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SUMMARY

SHIP AND RELATED. TARGETS

CHARACTERISTICS OF JAPANESE NAVAL VESSESLS
ARTICLE 9 - UNDERWATER PROTECTION

This-ieport is primarily concerned with experimental work done by
~the Japanese on underwater explosions. K

In’undefwater side protection, the Japanese had developed empirical
formulae for the thickness of protective bulkheads and bulge widths, These
formulae were used with considerable confidenqe, since they were based on

model and full scale experiments,

They had arrived at systems differing considerably from both T.S.
and British with regard to methods of protection. VWhen using liquid layers,
which they considered to be the best, they placed them next to the protective
bulkhead because their model experiments had shown this to be adventageous.

In some ships, such as YAMAMOTO, the air layer method was still used
because the protection was essentially designed ageinst diving shells. The
bulgis were then considered to be adequately strong without water layer pro-
tection. :

A theory for the failure of submarine hulls, based on the reletion
between period of vibration of the hull and the duration of the pressure
pulse, was developed, This theory was considered to have success practically,
but was still some distance from the truth. ‘

It should be-noted that all charges used were of picric.acid and the

maximum charge against whiech protection had to be designed was considered
about 500 kilograms, . -

NTJ.L.S=-01-9
‘ I
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INTRODUCTION

) The maln body of the report consists of the translation of three
reports which are summaries of Japenese ideas and experiments. Since they
conteined much experimental evidence, it was considered advisable to include
them wholly and without comment. In addition to these three principal reports,
translations of various other reports on these subjects have been included,

To avold the verbosity which is present in all Japanese reports, parts have
been summerized, but all experimental thsoretical work has been included,

' .. The Japenese had been working continuously with model experiments
since 1935, and in having this organized they were several years aheasd of the
United States and Great Britein. Because of the limited personnel engaged in
this work, they had not developed any very unusuel methods, but their theore-~
tical approach %o submerine hull failure was essentially different from any
the suthor has seen, o :

In the Japanese report on the strength of submarine hulls, a con-
slderable portion has been devéted to the apparatus used in studying the phe-
ncmena associated with underwater explcsions, The most significant of these
wgs the cathode ray oscills “raph and the electricel devices for its calibra-
tion. : VR '

PR
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T, CHAPTER I = ‘
GENERAL DISCUSSION OF CONTACT EXPIOSIONS AND FPROTECTION OF SHIPS' SIDES

A. The Causes and Resultant Damage to Protective.Bulkhead From Underwater
 Explgsions . IR

A conitct side explosion causes the structureé in the immediate vieinity to
“breask up into various shaped fragmenis, some of which have knife-like edges.

These strike the protective bulkhead, where those with high velocities may
- cause holes. Concentration of fragments, combined with the direct impaet of

explosion gases, destroys the protective bulkhead. (It has been confirmed by
experiment that the fragments described above result from the destruction of

- the surrounding structurs.).

;icdhcihSidns and results reached from 8 study of side proteqt;on;ggainst.tor- 7
"~ pedoes carried out-on 3 May 1932 by the Neval . Technical Laboratory follow (gee
Figure 1): : . T I o
‘Test No. 1 - to determine whether scratches on the surface of the pro-

Tective bulkhead are caused by the flame producéd at the time of the ex-

plosion: The head of the projectile was made of thin wood end the part
of the outer becttom which the head of the projectile strikes was made of
" eelluloid.  No scars were found on the surface of the protective bulk-
head. . . .

‘Test No. 2 - to confirm that the heed of the. projectile breaks up into
‘meny small high velocity fragments: The head 6f the projectile was made
of steel and the outer bottom of celluloid., After the explosion, the

~8urface’ of thé protective bulkhead had meny small specks scattered over
it having a luster-like appearance, but no large scars,

Test Nos; 3 - to detezmine whether the scars found on the protective bulk-
ead were due to fregmsats from the surrounding structure: The head of
the projeotile wes made of wood and the outer bottom of steel. - The prc-
“tectlve bulkhead showed deeply scarred~ina§ntations and holes of worm-.
wood appearancé. These holes were scattéred in a circular area around
the oenter of the explosion. Some fragments of the outer bottom were em-

bedded in the plate,

Test No.’g = for comparison with Test No. 3 a steel hemisphere was
attacned to the projectile head and the outer bottom was made of steel:
The. resultant damage was only an indentation caused by the hemisphere.
Scars from splinters were not found.. T . :

The formation of large fragments from the outer bottom wasd rare. When
formed, they struck the proteetive bulkhead causing an impression of the
“hemisphere and a-scale-like sedr similar to the bark of a pine tree. In
‘such cases no splinter scars could be found. .large fragments from the
outer bottom were wrinkled, and, when flattened by pressure, were in onée .
pilece. TFurthermore, their shape and size was impressed on the surfece of
-the protective bulkheead,

‘The results of these tests clesrly indicate that scars on the protective bulk-
head are caused by splinters from the structure in the vicinity of the explo-
sion. The speed of the splinters is unaffected materially by the width of the
air gpece. The force of the explosion in the usual method of protection
(about 10* wide} has considerable destructive power. -

As protéctivé measures, pipes or water layers mqg be used to stop these
splinters, However the resistance of the bulge to a given attack is thereby
increased because the concussion is distributed over a large area of the pro-
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tective bulkhedad. With this type protectiom, the protective bulkhead usually
fails at the weakest point (often a  joint), due to the fact that the plate is
in tensiom. ‘ o ' '

-The conditions describeﬁ-above aré those occuring at the instant of the explo-
sion, but the. damage may be increased by the inrush of water through the hole
caused by the explosion. ' s o .

< _ﬁigu?éé;2 through 7 show the damage to protectivéfpi€£é~bgﬂflying splinters.

7 . 11 1/8 o No perforations
2 SR ' S A_lth:ug_h}h:l outerlpllate of II-39 lbs HT

B F R - racks in adti { ]

7 ! ; $CALE. N ib cks U lagoné ine theinner plate

R (wiTH _JOINT 57%)

L ‘ A I this target is conducted as 200K, even
: SHZE E‘ EMA“‘ IN 1F it is made at 1/2 1ca e,the burgting
R — h i arge is rather small.If %0K1s mcde

b ing ch it b
WA e ety
~ o urstinf charge,t ecomes 667K at
- full scale . ) :
e
- o
: NP
o .
SNJIF MopeL 154 FuLL SCALE Is 4+ 570
. .
\9| |IF MODEL ISz 57 FULLSCALE IS €
i
N s
Y T <
'E}iéuref 6 o -~
- PROTECTIVE MEASURES UTILIZING PROTECFIVE PIPES

o

Be Chief'Pdinmé ofiunderwater Protection

The follbwing'maih types of protection are used:

1.  Air layers only
. .2, - Air and water layers
' 3.  Protective piping
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'imhefmain:yﬁznoées‘qf such protection are:

* 1. Limitation of flooding by tramsverse bulkheads - _
2, . Protection. against flooding through protective bulkhead by buildin
-holding‘bulkhegds.v :

- Other importent points are:

Lo The:bbtfbm Qf the holdiﬁg bulkhead is supported by & watertight pleata
-, as shown in Figure 8. (This plate may be incorporated with engine or
_ ‘boller foundations,) AN - -
_é;" Sharp‘aﬁgular connections should be avoided where possible but un~

fortunately;they may be necessary. Practical examples are shown in

- Figuwme 9, . ,
L. Strquuﬁ'of'Uhdérwater Protection and Average Balsnced Charge

: TheAdefeﬁsive Strength or the balanced charge can be defined as nthat charge
which will cause flooding up to but not beyond the bulkhead next inboard to
the protective bulkhead®,: o .

B . e E S
PROTECTIVE METHODS USING ATR ILAYERS ONLY

A, (Classificstion of Protective Methods

‘single plate and multiple plate methods. 2m the former the shepe of the pro-
‘tective plate may be curved or straight; in the latter, however, it is always
- straight, . ’ ’ 7 ‘ ’

- Be Sihg;e7PIQte groﬁéctive'MEthod

l. ~Construction of single plate protective method: With the single

plate'mefﬂsa, two or three Ducol sgeeI_plates are attached together at a
- certain distance from the outer plate, or a verticel bulkhead is worked
© by & single plate covering all the protective parts., This system may bte

div%ded,imto two types according to its shape. (See Figures 10, 11, and

‘Protective methods, using air layers only, can be divided into two groups; i.e.,

2 . Charecteristics of sihgle plate protective method and its strength:

e Etraight tzge - in the straight type there are two patterns; in
- .one ‘the UppéT end of the armor is connected to a steel plate on the
.- ship's side (Figure 10) and in the ovher it is comnected to the upper

~armored deck (Figure 11). In the first case, the rush of water .
caused by the -explosion is deflected to the upper pert of the ship's

.i8ide resulting in little damage inboard. TFor this reason, this type

i8 very effective, . In the second, the upper protective flet is

‘liable to damage by the rush of water, in which case it becomes dif-

ficult to recover the ship's stability, With a particular type

it msy be. convenient to adopt this pattern, but in such case it

- necessary to strengthen the protective flat and its fittings.

b, Curved type - in the curved type the upper end of the armor is
curved and connected to a steel plate on the ship's side (Figure 12).
ln this type the rush of water is deflected to the ship's side along
_%he armor, The effect 1s a little inferior to the pattern in Figure
‘10 -and. a° little superior to the pattern in Figurc 11, This method
has two primary defects. First, the bulkhead is ‘built-up of two or
‘fhree plates which may not exactly £it, consequently they may be
oosely Joined. The construction of & well-fitting bulkhead is,

7
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therefore, difficult. Secondly, the stress is concentrated on the
curved part and weakens the protective value, The effect of this is

- not so marked with an ajir layer only, but it is considerable with
the water layer type bulge. )

. C. Multiple Plate Method :;-

“1, Construction of multiple plate protective method: With this method
8 thick plate 18 not used as Wifﬂ the single plate method, and the ship is
- protected by several vertical bulkheads (Figure 13). Originelly this de-~
vice was planned for a water layer type bulge, and it is seldom used for
“the air layer type. - : o

P

Figurev 13 |
' MULTIPLE THIN PROTECTIVE PLATES

,f 2g v3bharadteristicé'of’mnltiple -late protective method andrits strength:
- The chiel charactveristics ol the multiple plete protective method are:

a, ~ Construction is simple. o :

‘b, - Damage ‘is comparatively small if the amount of explosion is be-
e ‘low the balanced charge. :

¢, The-amount of flooding is small.

As previously mentioned, this method wes used chiefly for the water Zayer
type and few experiments have been made for an air layer type. Therefore,
“almost no difference in protective value is found between these two types,
~"The results of the experiment are shown in Figure 14, In calculating the .
‘protective velue, the relation between C, D and t is elmost the same as
in the case of the single plate method. This relation will be explained

in Section 6.-

18
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. ch 19,I936  According to the ressarch on underwater protecflon
(Reseorch group of 1he Navy) :

o Figuré 15

" STANDARD 120D TEST VALUE FOR DUCOL STEEL PLATE
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'Relation.Between.thé Protective Value and the Quality of Platiggﬁand
Rivetl

1

1. TRelation between the protective value and the quality of plate: The
resistance of the protective plate egainst underwater expios{on depends
upon -mechanical qualities of the plate. For example, Ducol steel is
stronger than mild steel, and stesl used for decks is the strongest.
Among mechanical qualities, the Izod value 1s the:most important, If
this value is below a certain amount, the plate will be easily damaged.
Ducol steel 1s used chiefly for the protective plate and, although the
“ultimate tensile strength and duetility of this steel are normal, its
"Izod value is often so low that sometimes it is dangerous to use. When

Ducol steel of low impact velue is used for a small scale model experi-
ment, the results may be misleading.

For"stéhdard impacf test values of Ducol steel see Figure 15.

) .A,rbugh.estimate of strength ratio of "Ducol"™ Steel, "Copper Non-Cemented",

. or "Vickers (New) Non-Cemented" against underwater explosions {air layer
being used). is: ,

ONC or NVNC .. &
. ' DS - =3
For results of compaerative experiments on DS and CNC see Figure 16 and
Table T. - . S

- <

'Figure 16

' RESULTS OF COMPARATIVE EXPERIMENT ON GNC AND DS
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- E Table I
RESUIES OF COMPARATIVE TESTS ON DS AND CHNC

T Welght of © Efficiency of Joints Conditions of Damage
Target . ‘Plate B ’ on Protective Plate

- ivs/=sq £t For Both - For 25mm (Dimensions in mm)
o , Thicknesses - (Rivet) -

ez & 19 oNc g:gﬁ gjﬁ' 6T § = 110, 600,.Crack

leas | 190w | 1;:%%?7; L6 $ = 230, 700, Crack

' dﬁr(ly  | 2518 R-58.6% 58.6% - % = 900 x 640, Hole
c3 (B) - 25 DS 1 R-h2.2% ' 42,24 S = 280, Small Crack
c3 (0) 25 DS . R-58.6% 58. 6% Q = 108, Perforation

¢, - | 19 special | =r-g8.7% 58.6% $ = 128, 500, Crack
Steel Plate _ P-7L4.6% - . ,

Note: R - Rivet; P - Plate

Cpd,; C (G), have the same protective strength.
CzB, d C3(B? have low joint efficiency and hence are much inferior.

1. 19‘GNC and 25 DS are virtually equal that is, ratio of
-+ their strength is DS . 25 - =&
B m —I% - 1032 - 3

26 The plate does not display maximum strength at 1ess than
© - 4b.hl%h efficiency of joints,

This problem is further discussed in Chapter V.
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‘'2e - The relationship hetween.theepnotectite strength and materisl of

rivets: The meterial used must be strong in shear and tension, and must
@liso have & high ductility. After riveting, large diameter HT rivets

. gatlsfy this condition; and although small diameter rivets have low duc~

tility, their tensile strength remains high,
Rivets,with diesmeters of llmm, were of MS whose tensile strength and duc-

. #tility are comparable‘to HT rivets,

The following rivets were therefore used in both full scale and model
experiments:

Dismeter greater than 13mm - HT
. Diameter less than limm - MS

'_Hot rlvetlng was used- cold riveting was found unsatisfactory.

Tables IT and III, which show the mechanical properties of HT and MS
rivets have been extracted from "A Study of Steel Rivet Material D, in
Relation. to the Knocking-Up Process", 30 April 1934, prepared by I. OHIRA

~of the Yawata Steel Works Laboratory.
: Relatien'Between Armor Joint Efficiency and Protective Strength

Damage to armgor prov1ded only with a layer of air is due chiefly to splinter-
ing; i} a butt strap is provided the efficiency of the joint msy not be any
greater, but this is made up for in protection. Since there is considerable
effect exerclised by concussion, however, tests were conducted (see Figure 17
and Table IV) and it was establlshed that the minimum joint efficiency should
‘be 50 to 60%.

=T

g " JOINT EFFICIENCY
’ 50~60%

Ll 1L Ll

/
Figure 17
" ARMOR JOINTS WITH BUTT. STRAPS

Pitch of rivets -
S [ eeeil.5d (4~ 4:5d)
4d (4~ 4. 5d)
. (Strength of steel plate when pitch is 4d is, in
: general 70 - 73%)
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, ‘ Tabls IV o
BEBUH‘S OF TESTS ON-RELATION OF. JOINT EFFICIENCY TO PROTECTIVIT! OF ARMOR

‘Target ] Joint and Damage

;L‘ﬁ ) | Some rivets were loosened
JOINT Y or_s'cattered, but in
general, no damage was

ses% done -
_: \ ael3HT
1

-

About L10mm of the butt
strap was cut through

and 23 rivets were sheared
off, -

R

A maximum slip of 12mm
appeared, and rivets
were almost loosened.

With o of protective bulk-
head 12" small cracks
- appeaned in two places but
almosu no damage was done.

Model G (NAGATO)

The piate was concluded to
: _ be-almost equal with Model
- | 1] ] T . G, but the appearance of
T peas-sa il . .{ two holes indicated that

: B === its strength was somewhat

) . : . weak, That is, an opening
A appeared in the joint of
|| derthT Poetod the inner plate and the
- | - middle plage was cut aweys

Full Scale Model (200 kg)

. N - - N \ ] ’ -
minimim joint efficiency givwing surfic.ienﬁ\"f protectior 18 ghown 9 be 50-60%.

27
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P Caléﬁlation-of'Protective Strength'

The.cbmpuxatibﬁ.of-thé protection of armor provided only with & layer of air
is based on the following test :ormnla: : ‘

T = 95 .6éc°'“,f’9n’l/ 3

{based on Study of Underwater Defense,
‘ » 19 October 1936, Test.Rgsearch Lab.)
‘_7total thickness of armor (including fore-plate) in millimeters.
valanced charge in kilograms. ‘
distance between outer pléte and protective armor in millimeters.

Tedivds

_ » Figure 18 ‘
THICKNESS OF ARMOR, SINGLE AND MULTIPLE PLATE

Note; The above formula is a test formula based on a scale test
using chiefly a 200 kg cherge, and no jnconvenience with regerd to its
application i3 found up to 400 k&g. 1It. must be remembered however, that

. further study is necessary for charges in excess thereof. In the case
of en actual ship, no matter how large the charge against which pro-
tect £ ired, the unfortunate condition arises that the d&is-
tance between the outer plate and the protective bulkhead cannot be
inereased, nor can the volume of emphty space. (For results of tests
on a p:ptective bulkhead provided with only a layer of air and for
tables used in computing protection iven see appended Tables X17,
XIIT, XIV end Tigures Lk, 47 and h8-% .

"Relatibn of Position'of'Protective Bulkhead to Protection

close to outer plete:
Oon first consideratlion, ing the outer D
ags the protective,bulkhead i.e. bringing the latter close to the outer
plate, results in the thickness of the protective bulkhead becoming in-
finitely large, bub the results of a 1/2.97 scale test show that & thick-
ness of 90mm HT balances a charge of 9 kg. The corresponding @istance be-
tween the protective_bulkhead end outer plate is the same &s the value
calculated for 27mm (see Figure L), N '

_ This is. thought to be due to the fact that even if the explosive is in

. contact with the protective pulkhead, the center of the explosion is
somewhat separated from it. Since the explosive is in contact with the
protective bulkhead, splinters from the outer plate, ribs, etc. do not
strike the protective bulkhead through the air layer described above.
‘However, since the cenfer of the exglosion is -extremely close, the princi-
pal reason for the destruction of the protective bulkhead is simply the
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I

violenoe of the concussion. Such would probably not be the case with a
protective bulkhead provided with an ordinary alr layer.

fherefore, consiasring the distance between the center of the explosion
and the provective bulkhead as the ordinary distance (D), it is not prop-
er to emplpy the formula given i the preceding section. both theoreti-

- cally end practically. The center of gravity (the center of the explo-
sion generally being considered as at the center of gravity of the charge)
of the 9 kg explosive (a 1/2.97 scale reduction of the 200 kg tarpedo varhead
in use et present) used in tests thus far is located 134mm from the tip.
When the results of this test are compared with the thickness of the pre-
tective bulkhead according to the formula in the preceding section, the
distance between the outer plate and the protective bulkhead is found to
‘be the same as for 27mm.

Consider a cese where the air layer is extremely narrow., The results ob-
teined in a test, where the distance between the outer plate and protec-
tive bulkhead was 100mm and the charge 9 kg, were in general the same as
those abtained employing the formula. If the 10Omm distance is decreased
even further, the effect exercised by the distance between the outer
plate and the center of the explosion on the distance (D) becomes greater.
Therefore, there is no objection to the use of the formula.

To summerize, when the charge is 9 kg and the distance between outer plate
and protective bulkhead is 100mm, or when the charge is 200 kg and the dis-
vance is 300mm or above, there seems to be no objection to using the for-
mula. TIf the distance is any smaller, further study is required. It is
not thought however, that any less protection is afforded than when the
outer plate is .made the protective bulkhead. In the latter case, all
that can be done at present is to calculate on the basis of a 9 kg charge,

ote: A protective bulkhead provided with only an air leyer,
Suc that the distance between the outer plate and the pro- ;
tective bulkhead is 300mm, is not thought likely to arise as an
actual problem.

2. Multiple plate, with outside protective bulkhead close to outer
late: 1T the protection 1S compugea When the outside protective bulk-
Eea& is near the outer plate and when the distance between the outer plate
and the inside protective bulkhead is the distance (D) of the formula in
the following section, a value much greater than the actusl protection is
obtained, The chief reason for this is that the protective bulkhead near
the outer plate is close to the center of the explosion, consequently it

18 believed scattered splinters destroy the inner protective bulkhead.

This problem has only been studied incidentelly and no conclusions have
been reached., However, if it is examined in the light of tests made with
other objectives, the following statement can be made: "With regard to
the D to be used in computing protection given, the distance from the
outer plate to the .center of gravity of the protective bulkheads seems
the least erroneous®,

The results of the above mentioned test and an illustration of the com-
putation of protection follow:

A comparison of the test results and the example of computation indicates
that, with a 3 kg.charge, the inside protective bulkhead is punctured in
three places, and the protection afforded against a 3 kg cherge would appear
to be insufficient, however, since hardly any demage was done to the hold-
ing bulkhead, this target may be said generally to be balanced for a 3 kg
~charge. ' The table of calculations (Figure 19} shcws that when the pro-

< tective armor is concentrated near the inside protective bulkhead, the
charge required, 5.4 kg is excessive. Examples {(2) and (3), in which it is

30
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concentrated on the outside, give 2.6 kg and 1.6 kg which are insufficiernt.
Exemple (4), in whieh it is concentrated at the cepter of gravity of the
protective bulkheads, gives 3 kg. In other words, this last figure seenms
+ to come nearest the test results. This is merely an example, however, .
and since varlations are expected to arise because or the mutual relation-
ships of the distance between the outer plate and the inside protective
~bulkhead and the thickness of the latter, further study is required.

: CHAPTER TIT
PROTECTION EMPIOYING WATER LAYERS

“Ae The Function of the Water Layer

Protective armor employing water luyers is provided with a layer of liquid
-‘over the face of the protective bulkhead. It is designed to prevent the des-
truction of the protective bulkhead by splinters described in Chapter II and
to increase protective efficiency by distributing the force of the concussion
over the entire surface of the protective bulkhead. Compared with protective
armor provided only with an air layer, the thickness of the protective bulk-
head may generally be reduced 50%, and at the same time flooding may be re-
duced 30% in the case of single plate and 50% in the case of multiple plate
armor. The water layer is effective in neutralizing the force of the explosion,
but it is necessary to leave a 10% space at the top of the voids,

L. Comparison of capacity flooding and 904 flooding: When the charge
explodes and the splinters and Concusslon reach The iore-plate,in the
cage of ‘capacity rlooding, the impact is trensmitted to the protective
bulkhead unchanged. In the case of 90% flooding, the impect is somewhat
neutralized because of tha void space, Therefore 90% flooding affords
greater protection than capacity flooding. FExtensive experiments to es-
tablish the variation have not been conducted, and the ratio is not
known at rresent, The following experiment has heen performed, and it is
offered in Figure 21 for its reference value.

When tests

. ith a 707 water Iayer, S were obtained than
with 90% flooding. This was due to the checking of the impact of splin-
ters on the protective bulkhead by the layer of water. If the explosive
made contact at a spot so that splinters would pass through where there
was no water, protection would be severely reduced. Therefore, it would
seem better for practical purposes to have a 90% water layer. Results of
a test are shown, in Figure 22.

On an actual ship it would be uneconomical from the point of view of

. welght to carry water in the water layers, so fuel o0il is used instead.
If the fuel o1l is consumed it must be replenished by water, so that pro-
tection is not lessened,

Possible demage due to the combustion of fuel near the point of explosion
is' & problem, but in scale experiments there wes no such combustion and
protection was thought to be no less than when water was used.
The results of the test were as shown inﬁFigure 23.
Note: Instances ot camage in the Great East Asia War are not
Tacking, but to date there has been no recoird of oil fires
waused by underwater attacks. .

) B. Types of Protection and Construction of Armor

There are two systems of protective armor using water layers, single and mul-
tiple plate. Single plate armor may be subdivided into curved and straight
types. Exemples are given in Figure 24. : '
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‘Since the ¢onstruction of these different. types of armor was described in Chap-

ter II, discussion is omitted here.

C.

Relation Between Thickness of Water layer and Protection

1. Eingle plete: The minimum thickness of water layer which will stop
splinters was found by test to be 600mm (charge LOO kg). A comparative
test was made with 2 900mm water layer, with a view to improving distri-

. buticn, but almost no difference in results was noted, It was wondered

what ‘the effect would be of reducing the width below 600mm, but since
such a test would have -involved practical difficulties, it was found con-

.venlent to take 600mm &s a minimum,

Since protective efficiency with a wide air layer is great, it is most
effective 'from the point of view of protection, to make the thickness of
the water layer a minimum when the distance between the outer plate and
the protective bulkhead is fixed., It must be remembered, however, that
4in such a case the volume of flooding increases. .

" When D is fixea, protection is greater where da is large than where da is

smell, but flooding is also greater.

.Protéction employing water layers does indicatve a water layer directly

befork.the protective bulkhead. It is desired to learn, however, the
protection given when compartments outside the protective bulkhead are
Tflooded or when the water and air layer are transposed. The operations
performed in this sort of test, however, are very fundamentsl and the in- -
terrelations are not yet clearly understood. It is certain that such

measqres-ﬂould be inferior to the normel waeter layer method,

2, Multiple plete: .n uvnis metnou the one water layer is increased to
two. or three, so 8 thickness of the water layer is :sufficient to pro-

-vide leffective protection., If a case is considered in which the fuel oil

1s consumed first from the outboard tank, leaving only the one on the in-
side, the water layer of 600mm mentioned above is necessary, and there-
fore the Ainimnm distance between protective bulkheads must be 600mm,

" The multiple plate method was first adopted in the United States for

undeqwateﬁ protection, A comparison between it and the single plate

_method follows:

Advantages

a, Construction is somewhat simpler since the protective bulkheads
are geparate,

b. [fThe water layers are all filled 90% with fuel oil, and if the
thickness of the proteetive bulkheads is fixed, the oil is used from
the outside tank in, leaving only the inside tank. Protection i=
thus not lessened, but increased.

¢, If all the water layers are filled 90%, the volume of flooding
is decreased considerably.

Disadvantages

g, . The greater the void layer thickmess {dd)} the gredater protective
efficiliency is. Therefore, if the dlstance (D) between the outer
plate é&nd protective bulkhead is fixed, the total thickness of pro-
%ectﬁhe bulkhead ‘in the case of the multiple plate is greater than
for the sirgle plate method, and its weight is increased,
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Figure 24
TYPES OF PROTECTION USING WATER LAYERS
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Figure 25
RELATION OF da: AND dw
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an
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Figure 28
‘SINGLE FPLATE PROTECTIVE BULKHEADS
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b. Ir the weight of protective bulkhead is made equal to that in
the single plate method, the distance (D) between outer plete and

oteative tulkhead is increased., Consequently, since ship sections
gzeemglsmall forward and aft it is impossible to employ the same
method of protection for the magazines as amidships.

_D. gelaxﬁon Between Joint Efficiency and Protection

.

The destruction of the: protective bulkhead when water layers are used is due
to the.equalization of water pressure over its entire surface. The efficienc: -
of the joints is directly related to the protection given and is, therefore,
of payamonnt importance., S

) ‘ i _ .
Ir 10%% joints were made by welding, the protective bulkhead could be made
much thinner,

At present DS (dometimes CNC or NVNC) is the material principally used for
protective bulkheads as well as rivets, It Is also used in the ship's main

- - longitudinal structure, and all joints must be riveted. If the pitch of the
rivet: is made 4A (oil-tight), the maximum efficiency of the Joint will be 70
to 73%. In other words "the efficiency of the joint is determined by the oil
tight piteh of the rivets, and the stendard is 70%",

Caution is necessery when using large type thick steel plates as underwater
protective bulkneads. Since the rigidity of the deck structure against under-
water explosions is great, the gquestion as to whether or not 704 joints are
absolutely essential is one requiring further study.

E. [protection With Explosion Vented to Sea Surface

Comparative tests of 1/2.97 scale model structures gave the results as shown
in Figure 27.

When this construction was designed, it was expected that it would be somewhat
superior, but test results showed almost no difference. If a direct comparison
of the results is made, there is actually more damege, and there is no evidence
that the concussion escaped through the air layer to the surface,

F. Relation of Fbrm of Protective Bulkhead to Protective Strength

. _As stated before the single plate method inciundes the straight and curved tyves,
PS piates ln two Or iLnrés courses are ordinariiy used iun tne Surbigud Lype

" ageinst underwater vxiplosions.. Armor often in conjunction with bombproof pro-
tection cam &lso be used. Armor camnnot be used, however, with the curved type

" and. two or three courses of DS plates are generally used. Therefore, ths
structural work is extremely difficult, and the courses ot the protective bulk-
head do not fit cleosely. A slight gap between the courses reduces the pro-
tective power. In the protective method esmploying water layers, the free sur-
face of ths watar layer occurs just at the bend and the maximum shearing and
bending stresses also occur there., The joints neapr the center of explosion,
therefore, are not damaeged, while those at the bend will be damaged.

The straight protective bulkhead affords more protection than the curved type,
because the bending caused by the concussion is quite natural, and the top and
bottom ere securely fitted.-

The ratio of the thickmess of protective bulkheads of the straight and curved
types for the seme charge is as follows: '

Curved <

Curved ., 2 .
Straight < 4 *~ 1.25

In other words, the curved.type must be 25% thicker, but there is much study
yet to be :done here. - -
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j“Sincéf ‘the curved type must be thicker, its welght is also increased, but there
. are certain types orf ships on which it is wise tu use¢ it. In such cases, some
- edditional strength is to be obtained by observing the followlng points:

ﬁl. Meke the radius of the curve at the bend as large an possible.
2. - Avoid the bend in distributing the joints. ~

T

- When this type has to be built, the efficiemey of the joints must be especially
- large.’ ; : : : A —

“G. - Computation of Protection Strength

The same test formula (T = 95.620°°%6%D"1/3) uged with an air layer is also
ased for computdtion of protection with a water layer., The thickmess of the
protective plate is. corrected according to the efficiency of the water layer,
- the efficiency of the joints of the protective plate, etc. and the computations
.are made In the following order, on this corrected thickness: '

1. First the efficiency of the water layer in relation tn an air layer
1is found: B : . -

. With a stiaighthtypé'protective bulkhead: X = 0.4 ﬁa‘l/z ¢ (aw)
With & curved type protective bulkhead: K = 0.5 aa-1/2 ¢ {aw’
where:- ' '

‘K = erriciency as it differs with da
" de, = thickness cof air layer (in meters)
¢ (dw) = function of thickness of water layer = 1.0

‘Fﬁ:ther;study is necessary regarding ¢ (dw), and‘therefore, although it
;'has- been designated above, at present it is taken as 1.0. In other words, .
i dw = 600mm;'the'gfficiency of the water layers will dIwdys be the séame,

2. ' Next the effective thicknesses. of the protective bulkhead and fore-
plate is found, L , : :
: . . Effective thickness = Tt + St,¥

VWherQ:,iﬁi’ E -Tbtalx$hiékn683'bf Iore~plate (mm)
R (Strength of joint in fore-plate not considered)
¥ = Efficiency of joint in protective bulkhead

x’_ztéyi = Totgl effective thickness (mm) of protective bulkhead

3ﬁ, Now the corrected thickness (T) of the protective bulkhead converted
a8 for use with an air layer is determined.

. Tz Zt]+-2t2y
Le Next the distance (D) between the outer plate and the protective

>‘A bulkhead is found as it would be with am air layer.
o . | D = da+ 600mm
‘When the thickness of'the.protective,bulkhead with water layer, has peem
corrected as described above and its protective strength has been computed

according to the corrected thickness ®s it would be with an air layer,
the dw of the actual distenmce (D = da+dw) is always 600mm.
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55" IThe protective strength is then computed with the T and D found ir
‘4He manher described above by means of the following formula {for pro-
tective bulkhead with air layer): e : , : -

T =95 .szcd‘;i‘69ﬁ;l/ ?

 Note: ~Apparently in the case of the single plate method, when
i, dajb€0.55-protective strength cannot be found by means of this
- .+ - methad of -computation. (For results of tests on protection
: 7 .using a water layer and efficiency curve for water layer, see
" ‘srables XV, XVI, XVII and Figures 45 and 49.) :

' Sggg;é pélculatibn -VCurvéd Type Protective Bulkhead
,;.i'Find efficiehqy of water layer (K). '
- i vAccording' to Figure 49, K = 0.372
5. 'Pind effective thickness of protective btulkhead
-and.fore»plgte. o Do
' SRR Effective _thigkpes'isj,sf g+50 x o.;7 = 43mm

-3, Pind corrected thickness (T) of protective bulkhead

- converted as for air layer alome.

= b3 =135,
5355 > 115.6mm

L. Find the balanced charge.
R -According to Figure L7 or L8, C £ LOO kg
- H. lRelation;§§tween Protection and Position of Water Layer

The porition of the water layer affording maximum protective efficlency, as
. the method of computing protection given in the receding section clearly
_ 'shows, is that of a narrow water layer next to the protective bulkhead, with &s
’ large an air layer as possible next to. the ounter plate. . .

y . Figure 29
. .CALCULATION OF C FOR CURVED TYPE BULKHEAD

Fv'.gui-e_ 30
" 'WATER LAYER POSITIONS
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"‘}iIlﬁsfratioﬁsnwﬁﬁhxwafef;iayer next to protective bulkhiead and asir layer next
to outer plgtef(generalfp:pcedure,when_using water layer) are shown in Figure

- Underwater protiection employing water layers is designed to afford maximum
- protdctive strength; and, therefore, the thickness of the air layer in the
single plate method (multiple plate method will be discussed later) is always
greater than the water layer, - The ratio between the thickness of the air
_layer and the distamnce (D), between the outer plate and protective bulkheed is
.. generally 0.6 to 0.8. '

' 'In sHips rebullt to incorporate water layers, however, da/D may fall below 0.6
‘Tt .ddes-not seem to hold true that the formula given in the preceding section .
- for computing protective strength is satisfactory no matter how small da/D may
.'be. Lo . - R - L i py . : . R

If the curve of defensive stiength for the type of protection shown in Figure
31 is plotited it appears as curve (1).

- Transferring this to a scale 1/2,97, experiments were carried out when da/D = Q
.and da/D = 0,69 (Tanks 90% full, see Figure 38). These experiments show that
'when da/P = 0, the strength of the protection is 72% of that when da/D = 0.69;
;(When dw = 600mm, da/D = 0,79 and the strength becomes 60% of this maximum);

“and that 155 kg is the balanced charge when using water layers. “\j

- On curve (1) when C = 155 kg, da/D = 0.534; i.e., at this point the actu

strength i8 greater than the calculated strength. .

