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INTXODUCTION

1. Confidential pempfxlet "Selection of Bombs an;l Fuses Lo be used izainst
Various Targets”, OpNav-16-¥ #A-6 issued 6 March i9~;4, contained provisional recon-
mencdations cn bomb and fuse combinations by the Commander in Chisf{, United States
Flaset, which were to ssrve as a guide until mors conmplate inforzation became avail-

| abls, . ’

2. Upon request of the Chief of Naval Operations the Bureau of Ships made

a study of the bsst possibls qunnti:tativa estimates of the probabilitias of sirnking
various types of naval wsSels when hit by various types of airborne weapoas. The
results of this study wers embodied in Bureau of Ships Secrst lestter dated 12 May
1944, on "Vulnerability of U.S. Naval Vessels to Attack by Air-borne Weapons."

3. Since the Bursau of Ships study constitutes aa izportant coatribution to
tha selection of bombs to be usacll against enemy surface vessels, it is published
herewith, in full and in .smary form. This study also constitutss a guide to the

most sffective distridbution of forces against ensmy ship targets.



20 Juns 1943

YULNERABILITY OF U.S. %NAVAL VESSELS
TO ATTACK BY AIR-BORNE WEAPCHS

Ref: (a) Optar-15-V #AS, March 6, 1944 - "Selaction of Bombs and Fuses to bs Used
' Against Various Targets".
Snclosurs;, {A) BuShips Secret ltr. S-FS/S23(42¢), Serial 08733, 12 May 1944 - "Vulnerability
of U.S. Naval Vessels to Attack by Air-borrns Teapons”

1. Tables I-VIII give the probability of sinking various catagories of naval vassels
with ziver numbers of hits with bombs and torpadoss. Iumediately followinzg sach tabls an eval-
uatioa of near-miss aflzct is given. The arguments leading to ths valuss given in these tablaes
are sat forth in enclosurs (A). The tablas ars coll-cted here for ready reference, and of
nocessity certain gualifications have besen omitted. A full study of ez asclosure (A) is reccmmended
to ussrs of these tables.

2. Air-borne attacks on enexy naval vessels dzpend for their effectivensss uooa the
accurate use of an adeguate number of proverly selected, correctly fused weapons. Dscisicxns
concerairz the choics ard fusing of théss weapons can be intslligentl; made only if there exists

a wids understanding of the damngs to be expsctsd from such atiecks upon various types of naval
vessals.

3. Enclosure (A) is a study of this nature based upon the structure of U.S. naval
vessals and the known damage to U.S. vessels from snemy attacks in thd pressat war., It is be-
lieved that this information will be of assistance in predicting dameze to Jepanessy vessels
from our own weapons.

4. In analyzing damage to major combatant vessels it should be recognized that not
eaxough casaes exist, aad are not likely to exist, to pernit irawing general coaclusions concerning
vulnerability from statistics a2lone. A largs numbar of cases would be reguirsd for each class
glone to 2liminate ths effects of such vnrlablas as size of target, %Type of construction, degree
of sub-division, system of protection of vitals, size of exploaive charge, fore and aft location
of hi%, depth of hit, type of fuse, and height of releass (in case of Yombs). Accordingly, the
discussion of enclosure (A) and the attached tables (Tablas I-VIII) do not purport to bs a
statistical analysis. Rather, the figures for probability of sinking are based on design char-
acteristics of each class and the damaze each is intanded to resist, plus war experience =which
sarves to indicate the performance of the design when subjected to ac‘ual attack. Sumarizing,
the tablas contain estimates which represent the judgment of the Burzau of Ships, basad on design
characteristics of U.S. vassels, correlated with performance in battle. The ;Lvures mist be re-
cognized as being subject to possible srrors of appreciable megnitude bscauss of the nature of

the problem, the mumber of variabls involved, and the relatively small number of cases evailablas
for study.

S. Partisnlar attention should be paid to the distances listed undsr lHear-Hiss Effact.
As pointad out in enclosure (A) the fipgures givea are estimates and are =ot supported by zuch
g2nsral data. They are, nevertheless, the bQSu figures available and serve to emphasice that
effective near nissas must be close to ths hull and must detonate well below <the surface.

5. It is zmphasized that the maximun effeciiveness of bomds szainss su-Faﬂa targets can
caly ba obiainad when thay are fussd to pensfreta. The fuse setiings which should be employed
.to obiain optimum r2netration mzeinst each clzgs of tarzet 2re fully ciscussed in referenca {a),
now ucdergoiap revisicn., The revised issue will be distribuzes in the mear futurs, Us2rs of en-
elzzure (A), thersfore, should bear in mind that the wulnmerazility Figires fer vomds given in the
Pollowing tables ars based on tha ascumption that bombs are fused for cpgtimum penetration.

ii
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TABIZ I DESTAEJYERS, 1500 tc 1€30 TONS
Assumed Probability of sinking for No.of hits
Tizapon Charge Teight 1 2 3 4
Torpedo 66CF INT 0.73 0.98 0.99 0.99
250+ G.P. 125f ThT .08 0.18 0.60 0.99
5007 G.P. 250F TIT 0.09 0.65 0.99 0.59
1000 G.P. 500 INT 0.790 0.98 0,89 0.99

NEAR MISS EFFECT

Weapon Max. Distance from hull No.required to sink
25C# G.P. 18 feet and bslow suracs 6or1?7
5004 G.P. 18 feet " " " 4
1000# G.P. 18 feet " " " 2 '
All G.2. 6 feet " " "™ Saca as direct hits
TABLE II DESTRUYERS, 1850 to 2100 TQNS

Assumad Probability of sinking for Yo.of hits

Weapon Chargs Weight 1 2 3 4
Torpado 8603 TNT 0.31 0.30 0.98 0.99
250 G.P. 125F THT 0.08 0.12 © 0.25 0.99
500: G.P. 2504 TNT 0.05 0.30 0.79 0.99
1200% G.P. 500 TNT 0.30 0.80 0.98 0.99

NEAR UISS EFFECT

Jieapon Max. Distance from hull No.reguired to sink
250 G.P. 18 fest and bslaw surfa.ce 7 or 8
5004t G.P. 18 fast " 5

- 10CC# G.P. 18 fest " " " 3
All G.P. 6 feet " * ‘"  Same as cirect hits
TABLE III LIGHT CRUISERS, 600C and 7050 TONS
Assumed - Probability of sinking for No.of hits

Tleapon Charge Weight 1 3 4
Torpedo 660# TNT 0.05 0.85 0.95 0.99
1000# S.A.P. 250 TNT 0.12 0.24 0.75 0.59

000# G.P 500% THT 0.12 0.70 0.535 0.99
200G G.P. 1000 TNT 0.30 0.35 0.59 0.89

F2AR MISS EFFECT
Taapon Max. Distance from hull Yo.r2quirsd %o sink

100G+ S.4.P.

100C# G.P
2000 4.2

6 feet, and well below surface or
under turn of bilge giving minirg

effect.,
{ect

e+, well balow surface
9 feet, well balow surfacs

4 or 5; otherwise
will not sink

3 0r &
2 or 3

1



TABLE IV

HEAVY CRUISZRS,
LARGER, IiC

10,000 TONS AND

UDING CAs and CLs

Assuxmed Probability of sinking for MNo.of hits

Weapon Chargs Weight 1 2 3 4
Torgedo - 660% TNT 0.03 0.40 0.85 0.98
10CCs S.a.P. 250# THT Q.12 0.23 0.0 .75
100C# G.P. 500F TNT .03 0.15 0.30 G.45
2C00# G.P. 1000# TNT 0.15 0.45 0.80 0.98

Taapon

NzAR MISS EFFECT

A Max., Distancs from hull

Ho.required to sink

16004 S.A.P.

10005 G.P.
2050% G.P.

6 feet and well below surfacs, 6 or 7;othaerwise

or under turn of bilge giving will nat sink
miniag effact,

6 foet, well bslow surface : Sars as direct hits
9 rest, well balow surfacs Sare es direct hits

TABLE V AIRCRAFT CARRIERS (CVs less RANGER)
. Assumed Probability of sinking for No.of hits

Wieapon Charzs Weight 1 2 3 4 5 6
Torpedo 6604 TNT 0.06 0.12 0.50 0.90 0.95 0.99
10003 A.P. 125% TNT 0.23 0.41 0.55 0.70 0.90 0.99
1C00%# G.P. 500# TET 0.03 0.10 0.20 0.30 0.50 0.89
2000 G.P. 1000# THT 0.10 0.30 0.80 0.80 0.96 0.99

HEAR MISS EFFECT

Teapon Max. Distance from hull Ro.required to sink

1000# A.P. 2 feet and well below surface, "very large number"
Just velow turn of the bilgzs

100C# G.P. 6 feet, well below surface 6§ or 7
20CC# G.P. 6 feet, well below surface 5ors
TABLE VI ATRCRAFT CARRIEZRS, LIGHT (CVLs plus RANGER)

' Assumed Probability of sinking for No.of hits
Weanon Charze Vieight 1 2 3 4
Torpedo 660 THT 0.11 0.48 0.93 0.59
1000# S.A.P. 25C# TNT 0.18 0.33 0.45 .20
1000% G.P. 500+ TNT 0.05 0.20 0.35 0.50
20007 G.P. 10007 TNT 0.20 0.50 0.90 0.9¢
NEZaR MISS TFFICT

w2apon Max. Distaace from hull No.rzquired to sinx
10057 S.ALP. 6 feet and w9ll belew surfece 7or 8
1002 G.P. 6 feet " t " 5
2000# G.P. 3 fest " n " 3




AIZCRAFT CARRIERS, ESCORT (CVIs)

(a) Merchant ship design plus those converted from C-3 rulls.
* Assuped Prebability of sinking for No.of hits
Tleapon Charze feight 1 2 X 4
Torgedo 66CF TNT 0.12 0.90 0.99 0.99
500 G.P. 250F TNT 0.27 0.47 0.93 0.99
10004 G.P. 50Cs# TNT 0.27 0.90 0.99 0.59
NEAR MISS EFFECT
Weapon Max. Distance from hull No.raquired to sink
5GC# G.P. 6 fsot and mell below surface 3 or 4
1000k G.P. 9 feet and well below surface 3

——

(b) Tanker dssign or convertsd from tankers,

+ The

probabilities for

cut of action, rather

WEAR

Assumed Probability of sinking for Xo.cf hits
Wieapon Chargs Yeight 1 2 3 4
Torpedo 660 TNT 0.05 0.85 0.98 Q.98
500# G.P. 250 THT 0,27 0.47 0.98 0.99
10007# G.P. E00s TNT 0.27 .85 0.98 0.99
NEAR MISS EFFECT
Teapon Max. Distance from hull H.o.rscuired to sink
500# G.P. 8 fest and well below surface S
100Cf G.P. 6 feet and well below surface 4
TABLE VIII BATTLIESHIPS
kasumed Probability of sinking for No. of hits
Weapon Charge fisight 1 2 3 4 5 8
Clasa (a) Oldar Battleships ‘
Torpedo 660# THT 0.01 0.05 0.40 0.90 ©.99 0.99
1coC# ALP. 150# TuT 0.23 0.41 0.55 0.5 0.73 0.73
160C# ALP. 24Cg TUT 0.23 0.41 0.55 0.65 0.73 0.79
10CC# G.P.» 500¢ THT 0.03 0.09 0.15 0.25 G.50 0.80
200C# G.P.* 1000 TIT 0.05 0.25 0.40 0.65 G.90 0.359
_ Class (b) New Battleships
Torpa".‘.o 860F THT 0.01 0.02 .20  0.20 C.70 0.80
1000 4.7, 150% TiIT C.23 Q.41 0.55 L8 0.73  0.79
15C0# A.P. 240# TUT 0.23 uU.4l  0.55 0.65 0.73 0.79
1CCC# G.P.» 50C# TN 0.1 0.05 0.10 0.13 0.40 0.7C
20337 G.P.» 100G+ TNT 0.02 0.}0 0.20 0.40 0.85 0.90

thege bombs pertain to putiirg ships

than sinking.

