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IBTKODUCTION 

1. Confidential pamphlet "Selection of Bombs and Fuses to be used Against 

Various Targets", OpNav-16-V flA-5 issued 6 Uaroh 1944, contained provisional recom­

mendations on boab and fuse combinations by the Commander i n Chief, United States 

Fleet, which were to s?rve as a guide u n t i l more complete information becase a v a i l ­

able . 

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

a study of the best possibla quantitative estinates of the probabilities of sinking 

various types of naval vessels when h i t by various types of airborne weapons. The 

results of this study were embodied in Bureau of Ships Secret l e t t e r dated 12 May 

1944, on "Vulnerability of U.S. Naval Vessels to Attack by Air-borne VJeapons 

3. Since the Bureau of Ships study constitutes an important contribution to 

the selection of bombs to be used against enemy surface vessels, i t i s published 

herewith, i n f u l l and i n summary form. This study also constitutes a guide to -the 

most effective distribution of forces against enemy ship targets. 



20 June 1944 

VUU.-EHA3IUTY OF U.S. NAVAL VKSSSLS 
TO ATTACK BY AIS-30RSE TS»?0X3 

Raf • (a) Optfav-15-V #AS, March 6, 1944 - "Selection of Bombs and Fuses to be Used 
Against Various Targets". 

Enclosure (A) BuShips Secret l t r . 3-FS/S29(424), Serial 08733, 12 May 1944 - "Vulnerability 
of U.S. Jfaval Vassals to Attack by Air-borne Traapons". 

1. Tables I-VIII give the probability of sinking various categories of naval vessels 
with given numbers of hits with bombs and torpedoes. Immediately following each table an eval­
uation of near-miss effect i s given. The arguments leading to the values given in these tables 
are sat forth i n enclosure (A). The tables are collected here for ready reference, and of 
necessity certain qualifications have been omitted. A f u l l study of enclosure (A) i s recommended 
to us=»rs of these tables. 

2. Air-borns attacks on enemy naval vessels depend for their effectiveness upon the 
accurate use of an adequate number of properly selected, correctly fused weapons. Decisions 
concerning the choice and fusing of these weapons can be i n t e l l i g e n t l y made only i f there exists 
a wide understanding of the damage to be expected from such attacks upon various types of naval 
vessels. 

3. Enclosure (A) i s a study of this nature based upon the structure of U.S. naval 
vessels and the known damage to U.S. vessels from enemy attacks in the- present war. It i s be­
lieved that this information w i l l be of assistance i n predicting damage to Japanese vessels 
from our own weapons. 

4. • In analyzing damage to major combatant vessels i t should be recognized that not 
enough cases exist, and are not l i k e l y to exist, to permit drawing general conclusions concerning 
vulnerability from s t a t i s t i c s alone. A large number of cases would be required for each class 
alone to eliminate the effects of such variables as size of target, type of construction, degree 
of sub-divi3ion, system of protection of v i t a l s , size of explosive charge, fore and aft location 
or' h i t , depth of h i t , type of fuse, and height of release ( i n case of bombs). Accordingly, the 
discussion of enclosure (A) and the attached tables (Tables I-VIII) do not purport to be a 
s t a t i s t i c a l analysis. Rather, the figures for probability of sinking are based on design char­
ac t e r i s t i c s of each class and the damage each i s intended to resist, plus war experience which 
s<srve3 to indicate the perfomnr.ee of the design when subjected to actual attack. Summarizing, 
the tables contain estimates which represent the judgment of the Bureau of Ships, based on design 
characteristics of U.S. vessels, correlated with performance i n battle. The figures must be re­
cognized as being subject to possible errors of appreciable magnitude because of the nature of 
the problem, the number of variable involved, and the rel a t i v e l y small number of cases available 
for study. 

5. Particular attention should be paid to the distances l i s t e d under Near-Mis3 Effect. 
As pointed out i n enclosure (A) the figures given are estimates and are not supported by much 
general data. They are, nevertheless, the best figures available and serve to emphasise that 
effective near misses must be close to the h u l l and must detonate well below the surface. 