- As well és perfirming experiments'in the range da/D = 0.5-0.2 if ¢7{w) were
. komown, 1t would be possible to fix this point.

To summarize: - . .
3 fSiggge‘glate‘hethod:

1, . When da/D 20,55, the strength of the protecfion can be obtained
S , from the above formula.

".'2. lrWheh da/D < 0,55, it is 60% of the maximum definitive strength.

'(Sinqe:thié,60%vis_&eenrate when D = 2.900 meters, it is thought that
there wili be some inaccuracy at the highest and lowest value of D.)

. Untll now, da has been 1.220 meters and dw = 900 x 3cm (see Figure 32). This
-experiment shows, as the formula has previously indicated, that dw = 600mm.

. That 1s,.the multi-layer ‘method has the same strength as the single layer
~method. .da/D ¥ 0.667, which means that the defensive strength as previously

described is good..

~ As 0il is used up from the outside, protection increases until only the in=-
-board tank is full of oil,. .

The protedtive strength shown in Figure 34(a) is good. However, in Figure 34{H
.and (c¢) -if the .outside tank is filled with air, da = 2,120 and, if the inboard
- tenk only is filled with oll da = 3,020, respectively, and the remaining bulk-

heads become irntermediate bulkheads only. -

In the above method of calculation, 100% of the thickness of the intermediate
‘bulkhead is taken &s: effective regardless of joints but this has not been coxn-
_Tirmed by experiment, ) i : }

[
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SINGLE LavER

: Figure 32
; d;l AND‘ dw FOR MULT.I'-'AND SINGLE LAYER SYSTEMS

.~ O s

AR| AR

s - o : w2 | 700 o L
: L

TWG AR, TWO WATER - TWO AIR, ONE WATER

Figure ‘33
MULTI:LAYER SYSTEMS - OIL USED FROM OUTBOARD

&5 3.020
ONL AR LAYEF “TWO AIR LAYERS THREE AIR LAYERS
F.igur‘g 34

© MULTI-LAYER SYSTEM - INCREASE OF da WITH USE OF OIL
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. The folldﬁing ideas therefore are considered reasonable:

It is natural in the multi-layer method to depend on keeping the tanks full of :

oil and the effect of emptying the tanks in turn was calculated, The effective o
thickness of intermediate bulkheads has been calculated taking into account the

efficiency of the joints., -However, there ars still points remaining to be in-
vestigated. - =

Usually in the multi-layer method the tanks are not worked at maximum efficiency -
- and the usual efficiency'is about 60% of the maximum, When the inboard tank

only is filled with oil in these cases D = da * 600mm, and because of this it is

considered reasonable for the efficiency to be -60% of single plate stendard. -

Hence.it is thought that thei‘sAystems in Figure 35 (b) and (c) are the same and
" that (¢) has an efficiency of 60%. This, however, is yet to be confirmed by

" experiment,

- . Tt is @ifficult to formulate ‘any rules for protection in which water layers are
ST adjacent to the outer bottom and air layers adjecent to the protective bulk-
heads. Such systems are illustrated in Figure 36. .

. (U o

. MOLTICAYER: . SINGLE LAYER: SINGLE LAYER:
AIR, O\l - S0% FuLL AR, QWL - soyz;ll-suu. o, 907 FuiL

R ) Figure 35
S« 1 LIQUID.LAYER ARRANGEHENTS

oNE LAYER . TWO _LAYERS
© AR, OIL~ 90% - AR, Ik~ 30%

o ) Figure 36 .
AIR LAYERS ADJACENT TO PROTECTIVE BULKHEAD

) 49°
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L : ‘ . . < .
" Tt'is thought, however, thet it has & strength similar to that using air
- - layers only. A detailed comparison is shown in Figures 37 an¢ 38. ,
. In these experiments the bulkheads had no joints; and, therefore, they only °
~“ghow trends, = = .. . S
.From the :fesults ‘shown’ in Figtiresj 37 and }3_8,we-can- meke the following calcula-
tions, when (D = 2.900 meters, 4a = 2.000 meters and dw = 900mmy.
1. "When ‘th"e‘comp;artgnents outboard of the protective bulkhead are 90%
full (da/D = 0),- the defensive strength is 72% of that when the thickmess
 of the outer layer is 900mm {da/D = 0.,69). e :

TARGEYT - | REMARKS

EXTENT OF DAMAGE]
WATER

ARl INEERRED TO

’ 22851\
1 [P laseny & ‘BE EQUAL

216,

.
B 1424577+

o’ _ ..
56 ° %)

(:o‘\g’ gé’ﬂc\ggeviiz%) ( d% :

} BALANCED
CHARGE 180%}

L ge33a
@ JOWT FAILED IN.3
(") PLACES

a*

[ressss s

l‘(:roinfﬁmeuéuey %) (‘,“/o 20) o
" Figure 38

. BESULTS OF EXPERIMENTS ESTABLISHING
- EFFECTIVENESS OF AIR LAYER POSITION
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2e The protective strength whep the water layer is 900mm is 834 of that
when the water layer is 600mm.

3. When the compartments- outboard of the protective bulkhead are 904
full, the efficiency is 60% of the maximum {i.e. 600mm water layer).

CHAPTER IV )
PROTECTIVE METHOD EMPLOYING PROTECTTVE PIPING

In the protective method employing protective piping, from two to four rows of
-~sealed metal pipes, 230mm in diameter and émm thick, are attached in the space
before the protective plate,  Like the water layer method described above, pro-
tective piping checks damege from splinters, distributes the concussion over
the whole surface of the protective plate, causes a part of the explosive force
to be absorbed Ly concussion on the protective piping, and increases the pro-
tective efficiency of the protective plate, Compared to the methods of em-
ploying alr layers only, it has the advantages of reducing the thickmess of

the protective plate to 70% generally, and of reducing somewhat the amount of
water used., . o

. Experiments have been carried out with the protective piping attached in the
' space between the outer bottom and the protective plating; but, as in the case

" of the water layers, the only Japanese vessels employing piping are the NACHT
“.class erulsers. :

+As piping will not be used from now on, only & brief statement of its poten~-
- tialities will be givenvyere. '

1l. Advaniéges of protective piping: It allows the protective plate to
be made 30% thinner then when air layers only are used, thus curtailing

the smount of Ducol steel used, and making the manufacture of protective
plate easier, v

2, Disadvantages of protective pliping:

a, The weight of the bipes is impractically high, and almost the
same as the decrease in the weight of the protective plate, thereby
making the weight of the ship about the same.

be The meking of pipes and their installation requires considerable
effort,

Note: Although the protective plate can be made 304 thinner
Jhen protective piping is used, it must be strong enough to
support the pipes,

(?rotective'piping is illuétrated in Tables XVITI, XIX and
‘XX and Figure L6.) ’

. : CHAPTER V : ’
EFFECT OF VOLUME OF THE AIR IAYER OUTSIDE THE PROTECTIVE PLATE ON THE
PROTRCYTVE STRENGTH, AND THE SIZE OF THE EXPERIMENTAT. TARGTRT

A. Generpl Remarks

In underwater explosions, damege done by splinters is related to the distanpcs
between the outer bottom and the protective plate, and it would seem to have
almost no relation to the volume of the air layer. However, the damage by
blast is greatly influenced by the volume of the air layer.

Table V shows the relation petween the volume of air layer and the protective
strength in experiments with a 1/5.35 scale model.
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R N Table V
EFFECT OF AIR LAYER VOLUME ON PROTECTION

TARGET

| (/.55 SCALE Mo UMEWjorer of

Enn LAYER/DEFLECTIONRATIO
UBLC METREY PLATE(S) | V

[(STANDARD. MODEL)

0.531
AVERAGE
s |

©%
51

AVERAGS
" F:]

NOTE:ITHE ABOVE TARGETS ALL HAD (~72
LPLINTER. HOLES,
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As Table V shows, the deflection of (B)
with an alr layer of large volume, is
Smaller than that of the standard model
(4) while the deflection of (C), with
an air layer of small volume 1s much
larger than that of (A). Also, in (D),
where the distance between outer bottom
and protective plate is large, but the
air layer volume the same, the results
are almost similar to (A). Thus the
relatlion between air layer volume and
protective strength can be seen.

For example, in Figure 39, when the
tanks are arranged as at (A), the thick-
ness (calculated at 80mm) of .the pro-
tective plate is generally sufficient
to withstand the charge. In the case
of (B), however, there are heavy oil
tanks on both sides, so that the air
layer in the area of explosion is de~
creased and dispersion in the adjoining
compartments is restricted. Thus the
‘blast transmitted to the protective
plate is increased; and, as a result,
the 80mm thickness sufficient in (A) is
insufficient in (B). However, the re- -
lation between the air layer volume at
which the calculated protective plate
thickness manifests the expected pro-
vective strength, and the weight of the
charge, is a matter which still requires
research. ‘ &

This relatlion has a very great influence:
on deciding the size of targets in

scele experiments, but it would seem i
that there 1s no lmpediment to using =
model of the size previously used in
experiments with charges of 200 kilo-
-grems, However, much deliberation is
_necessary whsn deciding the size of
models to be used with large charges.

B. Size of Models Used With 200 kg
arges

In experiments heretofore, 1/2.97 and
1/5.35 scale models have been chiefly
~used, and 1/2, 1/2.83, 1/3, 1/7.31
scale models only sparsely. The 1/2.97
and 1/5.35 models are discussed here.

The target size in experiments per-
formed hitherto 1d as shown in Figure

LO.

PROTECTIVE PLATE

Figure 39
AIR ONLY vs. AIR WITH OIL ADJACENT
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1/SAS SCALE MODEL SZE (171 CHARGE)

/su.

dy = ACTUAL Fz!

y_z-s'l SCALE MODEL ™ZE (DK SHARGE)

| T~ - B

e 2DO |
d = A&TUA.;_’EHZE

TLENGTH € WIOTH | ACTUAL S\ZE |
1.0ie ™M, o e\ .
2.130 ™. ©. 326 M,

. Figure 40
SCALE MODEL ‘DIMENSIONS

The 1/5.35 scale model ig & little smeller than the 1/2.97 scale model, but,
as reésults in previous experiments have been almost the same, there is no im-
pediment to using them in the future with less than 200 kg charges.

Also, there is no obstacle to making the 1/2,97 scale.model full size, for a
- full-scale model. However, the air layers, water layers, and construction of
a full-scale model must be almost the same as those of a real ship.

For example, in Figure 41 the width of a model on scale 1/2,97 is rather small,
and the length is rather large, and it is usual to decide upon one with & de-
creased capacity. : o

Method of.converting 1/2,97 scale to full-scale: 6.326 x 6.326 % Fuil-scale
experimental model: 7.340 x 5.500 .

Also, the proteéctive plate in the full-scale model is very similar to the
actual ship, deépending on the period of design.
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F.igure 41
COMPARISON OF 1/2.97 AND FULL-SCALE MODELS

C. Size of Target for lLarge Explosive Charge

It can be said that the target for a large explosive charge can be considered
as en enlarged target of 200 kg end its sizé decided upon. A 492 kg charge

- for a 1/2.97 scale model target and a 400 kg charge for a full size target will
be examined. ' !

| ‘Examgle'l. To find the size of 1/2.97 scale model target for L92 kg

L charge:

First, f£ind the scaled explosive charge (C). 1

Model amount of explosive 2.8L5
Kctuel amount ol explosive)

(According to research experiments on underwater defemse 10/9/36)
C = 22,14 kg

- Scale ratio = (

Next, £ind the scale ratio from the known iparge 22,14 kg/200
Scale ratio = 22'14) : = 1

~200 . T 7.8

Therefore, the size of the target should be 1.37-/2.97 - 1.37) tlmes the
1/2.97 target. _ -

In this case the capacity is (1.37)3 or 2.57 times the 1/2.97 capacity.
Therefore, to make the distance between the outer bottom and protective

_plete equal to a scale of 1/2.97, (a charge of 9 kg) if the capacity is
9 kg x 2.57, the width and length are:

I 3m3 - 257 = 1.6 times the 1/2.97 model

The size and extent of the 1/2.97 scale model, 492 kg, experimented on in
1941 are given in Table VI, .
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-Concerning the results in Table VI, the air capacity of a 22,1k kg target
is 1.36 x 9 kg, -and in view of the extent of the damage, the capacity
geems to be suitably smell, -

HoWever, the problem remains as to whether the capacity should be multi-
plied by 2,57 obtained by the above calecnlation.

Example 2. To find the 31ze of a full—icale target for 40O kg
'afScale ratio =

i.e. a target 1. 276 X 200 kg target.
The capacity is (1. 276)3 = 2.07 times the 200 kg target.

This time the distance between the outer skin and the protective plating
is 1.276 x 200 kg target. To make this distance equal to the 200 kg, the
width and length would be: :

[(1.276)% = [ 2,07 = 1.k x 200 kg target

The extent of damage ‘to the 400 kg full-scale target experimented on in
1939 is given in Table VII.

From the results of Table VII, the air capacity of the LOO kg target is
1.63 x 200 kg target, and as the amount of damage was rather small there is
apparently no neqessity to incresse it 2.07 times,

As the relation between amount of explosive and air capacity have not yet
been settled, further research is necessary; btut considering the results
of the above experiments, in genergl it can be inferred that it is ap-
parently possible to make a slight decrease in the calculated size of the

arget, when using a target with a large explosive charge on a scale in-
cre sed from 200 keg.

In regard t0 the above problem, and those which should be studied in the
future, it is thought that a decision can be reached by merely changing the
thickness of the defensive plating on the same size of model, and carrying out
experiments with various quantities of explosive.,

CHAPTHR VI
ACTUAL EXAMPLES OF AREAS OF HOLES IN OUTER SKIN AND AMOUNT OF LEAKAGE
. CAUSED BY UNDERWATER EXPIOSIONS ON A SHIP'S SIDE

A, Examples or areas of Holes In Outer Skin

Examples of the experiments carried out on TOSA are shown in Figure 42 and
Table VIII.

Judging from Table VIII, the area of hole and the area of deprsession do not
- change appreciably when the charge of explosive is between 100 kg and 350 kg.
They are generally 22.0m< and 120.0m? respectively.

B. EkXsmple of Flooding

It is necessary to carry out experiments on an actual ship to know the amount
of leakage. In Jepan, however, the only such date on hand are the results of
experiments carried out on the scrapped ship TOSA,

o~
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' " Table: vx
. RESULTS OF TEST OF 1/2.97 MODEL WITH 492 AND 200 KG CHARGES

" RATIO oF
voip | pearEE op

L 4
TARGET CAPACITY DAMAG &

LARGE

THE THICXNEDSD
THE PROTECT-
IVE PLATING,IN

CONSEQUENCE
FTHE SXPERI~
IMENTAL TARGET]
15 THICK 1N COM ~

i PARISON TO X @
LENGTKH oF TARGET=1200 ARNP DAMAGE

AMOUNT 0F CHANGE IN POSITION* 2GS 19 SLiIGHMT.

LENGTH OF TARGET - Z,130
AMOUNT 9T CHANGE W PesITION: 160

) @ Table VII
RESULTS OF EXPERIMENTS ON- FULL SIZE TARGET USING 200 AND 400 KG CHARGES

: RATIO OF l -
TARGET vorp |PEGEEE on
CAPACITY] PAMAGE
WL

RATHER
SMALL

RATHER
GREAT

L uwcv

LENGTH of
THRG ¥ 2 7, 940

Sl
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Figure 42.
. TOSA - TYPICAL HOLE IN OUTER SKIN
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3db (AVERAGE LENGTW OF FLOODING) |

Figure 43
TOSA - LENGTH -OF FLOOD ING.

The flooding of this ship, when its protective strength was approximately 200
kg, is shown in Table IX.

It is estimated that the flooding due to 100 kg charge, if detonated inside thbe
citadel, would be 500 to 600 tons. Alsos, when the charge and bulge are &p~ -
proximately balanced (200 kg), the amount of flooding is 1000 tons.

The foilowing discussion considers water layer protection only, and the amount
of water or oil in the flooded portion should be subtracted from the total
flooding to give the amount of flooding.

The length of flooding for 200 to 300 kg given previously is 30 meters. It is
considered reasonable to say that leangth of flooding is the same despite

changes in the construction. Therefore, in flooding calculations in various
ships the length of flooding is taken as the same.

= . Table VIIX
: TOSA - TYPICAL ROIES IN OUTER SXIN

Amount of Thickness of © Area og) Area of

Explosive(kg) Outer Skin(mm) Hole(m Depression(m2)
100 o 1L ‘ 22.4 1 70.0
150 1L 17.7 121.0
200 16 , 22.4 130.0
300 " 16 14.9 158.0

350 : . 16 26,0 112,0

Average 21,7 - 118.0
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) Table IX
TOSA -~ FLOODING DATA

lcharge{kg) .| =~ Amount of Length of Remarks
L - - 'Flooding(tons) ’ _Floo@ing(m)

100 | 995 Cu| - 19.0 _ Qutside the
o . o : R s citadel

150 1 726 1 23.0 Air layer
R B ’ ) ’ only

200 | . 1008 30.0 Air layer
- ' T : ' » only

" 300 |- 1203 ' 30.0% Air layer
o o : only

| 350 - 10 . T 3100 Using pipes
- *gee Figure 43°. ’ :
- ‘Note: The lengths in Column 3 are average lengths of flooding.
O 1,e. . Amount of flooding :
¢ . ea 0 00 g et center of charge
3 : S CHAPTER VII -
GONNEGTIQN BETWEEN DEPTH OF EXPLOSIVE AND PROTECTIVE STRENGTH

The protedtive plating splits at the instant of the explosion and the damage
is. caused by the shock wave., Such damage is increased by the rush of water
through the holes in the outer bottom, Experiments carried out have made clsax
this fact for structures close to the charge. )

Depth will have littie effect on the pressure wave but the rush of water due
to the expansicn‘ofvthe gas bubble may easily be affected,

From work already cerried out, for other purposes, the following can be de-

duced: Depth settings for torpedoes are from h-6 metars and previous experi-

ments were carried out within these limits, Within these limits no differencse
" could be observed. - o

. Table X
DEPTH SETTIRGS (P TORFPEDCES

Target Depth of Cherge (m) Celculated Depth
_ for Full Size%m)

1/5.35 Model N 1.000 5,350

11/2.97 Model - 1.520 - L.510
o I ’ 1,000 ; 4.750 .

: Sl ko570 4.570
Full Size | 4,750 - 4.750
S . . 64096 6,096

- ‘To invesﬁigate'the problem, & charge was placed at two or three times the nor- -

L mal depth'and-the following conclusions were reached:

1.. The sea-bed was quite close to the ship's bottom in these experimerts
‘and the effect of this was noticed. The greater the depth of the charge,
the greater was'its.effect. The results are shown on Teble XI.
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2, As the depths used on these experiments were far greater than the
draft of any ship, it can be said that the depth of charge has no effect
on side protection, o : )

N H
According to the above, when the depth of
‘destructive force is great..
is increased.)

; the exploding charge is great, its
- (Because when the sea bottom is near, its effect

Note: The 2.00C meters depth of D2b (Table XI) at full scale would be
10.700 meters, und the 4.369 depth of Gy at full-scale would be 13.000

. meters. Thus the latter depths would offer no protection to real ship
“apulls, : .

: L " Table XI :
RELATION OF. DEPTH: OF CHARGE TO RESISTING STRENGTH

foemel _ | DAMAGE
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‘Table XTIV
EKAMPLFS OF FROTECTIVE METH(DS EMPLOYING AIR IJLIERS

Protediive.
Flate. Thickness
- m)

Damage
(% in mn)

19 x 25/19
(19CNC),. Joint
EEff - 67.4% :

% =110, 600 Cracking.

19 x 25/19
(19cxC), Joint
Eff - 46.4%

5 = 230, 700 Cracking.

' 25pg, Joint
BEDZ 58.6%

900 x 640 hole.

25p; , Joinb
EPT ~ 42,23

8 T 280, emall Cracking.

8 =106, 2 holea.

19 x 25/19-
(19 Special Deck)
Joint Eff - 58.6%

§ = 123, 500 Crasking.

: M‘DS

$ = &g, 18 holes.

5pgt35pstbpg

5 =88, 1 hole.

11T 2.8 +
CLIT 18.6

DS

Great damage.

63,5 x 25/19
(23unvNe)

.n-mgo.

- IL 10.57Ds

3 = 73, 2 emall holes.

S,

d = 1.1 Cracking sround cir—
cumference of holes, and
numerous scarrings.

. 88,9 X 25/19
(34"KNC)

Great d~mage, five fest cir—

"'t 88,9 x 25/19419
(3h7NC)+19,

Greatest bend in protecting
plate 84%; no cther damage.

IT 373

Bole — 82 x 10t

IIT 24,85

Although cracking was pro— :

III 2485y
Joint ELf ="ATE

1
In the vicinity of the cantetr ,\
of explosicn, & 4! x 1' hols g -
occurred. .

III 24.85
- Joint Ef: -’l+7$‘

‘i
the vicinity of the center
gexpled.on,aholeand 1 1924

scarring occured. !

24.855'1

1 ,Jo‘.lnt. ELt- 478

Damage in the cutermcst plate |
inthovidm.tyufthemwot
axploaion producing crecking.

¥

'
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S ' . -Table xx
Ll EXAMPLES OF- PRO‘]ZECTIVE METHODS EEELOYING PIPING
L da. o | g | oo x:é :
,msey,a/z.m R RCHUA S * Dumge

Greatdmge_.
Threg of the 20 1b HT plates were

1.357

37

.- | The circumference of the 20 1b H?T plate

© i was broken, and the 17:1b plates of the
0.358 ! rear wall were broken and blown into
the cemant wall,

The cirewmference af thes 2C ib ¥T plate
was broken and bent, arxd cracking
‘occmTed,

! Good,:

- Greatest deflection of the 20 1b BT
plate 6=,

"4 Tt was abserved that this deflecticn
: m arc-shapsd tocanse the pipas dis-
t'—lmed the force of the explosicn,
t

3,018

79

Great damge.

! A 2t vertical by 2'9* harizontal hola
" was produced in ‘the 20°1b HT plate.

-

1

| 2604 ]

2,055

55

91

Great damge.

A large hole, 2' vertical by 1°9* bori-
. zontal, was produced in the 30 1b HY
* plate, On the upper cdge of the inner
part, cracking occured, extending the
i width of the plate.

1,39, 1.

2,076

55

i Good,
- "numdsmctmnnnmmz.bm
plate. L%,
Although a hols was not producod, the
rivets were loosened.

A erack, width 3o, lanx'hh 8* was produced
. in the 25 1b BT\
¥

L.586. )

-

* Good. -
i Greatest daflection of 40 1b HT plate,
¢ 49/168,

 Although thare was no dmaga, the rivets
wore loosaned.

Good
; Protective platse be.
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Table XX ’
PRO’EEOTIVE lETHOD-a WI'I’B PBOTEGTIVE PIPING ARRANGED IN CENTRAL AREA

b —_— . D S Air layer thickmess (m)
o ? . ‘1 ' . ‘
ey oo [ CRRREE ty = Total fore-plate thiclmess {(zm)

53 = Protsctiva plate thickness (mm)
It = tl +- tz (m)

i %‘; .

T = Protective plate thickness (mm) relative to
: distance D {air layer only)

= Weight of charge (kg)

(b, zt, ‘i’, : are all converted to actmal aize,
e statistics for 1,/5 35 model.) -

@ E<m) | 'K‘?

R R Perfectly watertight
13280 eh2 | 78 | 0.82 ,ﬁorperfga:;oh

' Deflection 9fmm

; Pari‘ect...y iaterﬁght
« No psrforation

| Deflection 100ma

" one part cracked

" Deflesticn 103w
Perfectly watertight |
No parforation )

Def.‘la ction 113=m

i Parfectﬂy nterugt i
No psrfaration

Danectd.on m

Perfeetly matorbim
No psrforation

Daflection 10%m==
Perfactly watsrtigh
Ko perforation

Deflaction 110

Porf«ectiy: !atertixht

No perfaration
" Defloction 101=m.
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DATA' FOR: CALCULATION OF PROTECTIVE STRENGTH

-WERBHT OF CHARGE x (SGALE. RATIO)®®*

. C WEIGHT. OF CHARGE (KG)

T PROTECTIVE PLATE THIGKNESS (MM)
=THICKNESS OF AIR LAYER (MM}

T295.62 C™*"*®

G2400kg

2=

[ =]

.300C 2000 - looo . 500 400 300

Dymmy ~ kigure 47

" CURYES: FOR CALCULATION.OF PROTECTIVE STRENGTH

WHEN USING AIR LAYERS ONLY D (un).
' 67
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T=95.62¢%%pV*

I
83

8

=TT

:

L
C= Charge

D= Disf tun
T- ontechve plate ﬂncimess

8
8
o

l llll'lllr]_r”'
n
3

8
3
o,

o
[+

ller‘ T llllll"l

8
l
8

"RULES FOR USE
{ When D and G are known,correct
© them fo get T.
~ 2When Gand T are known, extend
- the line connecling thamto gatD:
3WhenD and Tare knovn,axtend
the line conmcﬁno then'to get C.

8
3
™
3

8 8
i
8

-]
Q
o
e
[
o

L
3
g 8

E_ 760

o [

&8 & 8
l"l'l’ll'i "
F 3
Q

lllvlvlllll T Ty llIll'llll[IIHll[ll][”llU”‘|lltlilll
] llllllllf]llll

T AT I I P

&

"’ll"'wlll"" T ‘ LRI | l‘l

rigure 48

. NOMOGRAPH FOR CALCULATING PROTECTIVE STRENGTH
' WHEN USING AIR LAYERS ONLY
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CHARGES  USED

Table XXI
IN SCALE MODEL EXPERIMENTS

RESTRICTED

'Full Scale Charge
: . (kg)

! 125:97,Scals Charge
!  (xg)

1/5.35 Scale Charge
(kg) '

1/7.31 Scale Charge .
(ke) |

e T E

600 27,1

5.1

2.1

550 2475

4.675

- 1.925

500 22,5

ho25

i
!
t
-

1.75

1.575

20.25

400 18,0

ekt

1.4

15.75 "

2. 975

1.225

13.5

2.55

11.25

2,225

9.0

6.5

he5

2:25

- Scale ratio

- (gpdel Charge

1.7

1.275

0.85

1
1 0.425

1
Full Scale Charge) 2,843
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|  APPENDIX III
UNDERWATER PROTECTION SYSTEMS IN VARIOUS COMBATANT SHIPS

s iy

Alr Layers Only

Single Myéﬁ?rotectidn Method - Straight Model
Protective Strength = 520 kg Joint Efficiency = 45%
Welght of Water About 970 Tons (Shaded Area on Diagram)

(ﬂwl’lﬂi Peorecrrive |
CoMmPAET- LOMEITVOINAC
MeENTs - BULKREAD

Slan Veiew
Bore - Boom Boresre Bosmy Borc s oo

‘%‘LO’J" 42;14'“, I\
: - ] BAcE PATE

= . - PROTEC TrvE Lonver-
- L F L O Bol Xr{ERD.

| MERE wrc (BELow Warem LentE)
— 47 T - fore AL are
- L W C o Jursm Ser7or
o £758 | £.758
(L .9-.‘;:00

F'igure‘ 50
UNDERWATER PROTECTION SYSTEM - BB YAMATO
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Air lLayers Only

Single layer Protection Method - Arc Shaped Model
Protective Strength = 200 kg Joint Efficiency = 50%
Weight of Water About 1000 Tons {Shaded Area on Diagran)

B WT(TNNER) +

BOILER ROOM

1

\DHY v\

TER

FORE PLATE (INNER BOTTOM).
OUTER BATTOM -

-Figure 51

UNDERWATER PROTEGCTION SYSTEM - CV AKAGI (Converted)
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Air Tayers Only

‘Singlé Iayer Protection Methed - Arc Shaped Model
500 kg (With Air Leyers) Joint Efficiency = 65%

Protective Strength =
Welght of Water About 1600‘Tons (When all outside protective plating is air lgyer)

About lOOO Tons (When outer tank is as shown‘in Figure 52)
(Shaded Area on Diagram)

ANN NN N

| MEITLL PV E STIRENETW L

T SOLITELE AV EAS
THNLS AR ) ORL TN RS i
FHLEED

'~

‘ ~ Figure 52
UNDERWATER PROTECTION SYSTEM - BB NAGATO




Water Iayers

Single Layer Protection Method - Straight Model
- Protectiive Strength = 450 ke (Engine Room Area) Joint Efficiency
' Welght of Water About 900 Tons (Shaded Area on Diagram)

BOILER

ROO W DURINSG BATTLR

COMDITION S

PReT

PLAN VIEW

‘B R I/ l S8R | 8R
e e o e 2 Tz - GACK PLATE
. v . " ve
_ﬁc_'?g'_,a T "~ Oie. oih | Lowat Bwo.
J:/—\ <7 _Jf‘ ’.\ T ' o— FORE PLATE
o, v :}*‘ ‘ DL, ol
*Iv:"} Pz \‘ ] _\‘i"\ < - NNER BOTTOM
== I == A i =S <[IS o ouTER BoTTOm
o %%80 |” 5600 _ ,
10.080 _
“
() .
Figure 53

.UNDERWATEK PROTECTION SYSTEM - CV SHOKAKU

74
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Water Iayers

Single Layer Protection Method - Arc Shaped Model
‘ {a) Construction No., 130 (CV - TATHO)

. .. (b) Revised Construction No., 130

. - Protective Stremgth = (a) 300 ke ~ Joint Efficiency = 72%
S e (b) 350 kg

- Weight br Water About (é)‘730.Tons, (b) 770 Tons. (Shaded Area on Diagram)

oW
L, 2-220%
(‘wsns o8)

(14.000)

PLAN VIEW
‘ ;/,~a£.

|

T
T 1 W

. BACK PLATL

T.C.
e 4+—— PROTECTWVE L0MGL. BWD.

“— FORE PLATR

.G

- OUTER BOTTOM

Figuré 54
UNDERWATER PROTECTION SYSTEW - CV TAIHO -
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Water layers

Single layer Protection Method - Straight Model

Protective Strength = 900 kg . - Joint Efficiency = 85% (Est.)
Weight of Water About 90 Ton~

EACH PROTECTIVE BIHEAD 'S
OF WELDED CONSTRUCTION

HEN JO\NT EmQ\ENQYﬂ \oo%, CllmoK
= Cx BOOK,
'm%,mw‘g

ABT, D.000

1N

. Flgurc 55
UNDERWATER PROTECTION SYSTEM - BISMARK (German)
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A

- Water Iayers

v , bl tiple Iayer Protection Method - Straight Model
- Protective Strength = 400 kg (Zst.) Joint Efficiency = 70% (Est.)

Weight of.Water About 730 Tons

BACK PLATE

PROTECTIVE
oL LONCGITUDINAL BHEAD

FTORE. PLATE

_SUTER BGTYOM

- 7 ) S Figure 56
_ '.UNDERWATER' PROTECTION SYSTEM - BB GOLORADO (U.S.)
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S » GHAPTER I '
: GENERAL DISCUSSION OF EXPLOSIONS UNDER A SHIP'S BOTTOM
3 AND "PROTECTION AGAINST THEM
Contact explosions, while common ageinst a ehip s side, are fairly rare sgalnst
. a ship's bottom. Non-ocontact explosions usually affeci. the bottom before the
. 8ides, Although 1t 1is necessary to . study both, non-contact explosions are of
primery importance. v
.Experiments to date have indicated thet less demego 1e eeueed by effects simi-
lar to those described in Part I-A, that is, by splinters and blast. If triple
bottoms are used, the upper layer being water-filled, damage will be similar
to that ceused by side contsct explosiona, Damage mey be slightly increased
by the fact that the explosive gases vent 1nto the ehip insteed of the water.

In- non-contact explosions, damage is caused only by the shock-wave. Triple
bottoms with upper layer fllled with water glive the best protection. Generslly
<they ehould be layed out as shown in Figure 1.

"The watertight plate ehoulﬁ be placed at the bottom of the bulkhead in esch
compartment since the construction of such s plate within the triple bottoms
E ie virtuelly 1mpoeeible.

_As the 1ong1tudinal atrength may be lergely ooncentrated in the triple bottom
‘pletee, the connections must - be well made.

iABalanoed charge. and degree of protection is defined as,t"that charge which will
© .not casuse leakage into the main portion of the ship fester than the ship's
. pumps ‘can discnerge b AL :

CHAPTER II
“ METHODS OF BOTTOM PROTECTION

A CIBSeificetion of Bottom Protection Methods

:Bottom protection methode may be clessified ag:?

l. Air lasyers only
2. Liquid 1ayers L

The cleseifioations may. be subdivided according to types of explosion, thus:
1.' Alp. lezer protection '

‘8. . contact ex] losions, The water 1ayer can be replaced by & suit=-
able Thickness of protective plate, as ehown in Figure 2. The triple
bottom is not essential, .

The degree of protection given by thie method may de calculeted as
described in Chapter IV.

b.. Non-ccntect explosions. In this csse also the triple bottom is
"not essentisa e maln demegse is caused by blaat end not by splin-
ering as in the ‘cage of contact explosions. Only one experiment hss
gso far been made on air' layer protection, snd it indicated thst the
protection sfforded. could be calculated in the seme wsy as that given
by liquid layer protection. When the charge was L.75 meters from the
outer bottom, the efficiency .was above 85% of thst of the water layer

type.
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, - Figure 1
; TYPICAL TRIPLE-BOTTOM LAYOUT
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S AIR
y————<—OUTER BOTTOM
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N " Figure 2 ‘
WATER LAYER'. BEPI.ACED BY PROTECTIVE PLATE




RESTRICTED

- Liquid lézéf grotection

a. Contact explosions.. The triple bottom is now essentisl. 1In
edditTon to the triple bottom, a further layer of watertight plating
is theoreticvally desirsble, but as this is impractical the discussion
assumes this further layer not fitted.

.?or oéﬁtactfexplosions the liquid layer should be sbove the glr lagyer
- and thhick;plate~shou1d be used for the innermost bottom (Figure 3}.