WSS EFFECT

]
G

estimatas faasible.



¥AYY LEPLRTVENT
BURZAU CF SRIPS
WASHINGTON D.C.
Sacticm 424 11 May 1944
S-75/529(424)  Serial 08733
T

To: , The Chief of Naval Oparhtiéns.
Subi. ' Vulnerability of U.S. Maval Vessels to Attack by Air-Borne Weapons.
Ral; (2) ¢HO conf. ltr. Cp-16-V-A-dlm, Al6-3(4), derisl 0407416 of

8 Fabru&ry, 1944,

(o) Oprav-16-V #A6, March 6, 1944 - "Selecticn of Bombs and Fuses
to be Yssd Agaiast Various Targets™.

(c) Bushipa sacret ltr. S-F24l-6(424), Serial 08027, of 12 April, 1924
to Ceainch.

Bncl: (H.®.)

(a&) . Cases of war damage to U.S. Naval Vessels.

(3) ~ Summary of war expsrience to U.S. Naval Vessels.

1. Referance {a)} raguested this'auraau to furaish the best possible quantitative

estimates of the probabilities of sinking various types of vessels wnen hit by various tvpes of
air-borne ireapons {aircraft bombs and torpedoes). In enalyzing war experience ths basic data,
contained in enclosures {(A) and (B), iaclude cases of damage from all types of torpedoes, that
iz, aircraft, surface craft and subrarine. This is necessary in order %o increass thes nusber
of casas of torpedo damage availabls for study, and Decause the size of warhkead is largely in-
dependsnt of the type of carriar. The type of carrisr, therefore, has been neglected, althouzhr

it is trus that to date aircraft torpsdces used against U.S. vessels have had in genersl scme-

waat zmaller charges of sxplosive than those employed vy surface creft and sutmurines. Ia the
analysiz wnich follows, a warhead with an axplosive charze of 680 pounds of TIT has been used.
Taig nhas been done because a charge of this size is considersd to be most nearly equivalent iz
dastructiveness to the warheads used to date azainst (U.S. vessels,
2. The preoliminary draft of the report on the wvulnerability of cruisers and destrcy-
ers tc zir-torne weapons, raferred to iz refersnce (a), ia based on a statistical study of casas
of camaze %5 both U.S. and British vessels. Enclosurss (i) and (B) cortain orly data for U.S.
vess2is. It is considered misleading to arrive at conclus;cns from statistical data w#hich com-
bins *h: rasults of lamage to vess:ls of both nariss. Such o precedure caznot reflect the vari-
atizzns in design and cunstructicn methods employad by the two navies, the totally differert
cparatisg com ‘-.zcns undar which the majority of vessels have been e:nloy°q to datse, and fln;-tj
+the dillarsncs in what may bs ftermed operating ftechaique in use in the %Two ravies. The lat
is evidzzced primsrily by different, op-ra***v doctrines with respect to anti-aircraft runnery
and sea-borno sireraft. For thsse reasons’only U.S. wer experierce hes been considarsd,
g fd=mage to typaes of mejor combatant vessels it should be reccgnized
xics, 2nd are not likely zo exist, %> parmit drawing cenerel corclusicas
iey from statistics alome. A -arge nuxter of cases would te reguirszad for
liminate the el scts cf suc i ize consur
sut-divigic2, svzten of oro,av b s
e nhit, deptli 2f 1;u, type of
folile 2 ssizn and tablss
a3 10 L i
2ch i3 2




Pormanca of the design wher sudjactad to actual attack s, Swumarizing, ths tables contain
t3 ch represent the judgmer® of the 3Bursau, bassd on design characteristics of U.S.
, corgalated with performance in battle. The figures must bDe recognized as beinz subjsct

bl2 errcrs of appreciable megnituds because of the nature of the probdlem, the nuzmber of
variablas involved, and the relatively sz2all numbsr of casas availabls for study.

»
&
3

3
b3
-3

4. *  Refersncs {a) does not specify whether the infcrmation requested is dasired as a
basis for studias from the offensive or def=nsive point of view, Sinea practically nc infor-
‘mation is availabls on the defensive characteristics of Japanesa ships, the best assumptiion that .
can ba made at oresent is to assuxe that Japanssa ships have charactaristics approximately squal
to those of ceorresponding ships in the U.S. Navy. It becomes of intersst, thersfore, to includs
some of -the older ships in the U.S. Navy, whose resistancs to attack is matarially less than that
ot the newsr ships, because it is believed that a large proportion of the Japazsse fleet is made
up of olcer ships with power of survival roughly equivalent to that of the corrasponding older
ships of the U,S. Navy.

S. Ths conditions which result in magazine explosions following torpedo hits in way
oi' the mag=zines or bomb detonatiozs in or adjacent to the magazines warrant special comzent.
Ir general, mazazine explosions may be caused in thrse ways. The first is a propellarct-powder
fire resulting in an explosion of the prorellant-powder magazines, The powder may te irnited by
hst fragments, flash from a detonaticn, or high temperatures outside the magzazines prcrar. The
density of loading of the magazines also appears to have an important influsace on whether or zot
ar axplosion will occur. If the magazine is not vented by opesnings in the peripheries, auch as
large fragment holes, the ventilation systems or open doors and passing scuttles, ths powdar fire
may build up sufficieat pressure and texzperature to cause an explosion of the remsining pewdsr,
provided there is a sufficispt quantity. Prompt operation of the magazine sprinkling systeams or
cuick flooding from the sea through damage of the side or bottem of ths hull may, of course, ex-
tinguish such & fire in its early stages. It is emphasized, however, that pressures of consider-
atle magnitude, high temperatures and hizh density of loading are all involved to soms degree in
a sropzllant-powder explosion. It is apparent that a magazine sxplosion following a powder firs
thus is not nscessarily an instantarcesous occurrencs, but ordinarily requires an appreciabls in-
terval of time (although it may be brief) to build up the pressure and temperature which will
cause an explosion. An explosioz= of this nature seems to have occurred on ARIZONA following =
bomb detonation in the forward powdsr magazines. - There have been other cases, notably 3CISE»
eng SAVANMAKe=s whare considarabls powder was burned without causing an expleosion. In case of
BCISL, whers a projactile zntered Delow the armor belt and datonated in a S-inch powcder =agazine,
ccnsideradle venting through fragment holes in the magazine peripheries apperently occurred while
the nﬁgazine was floodizg ranidly through the projectile entry hole. In SAVANNAH considerabls
ponder was izgnited f{'ollowing the detopation of a largs bozmb in the center of the S-inch powder
magazines for turret III, but almost instantansous llooding from the sea extinguished the bdurning
powvder. In both of these cases conditions of high pressure and temperature within the magazines
preper did not cevslop prior to complete flooding. The second way in whizh a magazine explosion
may occur involves a fire causing such high temperaturss that a nmass desZfomation of ammuaitisn
loaded with high explosives may occur. The roasting effect of hizh temperatures, applisd for an
appreciable pericd, may cause detonation of some types of projectilas or bombs. If the projec-
tiles and bombs be thin-walled, the fragments produced from the first detonations are apt to
cause the detoration of other projectiles and bombs in the bin or adjacent stowages if thay be
ackad close togsther. A mass detonztion may follow. Tests and war axperience have shown that
neh ALA. projectiles are apt t5 behava in this mapner. The fire which subjects the ammunition
¢ nigh Terpsralurss may criginate in adjacent powder megazines (as on destroyers), or may coze
frsa other sources such as gasoline stowage (in case of aircraft carriers). 3Burning fuel oil

roa ruptursd tanks surrounded the magezines of the SEAW«s(in a floating drydock at the time) and
caused & magazine explosion of great violance. 4ll indications pointed to a zass detonstion of
5-inch preojectiles. More recently ths S~inch projsciile stowagze for the after zun on TTXNER
zzp2ars o havs "rmass-detozated" fellowing a ssvere fire surrounding the stowage. The third way
in which a mazazine explosion may be causad involves the' mass datoration of ammunition with conm-

szratively thin-walls and lomded with high explosive, wihen struck by hizh-vslociiy Iragmeats.

% For the purposss of this study i% is assumsd that all torpedces arnd bombs detonate. Iz
realily, there may e a zmall gercenteze of Zduds.
w~ 3ushiz=g War Samsg2 Depori 0. 24.
= var Damaze Report No. 4%,
3 Tar Domage Report No. 7.
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Fiva-inch A.A. projectiles acd thin-wallsd aircraft boxbs agsin are susceptibls to this form of
attack. There huve bean several cases which involved this type of waga:zine explosion. A notable
exampla was that of NEW ORLIANS#, in which a zags de2fonation of thin-walled aircraft bombs oscur-
red fcllowing & torpsdo hit in way of the bomb magazine, which was not rrotected oy either a
liguid layer or armor. In the following paragraphs the possibility of magazine explosionms
following bomb and torpado at¥tack on the various classas of ships under, consideration will be
dircussed. Nescdless to say, loss of the ship is considered certain in the event that a magazine
explosion does occur.

6. Concerning torpedo hits it is considered that only destroyers, Classes I and II in
the discussion which follows, ars vulnerable to magazine explosionas following torpedo hits in way
£ the magazines. The other classes of vessels under consideration havs liquid layers outboard
of the magzazines wiih the exceptioz of the 7050-ton cruisers, and these latter, by virtus of the
magezize arrangexeal aad type of ammunition carried, are not particularly vul..erable to a magazins
exolosmn initiated by a taorpedo hit. War experisnce has demcnstrated that a torpedo hit in way
of zazazizes of destroyers (destroyers carry 5"/38 A.i. projectiles) will not mevitably produce

a mazazine explosion. Although the number of cases available for aralysis (tam, of which four
apparantly had a magazins explosion following torpedo hits) is not sufficismt to warrant a posi-
tive aft=tacent for the probavility that such an event will occur, it does appear that a torpedo
hit in way of the magazines will not produce a magazice explosion more thaa 507 of the time.
Thus, & probadility figure of 0.50 has been assumed for the chance that a magazine explosion on
destroyers will occur following a torpedo hit in way of the mazazines. With respect to CVEs the
large quactity of aircraft bombs carried in a location adjacent to the shell made the probability
of a bomb magazins explosion following a torpedo hit in way of these magazines quite high for the
early vessals of the CVES5-104 Class. However, these vesssls either have been altered or will be
altared in ths reasonably nesar futurs to provide reasonablg protsctioa against this form of
attack. Although the protsction provided is the beat that could be achieved in thia class of
ships, thare is some possibility that a amall portion of the target area presentsd by the bomb
magazine is still vulnerabls to fragment attack from a torpedo hit. There is also a very small
possibility of an explosion in a 5-~inch magazine, located very near the stern. Because of other
possibilities of losa from flooding or fatal fire in the ncimty of ths bomb and S5~inch wagazirss,
the small possibility of magazine explosion has bean neglectad in this study.