5. It i s emphasized that the maximum effectiveness of bombs against surface targets can 
only be obtained when they ara fused to penetrate. The fuse settings which should be employed 

. to obtain optimum, penetration against each cli33 of target ire f u l l y ciscussed in refarer.es (a), 
now undergoing revision. The revised issue w i l l be distributed in the naar future. Users of en­
closure (A), therefore, should bear in mind that the vulnerability f i b r e s fcr bombs given in the 
following tables are based on the assumption that bombs are fused for optimum penetration. 

i i 
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TABLE I DESTROYERS, 1500 to 1630 TOSS 

Assumed Probability of sinking for Ho.of hits 
TTaanon Charge T7eight 1 2 3 4 

Torpedo 66C# TNT 0.75 0.98 0.99 0.99 
250== G.P. 125jf TKT 0.09 0.13 0.60 0.99 
500j* G.P. 250>f TOT 0.C9 0.65 0.99 0.S9 
lOOOp G.P. 500- TOT 0.70 0.98 -0*99 0.99 

NEAR MISS EFFECT 

Weasoa Uax. Distance from h u l l No.required to sink 

250# G.P. 18 feet and below surface 6 or 7 
5GCj* G.P. 18 feet " n 4 
lOoOj* G.P. 18 feet " " ft 2 
A l l . G.P. 6 feet " " tt Sa=a as direct hits 

TABLE II DESTROYERS, 1850 to 2100 TONS 

Assunwd Probability of sinking for No.of hits 
Weapon Charge Weight 1 2 3 4 

Torpedo 860gi TirT 0.31 0.90 0.98 0.99 
250^ G.P. 125y THT 0.0S 0.12 • 0.25 0.99 
500^ G.P. 250# THT 0.06 0.30 0.70 0.99 
lOOOjf G.P. 500p TUT 0.30 0.80 0.98 0.99 

HEAR HISS EFFECT 

TTeapon llax. Distance from h u l l No.reauired to sink 

250jf G.P. 18 feet and below surface 7 or 8 
500# G.P. 18 feet " n ti 5 
lOCOff G.P. 18 feet " " n 3 
A l l G.P. 6 feet " »t Same as direct hits 

TA3LE III LIGHT CRUISERS, 600C and 7050 TONS 

Assumed Probability of sinking for Uo.of hits 
TTeapon Charge Kfeight 1 2 3 4 

Torpedo 660# TNT 0.05 0.85 0.95 0.99 
lOOO&fc S.A.P. 250# THT 0.12 0.24 0.75 0.99 
100C# G.P. 50O# TKT 0.12 0.70 0.35 0.99 
2000~ G.P. lOOOy TKT 0.50 0.95 0.39 0.S9 

NEAR UISS EFFECT 

TTeaoon llax. Distance froa h u l l Uo.required to sink 

1000?= S.A.P. 6 feet, and 7rell beloif surface or 4 or 5; otherwise 
under turn of bilge giring mining w i l l not sink 
effect. 

1000,? G.P. 6 feet, Tiell balow surface 3 or 4 
20CC« G.P. 9 feet, well J}sloir surface 2 or 3 



TABLE 17 HEAVY CRUISERS, 10,000 TONS AND 
LARGER, lUCUJDKlO CA3 and CLs 

Assumed Probability of sinking for Mo.of hits 
Weaoon Charge height 1 2 3 4 

Torpedo 660# TOT 0.03 0.40 0.85 0.98 
lOCCf* S.A.P. 250* TOT 0.12 0.23 .0.40 0.75 
lOOCy G.P. SOOjp TNT 0.03 0.15 0.30 0.45 
2C0C# G.P. lOOOf TOT 0.15 0.45 0.80 0.98 

HEAR MISS EFFECT 

TTaapon VAX. Distance from h u l l Ho.required to sink 

ICOOy S.A.P. 6 feet and well below surface, 6 or 7; otherwise 
or under turn of bilge giving w i l l not sink 
mining eff3ct. 

