd.
(Plot ¥o.U42), Trial XXII.
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Crater produced by live 2000-1b, SAP bomb (Flot No.u3)
Trial XXII.
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Crater of live 2000-1b, SAP bomd (Plot Bo.u4) Trial XXII
which functioned low order. Picratol was scattered over
wide area,
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leriel views of impecu of 2C00-lb SAP bomb (P18 Noe LL)
Trisl XXIl. This bomb broke up and left a trail as it

ricocheted from the roof.
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PENETRATION FCENULAS

1, The problem of concrete penetration has deen the sahiect of
such investigntion both in the United States and Great Eriiain, The
American work since 1940 was carried out at Princeton University by the
Coamnittas on Faasive Protection Agninst Bombing of the National Acadesy
of Sciences, ard Yty its successor, the Committee on FPortification
Design of the Mational Essearch Council, and has besn closely integrated
with the program in terminal ballistics of Division 2, MEC, 3&’1&
work on this cudject 'ms done at the Boeds Research laboratory.

2. Te Appendix of the OSRD Weapon Data Bnndbook(z) gives tue

:oct videly used American formila in litersl and in aligment chert
ores

= (1/2 + 282 570-5 -!';3-&°'215 v 1:3).1(0).
d
vhere s = penstratios of projectile in caliders,

V = veight of projectile in pounds,
d = caliber of projectile in inches,

V.= striking velocity of projectile in thousands of
feet per seccnd,

$ = compressive strength of concrete of target in
pounds per e inch, A.8.T.M, test on 6"
dismeter, 12* long cylinders,

© = ingle of impect moasured from the normal to tbe
target,

and £(0) 1¢ a function of tho obliquity of the impact. This forsmla
wus basel on an analyeis of spproximately 600 rounds of AP projectiles
of calibers ranging frem 37 mm. to 16", and 70 rounis of inert bombds,
fired in tests up to Fabrusry 19M3,

3. A British formila of approximately the came date’ is:
3= 631 - 2200 ) y ()0-2¢1.5

’ 20000 )':3‘(# d

vhere all syadols have the same msaning as before, ani

c = mximum digmeter of the aggregate used in the
concrete,

Inc)osure 1, Page 1 92
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and S' = compressive strength of concrete «f target in 1
g(lnndc per square inch, standard British test on
ou

This formla is not considered to de valid for large boabs. _ghg new
British formula will replace the linsar function of S by S*~VeJ, gmd
will bave 2 different exponent for the velocity. For comperison, the T
Mmerican tost for concrete strength gives a figure equal to 3/Wtks of
the figure cbtained from the British test.

4, later American work indiceted that the concrete properties
entered into the formls in much more complicated a fashion, and that
the effect of thononmdthfsrojoctnehztobominto.
sccoant, This lead to the formula'l3/;

G(') o mO.Z -:T V.I.S . i

G(:)‘_&Eﬂcsziz. {

ugelif 2¢s,

n = nose shape factor, mmericelly equal to

1
C.712 + 0.2 /1-0.25 , whars U 4s the radius of
the ogive the nose « in calidbers,

and K = the penatrability of the target concrete.

5. The dependence of K on the ccncrete properties has not been
coapletely enalysed, For the purposes of this report an amalysis was
aade of the caliber .50 firing data for the Strength and te
series of the CFD Interis report lmas. (slabs 2242, 2281, , 20,
mg'l.w.ezm.mazn) . The folloving formla for K was

H

l-%c .28-0.5‘

The accuracy of thie formmla is tiongble, since ths aggregate used
in thess figures ranged ic sisze from 1/4 to 2 times the caliber of the
peojocur ased; vhereas, on the Marge target the aggregats ranged from |
1/6 to 1/ times the dismeters af the projectiles used. )

{

6. The depenisnce of penstration normal to the surface of the

tar jot on velocity amd angle o impacs is given oo page b. This is -
Inclosure 1k, Fege 2 293
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tehsn froz (OD Interis Beput Jo. 28, Fig. ao(5>. for the calider .50
steal projeciile with 1.5 caliber redius beed. It iu inown that this
faoctor depenis on nose shale a2z will as velocity and angle of impact,
and it 4s prcbable thet tae leagih of the projectileé is inwclved,
particularly near the riocochet range.