’Thé degreéror:protaétidn can be calculated. as for side protection.
b. vNon-contact-explosions. The t riple bottom is superior to the

- 60% f£Tooded double bottom &s appears from the following experiment,
using a flooded double bottom.

quelvm3g<§caler‘1/2.97

- Where: $t, = 21.24mm

- | 8=15.75 ke :

. ) _ § = 535mm, no holes

‘Calculation using the method of Chapter IV showed that the balanced
charge should be 2.88 kg. Actual chargs used was'3.25 kg (Figure 4).
The damage was so extensive that it was estimated the balanced charge
‘was about 1.5 kg. ‘It 1s thought that if the structure is changed to
_that shown in Figure 5, protection may be improved, but further ex-
periments are required. ) .

A discussion of the relatlve advantages of flooding top or bottom
layers follows. _

'i-W1th contact explosions it is advantageous to have the liquid layer
" immedistely below the protective plate, whether this 1s fitted as
the middle or innermost bottom. ' :

- However, in the case of non~contact explosions, it can be seen from
"~ the following experimentel results that for meximum protection the
three bottoms should be of equal thickness and the lower space should
- contain the liguid lager. ) : ;

+. The Effect of Composition of Protective Plates

The problem is generally the same as in side protection. In the case of non-
contact -explosions, dsmage is by blast rather than by splinters; snd, conse-
quently, the effectiveness of the. plete, even if it is sn armor materisl
stronger then DS, is limited by the efficiency of the riveted connections.

C. [The Tnfluence of Efficlency of Riveted Joints in the Protective Plste /

: Thé'pfoblem is generally the seme as 1n side prbtection.

1. Gbntéét‘Exgloéibns.» As for side pnotedtion, for msximum protection

rivet efficlencles mus be: -
' . Alr layer -~ 50 to 60%
Liquid layer - ebout 70%

o 2.f .Non-contact explosions. The maxﬂmum'efficiency possible is dewnirsble,
" namely, aﬁoufz7ﬁ%.v- , :
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PROTECTIVE PLATE

C AR

: CHAKGE 
Figure 3

_POSITION OF LIQUID LAYER USED
AGAINST CONTACT EXPLOSION

5Ds.

500 6O WATER

&.0s.

1600

@ 3 25/('."'

Figure 4
TEST SET-UP FOR NON-CONTACT EXPLOSION -
DOUBLE BOTTOM 60% FLO“DED

7 05.

s00 60 % WATER

6 DS.

‘ S Figure 5
PRDP%ED bEl—UP FOR. NON-CONTACT EXPLOSION
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m-com'xcr EXPLOSION TESTS

8bs+vs

f-ngER"

AR

|ArRANGEMENT

—S
| isas ko fiasasik | wook
| Geark 350%) | GcALE 400 K)

Eyem | zea | dees | as =81

A_VDErLa¢namy_'~; 535fv*v. : 495 | ‘ 445

| oamaee ‘NO HOLES, | SMALL HoLes ' NO HOLES

: .--cnmm:anz o
EXAMINATION OF EXPERIMENTAL RESULTS -

':' Scale Effect

;i:l. : COntact Ex losions. Only one scale (1/5 35) was used for air layer
IE ts, so th

.exper en s, e scale’ effect .could not be studied.

Two scalea (1. 731 and 1/2 97) ‘were used for the liquid layer experiments,
" s0.that -a comparison of the results can be used as a gulde to the scale
. -effect. Figures 6, 7, and 8 give detsils of the models used snd Table II
- gives the. results. From these it can be seen that, as in the case of side
protection, the thickness of the outer bottom has little influence upon
- .protection sgainst contsct. explosions, but. the thickness cf the middle
‘bottom ‘hes considersble- 1nf1uence.}i

12. Examination or results

;faaf Distance between odter and protectlve plates

--For" Model No. 2 this distano v 93 +2 +93 = 188mm
" Converting to the scsele of U and Vv, this gives 462mm
COrresponding distance in T and V is a76 Smm -

Hence, U and v are slightly m@re advaatageous.

86
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' DIAGRAM, .

THICANESS

RIVET
EFFICIENCY]

EFFECTIVE

N THICKNESS]

&o

STATE OF
. DAMAGE

Z/ Z A7’ER7/

76

456

INTACT

)

= 0.
yi os6

R 5aur :

|Z97]

AIR

| 9 Xia

RIVETS INTACT

RIVETS
- A_SHEARAW

PERFORATED

. 2533/4,44» % = 0./06

8.2

INTACT .
R
Z.=006




 _RESTRICTED

;o. Width of models, messured between inside wells

Width of U and V = 3,200mm
Width of No. 2 on same scale =1, 850mm

f_ Henee the damage oonditions favor No. 2.

/c; Effective thickness of grotective gletigg

Thickness of U and V is 18.6mm with a 9 balanced charge
Thickness of No. 2 to the same scale is 16.4mm

This difference is not thought large enough to matter.
. 3, Non-contact explosions. Only one experiment was made with alr layer
‘protecEIon, oonsequenEIy;-soale efrect could not be determined.
Weter layer experiments wers carried out with two separate scales, namely
.1/5.35 end 1/2.97, and hence ‘a scale effact study was possible. The
modils used were as shown. in Figures 9 to 11 with the results given in
’ Teb e III.

ke '.Examinetion of resulte

'e‘ Distence between outer plate and protective plate

: Digtence in S = 476.5mm
. Distence in P end Q to.seme scale = 477mm

‘Difference negligihle."
b, Width between inside walls

Distance in S'—'3200mm
Distenee in P and Q to same scale — 3200, exactly the same

V S, Effective thickness of grotective gleting

In Model F with charge 1.7 kg, £t, was 10.357 and protection was
successful. In Model Q, with saqe charge, Zt, was 8.989 and protec-
tion failed. Hence, we' assumed a charge of 1h 7 kg was balanced by
St =9.5. Converting this to the scale of Model S we obtain J, =
171 for belance, Actusl Zt, in Model S was 15.2. The 12% air-
rerenee is considered negligible.

’15. ' COnclusions
:From resulte of above experiments it wag deduced that the law esteblished
- for si&e explosions, namely,

w L ]
(Wt. of cha.rge a.gamst. model) 5 543

(Wt. of charge against ship)

is eppliceble ‘to all underweter explosions, whether they be side explosions
or bottom exploeions. . v

B. 7 Reletionehig between*ﬁt and Size of Balanced Charge

. Ohly one experiment was msade with contact explosions; tharefore, only non-
- contact explosions can “be. discussed.

: Model ratio=

1. . A_comperison ‘of the experiments conducted on P snd Q {(1/5.35 models

89
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‘with'9 kg charge, 200 k§ to scale) and with S2(1/2.97 model with 15.75 kg
charge, 350 kg»to:scale' was made. . oo . B

':In P énd,Q.Models; S, = 17.1 and_is balenced by a 9 kg charge.

.Réshltsgbf thé s 'ﬁest were .as shown 1dvTable IV. Assuming L, = 17.1 %o
balance -a 9 kg charge in the first model, we calculate the theoretical
balanced charge © for %he: second model.

TR Lo 0.469 21.2 = | |
(873 4 2l = 15
§ e | —9— - T where C: 15 kg

The ectual tost showed the balanced charge = 15.75%'<. This 1s considered

.a good spproximetion., . - : a- e .

2. "Comparison of experiments on S{1;2.97 target, 9 kg, 200 kg reduction)
with those on S,(1/2.97 target, 15.75 kg, 350 kg reduction[; S

‘The‘dverage br»zt;' in the Svtarget,is, as expleined in tha previous -
paragreph, generally 15.2, In the 85 target, when t, = 21.20, the
~bursting cherge 1is 15.75 kg.

When zt, = 15,2 compered with 9 kg~
. o ie 25".0" = CO.A69 . :
. them (21,20, . . 0.-469
o0 . 0469 £ 2Lz

C e c=16ukg |
;Aslp§9#ibus;y éxplained;fid the resultg‘of the 8, terget the charge wes
~15.75 kg therefore, this is'covns,-id‘emd a . good approximetion.
3. co igz’is’on of M3(1/7.31 target with 1.75 kg charge, 500 kg to scals)
-and M;(g? «97 target; with 15.75 kg charge, 350 kg to scale) experiments:

"CQmpaiing;theSe résults,with other tests on Model M3 which géve an averége

2t, .of 23.9mm for a 22.5 kg charge we have, ’
| | 12 5, ~ c0-409

TR 0. 409 S

(3388 1o ! where C = 16.7 kg

‘Results of H3 Moée1*gave balsnced charge = 15.75.kg An ¥, Model, of the -
~seme’ construction, was destroyed by a charge of 18 kg.
*f'Tﬁéverroé'bf h%”isfconsidéred negligible.'

b Conciééionsi ;
_AsAéhbwn ébpve,=the,lé#’of,§ropoktidn§11ty followed by bottom explosions
is generelly the seme as for side explosions.

a, Alr layers only. If the strength of the joints of the protective
‘pleting Is greater than. necessary, the Jjoint efficlency is not-cogc
. sldered, i.e., sotual protective pleting thickness varies as $0.409.

1

92
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Y. Water layers., Here also, as in the casa of side prolection,
. the:JoInt/etf¥eIency'of‘the'weter lsyer front plete is not considersd, .
- 1;8., effective thickness of Egotective‘plating and actual front
 plete thiokness varies as 00.469, - - ~

omperison of Defeﬂéifé.stré eth of Side Protection and Bottom Protection

‘ Né_nqn;oon$aet.hork wes done witﬁ:sideggxotectibn,'so the discussion will cover
~ only contesct explosions. ' B : :

. 1. Water la éps only o
il,'a"jt:]’rﬁlg737ubd§1 exngrimeut;ani results.

' Converting to full scele, the sum of protective plsete thicknesses iz -
65.4mm, . The distence between outer bottom end protective plate is
 vh;600‘m9ters; “Hence, using the side proteéction formula,

p = 95.62 cO-469 ) p-1/3

.. . wefind.C = 180 kg y
: - vtIh the aﬁtdei;experimsnt 8 charge ‘correaponding to 200 kg full scale
- saused two holes 1in the model., It 1s considered that the celculated
%7 welue is a good spproximation to the balanced charge. -

"}mheﬂdepthzof;1mmsr§£on"of>the_charge correspondea to 9.4L meters on
the full scale, compared with depths of L to 6 meters used in the
’ggg:,protection work, but it ia not considered that depth has s large
. " Influsnce, . - : - . -

b; ?3(1/5.35)’Model expgriménts and results.

' Modeléuné'.and'n ‘were of the same construction, but were used in the
R - 81de ‘end Bottom ositions, respectively, as shown in Teble VI. From -
- the results shown in Teble VI 1t is seen thet damage to the bottom
: - 'wes alightly lesa then the dsmage to the side. However, in sctual
practice it:-frequently happens that watertight plating is not fitted
-~ inside the protective plete. Accordingly, it s considered that on
. the wheole .bottom protection is inferior %to .side protection. »

o é‘-ﬁ‘goﬁélzé?geriﬁents=‘
v hé."I&ZZLQIQEbdelﬁexgerimsntsfahd réshltq

 Using the formula for side protection, the following results had been
-predicted ror a charge of 0.7 kg -

‘Model a - Large damage .
‘Model b - Belsnce = °

_Model ¢ - Reserve of protection

mhe'cglculateﬁ,reéults7ag:ee well ﬁith'thé‘actual experimental results.
Ce ﬁé jrevibﬁély;stéted?these models are narrow;1n comparison with the
S - 1/2.97 scale models. e : ‘ , )

‘b. 1/2.97 Model experiments and results

:i',i if,thp-bélancéd cherges for U and V are celculated by the side
" protection formula, we get::




‘ _Figure 12
CONTACT BOTTOM EXPLOSION MODEL
o~ - SCALE 1/2. 97

Table VI

TES‘I' RESULTS, MODEL D, AND D3

'DAMAGE

'DISTORTION

" PUNGTURES

AREAS OF -
TOTAL DAMAGE |

- ON BACK.
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: _Table VII
'ms'r RESULTS, 1/7.31 SCALE MODEI.S
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Charge.for,U'=k7.2vkg {160 kg te ssale)
Charge for V=17.1 kg (380 kg to scale)

" trom which it would be expected that U would fail against 9 kg while
. ¥ would stand up to 9 kg. -This is roughly what was found in the ex-
. ‘periments, though the extent of damage actually experienced was
greater than that expected from the calculation. It was estimated
- from the experimentsl results that balanced charge for U = 5.85 kg
{130 kg to scale) and balanced charge for V = 13.5 kg (300 kg to
scale).  From the results it may be tentatively assumed that protec-
tive strength of the bottoi is 20% less ,than that of the side.

3.  Conclusions

v‘Whether air or water layers é:é‘gsed,_it_seems generally true to sey thst
bottomvprotection'is 20% inferior to side protection in terms of cherge.

. - Expressing this in terms of~effectiv§ thickness of pretective plating,
. Ingenersl ' s, a gO+469

o .i 0;O.’l.;69 . ‘
- Therefore . 2t = F+g) ®xzt,

Sty = 1.1 3t

; i.e.,,foh:bcttom;protedtion"to equal side protection, about 20% decrease
1n-chgrge or‘abput:lo% increase in p;ate.thicknesgris necesssry.

‘D, ﬁélétion between Charge, Distence, and Protective Power

K"Qbservatidns on_Sz.Médelj(scale 2%%7;2. |
‘In S Model; a ='1600mm, C = 15.75c0ccoscacsasnsesscrossassssceaaell)
_ 1.3;;';n‘full Sééie,'d =3L750mm; c = 350
| In s, Model, d = B00mm, C = 135e.cecierrurncnracnensacacnsncasesl2)
i.e.,,in fﬁll;scale; d»=-é3?5mﬁ,A' = 300

LA contaét‘expidsion,test'was not made with S,, therefore the strength is es~ -
timeted using the results of U, V¥, (1/2.97) and No. 2 (1/7.31) Models as a
basis. We have = o S :

-

for U and'v, '(1/2‘.97)  Sty =18.6 and C=9 kg
| - for No. 2, (1/7.31) $t,’= 16.L .and C=9kg on scale of 1/2.97

\'vBédauée Ss (1/2.97) haa 210'?'17;7 it may be assumed for contsct ex-
plosion tﬁe balenced chaerge 1s 9 kg {200 kg on full scale)......{3)

Even in the case of»dontact'éxplbsibns,rWe must consjder the distance
from charge center to outer bottom plste. In Models U and V this distance
was 134mm representing 377mm on the full scale...........f....‘.(h)

In the case of ‘torpedo contect with the hull, d i1s indefinite, depénding upon

the engle of impsct. To cover -the indefinite ceses, we sssume the charge
spherical (see Figurel:5) 8snd determine d as follows., For e cherge of 200 Ikg.
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" where 1.6 - density of the explosive '
: ..~ where d -310mm ‘
Using the results of (1), {2}, (3) ana (4} ahote;-tgg curve: of Figure 30 wes
~plotted. From this graph it can be 'seen thet Ced0-238 Using this, a law
connecting T, d, end C can be fcund as follows: . i

”7tT q c0¢h69ff6;'6onstéht ﬁ;....,,......,....,.........,.;........(5)
ibhdlcf¢ g0§238 for constent T - "m‘ o
c0.469 & 30,238 x 0.469
'1_;bo;a69fgrd0-i116;{.a....:.,Q........,.;..;.......;;.............(6)
Combining (5) and (6) T 00-469 x a-0.116 ‘
mnis 1ew is based upon & very small number of tests end more experimental work
‘- 1s. necessary. R : . ST
.. METHOD OF CALCULATING PROTECTIVE STRENGTH
v=c&ht§ét-§§glo$ion§‘on*3h12;s Bottom | '
:,1{ ';A1n1iaie: ﬁzgei,' h '

" As this is the seme ag en explosion on the ship's side, it may be dons
according to the following equations

T=95'62 c'o.h69 D-I/B .oooocnt‘...o...g.’coolncc‘o'ooﬁsvochbooo.(l)

T= _Total' thickness of protectives plating (mm)
© € = Baslanced charge quantity (kg) .
D = Distance between outer skin and protective plating (mm)

- However, as previously stated, the thickness of the protective plating of
- the ships',bpttom;must be incressed by 1046. It follows, therefore, that

m = 95.62 cO-469 p1/3 x 1.1
" = 105.182 ¢0-469 pz1/3

-

‘= lb5c00h69 b-l./ao'oo‘i’.o.oo‘_--.-ooo'o-oooo-ooa.o.oo..-o..-o"-(_z)

- The protective strength can be calculated by equation (2). However, as
we slresdy heve the calculated data from {1} above, it would be simpler
- %o correct from equetion (1), l.e., 1t is sufficient to incresse T by 10%
and to decrease C by 20%. ‘ ‘ v

As the above equations were developed from scale experiments with 200 kg
- charges, it should be noted thet, as in the éasse of the ship's side
defense, furthér research with ;erge::quantities of e®*plosive is neces-

2. Wateg»layeg type -
In.the water layer type also, uélng the seme method as the ship's side,
- it is sufficient to increase T by;loﬁ"and decrease C by 20%; but the
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method of celculetion is explained elso in this paragraph.

e o8e Pirst celculete the effective retio (K)’in relation to the
!;'thickness of the air layer. :

K:s .una‘lf’emm |
where K efrective ratlo which veriee as da.
., » deAi thickness or 8ir leyer (meters)
':&(dw)'“ function or thickness of weter layer = 1.0
;There is a need for further research into ¢ (dw), and even though it .
,1_isoincluded in the ebove K equation, at preeent it is calculated as

'Thet 18 to say, . when dw =" 600 the effective retio of the water layer
is thought elwaye to be the seme.

The calculation of the ship'e bottom protection is based upon the
‘.%streight type .of side protection.

s b. To cel.uleta errective thickneee of protective plating and
: ~middle bottan., o

Effeqtive thickness /’z:t,_ r + zt y where '

—fTotal thickness ‘ot plating other than protective
* plating (mm) -

i

(The strength of joints in the forward plating
not considered)

-”Totel.thickness of protective pleting (mm)
Efficiency of Joints in the protective plating

c. To calculate the revised thickness (T) of the protective plating
as corrected for air layer type of protection,'
AT‘ St, +3t, ¥y .
__“F‘;(—l‘-

':‘jd.f; To celculete the distence {D) between the outer skin snd the
=.5protective plating as in the air leyer protection type,.

D"da'tﬁomml

Z'The thickness of the water leyer is aesumed to be 600mm since any
_‘increased thickness does not ingcrease the protection. It l1s’ ‘also
.assumed -that the. D obteined by this mesne can be nsed in the air

'fleyer formula. ,

'»Lfe.'f T end D being known, c can ‘be. celculated from
S m= 95,62 00469 D-1/3
fhis then 1s correoted ag rollows to apply to the bottom:
- ' P is incressed by 10%
"C 18 decreased by 20%

{00
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WATER d= 1600

2 tom ZOﬁ‘aB

C = 1555

Figure 16“ : Figure 17
‘CALCULATION OF C. FOR Sy MODEL * CALCULATION OF C FOR M3 MODEL

\e:-»xw; one . \2 PLATES Axs AmosT M
1o Watse - SAME THICKNESS d =100

S4,-1981

C =18

. Figur? 18
“CALCULATION OF C FOR Mg MODEL

il
Table IX
RESULTS OF M5 EXPERTMENTS

=

. | ' Jowwr | ErFecTive
DIAGRAM o . S t EFFICIENCY |THickNessE,

5 ps .698 3.49

|8ps+90s | .728 12.20 Hove
120 x4.800

Y

705 713 4.99

21’.9‘20.68
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1in ship's bottom protection, there is an inherent difficulty in in-
cressing ds and dw, generslly, and de and dw are esch taken to be
600 - 800mm, therefore: ‘

da = dw, l.e. in many cases
- da = 3D

In ship's side protection, when da/d<0.55, the sbove calculation

cannot be used, but in the case of the ship's bottom, when ds/d =
0.5, there is no difficulty. .
However, when da/d<0.,5 it mey not be used, and it 1s easily under-
" stood that the side protection hes a somewhat greater protective
. satrength than cslculated as above. : -

Non-Contact Explosions on Ship's Bottom

1. Alr layer type

Experiments were mede with Model Ms;, scale 1/2.97, only. Results were
widely/scattered snd only rough coiclusions could be drawn.

o i .
{@ssuming the. bslanced chergs of M5 was the same ss for M3 and Mh which
were similar in construction. ‘

‘M3 === C = 15.75 kg (Scale 350 kg) Intact‘

M), --- C = 18.0 kg (Scale 400 kg) Hole torn
Mg --- C = 15.75 ke (Scale 350 kg) Hole torn

From this it was estimated that the balanced charge for Mg was 13.5 kg
{scale 300 kg), when

d = 1600
. 2, = 20.68
|

‘This sgrees roughly with the law »
st s& CO-469 g-0.1116

2. Water layer type

Experiments were made on models of scale 1/7.31, 1/5.35, end 1/2.97. The
most accurate results can be expected from the largest scale models, of
which the results of Sp, M3 and Mg, using different arrengements of pro-
tective plating, are studied below.

Figures 16, 17 and 18 are based on the equation
| S 1 78 a:00°l_+69 d-Q-lll6

. In the case of non-contact explosions sgsinst bottom protection, the pro-
tective strength 1s thought to vary with the distence between outer bottom
and protective plate, The effect does not appear to be so great in the
case of contact explosions; earlier experimente comparing distances of

1.4 and 1.5 metars showed negligible difference in the results. Also,
except in the cese of protection under magezines, practical consideratlions
1imit the distsnce to sbout 1.6 meters, end it is not thought necessary

to investigste larger distences.

7
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The ‘size of experimentsl models may ‘be discussed by .8 comparison of lengths and

CHAPTER V

widths of the interior walls.

RELATIONSHIP OF MODEL SIZE TO PROTECTIVE STRENGTH

B X L of experiments to date are shown on the following tabls:

B X L

(mm x mm)_

Table X
SIZES OF EXPERIMENTAL MODELS

BX L

{Corrected to

Actual Size)

(mm x mm)

Size of Com-
partment of

hoiler rooms

in Gapitel
Ships. B'xL'
(mm x mm)

/7. 31”

675x750

!

h 930x5 480

6,800x9, 500

1/1 73

680x984

L, 97017 190

‘6,80019.500

1/1.32

1/5.35

1,270x1,775

6,800x9,500

6, 800x9 500

- 1,800x2, 000

5,450x5,940

6,80019,500

N -

1/1 52

2,290x3, 200

6,800x9,500

6,800x9, 500

1,012x1,012

5,420x5,420

6,800x9, 500

1/5.35

2,024,x2,024

10,840x10, 840

5,800x9, 500

1.14

3,036x3,036

16,250x16,250

6,800x9,500

1.71

L,0L8xk,048

21,610x21,610

6,800x9, 500

2.28

Models‘D3

effect o adjoining compartments (these tests were in air only).

Dy, Gy, G2, G3, were sttached to frameworks in order to test the

- The 1/5 35 scale P, Q, and R Models and the size of 1/2.97 scale U, V, S, Sa,

33,

proportions o

M6,

7 Me and M;
iler coom compartment in a capitasl ship.

Models were made to correspond to the
Where water layer

ship's bottom protection is used it is considered necesssry that such pro--

portions be used.

attention must be paid this point.

‘ The extept to which the proportions affect the protective
strength has s direct influence upon the results of the tests, and considerable

The. results of the test of the smell scele (1/7 31) No. 2 Model {retios /LY
retios shown in Table X) are considerably better than those of the 1/5.35 P,

2, and ‘R Models.

Moreover, the results of the 1

superior to those of the 1/2.97 M3 Model.

/7.31 M3 Model sre somewhst

However, where sir layers only sre used, it does not seem necessary to use a

model representing a3 lerge a8 piece of struct;re.
were consistent.
3 end 1/2.97 B are satisfactory.

models Dy, D

2, Gy, G» and G
work models such as 1/5.35

103
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APPENDIX T
TABURATIONS OF BXPERIMENTAL RESULTS

. . Table XY
AIR LAYER TYPE FROTECTION OF SHIPS! BOTTCMS AGAINST CONTACT EXPLOSIONS

Thickness- of Protactive Flate (m).

Actual Thick Thick Rosulta of Xxperiments

B
16,08 deflaction = &1
(85.6) 3 holsa

deflecticn = 83
1 hole

16
Joint: - efficiency 43.8% daflaction = 76
'(85.6) o holos

efficiency 43.8%

Joint efficlency 43.8%
(85.6)

=
Joint efficlency . deflsction = 8O
IB .- 588 B {50 x 35 -1
(? )' TL.5% torn hole 50 x 200 -1
5ol h

Note: Tha nusericals in { ) ahow those for actual size,
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: ‘ Table XIT
" WATER LAYER TYPE PROTECTION OF SHIPS' BOTTOMS AGAINST CONTACT EXPLOSIONS

£

Effective Thickness

' 5x0.76 =3.8
H . =53
¢ 2x0.75 = 1.5

1

I»-

e et

|
W
=1

(38.7%)

. 6 X 076 T 4456}
y = 6,06

; 2x0.75=15;

(V%))

7 x 0.76 = 5.32
Y= 6.82
2x0.75 = L5,

(49.85)

18 gbS+gDSY’ (8+8) x 0.63 = m.l‘L

»= 20,5 .
; 4.5 % 0,568 =2.56

-12.66
D8 4.50%

(60.88) G1.6)

| 18 9034508+ gbS] | (94949) x 0.673°F 18.2 9.0
i =315 = 20,76,
b5 x 0,568 T2.56

' pB 4599 4

f v
| s L (61.66)
1

i
3.
i
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Table XiV
VATER YAYER TYPE PROTECTICN OF SHTYPS? BOTTCMS AGAINST NON~CONTAGT EXPL.OSIONS

‘Thicknoess of Protective Plate (am)
Actual Thicknees - Effective Thickness

T8 8DS_ |- - 8 x 0,754 = 6.037
naz.9°3}.=u..9 2.9% 0,706 = 2,05 b = 20.36
OP 4DS Thx 0.57 zzeJ

(79.7)

m s ]
DB-2,998 r = Lh.9
CF 4DS f

(4750) (79.7)

na 2791751 .4

(60.99) ~ (35.52)

B 108 ] U x 0,728 = 20,2 1
DB 4,508 ¢ = 25.5 he5 % 0,568 5 2,56+ = 15,58
op 7b3 ) T x 0,402 = 2.62 4

(75.74) (46.27)

(8 9) x 0.749 = 12,73
50,703 = 3.52 S 2.2
7% 0,713 = 4,99 J

(4750) +(63.08)

(3~9) x 0.749 = 12,73}
5 x 0,703 =-3,52 r=2a.08
7?7 x 0.713 =-4.9 2

(63.08)

10 x 0,71 =:7.2

x0.706=6.3}
19,
9 x 0.706 =:6,35

" (5820

Note: The numericals ih ( ) show those far actual’size.

legend
F ~ Flooded OF — Outer Flating

DB ~ Double Bottam T8 ~ Triple Bottom
DS ~ Ducol Steel . WL ~ VWater Line

108
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Table XV i}
WATER LAYFR TYPE PB.O‘I'ECTION OF SHIPS' BOTTCMS AGATNST NON~-CONTACT EXPLCSIONS

Thicknesa of Prokeative Plate (zm)

Acvual Thickness Effective Thickneas

2x0.787 =1.57 |
5x0.75 =3.75 p =
2.9 x1.072,9 _

(s0.08)

2z 0.787 T1.57 )
6 x 0.75 =4S =897
2,9x10=22.9

(65457}

2x0.787 =1,
7x0.75 ‘5.25?' 9.7
2.9 x 10529

L aT50) T (86.95) Lmos)

5x0.698 2349
. (8+9) x 0,718 S 12.2 7= 20.68
7 % 0.713 B 499

DT (86.3) (62.42)

mss 5 x 0,698 = 3.49
D8 8P3+gD8s = 29 (8+9) x 0718 212,2 ~ = 20,68
op7D8 ¢ 7 X 0,713 = 499

R ¢ (86,13) " (61.42)

9 x 0.706 6.356
x 0,71
9 x O.M = b.}sl.

> =19.81

(58.84)

706 = 6,354
271 > 219.8
9 x 0.706 = 6.354

(58.84)

i

. |

(4750) (83.16) l
i

Note: The numericals in. { ) show thosu for actual size.

F = Flooged
DB ~ Double Bottom
DS — Ducol Steel
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APFENDIX II

. SKETCHES ILLUSTRATING ACTUAL DAMAGE TO MODELS

WATER LeveL
— fFﬂ!ED SuPPORTING
- CA3E

2mm _WT Buo ‘

ja®® PROTECTIWE
PLATE ’

3THROUVGAS

) Figure 20
CONTACT EXPLOSION - AI™ LAYER PROTECTIVE
SYSTEN - 1/5.35 S:ALE, MODEL Dy
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Tws THROUSHS
(%ox3%0, 50xz00)

Z£00

Figure 21
CONTACT EXPLOSION - AIR LAYER PROTECTIVE
) SYSTEN - 1/2.97 SCALE, NODEL O
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Figure 22 “a )
CONTACT EXPLOSION - WATER LAYER PROTECTIVE
SYSTEN - 1/7.31 SCALE, MODEL K¥O. 2
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: ) Fidure 25
CONTACT EXPLOSION - WATER LAYER PROTECTIVE
SYSTEN - 1/2.97 SCALE, KODEL v
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WATER LEVEL

2.249¢

5.130

ol

cs\v1¥1s \ouwm&e Yo_MIOBLE BOTT.
TT0 % 4,800

Figure 24
NON-CONTACT EXPLOSION - AIR LAYER PROTECTIVE
SYSTEH - 1/2.97 SCALE, NODEL X
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FPidure 25
NON-CONTACT EXPLOSION - NATER . LAYEk PROTECTIVE
SYSTEN —~ 1/5.35 SCALE, MODEL P ’
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BATTOM

o ~ Figure 26
NON~-CONTACT EXPLOSION - WATER LAYER PROTECTIVE
: - SYSTEM - 1/2.97 SCALE, "MODEL Mg
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5.130

N\ ™o DAMAGE TQ

IHMNLR, SOTTOM

Cx 114

L 3 Fidure 27.
NON-CONTACT EXPLOSION - WATER LAYER PROTECTIVE
SYSTEN - 1/2.87 SCALE, MODEL 32
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CONATER L EVYEL

INNER BOTTOM 2

mmooLe * 1DS

ouTeEm ~ tD3

NO.| PLATE

: Figure 28
" NONzCONTACT EXPLOSION - WATER L4 YER PROTECTIVE
SYSTEN - 1/7.31 -SCALE, MODEL Mg
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Cx \‘1“’15 \ 3" THROUGHS OM INNER BOTTOM

(Sox190, 100x100, B XAO0)

Plgure 29
NON-CONTACT EXPLOSION - WATER LAYER PHOTECTI VE
SYSTEM - 1/2.97 SCALE, MODEL Mg
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CHAPTER T -
PREFAGE

Before experimenting with the resistance of a submarine hull
to underwater explosions, it is first necessary to know the

- characteristics of the pressure wave. A gauge was developed
for this, and, after experiments with thin cylindrical tubes,
a tentative theory of failure was developed., This theory re-
lated the period of vibration of the tube to the duration of
the explosion,. and from this the probable damege was esti-
mated., Thkis theory has proved to be fairly practicable.

E

A. The Characteristics of a Shockwave from an Underwater Explosion

l. . The Bressuré:wave} Assume that when £ = 0, there is & sphere with

radius aving an external pressure P,, and a distribution as follows: .
P = 29 (R-CT) (R-A) < OT<R
2R
P = g% (r-CT) R <CT < (R+A)
P=0 . For other velues of CT
. where: -
® = Pistance fron center of explosion

C = Speed of sound in water

.2, The explosion wave can be represented as a single saw-toothed wave
with maximum and minimum values (see Figure 1).

%%Q -and ;%gn !

Figure 1
SAW-TOOTH EXPLOSION WAVE
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' 2+ Relation between preééuro. wave length, and frequenoy:

.- When:
| G = Amount of charge (grams)
‘Specific weight of charge (grams/cm3)
Radius or'oharge (em)
Frequenoy‘(cycles/sec)
‘Weve length (cm)
G””-bpeed of sound (underwater) (om/sec).
The following is obtained:
a k/2_=’_,/}(-§1rc—/8)1/3
N cﬁ:’é/"='('5"%l’/3 ‘
Th., relations.of amount 5% charge, wave length, and frequency, are rough-
ly as follows in Table I where: N
C = 150,000 em/sec and 52 1.6 grams/ocm3

' Table I
RELATION BETWEEN CHARGE, WAVE LENGTH AND FREQUENCY

G (grams) ' .%,- a (cms) N (cycles/sec)
400 ‘ 3.9 0 19,200
1,700 ‘ 6.3 10,900
18,000 1 13.9 55400
200,000 : 31,0 } 2,420 -
400,000 : 39.1 1,920
Because the bulk modulus of the water will change when the pressure (P,)
inoreases, the speed. of sound (C) will change. Therefore, a correction
‘mnst be. made using the formula:

c Co {1+8)

the above results the following conclusions were made:

a, A "gaw-toothed" wave 1s the ldeal for an underwater shockwave.
. Its wave length is proportional to the size of charge. - .

b. The negative explosive pressure can never exceed the vapor
- pressure, and therefore it is assumed that the positive portion will
o exist.

0. ' The larger the charge, the longer the pressure continues,

lerefore, although the pressure smplitude is equal to that of a
small charge, it will have more energy for destruction.
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d. The wave length is an importent factor in pressure distribution
arourd obstacles. «In model experiments the wave length had to be
decreased in the ratic of the model charge to the full-size charge.

e. ‘- For measuring the shape of an explosion wave a very high fre-
quency meter is necessary, as the wave length of “he explosion is
very short. It is now known what standard is required.

CHAPTER II
MEASUREMENT OF UNDERWATFR EXPLOSION FRESSURES

A. - Apperatus for the Measurement of Explosion Pressure

_About ome kg charge was used for the experiment, and in thias case the bhasic

- frequency of the explosion rressure was 10,000 to 20,000 cycles/sec. Bscause
‘a higher frequency was expected to te measured, & pressure geuge was adopted
using piezo-electric effect as & means for measurement. This 1s the only
method by which the mechanical power of pressure 1is converted into electric

- power, and the result is recorded on &n cscillograph., This apparatus is the

- pessult of various improvements, and although its efficiency is not ideal, it

may be very helpful for the sclution of problems.
* The apparatus consists of the following perts:

Quartz pressurs gauge
Feeder lines
Amplifier

Wave recorder
Measuring instrumsent

For thejwholé:instrument see Flgure 34.