1000^ G.P. 6 feet, well below surface Same as direct hits 
20CO-? G.P. 9 feet, well below surface Sas» as direct hits 

TABLE V AIRCRAFT CARRIERS <CVs less RAH GSR) 

Assumed Probability of sinking for No. of hits 
Weapon Charge Weight 1 2 3 4 5 6 

Torpedo 660# TOT 0.06 0.12 0.50 0.90 0.95 0.99 
1000# A.P. 12 5# TOT 0.23 0.41 0.55 0.70 0.90 0.99 
1C00# G.P. 500^ TOT 0.03 0.10 0.20 0.30 0.50 0.80 
200Cyf G.P. 100C# TMT 0.10 0.30 0.80 0.90 0.96 0.99 

NEAR MISS EFFECT 

Weapon Max. Distance from hull Ifo.rsauired to 3ink 

lOOOjf- A.P. 2 feet and well below surface, "very large number" 
jus t" below turn of the bilge 

lOOCjf G.P. 6 feet, well below surface 6 or 7 
20C0# G.P. 6 feet, well below surface 5 or 5 

TABLE VI AIRCRAFT CARRIERS, LIGHT (CVLs plus RANGSR) 

Assumed Probability of sinking for ITo.of hits 
Weapon Charge Vtoight .1 2 3 4 

Torpedo 660i* TOT 0.11 0.48 0.93 0.S9 
lOQGjf S.A.P. 25C# TOT 0.18 0.33 0.45 0.30 
1000= G.P. 50C# TOT 0.05 0.20 0.35 0.50 
2000= G.P. 1000j± TOT 0.20 0.50 0.90 0.99 

NEAR MISS EFFECT 

VTeanon Hax. Distance from hull Mo •required to 3 ink 

1000= S.A.?. 
lo-::^ G.P. 
2000= G.P. 

6 feet and well below surface 
6 feet " 
9 feet " 

7 or 8 
6 
0 

iv 



TA3L5 711 AIRCRAFT CARRIERS, ESCORT (CTSs) 

(a) lisrchant ship design plus those converted frees C-3 hulls. 

' Assuaed Probability of sinking for So.of hits 
7feapon Charge "Height 1 2 '3 4 4 

Toroado 660j» TUT 0.12 0.90 0.99 0.99 
500# G.P. 250* TNT 0.27 0.47 0.99 0.99 
100C# G.P. 500? TNT 0.27 0.90 0.99 0.99 

NEAR IUSS EFFECT 

Wean on Max. Distance from h u l l No .required to sink 

50Cjr- G.P. 
10CC# G.P. 

6 feet and well below surface 
9 feet and well below surface 

3 or 4 
3 

(b) Tanker design or converted froa tankers. 

Assuaed Probability of sinking for No.of hits 
Weapon Charge height 1 2 3 4 

Torpedo 660# TNT 0.05 0.85 0.98 0.99 
500# G.P. 250^ TNT 0.27 0.47 0.93 0.99 
lOOOjf G.P. 500# THT 0.27 0.85 0.98 0.99 

NEAR MISS EFFECT 

TTeapon USJC. Distance from h u l l No.recuired to sink 

500£ G.P. 6 feet and well below surface 5 
ICOOjf G.P. 6 feet and well below surface 4 

TABLE T i l l BATTLESHIPS 

Assuaed Probability of sinking for No. of hits 
Weapon Charge VTeight 1 2 3 4̂  5 6 

Torpedo 
ICOCf A.P. 
1500^ A.P. 
lOCCf G.P.* 
200C# G.P.* 

Torpedo 
100C« A.?. 
1S0C# A.P. 
ICOoii G.P. 
2CC0jf G.P. 

Class (a) Older Battleships 
660# TKT 
150^ TNT 
24C# TNT 
500jf THT 

lOOCy TNT 

0.01 0.05 
0.23 0.41 
0.23 0.41 
0.03 0.09 
0.05 0.25 

0.40 
0.55 
0.55 
0.15 
0.40 

Class (b) Sew Battleships 
660? INT 
150* TNT 
240)* TNT 
50C# TNT 

lOCOJf TNT 

0.01 
C.23 
0.23 
0.C1 
0.02 

0.02 
0.41 
0.41 
0705 
0.10 

0.90 
o.ss 
0.65 
0.25 
0.65 

0.99 
0.73 
0.73 
0.50 
0.90 

0.99 
0.79 
0.79 
0.30 
0.99 

0.10 0.40 0.70 0.90 
0.55 0.5= 0.73 0.79 
0.55 0.65 0.73 0.79 
0.10 0.13 0.40 0.70 
0.20 0.40 0.65 0.90 

* The probabilities for these bo2b3 pertain to putting ships 
out of action, rather than sinking. 