1. !hopmtmhilitydthluucwuhmtdwpg
to 1l for each striks on the Farge target which wade a crater.
penstration formls used is the latest one givea in para. 4. Oorrect-

ions were mxde to the penstrations using the curves of

page 6 . Values of the predicted penetration from the Anerican
British formulas of paras, 2 and 3 are also given. Thess bhave
computed for non~-normal incidence using the curves of the figure om
page 6 . Zor thess computations the strength of the concrete has beex
Wtouwﬁu&jumun.mmunmmt.mm

370 kg/cn”, ammozwmaanhortc&:namm

slenderness ratio (length/dismeter) rather the
figare is uved. Exsmiration o broken councrets surfaces on the targst
confirms the figure for aggregnte.sise, while a test by the Roeds

Research Laboratory cu osmples cat fros rabble gave an
4900 pei for the compressive strength. This lattsr figure may be too
low, sinoce the rabbic had alresdy been subjected to a breacirg stress,
The following is a gloszary of the symbols usad i{n the tedlest

{

£ = pormal peretration asewured in inches,

x_ = predicted normal pensiration caleulated flum the
1 American formlas of para. 2 and the correction
" factors of the figure on page 6 .

X = predicted normal penstretion calculated from the
€ Pritish formia of para. 3 and the correction
factors of the figure on page 6 .

X = predicted nosmel penetration calculated frem tbs
5 Americen formla of parss, 4 aml 5 end the
correction faciors of the figure on page 6 .

s megpsurel penetration corrected for nom~pirmal
incidenco, in csliders,

|

Inclosars 14, Page 3 294
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0(:)-1:511’05352.

s g ] if 2<s8,
V.» impact velocity im thousands of feet per secood.

6 = argle of impact in degrees (accuracy 10%).
¥ = woight of domd in pounds.
d = caliber of bomb in inches.

K = radius of best-fitting tangent ogive in calibers.
K= &3')/(nt0-2 v 1.8 {3' ), the penetradlity of the

concrete calculated fram the formla of para. #,
for the plot in questiovn,

8. The aversge valus of tho penetrabdility of Farge, using all
drops that made recoguisable craters, is 2.8; if all drope with
penstrabilities delow 1,0 ani gbove 4,0 are excluded (AP # 2, Tal)
3?493. 104, Orand Slaas # 96, 97, and Disnay # 85), this drops 0
2.6, In conirast to this, the formla of pera. 5 icts a penetre~
Ylity of 3,13, if the concrete_strength of 370 kg/ 18 used, amd
B.muthoﬁguroothwh/az is used. Clearly it is necesas®y to
find a nore trustwortly formls for penetrability than the one given
bare. A possidle scurce of error in peastration data of this report
is that most of the hits used were bombs that broks up, Thir includes
the Disnsys, becamse the tall unit, wbich is sboat one-faurth the
veight of the domd, drops off at sume time during the impact axd is of
no further aid. However, this effect is not calonlable; all that can
be said 45 that the penetradbility should be amaller.

9. %The unassisted Disneye jJust the scabdbing limit at
o According to the Yeapons » the maximam thickness
that can bs scabbed is given Yy
sw2,284+1.13x.

Por a penstration of 10'-5 %, the ecal limit is 14LG", the thicknoes
of the Farge rodf.,

10. 1In the sgme refavence, the relation for the maximm thickness
Inclosure 14, Page 4 295
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perforadble in terms of penetration is
ex> 1,234 + 1,07 x.

Yor the unassisted Disneys, this gives a perforation limit of 12'-10"
for an average penetration of 10%-6%, This is in sccord with the
Heligoland Disneys, which perforated the 10 foot roaf every time, and
also in accord with the Farge Disneys which never perforated. The
assisted Disneys of Farge which stopped in the roof bhave an av
penetration of 13'-10%, and for this the parforation limit is 164",
Ir the case of the Amasons, the average penetration, while not as
accurately known, is 11'-2%; the corresponding perforation limit is
15%-10", These figures agree with the perforations by Disnays and
Mmazons at Yarge. :

11, An imaediately obvious phenamenon is the J-ing of the
trajectory in concrete; the nose of the bomb turns up in penstration,
and the bomb tends to 1lins up with the back side cf the crater. This
can be seen particularly in the Disney crater profilee (Inclosure 9),
and in the denting of the other bambs, This turning arises because the
resistance to penetration is not along the axis of the bamdb, but above
it. The consequent turning momert slaps the bowd egninst the back side
of the crater, cansing deniing, bending and dreskup, This does not
bhappen in normal incidence, hence a design thsory of bombs should cone
sider them not as gxially loaded columns, but as columns with a non-
arial load snd a further forcs perpendicular to the sxis applied at a
print towards the rear of the bomb. The same holds true of a bamd
energing from a concrete slab, except that the directions of the turning
aaments are reversed.