1. Quartz Eressure gagge: As an experiment A-type and B-type gauges
were manuf&ctured, both Oof Giken pattern. Details of their construgtion
are expleined in Appendix II. Screw or steel support is nnt fixed to
‘these mew instruments; for this reason the vibration frequency of the
gauge is raised, and the phenomena or reflection and penetration are easi-
1y observed. In the B-type especially, pressure is applied from both
gides of the quartz, and thus exceedingly high vibretion frequenocy is ob-
tained without belng affected by the quartz support. However, since the
‘surfuce of the gauge is parallel to the directiom of pressura wave, it is
not affected by the reflection on the quartz surface. But, thess instru-
ments are not free from defects, since the surface of the gauge 1is parai-
lel o the direction of pressure wave. and the results of the measurement
phow the average value at every moment,

However, in the case of a lerge charge, the error is only slight.

2. Feeder line: The feeder line leads voltege from the piezo-electric
gavge to the first amplifier. Since the voltage is statio, the insula-
tion of the conductor must be perfect, and completely protected from meg-
netic influences.

Hitherto no cable suitable for the purpose was available, and a steel
. pipe containing a single-wire line with amberold insulators at both ends
wes used.

The feeder line must be straight; if too long it is difficult %o set a
lead-wire in the weter, However, & special cable called "the high-fre-
quency code" was manufactured at the Furukawa Electric Company, &nd found
to br very effective., :
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_The new wire is a twisted copper wire covered with tin, and insulafed by
*steatite” insulators, About 112 meters of this wlire was used, having &
static capacity of 38 . £/km and an inductance of .48 mh/km. The whole
wire was contained in a steel tube to be protected from the underwater
explosion pressure. . :

3, . Amplifier: If the pressure gauge is placed near the charge when the -
pressure 1s measured, & sufficient distance must be put between the gauge
end the observer., The voltage caused by the quartz is statie, and it 1s
difficult to send it long distances without being affected by leakasze anc
magnetic influences,

For this reason an amplifier was put near the gauge, which converted this
voltage into a form easily transmittable. The output from this amplifier
was led by a wire to the second amplifier.

. The two amplifiers were connected by a captire cable, The diameter of

" this wire 1s 12mm and its length is 100 meters, having 100 uf/km of sta-

. tic capacity. 1In order to make the frequency of the gauge satisfactory

and to make the amplification factor small, we used a battery as a source,

" For the constrﬁction of the first and second amplifiers see Appendix IX.

4. fiave recorder: ' ‘
‘a, . Cathode ray oscillograph - in recording the transient wave train
of 1,k cyeles in %His,experiﬁent.'a cathode ray oscillograph should
be used, ' However, & "Braun® tube type oscllloeraph was used because
of the simplicity of its huudling,

b. Time base - when the phenomenon with the cathode ray oscilio-
graph 1s observed 1t is necessary to apply voltage on the X-plate
fixed at right-angles to the Y-plate, and thus the time scale is
applied .on the cathode ray tube,

 However, if the phenomenon is trensient as in the case of underwater
- explosion, it. is necessary to apply only one time scale, and thus
measure and record the phenomenon. Generally the discharge current
of a capacitor is used for such purpose, and the time is adjusted by
the combination of capacity and resistance.
"5+ - Trigger: Since the explosion pressure propagatss speedily and- the
wave Ieng%ﬁ is short, it is difficult to catch the wave at a particuler
“ point, This time it was caught on the cathode ray tube, and this method,
though simple, can be said to be almost ideal,

The velodity of propegation of an underwater sound wave is about },500

m/sec, and frequency of the pressure wave in the present experiment is
%5,000 eycles/sec; i.e., in 1/30,000 second it goes from 0 to meximum snd
ack to 0. .

- Accordingly, the wave length in water is about 50mm. Anyattempt was made
to catch and photograph this wave over & distance of 80mm, while the
fluorescent screen was effective, When trying to record the wave which
lasts 1/30,000 second (length of about 7mm), it must be deflected on the
time deflection plate at the speed of: 0.007 + 1/30,000 = 210 m/sec, so that

. it needs about 1/2600 second for the wave to move 80mm on the screen,

Figure 18 ghows the construction of a trigger amplifier., First, the spot
"is fixed at the right .side of the fluorescent screen by controlling its
position, and then it is moved to the left side for a moment by closing
the trigger. After that the spot returns to the right side, and then
goes Off the screen at the speed controlled by adjustment of the condemser
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-~ and resistance. .
a., Oscillator - am oscillator was used ir order to investigate the
sweep speed of the pressure wave and regulc.e its lsngth, After

" photographing the pressure phenomenon, voltege ¢f a certain frequency
‘'was applied on the axis, and the wave form regorded on the time axis
adjusted at the time of photographing. This time a wave of 10,000
cycles/sec wes recorded. )

b."HCamera #vthe wave form on the flﬁoreécent sdreeh was recorded by
a cameTa, Contax Sonnar f 1.5, As a result of various tests, Sakura
Rontgen film was found to be comvaratively good.

- .If the spot, i.e.; the 2zero, is fixed on the screen of the cathode
-~ ray tube from the first, halation appears on the whole photograph.
. It is desirable that some new method should be invented by which the
zero is first off the screen and the spot of light moved to a certain
position on the screen just before the appearance of the wave.

. If the Zero is 20 to 30mm off the screen and ar endeavor made tc re-
present the wave about 30mm from the center of the screen, the spot

- must move for 1/3000 second before the wave reaches the quartz pres-
sure gauge. Taking iatc account the speed of underwater sound, a
time axis trigger was placed 0.5 meters from the center of the screen
and this proved successful.

" Flgure 19 is an outline drawing of this equipment. """ indicates an
‘insulated terminal, and "R" a copper plate (20.lmm thick)., When the
pressure pulse strikes the pressure plate it strikes the terminsal,
‘elosing the trigger olrcult. '

" 6. Calibration: Previous to the experiment the crystal is calibrated by .
means of & static pressure. This static pressure is applied prior to evey
test by means of an Amsler testing machine. The expected peak pressure is
estimated and the sensitivity condenser is adjusted, The electrical appa-
ratus was designed so that it could be tuned to frequencies of pressure
wave produced by charges of up to 200 kg of: explosive charge.

In this test only a few. stages were necessary to go from zero to a maxi-
mur load, and errors from the leakage of piezo electricity were practical-
-1y nil. Figure 2 shows a typlcal calib:ation wave,

B. Capacity of Apgggatus tb'ReSROnd to Explosion Impulses

‘The freduencies which were required to be maintained were of the order of
10,000 to 20,000 eycles/sec, and this will indicate the capacities of various
-parts of the equipment, - : C

- Quartz recelver: The two types A and B, deseribed above were de-
vise ecause o 8 lowering of the natural periods of previous gauges
by various attachments. Type B has good following qualities es its na-
tural frequenoy is 270,000 cycles/sec.

- In type A thé:éteel suppo:t to the back of ths erystal is not perfectly
rigid, and reflection occurs at the boundaries, Hence the patural fre-
quency is not es good az the type B model. ‘

_ Table II shows a'compérison of steel and quartz, giving the sonic propa-
gational properties; while Table IIIcompares reflection characteristics.
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: Table IT . .
'SONIC PROPERTIES ~ WATER, QUARTZ AND STEEL
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‘Paterial

Bulk Modujus
(dynes/om”)

' Densitg
(gm/om?)

Velocity of Propagation
(m/sec)

]water {15°¢C)

2.04 x 1010

1.0

1430

Quartz

7.85 x 1031

2.65,

5440

‘Steel. -

2 x‘lo12

7.85

5040

Table: IIT
REFLECTION CHARACTERISTICS -~ WATER, QUARTZ AND STEZL

'ﬂateriél end Direc-
- | tion of Propagation
of Wave

Quartz

Quartz —— Water

Transmltted
Pressure *

Reflected
Pressure

Water 1.82 Py
~ 0.18 P,
1.93 P
0.07 Pg
1.46 Pg
0.54 Po

*Incident Pressure - Py

0.82 P,

-0,82 P,
0.93 P,
-0.93 P,
0.46 P,
-0.46 Po

Water' Steel

Bteel Watsr

Quartz Steel

Steel Qusartz

In type A the pressure recorded was 1.82 times the actual pressure at
that point.

When a nearly saw-toothed wave form containing up to the third harmonic
was incident, it was calculated that the recorded pressure was 2,2 times
the incident at 10,000 cycles/sec and 2.4 times at 15,000 eycles/sec.

2, Amplifier:

a, ecial frequency characteristics - the frequency response of
the emplifiers i% Tange 10 to 20 kilccycles, which is beyond the
flat frequency response of the gauge, was determined. The results
are shownkin Flgure 20. ]

b. Relationship of fre%uenc¥ and phase l&ﬁ - it was again hoped
that a at curve wou e obtained, bu e results are shown in

Figure 21,

Co Transient response - in addition to the above two characteris-
tiecs, The amplifiers must have a suitable transient responsse. To
sheck this a special circult was produced which gave a saw-toothed
wave of about 10,000 cycles. This was led to the cathode ray tube
directly through the amplifier, and the performance was compared.
(Figure 22.)

The cathode ray oscillograms shown in Figures 37 and 38, indicate
the type that is accepted in practice. :
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Table IV shows its. emplification sensitivity.

. Table IV
AMPLIFPIER SENSITIVITY

Amplitude on CR Tube (mm) Amplifica-
- tion Ratio*
Direectly | Through Amplifier

Wave Form

Low frequency | 12,5 14.0 1.12
1000 cyecles . ‘

Single saw- 9;5 9.5 1.00
toothed form

Single sine 17.2 18.6 1.08
wave

*Amplitude throhgh amplifier -~ amplitude direct
C. Experimental Procedure h

‘The explosive pressure at poiunts along & horizontal line through the center cf
the charge was measured for a given weight of charge.

Charges of 1.7 kg end 0.4 kg in special containers were hung verticelly witn
the explosive at the bottom. They-were detonated at depths of 2 meters amad
1.2 meters respectively. ' (See Figure 23.)

The disposition of the charges and bressure gauges is shown in Figure 16. The
~ geuge was flxed end the charges were placed at 3, 5, 7, and 10 meters away.
" The electric circuit of the gauges is shown in Figure 17.

ihotographs were taken iu & dark room with the shutter opened one saecond be-
fore: detonation, ‘ )

D. g?peg;mental Resultg

L. Presaure wave form: A typlcal oscillogram is shown in Flgure 39 as
obtained by an A and B type pressure gauge. It also shows a 10,600 oyecle
sine wave at the same sweeping velocity.

As seen in the photograph, tie pressure wave formation is a greatly re-
duced sine wave, a single wave being distinct. With the A fauge,. a small
vibration accompanied to the end vf the principal wave and tnereafter;
this however, 18 believed to be due to constructiomal peculiarities of
this gauge. With ths B gauge, this phenomeaon was not noted. Mathema-
tically speaking, the discrepency between the saw-tooth wave and the sine
wave 1is thought to be due to the fact that the detonation velocity is
Tfinite, and to the damping of high harmonics. Wave differences due to
distance trrom the explosion and to eizéd of pressure vibraticns were ex-
pected, but in this experiment were not noted.

'2.'- Relation between amount of e losive {charge) and 1le h of pressure.
wave {frequency): The frequency o¥ The pressure wave 1s ﬁven in gﬁe 3

 Frequencies, thus, ‘are 10,000 cycles for I.7 kg end 14,000 for 0.k kg. Ir
‘the velocity of propagation of underwater pressure waves is 1502 m/sec,
‘the wave lengths e¢re respectively l5cm and 107cm.

According to the experiment conducted by the Research Division of fheAnb.
2 Powder Depot, the fre uency of the pressure wave, wher 35 grams of -
.powdared-tet:yi were used as an explosive, was approximately 32,00Q egclss.
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This experimental value is shown in the seme chart in comparison with the
A value computed using 2 ball chargé. In this regard, the tendency for
pressure wave frequency to decrease in proportion to the diameter of the
explosive charge produces & result in agreement with the result previously
ptated, This circumstance is a phase of the problem of explosive loading
of structures which will require further research for clarification.

3. Pregsure amplitude: The meximum pressure amplitnde obtained by the
statically calibrated value of the maximum amplitude shown in the oscillo-
gram is given in Figures 24 and 25,

Generalily speeking, when sound waves pass the boundaries of different
" media, they are either reflected or else they pass on through. Thus, true
pressure amplitude is not shown in underwater measurements obteined throush
the use of an A type pressure gauge. i
In Figure 24, the ratio of pressure values obtained through the use of £
and E type pressure gauges is 2,57. The principal reason for this is the
fact, as stated above, that pressure increases 1.89 times upon passing-
from water to quartz, Concerning this increase, it must be noted that the
guartz sectlion of an A type pressure gauge is imperfect. On the other
"hand,. the pressure surface of a B type gauge i3 of suck size that pressure
wave lengths cannot be reduced, and therefore gradually lower values are
showm, 1In Figure 25 a comparison between the modified value obtained frum
- both of these instruments is given and apart from the above-menticned con-~
sideravious, 1t is believed that the modified value obtained from ap A
Type pressiure gauge extends only to third-order harmonics and errors may
therefore be present.

Lo . Decrease in amplitude: The following formula expresses the decrease
of pressure ampIIEuge which accompanies the increase of distance from the
center of ‘the explosive charge:
when: P, = Initial pressure )
a Dista&ce from center of explcsive charge
P = P4 T «07

E. Effects of Water Pressure Due to Expansion of Detonation Gases

Until now, conmcern has been given only to the elastic impulse waves created by
the explosive charge; however, inasmuch as there is also a change of water
-pressure oreated by the gases formed in the area of the explosion, the influ-
ences of this pressure as it concerns depth charges and submarines must be in-
vestigated, TFor this problem, KIYOMIGU'S research efforts provide a clear
‘answer. According to his results, the effects of water pressure at a distance
of about 10 times the diameter of the explosive charge may be safely disregard-
ed; he shows elastic lmpulse waves as the principal element of explosive force,

In célculaxihg’these distance limits, the following is true:

. Explosive Weight N ~ Approximate Distance

1.7 kg 120cm
150 kg, 560cm
200 kg’ : 620cm

In view of the above figures: on pressure propagation, it is clear that the
effects of water pressure, in3ofar as the limits of this 3iscussion are con-
cerned, may be disregarded, :

. Conclusions

The length of the elastic impulse waves, which are produced by underwater de-
~tonation or the explosive charge, is established as increasing-with the size
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‘of the explosive; that is to say, the wave length is proportional to the cube
root of the welght of the explosive, -

When the welight of an explosive charge runs into tens of kilograms, the im-

pulse wave frequencies are 10,000 cycles more or less.: It is believed neces-

sary that the "following potential™ of the apparatus used to record pressure

wave formations be capable of handling frequencies in excess of those mentioped
“ above, . :

CHAPTER III
VIBRATION OF AN ELASTIC BODY UNDER EXPIOSIVE LOADING

~A. General

When an elastic body is acted on by a transitory force, as in an explosion, a
forced and natural vibration are simultaneously generated. After the extermal
force ceases to act, only the induced natural vibration remains. This naturel
vibration will consist of fundemental and various harmonics including those of
very high frequency.

The displacement can be represented by:

525 Sp (Z) Ta(t) eeeevnrnnnnnn. (IIT-1)
ns=1

if the body has been acted on by a transient force 3.1.1l. which is a function
of time; n represents the haromonies in which it may be vibrating.

The factors controlling the high-~freguency vibration, induced by a transient
explosive force of a plate as a whole, mey be verified by investigating the
convergence of this infinite series., The quantity = S (X), obtained by mak-
ing T (%t} = 1, gives.the static deflection of the wholenbody when the peek
value of this force is applied slowly. Tp(t) is the parameter which indicates
the ratio of the displacement at any instant to the static displacement by an
equal force., Its characteristics are determined by the type of impulsive

force, the natural frequency of the body, and the demping characteristics of
the system, !

Calculations on the vibration of a rectangular plate already exist {Rayleigh,
MUTO, and KAMI), but some further calculations were made.

B. Amplitude Coefficient

If consideration is given the ith frequency of vibration from formuila (ITI-1)
55 = S5 (X) Ty(s) |

and the maximum value of 8, occurs when T.(t) is at a maximum., The maximum -
value of T;(t) is called the amplitude codfficient and will be demoted by X.
The value of X differs according to the external force wave shape and the na-
tural period of the slastic body. The results when an independent sine wave
impulse is applied are shown in Figures L and 5, :

In Figure 4 when © T 0,62« by means of the curve, X = 177.

Figure 5 shows the displacement for various values of & for a body acted on
by ‘sinusoidal impulse, @

In Figure 5 it can be seen that when «, which is a function of the period of
the applied forece, is small T(t) — 1. This is similar to static loading.

When o« ¥ 0,624 T(t) reaches a meximum value of about 1.77. At this stage the
shockwave is setere, Ase increases, the mazimum value of T(t) — 0. This shows
that an applied force of small duration rarely affects the body as & whole,
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CEAPTER IV
CRUSHER GAUGE READINGS

*

A. Theoretical Examination

‘A crusher gauge 1s frequently used in explosive experiments, but it does not
record the correct shape of the pressure wave, Variations in readings occur
as has been explained In Chapter IIT,

The crusher gauge may be considered as an elastic body with one degree of free-
dom. It is made up of a shock-absorbing piston; a movable mass, consisting of
a ball; and an elastic spring in -the form of a chpper rod. The depth of inden~
.tatlon due to a static load of the copper rod end the load are in direct pro-
. portion. Using this (Figure 6), it is possible to determine the elastic forece
of the spring restraining the load which creates unit indentation. :

Therefore, the reading of the copper rod will probably be dependent upon the
relation between the period of the explosive wave and the natural frequency of
the gauges. '
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. Figure 6
INDENTATION CURVE FOR CRUSHER GAUGES

B. Experimental Results

To verify the above conclusions, experiments were conducted with 1.7 kg of pic-
riec acid. The effect of varying the following was tried:

dle ~The mass of the "shock-absorbing piston™ of the crusher gauge.
2, The frequency of natural vibration of several gauges by using lead
es well as copper for the rods.

The readings of the various crusher gesuges at a given peak pressure (meesured
by quartz gauge)} were obtained, Figure 26 shows the variatiom of X Withlu/ab
where:

: Wo = Angulser frequency of vibration of crusher gauge
W = Angulipr frequency of explosive defined from its wave length
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N

Details of the gauges are given in Table IX.

Figure 27 includes many scattered points, but as the friction of the movable
part of the gauge and the Internal resistance of the copper rod were not taken
" into account, this 1= not comsidered unreasonable.

- c) Con¢lusion

The crusher gauge cen be considered as a vibrating system. The displacement,
- when acted on by explosive pressure, is in the ratio of the displacement am-
plitude to that displacement given by an equal static load. It is dependent
. on the relatlon of the patural frequency of the gauge to that of the explosion,

- The crusher gauge may be read by converting the indentation to its equivslent
" static load, although it still does not indicate the maximum value of the ex-

“plosive pressure, With the same type and amount of explosive, if the physical
characteristics of the rod and piston vary, readings will vsry. Even with the
- same gauge usling different charges (or different frequencies of explosion),
the ratlo of its reading to the peak pressure will not be constant. This re-
lation has been quantitatively obtained. '

Large indentations of the ball of a gauge will give inaccurate readings.

CHAPTER V
STRENGTH OF A CYLINDRICAL SHELL, SUPPORTED AT BOTH ENDS
- AND SUBJECTED TO UNDERWATER EXPICSIONS

A. Introduction % B

The .problem bonsistsﬁin first, studying the distribution of pressure over the
. surface; secondly, obtainling the mode of vibration and relating this to the
- statical collapsing pressure.

B. . szgothesis

In general, when an elastic body 1s subjected %o a transient force of f(t),
the vibration shown in equation III-(1l) is induced. When the amplitude of the
initial impulse of f(t) remeins constent and the fundamental vibration fre-
quency incrsases, the equation will tend to become fixed, and depend mainly on
the initial impulse amplitude. At the same time, the effect of the natural
freguency is still evident to a minor degree,

The pressuré hull of a submarine may be treated as this, and it is thought
that the vibration causing demage may be based on such a relation.

The distribution of pressure is not constant even for a simple sine wave and
the treatment becomes very complex.

The following assumptions are made: P

1. ' The total surface of the cylinder is subjected to eXplosive pressure
of'the same phase and wave length.

2. The wave length is constant and the same as at a point remote from
the cylinder. .

3. The cylinaer develops a constent form of vibration and the predomi-
nent harmonic is the one which gives the maximum value of X,

ke Dividing the static collapsing pressure for this mode by the effi-
ciency of wvibration inducement, we obtain the peak pressure of the explo-
slon at which the shell will just begin to collapse.
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5 Since the force acting on the shell changesisuddeniy, the elastic
1limit and yield point of the material is unimportant.,

6. The wave form of the explosion 1s a simple sine wave,

C. YVibration of the Cylindrical Shell Supported At Both Ends

%here are many .instances of treatment of the vibration of & cylindrical shell,
ut no explanation for one which is fixed or supported at both ends, In the
approximate explanation in this case, neglecting displacement in radial direc-
tion and the change on longitudinal and circumferential direction; and consider-
ing only the bénding vibration in the case of & thin cylinder shell the follow
ing equation 1s possible.

fn:'i E ("izxjnz) secesnecsesvssese (V—l)
4 2 - ! ]
| e |

m--fﬁ'— Where I-l:13 5, $ssccsvocrssocrsvocse

Diameter ot cylindrical shel?

Thickness

Unsupported length

Density of material

Poisson's ratio _

No. of half wave lengths of circumferentiasl direction
No. of half wave lengths of longitudinal direction

provided that:

T+
i

Next it is necessary to consider the virtual mass of water. Approximstely, the
part surrounded by the nodal line is considered to be a flat plate, and the cal-
culation for the decrease of vibration frequency is used when an oblong plate
is vibrating under water according to the graph of the sine wave displacememt
l.e.3
fa

colc.'taoocoioo_o-ooo.o-o.onc..o’- (V—-Z)

ab
W ®escesecsseesnrcsseoeecsc (v"3)

Underwater frequency
Frequency in air

Density of water

Density of flat plate
Thickness of plate

Distances between nodal lines

In the above formula, e ‘the value when weter 1s present on both sides of
the plate. -This value is one-half when water is on one sjde only.

C. stat;c Collapsing Pressure of the Cylindrical Shell

When the dylindrical shell is. subjecfed to statlc pressure, the critical pres-
surse may be calculated in accozdance with the following TOKDGAWA formula:

Pcr2m2) [m -3»1.-2 (S {-(n2+o.2)2 ﬁz}-‘ cecenas (V=4)

: provided'that: Per - Collapsing pressure
' Thickness of cylindriecal shell
Meen Diameter of cylinder

Unsupported length
137

S
D
L




RESTRICTED

= "Young's modulus

‘Poissont's ratio

. No, of lobes
b

i 22

B
. 7 =
n -
‘a

=
I

= Correction factor for-and conditions

. / ) . )
At-presenﬂ, the value or n is extremely large compared to a,and therefore, the
above equation can be expressed as: '

Per = 2/31'1_1!_2 (s/?)3 4 (as)
v
" provided that: ‘
¢ (0a) = 1 { 02+ «?)2 - oF (202 } cevecsrees (V=5)

(n= 3+ 4% o°) ncs o

P

| % 2243.3 (p/1)%-%

Turther, when the hoop stress exceeds the limit of proportionality and the

" yield point. this is not valid. i ;

'E. Cmlouletion of Critical Pressure Ageinst Explosion of;p;?ig@ricél Shell

1. Y¥ibration mode'of critical pressure against explosion of cylindrioél,
shell;, whiph gives the maximum efficlency in relation to the frequency of’
the explosive pressure wave,

In practick the underwater explosion pressure wave may be considered to

e an exXponential single sine wave; therefore, the frequency f(m) of the
cylinfirical shell which gives the maximum efficiency X, in relation to the
pressyre frequency N, may be atteined by N/f, = 0.167, ‘

onsequently, when the weight of charge is given, the pressure frequency

‘may be obtained by the formula shown in Chapter I, Section 2. From
this, the mode n, which should give the required frequency of the under-
water cylindricel shell is calculated by formula shown in Chapter V, Sec-.
tion C. This gives the number of half wave lengths--M--at the time of the
o0llapsing pressure, when the ceylindrieal shell is subject to en explosiocn
pressure of frequency N.

2+ Limiting explosive pressure: Pcp, the critical statical collapsing
pressure Tor the mode of vibration (n) calculated above, cean be found as
shown above. This pressure multiplied by the amplitude coefficient gives
the critical explosive peek vwressire for the frequency N.

F., Results of Model Experiments

“l. [pain points Of experiments:

B, Brass cylinder machined from solid brass See
be Mild steel cylinder Figure 27
¢. ‘Pressure hull model and Table X

Chargesﬁ 0.k kg andAi.7 kg picric acid. ‘

The experiment was conducted at the testing temk at the Naval Technical
Research Imstitute, The majority of experiments were conducted in a
depth of two meters with the exzplosive wave normal to the axis of the
cylinder, ‘

Additional experiments at sea off YOKOSUKA used 18 kg and 400 kg charges.
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‘2, Results: Results are shown in Figures 14 and 15. (0)indicates ks
estimated critical {valanced) distence and also the estimated balanced ex-
plosion pressure. The balance pressure is defined as that which will just
cause a slight permanent set (for convenience of conclusivsness).,

The deformetion, to be assumed in this case, is 0.1 to 0.05% of the dia-
meter of the c¢ylinder. Photographs of models demaged at the critical dis-
tance are shown in Figures 40, L1, and 42.

3. - COmQ%gison of experiment and theory: The comparison of calculated
and actual pressures an stances, are shown in Tables XTI and XIT and
Flgure 28, »

For large changes, no quartz gauge readings:are available; and crusher
gauge readings were corrected by the revised met%o& sho in Chapter VI,
Section C. The formula to be revised was P = KnOe45 g-1:07 (gee Figure 7)
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o Figure 7 .
REVISED GRAPH FOR DETERNINING UNDERWATER EXPLOSIVE PRESSURE
FROM PRESSURE GAUGE READINGS

It appears that:

8, There are differences between the calculated ang experimenta}
- values for the number of lobes in the mode of failure, but high fre-
quency modes are predominately induced.

b. If D/» is constant, the ratio of experimental ;50 theoretical
velue 1s approximately constant (see Figure 28).

As the calculation of critical explosive pressure is based on &
simple and bold hypothesis, the results are fair. The differences
are due to the fact that as D/A varies there is no fixed distributim
of pressure. :

Therefore, calling the ratio of experimental to theoretical values
A, the ratio may be plotted against D/\ and used as a correction
factor in future calculations. - .
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CAILCULATION OF RADIUS OF DAMAGE
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Experiment

Full Scale Model

Model for Depth

-Model dimensions
(outside diameter X plate
thickness x frame spacing)

550cm X l.kem

X 70cm

83.14-@ X 0.29cm
X 9.8cm

‘Wb, of explosive
(Picric acid)

U8 kg8

100 ke

Pressure -.ve frequency, N

2670

3045

Pressure wave length A

| 56.1cm.

49.3em

103

37

7 (number of lobe) at X max
X

1,7685

1.7681

" P er at n

259 kg/on®

101.2 kg/ca?

Critical Pressure
(calculated P cal
= Pex/X )

146.5 kg/om®

57.2 kg/cm?

~

/A

9.80

e

1.69

Correction factor, A

0.315

0.692

Required Oritical pressure P

4.1 kg/aal

3é.6 ‘kg/cmzrﬂ

i

Angular frequency of
copper: cmsher gauge

- 2.39 xilol"_rcycles/sec 1

2;39 x 104 cjcles/sec 7

Angular frequeney of -
pressure wave w o (=27 N)

1.68 x‘}.Q" cyc es/sec

1.91 x 10% cycles/sec

wo/Po,

0.703

0.800

Correction’ factor to
copper crusher gauge

1.754

1m0

Pg at copper crusher gauge

80.9 kg/am®

67.7 ke/ca?

Critical pressure (copper
crusher gauge)

82.5 kg/em?

67.7 Kxe/em?

Lethal radius (measurmg from
outside of modal) '

39.0 m

38.4m

Correciion for outer hul.flf*

0,98




G. = Uonolusions

. A correction factor A wes obtained depending on the ratio of: diemeter of shell:
(D) to the wave length of explosion (r). :

 Tables X, XI, and XII show that the relation between statical collapsing pres-
sure- and c:itical,explosive pressure is irregular,

Iﬁcrease‘in size 1ncreases eritical explosive pressure without necessarily
raising st&tical.collapsingrpressure.” ]

: : S CHAPTER VI '
BLAST .RESISTANCE OF PRESSURE HULL OF SUBMARINES TO UNDERWATER EXPLOSIORS

A. Introduction ’ -

A submarine's imnner pressure hull is mede of one layer or thin circular ma-
terial, By using the data noted in Chapter V the blast resistance of the pres-
sure hull to various types of explosive charges can be determined. Since in
submerines there is & thin steel plate which is outside the pressure hull and

. which is separated from it by sea-weter or heavy oil, the blast effect will be
- diminished by having to pass through this outer hull. In this discussion, cala=
culations will be presented for blast resistance against the pressure hull of

a submarine snd the results of a practical application of the data obtalned.

B. Comparison of Previous:Experimental Results and Now Methods of Celculatimm

. At the Kure Navy Yard, blast pressure limits were calculated from experiments
on large-scale moddls and special models Tor depth tests. The A coerficient

based an the experiment explained in Chapter V, Section F, Sub-section 3 wes

wodified; thereby meking it possible to calculate the radius of damage by &

~ pressure formula derived by means of a copper orusher gauge. The resulis of
‘this calculation are given in Table V.

. In Table v asterisk represents the pérmeébility of explosiye blast waves on the
. outer hull; in the experiment on the full-scale model, plate thickness of the.
_ outer hull was Smm. ‘ o
e : - ‘Table VI

-~ RESULTS OF TEST SUBSTANTIATING CALCUIATION OF LETHAL RADIUS

Distance from _ Pressure Exerted "Conditions
Charge to the -on Outer Plate: of
Quter. Surface: (as registered by : Damage
of Pressure Copper Crusher
Hull = : gauge)

48.3 meters: 0.72 kg/mm? No permanent set on
: - o : pressure hull., 10 leak-
‘ ing rivets, but nc pe~
netration of water
was observed,

Producsd permanent set
on pressure hull.
. (Maximum set 1l5mm,)

Considerable damsge to
outer hull, (Meximum
deflection 560mn,)

i
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Elthoﬁghfih,masv&ifficulm;in.thiS'ex@srimeht'to ascartain the critiocel distance,
39 meters is considered reasonatle by the new svatem of computation.

he results of model #ests-at various depths are as shown in Taﬁie V1.
[ As7shownuin‘Table:VII, there were discorepancies at various depths; the direct

~ distance betwesn depth charge and target was beiween 32 and 47 meters, TFor
the new calculation, this distance is consldered as 38.4 meters.

C. Formulae for Lethal Radius of Submarines

.In the newfmsthbd of calculatioﬁ eritical pressure for the various scanflings
of a submarine pressure hull was obtained as follows: h

S = 8.4 s1:97

Criticel pressure (kg/mm?)

- Weight of explosive (kg) .
Eiamcterjof_pressurevhull;(m)

- Thickness of pressure hull (mm)
Frame spnacing (mm) :

: Ifrwas‘decided that the above formula could be used practically, The relation
between lethal radius and weight of explosive is shown in Figure 29,

When there is more than 12ovxg‘of explosive, d «cQ+545
en there ls less than 120 kg of explosive, d «CO.405

Thus, leth&lfradiﬁS‘is given'dpproximafely~by the following formulae:
' a = 51 gUe405 pl.36 g-1.84 70,028 ; CZ 120 kg
d = 26,5 ¢0°545 ple36 g-1.84 §0.028,C5 120 kg

- Since this calculation is made only under set circumstances, care must be taken
in the use of the above formulae, In view of the fact that certain errors can
appear; when the pressure hull is mede of material >ther than mild steel, when
the dimensions of the pressure hull are elither par’ _.cularly great or smsll,
when the type of explosive varies, or when the weight of explosive varies, etec.,
at least one check must be made, :

" D. Definition of Lethal Radius

Foxr the gake of. convenience i1n a theoretical analysis of critical pressure amd
lethal redius, it is assumed that only & very small permanent deformation will
be craateds o .

’Thereforé,‘even though leaking rivets appeared and caulking was damaged within
the lethal radius, no vital damage was sustained.

The distance at which & submarine would be disabled ﬁnder battle conditions was
- agsumed o be half of the distance defined here as the critical (lethal) dis-
- tance. (This is based on full scale trials at KURE.) '

E. Relation Between Explosive and statical Strenmgth

As ?revidusly stated, the effect of a shockwave depends upon its frequercy and
the elasgtic properties of the structure subjected to an explosion. '

]
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K‘sﬁruéturé ofvlarge.statical-strgngth;is not, therefore; neéessarily strong
‘against -explosion. In other words, the ratio of stetical strength to dyramical
atrength Is not constant. The value of statical collapsing pressure can be ob-
tained from the following formlas. .
~ ' : , B p 0.-85 g 2.275
) Pst = 0.602 Et—) ()
- {Hoop stress being lower then E?%elim%Fégr preportionality)
' ‘ . DY s+ ' o '
N - Pst = 0.0418 E &) A

{Hoop stress being over the 1imit of proportionality)

Calculating the value of eritical pressure ageinst explosion from the fdfmnla
in Section C, the relation of the two strengths is'obtained: i.e.: static

collapsing pressure and dynamic critical pressure against-axplosioﬁ, as shown
in Figure 8. - : - o . o .
- Chenging the above formulae:
. S gR2”s
Fe @ DLIZ5H0.85
‘ gl.69

Hoop stress being lower than
the 1limit of proportionslity

P a . ' : ~ Heop stress being over the
. Tst ;Dl.23]8L46 o 1imit of proportionallity

Considering thegcase‘when‘each,parameter b, S, or X, changes its magnitude,
the curves shown in Figure 9 are obteined in which abscissa and ordinate indi-
~ cate respectively dimension ratio and strength retio; that is, ratio of Pgy OT
Pitdﬁg & given standard. From these curves the following results can be cOn-
cluded: : ,

1. The effects of diameter and wall thickness upon the statical strength
and the strength ageinst explosion are nearly the seme, end in order to
increase both.of these together, an increase of wall thickness 1s most
efficient. - :

2. Decfe&sﬁ,of the frame specing is comparatively efficient for incr "S-
ing statica;’strengthlbut has little effect on the strength against
" explosion. .