NEAP. i£SS EFFECT 
No estinatas feasible. 



NAVY L2PARTUENT 
BUREAU 0? SHIPS 
WASHINGTON D.C. 

Section 424 

S-?3/S29(424? Seri a l 08733 

S E C R E T 

11 May 1944 

To: 

Sub j -

Raf; 

End; 
(A) 
(a) 

The Chief of Naval Operations. 

Vulnerability of U.S. Naval Vessels to Attack by Air-Borne T.'eapons. 

(a) C2-I0 conf. l t r . 0p-16-V-A-dlm, A16-3(4), Serial 040741S of 
8 February, 1944. 

(b) Opnav-lS-V -̂ A6, torch 6, 1944 - "Selection of Bombs and Fuses 
to be Used Against Various Targets". 

(c) Bushi?3 saoret l t r . S-F41-6(424), Serial 03027, of 12 A p r i l , 1944 
to Coninch. 

(H.W.) 
Cases of war damage to U.S. Naval Vessels. 
Summary of war experience to U.S. Naval Vessels. 

1. Reference (a) requested this Bureau to furnish the best possible quantitative 
estimates of the probabilities of sinking various types of vessels when h i t by various types of 
air-borne weapons ( a i r c r a f t bombs and torpedoes). In analyzing war experience the basic data, 
contained i n enclosures (A) and (B), include cases of damage from a l l types of torpedoes, that 
i 3 , a i r c r a f t , surface c r a f t and submarine. This is necessary in order to increase the number 
of cases of torpedo damage available for study, and because the size of warhead i s largely i n ­
dependent of the type of c a r r i e r . The type of carrier, therefore, has been neglected, although 
i t i s true that to date a i r c r a f t torpedoes used against U.S. vessels have had i n general scxe-
wh*t scalier charges of explosive than those employed by surface c r a f t and submarines. In the 
analysis which follows, a warhead with an explosive charge of 660 pounds of TNT has been used. 
This has baen done because a charge of this size i s considered to be most nearly equivalent i n 
ries tructiveness to the warheads used to date a-ainst U.S. vessels. 

2. The preliminary draft of the report on the vulnerability of cruisers and destroy­
ers to s i r -bone weapons, referred to i n reference (a), is based on a s t a t i s t i c a l study of cases 
of da-iige to both U.S. and B r i t i s h vessels. Enclosures (A) and (B) contain only data for U.S. 
•ess-iis. It i s considered Misleading to arrive at conclusions from s t a t i s t i c a l data, which com­
bine '"'r..-. results of •inmage to ve-sssis of both navies. Such a procedure cannot reflect the v a r i ­
ations i a design and construction methods employed by the two navies, the totally different 
operating sonditions under which the najority cf vessels have been employed to date, and f i n a l l y , 
tha diffarencss i n what nay be termed operating technique in use i n the two navies. The latter 
is evidenced primarily by different.operating doctrines with respect to anti-aircraft gunnery 
and sea-bcrr.s a i r c r a f t . For these reasons"only U.S. war experience has been considered. 
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formas.ce of the design when subjectaa to actual attack ». Summarizing, the tables contain 
estimates which represent the judgment of the 3ureau, based on design characteristics of U.S. 
vessels, correlated with performance i n battle. The figures must be recognized as being subject 
tz possible errors of appreciable magnitude because of the nature of the problem, the number of 
variablas involved, and the r e l a t i v e l y small number of cases available for study. 

4. Reference (a) does not specify whether the information requested is desired as a 
basis for studies from the offensive or defensive point of view. Sinca practically no i n f o r ­
mation i s available on the defensive characteristics of Japanese ships, the best assumption that 
car. be made at present i s to assume that Japanese ships have characteristics approximately equal 
to those of corresponding ships in the U.S. Navy. It becomes of interest, therefore, to include 
some of the older ships i n the U.S. Navy, whose resistance to attack is materially less than that 
of the newer ships, because i t i s believed that a large proportion of the Japanese f l e e t i s made 
up of older ships with power of survival roughly equivalent to that of the corresponding older 
ships of the U,S. Navy. 