7. Concerning boab hits in way of propellant-powder nagazines, two cases of war damage
havs shown that a magazine explosion is not inevitabla following such a hit (see paragraph 5).
If ths sida or bottom is ruptured and permits quick flooding of the magazines from the ses,
causiag quick extinguishing of any powder fire which may bes ignited, thers is a good chance that
& magazine axplosion will not occur. Destroyers and cruisers ars of such size that rupture of
side and bottom plating is almost insvitable following a boob detoratica in the magazinea, How-
over, “hey do carry 5"/38 A.A. projsctiles which are susceptible to fragment attack as discussed
in paragraph 5. While the zumber of ceses dces not permit an authoritative figure for the pro-
bability of s magarzine explosion, it is believed that this probability is not mores than 0.50 and
this figure accordingly has been used in the tables which follow, For large vessels, suck as
batzlaships and aircraft carriers (CVs), rupturing of the side, with quick flooding from the sea,
is much less probable than for ths smaller ships. Por this reason, and bacause these two types
carry a comparatively large quantity of explosives, a magazizns explosion (of either propellant
pewder or of hizh exrplosives) Ffollowing a hit with bombs of the size which probably would be
used against these vessels seems certain /sea paragraph 10) and ths probability of such an event
has bean assuned az 1.00, although this figure may prove to be pessimistices, For smaller
carriars {CVLs and CVEs) the type and quantity of explosives carried (thin-wallsd aircra®t bombs)
indicatas that the probability of a magazine sxplosion following a bozmb kit in thse magazines
should be the same a3 for battisships and larg® carriers, that is 1.00, primarily because of the
susgeptibility Yo fragment attack of the explos:.ves carried.

# Buships War Pamaze Report No. 38.

== Ths Italian battloship ROMA was lost oy a direct hit in ¢ magazine, as were ths HCCD and
ertain British bastle cruisars in the last wer. Yo oa": 2snip or aircraft carrier is
e to hare survived a direct bomb or projectils hit in a magazine.



8. In generzl, nsar misses with Somdbs have not been a very serious hazard to 1U.S.
warships, particularly in the Pacific, during the course of the war up to th2 present tims. The
reuasons for this are not known beyond the fact that many near aiss bemts have detonatad on impact
with the wa%sr, rather than below the surface. This suzgests that tha Japanese lack sslactiive
fuses, especially for G.P. bambs. It would appear reasonable, hewever, to assume that the enemy
will davelop means of obtaining proper fusing for maximum underwater elfect. Accordinzly, in the
discussion of mear miss affect which follows each table, it has been assumed that the G.P. bombds,
as well as the A.P. and S.A.P. types, will produce maximum underwater sffact.

9. Cae of the most important considerations in any vulaerability analysis is the
spacing of hits, whether thsy be with bombs or torpedoss. For exampls, NORTHLMPTON » was struck
by two torpedoess, spaced such that structural damage did not overlap but flooding did overlsp.
The total sxtent of floodinz thus was considerably less than would have bYeen ths case had the two
terpedoes been saparated by a grsatsr distance. For this reason, NCETZAVPTON had a very good
charcs of survival although eventuslly she sank. Again, EORWIT =» wmas struck initially by Swo
torpedoas very close togsther. Flocdingz in this case was scarcely more extensive than weuld have
resulted from cne torpedo hit, and ths hull was of such sit2 and strexzzth that there was no
cdanger of tne vessel breaking in two as a result of the overlapping of the structural damags.
Ea2d not other attacks, both with terpedoes and bombs, occurred, HORNET undcubdbtedly would have
survived wae, This study, a3 noted in paragrash 3, dcos =20t pursort to be a statisti-
2l analysis but rather contains sstimatess of wulneradbility. Noaetheless, this important con-
sideration of spacing of hits has been taken into account in the tatlas which follow and is re-
flzcted by the fact that a probability of sinving of 1.00 has not been assigned in any case,.
Furthermore, a lucky hit is always possible, and this cousideration is reflected by the fact that
a probability of sirkiag of 0.00 has not been assigned, even with a szall bomb. .
10, Referance (b) promulgates recommendatiozs for the selsction of bombs and fuses %o
ba used against nmaval targets amonz others. Reference (c) presented t:is Bureau's commen:s on
reference (b). In the following tables the types of bombs shom are those which it is beslieved
would be used against the particular class of target undsr discussion ana are consistent with
the cormments contained in reference (c). This has been done because informatisn is incomplete
concerning enemy doctrine for the employment of bombs against naval targets.

11. There are such wide variations in the degres of wulnerability of the various types’
[ war vessels, and even in different classes of the same type (particularly cestroyers, cruisers,
craft carriers and batileships) that the major types of combatdnt vessels, for the purpose of
s study, havs besn subdivided into eight classes.

[

1z. . For each class there is presented a short discussion of the factors consicdered in
arriviag at the {igures. Immediately follswing each tablse a short discussion of near miss effect
is given.

13. lass I - Dastroysrs, 1500 to 1630 Tons - Vessels of *his class probably will
surviva with two main compartments liooued pul probadly will be lost if three main compartments
are flooded. A torpedo with 580 pounds of explosive, if it hits in the middle length, probably
will flood at least three compariments and, furthermore, probably will destroy enough of the
‘ship's girdsr to cause breaking in two. Loss, under these circuastances, is almost inevitable,
Anout 85 of tha vessel's lerngth is vulnerabls to this form of a%t%ack. The probadility of a
mazazine =xplosion, with loss of the vasssl resulting, has been pleced at 0.50 as explained in
carazraph 6. Approximately 257 of the vessel's length, iz addition Lo the 65% of length dis-
cussed above, is vulnerable to this form of attack, so thers agpears 0 be a 12.5% (.25 x .50)
chance of this. Total vulnerability would then apgear to be 0.125 + Q.55 = 0.775 (say 75%).

» Zuships War Damage Report lo. 41.
~ Zushizs TWar Dannze Report No. 30
wax On tna cther hand, ERLIZNA was droken in two by two hits wery close €azethar. In this
cas2 i they had been more wicely cevarated, the ship might have survived.



Turning to war experience we find that 12 of 1€ destroyers cf this class, or 754, have sunk
follcwing oze torpedo hit - 2 rathar closs agresement, It is obvious that two or more torpedo
hits can be considersd as almost certain to causa loss.

With respact to bozb hits, reference (c) endorsed the use of 250, 500 and 1000-pourd
G.P. bombs against destroyers. Th2ss three bombs are listsd in the table be‘cw. Probability of
siniciing from one hit for the two smaller dombs is based solsly on the chance of hitting a maga-
zins. Multipls hits with small bombs, reasonably spaced, involve loss by {looding ard fire (vu.‘.:h
derangecant of damage conirol facilities) rather than bj breaking up. It i3 considered that
thres hits with 250-pound bombs, if fused to penetrate, would probably open at least thre» main
comparimsnts to the sea. Tha figure for three hits is thus quite high (0.60) but less thas that
for cne torpado hit. Two hits with 500<pound bombs, if fused to penetrats, will probably pro-
duce flocding almost equivalent to that froa one torpsdo hit. One thousand pound G.P. bombs ars
coasidsrad almost, but not quite, as lethal as torpedoss. e find that the table so daduced
agr:2s reasonably well with ths small number of cases which constitute the war axperiencs with
bexmbs for this class., For sxamsle, tha vessel (SIMS) which was los% following three $550-pouxd
bemb hits (believed to te S.A.P. and hence equivalant in bursting charge to about a.230-pound
G.P.) recsived one hit in the forward engins room, one hit in the after enzine room, and the
third wzs adjacent to or irvolved in scme mannar t"‘.e after mazazines. &lthough the table liats
ths rrobability of sinkicg frca thrse 25C-pound G.P. hits as 0.60, and the SI‘S was loat Ir:
three ni<s, it seems reasonabls after amalyzing ths damage to conclude that she would have sur-
vivad had the third hit been located ir a less vulnerabla spo=x,

Assuned Probability. of sinking for No. of hits
Tisapon Charga Wsight 1 2 S 4
Torpedo - . 6B80% TYT 0.75 0.98 0.39 0.9%
230% G.P. 125¢ " 0.09 0.18 0.60 0.99
SCC# G.P. 250 ™ : 0.0¢ 0.65 0.99 0.99
1000# G.P. 5C0# " 0.70 0.98 0.99 0.99

It is difficult to arrive at general conclusions regarding vulmerability to rear

mss Tiar experience is vsry inconclusive on this subject, primarily because of the d“"‘icul*y

of o

-

5.

btaining reliable data as to the charge weight, the distance from ths hull at which the bomb
tonates a:-d the depth bensath ths surface at which detonation occurs. Undermatsr explosion
3sts, howsever, have thrown scme lizht on this problem. Assuming that a near nmiss occurs about

5 feet frem the hull, it is belisved that sixX or seven near missss with 250-pound G.P. Lombs
precbably weuld cause to-~s through flooding. For 500-pound G.P. bom‘as probably four would be
sufficient, and {or 1000-pound G.2. boabs probably two would be sufficisnt to cause lcss. If

the near misses were 2s close 2s 6 fest from the chell it is comsidered that they would be nsarly
ag 3fzctive as direct hits; and the table above probably represents, as well as can be estimnatad,
the wvulperability under this condition.

- O

The cese of MAYRANT is of infterest in this ccnnection. A comparatively large bombd
detcaatad very close to the turn of the bilge and not more than § feet from the shell. Fortunate-
1y, the weather was calm and MAYRANT survived even thougn the nac‘u.x:e v spaces were floodad and
fresboard was not mors than 12 inches. The Commanding icer esiinm ‘:sd the bomd to ha7e besn
of the 500 or 1C00-pound type. Analysis of the da..'::a.'re inc'i.cates that it probably was the 300 Xg.
(1100 pounds) classed as St.(th_.n-wal"ed) with about 530 pcurds of explosive which the Germaas
ars known to employ against surface ..argets. The effecta of damage wers serious and the vessel
was very nearly lost. This case is consistent with the %abla atove for direct hits ia wnhizh th
1CC0~pound G,P. bomb is given a protability of 0.70 of causing lcss.

1l4. Class TI - Dastrcyers, 185C and 2100 Tons ~ Vesssls of this cluss probably will
snrTiva with Three malin compartments rlcodsd. 1a1is makes sinking as a rasult of flocdizg fallow
ing cna torpedo hit unlikely inasmuch as & single hit probasly :ull no% flood more than thres
main cempartments. Structural strength is supsrior %o thaz of the smaller destroyers aad heam
and deprth of Mull =rs lurger. The chances cof braaking in wwo, therefore, are somewhat lsss than

>
for the smaller destroyers. The difficulty of assigning a e".;-.bla

rcoability fipure to Ihs

o

chance of bresling ixn two will bs recognized, tut so far it has haprened once in the throes casss
(tne STRCNG broke in two but LaVALIETTE and PCRTER swurvived) of a tcrpedo hit in the 5§54 of ths
vesszl's length amidships, where complets structural failure results in loss of the shij. Coz-



sidaring all these factors, and in the abseunce of other data, it appears *hat a probability
figure nigher than 0,35 should not be assigrned for breakiag ia “wo, if hit in this region. It
may develop.that this figure will be evea smaller. The probability of a2 magazine explosion
foiinwing a singla torpedo hit is given by the ratic of the lexz*th of magazine to langth of
vassel (0.23) multiplied by the 0.59 chance that such an event will occur, as discussed in para-
gragh 6. Tatal vulnerability to ome torpedo hit, thus, would appear to be G.55 x 0.35 + 0.23 x
0.50 = 0.31. From this we would expact this class to be nuch more resistant to torpedc damage
than the smaller destroyers, and this conclusion is borze out By war experisnce to dats im which
cnly ome of six (17%) large destroyers has been lost as the result of 2 single torpedo hit. Ths
figure of 177 is lowsr than the prsdicted figurs of 31%, but three of the vesssals which survived
wers damaged by a hit at one end or the other, the least vulnersable lccation. Two torpedo hits
will be almost certain to cause loss except in the rare circunstances of one hit at the stem with
the seccnd at the stern, or with both hits separated longitudinally by not more than 25 faet and
both occurring in either the forward or after quarter length (there is some evidence that
SELIFRIDCE received two closely-spaced hits in ths forwarc quarter lsnzth). Thus, a figurs of
0.30 for the orobabxllty of sinking when two torpede hits are recsived seems a reasonable esti-
mate.