F. Determination bf the Dimensions of the Pressure Hull of Submarines

An applied exemple of the lethal redius is shown when the method of determining
the appropriate thickness: and freme spacing when the dismeter of inner hull end
the safe diving depth are given. Putting D (diameter) = 5.3 meters end H depta)}
= 80 meters for- simplicity, the manner of calculation is as follows:

le g-f curve: If D.= 5.3 meters and H = 80 meters, using 1.5 as &
'gafety-facgor, from the‘formula'%gr statical collapsing pressure,described
‘above, the relation between same . can be found and the curves shown in
FPigure 31 obtained. But hefe,,e can be selected freely; S, however, is
determined as 1k, 18, and 20mm by ‘the limit of materials available, and so

the curves must. be corrected as shown by the dotted lines.

2, - Dimension.of frame:. By the formula for the strength of frames:

< 3EI
FET %

?§ (determinéd as 1.2 timeé the statical collapsing pressure as is custom-
¥y

afy) and R (the radius of pressure hull) being assumed, I can be caleunlsated
‘as a function ofj@L.' Thus, for four kinds of bulb angle sections in ser-
vice, " -the range of effeqt{ve'scantlings can be determined from the table

e




M.

Notation | Dimension of Statical
. Cylindrical Shell |{Collapsling
Pressure

D{m) |S(mm)|L{mm) { (kg/cm?)

5.0 18 600 | 16.5

5.0 1 14 6006 10.8

5.0 18 400 9.8

6.0 | 14 | 600 8.6

™~
~
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" STATIC COLLAPSING CURVE 'VS. DYNAMIC CRITICAL PRESSURE

06 .08 0 Lz L4 16
DIMENSION R3TI0

- FOR_EXPLOSIVE: PRESSUTE.

- FOR, STATICAL PRESSURE

——————  HOOP STRESS UNQER LEITOF PROFORT 100N ITY

e HOQP STRESS OVER LIMIT OF PROPOTTIONRLITY

Figure g

_ CRITICAL PRESSURE RATIO.VS. DIMENSION RATIO

¢




s01-9 - RESTRICTED
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of'étandard'siie_éf“segtions for -hulls df“warghipS’and merchant ships. ‘

3. Weight curve: 'S and dimensions of frame being determined as above,
- weights may be expressed and distributed for the frame and pressure hull
- platq‘as~shown«by'the formulae below, : o .
" In these formulae, detailed items like weight of butt straps and the dif-

~ ference of welght corresponding to the various methods of attachment were
- neglected since the mein purpose is to check the weight ratio.
" The weight of the pressure hull plate:
| - Wp = prDSL
The weight of the frame: h

here: . = Density of steel material
- WZ'Weight of angle section per meter.

On,putting L= oﬁe meter,fboth formulae will give the weight per unit lengh.
The curve W in Figure 31 is the sum of these Wp and Wg.

b curve of lethal radius: The lethal radius can be obtained by the

- Pormuld shown in 65&;Eer;VT, Section C using the relation between S and fZ
.deseribed esbove. For exeample, the curve d was drawn for the lethal radius
when the charge weight was 150 kg.

After obtaining all the curves in Figure 31 in this manner, the following
can Ye examined: ; P .

The dimension for which the weight may be least is (1) £ = 320, S = 14 and
{2)£= 635, 8 = 16, The former is slightly better than the latter against
statical pressure, but far worse against explosive pressure. Moreover,
. considering the method of construction, the latter is thought more adequsate.
In addition, the case of £-= 960, S = 18 may be worth considering because
. of the increase in resistance to explosion, with only a small' increase in
- weéight. . ,

G. -Conclusions

In.applying5the result of the cylindrical,hodel‘tests to actual submarine con-
struction, the method of calculating the lethal radius of submarine for the
depth charge was obtained. °

Having determined‘the relation between static strenéxh and lethal redius, a
method was found for designing a pressure hull to resist depth charge attack.
It should be noted that the frame spacing has no effect on resistance to depth
charges. e . ' . - '

o o CHAPTER VII )

PROPOSALS FOR INCREASING TEE POWER OF DEPTH CHARGES
‘Damage depends on the duration of the shockwave or rather on peak pressure and
duretion. Improvement can result by increasing elther of these or both.

In generat, an_increaée in pesk pressure increases sensitiveness and decreases
.the stability of the explosive. It is proposed that an explesive be found with
increased duration. The writer not being an expert on explosives is unable to
discuss further details, put feels that an explosive with a slower rate of de-

tonation might be useful provided the peak pressure is maintained.

146
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-‘Flgure 10 shows the peak pressure w h will cause the same damage with varying
- durations of wave. -

SIZE OF PRESSURE NULL.

WENHT OF CHARSE = 1S0KY.
8- Qesom, & -2 gjen?)

L e 13 1.4 15 [ X3
Ao

’ Fzgure 10
HMKPME&REVS WAVE DURATION

S CEAPTER VIII
L » CONCLUSTIONS

- The required eonditions for the. performance of a pressure gauge were determined
from the- theoretlcal Study of the strength of:a submarlne pressure hull,

8

Thls research related the pressure formed to the melght ol the charge.

The momentary cnange of elastic displacement. in the case of a structure sub-
Jected to explosive pressure depends on the duration of the  impulse and the
period of natural vibration of the structure. As a simple example of this
precise readlngs of the copper crusher gauge as-described above were recor&ed

The simple theory or crusher gauge readings have been expanded sxperimentslly

to the calculation of critical strength of thin cylindrical shells. The method ‘

of caleculating critical strength was determined by first obtaining the correction
~ factor due to the relationship of the damage to the size of the cyllnder end

wave length of the explos1on.~ ,

‘This theory we.s expanded to the pre3sure hull of a submarine and the lethal
-radius calculated which compared reasonably with full scale tests done pre-
viously.

The correct mﬂterials for the constructlon of the pressure hull were determined
“after relating the statical collapsing pressure to the critieal pressure in ex-
’ p1051on. T .

From the knewledge-gained,rimprovements for future depth charges are recommendsg.

i
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, o  APPENDIX I
. PROPAGATION OF UNDERWATER EXPTOSION PRESSURE WAVE

On'firing ah'underwater charge; a certain pressure (Py) is generated which pfo-
pagates spheriqally.‘ Thevproblem should be approacheg as follows:

~7'"What=is the'pressure at any point at time to?"

- mhe initial condition being that there exists uniform condensetion Sy inside
‘the sphere and S = 0 outside the sphere atathe time t = 0, then
e=5-1F7

_ - . : Po dp. P = pg

Pressure at & point af time t©

‘Bulk modulus of water :

Degree of condensation -

Propagation velocity of underwater sound wave
Density of water atb stétical condition

‘ dp
K=[R-—=1 v
:P—’DO :

‘where:

P

K,
- Sﬂ
c .
.po.

- R o Po
By the formula of elasticity

. P:KS ...l‘l...lov(l)
Thé egu

7 Also py'formnla (2) 7
7 » . 4‘ , ' . ¢= CZJ‘:Sdt-}- ¢0 . ‘.,.’.--.,".. (Ll-)
Thg_equation-oﬁgcontininuityﬁis 1

at 'ax -é? : _0‘500000... (5)
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'?utting'thp formulas (3) and (4) into this

[ PP P 3% 6
—_— = 2. —T — —_— IR NN RN R RN NEX RN N
et StttV e -+ (6)

. 8ince the phenomeﬁbn is symmetfical about thz origin, formuia (6) may
as follows: '
.

‘3%22 (7¢) - Cz ‘;;2_ (’)’¢) o“no-.o.o-o..‘.' essscsavee (7)

Here y=[ X TV + &

the general solution of equation (7) has the form

y¢=f(ct-’y)+F(ct+‘)’) SvsesvevnVesecsnssnae (8)

Since there is no source at the origin 7 = O

lim % ,

(= —=y% )=

- : vy —0 B4
Consequently it 1s nécessary
Flet ) + Fl et )
Using tnisgwef@an write formula (8) as follows:
’yé"-‘F(Ct""}’)‘F(ot’_’y) ess0 00000 EONGIREGIGCEE0E (9)
Since ¢ =0 at t = 0, by formula (9
: ¢ =7 » Fly) —(.F?—'y) 0
or’ - Fly) = Fl-y)
. F'{vy) - F'({-y)
and next by formula (9) ,
= = t CF' (ct + 77,;—CF? {ct - ) ]
¥4

20 F let + ) = F' et —9) 1 - seesecsasaasss(l0)
ve - o

§=8, 7<a
also ‘ . at t = 0
. ' . : 5= 0 4 > a

Therefore, by formula (10)
2F* (y
ye:

=8,y 7 <a

S 1 [ F'(y) = F" (=) ] =
ye ‘

' 2F' (y)
s ,—l—[F"('y)-F'(-fy)]‘= Y 0O, v>a
ye - ye

3

F'(y) =—2°-')'C, Yy <a
N ..'oo.ac--o-o-noo--.‘ooo.ooc(ll)

F' (y}=0, ¥ >a
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substituting to equation {10)

‘g = 0 =d=mtmmemm fOF other values of ct except those listed below. ]
g R ’ - R .
B == (y ~ct); (¥ =& ‘ ‘
o Ly ~et)s ty = a) i» e (120
S . S
S——°—(-ct) <et < (y + al
2777 Y 4 ) J

As P = kS, we obtaln the value of # at any time t, whieh is shown graphically
-as follows- ‘

T8

\,
u“[\= E

- Figure 11
SAW-TOCTH EXPLOSION WAVE

"l‘hus the pressure Po expands as a spherical wave which consists of positive and
negat'ive pressure i aPof2y , respectively.
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LR _ APPENDIX II
’ UNDERWATER PRESSURE GAUGES
A, Qnértz Pregsure Gauges

1., GIKEN Type A receiver (Figure 32): This gauge has a receiver made of
quart®z cut to generate pilezo-electricity. In Figure 32, Q, Q are the
queartz crystaels, cut along the plame normal to the electrlc axis., They
are 25mm in diameter and 1Omm thick, Each is plated with silver on both
plane surfaces. The two pieces-lie against each other with opposite
polarities touching, They are separated by a circular sheet of aluminum
foil (4 = 25mm and t = 0,5mm). This Foil is insulated from the earth and
the opposite surfaces are connected with the earth.

¥ is a finished steel holder designed for quick removal, B is an insulat-
- ing materisl of beeswax and pine resin which insulates the gquartz and fixes
it to:'the steel holder. D is a covering plece protecting the insulstion
. from the explosion. is a thin wire connected to the aluminum foil and
‘has amberoid insulator% &s well as normal insulation, It leads the piezo
voltage to the 'feeder line Cp. This is shielded by a steel pipe (SP) 35mm
in diameter and three meters long which takes the fecder linse to the sur-
- Pface of the water, P is a waterproof packing.

The receiver is also fixed by bolts to a large iron weight when in usse,
(See Figure 35.)

The feature of this receiver is the amplifier used to raise the natural
frequency. One surface only of the quartz is exposed to the water, the
other beams directly on the finely ground surface of the holder, This de-
vice does not use & plunger on the receiving surface as a means of fixing,
such as steel balls and springs, in order to maintain its high natural
£frequency.

_ On the other hand reflection and transparency at the boundary may affect
this gauge. The edge of the quartz surface has to be carefully packed with
wax and pine r331n.

2. GIKEN Type B receiver (Figure 33): The quartz unit is 5mm in diasmeter
and 5mm thick, The two pleces are oriented on top of one another in series
with both surfaces exposed to the water, The lead wires are water-proofed
with wax in the same manner as Type A. (See Figure 33.)

The quartz unit receives the pressure wave simultaneously on both surfacss.
It has a natural resonant frequency of 270 kilocycles and a Tlat response
‘eurve to pressure waves acting on it. Since the receiving surface of the
crystal unit is parallel to the direction of the propagated pressure wave,
there is no reflection from the receiving surface. The value recorded by
the crystal unit is the mean value of the pressure wave striking the re-
ceiving surface af any one instant, but this inaccuracy, is negligible and
may be ignored, 'because the rece1v1ng surface is only one fourteenth of
the pressure wave caused- by & 1.7 kg charge. The chief value of this unit
is that it is small, light and simple to operate.

B, First Ampllfier (Figure 34)

In the first stage there 1s a UX-54, in the second stage & "Phillips"™ 615 and

in.the third stage six UX-171 tubes are used in paraliel. Since the UX-54 has
a high input impedance, it is used to measure smell changes in current and as

an emplifier for piezo-electricity measurement. It does have & low trans-

i51
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conductance and poor frequency characteristiecs., There are six UX-171 tubes
connected in parallel in the third stage as a final amplifier., The terminal
.voltage is decreased tc lower the static capacity of the inter-emplifier coupl-
ing. The plate or load resistance is decreased as much as possible to improve
the frequency characteristices by lowering the mutual capacitance,

The plate supply of the last stage is placed on the plate side of the load
resistor, since one deflection plate of the cathode ray oscilloscope is grounded.
For that reason each amplifier regquires its own power supply. )

C is the tuning capacitor connected in parallel with the quartz unit. This
capacitor has to have & very high insulating resistance (TN: high Q) to match
the properties of the quartz unit, It is made from wazed copper plates set in
mmicadon" (insulator).

c. Second Amplifier (Figure 34)

The function of the second amplifier is to amplity the voltage from the firsi
amplifier to a point necessary to operate the cathode ray oscilloscope. The
two stages are made up from & UY-76 and a UY-47B. Although the UY-47B draws a
large plate current, nothing better could be found for the purpose.

. The plate supply batteries are connected in the same way as in the first am-
plifier, The output is connected to the oscilloscope. One side of the am-

. plifier is grounded while the other side 1s connected to the intermediate ter-
"minal on the plate supply battery in order to counteract the DC voltege drop
across the load resistor, and thereby centering the image of the oscilloscope.
Th: gower supply is furnished by a battery similar to the one in the first am-
plifier, : ;

D. Gathode Ray Type 0scilloscope

This oscilloscope was made by the TOKYO DENKI. Characteristics are as follows:

Type I.'.‘.l.;".....O......'........fC'.'.......l-.l...IIQO m-uo-v
Total lengthOf tube ® O 9 8 ©C O U OO OO O8O LB O N OO OO0 P BB OB EESREESs 535mm
g naximm diameter O........Q‘l‘0/-00.0.0.0.,.."..’..Q.O..'.OII..O. l’bom
FlUuoTesScence SUDSLANCE svescscssosscnsosescesassssscres Zinc sillcate
Filament VOltage O 9 06 86060 800000000 ST SO B0 S SO GEOOSEELIEeeNE P 2.5v
Filmentc‘mrent O..........ll.l...l._.llﬂli.....l...l....'. 2.1 amps
Nozanode ..‘Ol.l‘...llIOI..I.o.ll...Q.l.."'..c'...' m&xmﬂ, 5m°v

Grid ..‘........O...I...“Q'.‘l'...!.‘....‘.....G..O.’..'D...‘ negative
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APPENDIX IITI

AFPPROXIMATE CALCULATION OF THE FLEXURAL VIBRATION OF
A THIN CYLINDRICAL SHELL SUPPORTED ON BOTH ENDS

Determining notations as follows:
D = Diamebter of cylindrical shell

S Thickness
L. = Unsupported length

e

Figure 12
THIN CYLINDER WITH END SUPPORT

and assuming a solution of the form -

U 7 8in mx sin n fcos (pt+ €)
V =V cos mx cos nbcos (pt+ €)
W =% cos mx sin n fcos (pt+ €)

wherem =P"”a~nd.u= 1,3’5 conooo'oo;
T

u = Axial displacement of an element
v = Peripherical displacement of an element
w = Radial displacement of an element

For end"conditions, VvVa2w=o0abt x =1L and the equation of motion of the
elements is as follows: z
S ?

1-0(3)

Y Te oo

(3)

m » v




B v» 2
)

e B v

. Density of'materiéi “
.= Poisson's ratio
,,Ybung's.mpdulus

The determinent for each_coefficient’mﬁst.be'zgro so that the simultaneous
e%uation'abovevis satisfied. Therefore, we obtain a
D=

i _ third order equation for
Simplifying the calculation by neglecting U and Vv,

ing equation for p.,
p .

we obtain the follow-

- . . 2 » n‘* ]_
.-E.p2 + (R) m* & + 2m’n? £ t——5:4 7 70
- - . (E)
. g2
=
f- 3D

Now take the solutiom -

E

2 = - ‘
P pl 1 - o)?

4E SZ,
$ ———— { 2 4 2)2
Zpl-o) v o "

:Infthe equation. above, the first term shows the extensional vibration and the
" ‘second term the flexural vibratiom. As S/D is very small we consider the
flexural vibration only, thus

P2‘=




where: L a= @ ahdﬁi? 1, 3,
N b,

‘In this: eguation. D is thé nimber of lobes and  is the number of half weve
lengths; in: the, axial direction, : ‘

5..'-.0..-.
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APPENDIX IV
TABLES AND ILLUSTRATTONS

_ Table VIII -
RESULTS OF MEASUREMENTS OF PRESSURES IN UNDERWATER EXPLOSIONS

Cathode Ray

Distance
Temp. of
. & Water
E Amplitude on
Tube

~~
B
I %
Can)
o

(cycles/sec)

14,000
16,000
14,000
17,000
14,000
12,000
13,000
14,000
. 16,000
14,000
13,000
12,000

: ggssxiﬂxtmwwwm ;

10,000
10,000
10,000
10,800
10,000
10,000
10,000
10,000

.
0

)
3
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© 7 ¥ Crusher ;'G;uge Bx Crusher Guuge

(YOKOSUKA Type Copper
Crusher Geuge) )

- RESTRICTED

B § G Crushar G«qc

The céme . Bz axcapt

—IQ"‘ - ’Piston- o _a piston
- (w.8.)
1 | LY Pisten

1 bell @-naval brass

2 _ “ ]~ copper < guratumin
" .
g B’ Cruphcr Bszm'

Gauge Geuge =

s m N AL
i"—'*/“‘z*—\—gvv :
\ d'a--

Hard tfér.l Copper

. Figure 13 .
CONSTRUCTION OF CRUSHER GAUGES

: (See Table IX.)
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S . Figure 15 o
 GRAPH SUNMARTZING RESULTS OF EXPERIMENTS WITH MIL STEEL
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Ri-CONTROLS POSITION OF SPST
K2:COMTROLS SPEED OF SNEEP

. C-CONTROLS L ARGE CRAMGES 1N

SPEED OF SWEEP

S- TERMIWNALD T8 TRIGGER SWITCH

AP- OUTPUT VOLTAGE

" Figure 18
TRIGGER AMPLIFIER CIRCUIT
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Figure 19
TRIGGER SWITCH
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TRIGGER AMPLIFIER

DELAY CIRLOIT

RPEA B PE

20VBe 6YDC toovec “61 AMPLIFIER  NOW AMPLIFER

Figure =2
. WIRING CIRCUIT OF ARTIFICIAL EXPLOSION SIGNAL GENERATOR
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PR Lr/N

SAND

FELT;

0.amm

GALVANIZED

Figure 23
DIAGRAH .OF EXPLOSIVE CHARGE:

PLASTER

PRRAEEIN

SAND
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Figure 24 )
PRESSURE DAMPING CURVE
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Figure 25

PRESSURE DAMPING CURVE
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.

FASTENING RING
A A STEEL RING IS USED
B i : “ONLY WHEN THE SOURCE

" BRASS quNDE& . . , OF THE EXPLOSION IS
MACHINED  FROM . EXTREMELY CLOSE.

SEAMLESS TUBING.
o

MODEL A MODEL B
= L

P~ 1060 “ D= 1000

L 1200 ° . L= 1200

$= 10 Sa8 D= 600
L7120
§-6

o

T

MODEL E MODEL F (Mmop)
L=

P = 1600
£ = 400
$-7

RBSZE Le60c 50T
= v

- ~MODEL H

—4  mopEL & MODEL 1 MODEL J

,v‘-rm L= - -
2 135 : 5

5.75 P = 1000 D =1000

L-135 2155

$235 FER Y]

KIB SIZE Ls 40+20:3 RIBSRE L= 40=20=%
e e B

|

Figure 27
CONSTRUCTION OF BRASS AND MILD STEEL MODELS
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€>120kg: d= C*F7
C & 120kg: d.oc C*%%

]
S

g

8 28

=
4

WEIGHT OF CHARGE (iq)

g

-
-4

/BB IEWYR INTLN 'MUVE TITRINSY

0 25 30 35 40 30 6 1¢ 8
PESTRUCTIVE RAPIUS (m)

| Lw S(M)I\\Iﬂ D (m)

6.0

400 14

K3

%

-

8

"

9 goo i8 - "

»

ARUEPRIS B

Note: Calculations have been made for all dimensions
appearing on the chart above. Since the influence of
ng" ypon the destructive radius is very slight, in order
to avoid trouble only those values which are circled are
sntered upon the curve. .

Figure 29
CURVE OF WEIGHT OF CHARGE VS. DESTRUCTION RADIUS
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de 5ICONEPIN IS £ 20Ny T ik, AT INKER WAL, ()
© e RECOM PR GIB L €5 120k,

i-mun&ssnlmm(mﬂ
+ FRME SPACING (mm)

&= 220185 0F PESTRICTION ()

c (mi::a_m@mwi';&nl'b bR WLy
a WRIGHT: OF CMRGE (xg) -

Pitm) i’
T e - 5
||il .lll |A.‘|li...

AL P B BN P K AR S B S E S
5 10 12 4 e 1B 20
S.(m). :

Caution::

1. This chart should be used only when the iaoner hull is
constructed of MS.
2. This chart cannot be used with any explosive but picric

acid..
3. -Considerable errors will appear if dimension {of model)
or weight of charge 1s not to scale.

Figure g0
. NONOGRAPY: . RADIUS OF DESTRUCTION

Y




1 st g - VY
tE aundsy

o6 ~ooZ

EIT7L3
MWy

RESTRICTED




RESTRICTED

Q, Qp; QuARTZ
8 BEESWAX
M~ STEEL FOLOEEOF Quarrz
A AMBEROID INSULATION TUBE
A4, AMBEEOID INSUATOR

C, — DEAD-WIRE
C, Fetoer LINE

D InsuLATION WAX COVER.
P PACKING

Sp. STEEL PIPE

)

a |

N Figure 32
) GIKEN TYPE MODEL A PRESSURE GAUGE
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Figure 33 :
GIKEN TYPE NODEL B PRESSURE GAUGE
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Shape of Wave
-at Input

. Shape of Weve ..
through Amplifier

. T4ime Mark
-+ (20,000%)

B Amp.l.itude

‘ ) : Amplifier

Figure g7
TRACES ON C.R. TUBE OF SINGLE SAW-TOOTH RAVE
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' Shape of Wave
at Iaput

Shape of Wave
through Amplitier

Amplitude
of Point

Through
. Amplifier

. .Figure 38 .
TT(’A_CH ON C.R: TUBE OF SINGLE SINE WAVE




CType A
Charge .e.s.s Ouk kg
Distance ..se. 7.0 m°

-

- Time Mark
(10,0000

Type B -

. Cherge <..«.. 1.7 kg
.-- -Distance. Je... .0 .m

- pime Mark
(10,000-) -

" ~

R . Figure 39 ,
R ; 'PHQIOGRAPHS'OE PRESSURE WAVES,—' NODEL A PRESSURE GAUGE




D re w0 q.o 100
L eessecs 120»
Sl I L] .'.[35.. .. l

Ché.i'ge: L00 kg

W
w

Distance (m) »'bétWeenv SE 3
charge and model ... .32 45 55

’ D 06‘-.-“. 100 ;
"L saeees 120
S ‘o c“o’uyoto_i l 7

L

Distance (m] between
sharge - and model

D eseees 100
L eeeces 120
S —., ' . LR BN ] I

Figure g0 -

“PHOTOGRAPHS OF MODELS




RESTRICTED

of Collapsing at Various Unsupported Lengths

charse .‘c-.....qo....0...‘!..50’ l.7kg
Diameter .cceccccsccsssessssseass 100mm
Thickness I..l"littl.".....vl... lQom

Unsupported length © 120mm - 50mm 25mm 12.5mm
Distance from charge - J.5mm Snm 3mn . 3ma

Comparative Strength ageinst Explosion of 'Similar Mocdels

:‘Chal‘ge-.-..-......_......-.......3...... 1.7 kg
~Distance from-Charge ....cc..ceccccecssces 2m

ﬁhsﬁppofted ‘length 120mm 60mm 34mm
ST -2,0mm = 1.0mm 0.5mm
o _100mm - 50mm 24 . 5mm

B ) Figure 41 i
“ PHOTOGRAPHS OF MODELS




,1.7 kg, Diétanéé; 3.54m Aséuﬁed peak pressure: 17k ks/cm2

~ ‘Charge:

o Figure 42
" PHOTOGRAPHS OF MODELS
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ENCLOSURE (A)

- BIST OF. ILLUSTPATIONS

Part I
'-REPORT OF TORPEDO AND MINE TESTS IN BATTLESHIP TOSA

"Plan ‘of Location of Tests - "TOSA" ...g.............;...
rResuité'of Test at Position (1) .ciececccecccccccosanasne
\Results of Test at Position (2) eecesesccssescessccvacos
. Results of Tgsﬁ at POSItIon (3) seeceessecscncecnccncnns
:j»Résdlts ofiTeSﬁ at Position (4) ........................l
f‘iﬁésults of Tést'at PoSition (5) ecececeececccsccaccaannns
'Rééﬁlﬁs,pflTestS ih"Torpedo ROOM ¢evescansssosacscscansne

‘Part II
ANNOUNCEMENT OF TORPEDO AND MINE TESTS

} Figuré'  Underwater E;p;osion Pressure Curve ..ceecescccceccoscas

Figuré ' fUnderWater Explosion Pressure CUPVEe ceccesecsscsscsssnccs
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ENCLOSURE (4), continued

s ‘Part I . -
REPORT OF TORPEDO AND MINE TESTS IN BATTLESHIP TOSA

" In these tests the draft of the ship was shallower than in
normal load condition. Accordingly, the depth of the ex-
plosion, too, was shallower. Therefore, the explosive
force at the planned depth was thought to be greater than
what appeared in the test. : ‘
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RESULTS OF MEASUREMENTS OF UNDERWATER PRESSURE IN' TOSA TESTS (TORPEDOES & MINES)
ENPECT
b TEST RESULTS OBSERVATIONS
REL. POSITION OF EXPLOSIVE ON HULL LOCATION OF PRESBURE OAUGES AND EXPLOSIVES AT SHIP'S  SIDE MEABURED PRESSURE
§
= LEPOSITION OF EXPLOSIVE. bONTION OF EXPLOSIVE, ‘ ;
%vom_:oz OF GRESSURE DAUGES (TWO AT EAGH POSITION). BT ON A RE FURsNe TH _COPPER RODS (DIAMETER 10WM, | pare oF TesT | size OF HOLE R and ol B
AT TIME' OF TEST FIGURE BESIDE EACH PRESSURE GAUGE POSITION INDICATES LENGTH IS MM, TABLE 33) NERE ATTACHED,TWO EACH,TO OR- : oy RESSURE .
KEEL AT DEPTH 24 EXPEOTED PRESSURE (KG/MMS} AT THAT POINT. DINARY PRESSURE GAUGES. ‘ . IS WAS BECAUSE THE EXPLOSIONS
4__PONTS WITHOUT INDICATED EXPEOYED PRESSURE MEAN THAT  |3@POINTS WHERE FULL- LEHGTH COPPER RODS(DIAMETER (OMM, CAUSED CUYS AND :HOLES IN THE SIDE
NO. OF TgsT [ LOGATION OF GAUBE WAS CHANGED BEGAUSE OF BILGE-KEEL.ETG. [ LENGTH 15 MM, TABLE 33, WERE ATTACHED TO LOW-PRESSURE HAXIMUM LSt oF HuLl 2I7.1S BELIEVED THAT UNEXPECTED PRES-
™ WHOLE rHicinesc|E—ORDINARY PRESSURE GAUGES WERE USED AT POINTS H&VING GAUGES, BENDING OF | \oerope TEST) DASH () BESIDE GAUGE SURE RESULYS WERE DUE TO THE UNEX- :
ERIES - | posirion | OFARMOR|  EXPEGTED 'PRESSURE BKG OR ABOVE: LOW-PRESSURE GAUGES 14__FIGURES BESIDE GAUGE PISITIONS INOICATES ACTUAL MEA- ) ARMOR  PLATE , INDIGATES READING NOT PEQTED INFLUSNGE OF THE BENDING- OF .
VN[ AT POINT| AT POINTS WHERE PRESSURE BELOW 8KG 1S INDIGATED. SURED PRESSURE (KG/MM/), AND ARE AVERAGE OF 'PRESSURE GLEAR. {L) INDICATES THE SHIP'S SIDES AND BILGE KEEL, ETC,
OF TEST |6__TWO PRESSURE GAUGES WERE ATTACHED AT EACH POINT USING SHOWN ON TWO GAUGES. : ) : : GAUGE DESTROYED', LOST. N DISSEMINATING PRESSURE.
PRESSURE GAUGE ATTAGHING GEAR.THEY WERE FIRMLY FIXED |5__SOLID LINE AROUND EXPLOSIVE INDICATES SHAPE OF HOLE .nmnw.w»l.«mﬂ %Awm%qz : . 3. THE PRESSURE GAUGES HIGHEST O THE
TO ATTAGHING RODS, WHILH WERE FASTENED TO THE SIDE AFTER TEST; DOTTED LINE SHOWS SHAPE OF DENT. - TesT) EIGHT) . - . SHIP'S SIDES - WERE AT TIMES OUT OF
AS BHOWN IN THE PLAN BELOW. : WATER, BEGAUSE OF DRAFT, LIST, ETG, S0
. THAT PRESBURE . WAS DECREASSY,
4N TEST 4, THE PRESSURE IN NO.I8 SUB- -
) . N MARINE DIREGTION, LE. THE PRESSURE
. v . o AT RIGHT ANGLES TO.THE SIOE OF THE
, ) A | ‘ . - TOSA, (INDIGATED ON PRESSURE = GAUGES
VATER LIN . . , LOCATED ON A WIRE BETWEEN THE TOSA-
o . h x . : TEST | AND THE SUBMARINE) WAS GREATER THAM.
) ) A wm 09 149 109 48 . AUSE WG R Hm PRESSURE FOLLOWING THE SIDE OF
) —6 —& . E - BEC GHEST LINE E TOSA. THE,FORMER WAS MUCH
! kil H 40 720 . 6 WME ISR | . PORT 0%- 14 OF PRESSURE GAUGES GREATER THAN' THE GALGULATED PRESSURE
\ 228 Les. o o © : ) 1ole* x 18' . : E ’ WAS AROVE WATER, THE WHILE THE LATTER WAS LESS. ALTHOUGH
: 39 87 44 3 23 18 128 071 - R PRESSURE WAS GREATLY THIS EFFECT IN THE OPPOSITE DIREGTION
STERN 1] £ 57 . o © o o 0o 0 0 © ® @ ® 220 ) (STARBOARD 1* -84} ~  DEGREASED. AT RIGHT ANGLES TO THE SIDE IN -
L4z 81 77 - i : . , /| & TABLE 2.. CREASES AS THIS PRESSURE INGREASES,
. ) . 5% 9 ) . S © 1T 1S BELIEVED THAT IN THE DIREGTION
MK MIE (00KG ) : : e .| OF THE SHIP's SIDE THE PRESSURE wiLL
. ) . SHiP's BOTTOM - . : : SHIP'S BOTTOM . BE GOMPARATIVELY SMALL, AS DESGRIBED
: — - o TesT 2 iN (1) AND(2) OF THESE GONCLUSIONS. |
. - . . . . WATER LINE o : . " WATER LINE 5.8 zmoz“.o TO THE TRANSMISSION OF
. ) . 5 1 e 1 ois ses _ . - o . : . UNDERWATER - EXPLOSIVE - PRESSURE
| | ol wmw s wn S % 55 5.5 T e L s et e | wiene e ane o ossTauGHioNs
. ] PORT S 140 &5 Bi 33 24 18 o 0ss o8l yof 337 82 7 33\ 38 ogs 03 age 8 WNE ) 29! (STARBOARD 192118 WAS ‘ABOVE VATER, THE Nzo_wwoﬂwmﬁw _“.M <azm5 DISGRE =
: 2 : k 0.0 0 0. 0 © O 0 00 O © ® ® ® /0 © L VOO ® ® ® L . ; PRESSURE WAS GREATLY NNERY EXPERIMENTAL
g © eesLes.| - TIE 76 a8 88 as 29 83 | O6s ore li2| 293 373 A or3 0z e o #xe Ct DEGREASED. THE DEGREASE | [URMULA (REPORT OF RESULTS . OF
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ENCLOSURE (4), continued

PLAN VIEW

| CROSS SECTION AT FRAME 57

r

A\

 REMARKS: .
'(a): . Altndugh, the explosive force of this weapon was great when it hit the for-
. ward part of ths hull, it was not able to infliet fatal damage to the ship. -

‘ (b) Ih_ thé 'preéie'nt test there was a change of trim of about 3* and for 54

9 minutes a 19 list was“pizduced. Because of this a. ship which had suffered this
. Gamage would have trouble lgeeping up. with: the speed of the fleet.

{6)" ‘Research is still req_uix/‘i;zi as to whether the fuel oil in the Quﬁer tanks

T -woqld: ignite at the time of the hit. .

{4} - There i,é.doubt whether the forward mine sborage would explode simultane-
B eujs.ly:with‘_the.hit'. ‘It was. not thought that it caused vital damage to the

" Figure 2(A) v
RESULTS OF TEST. AT POSITION 1
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DETAILS : R
‘CROSS. - SECTION. AT ] o .
FRAME. 88 o o : " CROSS SECTION
' ' o - ‘ e AT FRAME 88

“QNE PART OF THE
OUTER PLATE.
WAS CUT .

P

| /BNS PART OF THE
, GUTER FLATE. WAS CUT-

8-June - Year & Type Mine Against Submarine Defease {Charge 200 kg)

(a} In a hit against the armored part of the hull, the explosive force of this
type of weapon is not capable of  inflicting vital damage to & battleship of
TOSA £lass. ) )

{b)" As a.resnlt of ‘the explosion a hole was cbserved in the 3" armor plate,

. Judging from other tests the damage was somewhat nore then expected. One can-
not say definitely the reason for this but it is thought that one reason was

- the fact that the upper part of the outer plate was incliped outward.

(c)' In this test there was & 6° port and starboard heel at the time of the
explosion. This type. of damage is recognized to have glven a large suock to
_the control of the ship and the use of its weapons.