5. The conditions which result i n magazine explosions following torpedo h i t s in way 
of the magazines or bomb detonations in or adjacent to the magazines warrant special comment. 
In general, magazine explosions may be caused in three ways. The f i r s t i s a propellant-powder 
f i r e resulting i n an explosion of the propellant-powder magazines. The powder may be isrnited by 
hot fragments, flash from a detonation, or high temperatures outside the magazines prccer. The 
density of loading of the magazines also appears to have an important influence on whether or not 
an explosion w i l l occur. If the magazine i s not vented by openings in the peripheries, 3uch as 
large fragment holes, the ventilation systems or open doors and passing scuttles, the powder f i r e 
may build up sufficient pressure and temperature to cause an explosion of the remaining powder, 
provided there i s a su f f i c i e n t quantity. Prompt operation of the magazine sprinkling systems or 
quick flooding from the sea through damage of the sice or bottom of the h u l l may, of course, ex­
tinguish such a f i r e in i t s early stages. I t i s emphasized, however, that pressures of consider­
able magnitude, high temperatures and high density of loading are a l l involved to soma degree i n 
a propellant-powder explosion. It i s apparent that a magazine explosion following a powder f i r e 
thus i s not necessarily an ins tantaneous occurrence, but ordinarily requires an appreciable i n ­
terval of time (although i t may be brief) to build up the pressure and temperature which w i l l 
cause an explosion. An explosion of this nature seems to have occurred on ARIZONA following a 
bomb detonation i n the forward powder magazines. - There have been other cases, notably 30ISS** 
and SAVAMNAH"",where considerable powder was burned without causing an explosion. In case of 
BCISi,, where a projectile entered below the armor belt and detonated i n a 6-inch powder magazine, 
considerable venting through fragment holes i n the magazine peripheries apparently occurred while 
the magazine was flooding rapidly through the projectile entry hole. In SAVANNAH considerable 
powder was ignited following the detonation of a large bomb i n the center of the S-inch powder 
magazines for turret III, but almost instantaneous flooding from the sea extinguished the burning 
powder. In both of these cases conditions of high pressure and temperature within the magazines 
prcper did not develop prior to complete flooding. The second way i n which a magazine explosion 
may occur involves a f i r e causing such high temperatures that a mass detonation of ammunition 
loaded with high explosives say occur. The roasting effect of high temperatures, applied for an 
appreciable period, may cause detonation of some types of projectiles or bombs. If the projec­
t i l e s and bombs be thin-walled, the fragments produced from the f i r s t detonations are apt to 
cause the detonation of other projectiles and bombs i n the bin or adjacent stowages i f they be 
racked close together. A mass detonation may follow. Tests and war experience have shown that 
5-inch A .A. projectiles are apt to behave i n this manner. The f i r e which subjects the ammunition 
to high temperatures may originate in adjacent powder magazines (as on destroyers), or may come 
from other sources such as gasoline stowage ( i n case of a i r c r a f t c a r r i e r s ) . 3urning fuel o i l 
from ruptured tanks surrounded the magazines of the SHAn«*(in a floating drydock at the time) and 
caused a magazine explosion of great violence. A l l indications pointed to a mass detonation of 
5-inch projectiles. More recently the 5-inch projectile stowage for the after gun on TtHKSR 
appears to have "mass-detonated" following a severe f i r e surrounding the stowage. The third way 
La which a magazine explosion may be caused involves the' mass detonation of ammunition with com­
paratively thin-walls and loaded with high explosive, 7fhen struck by high-velocity fragments. 

* Tor the purposes of this study i t is assumed that i l l torpedoes and bombs detonate, 
r e a l i t y , there mav be a small percentage of duds. 

«» 3u-hips War Damage Report ;,'o. 24. 
™,-»3uships y(-ar j j a - ^ j . Resort 'Jo. 44. 