With raspect to bomb hits, the same basic coansidarations used in the case of the
smaller dsstroyers will apply. The area of the magazines is relatively less, being only 127 of
the total norizontal targst arsa. Thus, the probability of single hits with ths two smaller bomb
typ2s causing loss by magazine explcsion becomes 0.50 x Q.12 3 C.06. Two hits with the 250-pound
bomd have approximtaly twice the probability of causing a magszine explosion that ome hit will
heva. It is improbable that a rsuscnable number of hits from either the 250 or 50Q-pound G.P.
bembs can cause structural damage sufficient to result in breaking in two uzless they are very
closely grouped. Multiple hits, however, will cause extensive {loodingz if the bcmbs penstrats

lov ths mair dack prior to datonation. For these reascas 1t i5 ccnsidered that three hits by

the 250-pound G.P. bomb or two hits by the 500-pound G.P. bomb will be almxost but not quite as
lethal as a single torpedo hit. Numbers of hits beyord thres for the 250-pound bomb would appear
almoat certain to causs loss from either flooding or fire or a combination of the two. It is
considered that three hits with the 500-pound bomb will be mors cdestructive than a single torpedo
hit, but not as destructive as two torpedo hits. More than three hits by 500-pound G.P. bombs
probably will cause loss either by flooding, fire or a ccmbination of both. 1000-pound G.P. bombs
should be almcst, but not quits, as lethal as torpedoes. '

Un.f‘ortx.mntely, thers are very few cases of war dazmage with which to compars the -
above probabilities for bombs. One vessel survived *%wo direct hits, and acothsr was sunk by
three direct hits and one close near-miss. The gize of bombs in both of these cases is unknown
elthough there is some reascn for believing that they were 550-pound S.i.P. bombs with about 133
pounds of explesive. These two cases are not incounsistent with the probability figures given in
the table below. It is poirnted out, however, that the effects of zultiple hits from comparative-
ly small bowbs are speculative aad will rema:.n 30 until many more cases of war dazage are avail-
atls for analysis.

Assured Probabilify of sinking for Mo. of hits
Weapon Charge Weight 1 2 o 4
Tarpedo : © 660 THT Q.31 0.20 Q.98 Q.99
250 G.P. 1254 0.06 .12 0.25 0.99
50C# G.P. 250 " .06 0.30 0.70 0.89
1000% G.P. - 500 ™ 0.3C 0.80 0.98 0.99

The difficulty in arriving at generel conclusions with rsscect to near-misses is
explained under the table for Class I destroyers. The same difficul4iss exist with this class
of vesswl. Assuming that a nesr miss occurs abou% 18 feet from ths hull, as assumed for tke
sianller des<troyers, it is believed that seven or eight near misses with 250-pourd G.P. bombs,
five with 500-pound G.P. bombs and three with 1000-pound G.P. bambs probably would be sufficient
tc cauae loss threugh flooding. As in the cases of smaller destroyers if the near misses were
within § Tast ol the shell, it is considered that they would be npzariy as effective as direct
aits, and ths table above probably represernts, as well as can be estimated, the vulnerability
vader this assumption,



i5. Class IIT - Light Cruisers, 6C00 and 7050 Tons - By virtue of size and subdivision
th°re is only a small possipllity Tnat oae torpedo hit will cause loss by either flooding or

tructural damage. MNonetheless, it is conceivable, under circumstances of bad weathar, that one
h1t ecan cause loss. This possibilidy, although remue is reflscted in the figure of 0.C5 assign-
ed the probability of siaking {rom one torpede. 4 magazins explesion following a single torpedo
hit is improvabls as diczcussed in peragraph 6. As in the cuse of lurgs destrcyers, two torpedo
hits in the middls body will be alnost certain to cause loss by flooding. However, in the case
of two hits under the circumstances of one at sach end or both in either the forward or aftsr
quarter length, there i3 a small probability that the vessel will survive. The probability of
sinking in tb:.s event is somewhat less than in the case of large destrcyers because the cruisers
under considsration are lerger and thus are inherently more rss:.sta.nt to damage. The probability
of sinking from two hits for these reasons has been assigred a value of 0.85. War experience
with this class is scanty but consisteat with the {igures given.

In connection with bomb hits it will be noted from the following tabls that the
bonbs which it is assumed will be used against this Uype of target are much larger than those
whizh wera assumed in the case of cdestroyers. The types listed are consistent with ths ccmmenta
in reference (¢).

The srobability of sinxing with ome or two hits with the 1,000-pound S.A.P. bomb,
becausz of the comparatively small blast effect from the 250-pound chargs, lies almost exclusiva-
ly in the chence of hitting a magazine. The target area presented is 237 of the total herizontal
area, and the probability that a magazine explosion will occur if the masgazine area is hit, is
about 0.50 as discussed in paragrapn 7. Probability of sinking thus beccmes 0,12 for one hit and
about 0.24 for two hitz. Multiple hits beyond two involve the probability of loss by flooding,
fire or a combipatica of both. Three kits would cause flooding of at least three and posaibly
more main compartments, and the probability of sinking thus becomes about 0.75. Four hits, if
well dispsrsed, may cause mors flooding than two torpedoes and loss can be considered alzost in-
evitable; the probability figure thus bscomes 0.859.

The thickness of the armorad deck in the CL51-54 Class is 1-1/4 inches. The equiva-
lert thickness of the armored deck (35 STS on 25# ¥S) of the Cl4-13 class is somewhat lesa. In~
formation available to this Bureau indicates that the large G.P. bombs probably will penstrate
decks of these thiclnesses if fused for delay action. The following discussion is based, there-
forez, on the assumption thet penetratiom will ocecur. If it skould develop that G.P. bombs may
not pena trate decks of these th:.c.messes the probability figures given in the table balow will
bz scmewhat high.

With respect to the 1000-pound G.P. bomb, the probability of sinking with ors hit
prc:xar.ly involves th2 chance of causing a megazine explcszon rather than flooding. The prob-

ility figure is thus the same as that { for the 1000-pound S.4.P., bomb. Two hits, Howswver, be-
cause o£‘ the weight of explosive :anolved involves a probability of sizking a.l::.ost as nigh as
trnat resulting from two torpedo hits. luz.ple hits beyond two are considered to be almost

certiin to cause loss.

The 2000-pound G.P. bomb, by virtue of its large bursting charge, is censiderably
more lethal than a torpedo with the §60~pound charge assuned for this study if it bs fused for
penetration prior to detonation. The prcbability figures assigzed to this tomb, therefors, are
somewhat larger thaz these for torpedoss.

There is almost no war experience with which to compare the wvulzerability figures
for bembs given telow. Only two vessels of this class have suffered direct hits, and both cases
involved much smaller bombs than thoss listed. The figures,  therefore, are speculative, and
further war experienca may indicate the necessity for revision.

Assumazd Probavility of sinking for MNo. of hits
Taapon Charge velight L 2 3 &
66CF TuT 0.05 0.85 .95 0.23
28 ¢ 0.2 0.24 G.73 0.99
500 " 0.2 3.70 £.08 0.99
10CG: 0.50 G.95 G.2% G.59
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Wear misses with the 10C0-pourd S.5.P. bemb probatly weuld net involve sinking, be-
the comparatively small charge, unlsss thay were either so close <o the hull that the
£ a contact exrlosion would be produced, or else were close undar the turn of the bilge
ed a mining effect. In either of thess circumstances proszily four or five n2ar misses
required to cause sinking,

The situation with raspazct to the G.P. bembs, if tha
tisa well below the surface, is considerably diffsrent. Six fee +

1louu-pound G.P. bomb and 9 feet from the hull for the 2C00-pound G.P. bomd are considered ta be
maximum distances for extensive hull ruptures. If the bombs be withia these distancss and de-
tozats well below the surface, several near misses are capable of sirking. Under these cirsume-
stances, thres or four close near misses with the 10CO~-pound G.P. bcmd and two or thres closa
nesrT misses with the 20C0-pound G.P. bemd probably would be sufficient to cause loss.
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8. Class IV - Keavy Cruisers, 10,000 Tons ax=d larzsr, includinz Cis and CLs - Thesa
vessels are of sucrn size aal design that 2 singles torpado nit snoula naver resul® ia sinking.

Ten have been hit by a singie torgedc and all of them survived the crme hit. Their chances of
surviving two torpsdo hits are favorable if the hits ve wsll serarated, The less of a consider-
ahle porticn of the bow and a lesser poriicn of the stera is not necessarily fatal. To date four
neva been hiz by two torpedoes and two of these have survived the %wo hiis. A probability of 0.50
cf sinking following two hits, tasad on wxr experisnce alone, appzars to %2 too high, particular-
1y ceansidering the increased size, greater strangth, better siability characteristics, and im-
proved damege control facilities of the newer vessels, which will soon comprise a majority of
thig class in ssrvice., Prcbability of sinking following two hi%s thus has bsen placed at 0.40,

te reflect the increased resistance of the newer vessels of this class, Of the oldar CAs amd CLs
thres hits caz be considsrsd as almost certain to cause loss, excert in such rare c.ircumstancss
‘as two hits a% the bow and the third at the stern. The newer vessels, howewvsr,K bacause of better
statility characteristics and larger size have a somewhat greater probability of surviving three
hits. Probability of sinking following thres hits thus has been placed at 0.85 to reflect both
the improved resistance of the newer ships and the possibility of favorable locations of the hits.

In connection with vulnerability to bomb hits it is necessary to keep in mind that
all U.S. eruisers in this cetegory now in service or expscted to be in service during the next
two vears, have armored decks not grester than 2-1/2 inches in thicimess, and most of them have
d=cks of 2-inches. The S.4.P. bombs will penetrate decks of such thicknesses il dropped from
atovs 3000 feet in horizontal bombing or above 1600 {set in dive bomdinz. The table balow assumes
that penetrstion with +the S.A.P. bombs will occur. It is probeble thet the 3.P. bombs will no%
nenetrate the armwored deck.

I ths G.P. bombs be fused to give detonation below the main deck, howevsr, they
2n be expected to do extensive damage of a serious nature. Sinking damaze with ons or two hits
ith these bombs is not procbable exceprt as a rssult of fire following widesgread destructicn of
firefizhting facilitiss. Three and four hits with the 1CCO-pound G.P. bomb would appsar to offer
a fairly good chance of causing loss 3imply because of the large scale of destruction. Chances
of sinking with three or four hits with the 2000-poun2 G.?. bomd are correspcrndingly better in-
asmuch as this aumber of hits probably would gut the vessel more or less completely above ithe
waterline.