J .- . Figure S(A') .
" RESULTS OF TEST AT POSITION 2
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ENCLOSURE (4), continued

PLAN VIEW
[

aashiaaal

e & ¥

9 Jupe ~ Year & Type Torpedo Against Submarine Defense. (Charge 300 kg)
In thislfest it is recognizedﬂtﬁat there was egquality between the explosivé

_force of this type of torpedo against a battleship of T0SA class and the ship!s
subsarine defanses. :

However, in this test the ships drarft was 23! 334" which was about 10' shallower
thep the ildeal combat draft., Mcreover; the depth of the point of explosion was
~13¢ 34" and was scmewhat shallower than the depth actually used with torpedoes.
Beocause of this the explosive force at the planned depth is somewhat greater.
Nevertheless, it is thought necessary to increase the explosive power $o damage
completely the subaarine defenses.

Figure 4(A)
RESULTS OF TEST AT POSITION 3




" ENCLOSURE (4), continued

1

e

K .lz_a‘;ix;e‘,g‘.tsaz ..&Iype_MM_Agamt;suhmm_nemnseé (Charge 350 kg)

Although’ it is recogonized that the torpedo produced the.expected explosive
force when the condition of the flooded compartments 1ls considered, it is
recognized that it cannot produce adequats results against underwater defenses
“which-utilized steel tubes. Further, though the steel tubes are thought to be
effective as defensive materials, their weight was 150 kin (TN: 1 kin = 1.32
1lbs) for each square foot of bulkhead and is heavier than the longitudinsl
bulkheads “themselves; 1t. ig thought that if this much wéight 1s expended, better
means of defense can be devised. Experiments and planning are necessary.

_—

oo Figure (A)
* . RESULTS OF TEST AT POSITION
. i ‘




ENCLOSURE (4), continued

\

T A Y ‘ﬂéL’ .70
Ne.2 ' ' -

\ 413; e:: , SMALL- ARMS | 0.t 41 % Gun

macAT MAGAZINE

13 ';'I'un'e - Year 9 Typ‘e,- Mine Against Submarine Defenses {Charge 150 kg)

‘Although there was suitable destructive force in the weight of. the charge, it
48 difficult to damage the defensive parts of the sides of a battleship.of TOSA
elass, -Moreover, in view of the fact that there are many opportunities to hix
‘ the defensive parts of the sides of a’ship, it is recognized as necessary to

increase as much as possible the ‘amount of the charge, and so increase the
Lg_xplosive- force, = ‘ ’

‘Figure 6(A) -
~ : RESULTS OF TEST AT POSITION 35
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©. 16 June - Eipios{on bf,war_Heaaé Actually Used on Torpedoes
: ' ) . _in the Torpedo Tube Room

Iﬁ view of tihis test it is recognized as necessary to equip the torpedo tube
room as indicated below. »

{a) To reduce the damage from the torpedo explosions_aﬁd protect from frag-
ments -from enemy bombs, the torpedo casemates should be armored.

(B) ‘When this cannot. be done it is.necessary to use a comparatively strong
. -steel. plate on beth sides of the torpedo tubes, and by meking one side wesaker,
twist the_destructive force ia that direction. :

‘{e) - The torpedoes mentioned in the two preceding items have thin warheads
pointing outboard and it is necessery to equip the sides of the ship ia this
vicinity with strong steel plating. Moreover, it is thought suitablé to pro-
-tect the torpedoes which will be fired next with similarly strong steel plates,
and the other torpedoes should be stored in the armored compartment.

" . Figure-7(A) -
'RESULTS OF TESTS IN TORPEDO ROOM
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ENCLOSURE (4), continued

PLAN OF LOGATION OF TESTS

Wﬂrﬁuﬂsﬁ mwﬁm,ﬁ_ Torpedo

R Mo T Wi 7 Y e 7 e |

6th yeor type Torpedo (200kg)
Sl W ! ‘

o Folk, oos./.A

FWD. ENGINE ROOM

AFT. ENGINE ROOM

- |
202 .
FWD.ENGINE ROOM

AFT. ENGINE ROOM

‘ 0A- PURT. Noar

{A

L. o =

Mk.1 mine (B) 100 Kg
i wit .. J .
Tl | SwTCT | merer o _

=F

..Q?s§;§o#§§8_Q&§§:§?w

: ENGINE . -
= ' .8 S o ,, s
* . ._.Quﬁ_wv.m E/‘..n wrte| wie, W ) : . ,
L[N . / r/ | 4. »
\ \ w

: m»o—o._ vale:»c_‘.n_n. 0._. .

3 | | o E " i o ed

FRAME NO.202 - - . e " FRAME NO.0O "FRAME NO. 67
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- g.N'c,LQ's.URE (B)

' SUMMARY OF TESTS ON V WARHEAD
(1/5 Test Torpedo Model)

‘LIST OF ILLUSTRATIONS ~

Fiéure 1,(13‘), - V Warhead Test Set-Up ....
'Eigui.'e 2(B) V Warhead Test Model ..eeeceocscccoccncecscoccevcscccns
Figure 3(B) Full Chargé- and Aperture Type Cﬁargas eeessesesssnsens
Figure 4(B) A}an.d B Model V AtLACHMENtS sesevoecsscassssescsscsone
Figure 5(B) V Attachment MOGELS. .eeesssscesssassssssssossassanasss
Figure 6(B) Damage to. 5.36 A'Model, ......

i
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ENCLOSURE: (B), continued

Lclasgified: Top‘Sec?et'E
) :patedtv ZB;AdguSt 19L3;
By ‘Technical Lt. NAKADA
3 ' With Conical Aperture in Warhead
With.EunneieShaped Cover on Warhead Conlcal Aperturé
2Experixnen,ts on the V Warhead, using small Scale test models, were made ir the
Second Naval Powder Depot and the Physics Research Depot:of the Technical Re~-

 gsearch.Laboratory. In the light of the results attained there, experiments
- were then made with the 1/5 test model on 20 and 21 August 1943 in Yokosukea

. Harbor.

ATter securely rixing-tﬁa:V”Warhead to'the center of the target, it was ex-
ploded by an slectric firing wire which led from a 100 ton floating crane.

. The depth of the V Warhead and the center of the target were both l.4 meters
{equivalent to 7 meters). S

‘ The: plate was DS and,without seams, There was one thickness of plate and a
‘layer of water and the distance between plates was 1/5 of the COLORADO type.

Structure_of the V Warhead

" There are. two types: (a) Explosive aperture
: (b) V metallic attachment

{a) Explosive a ertur;: With 3.445 kg of Type 97 explosive the total
weight gs about EOO kg, o

(v) VvV Metallic attachment: The material for the. V. metallic attachment is
'SF54 and 1s hollowed.out. There are two models A and B, but since the
results Ffor Model B were not satisfactory, in the small test model experi-
ments, only Model A was experimentally used. For example, 5.36.3 A model
was a 1/5 model. Aperture angle on V metallic attachment was 36°, Ratio
of input of explosive to total weight was 0.3. Metallic type is the Model
A. Moreover, total weight of explosive and V metallic attachment was al-
weys 3.5 kg as described above. That is, the weight of the explosive is
decreased only by the weight of the metallic attachment.

Experimégtal Results

(a). Full éh&rgevmodelz Explosive aperture models were substantialliy alike
- with po.outstan ing fferences., C

Wo. 1, giPlates: Both . burst; scattered without any remains recogni-
zable, - . : :

No. 3 Plate: Openings cut into the plate at the edges of the parts,
- . Do not correspond to the upper void indentations. "

4 :Plate; -Same-as above for void.., Frame rivets attached to it

“Were cut.” ‘Openings. Indentations, =~ o ' o

'5: Plates’. Indented. . s

6: PXater Almost no damage.. . : )
1 efits with the full charge model
. therw was an &lectric contact cord at the segtion that corresponded to the”
. upper void, !By chance, the cord split open.; For this reason, the Tivets

117Hcﬁea ;}in:tﬁéytdrgeﬁ used in the experids

2
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. ENCLOSURE (B), conttnued

Httached €o the upper edges'or No. 6 plate alsc were ocut.

(b) Warhead, V type metal fitting: Both very similar. Compared with the
.£ull charge %ype og §.EvEg! the complete. damage of the target is decreasel.
Thet is to say, the No. 1 and No. 2 plates are damaged and blown off. The
"No. 3 and No. 4 plates are dented in and the upper perimeter of the hole
becomes somewhat smaller. The dent -in the No. 5 plate is very small.
However, projectiles made with the V type metal fitting made & big hole
in even the No:.é plate and had some penetrating power remaining.

5.36.3 A Model: , ]
. No. 1 and No. 2 Plates: Completely blown off.

No.. 3 Plate: Upper rim blown open and cut; dented in. There was
", hole of about 150mm diam. in center. _ ;

No. L Plate: Same as above. .

No. 5 Plate: Ceénter hole about 210mm x 50mm.

‘No. 6 Plate: Center hole was 70mm diam. Small melting traces noted

around its edges. ‘

.- After the projectile has penetrated the No. 6 plate, reaches the attached
. frame and recoils, it scarcely projects from the back of the No. & plate,
It produces on the attached frame about eight melting traces. When thse

projectile collides with the frame, the nose changes shape.
E.géag.A:Model: Almost the same as above. But a piece of wnod is affixed
o e front of the frame and keeps ‘it from damage. :

The.projectile»penetrates the timber and its tip reachés the frame. The
head of the projectile is destroyed and remains in the timber.

' Comparing this and 5.36.3 A Model, although the entire danage to the tar-
get 1s about the same, the hole in the No. 3 plate is small. The diameter
of .the hole in the innermost plate is large. ’

Opinion

(This is & private opinion on the result of the experiments on the warhead with
V metallic attachment). :

TherA.Model projecfile shaped by the V metallic attachment was deformed as

showgc (::::::,

It may have been caused by the projectile reversing its direction. 4ifter exam-
ining the hole in the plate and Gomparing it with the projectile of a cannon,
-1t. 'seems -to break. through after being shattered and the ballistic character-
ilstics are inferior. Furthermore, judging from the great change inflicted ugpen
‘theshape when striking the frame, and by the destruction of the head, there

is some question that it can be developed effectively as a weapon against the
thick armer of ghips as it had against many layer plates in this experiment.
;Tﬁisggxperimentvis'only in case of direct attack, and in sccordance with tech-
nilcal. résearch, even though it is clear there is no difference in the attacking
“power ig-a.l/X0 model up- to- 0- =300, there is some question about the attacking
¥ -ease’of. & large. attack snglew- . - . .. - :

o Additionali Note

:cipaﬁédithat'an;expériment'Will'be’carried out on a small scale model
ax- future for the case of large angle firlng. '
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ENCLOSURE (B), continued

ConCerningfthedv,métallic ettachment materials, although tlie 3F 5L used ims
thought sufficiently strong and most suited, it would be a good idea to conduct

research using various other materials.

In the l/lO,model, the B Model projectile was clearly inferior to the A Model
- in penetrating power. ) '

Again, the fact that the angle of entry is small has nothing to do with the
size or length of the ahell. The direction of the trajectory is bad. The
projectile from the pressure of the explosion aeppears solid; and, although it
1s meltéd and fused, end shaped as described above, the fact that it leaves a
. hole in the center about 1/15 the outer dismeter is evident in the small A

Model., :

In‘regérd to the shape of the exploded hole, the results of the research in

No. 2 Arsenal are as follows:

"With the impulse wave in a vertical plane to the powder surface,
just as 1f there were a hollow cone-shaped hole, there 1is a point - &

~which might be called a focus. It is clear that in the directicn of 5

: ' - the hollow cone-shaped hole the impulse wave and the explosion were -
? o effective. However, no difference can be found in this test.” k

gLEcTRIC FIRING WIRE

OM

TARGET V COPPER TEMMA
WAR CRUSHER (rrre oF
HEAD GAUGE SMALL SHIP)

= ~ Figure 1(B)
k V WARHEAD TEST SET-UP



ENCLOSURE (B), continued

M
L3lo = |r"5!0

, ‘.—______ 1Mo = 1Maso
- [LY]

2

45 1

7

NSl2 g40 16 ve7

Figure 2(B)
V WARHEAD TEST MODEL

APERTURE  ALTHOUGH THE WSI\BHT OF THE EXPLOSIVE IS THE
- Type SAME AS IN. THE FULL CHARGE MODEL (3.445 ke),
: THERE {5 A CYLIMDRICAL. APERTURE OH THE WHOSE.

Figure 3(B) ]
FULL. CHARGE AND APERTURE TYPE CHARGES

215
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 ENCLOSURE (B), conttnued

" A MODEL
R 36°-45° ANGLE OF
APERTURE OF V METAL-
. LIC ATTACHMENT WAS
BEST N SMALL SCALE
MODEL EXPERIMENTS.

V_METALLIC ATTACHMENT

Figure 4(B)
. A  AND B MODEL V_ATTACHMENTS -

© 5:36.3 A MoDEL

g .’ . . y
ll R ', . [
. . N Ce e e )"
. eVt el r st
LAY Y .

5:36.4.. K MicpEL.

g A et |
T st s s s TS
65.5 | 183 I

- 5.45.3 A MopeLn

- Figure 5(B)
- V ATTACHMENT MODELS

- 5.36.4. A MODEL

'HOLE OF PENETRATION  HOLE IN NS PLATE HOLE IN Ma.6 PLATE
IN Ne.3 TPLATE" ‘ _ : .

7 145

MELTING
__l ; TRACES

. Figure 6(B) -
DAMAGE TO 5.36.4 A MODEL
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ENCLOSURE (D)

DISCUSSION ON THE USE OF PROTECTIVE PLATING AGATINST TORPEDO ATTACK

- LIST OF ILLUSTRATIONS

"~ Pailure in Plate Near Lap Joint.......cevccveceeece.....Fage
No. i - No.FS'Gross SECtI0NSeeescasacsesancsnsnsaneseces.lEZE
- Case 1 .- Water Inboard of Protective Bulkheadeceseees...Page
‘Case,2~-'“séndwich" ProteCtiON..cseeioesocsscscceansnesss PEEZS
‘Example 4.:...............,.............................Page
Solution t0 EX@mMPle Leceecesosssosccsscsoncscsacansases.Page
‘Example 5.;.;..;..;a.....,............;.....?...........Pﬁge
‘,Ex&mgle 6,.;.....;.......;...7.,..;.....................Page
Aﬁositionsvof Gharges;..;....J...........................Page
Test Model Structural FeAtULEE eceeeecccscancaacasassss Page

Relation Between Volume, ThickneSs of Protective Plate
and Bulge Width..eeeecveerecoscocecseassasasonssaneines.PaZE

Erffective Chargefvs. Utilization Coefficient............Page
Anti,zbq kg Depth Charge ATMOT...ececcceioncscsscscasess PAZE
Anti 250 Kg DOpth CHATEE ATMOT.«essneseecasnsnnnsnnnnss PAZE
Anti 350 kz Depth Charge APMOT.....cceceeeececcscscesss..Fage
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ENCLOSURE (D), continued

These_ views are not the result ofxorganized research, but are simply
based on past experience. They are not, therefore, necessarily
~accurate but - have been gathered together before the material is lost.
CHAPTER I

‘A, Relation Between the Strength of the Protective Plating and Izod Value

It is stated in the report of the Naval Technical Laboratory on protective
plating that plating with a low Izod value is very easily destroyed by the
force- of an explosion. Thererore, inpact tests are always made on any steel
to be used for protective bulkheads, and those materiagls which fail to reach a
" certain standard are naturally rejected. In particular, if the impact test 1is
omitted, it is extremely difficult to determine the most suitable plate thick-
ness as the errors may be introduced into the experimental results.

H T steel has an Izod value of 30 ft = 1bs or more. There are, however, many

steels with an Izod value nt 6 ft - lbs but which cannot be dlstlngulshed as

far as ultimate tensile strength and elasticity are concerned. Material for

protective bulkheads should have an Izod value of over 30 ft - lbs. Material
with Izod values below 16-12 £t - 1bs is useless for protective bulkheads.

B. Sultabllity of Weldiggﬁfor Protective Plating

-Althcugh it has been. claimed that welding is stronger than riveting for re-
sistance to explosion, experience at the Kure Arsenal indicates that the oppo-
site is probably true. This has recently been tested there. Welded sections
~ have extremely low Izod values and blowheles must not occur or a stress may be
induced. For these regsons, welding will always have a weakness against an
impact such as an explosion, which mekes it difficult to believe that it is
better than riveting. In plating in actual use the explosive force might be
reduced, or else it may be possible to make arrangements to apply a certain
amount of elasticity before the plating is desiroyed. Where cthere is any dif-
ference in the characteristics of protective plating, it certainiy cannot bve

- gaid that welded plate is better.

- To summarize it is certainly advisable tc use rivetins on protective plating
‘under ppesenn cnnditions.

_C. Degt truction ©f the Protective Bulkhead

x. Plating which shatters like glass or from .which a piece breaks clean-
1y, or whioh cracks like glass is in general of low impact value and use-
- less.

" 2. : The. outer bottom'etc. does not always breax at the point of weekKest
strength, when attacked by an explosion., Instead it orten breaks at un-
forseen. places such as the laps where two plates join (see Figure 1(D),.

In other words the weak poxnts are the joints which may be opened unex-
pectedly. . S




»

SvsAr AT AB .

Figure 1(D)
FATLURE IN PLATE NEAR LAP JOINT

3. At the time of the explosion the surrounding structure may be bro-

ken up into fragments which may ceause dents, blisters or small holes in

-the protective bulkhead.

‘Aintgénefél;'when the distance between the outer bottom and the protective

bulkhead is about 4 £t 6 in, the latter is damaged by explosive Dpressure;
when the distance is 10 ft small holes are caused by splinters. It would,

"therefore, appear that between 4 ft 6 in and 10 ft damage to the protec-

- tive bulkhead would be caused by both explosive pressure and splinters.

However, the effect of splinters is fairly small in general.

In order to reduce damage to the protective bulkhead by flying splinters,
rows of pipes may be installed and thus permit reducticn of the thickness
of the plating. When water or oil is used instead of pipes, not only is
splinter damage prevented, but transmitted pressure is weakened by diffu-
sion, -permitting a great reduction in protective plating thickness. If
the space between the outér hottom protective bulkhead is 10 £t 10 in and is
empty, & thickness of 3 in is necessary to withstand the explosion of 200
kg. of picric acid. However, if water or oil is contained in a tank about
3 £t thick outside the protective bulkhead, the thickness of the bulkhead
can be reduced to 1,5in. Furthermore, if a similar tank of water or ocil
is locabed inboard of the protective bulkhead, the thickness of the plate

‘mey be further reduced or the width of the bulge decreased.

Further research should be carried out on liquid layer protection.

L. Accbrding to the experience on TOSA, the size of the hole made in
the skin of ‘& ship with: the present form of bulge is as follows:

Explosive Charge (kg) ~ Area of Hole (Ft?)
(Picric Acid) '

' 100 24,0
150 190
- 200 = 25,0
300 : © 160
350 : 280
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- ENCLOSURE (D), conttnued

"D;lj RelatiOn‘BetweenfExplosive Force and ‘Column of Air Space

Experiments have “ghown - that there is a very close connection batween explosive.

. . force and volume of the space between outer bottom and protective bulkhead.

.- For a charge of 17 kg if the volume of the air space is 17.5 cublc feet, a
" plate 14.2mm thick can resist 1it; but if the air space is reduced to lO L cubic
feet 21. 6mn -of plate will be deleated by it

‘»If the distance. between the outer bottom.and protective bulkhead is lncreased,
keeping the volume of the air space constant, the necessary thickness of the -
protective “bulkhead is not reduced. If, however, the air space volume is si-
multaneously increased the thickness of the bulkhead may be materially re-
duced. .

If the air space volume is increased without a proportionate increase in
thickness of bulge, little effect is obgerved. ~For example: If the distance
‘is 3 £t there will be almost no difference in the thickness of the bulkhead if
the air space volume is increased from 300 to 600 cublc feet. .
Further work on this subject is necessary.

CHAPTER II

A, ﬁSe of Bulge as a»Protection Ageinst'Torpedoes

This bulge was 21. 8 ft across with each compartment 16 rt long and provided
'50% protection against a 200 kg charge. In practice even though three compart-
. ments may be destroyed, the explosive gases &re more or less restricted by

'rupturing the.-. transverse bulkhead of one compartment. Therefore, when this
bulgé is used, if the. transverse bulkheads are of ordinary thlckness plate the
. following volumes are - suitable agalnst one kg of ‘povder.

Table. IX(D)

S .' : , Length of Bulkhead Determining
|Transverse . Volume of Space per kg of Charge o

|Bulkhesd T L.oiet) | .o1077 L 1.205 L

Sptacing (ft) 1 (200 kg) (250 kg} {350 kg)

C 12 29 o 31.2 | 35.0
16 ©32 | 3Ly 38.6
20 L35 e 37.7 k2.2
BTN . 38 © 11.0 | 45.8
B R e Lh.1 49.5

Woen there .are full t&nks on both sides or when the transverse bulkheads are
- specially thick, the explosive gases are further restricted. Therefore, when
these compartments ‘are not-as long as those Just described the volume should

be computed from their length. ) .

_%§g§2£gi%;v What ‘thickness of protective bulkhead of the type shown in
gure 2(D) will withstand 200 kg and 350 kg torpedoes?

Volume per kg explosive at No. 1 is shown in Table II(D).

: Agalnst 200 kg explosive = 10x20129 - 29 ft3
) : 200 kg kg

225
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V'EﬁCbOSbRE (D), continued

 Against 350 kg explosive = 10x20x35 = 20 £t3
‘ ' o .~ 350 kg kg

'Necessary thickness .of plate{ For 200 kg when the distance between skin
and protective bulkhead is 10 ft O in at 29 cubic feet per kg, the thick-
ness is'114 1lbs. : - _

-'Similarlj‘from'Figure'ls(D)uthickness is 146 1bs per 360 kg. Volume of

-air space for shot No. 2 is similarly computed from Table I1(D).

 'Nos Bféndghlaré smailér then the values based on Table II(D) because they
" are bounded on both sides by tanks and a corresponding reduction will be
' In the case of No. 5, there are tanks on both sides, but as the thres
compartments total 36 :£t'0 in the value for both 200 kg and 350 kg will

be greater than that éivenuin Table II(D). The value 1s, therefore, the
same as No. 1. ' _ ’ .

. Example 2. What thickness of prbtedtive‘bulkhead will be necessary to
Tesist 200, 250, or 300 kg torpedoes when the distance between the sxin-
~and thekplate is—2;ftv0 in and fitted with a splinter preventative?

:;USiﬁé'ﬁhe curvéé 1n:F1gures”;3(n); 14(D) and 15(D) we find:

L QEEEEE‘(kg)" Tehe ‘Thickness of
o ~ .. . " Protective Bulkhead (lbs)

200 . - 225
250 - j 250
350 .. 290

‘Example 3. What thickness of protective bulkhead will be necessary to

resist 200, 250, or 300 kg torpedoes when the bilge thickness is 9 ft 0 in
- and fitted with splinter preventative (three rows of pipes or 600mn of
“ water or:oil)%- S . o

WATER
A ‘ ]

%

AlIR SPACE

PROTECTIVE

A

" rwesm - SPROTECTIVE BULKHEAD

. Figure 4(D)

‘CASE 1 - WATER- INBOARD OF PROTECTIVE BULKHEAD
B . ‘ " CASE 2 - "SANDWICH® PROTECTION
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-'EHCLOSUHE (D), conttnied

'»'Thickness is found from curves in Flgures 13(D), 14(D) and 15(D) as
rollows. ; 4

Gharge (kg),[ . .Thickness' of )
- R Protective Plate (1bs)

200 . 69
S R50 79
350 o .7‘ - o . 98

ﬂote: -These curves- should not be used in cases such as the
following. .

1. Where there is water lnboard as well as outboard of
‘the protective bulkhead. In this case the thickness mey

: be reduced to a fraction of the value found frcm thesge
 curves. (See Figure 3(D).)

e 2e‘ When there 1s a form of sandwich protection, the thicikness
" of the protective bulkhead must be inoreased somewhat because
. splinters may arise from bulkhead AA. (See Figure L(D).)

| CHAPTER IIT
| SCALE NODELS

~As has already been described in making scale models the scale must first be
.‘3decided with regard to their. dimensions. In cases where they are not in con-

tact with oil or water tanks, they may range from one compartment to volumes
.‘greatei than those shcwn in Table II(D).

'Regarding the scele of -the model, provided the distance of the explosion from
~the protective:-bulkhead and the: volume of. the.air s ice are. correctly adjusted,
vjsmall changes in length height-and- other measurements may be made.

: ample & What is the correct charge and thickness of protective bulk-
head (n)% 1/3 scale model of a bulge attacked by a 200 kg charge? (Fig-
ure 5(D o

‘f;vTo determine the amount of charge:
} Effective charge = 200 x (1/3)3 7 407 kg ,
According to Figure 12(D) this cherge is 0.85 effective. Therefore:

h Gharge to be used: z. 7. h07 x1z=8.75 kg
wnaréé Height H.z 207 x 1/3 = 6.67°

Length L = 167 x 1/3 = 5.33'
Mean Width B = 9' x 1/3 = 3.00"

Distance betWeen charge end protective bulkhead,
¢ = -10 x 1/3 = 3.33° '

“'Vblume of one full-scale compartment = 20 x 16 x 9 = 2880 £t3.
"~ Volume of- outer comgartment necessary from Table II(D) = 20 x
5760 Fa E N . .

228
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ENCLOSURE (D), continued

MEAN VALUE

Figure 5(D)
EXAMPLE 4

S arsKka
. CHARGE —

_ Figure-6(D)
SOLUTION- TO EXAMPLE 4
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 BNCLOSURE (D), continued

‘Accordingly;zthe'volume'for a oné kg charge = 5760 - 28.8 £t3.
S ~ o 0
. If the model,iS’square,nthg’measurement ¢ is determined as 3.33 ft.
: Therefore; the height and length of one side of the inner compartmsnt
. 7
2880 x 1/3 = 5.66"
- N O
_ The*volume éf’the.6utgr compartment is 28.8 cubic feet since the charge
is one kg &nd, therefore, for 7.L07 kg it will be 28.8 x 7.407 = 213 f£t3,
‘although a larger volume would be satisfactory. Accordingly, the length
of‘one side-of!theaouter compartment would be: - :

© 2[213 - 8.0' or more.
, © T 3033
.Aijor“the,tﬁickness of the protective bulkhead, the curve in Figure 13
(D) shows 114 1bs for a distance of 10 £t and a volume of 28.8 cublic feet
per kg. Therefore, the scale thickness should be 114 & 3 = 38 lbs.

Example 5. What éia the charge;'thiéknsss of protective bulkheed, and
- slze 1f°1 I scale model (Figure 7(D2)against'a 250 kg charge?

12 —={, WATER

écu //////

250 KG CHARGE

CHARGE
250 KG

HEIGH

-MEAN WIDTH

T

Figure 7(D)
EXAVPLE 5
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'ENCLOSURE (D), continued

ﬂf(In “thig case 51nce the distance between the water tanks is small, as
shown in Table II (D), no outer compartment is necessary,)

.- Effective charge = 250 x (1/4)3 = 3.9 ke
_Tne charge to be used from- Figure 12(D) = 4.8 kg

- . The distance between the portion of the charge and the protective plating
. = C =10 x- l/h = 2.5

Volume of scale model = - 2L,.x 25" x9 x (l/l;)3 = 84.5 £t3.

Hence, for a. square model the side will be

2/8&.5 =z 5.82!
2.5 .

The volume for a one kg charge = 2& x 25 x 9 - 21. 6 £t3/ke

: 50

Figure 14{D) for 10 £t width of bilge gives 128 1bs thickness of protec—
tive bulkhead, which in the model becomes 128 - 32 1bs.

: &
. Example 6. What is the thickness of protective bulkhead on models with

the following measurements when a 1.7 kg charge is used corresponding to
a 200 kg charge (Nos. 1-6, Figure 8(D)?

- The reduction ratio, depending on the charge will be as follows:

If the charge preportionate to 200 kg is 1,7 kg and, according to Figure
12 (D) the effective ratio for l 7 kg is 0.783, the effective charge is -
1.7 x 0783 = 1.33 kg.

v The reduction ratio will be 3 200 = 5.32
: 1.33 :

See Table IV(D).

Notes _
1, Por the same amount of explosive, the effect on the
protective bulkheasd will vary if the form of the charge or
its direction varies. A fixed charge will have different
effects if placed as shown in the following illustrations

in Figurs 9(D). Therefore, in making model experiments
a definite method of charge placing should be used.

_2. Even though the form and measurements of the scale
‘model are defined by the calculations described above, it
- is necessary in actual tests for the treatment of the
- " plates, the position of the frames etc. to be uniform or
nearly so. ¥For example.

In (A) of Figure 10{D) the method of securing the protec~
. tive plate-is too weak so that it can bend freely. In (B)
‘however, the support is stronger than should be used. In
.(c) 1r concrete is used in part "a"™ the characteristics

of the alr space will be different from that in use which

is: unsuitable. Part "b" is strong enough so that it will
- pot break at the time of the explosion.

231
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ENCLOSURE (D), continued
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”ENCLosuRg;(o)D continued

a

(D) AB as it-stands is aatisfaetory but if rts ghape 1s
hanged as -shown by the dotted lines, the volume of . the air
pace 13- redueed, which is unsuitable.

on, changing the volume of the air space. This method
. s theréfore, unsuitable. '

En (E), the height "hn" ig changed et the time of the explo-
51

(F), there are some stiffeners in sctual use._ If these
e omitted in the model, plate A will bend because of the
ater pressure, changing height ®h® . The whole structure

ill therefore differ rram the- actuel case and 1t would be
satisfactbry.

CHAPTER'IV

he b sie scr%ption of torpedo protection already given 1s based on the co-

ordinated s of testa with sealed projectiles weighing 9 kg and 1.7 kg.
:ﬁ: le 1{D) shows, there are.several sizes of 9 kg targets but for the most
' perb bests the length was 6 £t 6 in and width 7 £t O in. When the dis-

eenee beb o 3he~outep-sk1n ‘and the pronectixe”plating wes 2 £ 9 in or more,
bhe test as always conducted with a double bottom attached.

The volume of Ege targets {see Table I(D) was not in proportion with
that of the 9 targets which are taken &B a standard here.

;1;,; ‘9 kg'Pro;ectiles '

_Reduet on of scale. Qhe‘9 kg projeet{le«is a 1/3 scale‘mcdel
~torpedoes.

. Qb, g'SiZe of charge: Theoretically, cherge = effective charge =
200 x (1/3)3 5 7.407 kg. .
' charge uged = 7. 407 x 1,212 = 9 kg

" Tt was felt that this charge might be too large for 1/3 scale test,
" but the experiments showed it to be generslly suitabls.

‘:The scale is actually 1/2 97 since from Figure 12(D) ratio of effec-
' tiveness = 0.88 and effective charge = 7.65 kg.

- . " The scale = 3/200 = 2. 97-
vts ’ o 7-35 .

N Thickness of’ ?gotective.glate: The thickness of the protective
_© -plate has:been defined as e mum thickness which will fully
" withstand explosions. It must be thick enough so that it 1s not
lacerated and so that splinters will not make any small holes. The
o buxkhead is satisfactory if no "throughs" are found. Deep strikes
o are permitted.

2.,}5 he Relatlon of the Full-Scale Charge to the Scale Model

'Reduction -error 1n the cherge. As a result of previous tests at the

- Technical Research Laboratory using charges of 62 gr, 100 gr, 125 gr, and
1.7 kg, it was found that with the reduction of the charge used there was
a successive diminution of the explosive rorce against the protective

236
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' R ENCLOSURE (D). continued .

plating. Thererore, calculating conversely or the basis of the foree on
~the plating. we obtain, in seeking the rutio of the charge used to the
,errective charge(ratio or efrectivenesﬂ the curve shown in Figure 12(D).

Because this curve is for a full-scale charge of 200 kg it cannot be used
.for other full-scale -charges. )

- For sxample, for an effective charge of 7.407 kg with a full-scale charge
-of 200 kg; the charge used is 8.75 kg, but. when the full-scale chargze is
350 kg a charge of 9. kg must be used..

: The reduction error. ‘has been determined by ‘baking the error for a fullu'
scalg gharge or 200" kg as ‘a base, and taking the same ratio for 250 kg
and 350 kg. . X

7f(This is notwtheoretically correct but the errors are not considered to
be large.) - . : o ol :

.Foruexann;e:f~ l/é‘ecaie model 200 kg charge = 9 kg charge

~Ra§io of effectiﬁenessps 0.85
Cherge Tatio = 9/200 = 0.045

Therefore: © 350 ke charge = 350 x 0.045 I 15.75 ke

'e~3., Relation of - the Volume of B ge to the Thickness of the Protective

- The changes in force due t0 changes in volume have been plotted in Figure
. 11{D) in which. i

©) Indicates tha thickness of the protective bulkhead with double
bottom attached, as:obtained from experiments conducted at the
_Tokosuka Navy Yard using a 9 kg scale model. .

AN Indicates the volume (V) of the space between the outer bottom
and - protective bulkhead with an effective charge of one kg when the
4hickness 1is © The line B in the graph connects the points..

Ej Indicates the thickness of the protective bulkhead and volume of
. -space (ft3/kg) found by converting the volume for a one kg effective

-~ charge and the thickness of. the protective bulkhead tested in the
: ,Technical Research Laboratory wlth a 1. 7 kg charge to a 9 kg charge.

’,The broken lines . are curves describing the thick-

- ness of the protective bulknead for a fixed volume sc as to conform
to the volumes at [3 , the volumeés at() and the volumes at the points

: which are intersected by the line A.