JOOTNOTES
(1) A complete bibliography of American work on this subject is given
in Final Report on Co on, by R,A, Beth, Report No.
A b » Confidential.
(2) Datas Fire t and Explosion, OSHD no, 6053, Fimal
Eition, L) R ential.
(3) See (1).
l(:;) Ballistic Tests on Concrete Slsbs, Tables of Data, CID }n;erh

" roo [ >

L4 * o Fe tim
Pittenger and R, J, Hansen. Juns 1944, Unclassified.

(5) Ballistic Tests on Concrete Slabs, CID Interim Report No, 28, by
J.3. Stipe, Jr., LY. Defuas, J.T, Pittenger ard R, J, Hansen,

Juns 1944, Unclassified,

(€) See (2).
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TEE D-9Q SBACKLE

1. Previous Tests:

The D«G shackle was tested in Project Nos. 1« 5~43 and 1563,
end was found to be unsatisfactory. The shackle wus modified dy Alr
Materisl Com=and, by instellirg a "Kicker™ link commeoting the shackle
releace arm to the looking hook arm. Ounly two bombs were released
Zraa oach of two modified shackles on the above tests. One shaokle
releaged satisfesotorily two 12,000-1b bombs, and the second shackle
satisfaotorily released o 12,000-1b and one 22,000-1b bomb.

2+ Present Tests;

The modified shackle was used for all 26 lerge bombs released
from Projeot Ruby B-29 aeirplanes. Of these 26 releases there were only
three shackle malfunctions. Ons 12,000-1b (T10) Tell Boy was dropped
with ono malfunction. Nine 22,000-1b (Tl,) Grand Slams were dropped
with no walfunotions. Sixteen 22,000-1b (T2%) Amagtons were dropped
with two malfunotions.

a. Tall Boy Drops:

The malfunotion of the Tall Boy release was due to the

improper position of the A<l release in relation to the shaokle.

When changing the bomb load from a Grand Slam to e¢ Tall Boy, the angle
of the shackle changes dus to the difference in bowb diameter end the
position of the A<y} relesse must bo ohanged to scocmmodate the change
in tho shackle position. In loading the Tall Boy the A-l relesse was
pot repositioned. Therefore, when trying to release ths bomb it would
not drop because the shackle reloase and arming levers had slipped out

of the A= relesss. This mslfunotion is chargesble striotly to per-
sonnel error.

be Amazon Drops:

The two malfunotions oocurring while carrying the 22,000~
1b Amazons were the result of the A=l release faiiing to trip the re-
lease lever of the shackle. This failure was evidently caused by the
inability of the A=l release to provide emough force to overcame the
additional load caused by the 22,000-1b Amason. The Grand Slam is L6
inches in diametor whils the Amason is only 38 inches in diameter,
althcugh they both weigh 22,000 pounds. Beocauee of this difference
in diameters the shaokle makes a greater angle with the vertiocal when
supporting the Amsson, resulting in a larger loed factor for the saack-
le. This inorease in load is appareuntly enough to overlos? the shackle
and oause a hang up due to friotiomal resistance. Zue rscond hang up
was op & shaockle that had previously dropped two Ammsons. This ie

very similar to what happensd on the origiral D<9 shaokle when dropping
Grapd Slams on Project Noe l=lS5-i3.
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CoNRSEITAL.

The V-9 shackle was not used for arming the bombé at =2ny time. 4
eeparate A=C arming control wus used.

) 3, Conclusions;

a. It is concluded that:
(1) The modified D=9 shackle is satisfactory for carry-
ing and releasing the 12,000-1b (T10) Tall Boy or
the 22,000-1t (Tll) Grand Slam bomb.

(2) The modifiec D=5 shackle is not satisfactory for
releasing the 22,000~1b (T2€£) Amazon bomb.
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23 FUZE REPORT.

1, Ten of the i4 Amazon boumba dropped at Farge were fitted with
S T723 {ail fuzes. Each bomb contained one fuze froa Lot PAE-T46~365
P (empty fuze with metal parts only), one fuze from Lot PAB-TLb6~366
S (loaded detonator and booster leads), and one fuze froa Lot PAE~Tib-367
(loaded delay elements only), Each bomb was fitted with three adapter
boosters from Lot PAE-TL£-368, containing inert pellets. The fuzes
were dropped unarmed to determine whather they would stand up against
~ concrete when dropped froa 17,500 feet altitude. Three fuzes were
e . recovered from Plot No, 100, three from Plot No. 107, and two froam
Piot No. 109, and these were sent to Picatinny Arsenal for examination,
The following paragraphs froa 2nd Indorsemsnt Picatinny Arsenal %o
Chief of Ordnsnce, 23 September 1945, 0.0. 471.82/301(C), ORDB 471.82/
2299, contain a report of examination of the above fuzes,

a. "Bight Bomb Tail Fuzes, 7723, were received frca the Ruby
Project, Farge, Germany. Two fuzes are of Lot PAE-TL6=365, three fuzes