()

*

For one and twc hits with the S.A.P. bomb the probabilities of lcss depend almost
sntirely cn the chance of a magazine explosion. The =magazine area is zboubt 247% of the total
rorizontal tarzet-area, and with a 0.50 prcbability that a megazine will exglode if hit {(ses
Faragzraph 7), vulnerability becemes 0.12 and about 0.2¢ for one and %wo hits resmaciively. For
throe or mora nhits loss involves the additional probability that flooding will be so0 extensive
es to jeopardize the wesssl. Thus, thres hits are roughly comparable £o abou: two torpedo hits

v
£ s

2ad four nits probedbly will be almost as lsthal as three torpedo hits. It is pointed ouf, how-
cvzr, that multizle hits with the S,A.P. bomb must have reasonadle szacing or the vulnersbility
Tigures given below will he too high. For exumpls, Lwo S.A.P. bomd hits within a comparatively
small distance of each other would not cause flooding in any sense comparable to that which would
te raused by the sane two Lombs sepurated by some 103C fe=t,

Vier expsrience with hits by bombds of larg i crui is
The case of SATANUAH, struck by a large 4.7, € <t o ting ge, L
cz2s52 so far savailells for study. S<iructural damagze and the extont o0 Clooding were doth
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scrmewhat greater than would e expscted {rom a hit with a torpedo of asguivelant chargs. Thers
have bsan in addition, a few cas2s of one and twd hits with bombs of small bursting charge on
vessals of this class and they have caused only superficial demage. The Sazttis of "1dw4/ offars
soma interesting, although incommlote, data with regard to ths efficasy of 500-nsund and 190C-
pound G.P. bozbs against Japanese .savy cruisars, belxeved to have ermorad decks of about 2

ol inches
in thickness. Reports indicate that MIKUMA was sunk after receiving a zininmuz of five hils frem
300=-zzund and 1CCO-pound 5.P. bembs, that UOZAMT survived at lsast “wo aits {rox 500-pound or
1300=-pound G.P. bombs, that either XUUANO or SUZUYA survived a miaimum of two 1000-gound G.P.

“hits and that TAZAQ su:vxvad at least two 1000-pound and ones 500-pound G.P. hits.

Taus, vmr 2xperience with large bombs against T.S. cruisers of this class is ad-
mittadly aketchy. The probadility figurss, ithersfors, are speculative and will remain so unti
mors cases of bomd damage %o U.S. cruisers decom2 avaiiable for snalysis.

Assunad Probability of sinkine for Yo. of hitis
Weapon Charge Teizht T 2 _ 5 4 )
Torpedo ' . 630 TNT 5.63 Q.3D 0.85 0.38
100G S.4.2. 250¢ " 0.12 0.23 0.40 0.73
1200 G.P. 500 * 0.03 0.15 0.30 0.45
2000F G.P. 1000= " 0.13 0.45 0.80 0.98

Near misses with the 1000-pound S.A.P. bombs probably would not involve sinkiag,
as was the case with the smaller cruisers, uanless they wsre either so close to the hull that the
a"fact of a contact explosion would be produced, or else were close under the tura of the bilze
and produced a mining effzct. In eithsr of these circumstances probably six or seven near misses,
within 6 feet of the hwull, would be required to cause loss.

As in the case of the smaller cruisers, the maximm distancs for exteasive hull
rupture is' belisved to te about 5 feet for the 1000-pourd G.P. bomh and about 9 feet for the
Zssn-pourd .P. bomb. If the G.P. bombs be fuzazd for undervater detonation, the probabzl;t;es"“*
of sinting probably would be about the same as thoss gziven in the table abeve for direct hits
grlmarllv because serious underwatar damaze end f’oodlnv would be involved. This estinmate is
ttudly speculative iz the absence of any war experience with near misses {rom such large
bembs.. Therefore, it will require re-examination if and when cases of close near miss damage
with large bombs becase available for analysis.

17. Class V = Aircraft Carriers (CVs less RANGER) - Becauss of the sizs and protsctive
features o vessals of this class, the total number of hits with both torpedces and bambs has
be:zn nlaced at six rather than four a3 in the case of previcus classes discussed. This class is
comprissd of vessels of the cve {=352X) class plus ENTERPRISE and SARATOGA. Ships of the CV9
claus 2re somewhat bDetter protected than ENTZRPRISE and not quite so well protscted in some re-
spects 23 SARATOSCA. This discussion and the probability figures givea are based primarily on the

horasteristics of the C/9 class. The torpedo protection swystem is such that uncontrollabls
flooding following a torpedo hit (with a warhead charze of £60 pounds of LJT) pr:cao-y wouid be
lini%2d t0 one main compartment inboard of the torpedo defenses system, except in the ewvent of a
his in way of a main %ransvers2 bulithead = in which event possibly two zain compartmsnts would be
o4

ficvolsd. For pu 7oses of snalysis it is considersd that 1-1/2 main compartwents would be ';.oced
by a single hit. The flondable length characieristics are such that aboul six main mashinery
compartments in the =iddlas lenz*h or sbout four main compartments in <he cuarter lenzths 2t whe

end; could be fliooded without causing sinking. The magazines are well protected against un

%)
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mater attack end a magezins explosicn froam 2 torpedo hit iz unlikely. Tne hazard of large guaa-
tities of aviation gasoline, howswver, i5 present and musi De considered. The %orpedo preoizciion
veten probably would orevent a large-scals rupture of the gagsline stowags system. The oresencs
n firefizhting egquipment and of Teatures designsd to prevent the °p'=ad of gascline
furthermore should reduce the dangsr of subsegueat ?ssiona, such 235 causad. diffi-
s » v

o U
b
both LEXINGTOY = and Wh32 *=, It thus appegars that the cszurrence af a ratal

sorg Ho. 13,
ps wer Damage Report lo. 39.



ing a torpedo hi%t in way of ths gasoline stowage is by no means certain. In the absencs of
sp2cilfic data this probability has been assuned arbitrarily as 0.50. The gzasoline stowags conm-
orisss about 12% of the wosssl's length so that total probability of ths occurrence of a fatal

as the result of a sinzle torpedo hit becomes 0.50 x 0.12 = 9.08." For ome or two hits flood=-
..hould ot joopardize the vessel and the probability of loss thus bacomes the figurs for the
sabllity of the ocgurrence of a fatal fire. Three hits on ones side, in addition to the pro-
ility of causing a fatal fire, would cause considerable flsoding, e.’ though not necessarily
..nl unless all the hits be 1c:ca*ecl either at one end or the other, Probability of losa follow-
ing thres hits thus has been assigned s figure of 0.50. Four hits on one side would cause ex-
tsnsive floodin: and probanly [{ire, and loss seems almost certain if the hits be favorably spaced .
for maximum flooding. There is a possibility of sinking by taking an extreme irim and capsizing.
The probability of sinkinz has besn placed at 0.50, however, to reflect the chance of closely-
spaced hits or hits at the extremitiss as discussed in paragraph 9.
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War experience with torpedoes againat CVs indicates that the probability figures
sc derived are raasonably accuratae., Four vessels received one torpedo hit ard four survived;
trras received two hits, only one of which ([LEXINGTON (CV2)) sank - and there is some evidence
that the LEXINGTON received three hits. It is somewhat difficult to place the cause of LEXINGTON's
sinking solaly on the fact that she was torpedced. (ms CV wwould have survived three hits had the
shis not been sunk by latar attack (X RNET™#); and ons CV (YCRITGMisss) sani following four hits.

The main deck of the CV9 class is 2-1/2 inches of STS, and the fourth deck is 1-1/2
inchas of STS. These decks can be panstrated by the 1000-pound A, P. bemb, Because of its small
bursting charge, the chances of sinking with the 1000-pound A.P. bomb will dspend almest entirely
upon the probability of imitiating a magazine explosion or of causing a fatal fire for number of
nits up to and including three. Because of the size of the charge, which makes instantaneocus
flooding following a penetrative hit in the magazines somewhat unlikely, it has been assumad that
a hit in the magazine will cause an explosion (see paragraph 7). Likewise, it is considered that
a hit in the gasoline stowage very probably will cause a serious zasolins fire and one of con-
siderable danger to the magezines because of ths proximity of the magazines to the gasoline
stovags. The magazines comprise.19.2% and the gasolins stowages 3.57 of the total hroizontal
target area. Probabilities of sinking thus are 0.23, 0.4l and 0.55 for one, two and three hits
raspectively. More than three hita will involve extansivo structural dmga with the probability
of considsrable flooding, especially if hits occur forward or aft of the protected portion. Pro-
babilities of sinking thus increase somswhat more rapidly for four, five and six hits than for
ona, two and three hits.

The 1000~pound G.P. bomb probably will not penetrats the 2-1/2-inch main deck.
Secause of its 500-pound bursting charge, however, it can be expected to cause extensiva struc-
tural damags in the hangar and *s the flight deck if fused for slignt delay. If suflficisnt hits
b2 mads with this bomb, the vessel can be put out of acticn even though probabilities of sinking
.are not as high as with the A.P. bomb. Multiple hitas with the 2000-pound G.P. bomb, because of
the 1000-pound bursting charge, probably will cripple the ship completaly, cause extensive struc-
tural damage, and start raging conflagrations, the combined effects of wnich probably would
rendsr the ship completely useless in a very short time. These considerations underlie the high
prcbability values assigned for numbers of hits greater than two. It will be notad from the
-tabla that this bomb is considersd to be more lethal than a torpedo and the 1000-pound A,.P. bomb
{cozsidering numbers of hits grsater than three),

U.S. carrisrs have not been hit with large A.P. or G.P. bombs to date. The figures
cf probability of sinking from bomd hits, particularly the G.P. bombs, are adaittedly speculative
and will be subject to re-examination if and when war experi=nce furnishes factual data.

Assumed _ Probability of sinking for {o. of hits

Tizapon Charge Weight 1 2 3 4 S 6
Torpgado 6804 THNT 0.C6 . 0.12 0.30 C.30 0.85 0.99
10C3# ALP. 128= ° 0.23 0.4l Q.33 0.70 0.80C 0.59
1000= G.P. 5007 " 0.03 0.10 0.29 0.3 0.32 0.80
203 G.P. 10Co# " 0.10 0.30 0.30 0.90 0,93 0.8%

* For two hits the prodability is 0.12.

»+ Z.3hips War Damege Hepors No. 30.

»=231:401ips Par Camage Heport lio. 235.
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The torpedo defense system offers excellent protesctica against nesr nissss at the side. Although
the 1020-pound A.P. bomb will cause underwater damsge, a very larze nuabsr of near misses very
closz %o the hull would be required to cause sinking.

The 100-pouncd G.P. bomb, with hydrostatic tsil fuse, probably would not pesnstrate
the torpedo defense system even if it were %o dstonate so clos® to the hull that the effect of a
contnct explosion were produced. If the bombs ware so located that detonation was just below the
tura of the bilgs and close enough to rupturs ths bottom, within about 6 feet, one bomb so located
probably would cause unconirollable fiocoding of not more than oms main compartmsnt. Under this:
rathar remcte circumstarce and also considering the effect of opering a largs number of the tor-
pado dafenss voids *o the sea, probably six or sevsn clos® near misses with this bomb would bs
required to cause sinking.