These llnes tbroken ‘1ines) correlate Figures 13(D), 14(D) and 15(D)
which illustrate the relations between the volume of the explosion
-space, the thickness of . .protective bulkhead, and the bulge width.
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. thure 11(D)
B RELATTON’BETWEEN VOLUNE, -THICKNESS
‘*: OF PROTECTTVE PLATE AND BULGE WIDTH. -

Thls 3raph zs only appltoable to s;dc explo-
s;ons., Further tesis.are necessdry’ regard-
1ug htts on the battou and topstdc
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: ENCiOSUBE (D), continned
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ENCLOSURE (E)

 EXPERIMENTS FOR DETERMINING THE STRENGTH OF SUBMARINE
HULL MODELS AGAINST DEPTH CHARGES AT GREAT DEPTHS

" (Ship Construction Research Department)

21 November 1944

© 1 LIST OF ILLUSTRATIONS

Figure 1(E) Experimental Set-Up for Determination of Submarire Hull
) ‘ Resistance at Great DepthsS .csecessveccecsccncsrcrcrese Page 2.8

‘ Figure 2(E) Curve Showing ,Re;].ationShip of Explosbive Pressure-Distance
. Of Depth thqrge'O.0-00--.00.000;0oo-oo-oo.o..ao;oa-o.ao Page 21"9

Figure 3(E) Pressure Ratio - Safe Depth CUTVE .eeecessssacecsscsss. Page 250
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_ ENCLOSURE (E). continued

_'i;,k'Purgdgg‘,‘ ; _

' To ‘investigate the resistance of submarines wugainst depth charge at safe div-
ing depths, and to determine the relation between the diving depth and radius
of damage in accordance with Secretariat Secret_#6179 of 11 October 19L&

\

2 QaRésults and Remarks

S The strengths of resistance of a reinforced pressure-resistant circu-
‘lar hull model with planned collapsible depth of 50 meters {actually be-
tween kLi-55m), wher tested at depths of 45m, 30m, 25m, and 15m ageinst
depth charges with 800 grams of Shimose Powder (4lgrams of tetryl boeoster
- 'charge) are as shown in Table I(E). The radius of damage determined from
ithe above are as follows: ‘ '

Depth et Which -
Static Collapse . .

Takes Place. - _ - Pressure Estimated Percentage
-.(Computeg value) Depth | Ratio Radius of*] of Radius
1A (kg/om<) |- B %m) .B/A Damage (m)|] of Damage

o BEFVRT |15 Jo-om|13-m 1

DT f 25 fows7 | 15-1 (1.3 -1.08

45- 48 . 30 | 0.67 - 0.62 | 17 - 16 [1l.54 - 1.23

. 4855 | 45 ! o.94 -0.83] 25 - 22 |2.28 - 1.69

' ¥Based pn.ﬁhe,formatibn of lobes’

Ly .

b, Tt is belieiéd~from the results of this experiment that for a sub-
marine to escape to great depths in event of 'depth charge attacks will
only invite opportunity for greater damage, considering the increased ad- °

justeble depths of present day depth charges.

" e¢..  The crusher gauge used showed far less varlance in its indicated va-
‘lues than the standard pressure meter. Consequently it has greater prac-
i‘tical value in computing low explosion pressures. :

- .Qutline of Experiment ‘
. :‘Dggeg{173 18, and 19 November 1944

. . Location: MITARAIJIMA, Toyotagun, Hiroshima Ken, 2100m off shore,
‘ o depth 82m. - - : . . _

"c¢. . Experdment: Ten models. of the reinforced pressure-resistant circu- -
“lar hulls (plate thickness 2mm, diameter 700mm, reinforcement strip length
235mm) with & collapsible depth of 50m were constructed. Two of these
‘were tested for strength of resistance against static pressure and the re-
_maining eight were used in the depth charge experiments, Four depths 45,
30,. 25, and 15 meters were selected. The relative distances between the
depth charges and the hulls were kept at 8-22 meters and the differences
in the radii of damage at each depth investigated. Two hulls used in the
initisl test, being only slightly distorted, were used again. So in

244
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' ENC'LOSURE’ (E), continued

' effect the depth charge tests were conducted ten times.

: The .depth charges used were cylindrical types with powder charges of 800
grams of Shimose. and 41 grams of tetry1 bo,8ters,

_ The hull construction and the arrangement of the experiment are shown in
a Figure 1(E).
[
TL. Results of Experiment

qTable I(E) Results of experiments on hull resistance against depth charges
‘at great depths.

Figure 2(E): Pressure -Distance Curve. -

Figure ;(E)* Pressure Ratio - Safe Depth Curve. -
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ENCLOSURE (E), continued
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ENCLOSURE (E), continued -
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ENCLOSURE (F)
THE EFFECT OF OPENING AND CLOSING OF KINGSTON VALVES ON THE
‘ ‘RESISTANCE: OF SUBMARINE FRESSURE HULLS TO DEPTH CHARGES '
' (Experimentsron Double Cylindrical Containers Relative to
,_gon ugsio? Collapse with the Effect of Aperture in the Outer
. -Container) - :
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" BNCLOSURE (F), continued

i.  INTRODUCTION |

Aithough the mechenisms involved in the collapse end destruction of the inner
‘and outer hulls of a submerged submerine s the result of the concussion of s
- depth charge ere unknown, the lnner and outer hulls by mutuelly resisting the

céncussion give grester resistence than they would individuslly. From this
Wy may suppose that they'may be msde to resist large concussions.

The outer hull receives the concussion first and reflects part of it; but
inside the shell the pressure is sluggishly transmitted (corresponding to the:
speed of the compression wave in water), and, therefore, the seawater between
the shells is compressed. However, only the pressure equivelent to the elas-
‘vticitg of the outer shell is trensmitted to the inner shell. Therefore it
‘must be better for the inner shell if, instead of the outer shell not having
eny apertures, the outer shell had en aperture with some gort of Kingston
valve to relieve the pressure.

On the other hand, sfter the concussion passes through the outer shell (of
_courae with s certein amount of it reflected), the seswater between the shells
trensmits the compression wave to the inner shell, and unless the aperture in
the ocuter shell functions as a buffer, as mentioned above, there will be no
dirference with or without an outer shell.. B ‘

Recently, in order to -study this problem, small double contalners of brass
were constructed, and the spece bwtween the containers was £illed with water,
in one case with en sperture in the outer shell end in the other case with no
.aperture .in the outer shell, They were subjected to concussion end the
;pelative stete of destructlon for the two were studied. From these results,
4t was decided thst the mecheniam of the collapse in the latter case was very
similsr to the others. Accordingly, further consideretion was given to tne
edvantages snd disadventages of the opening and closing of a Kingston valve by
- '@ submerged submerine under depth cherge attack, :

2. . FURPOSE
To £ind the eftect of the opening and ¢lesing of a Kingston valve of a sub-
merine on the degree of resistance to underwater concussion, end thus to
ecquire some data to counter the effect of depth charge sttecks.

3. -RESULTS AND OPINIONS

The‘fbllowing‘resulﬁé were obtained after subjecting smell double containers
of copper to underwater concusslion: - . ’ _

g ?or;a given inner contsiner, the dsmage was smaller when it hsd an
outer conteiner then when it did not. Further, the stronger the outer
* contgliner, the more conspicuous this difference becomes.

b. - The demage to the inner contsiner was not legssened when the outer

container hed en open aperture. However, the pert facing the source of

. the  concusgion was more bedly damaged. :

"G The concussion on the lnner shell of a submerged submsrine from a

depth—cherge exploding at a distence is that. of the ‘compression pressure

-wave.which has passed through the outer shell as well as the water be-
-tween the contesiners. Therefore, the opening or closing of the Kingston
valve had slmost no effect on the concussion resistivity. However, if
the Gase when the Kingston veslve is facing the explosion 1s considered,

" leaving the Kingston valve shut ls somewhst more edvantagesous to the
‘eoncussion resistivity of the submarine's hull. However, it is thought

-
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'EHGLOSUBBIIFU, continued

ééfer*to,leééévthe valve open to avoid the possibility of- the valve not
functioningris'it is left shut. - )

4. rg_sm TALS OF THE mERmENT

vouble eylindrical contalners of copper, shown in Figure 1(F), were made the
“gbjeet of this eéxperiment and the space between the two eylinders was com=-
gletely f£illed with water. The lnner container was filled with air. In a

ond, 3.5 meter depth, as shown in Figure 2(F), the containers were suspended
t a dqepth of: 2 meters, and subjected to concussion from bursting charge conu-
ainers of O.4 kg and 1.7 kg, as shown in Figure 3(F). The bursting charge
onta: nerswwere at the same depth as the double containers and at a fixed
ista ce. K .

‘As & model -of the Kingston valve, 8 long slit L.5mm wide was cut extending the
" full length of the outer container, One part was bent back in a flange to
give greater strength to the edge of the sperture. In submarines the rels=
‘tionship. of the width of a Kingston valve to the diamster of the inner hull -
.- 1s- about (.09, ead in this experimental container the relastionship of the slit
‘in. the outer contalnér and the diameter of the inner container is €.10.°
'Furthermore the ratio of the tank capacity to the ares of the Kingston valve
n, ubmaxine 48 50-70 metric tons/meter<d, while in the experimental objeet
.ihe ratio of the equivalents, the water capacity between the inner and the
uter - eontqiners to the ares of the slit, is 56.7 metric tons/mster2 :
The. experiment wes oonducted w!th the s8lit either directly fecing or st right
angles to the concuasion.

,5. ’ EXPERINENTAL RESULTS . \ &

The results of the ‘experiment ere.given 1n Table I(F). -Figures L(F) through
7(F) show the damage to the containers. : .

6. ANALYSIS ~ ,

AsVSections I-EV of Teble I(F) on the results of this experiment show the
~degree of damage to the inner container 1s clearly less when the outer con-

‘tainer 1s used than when it is not, Moreover, ss Sections VII, XI, snd XII

‘show, this, tenﬂgnny becomes more- conspiauous as the outer container i3 msde
' stronger., :

" Although in a submerine the strength of the outer hull is merkedly less than
-mhat of the inner hull, it is & question worthy of ccnsideration as to whether
1+ contributes ©o the concussion resistivity of the inner shell. (Note: At
kure Nevel Arsenasl a partisl scale:model of the I-57 submsrine was subjected
ko the explosion of a Type 88 depth charge (148 kg oursting eharge) at a depth
pf. 15 meters anfl a -distance of 609-19 ‘meters. The ratio.otf the concussions

"'lLnside the mein tank and at the gunwhale of the vessel were reported to be
pbout 2/3 by rotk crystal type pressure recorder and a copper post type pres-
Bure fecorder.)

From this reasohing, it would be best for the inner hull if the valve were left
- closeda in a cese where the depth chsrge explosion is directly.opposite the

- Xingston valve, However, in regard to the effect of the opening of the
Kingaton valve when the depth charge explosion 1s elsewhere then directly
opposite the valve, as shown from V through X in Teble I{F), the daemage to the
‘whole object and the part facing the source of the exptosion is exceedingly
pronodunced. At the ssme time, it is shown that the desmege was very much
smaller when the outer container had no aperture. VYhen there is an asperture
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- ENCLOSURE (FJ), continued

in the outer containmer the demsge 1s about the ssme no metter how unrelated
the sngle of incidence of. the concussion and the position of the saperturs.

One may. then reason that the demsge to the inner contsiner was smaller when

' the outer container had no sperture. In spite of the fesct thet a flange was
added.on the edge: of the sperture to strengthen it, the degree of strength is
less than in the case where there is no sperture; thus, allowing more damsge
to the inner contsiner.. s '

In the case where the outer conteiner had s slit, no matter how unrelated the
positions of the source of the explosion and the slit are, the part facing the
" explosion was slways by far the most dsmaged while generslly the degree of
demage was about the same. B : . ' .

The concussion on the inner container is ‘the compression pressure wave which
has passed through the outer contalner; therefore, it must be reasoned, thst
even though en sperture is cut in the outer contsiner, it is not the source
of any concussion-reliéeving action. However, due to the fact thst the ratio
of the hull measurements end the width of the water leyer inside the mein hull
. to the anti-depth charge resistivity in sn actual submerine is clearly grester
then the ratio of the conteiner measurements snd the width of the water layer
between the inner and outer containers in-this experiment to the -anti-bursting
charge resistivity, the concussion distribution in @ submsrine must be more
concent reted than in the objects. used in this experimenu.

It may be ressoned from the results of this experiment thet in 8 case where
the depth-chsrge exploded directly opposite en open Kingston velve, the con-
cussion will come through the velve end reach the inner shell ceusing com=- _
peratively hesvy dsmsge to_ the inner shell. That is to say, that there are no
edvantages to leesving the Kingston valve open.

Then sgein, the ratio of the strength of the inner and outer containers of the
object of this experiment are clearly comparable to cases where the inner
container hes a low degree of strength. Furthermore, the bursting chsrge used
was large. That is to sey, if a case 1is considered where the concussion wevesg
are long, it may be inferred thst compared to the results of this experiment,
in actusl csses, the damage to-the outer hull will be greater. (Note: Ac-
cording'to;the,Mine'Experimental'Department's_#108, classified top secret,
dated 31.November, when s Type 88 depth cher e wes used agesinst s Type 3 lsrge
submarine, the ‘damage caused was 88 follows (on a 1/3 scale model):

a8, A$:a~distance'of 12 meters both the inner and the outer shells of the
hull were. crushed.

b; At a‘distancé of 17 meterS‘both the innef and outer hulls showed
. deformation. Rivets were loosened and scettered in s lsrge portion of
the single-hulled part. : :

6. At s distence of 23 meters one pert of the outer hull wes deformed
and rivets scattered. : -

d. - <At é,distance of’32 meters, the outer hull was slightly deformed.

- e.. tAt‘ajdistancé of 50 meters there was no chenge in the ship's hull,
hls shows that the outer hull }s more eesily demeged then the inner bull.

Therefore, in cases where the outer hull is dameged and deformed and the dam-
-age to the ilnner hull is ‘not necessarily fatal, if the possibility of function~
al damage and ultimate failure: of the Kingston valve 1s considered, it is
‘thought safer to leave the valve open. . '
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EﬁdEOSURE‘(F),‘continued

6. CONCLUSIONS

The concussion from the. distent explosion of & depth chsrge on the inner hull
of" a submerged submerine is the compression pressure weve which has passed
through the outer hull end the layer of water between the hulls. Therefore,
the opening or c¢losing of the Kingston vealve has almost no effect on the cone-
cusslon resistivity. However, iln a csse where the explosion is directly op-

. poslite the Kingston valve, leaving the Kingston vslve closed had s somewhat
advantageous effect on the concussion resistivity of the submesrine. It is
thought - best. to lesave the Kingaton valve open because. of the possibility of

the valve: being unable to function if left closed at the time of the concussion.
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‘ENCLOSURE (F), continued
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-Figure 2(F)
TEST SET-UP
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" ENCL:OSURE (F), continued

: - Dimensions . ‘ Distance be-
b © o+ {(mm) P ' tween Bursting
P B T Charge and

{- Thickness | ILength “Inner o Object (m)
1" of Sides | . Diameter

P

louter Container| _ 0.3 6o | 72 s
~i‘innérfConta§pgr ’ ~ b36 43.5 .

[ SO

ﬂNgtesﬁi  v ; .
1. ‘Width of sperture in outer container of V, VI is 4.5mm.

2. The measurements on the drawings below were tsken on a cross-section
NN at mid-length. = .

3., In &1l sketches the direction of the concussion is from the bottom of

. " _the page. : I

v . yI o VIL
SQuter ©o v Inner:. _ Nuter

Outer

- S Figure. 5(F) )
EFFECT OF APERTURE IN OUTER CONTAINER (B)
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Dimensions T Distance be-
(mm . ' } tween Burst-
—— - - - - - |ing Charge
-+ Thickness | Length | and Object
_ . of Sides | Diameter
OQuter Conteiner 0.3 60 - 72

, A .7 10
36 L3.5

" | Inner Conteiner 0.3

. Notes:

" VIII and IX have a 4.5mm wide slit in the outer container.
2. Shows a cross-section of mid-length.

In a8ll sketches direction of concussion 1s from bottom of the page.

3.

= Inner outer

v Figure 6(F)
EFFECT OF AVERTURE IN OUTER CONTAINER (C)
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ENCLOSURE._{F), continued

- Dimensions . _ T

= {mm) Amount . of { Distance be-

—- — — — Bursting | tween Burst-

R ...} . ~Thickness Length Inner ' [Charge ing Charge

S o g 4 - -of Sides - | ... | Diometer _ and Objezst
g T - - g {ke) {m})

i : »VIIogo0.0a . . . . fF . . .
XI....0.4 . . 60 72
X_II-.‘.O.s___‘ o B
;&nnerﬁCbntainsr[‘ T

R T 43.5°

Outef_COhtainer'

0.4 L.5

Noté:-

Almost no change in all outer. containers. However, there was a slight

* indentation in VII the thinnest (refer to Figure. 5(F)). Direction of
concussion in 2ll cases -from bottom of page. '

':f {1Cross ‘/AnCross . 4hCross
. Seetion . - Section Section

= =Cross

" 3ection
.. ... - Figure 7(F) T
EFFECT OF STRENGTH OF OUTER CONTAINER
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. ENCLOSURE (G), continued

 FOREWORD .

fWhénné subm#riﬁé-navigéting‘underwatér is attacked by depth charges, some ef-

-'fect will be produced. pon the inner and outer hulis._ The walls of the inner
‘tanksg may expand orrthe~second‘series battery case may be damaged.

-To prevent such.a phenomenon, research is necessary on the contruction of the .
‘submarine hull, ‘the battery case or.on the methods of attaching the battery
[cése. However, the effect of the concussion from a depth charge on the hull
‘0T a submarine, excluding an explosion at close range, depends upon the under-
water elastic compression waves. It has bsen assumed to be a sudden striking
bressure with an endurance time of 10-4 seconds. First of atl, it is impor-
tant to know the characteristics of both the exterior force and the damages
which it produces upon the inner tank 3

‘However, guch theoretiecal resesarch pro

much canndt be anticipated.

‘This report covers the research conducted on the characteristics of an exterior
force atriking the-smallvbrassrmodel double layer cylinder used in this ex-
periment; as well as on the strength of the model itself, surrounded as it is
by a thin plate and a liquid layer. It is thought that there is room for
further study before this can be sulted to practical use. In regard to the

. .characteristics of this force, it is an underwater elastic compression wave
Jbassing through the outer and inner wall and ‘through the liquid layer between
them. ' The strength of this model as compared - to that of the inner tank walls
Of a_submarine, is considerably greater, so it may be reasoned that the rein-
foreing of the submarine walls is necessary. For this reason, this report
covers . the advisability of establishing an air layer over the dorsal surface
of the inner hull to ‘completely intercept the compression wave. ’

PURPOSE . | S ‘

To investigate the swelling of the inner tank of submarines subjected to depth
clarge attacks, and to obtain countermeasures for preventing damage to the
‘battery case by improving the construction of the submarine hull.

- SUMMARY OF RESULTS

‘A; . The fbllowing«résults Were obtained when the smell, brass model,
dduble.layer,cylinders~were subject to concussion.

1. When the space between the inner and the outer cylinders was
. Tilled with water, dué .to the increased thickness of the wall, the
..~inner c¢ylinder was more dented,geven_though-its static strength was
- ‘much .greater, : - : )

2. ' When a free liquid surface was established between the inner
-and outer cylinders, the damage to the inner cylinder which had part
- touching the air layer, and of -course .part adjacent to the ligquid
- surface, was lessened. - '

3. The effect of encircling the inner eylinder with rubber was
-hardly noticeable and was iaferior to that of the free liguid sup-
.- Tace. . . .
4. An inner cylinder encircled by an outer cylinder with water
between the two. cylinders endured more than an inner cylinder by it-
T.8elf, : - ' . . i
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ENCLOSURE (G), conttnued

- ; When a-small hrass-nwdel otwan‘inneﬁ-tank filled with water was sub-
Jecteﬂ to coneussion the following ocourred:

fA cylindrical inner tank well had greater concussion resistivity
, . p;:than a flat wall of the same thickness.

S
Clemmows 0 0 |
" A. 'the sxtefior force which strikes the inner tank wall consists of the
impact transmitted when 1t hits the inner hull, and the underwater elas-
hic compression wave which has a comparatively large. compression ampli-

tude plthough it las been lessened by passing through the two hulls and
. the witer layer between. them.;f

- tiB. S If construction were such that the compression waves propagated w1th-
- 'n the liquid: layer in the inner submarine tank could be intercepted,
’ﬁeformatio of the tank well could be prevented

. c.f,'ﬁ cyl ndrical surfeced inner tank: wall would be edvantageous in that
- deformatio would be decreased..‘

S PO he;pressures received by the inner tank walls of the submarine can
. be obkained only tlirough experiments with models. Although conditions
will differ from those for the submarine, and the results will not be
mmediately appliceable, they can be accepted .as data for the modificution
f hull co} struction to prevent the destruction of the battery cases.

ATESQS ANQ AQA¥YTICAL RESEARGE

It may be resumed that because of the outer and inner hulls, the pressure
received by the inner: tank wall of the submsrine due to a depth charge explo-
- 8ion.would be less than if it received the éoncussion directly. However, it
is-diffiocult to. deal with this mathematically. “Conditions will vary aocording
Fo the’ submarine, the size of the Gepth charge and the strength of the con-
_cussion. - For thisvreason, -with putpose of obtaining results for general condi-
tions, & target was comstructed of braas pipe, placed in a testing pool and. -
~ subjected to thé concussion from a 1.7 kg cast pieric acid-charge. It was- also
tested with an experimental plumb tester, the daim-being to obtain a striking
pressure of long .duration. Data on the test, construetion of the target, con-
. struction and specifications for the -explosive container, and the comstruction
of the plumb tester ‘are. shown in. the ‘attached diagrams.

The extent of the . concussion produced by the l 7 kg cest picric acid conteiper
" 18 asg shown in igure 3(G). It is & single attenuated sine wave of about
10,000.0.. ~ Th striking pressure of the plumb tester produces about a 700
»,single wave form. Compared to the former, it takes about fourteen times longer

to build - up this pressure.  The targets-and their Tesults are produced in
fTable I(G). The results of .the tests are shown in Figures 11(6) to ZZT_S

A._ Tests and Anel[sis 1ative to the~Fressure Str;ging the Wall otgg

4, -Pests appiyl eo~exterior—forces of'differin endurance times-
o an_outer and in anexr czlinders with space between Ghem filled WiGhH
ater} - .

! ﬁgﬁshbwn in A and B of Table I(G), when the space between the outer
. inner ocylinder is filled with water, the damage to the inner
qonta ner is more marked, with the varylng endurance time having no
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ENCLOSURE (G), continued

effect. In the case of A and B, the static strength of the outer
cylinder is greater than that of the imner cylinder. However, in the
‘seme way it can be said that, in the case of the inner and outer

. eylinder of C and D, they have an equal static strength.

rzr ;Tést conducted with the static Strength ratio of the inner and
outer cylinders changed:

B, E, F, and G of Table I(G) are all filled with water. However,
“the. static strength of the inner cylinder of B is less than that of

. the outer cylinder. Both cylinders of E are of the same shape and

.of equal strengbh. The-static strength of the inner cylinders of ¥
and: G are greater than that of the outer cylinders. In all instances,
the -damage on the lnner cylinder appeared more marked. The outer
cylinder was hardly changed. Ca

}.' Test conducted with inner and outer cylinder of equal static
strength-but dffferingﬁw&II,EEIcEEess:

‘In Table I(G), the shapes of the lnner and outer oylinders are the

‘ same and the static strengths are equal with only the wall thicknessas
differing. Furthermore, the space between both cylinders is filled
with water. .Even at that the damage to the inner cylinder appeared
more: marked. '

L. The influence of the outer ¢ylinder upon the damage to the

e m—

“inner cylinder: . v ,

1% is easy enough %o, imagins that the concussion received by the
~.inner cylinder would be less when there is. an outer cylinder. When
a 0.55mm and O.37mm thick cylinder, each with a O.5mm thick outer
cylinder with the: space between the two cylinders filled with water
were subjected to the explosion from the 1,7 kg charge from a dis-
tance of 6 meters, the results as shown in Figure 22(G), proved that
the ones with outer cylinders were less dameged.

15. Apalysig:

“Evyen when the statiec strength of the inner cylinder is considerably
greater than that of the outer cylinder, the damage to the inner
cylinder was still more marked, and had no apparent relation to the
thickness of the cylinder wall or the endurance time of the concus-

sion. It is pointed out that there 1s considerable difference bet-

_ween the construction of the inner hull and the tank wall of the sub-

.~ marine ‘and the target model. -

B. The actual tank walls are flat while the inner oylinder of
- 4his target model is pillar-shaped so there will be a difference
- in the effects of the damags.
b. The lengths of depth charge concussion waves (Converting
the depth charge to a spherical body whose diameter is thought
. ‘to be about 60cm, the length of an underwater eoncussion wave
. ia spproximately the same as the diameter of the explosive
~charge ¢ontainer. For this reason, it is presumed that the con-
cussion wave from the depth charge would be about 60cm.) are
approximately 60cm, with the distance between the inner hull and
the tank well averaging 30-50cm. On the contrary, in this test




ENCLOSURE (G), continued

the.length of thé concussion waves from the 1.7 kg .explosive
" egharge is about 1l5cm with the distance between the two cylinders
.+ being I.6cm. It can be concluded, therefore, that the ratio of
- the wave length. to the wabter layer thickness differs. Regarding
‘B above, this target was made similar to a submarine but it is
‘@ifficult to judge as to its safety. However, upon observing
- the static strength ratio of the inner and outer cylinders, the
static strength of the inner mull of the submarine was about
. ,10-20 kg/om? and that of the tank wall about 3 kg/em?. The
'patio was 0.15-0.3. On the other hand, in this target the ratic
jof the statle strengthi of the inner cylinder to that of the .
‘outer cylinder was 0.42-2.28. In spite of this, when it 1Is con—
_ gidered that the inner cylinder is damaged more greatly, in-
. :general, -it can be supposed that the concussion applied to the
. -aubmsrine tank wall will be considerably greater than the
" .strength of the wall. CoL

For this reason,  in order to reinforce the submarine tank wall
~end equalize Its strength to .that of the inner hull, so as to
. have a stronger concussion resistance, considerable reinforcing
- would be necessary. However,. as it was expected, to obtain data
‘mathematically ls very difficult and tests must be conducted on
models. o :

A’Bg:;iTest*andﬂﬁnalgtical Research on the Effectiveness of the Free Liquid
- Burfsace “the Rubber Covering.. -

1. . [BEfectiveness of a free llguld surface:

T ' -i:‘? ble I{G), B and J, D and K are the same targets with the for-
. “mer ih each cese filled with water. The latter are provided with
o g ‘free liquid surface. - The inner cylinder of the latter is less
damaged. Damage to the cylinder with the Tree liquid surface is ;
practically negligible.. The lower edge, that is, the cylinder end .
.opposite the bottom water layer, was damaged as 1t had been before.
‘Moreover, thet portlon.of the inner cylinder facling the source of
the explosion was damaged markedly along its whole length. It can
be said, however, that upon nearing the dorsel surface, the extent
of the demage gradually lessened in the direction .of the height of
the axis. Just as in the sketeh, if the inner cylinder were inter-
 |jsected by a surface formed by the water level and an established
angle @, the lower portiom, that is, the portion in the sketch shaded
by didgonal lines, only would be damaged. Because of such a phenom-
" gnon, when it ias reasoned that the gstriking force reaching the inner
. E ¢ylinger is an elastic pressure wave (even in
the test- being carried out at the preseat time
‘at the No. 2 Powder Factory, the underwater
presgure wave was able to pass through a thin v
plate) which has passed through the liquid layer,
the free liquid surfade must buffer the force of
the compression wave. However, it is congidered
that the effective scope will be localized to .
within the surface formed by the water level and
the fixed angle © as shown in the sketeh. .

L , - 2. %he comga;ggiEQ:effectivaness of a free
1iqujd gsurface. and a rubber covering:

-1, M; and N,bffTaﬁieii(G) have the sahe dimensions. One has an air
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" ENCLOSURE (G), continued

"layer at..the upper portion, bstweeti the Inne¥ and .the outer c¥linders
(the volume of the air layer 1s the same as that of the rubber =
' layer). The inner cylinder of another is enveloped by & l.5mm thick
;. _rubber -layer with the space between the two cylinders filled with
“"waten, while the-space between the inner and outer cylinders of the
lgst iz completely filled with water. It was made clear from the
-resulits that the effect of the rubber layer is practically negligi-
ble, .the free liquid surface being the more affective. The conatruc+
. "tion 'of the targets and the test results are-given in Figures 5(G)

through 7(G)
3. " Analytiesl :esearch:  A
It. 15 supposed that the striking force reaching the submarine tank

-wall is the compression wave which has passed through the inner and
‘outer hulls and the -liquid layer. Even if the submarine tank wzall
was protected by a rubber layer, good results could not be antice
. ipated. 1In the case of the free liguid surface, the effect was seen
.. {0 be great, but the extent of its effectiveness was limited to the
vicinity of the free liquid surface. 1In the broadside tank of a sub+

' ', ”,_: marine the height is so great and the shape smaller in length; con~

lsequently the effective scope is small and it is thought thet the .
-obijective could not be adcomplished. - ,
N Sl . S o e _ . .. .
g, ' Test.and Analytical Research Relative to the C e in Shape of the
_ Submarine Tank Walls S ' ’ ) : -

1. - The outer cylinders 0, P, and Q of Table I(G] dre of the sams-
dimensions, They were fitted with three differently shaped subma-
rine {tanks having a-wall thickness of 0.3mm and filled with water.

* [Phey -were subjected to -concussion from the side to which the tank is

lpitted. GConstruction of these targets and results of the test are

 -shewn-1n Figures 8(B) and 9(G). :

o '?A‘.ﬁall.
EON@§§§ION'

Whe,pbmbregsioniaﬁa pressure ﬁanSjWhiqh'have'passed through the outer and
‘inner hullp and the Yiquid layer are the main causes of the expansion of the

d & greater concussion resistivity.

A.hbmcogyafed %0 the flat walled tank, the éylindrically suifaced tepk
o ‘

- pubmarine wall, - It would be diffieult to obtein data on these pressures unless

fre usie modpl tapgets. However, evern though the .pressure emplitude decreases -

itetwebn the two hulls; it is still comparatively large. It will take substan-

ial peinforcing to maintein the equilibrium in both ‘hulls with the lnner tank
#all-in its original form. Furthermore, we recognize that the effect of a
free lLiquid surface.is considerable, but in cases such as that of a tank on tne
hide of & hull in which there-is a large height and narrow width the effect 1s
gmali, and we are not able .to attain. our objective. Consequently we can pre-
went the shock pressure-on the wall of the tank by constructing an empty space
behind the inneér hull which will completely absorb the propagation of the com-

. Eregsiqn :§ve. However, this will sacrifice simpllicity: of construction. In

‘can -prevent the expansion or rupburiag of the tank wall itself,; =wnd

18- way . v 4
‘mAay be abl ;o deqrease»the_degreequ damage to the battery case.
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ENCLOSURE (G}, conttnuea

Table I(G)
'.!.'ABLE 017 EKPERIEENTAL RESULTS

Inmar CHlinder

- Static
hﬂm

! . s
émﬁ) . .(n? _ (am)
15,5 43.5

N
i
i
&

15.5

6.7

BRI ]

REwf wi o) v gl v w

od With ¥ator

Cozplstely Pille_

! . . . ) , ed qitb Wgter

'Y 0 ; - O : ‘ Compintely FAll-
k S . 1 . od With ¥ater

XOTES:
1, *Targe’ 1! of brnsn oonstmntinn, and results of its tenalon and compressiua tests are shm ir Pigure 10(G)

2, H(Stutio pnezun Por) rorore to the caloulation obtaimed by TOKUGAWA'g formula and shawa the static pressure
.damaging mtonsity aﬁ'.sr passing the elastic limit ‘and the yisld point

3. -#{rLmMB 2 kg-ln) refors %t the plumd toster dropping a kg plunh woight from a height of 1 mater.

he ”(Dnracing charge 1,7 kg-6m) rotera to 1,7 kg cdst plerie acid explonive container placed at a range of 6 mstars
: = target, Experiment conducted at depth of 2m from surfsce of a pond 3.5a deep.

o (1n - Evidently a synbol. representing deflections or hollows in cylinder).
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ENCLOSURE (GJ, continued

P ‘i‘able I{G), continued
TABLE OF EXPERIMENTAL RESULTS

Applted
R Outer Cylinder Innsr-Cylinder

nnsb~}(,m3) . Re Change : W =152 n=1222
O La

| Bursting. Om.rgel# - Srightly-Gonoave 0.96. |“3 37 = 12«
(#e0 8) 1.7 kb - |° Two Denteu. M=ot | aax 22l

Plnhb#(me.s; ) "~ No Change h m-=.1.z9 9-
2 xg~0,758 v "ax 3

Bureting Charge## A . No cmnga. : ‘ =0 38 = 2~
(ove.4) 1.7 kg-10m - . - - Minay 21-

=7 4P
1ng Chargedf s:uguuy Gonoave . & 0,87 s 12-

('é'oe s),l.‘v'kg-(m " "One Dent Lf Usoga ) M:x' 15+27

' ' 2515

: thrgeﬂ 1. ‘S1ight: Gonenvo 0 05 . =.0,38 a = 18-

’~(soo&)1.7kg-6l mnoi{au’ =0.03 Migax o T

]:mu-e.- 0 Sughtlyconeaw 0l 0.2
. . Two Dants LI 0.4 ‘q“—"-lax

1.7 kg-3m ‘ Surface Fading. . u -0 16 B . 2.8
. 2 o Bxplosion . Tt 054 nz 25-
' Sightly mt.tomd o =lmax

1.7 bgszm - sm”mcmu-»o.za =061  n =15
R : . . Bxplosion ol L) }
‘ S1ightly thtomd :

2.7 kg-bm ¢ ’ 7 Kir Spuco 530,60 .| Section Facing Explosion and
) I _ . Section. . omax Lower. Water layer Ssction
Damegsd n = 27-12. | Damsged

hyp = .63

. Afr- Spaos i =0.30 ) Yo Ghange
. -Section: ' X o , B
nqnngod ©.a 2 30=

Sectivn Faeing : i caction Fasing Exnloadon and
Explosion and Tower Witer Iayer Seotion
Rear Section
Sightly L, _0.08. ‘J;fl— 0.68 1= 9=
Dented - :

Fo Ghangs.:

!

" 'Ho Ghange

* Outer Section of Tank
. Raceiver and Rear Ssction
Damaged: -

O;xtsr, Section of Tank
Receiver Damaged

Outer Section of Tank:
Becelver Dmged
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ENCLOSURE (G), continued

%

LJ

Figure 1(G)
TEST SET-0P

Figure 2(G) i
OO)ISIRUCZYOH OF EXPLOSIVE CONTAINER
l

8
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‘EJVCLOSURE' (G), eontinued.