¢ x are of Lot PAB-T46~366 and three fuzes are of Lot PAB-T/6=367. PFuzes
) a8 they were received are shown on Photographs Nos, M~32355 and

P M=32356, copies of which are inclosed (pages 3 and L), Rasults of

« ‘ﬂ; examination of the recovered fuzes are as follows:

(1) Puze No, 1, This fuze is of Lot PAR-T46-367. It
apparently withstood impact, since the primer—
‘ detonator had not fired and the rotor was in the safe
position, The primer-detonator was tested but failed
* because of inability of the M39 Special Primer to
ignite the delay composition, A new U39 Speclal
Primer was assembled and the primer-detonator was
B retested. A deley time of 12,72 seconds was obtained.

, (2) Puge No, 2, This fuze is of Lot PAR-T46-365, It
' withstood iapact, as examination revealed that the
inert primer-c stonator was undamaged and that the
inert rotor was in the safe position.

i (3) Puge No, 3, This fuze is of Lot PAB-T46~367, It did
not withstand impact, probably because of wegkness of
o the boab, The examination revealed that the fuze

S body was orushed by side impact. The M39 Special

R Primer was aqueezed into an oval shape and appareatly
fired by the squeesing action, The rotor cavity was
oo ' wiped off, No rotor was received with fuse, Photo=
graph No, ¥-32356/1, page 5, shows the fuse body
aftver mechanical asectioning. The remains of the T32
Adapter indicats that the 22,000-1b. bomb, in which
the fuse was sissexbled, did not withstand impact.

t Inclosure 16, page 1. 305

. SEMEGEAEY.

T IR T A gt o | I | = TR - - -~ Ty—




S AR v - ———— . e v ——— ¢ S ——— -

o

(4) Fuze No. 4. This fuze is of Lot PAE-T.(6-367. The
fuge apparentiy withstood impact. Primer-detonator
was removed and fired at a delay of 12,8 saconds.
The rotor was in the safe position.

(5) Eaze No. 5. This fugze is of Lot PAE~T46~366. The
fuze apparently withstood impact. The inert primer-
detonator was not damaged. The rotor was in the safe
position. The detonator and tetryl lead were not
fired.

(6) Fuge No. 6. This fuze was of Lot PAE~TL6-366. That
portion of the Adapter Becoster containing the tetryl
charge (booster cup) was not received with the fuze.
Examination indicaces that set-forward caused a
tension bresk at the booster cup threads. The inert
primer—detonator was not damaged. The rotor had not
armed, Neither the Detonator nor tetryl lead had
fired.

(7) Fuze No. 7. This fuse is of Lot PAE~T46~365. This
fuze withstood impact. The inert primer<detonator
was not damaged. The rotor was in the sefe position.

(8) Fugze No, 8.- This fuse was of Lot PAE-T46-366. The
fuze withstood impact. The inert primer-detonator was
not. damaged. The rotor was in the safe position.
Neither the detonator ncr the tetryl lead was f{ired.

b. Nine primer—detonators for the T723 Fuze which were loaded
&t the same time as those which were received from the Ruby Project
were tested for camparison. During tests, two primer failures were
obtained. The primerwdetonators both fired on retcsts when fresh
primers were used. The delay times obtained in seconds are: 13.25,
12.73, 13.11; 13.22, 13.18, 13.15, 13.10, 12.96, and 13.53. Because
of the fallures of the M39 Special Primer to ignite tne delay powder,
an investigation is being conducied,

ce Preliminary results of the investigation indicate that
M42 Priumers which also use the No., 793 semi~gasless mixture are erratic.
Ysasurements of the duration of the flash show that in fresh primers
it varies from .00, second to over .100 seoond with an average duration
of 023 sscond. After ene month'e svorage at $5°C, the sverage duration
is 006 second. Comparison teats with the New No. 4 Primers for dur—
ation of flash indicates an average of .002 second with fresh primers.
After atorage for thirteen days at 65°C, the average duration of flash
rises to 007 second. Primer failures are obtained with the New No.
4 Primer after storage at 65¢C for one month."
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