»*-.»3u3hips 7far Carnage Rebo.-t So. 7. 
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SECRET 

Five-inch A.A. projectiles and thin-walled a i r c r a f t bombs again are susceptible to this form of 
attack. There have been several cases which involved this type of magazine explosion. A notable 
example was that of NSW ORLEANS*, i n which a mass detonation of thin-walled aircraft bombs occur­
red following a torpedo h i t i n way of the bomb magazine, which was not protected by either a 
l i q u i d layer or armor. In the following paragraphs the p o s s i b i l i t y of magazine explosions 
following bomb and torpedo attack on the various classes of ships under.consideration w i l l be 
difoussed. Needle S3 to say, loss of the ship i s considered certain i n the event that a magazine 
explosion does occur. 

6. Concerning torpedo hits i t i s considered that only destroyers. Classes I and II i n 
tha discussion which follows, are vulnerable to magazine explosions following torpedo hits i n way 
of the magazines. The other classes of vessels under consideration have liquid layers outboard 
of the magazines with the exception of the 7050-ton cruisers, and these latter, by Tirtue of the 
magazine arrange.tent and type of ammunition carried, are not particularly vulnerable to a magazine 
explosion i n i t i a t e d by a torpedo h i t . War experience has demonstrated that a torpedo h i t i n way 
of cagazines of destroyers (destroyer* carry 5"/33 A.A. projectiles) w i l l not inevitably produce 
a magazine explosion. Although the number of cases available f o r analysis (tan, of which four 
apparently had a magazine explosion following torpedo hit3) i s not sufficient to warrant a posi-
t i r e atataiaeat for the probability that such an event w i l l occur, i t does appear that a torpedo 
h i t i n way of the magazines w i l l not produce a magazine explosion more than 50;$ of the tine. 
Thus, a probability figure of 0.50 has been assumed for the chance that a magazine explosion on 
destroyers w i l l occur following a torpedo h i t in way of the magazines. With respect to CTEs tha 
large quantity of a i r c r a f t bombs carried i n a location adjacent to the shell made the probability 
of a bomb magazine explosion following a torpedo h i t i n way of these magazines quite high for the 
early vessels of the CVE55-104 Class. However, these vessels either have been altered or w i l l be 
altered i a tha reasonably near future to provide reasonable protection against this form of 
attack. Although the protection provided i s the best that could be achieved in this class of 
ships, there i s some p o s s i b i l i t y that a small portion of the target area presented by the bomb 
magazine i s s t i l l vulnerable to fragment attack from a torpedo h i t . There is also a very small 
p o s s i b i l i t y of an explosion i n a 5-inch magazine, located very near the stern. Because of other 
p o s s i b i l i t i e s of loss from flooding or f a t a l f i r e i n the v i c i n i t y of the bomb and 5-inch magazines, 
the small p o s s i b i l i t y of magazine explosion has been neglected i n this study. 

7. Concerning boob hits i n way of propellant-powder magazines, two cases of war damage 
have shown that a magazine explosion i s not inevitable following such a h i t (see paragraph 5). 
If the side or bottom i s ruptured and permits quick flooding of the magazines from the sea, 
causing quick extinguishing of any powder f i r e which may be ignited, there is a good chance that 
a magazine explosion w i l l not occur. Destroyers and cruisers are of such size that rupture of 
side and bottom plating i s almost inevitable following a bomb detonation in the magazines. How-
over, they do carry 5n/38 A.A. projectiles which are susceptible to fragment attack as discussed 
i n paragraph 5. While the number of cases does not permit an authoritative figure for the pro­
b a b i l i t y of a magazine explosion, i t i s believed that this probability i s not more than 0.50 and 
this figure accordingly has been used i a the tables which follow. For large vessels, such as 
battleships and a i r c r a f t carriers (C7s), rupturing of the side, with quick flooding from the sea, 
i s much less probable than for the smaller ships. For this reason, and because these two types 
carry a- comparatively large quantity of explosives, a magazine explosion (of either propellant 
pcwdar or of high erplo3ives) following a h i t with bombs of the size which probably would be 
used against these vessels seems certain ' 3ee paragraph 10) and the probability of such an event 
has bean assumed a3 1.00, although this figura may prove to be pessimistic**. For sssaller 
carriers (CVLs and CVSs) the type and quantity of explosives carried (thin-walled a i r c r a f t bombs) 
indicates that the probability of a magazine explosion following a bomb h i t in the Ragazines 
should be the same as for battleships and large carriers, that i s 1.00, primarily because of the 
susceptibility to fragment attack of the explosives carried. 