A nesr miss with the 2000-pound G.P. bomb not more than § fee® from the shell mizht
rupturc the holding bulkhsad of the torpedc defenss systenm because of the large explosive charge.
A rear niss 30 close that the sffect of a contact explosiosa was produced unguestionably would
rupture the holding bulknead. The 10CC-pound crarge thus azkes this bomdb a potsnt undorwatsr
waapon 2ven ageinst ships with torpedo defense systams. The effect of distance from the hull,
howaver, is so marked that any estimate of the zumdbar reguired £o causs sinking is nscessarily
speculative to a large degree. With this resarvation it is possible that sirking could be caused
by five or s3ix closs near misses with the 2000-pouad G.P. Somd.

18, Class VI - Aircraft Carriers; Light (CVis plus RANGER) - Vessels of this class have
hull characteristics somawhat similar to the larger crulsers ol Class IV. Possibly the most sig-
nificant difference lies in the fact that the CVL: have a blister in the middle half length. Al-~
though the blister, by virtus of the additional laysr of liguid, offers somewhat increased re-
sistance to sontact underwatsr explosions, the differsnce in damage caused by a 680-pouad war-~
head to hulls with and without blis%ers is not siznificant. Resistance %o non-contact explosions
from naar misses, howsver, probably will be significantly bstter. Notwithstandinz the presence
of the bliaster, thu CVLs are somewhat more vulnsrable to torpedoes and bombs than cruizers of
Class IV because of the presence of large quantities of aviation gasocline and of explosivss
susceptihle to mass detonation from fragments, as discussed in paragraphs 6 and 7.

Concerning torpedoc hits the probabilities gziven for the cruisers of Class IV have
beern increassd by 0.08 to include the added hazard presented by ths gasolins stowages. Thay
comprise about 11% of the length, and the probsbility that a fatal fire will oceuwr followizng a
large rupiure of the gasoline stowage has been placead at 0.75 inaswuch as the gasolins stowagze
is not so well protected as on vessels of the CV3 class (where the corresponding figure was 0.50).
The proszability.figures thus becoms 0.11, 0.18, 0.93 and 0.99 for one, two, three and four hits
respactively. War experience consists of two cases: one CVL was hit by ore torpedo and survived
easily, and the other case (WASP) is difficult %o evaluste. WASP was struck initially by twe
torpadoss which hit in way of the gasolins stoware, startingz bad fires which caused her %¢ ba
abacdonsd, Nonstheless, three additional torpedoes, fired several hours later, finally were re-
juired to insure sinking. These experiences are consistent with the figures quoted.

As discusssd in paragraph 7 the probability of a magazine explosion fellowing = btoab
hit in the magazinss of a CVi has beean placed a% 1.00. Magszines comprise 147 of the total hori-
zontal target area. In addition, gasoline f{ires, with dang2r of a magazine explosion, would
appesr insvitabls followirnz a bomb detonation in the gasoline stowazes which comorise 4.57 of the
total horizontal target area.

Tha 1000-pound S.A.P. bomb will penetrats the armored deck. Probabil
ing cne hit is thus about 0.13, about 0.33 for two hits znd aboub 0.45 for ¢
s may involve flooding so extensive as to cause sinking in addition ¢
explosion and fire. This consideration undsrlies the probability figure o
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assigned. Ths same reasoning underlies the figures assigned for the 2900-pound G.P. bomb which
wauld apoear to be about as lethal as the torpedo and sozswhat more leihal than the S.A.P. tomb.
It will bs recalled that this was also the case for the largsr cruisers of Class IV,

There has been no war axparisnce with bombs against carriers of this class. The

figurcs are thus based on design characteristics and on inowledge of the effects of smaller boabs
on other typss of vessels.

-

+
Assumed Probebility of sinking for Ho. of hits
Weapon Charge Weight - i 2 3 4
Torpedo 660 TNT 0.11 0.48 0.93 0.99
" 100C# S.ALP. 250¢ " 0.18 0.33 - 0.45 0.80
1000k G.P. 5004 " 0.05 0.20 0.35 0.60
2000 G.P. " 1000¢ " 0.20 0.30 0.90 0.99

Because of the presence of the blister these vessels sre somewhat more resistan: to
near misa damage than the largsr cruisers of Class IV. Possibly seven or eight near nisses with-
iy 6 feet of ths hull with the 1000-pound S.iA.P. bamb would be racuired to cause sinking.

. The probabilities of sinking from near missss with the G,P. btombs, if fused for
underwater datonation, probably would be somewhat less than those givea in the table above for
diract hita. Possibly six near misses with the 1000~pound G.P. bomb and five with the 2000~
pound G.P. bamb would be required to cause sinking. It is emphesized, however, that® nsar misses
must be close to the hull (within about & faet for the 1000-pound G.P. tomb and within 9 feet
for the 2000-pcund G.P. bomb) to be eiffective., As in the case cf the largsr cruisers cf Class
IV -the estimate given in this paragraph will require re-exemination if and when cases of close
near miss damage with la.rge bonobs become available for analysis,

l?. Class VII - Aireraft Carriers, Escort (CVEs) = In general, these vessels fall into
two classes:

(a) Those built as escort carriers {CVE35-104)
following merchant ship design end consiruction practice,
plus those which have been ccnvertsd from C-3 hulls
(cveEl, 9-25, 30, 31).

{b) Those which have been converted from tankers (CVE25-22),
: or designed as CVZs, using tanker desizn as a basis (CVE105-11%9).

The wvulnerability of all CVZs has been a mattsr of concern sizce the first ships
ware placed in ccommission, primarily because merchant standards of stability and subdivision are
much lower than those which are acceptable in combatant ships exrtosed to the hazards of war.
Tnis natural ccncern led to en investigation which culmipated Iz the issuvance of ballastingz in-
structions, and recormendations that certain prescribed cdrafts not be exgseded. All CVEs of all
classes have been furnished with these ballasting instwucticns and witk figures for the draits
which should not be exceeded if maximum resistance to underwater cdamsgze is desired. It ia

zncessary to emphasize this point because the degree of resistance varies so widely with loading.
For example, the CVEs of the 55-104 clas3s will have an excellent chance of sumving cns terpedo
hit i the draf" be lsss than 20 feet, but the probability of sinking increasss materially if
d*-a:t excesads about 20'-7", which is t 19 maximun psr"l;t‘:ad under existing imstructions. Again,

the CY¥Ea of the 105-11§ class will have an excellant chauce ¢f survivsl when struck by oms tor-
rado if the wing tanks be ballasted to the ws.tarln:e, as reguired by existizg instructions, but
will take a very large list with small prooability of survi-ml if the wing tanks be empty. In
try snalysis which followa it is essumed that specified Sallasting srocsdures are being follewed
and that prescrited drafits will not bs exceedsd.

In goreral, the CVEs of Class (D) above are somewhat more resistant to damaze than
CvZs of Class (a). Although the difference is not significantly large, it nevertheless exists.
Aceoréingly, a table of vulnerebility for each class is given below,

When ogeratingz as carriers (rather than as aircreft trezsports), and following t
preszribed ball astznﬂ' orocedurs and loaded sc that the prescrited 2rafts are not excesdad, the
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flocdable length cheracteristics of the CVEs of Class (a) are such that these vassals will sur-
vive with thrae main compariments flooded. Inesmuch a3 a torzedo will not cause flocding of mors
than three main compartzents, a single torpedo hit is not expescted to cause loss by flcoding.

The gasoline stowage, however, is unprotectsd and a torpedo hit in way of or adjacent to the
stowage probebly will cause a fire which might be fatel. The gasoline stowage occupies about
127 orf the vessel's length. The possibility of an explesion of the Lomb or 5-inch magazines as

2 result of a torpedo hit can be neglected as explained in paragraph S. Probability of loss thus
becoces about 0.12. Two torpedo hits, except when locatad almost at the extremitises, probably
will be certain to cause lcss, either by flooding or by breaking in two if the hits be so close
together that structural damage gyesrlaps.

Cne CVE of Class (a) has been lost from a single torpedo hit which caused ar ex-
plosion of *hs bomb magazimes. As noted in peragragh 6§, vessels of this class have been providad,
er ars being provided, with protection fer the bomb magazires. This will materially reduce the
probability of a recurrence of such & casualty.

Ths CVEs of Class {(b) are similar to tankers, which as a class ars somewhat more
resistant to undsrmater attack than othar marchant ves:sls of corresponding size. Thess (7Zs,
thersfore, may be expectsd to survive the. flooding of thres main ccmpartments inboard cf the wiag
tanks 1f the latter contain liquid at least to the level of the exterrnal waterline.

Fuel cil in the wing tanks presents a serious firs hazard in the event of a torpedo
hit in way of such tanks. Experience with commercial tankers has shown that the explosicn of s
torgedo is almost certain to rupture the main deck. If the torpedo hits in way of the wing tanks,
which contain fuel oil a% the time, the explosicn will scatter oil in large quantities in the
hangar and over the topsides. A serious firs will almost certainly result. A study of %torpedo
dttacks on 38 loaded tankers disclosed the fact that oz about 707 of them a serious fire devsloped
irmediately. In recognition of the hezard presentad by carrying fuel oil in ths wing tanks (which
corprise 577 of the lsngth) instructions have besn issued which require that the wing tanks be
ballasted with salt water to the external waterline except when ths assigned mission makes ac-
ceptable the increased risk. In this study it has been assumed that the wing tanks are ballastes
with salt water as prescribed by existing instructions.

The ballasting procsdure recommended for this class has also teken into account the
denger of loss by plunging by the stern in the event that the main machinery spaces (aft of the
efter quarter point in the CVE26-29 Class) are flooded by a torpedo hit; and if these ships be.
tallasted as preoscridved, the hazard of plunging by the stern will be eliminated. This possi-
bility, therafore, has been neglected. The gasoline stowage in CVEs of this Class is protacted
by a liquid layer which, while not complete protection, reduces the probebility of a gasolin
fire. The gsasoline stowagzs comprises about 7% of the lsngth of the vessel, but the probability
of loss from = hit in gasoline tanks has been taken at 0.05. The probability of loss fran a
single hit, thersfore, is about 0.05. Thess CVEs are scmewhat larger and better subdivided than
thoss of Class (a). Probability of loss following two hits thus hes been placed. at 0.85, rather
than at 0.30 as in the case of CVEs of Class {a), to reflect their somewhat better over-all re-
sistence to damage.

¥o CTEs cf Class (b) in the U.S. Navy have besn struck by torpedoes. Nomsthsless,
experisnca with commercial tankers has been such that, if the limitations on meximum Zraft emd il
the preacribed ballasting procedures be adhered to, the figures deduced above appear to be raason~
able astimates.

As discussed in pearazreph 7 the cccurrence of a magazine explosicn followiznz 2 bomb
d2ignatlan in the meagszines is considered to be almost inevitable. Furthermors, e bozd 2etcnatiom
in way of the gasolire stowage ssems almost certain to cause a fire which may well be fatal. Ths

500-p52und G.P. bemb, with a bursting charge of about 280 pounds, probebly will not causs floeding

extenzive enough to jzopardize CVEs of either Class (2) or Class (b) froca a single hit. Frob-

atility of loss following cne hit thus beccmes ths chunce of hitting the magazines or gasciins
stowazs. Horizontal arsas ars about 217 snd 33, respectivaly, of total targst urea. Probability
of lnss thus beccmes 0.27 for one hit with the SCQ-pournd G.P. Bomb, if fused f lay action,
fer Loth classes.. Two hiits on CV3s of both classes probably will not jeor i he vessel 3y
flooding to azy greater extont itnhan will a singla torpedo hit; =aus, th nisel
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the magazines and gosclineg siowage bacomes the determining facter. Th
iz 0.47. Multirls hits baycnd two ars almost csrtain to cause loss of
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The 1000-pound G.P. bomb, with e bursting charge of 500 counds, is probably as
letaal as the torpedo. Even thougn the bursting charge is somewhat less, the improved chance of
ceusing a maguzine explosion at least off'sets the raduction in explosive power.