&umdbyhehaeumhwpom&&wa‘b&lw
> Blrztingeharg- L?kgmtpioricacid

cpucuumu wava

] g |
& :

-4 5 6 1 % § w
RANGE (m)

: Fzgurc q(G)
CUHCUSSIOII ANPLIFICATION RANGE
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" ENCLOSURE (G), continued

MPACT PRESSURE WAVE
Hecsured by Crysid Monomsde
W=2Kg. H=75¢n
S Equd'oasl(q/bm

TME WAVE

IIZ(X‘.O MW

_ IMPAGT PRESSURE WAVE
W=2Kg. H=1OMm

_Figure 4(G)
- PLUNB TESTER




RESTRICTED

H

{
~

— 1
o

Outer eylinder (meters)
n .'0.......“..........’......b..... 72
s ......ZZIIIZI.ZI:ZI:IIIIIIIZZIIZII'l.e
Inner oylinder (zsters)
'2’..‘....'..'-.0.....’..........". a’s

S ooo:ao-oo-oto.c.co-o.noot.onn.a'.. .a

) ‘naickmas of rubber covering: 1,5mm
" Volume of air epace: equivalent to bulk of
. rubber covering
Bursting charge: 1.7 kg cast picrie asid
Ra.nge betwesn axploaiw and target: 5 meters
(ampliﬁ.od concussion: 115 kg/em?)

Fipure 5(6)
EH’ERHENT CONCERNING EFFECT OF FREE LIQUID SURFACE
AND RUBBER COVERING
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" ENCLOSURE (G), continued

(L) Tu-gcb With fm Iiquid aurfaco. )

" QUTER CYLINDER

7 02t P V1720470
T //://:f //f////////// //////

BB, ﬁﬁ?};ﬂ”' % ”/' A

" INNER GYLINDER

”'-‘“""mnﬂnm
} AL

prrled

Lt -

. Zx)
1:’171117/-1;114 ‘IZIIII AT

_"Notea' % mdicates inci.dent d:.roct.ion of eoncussiom wave.
Dimena:lona with:m arrows indicate denti.ng. o

Figure 6(G)
EXPERIHENTAL KESULTS CONCERNING EFFBCTS OF FREE LIQUID SURFACE
AND RUBBER COVERING
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ENCLOSURE (G),. continued
" (u) Target - With rubbsy covering. . I
‘ Outer cylinder - Change negligible, f

INNER CYLINDER

W TR T

R Y

' (§) Target - Completely filled with
FCIR watesrs ' ' '

. Outer cylinder -~ Change negli‘_gibie. o
L INNER ‘GYLINDER )

R T T T
W Ty 7 T

TR )
11254102

17e0lr0 7}

(10T

‘,lbtes: ti':idieates 1ncidont direction of ccdculaion wave,
" ‘Dimensions within arrows indicate denting measured
> _ . .om radius,. ' '

: L " Figure 7(G)
. EXPERIMENTAL RESULTS CONCERNING EFFECTS OF FREE LIQUID SURFACE
T AND RUBBER COVERING
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ENCLOSURE' (G), continued

Bursting charge: 1.7 kg cast pierie acid
Rangs between bursting chargs and
~ ' © 14 meters (amplified concussion: Q/cmz
" Overfiow Vent Tut volume m:SO) kho3ca?; (P) k6. sz

Tat.al volume cuter cylinder: 381;.7@2

Figure 8(G)
EH’ER.HENT OoN CYLIMERS ENCLOSED WITH VARIOUS SHAPED TANKS




RESTRICTED

~ ENCLOSURE (G), conttnued

| 3
__! " Outside Tank Surfaces
1

1

,_- A_!;-“‘m -
‘!‘;lo"

Fo0 123

+.s +—,I?
“+ov '*.'-.I‘F

tores o3,

[+1.5Z - 'i-.'ﬂa

'L?.f? “+a.s7

i

l .

Notos. Den‘bings of eross gection view taken froa mid-

gection. .
Outside tank surface drawing shows denting measured .
' from direction indicated DY wegy o

Figure ¢(G)
EXPERIMENTAL RESULTS oy CYLINDER ENCLOSED WIT" TANKS
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STZESS (Kg/me’)

R S

0N gy

¥
k
Y
}—-
]
4
[T E]
u.
O
)
3
3
g

T ﬁ‘&mﬁmou Cuey:

rer——t e
) e ——

N

W |
N,

o
?Z

0.5 .06 [

‘oF . 0k
EXPAMSION. (mm}

20 4 2.
STRESS (¢g/mm?)

- Figure 10(G)
- RESULTS OF BRASS TUBF, TENSILE [EST
(Hay, 17, 1943

32-79
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E.vcwswm (6), continued

Ont.or Gylinder ) Inner. WIhdor
(No ehmze) s = '

Outer cylinder (om) -
"’.........'......l...‘."......ﬁ &
E oooo..-oooaooo.uooo.-o.o.o.o-oooo’ n
N s O'O'.DG.O.'.QO‘O.".......O....Q. o.s
’Imer cyli.nder
’ Q..............'.......Q.......... %
.ﬂ.”’...’.’......O.D.’........‘ .5
N s .'....O...'.........l'....'....O‘ma
. Conoluded amplified impact pressure: A0 kg/em®
:m duration impact pressure: 1/650 seo
- .Q..'I.Cl.l.D.......‘.G.O.....O.‘..O' 2 n

B eeencssesersnesdocsossssgetcccesoasen 1.0 n

Spacs betwsen inner and outer cylindera com=
' pletel,r ﬁ]led with Iater.

Hotes: i :i.ndi.catos direction of applied pressure.
Crecas section drawing shows entire middle section
except those specifically mentioned.

Figure 11(G)
(4) - TARGET

[
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'ENCLOSURE (G), continued

‘Outer: Cylinder : Inner Wi:l.ndorr ’
{4 Cross Ssction S

‘Outer cylindsr tsame as ?; g

" Inner sylinder (sams as (4) v
Bursting eharge: 1.7 kg pierie acid v
‘Bange: 6 meters ‘ ,
Concluded amplified concussion: 94 kg/ca?
Time duration of concussion: 1/20,000 sss
Vater cocmplstely filled between inmer and
: euter cylinders. - :

Figure 12(G)
(B) TARGET
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“ ENCLOSURE (G), continued

Ianer Cylinder  Outer Gylinder
S : : (No change)

’

" Outer cylimgr

I‘ ‘.l.......“DO.G.O...I.Q’...'.... w
D ..0.0.......‘DOO'......'......... 72
s ...‘...’.’.I‘I..OlU.IO...I..O.. 0037
- Inner- cylinder .

I‘ DOOI..I...'..'.......l.‘.....ﬂ.). %

- D ooo-o-ono-aooooooooeoo-oooocooo w-s

. s 0P ECEees00RPINCERIORCINOPSISSITIOLISISS '
cencluded smplified impact pressure: 35 kg/mz

... Duiation time of concussion: 1/700 sec

-.'oouo--oooo..o.-o.coooocoo-...o 2 n

Vhtej- ompleto]y £ilied btbmn 1mor and
cylhdeu. .

Figure 13(G)
(C) TARGET
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ENCLOSURE (G}, continued

» I‘“” i sl "(Ho change)

Ovter cylinder (same as (C) Targetg
Ianer cyiinder (same s (C) Target
Bursting charge: 1,7 kg picric acid
Range: 10 meters
" Concluded amplifisd ooncuasion- 52 kg/c®
Tims duration of concussiom: 1/20,000 sec
Space between iimer and outer cylinders

_ eampletely filled with water

Figure 14(6)
(D) TARGET
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BNCLOSURE (G), continued

' Inner Gylinder : Outer c:ynm:-
‘ RS : . 41 Cross Seetica

15 ~ 27

Otrber cylindar {om) ) s
D ......-....'.“l‘.....".‘.... n
P s .“...&...I.o".l’.I'..'.Q..' .5
Inner eylinder (m)
....‘.’..."."C."........... 36
g ....'...l.’...'...'.....‘.‘. w.s
’ Bnmins chargo. 1.7 kg picric acid
Bange: 6 maters
Cencluded amplified. concuasion- o ke/cn?.
Space between inner and outer cylinders

k oomplcbely fi].led '1th wa.ter

- - Figure 15(G)
(E) TARGET
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ENCLOSURE. (G), continued

{

Immer- Cylinder - - Oater Cylinder
{1-Cross Section

~18 : .

Sane as (E) Target excepbs -
Inner c’m - 3,‘----@..,...;... 0037

Figure 16(G)
(F) TARGET
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ENCLOSURE (G), continued

Tnner Gylindes 7 Oater Gylinder
Lo 11 Cress Section

Indicates "HPS.
‘Gross Section

‘s&ze aa (F) Target exceph:
N ) Meym'r- 3 Peosscssecenonces '045

.

Figure 17(G) -
(G} TARGET
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ENCLOSURE (G), continued

- Inner. Wlindor
4 L croea Seetion

Onﬁor ey].tndsr
L a.....’..'.‘......"OO.....0.0. &
s ZZIZ:ZI.ZZIZZ:ZI...ZIZZI:ZI..Z'M

: Inmr cylinder
- . PO PCOOCPOOOPRIOCOPBIOISIOGOSEINPNSOQRQLS 36
D onoo-.ooonoo.ooao.ooaoo.ooo.o u.s

3 n.at.o.o-ooooo.&cﬁ..oo..o..o.. '.

Bufnhs charges 1.7 kg pieris asid

Banges - 3netc.

Cenclndsd conowssion: 200 kg/cal

35aee: betwosn ionsr amd outer cylimders
cepplately filled with wxbex

Figure 18(G)
(H) TARGET




ENCLOSURE (G), continued.

Ouber cylinda
I‘ QGI........O.‘..Q..Q....Q.‘.... “
n ......0.-..0..‘ID.O'.......... :
. s O.‘.O......'...O.CObct.".0"‘.. 1.5
Inmr cylinier
b L—.0.'..l.'........IC.OOO..C'-.' 36
n ’.l.......‘....l.......0.0.. 1.305

s 0P 0CECIPRNS 00000 CEPPOCEIIUNGOS 009

Bursting charge: 1.7 kg picric acid
Range: -2 meters
. ‘Comcluded smplified cemcpasiom: 325 kg/cm®
.-Spase between inner and cuter cylindsrs
cauphto]; tﬂ.hd with water

“Figure 19(G)
(T) TARGET -
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ENCLOSURE (G), continued
Inter Cylinder

44 Cross Section

I\ 1t Geess Sectiom

Ouboreylinder
..I..O'....'.....loi.l.....l.. &

D .."'....OOl‘...'..IOII..u.O.. ﬁ

. s .iﬁ;...0.0..00..0..".0.0.. 005

,Inner ey :
. ooccoavuannc--.o..o--oaoo-ooo. 36
D a‘ocoooo.«o.---ooooo.-oo-oo.o Aaos
s .l'..DOCCC.O..‘O.'......C... o.

-Burst - charge:. 1.7 ks picric acid

. Range: 6 meters ) i

_ Cencluded amplified concussion: b kg/em®

Frea liquid surface, that is, air space of-

. Tum thickness above water surface
‘betwoen innsr ard outer cylindsrs

Figure (G)
(J) TARGET
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ENCLOSURE (G), continued

"Inm»cynndor " Outer Gylindsr
(Eochmgo) ‘ 'f"fGrouSocticn,

Saam as (J) Target emmi
Qlt‘r Gyhnl@r - ooooo...o.oo-oc.. '037
Range: 18 msters

' ,-Fiéure: 21(G)
- (K) TARGET
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ENCLOSURE (G), continued

Figure z2(G)
EFFELTS OoF ODTER CYLINDER UPON: THE DAMAGE OF INNER CYLINDER

i
i
- it

The above Allusbrates the effect om oylinders of the concussion
prodused by 1.7 kg®ursting charge at range of 6 meters. The

. eylinder in the extrems loft (thickness ©.55xm) and the eylinder
-thixd from left (thicknezs G.37mm) respectively are enclieed in

auter cylinders of O,5m thickness. The spece batwesn tin outer
Minmrcynndemisomphtolytﬂhdtithuter. In this
experisent; no change was produced in the outer qylinder. How~
em,lhanthecynnderontmm:mnghtomtbecym
third from the right were subjected to the same concussion as
gbove, without am outer oylinder, tbe resulting degree of dsmage

 was strikingly evident compared with the e@m where the

outer cylinder m usad,
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MODETL EXPEBiMENTS TESTIﬁG,THE STRENGTH OF SUBMARINE HULLS
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‘~Eiguré§”2(ﬁj

‘Flgure 3(H)

,F:_lguré L (H)

 Fleure 5(H)

Figure 6@3)
Figure 7@3)

Figure 8(H)

' Figure 9(H)

Figure 10(H)

Figure 11{H)
Figure 12(H)
Figure 13(H)

 Flguve: 14(H)

AGAINST UNDERWATER EXPLOSIONS
. Second Report - 28 June 1943

_Study of the Copper crusher
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ENCLOSURE (H), continued

Introduct ioni -

The anumber of pecple who actually understand the theory of the copper crusher
‘are comparatively few, in spite of the fact that it ls a simple and commonly
‘used instrument for determining explosive pressures. Colonel RAI in his "Basic -
 Research. on Underwater Explosions" reports that when triangular explosive com-
pression waves with only the meximum pressure varying are applied successively
for 2 x 109 geconds on a fixed copper crusher gauge, the;depth of indentation
on the copper rod indicatea the proportion betwsen tho time element of the ex-
plosion compresgion wave and the degree of maximum pressure. After comparing

- §he resulss of the numerous experiments and considering ths pressure gauge as

& vibratory system, it has been found that the indentations will differ if the
. pattern of tims fluctuations varies, even though the maximum pressure of the.
compresgion wave is comstant. ~Furthermore, the varying patterns ef the load
gpeed of the copper Tod have to be taken into consideration and studied as
factors affecting the theoretical coaclusions. -

Since the copper crusher gauge used may not necessarily be the exact type used
in the @bove report, and since the actual curve and time perlod of the compres-
sion wave may very, the experiment must be conducted by using several copper
rods in seversl pressure gsauges, T

-If the source of the explosicn is a conalderable distance away, compression wavea
mey be treated as decreasing, crescent-shaped, independent and isclated waves,
-Some variations must be expected due to the reciprocal relatlonship betweesa the
outside wave form amd the vibratiomal pecullerities of the vibrationsal system,
when the copper:crusher gauge iIs regarded as a-vibrastional system.

When compression waves register excessively on the copper rod pressure gsuge in
- the form of an underweter compression force, the force received by the piston,
the force transmittéd to the pressure sphere along the piston, the viscous drag
- of the copper rod, the resistance offered by the plstons and the walls of the

- ingtrument etc. must be taken into conslderation.

-Howgver, since it eventuslly becomes jJust & matter of theoretical accuracy,
these fdctors may be largely disregarded and only thelr trend considered, As
expected the scattering wlll bPe great as a result of the experiment. Howaver,
looking at it from a-brosd perspsctive, 1t can be saild that the trend is as

 indiceted in the theory.
ose , '

The purposs of this investigation 1s to study the trend of the pressure gauge

‘reading by inquiring into the mutual relationships between the induced wibra-

- tional models of the pressure gauge and the frequency of the compression waves.
- Thereby, & study of the method for pressure measuremsants with & copper rcd prass

sure gauge ckn be made.. B

S\:unmary of. Results

The relatipnship between the natural frequency (2n/4 of the copper crusher
gauge and the time period (;/w) of the compressiocn wave is one factor determin-

ing the magnitude of the gauge reading, Although it has been ascertained that

- the reading of -the same -compression wave which iIs in the boundary of U.7< wrw.,<
6.0 has a ‘tendency to decrease as the (X ) increases, a definite conclusion
cannot be drawn. . - o % :

opinions

Although the ‘impact received by the piston from the compression wave, the

294
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' ENCLOSURE (H), continued

viscous -drag, thejfriction rgsistance, etc. of the copper rod pressure gaﬁgér
are. factors that must be taken into consideration, it is thought that an in- .
‘quiry should be made into the general theory of the caopper rod pressure gauge.

Theory

- In the usual vibratory system, when in compression, displacement is caused by
the outslde kinetic force of an independent wave., The maximum amount of dis-

placement is controlled by the relationship between the matursl frequency of -

the vibratory system and frequency of the outside kinetic force. .

The ecrusher gauge is regarded as a vibratory system. That is to say, the pres-
sure piston and the pressure sphere are considered.ss one mass, and the copper
rod as an elastic spring (the coefficient of the spring utilizes the fact that
- the actual P~H curve becomes almost straight and the P which causes the unit
quantity H is regarded as the said coefficient). Consequently, when the maxi-
mum displacement of the pressure sphere is considered as determining the depth
of the pressure scar, it is because of the above reason., When the meximum
value of the outside kinetic force is stdtically added periodically, it must be
considered that at that time the depth of the pressure scar made on the copper
‘rod is a multiple of the vibrational amplitude (SHINPUKT BATRITSU) {corparable
to the maximum displacement: caused- by the outside kinetiec force and the static
displacement in the case when the maximum value of the outside kinetic force )
is applied statically periodically). When the depth of the pressure scar made
by. the static .load 1is read off as the depth of tlie pressure scsr msde by the .
cutside kinetic force an accidental error in the magnitude of the multivle
of the vibrationsl amplitude(SHIMPUKU BAIRTSU)cennot be avoided.

Although the crusher gauge is-to be regarded as a vibrational system, it is
~understood that the natural frequency includes various factors such as the mass
‘'of the movsble parts (pressure piston, pressure sphere, the spring coefficient
of the copper rod, the coefficient of viscous drag of the copper rod, the
friction between the piston and the walls of the instrument etc), In this re-
port all such coefficiernts will be omitted.

" Furthermore, the amplitude coefficient will vary with the shape of the wave
over the same time period as that of the outside. .force.

WAVE FORM PHOTOGRAPHED WITH TECHNICAL
EXPERIMENT MCODEL TYPE A CRYSTAL
 PRESSURE GAUGE

RSIN WT.

TIME

. RESEARCH IN REGARD TO UNDERWATER PRESSURE WAVE.
- RESEARCH REPORT. TECHNICAL REPORT NO. 0320
26 JAN.1946 o ' —

~ Figure 1(H)
COMPRESSION WAVE -
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'ENCLOSURE (H), continued

In this. study, & 1.7 kg ‘bursting charge of cast pieric acid was used, as shown
i Figure 2(H). An example of a wave form was photographed with a Type "A"
Technical Experimental Model Crystal Pressure Gauge at a distance of three to
ten meters from the source of the explosion as shown in Figure 3(H). (Research
" in Regard to Underwater Pressure Waves, Research Report, Technical Report 0320,
- .dated 26 Januery 1943.) ' : ;o . '

It is thought that the shape of the compression wave changes with the distance
from the source of the explosion. Moreover, it is thought that there are some
differencées in the compression wave forms and the periodic changes in the out-
side force received by the surface of the pressure gauge. However, for the
seke of simplicity, the outside force on the surface of the pressure gauge
will be regarded as an independent sine wave as shown in Figure 1(H). Its
_meaximum pressure will be the periodic maximum force of the pressure wave as
reported in & previous. report of these experiments. Also, differences in
readings caused by the different pressure gauge mounting methods, and by dis-
turbances in -the pressure waves-in front of the pressure receiving surface will
not be referred.to. The-entire body of the pressure gauge does not move at all.
‘The pressure wave hitting the pressure receiving surface will be considered to
be equally distributed on the entire surface, It is permissible to mske these
- omissions when observing only the tendericies of the pressure gauge readings.
However, at times the movements of the movable parts of the pressure gauge can
be formulated as follows: . AT g
mX + kx = P A 'sin wt t£w/iw
. - b, L >mw/w

-_-o LI I (1)
A - , o
x=0,%=0

. displacement of the movable parts

mass of the movable parts

spring coefficient of the copper rod

maximum periodic pressure of the pressure wave
area of pressure receiving surface

angular frequency caused by the pressure wave

N RINIEY

‘result is obtained by soivihg the equation
W - - [Wsin Wt - Wisin w;j; Ostsn/w

W2

ST WL T ST
Cos —2— sgin W.(t - — _—
'Q?Azw sin W (¢t I t> W

W[5 _ -
~\‘!, m. : ) . o . - )
The first item obtained in formula -(2) is the displacement of the movable .parts

(piston and pressure sphere) when a static load of P,A is added; that is, it
. shows the depth of the pressure scar on the copper rod, :

f-_o_.’i . 'vPQA o P.A

MY,2 T Mk T ko




RESTRICTED '

ENCLOSURE . (H), continued

‘Therefore, it is found that the depth of the pressure scar made by the dynamic
_pressure .is the produet of the depth of the pressure scar made by the static
© ldad and the wvalue T(t)max* -

T =’if_:n;F1-L‘W'Sin“w° sinW 1, 0 £t £a/w
™ R ] 2 :

PReepecspesssnss (3)

2WW, W L "

. 207 gy - >
W woz.— cos oW sin W, (t oW ), t. /W
'Because T (44 clanges according to the relation between w, andw, it means T(g
max is coé%%olled.by the w, and w relation, which is.the variation in the p

iar vibration eycle of the pressure gauge and in the time period of the ocutside
force, Therefore, the relation between T(y)max and w e is obtained it is- as
shown in Figure htH). Ifw/w, 18 used as the abscissa to assist in_.expressing
the result within the scope of this experiment, Figure 5(H) can be obtained from
Figure L4(H). Therefore, even when the same explosion pressure wave strikes, if
the peculiar v.bration cyecle that is the combination of the spring coefficient
of the copper rod, the mass of the piston and the pressure sphere vary, the
depth- of the pressure scar will also vary. In other words, even though the
wave foms ars similar, if different wave lengths of the compression wave are
-measured with the pressure gauge, since the amplitude multiple differs, the
deepness of the pressure scar will not be proportional to the actual value of
“the static load corresponding to the periodic maximum Forcé of the pressure
wave. )

Igsentials of the Experimemt ,
.. 'One method of changing the value of w/w, is to change the wave length on the ex-
* _plosion pressure. However, because this experiment is conducted incidentaily
© experiments intended for other purposes'fiiwhich 8 1.7 kg cest picric acid
- bursting charge is being used, we changed the characteristic frequencies of
.the gauge. As shown in Teble I(H), in order to change the weight of the
pressure gauge piston, duralumin pistons were used in place of the usuel bdbrass
Pistons. On one hand, in order to change the spring coefficlent of the copper
rod, one type of lead rod was used in addition to the six types of copper rods.
The static load determination curve of these copper or lead rods is shown in
Figures 7(H) to 13(H). The spring coefficient was determined by making use of
the observation that the depth of the pressure scar is almost a linear fumctian
of the static load as shown in the determinetion curve.

- As shown in Figure 2(H), the essentials of the experimental setup of the burst-
ing charge and the pressure gauge were as follows: )

‘The bursting charge -and pressure gsesuge were hung by strings at a depth
of 2 meters (the depth of the pond in which experiments were carried
‘'out was ‘3.5 meters) im such a way that the front. of the pressure gauge
‘faced the explosive. We carried out three experiments in which the
distances between the explosive and the pressure gauge were 3, L, and

-6 meters respectively.

We did not determine the wave form of the explosion pressure wave nor the pres-
sure itself since we thought it unnecessary to the accuracy of the theory de-

veloped in this report, It seems quite possible that these will differ accoré-
ing to each experiment., : ' o

b
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Table I(H)
coma non mmxn ASSEEBLY CHART

i) (ke/en) Eula.e,l

8.6 x 100 | 0.7% x 16° z.u x 100
4382105 | o70x10b | 4 xiok
L75x106 | 0,750 x 108 | 6,56 ¢ 108
861z | 1333218 | 292x10h
438 x106 | 131 x20b | s, a0t
Lsxws | 13m0k | sk
867x106 | ovoxiot | 2.95x 100
R8I0 | 0750 za0b | 404 2100
L73x o | os0x20b | 6,55 z 20b
8.6’]:!11!'6\ 1.410 x 104 4.03 x 106
4382208 1 100x20b | se8x10f
175 x30% | 200 x100 | 2,99 x 20
8.67 x 106 o.9md =100 | 3.35 z 104
438 x 106 0972 x10° | 4.7 x 106
| 2752208 | o9 zi0b [Ong 0t
204x208 " | n185x 108 | 2,9 sg0b

A

5

na'urﬂirq'uﬂoufﬁu"n

7.14:1&" 0.077% x 104 | 1,04 = 10b
6,12 x A0S | 0,07% x 166 LB
396 x 1076 | 0.07% x 106 | 141 x 106

Proasure sphere.

e

We carried out seven experiments. The copper crusher gauge, the copper rod
‘assembly, and the distance between the explosive and the pressure gauge for each
experimem are as. indicated in Table 2(H). ,

) ’W has the range 0 7<w41 <2.6 in the cass of the copper rods, and the range 4.4
. <W/wo< 6.0 _in the case of the lead rod, According to our theory T(% should
‘"decreass in the range w/ws0, 62 (epproximate), but because it would r&mir
copper crusher gauge. with an extremely high frequenoy once the weight of the
explosive- had béen fixed, we could not actually carry out the experiment.

4Results or the-Experiment and Analysis

_In this experiment we treated all waves as simple sine waves of 10 000, read
from Figure 4(H) the pressure amplitudes for corresponding distances from the
‘explosive ‘source, and. concluded that this is the meximum value-of the explosiom
-pressure te whjch the copper rod was subjected. The reasons for this are two-
fold: (1) As wes stated in the first report, in the case of a 1.7 kg explo-
‘giye, the explosion pressure wave is a simple damped sine wave of approximately
10, 00000; {2) The relationship between the distance from the explosive source
and the pressure amplitude is known to be as in Figure L4(H).

The results of these exper:.ments are shown in Figure 14(H). e.x is defined
.83 the ratio of the depth of the pressure scar actually reglstgré on the pres-—
sure gauge to the depth of the pressure scar (as found from Figures 7(H) to
13(H)) in the case of a static load equivalent to-the product of the periodic
‘meximum value to the compression (obtained from Figure 4(H) and the area of the
area of the pressure surface of the plston, .

298
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ENCLOSURE (H), continued

'As is seen from Figure ll;(H) s Wwithin our experlmental range namely 0 7<w/w
< 6,0, we can say that there is a tendency for the value :mdicated on the

,GOpper crusher gauge to decrease steadily asw/w,increases, although the sams

- explosion pressure wave is added. Moreover, in the range ‘of our experiments
it can be: recognized quantitatively that the exper:.mental values are very near
‘to the valuesg eomputed by our simple theory, but since the scattering was rather
great we counld -not come tu any quantitativ¥e conclusion. It iS obvious, however,
that in general the values are less than the.theoretical values in the nez.ghbcr-p
hood where T(t)max is large, and great where T(y ils small. Further, by
observing in more detail the t$endency of the s&a);%ermg, it can be found that

- ‘at a distance of three meters (at which the explosive pressure is larger) the

" experimental values of T(g is smaller thean at the distance of six meters
(at which the preessure 1& ;ﬁ?fler). Vie can say that there is a tendency for
the experimental values of T to be less than the theoretical values in
cases where the pressure sca{' iﬁhallow. We believe that the reason for this
“1ies in the fact that we neglected the elasticity of the copper rod, and the
friction between the copper rod and the cylindez, etc.

. i Table II(H)
: DISTANCE ‘BETWEEN THI' EXPLOSIVE AND THE PRESSURE GAUGE
. . . FOR EACH EXPER]]ENT

”No._ of o Pressure and’ Copper Rod Distance between Vater
“iExperiment | = Assembly Utilized ) Bursting Charge Temp. (°C)
T . and Gauge (m)

i 1 ‘ ' : EP]_’ BP?* G‘Pl,
o BP;, BP2, GPI,

BP5, GP),,.

'8P, GP
BB} ) ce3}
EP),, GP
=) Gsz

W oW oMW | O

BPi&’, GPB,

MW oW
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COPPER AND MANOMETER

~~_ L7Kq.BURSTING
N_cmﬁggm NS,

DISTANCE FROM

17Kg. BURSTING GHARGE
*(GAST 'BURSTING CHARGE)

PRIMER  BURSTING CHARGE

evpsuu \ SAND
~ PARAFFIN' 3y

Flgure 2(n) .

BURSTING CHARGE

MANOMETER

DIAGRAM GIVING ESSENTIALS OF UNDERMATER EXPLOSION PRESSURE TEST
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ENCLOSURE ‘(H), continued

WAVE FORM OF nxm_oswn PRESSORE Wave
OF LT.Kg. eumm& CHARGE.

)

K

o

lw
o
D
L ad
v
o)
N~
o

5. 6 1
PISTANCE (m

EAAR T Fr.gurc 3(H)
1 7 kg BURSTING CHARGE EX-PLOSION PRESSURE .ONE DIMENSIONAL CURVE
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w, Jw

s ' thi;re 4(H) -
AMPLITUDE - MAGNIFICATION CURVE. FOR
"INDEPENDENT SIN_EA WAVE. FOR(:LEXT"E?!NAL -FORCE
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-~ .. = . [ENCLOSURE (H), continued
o COf—
. By
;.cﬂ
20
. o e [
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-

=Y - ~
‘0.8 N

S —

= o4
AN
N
; p N
o2
o.i’ - . .
Q2 ) .0-4' a6 0% 1O . 29 340 49 S0 (0o 8.0 10 W
; . W, |
e Figure 5(H) .
AMPLITUDE MAGNIFICATION CLURVE FOR.
INDEPENDENT SINE. WAVE FORM EXTERNAL FORCE

303




RESTRICTED

ENCLOSURE (H), continued

BX . MANOMETER " B MANOMETER G MANOMETER

PIST
Sy

EL_,\‘NETAL SPHERE n-slis

MANOMETER
_ —16‘4—4' N _
Y ) Bz BZL
(» - %? B MAN(?R}ETER MANOMETER MANOMETER
e INE
o N T -
N RN — PRESSURE SPHERE D=8mm.

—24¢—— &moeﬁor HARD STEEL
. \——coPeER ROD -

Figure G(H)
PRE’SSURE SPHERE GAUGE DETAILS

Type | BX B | ¢ . v | ®m | m BZ
Diemeter of 12.0 | B G | 16.0 | 11.0 10.5 6.0
Piston (mm) L |
Area of Pisgon 1.131-| B ¢ | 2.0 0.950 | "0.866| 0.283
| Section {cm<) N -
lwt.of Piston - | 8.5 | he29 | 2.71 ¢ 20.0 | 7.0 | 6.0 3.9
7 ~and Sphere (gm) I ; ; . ]
®  |wt. of cu T i | 2.29 | 1071 | 10.2 | 5.2« | 6.0 | 3.9
- , Add (Pb) (gm) S ¢ 7
' Outer Diameter |18,0 = | L.29 | 1.71 | 24.0 | 18.0 6.0 |22.0 =
| of Cylinder (wm) | - i ot
| : Wt. of 12503 . | B.29 | 171 {326.0 | 27.3 28,8 | 43.0 -
> Crlinder (gm) B .. . 1
Height of 122,0 | L4.29 | 1.71. | 45.5 | 21.0 28.8 53,0
7 Cylinder (mm) o ' o - ‘ . e
Wt of Cylinder | 29.4 4.29 | 1,71 |350,0 | 31.4 32.9 | 42.8
and Cu Rod (am) : ' ‘ N

Totel Wt. (gm) 37.9 33,7 [3%.1 [370.0 | 384 389 5Ll

L e e Cen ey o e a e . e e e el s

1

. 304




Figure 7(H)
COPPER ROD PRESSURE SPHERE DETERMINATION CURVE TYPE Py
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ENCLOSURE (4), continued

Figure 10(E) o
CUPPER ROD PRESSURE SPHERE DETERMINATION CURVE TYPE Py
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ENCLOSURE (H}, continued
- *®

0
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Figure 12(ll)
COPPER ROD PRESSURE SPHERE DETERMINATION CURVE TYP& Pg
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ENCLOSURE (I)

VARIOUS EIXPERIMENTS NOT COVERED IN THZ TRANSLATED REPORTS

N Experiments on the Strength of Shell Plating Subject to Non-Contact Undsr-
water Explosions

One series of model experiments was conducted on this subject at the Naval Tech-
nical Research Institute, Meguro Xu, TOKYO. Only one thickness of plating was
-used which was roughly equivalent to the shell plating of a battleship or a
merchant ship (25 1bs).

Details of experiment are as follows:

MODEL
SGALE: | /5'3{5

t=29mm

—|

Model . Secantlings of Ztiffeners No. of Stiffeners

A 35mm X 3mm ' 6
B 50mm X Anm A

Changes used : 0.4 kg, 0.9 ‘kg, 1.7 kg. (picric acid)
Depth of charge = 0.8 m (4.28 m full size)
Conclusions: ‘

" a. Maximum deflection is proportional to volume of deformation
b. Maximum deflection is pronortional to W% x D2

where W= weight of charge s o
D= distance between the outer shell plating and the
point of explosion.

¢. Critical distances at which the plate can remain tight:
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ENCLOSURE (I); continued

e Di8%tanc:

..Charge & ..
#ull Size . -~ Model | Full Size-

. Model

17 | E 3.7mm 20 m
: 0,9 . 6mm 14 o
0.4 ke ; 1.8mm } GeS m

2, Photographs‘df Underwater Explosions at Hiratsuka arsenal

H

For some years one man had been working on the photography of the explosion of
.small underwater charges. He seemed only interested in the theoretical aspects
and had not tried to conmect his experiments with ship damage. This was an-
other case of the Japanese working in "watertight compartments®.

'Hé worked with one gm of explosive in a model tank with two glass sides. He
‘had no cine-camera but used eight fixed cameruss which were illuminated by suec-
cessive sparks, The interval between sparks could be from 2-20 microseconds.

}His work was far behind anything done in the United States or Great Britain.
‘He had not even noticed thes oscillation of the gas bubble as all his experi-
‘ments were done too close to a surface.

_Pwo untranslated(reports of this work have been forwarded to WDC,




RESTRIETED

ENCLOSURE (J)

LIST OF DOCUMENTS FORWARDED TO WASHINGTON DOCUMENT CENTER

NavTechJap No.

ND50-1313
| 14
15
16
17
18"

19
20

Title

Model Tests on the Strength of Submarine
Hulls against Underwater Explosions.

Experiments on Watertight Ready Service
Lockers for Submarine Ammunition.

‘Record of Bulge Construction ASHIGARA (CA).
(NACHI Class)

V4
Report of Experiments on the Effective
Depth of the Power of Explosives,

Comparative Table of Bulge of Battleships
(NAGATO Class)

Underwater Explosions (Vol I and IT)
(Experiment in Photography of one gm of
Explosure)

Strength of Bulge of First-Line Ships.

Research on Armor Plafie as Protection
against Torpedo Explosions.

4275
4276
4277
4278
4279
4,280
4281

4282