* Buships War Carnage Report No. 33. 
** The Italian battlaship R0)XA was lost by a direct h i t in a magazine, as ware the HCCD and 

csrtai.i B r i t i s h battle cruisers in tha l a s t viar. No battleship or aircraft carrier i3 
kncvn to have survived a direct horab or projectile hit i n a magazine. 



8. Ia general, near misses with bombs have not been a very serious harard to U.S. 
warships, particularly in the Pacific, during the course of the war up to the present time. The 
reasons for this are not known beyond the fact that many near miss bombs have detonated on impact 
with the water, rather than below the surface. This suggests that tha Japanese lack selective 
fuses, especially for G.P. bombs. I t would appear reasonable, however, to assume that the enemy 
w i l l develop maans of obtaining proper fusing for maximum underwater ef f e c t . Accordingly, i n the 
discussion of near miss effect which follows each table, i t has been assumed that tha G.P. bombs, 
as well as the A.P. and S.A.P. types, w i l l produce maximum underwater effect. 

9. One of the most important considerations in any vulnerability analysis i s the 
spacing of hit3, whether they be with bombs or torpedoes. For example, NORTHAMPTON • was struck 
by two torpedoes, spaced such that structural damage did not overlap but flooding did overlap. 
The t o t a l extent of flooding thus was considerably less than would have been the case had the two 
torpedoes been separated by a greater distance. For thi3 reason, NORTHAMPTON had a very good 
char.ca of survival although eventually she sank. Again, HORNET «* was struck i n i t i a l l y by two 
torpedoes very close together. Flooding i n this case was scarcely more extensive than would have 
resulted from one torpedo h i t , and tha hull was of such sits and strength that there was no 
danger of tne vessel breaking i n two as a result of the overlapping of the structural damage. 
Had not other attacks, both with torpedoes and bombs, occurred, HORNET undoubtedly would have 
survived ***. This study, a3 noted i n paragraph 3, dees not purport to be a s t a t i s t i ­
cal analysis but rather contains estimates of vulnerability. Nonetheless, this important con­
sideration of spacing of hits has been taken into account i n the tables which follow and is re­
flected by the fact that a probability of sinking of 1.00 ha3 not beer, assigned i n any case. 
Furthermore, a lucky h i t i s always possible, and this consideration i s reflected by the fact that 
a probability of sinking of 0.00 has not been assigned, even with a small bomb. 

10. Reference (b) promulgates recommendations for the selection of bombs and fuses ta 
be used against naval targets among others. Reference (c) presented this Bureau's comments on 
reference (b). In the following tables the types of bombs shown are those which i t i s believed 
would be used against the particular class of target under discussion ana are consistent with 
the comments contained i n reference ( c ) . This has been done because information i s incomplete 
concerning enemy doctrine for the employment of bombs against naval targets. 

11. There are such wide variations i n the degree of vulnerability of the various types' 
of war vessels, and even in different classes of the same type (particularly destroyers, cruisers, 
a i r c r a f t carriers and battleships) that the major types of combatant vessels, for the purpose of 
this study, hava been subdivided into eight classes. 

12. For each class there i s presented a short discussion of the factors considered i n 
arriving at the figures. Immediately following each table a short discussion of near miss effect 
is giv>sn. 

13. Class I - Destroyers, 1500 to 1650 Tons - Vassals of this class probably w i l l 
survive with two main compartments fiooued but probably w i l l be l o s t i f three main compartments 
are flooded. A torpedo with 660 pouncs of explosive, i f i t hits in the middle length, probably 
w i l l flood at least three compartments and, furthermore, probably w i l l destroy enough of the 
•ship's girdar to cause breaking i a two. Loss, under these circumstances, i s almost inevitable. 
About 65^ of the vessel's length i s vulnerable to this form of attack. The probability of a 
magazine explosion, with loss of tha vassal resulting, has been placed at 0.50 as explained i a 
paragraph 6. Approximately 25$ of tha vessel's length, i a addition to the 65ji of length d i s ­
cussed above, i s vulnerable to this form of attack, so there appears to be a 12.5;* (.25 x .50) 
chance of t h i s . Total vulnerability would then appear to be 0.125 * 0.55 * 0.775 (say 75%). 