There has been no demage from bombs to CVEs as yet. The fizures thus are speculative
to a considsrable extesnt.

Assuned Probability of sinkirng for No. of hits
Waspon Chargs VWeight i 1 2 R 4
CYEs of Class (a) -
Torpedo 660¢ THT 0.12 0.80 0.99 0.99
5C0F C.P. o ¢ 0.27 0.27 0.99 0.99
10CCF G.P. 500 " 0.27 0.8C 0.89 0.99
CVEs of Class (b) ,
Torpedo - 680§ TNT 0.05 0.85 0.98 0.99
50CF G.P. 2505 " 0.27 2.87  0.98 0.99
1GCCH G.Ps 5005 0.27 C.35 0.98 0.59

CVEs of Class (a), because of light construction and the lack of a liquid layer
acjacent to the shell throughcut most of the ship's lsngth, sre ccnsidered to be gquits vulnerable
to near missea. If the 500-pound G.P. bomb, fused for delay actisn, detonates about 6 feet from
the hull, prodably thrse or four such near misses would cause less., If the 1000-pourd G.P. bomb,
fused for dslay action, detonatss within about 9 feet cf the hull, probably three such near
misses would cause loss. .

CVEs of Class (b), by virtus of the fusl oil tanks inbosrd of the shell, are con-
aidarably more resistant to the effects of near miss detonations below the surface. With tnis in
" mind, possibly five near misses with the 500-pound G.P. bomb or four with the LO000~-pound G.P.
tomb, if they detonate at the distances from the hull given in the preceding paragraph, would be
sufficient to cause loss.

23. Class VIII - Battleships - A majority of the older battlaships now in service havs
undergons modernization wnlch has included the installation of additional deck armor and blistsrs.
Yevsrthelesa, their ressistance to damage is not as good as that of the newer battleships which
are largsr, have bstter subdivision and bettar stability characteristics. Accordingly, hattle~
ships have hsen divided into two classes:

(a) O0lder battleships,
(b) Newer battlaships.

Three of the older battlsships, viz., CALIFCRRIA, TSIZSSZE, WEST VIRCIVIA, have
been fitted with a double blister systsm which puts them in a class by themselves insofar as
resistacce to underwater attack is concernmed. It is believed that the older Japanese tettleships
nmore nearly correspond to the remairdsr of our oldsr battleships. Therefors, the CALIFORNIA,
IZYNISSEZE and WEST VIEGINIA have been excluded from consideraticn iz this study.

Notwithstanding the fact that ths torpedo defense srstems of the remainder of the
r battlasnips have been improved, a warhead with 660 pounds of THT probably will result in a
ure of the holding bulkhead. Unconirocllable floeding of one =ain compartment inboard of the
g tulkhaad following oms torpedo hit is probable. Tkhree hits, spaced along one side so
locding is the maximm, would have a very good chance of causinz loss, particularly if the
occurred almost simultanecusly so that initial list is largs, making e difficult damages con-
lem. Four hits on one sids would be almost certain to cause less., Jith thess consider-
aind the following probability fizures have been assigzed: 0.01, 0.05, 0.40, 0.90,
, end 0.92 for one, two, three, four, five and six hits resgectively. It can be szen that
ot to torpeds attack has been estimated as only sligatly tetier than that of the (Vs
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churacteristics, makes them considerably more resistant to torpedoes than the older battleships.
In general, a SOO-pou.." THT warhead is not expected to rupturs the holding bulkhead. It iz trus
thut the first two vessels ol this class had one laysr of the torpedc defense systam omitted for=-
ward, streast No. I‘'turret, in order to obtain the hull characteristics necessary for high speed.
howe*r-. , in this area the spaces inboard of the holdirg bulkhead have been subdivided into com-,
paratively small watertight compartments so that flooding inboard of the holding bulkhead will de
sharply limited. The chief darnger from torpedo attack, thus, on the modern battleships involves
an externsive fore and aft rupture of the inner voids of the torgedo defsnse system. Takiag the
BBE)l Class as an example, the design characteristics are such that about 360 feet of innsr voids
must be {loaoded to produce a list which would put the main dasck at the waterlire on the damagzad
side. War experience with torpedo hits has indicated that about four torpedces, spaced at 80 feet
interwnls along one side, would te required to cause this condition. Even should this occur the
damarzz coatrol fa.c:.lit:.es installed in these vessels provids mears for quickly removing the list,
unlsss other damage disrupts damage control facilities. Under the circumstances of well-spaced
hits, it is estimatad that at least five hits, all on one sids and strikiag almost simultarsousiy
would B2 required to place the wcdern battleships in definite jeopardy. Probabilitias of loss
hus have bsen estimated as C.0L, 0.C2, 0.10, 0.40, 0.70 and 0.90 for ome, two, thres, four, fiwv
and six hits respeactively.

War experience with torpedo hita oz U.S. (and British) battlaskips has bean rather
curious. With the exception of the Pearl Harbor cases, the only battleships sunk by torpedoes
in this war hawve received at least four hits, whereas the only ships which Mave returred to port
have suffersd hut one hit. The battleships damaged or sunk at Pearl Eerbor were, of course,
older vessels, and in most cases not in a states of complete closure at the time of the attack,
Analysis of the Pearl Earbor cases indicates that two undoubtedly would have baen surk from tor-
predo attack, even though they had been in the open sea and in a condition of complete closurs.
Cne of these vessals received seven hits and the other is believed to have received five hits,
In octh cases all hits were on one side, occurred almost simultsnsously and were so spaced that
extensive fors and aft flooding of the ’corpedo defense voids occurred, plus some initia.l uncon=
trollable flooding inboard of the torpedo defense systemrs.

. All war experience has indicated that rapid sinking of battleships, including even
the old battleships, can only be obtainsd by several hits, occurring almost sirultaneously, ox
ors side and spaced so that extensive fore and aft flooding results. On the other hand, in =any
casss large ships with torpedo defense systems have been attaciiei by torpadoes after the ship had
alrsady been fatally damaged. In some instances this has reducecd the time required for ths vessel
to sink; while in other cases, particularly when the vessel was damagsd on the othar side, this

.has increased the time required for sinking. Unless each case be analyzed in some destail, an
exagzarated opiniosa of the number of torpedoes raquired %to cause loss is apt to result. For ex-
ample, “EST VIRGINIA wes struck by seven torpedoes, but three of these undoub*edly wers super-
fluous irasmuch as the flooding caused by the other four was more than sufficient to have caused
her tc sink. .

The majority of oldsr battleships, since their recent modernization, have arnored
dec<s of about & inches in thicimess. OUnly the 4A.P. bombs, dropped from above 4500 feet in dive
bombinz or 6000 fset in horizontal oombing, will penetrate decks of this thickness. Chaoce of
sin-:;:‘.f- with a reasonabls num%er of hits thus must be based primarily on the chance of hitting
a mazazine inasmuch as the bursting charzes are too small to causs extensive flooding. Total
magazine area, including thut for the S-inch A.A. guns and for ths aircraft boads, is sbout £33
ol the toial horizontal area. Provabilities thus becoms G.23, 0.41, 0.55, 0.83, 0.73 and 2.30
Por zze, two, thrse, four, {ive and six hits rspectively. Insofar as direct hits are concerne
thers ls l:.ttld distinction betwsen the 1500-pound and <he 1300-nound A.P. bombs zrovided doth
ere dropp=d from neights sufficisat to penatrats ths armorad deck

x

The cldar batsleships have ligh%t meln and upper decks. The large 5.P. ©
an be sxp:cted to cause {ires and large-scals destruction of uppsrvoris
atarials have largely been elininated since the siart of the war, thes ‘azar" of realy
3 exis T

ammuaition fer 4.4, zuns not only

A.A. Weasons

<s bu% has heen somewhat increassd becausa of the

s
rz, troubdlescme ammunition fires may D2 =xpcte
3

oo
[e]

xtensive structur d ction sbeve the armorsd deck result froa th

s, sinking iz not to be expected except wnen a comparatively 15!‘g~3 numaer

2ds rather, suzh Zombs would be 2xpeciad to wreek tha vessal above the
xtent thaet the vessel is gutied and pubt out of achion., Th2se consideretions
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havs governed the estiqates jiven in the table.

The rewer bat<leships have decls equivalent in <hicknass to adsut 5 inches in armor
Tor penatration the A.P. bombs have %to he dropped from altinudas in 2xcess of 140,507 feek. 1
hits are ob‘a;nﬂ~ fren this altitude, the chances of sinuing are a5cut the same as thos2 for the
clder battleships inasmuch as targzet aree of mazezines is about the same.

Tha main deck, howaver, is 1-1/2 inches STS, and zuzh ¢ tha topside structure is
also of STS in sufficient thickness to limit blast effect and fruzment damage, Information avai
abls to this Sur2au at the present time indicates that the 2,2, bo~.; probably will nol penetrat
‘a 1-1/2-inch STS deck prior to detomation, although deflagration (de.oqahion either hizh order c
low order in advance of fuse action) may result in runture of the dsci:, particularly with the
2000-pound G.P. bomb. The hazard of read: s=2rvice amunition fires is present but is somewhat -
less than for the older battleships becauses o the mors extensive uses of STS as fragmeat pro-

tection. The estimates given for the 3.P. bemhs therefore sre scrawhat less than for the glder
kattleships.

Yar experisnca with bomb hits on U.3. bn tleshins consists almost eetirely of the
expsriences at Pearl Zarber. It will be noted from enclosurz (3) thas et lsast six and possidly
a3 many as fourtesa A.P., boads scored hits on the ba.-lssu.as srasen® in the harbeor. COf these,
probably only one was lethal (ARIZONA) and it is believed to have penetrated to the forward
magazines., NEVADA was hit by five boabs forward of amidships 'nc:n of which penstrated the
armored deck), which caussd extensive structural damage and started tad fires whish were a major
factor in causing her to sink. Although no U.5. battleshizs ars now as vulnerable to fire as wa
NEVADA at that time, an idea of the effects of bomb detunations above and forward of the main
armorsd box will be obtained from e study of this case (3uships War Damage Report No. 17).

It will be noted from the tables that against the older battleships it is estimated
the 4.P. bombs will have a greater probability of causing loss than the G.P. bombs for numbers o
hits up to and including four. For numbers of hits bsyond four the 2000-pound G.P. bombs ars co
sidered to somewhat surpass the A.P. bombs in effectiveaess if the G.P. hombs be fused for moder
ate penetration prior to detonation.

Assumed Probanili<y of sinking for Yo. of hits
Tleapon Charre Weight 1 Z S & o 8

Class (2)

Torpedo : 660# TNT 0.01 0.95 C.&0 0.90 0.8% 0.98

1000+ ALP. 150¢# " 0.23 0.2l 0§.55 0.56 0.73 0.79

1500% A.P. 240¢ ¢ 0.23 0.41 0.35 0.68 0.73 0.78

1000+ G... SocE " 0.053 0.08 0.153 0.25 0.50 0.30

2000 G.P.» 100G+ " 0.¢5 0.25 0.40 0.55 0.%0 Q.39

Class (b)

Torpedo 6604 TNT 0.01 0.02 0.22 0.40 0.70 0.90

1000# ALP. 150f " 0.25 0.41 0.53 0.8 0.73 0.79

1500# A.P. 2408 " 0.23 0.41 C.5335 0.66 0.73 0.79

1000= G.P.» 5007 " ¢.0L 92.05 9.10 0.18 0.40 Q.70

20C0# G.P.= . 1000 " 0.02 0.10 0©.20 0.4D0 0.55 0.90

tsar miss effect with the A.P. bombs will te comparatively minor because of the

small weight of explosive,. lear misses with the £,.P. bomds, if fu:ed for detonation well under
the surface, will be considersably more effective than with .He &£.P. tombs, but for sericus damag-
detonation must be very close %o the shell. Iz any event the pressncs of & fully-davslopsd ter-
p2do defense system maxes the probablility of sinzing from near =misses very small. With these
circumstances in mind, 1t does zot appear [easidle to predict he mirer of near misses required

to cause sinking.

- Tk rooab.llulss for these bomds pertain tc puttin =% of action, rather than

CClwith ercla)to:. B A% et o s
Coninch / oy airecsicn of Chi

2uord
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EMZLCSURS (A)

Cases of War Damazs (Used in Ccmpiling Enclosure (B))

Class I - Dastroyars, 1500 tc 1530 Tons
Yo. of ¥o. of No. of |~
Name Torp.Hits Bomb Eits Mear Wissas Sunk
MAYRANT(&C2) - - l-large G.P. No
RHIND(204) - - 2- No
MUGFCRD(339) - 1-550 S.ALP. - No
JAZVIS(333) 1l - - Yos
BLUE{337) 1 - - Yeos
:m—’ =(397) 1 - - Yes
u.N(éOa) 1 - - Yes
NITY(391) 1 - - Yes
SIES(&DS) - 3-550 S.4.P. - Yes
O'BRIEI(413) 1 - - Yes
FADAANN(412) 1 - - Yes
WALFE(418) 1 - - Yes
TTK(420) 1 - - Yes
FENDRICK(S12) 1 - - No
1'-4;(459) 1 - - Yes
BARTON(599) 2 - - Yes
SHUBRICK(539) - 1-500 G.P. - ¥o-
AARCN WARD(483) - 1 4 Yes
MATDOX(622 ) - 2 2 Yes
KEARNY(432) 1 - - No
HAMBLETON(455) 1 - - ¥o
BRISTOL{453) 1 - - Yes
BEATTY(640) 1 - - Yes
GII(433) 1 - - Yo
" second - - Yos
MEREDITE(434) 2 1 1 Yes
Class II - Destroyers, 1850 and 21CO Tons
PORTER( 355 ) 1 - - Mo
SELFRIDGE(357) 1 - - Yo
TADSWORTH( 516 ) - - 1 ¥o
CO‘WE‘ZS“(SOS) - - 1 Yo
SAUFLY{455) - - 3 XNo
chY(‘cs) - 2 - Yo
DeBAVEN{483) - 3 1 Yss
LaVALIETE(448) 1 - - No
POOTE(51L) 1 - - Yo
STROUG{453) 1 - - Yas -
FEVALISZR{451) 1 - - No
" second - - Yes
€lass III - Light Cruisers, 0G0 and 705D Tons
‘.hR?L.ahTAu( sL12) - 2-220 G.>2. 1-220 G.P. ¥o
SalN JUAN(CL54) - 1-357 S.a.P, - Mo
“”"I"d(CL 1 1-1575 4.P.' 1) - o
ATTANTA(CLSL) 1 - - Yo
JUTEAU( CL52 } 1 - - tio
" second ~ - es
(1) Cmitted in eaclosure {3).

-3



Class TV - Cruisers {10,000 Tons and Larger,
CLs and CA3)

No. of Yo, of Ns. of

Bame - Torp.Eits Bomb Hits Near Yisses Sunk
HONOLULU(CL4S) - - 1-1575 A.P. No
PEILADELPSIA({CIAL) - - 1-3080 A.P. No
SAVANNAE(CL42) - 1-3080 A.P. - No
MONTFELIER{CLS7) - 2-130 g P. - ¥o
BIRMINGHAM(CLS2 ) 1(2) 2(2) - o
EFLMA(CLS0) : 1 - - No .
HONCLULG{CLA48) 1 - - No
ST.LOUIS(CLAS) 1 - - No
DENVER(CLSS) 1 - - Mo
ESLEMA(CLSD) 3 .- - Yes
CESSTER{CA27) - 1-130 G.P. - No
HOUSTON(CAZO) - 1 - No
CHICACO(CAZ9) 1 - - Ko
CHESTER(CA27) 1 - - Yo
PORTLAND(CA33) 1 - - o
NSW ORLIAVS(CA32) 1 - - ~ No
PENSACOLA(CA24) 1 - - No
HINNEAPOLIS(CA3S) 2 - - Mo
QUINCY(CA39) 2 - - Yes
NORTEAMPTON(CA26 ) 2 - - Yes
CHICAGO(CA29) 2 - - No

" 4 - - Yes

Class V - Aircraft Carriers, CV (less WASP)

ENTERPRISE(CVS) - - 1-129 ¢.2.(3) No
YORKTOWN(CVS ) - 1-550 S.A.P. 1-550 5.4.P.(3) e
ENTERPRISZ(CVS) - 3 1 Yo
ENTERPRISE(CVS) - 2 - Yo
SARATOGA(CV3) 1 - - No
SARATOGA(CT3) 1, - - Yo
LEXINGTCH(CT2) 2(4) 2(4) - Yos
YORXTCMN(CVS) 2 2-550 S.A.P - No
1-130 G.P. .

" 2 - - Yes
roruET(®)(cvs) 2 3-350 5.4.7, - Yo

n 1 2-130 G.P.(4) 5-550 5.4.7.{%4) %o

" 9-? plus gunfire Yes
LEXINGTON(CV16) 1 - - No
INTREPID(CT1L) 1 - - Yo .

Class VI - Aircraft Carriers, CVL (plus TAASP)

INDIFENDINCI(CVL22) 1 - - Yo
TASP(CVT 5 : - - Yes

onsidered aeparately in snclosure (B).

d in enclosurs (B).

ijered separataly in snclosurs {B).

{4
43
o3
Q
¢t
[

rod 3 zaparate atlacks; the laaf, by cwma forces coasidered o have sunk her,
included in anclosurs (3).
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Clasa VII - Aircraft Carriers, Sscort(CVE)

No. of No. of ¥o, of
Naoe Toro.di%s Borb Hils tsar liisses Sunk
LISCOXZ BAY(CVESS) 1 - - Yeos

Class VIII -~ Battleships

SOUTiH DAXOTA(57) - 1-550 S.i.P. - Yo

PENNSYLVANIA(38) - 1-550 S.A.p. -  1(6) Ko

TERNESSEZ(43) - 2-1575 A.P. - No

JARYIAND(26) - 2-1575 A.P. - %o

NCBTHE CARCLINA(SS) 1. - - No

ARIZOMA(39) 17} ga1s75 A.p.(T) - Yes
and 550 S.i.2,

MEVADA(36) 1(8) 4-550 5.1.P.08) . Yes
1-130 G.P.

OFLAHQUA(37) 5 - ) - Yes

WEST VIRGINIA(48) 7(9) 2-1575 A.2.(9) - Yes

Wiould have survived the one terpedo hit.

“Would have survived the <wo bom: hits,
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EECLOSURE (B)

SUMMARY OF TR EXPRERIENCE

Class T - Dastrovyers, 1500 to 1630 Tons

1. Torpudoes
(a) 16 were struck by 1 torpedo - 12 sank as rssult.
{b) 3 wers struck by 2 torpedces - 3 sank as result.

(includes 1 which survived 1 hit, (a) above)

2. Bombs
(a) Eits No. Ships Sunk Survived
T Targe C.P. T (v} 1
1-58C= 5.4.P. 1 ) 1
3-550: S.A.P. 1 1 €
(v) Eits plus near misses
ThiT ¥ 4 &iB P 1 0
2 hits ¢ 2 NMS 1 : 1 0
(c) Maar Misses
- oo 1 0 1
2 1l - o 1l

Class II - Destroysrs, 1850 and 2100 Tons

1. Torpedoes

{a) 6 were struck by 1 torpedo - 1 sank as result, (1 of the 5
survivors subsequently sunk by gunfirs for tactical reasons).

(b) 1 was struck by 2 torpedoes ~ 1 sark as result, (includes
1 struck previcusly by 1l torpedo, (2) above).

2. Bombs
(a) Hits No.Ships Suzk Sur-rived
- -t ' C .

(v) Hits plus near misses
3 n1ts + L NM 1 1 0

(c) Mear Misses

3

- N
o .
')

Class III - Light Cruisers

6CC0 and 7C50 Tozs

1. Torpedoces
(a) 3 ware hit by 1 torpeco - 3 survived.

() 1 was hit by 2 torpedoes -~ 1 sank, {(includes cne survivor of
(a) above).

- 20 =



Class III - Light Cruisers (Cont'd)

2. Bombs
(a) Bits Mo.Ships Sunk Survived
1-550# s.a.P. -1 o -1
(b) Hits plus near misses
T20F G.P. ¥
1 NM(220# G.P.) - 1 0 1
Class IV - Cruisers (10,000 Tons and
larzer, includes CL's and Ci's
l. Torpedoss
{a) 10 were hit by 1 torpedo - 10 survived.
(b) 4 were hit by 2 torpedoes - 2 survived, (of the 2 sunk,
in one case gunfire seems to have been major factor).
“{e) 1 was hit by 3 torpedoss - 1 sank.
(d) 1 was hit by 6 torpedces - 1 sank.
2. Bormbs
{(a) Eits No.Ships Sunk Survived
© " I-3080# A.P. -1 < R
2-130% G.P. 1 0 1
1 1 0 1
1-130# G.P. 1 0 1
2, 1 0 1
(b) Near Nisses
I-(A.P. large) 2 ' 0 2
Class V - Carriers, CV (less TASP)
1. Torpedoes
{(a) 4 wers hit by 1 torpedo - 4 survived.
(b) 3 were hit by 2 torpedoes ~ 2 survived.
(c) 1 was hit by 2 torpedoes - 1 survived.
(d) 2 wero hit by 4 or more torpedces - 2 sank.
2. Bombs
(a) mits No.Shigzs Sunk Survived
T=S50# S.A.P. T I
2-(mcd )= 3 0 3
3-(mod ) 2 0 2
3-850# S.a.P. 1 0 1
3-35CF S.A.P. and 1 0 1
130F 5.P»
(b) Year Missss
5330 3 .A.P. 1 0 1
* Accurete estimate of size not made, ‘but were of modaratz sire or smaller.



(a)
(v)

(a)

(a)
(e}

(5)

¢

e

Cless VI - Carriers, CYL (4 was?)

1, Torpedoss

1 was hit by 1 torgédo - 1 survived.
1 was hit by § torpedoas - l'sank.
Ciass VII - Carriers, CVE
l. Torpedcas
1 was hit by 1 torpedo - 1 sank.
Class VIII - Battlashi?s
1. Torpedces
2 were hit by 1 torpedo - 2 survived.
1 was hit by 5 torpedoss - 1 sank.
1 was hit by 7 torpedoes - 1 sank.
2. Bombs
Bits » No.Ships Sunk
T=550# S.A.P. -z I
2-1575%# A.P. 3 0
4-550# S.4.P. 1 1
1-13CF G.P.
1575# A.P.
5504 S.A.P. 1 b

i
D
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{plus 1 *torpedo)