• Buships V7ar Carnage Report No. 41. 
•*™ Buships Ti'ar Damage Report No. 30 

On the other hand, HELENA vras broken in too by two hits very close to^ethsr. In this 
case i f they had been more widely separated, the ship might have survived. 
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Turning to war experience we find that 12 of 16 destroyers cf this class, or 75%, have sunk 
following one torpedo h i t - a rather close agreement. It i s obvious that two or more torpedo 
hits can be considered as almost certain to cause loss. 

With respect to bomb h i t s , reference (c) endorsed the use cf 250, 500 and 1000-pound 
G.P. bombs against destroyers. These three bombs are l i s t e d i n the table belcw. Probability of 
sinking from one h i t for the two smaller bombs i a based solely on the chance of h i t t i n g a maga­
zine. Multiple hit3 with small bombs, reasonably spaced, involve los3 by flooding and f i r e (with 
derangement of damage control f a c i l i t i e s ) rather than by breaking up. It i3 considered that 
three hits with 250-pound bombs, i f fused to penetrate, would probably open at least three main 
compartments to the sea. The figure for three hits i s thus quite high (0.60) but less than that 
for one torpedo h i t . Two hits with 500-pound boobs, i f fused to penetrate, w i l l probably pro­
duce flooding almost equivalent to that from one torpedo h i t . One thousand pound G.P. bombs are 
considered almost, but not quita, as lethal as torpedoes. T7e find that the table so deduced 
agrees reasonably well with the small number of cases which constitute the war experience with 
bcmbs for this c l a s s . For example, the vessel (SIMS) which was lost following three 550-pound 
bcab hits (believed to be S.A..?. and hence equivalent i n bursting charge to about a. 250-pound 
G.P.) received one h i t i n the forward engine room, one h i t i n the after engine room, and the 
third was adjacent to or involved i n seme manner the aftar magazines. Although the table l i s t s 
the probability of sinking from three 250-pound G.P. hits as 0.60, and the SIMS was lost from 
three h i t s , i t seems reasonable after analyzing the damage to conclude that she would have sur­
vived had the t h i r d h i t been located in a less vulnerable spot. 

Assumed Probability, of sinking for Mo. of hits 
7<ea?on Charge 7/aight 1 2 " a 4" 

Torpedo 660= TUT 0.75 0.98 0.99 0.99 
250# G.P. 125# " 0.09 0.18 0.60 0.99 
50C# G.P. 25C# " 0.09 0.65 0.99 0.29 
10CC# G.P. 50C# " 0.70 0.98 0.99 0.99 

It i s d i f f i c u l t to arrive at general conclusions regarding vulnerability to near 
ai3ses. War experience i s very inconclusive on this subject, primarily because of the d i f f i c u l t y 
of obtaining reliable data as to the charge weight, the distance from the hull at which~the bomb 
detonates and the depth beneath the surface at which detonation occurs. Underwater explosion 
tests, however, have thrown some l i g h t on this problem. Assuming that a near miss occurs about 
IS feet from the h u l l , i t i s believed that six or seven near misse3 with 250-pound G.P. bombs 
probably wculd cause lo-s through flooding. For 500-pound G.P. bombs probably four would be 
s u f f i c i e n t , and for 1000-ccur.d G.P. bombs probably two would be sufficient to cause loss. If 
the near misses were as close as 6 feat from the.shell i t i s considered that they would be nearly 
as effective as direct h i t s ; and the table above probably represents, as well as can be estimated, 
the vulnerability under this condition. 

The case of UAYRaliT i s of interest i n this connection. A comparatively large bomb 
detcoatod very close to the turn of the bilge and not more than 5 feet from the s h e l l . Fortunate­
l y , the weather was calm and UAYRAifT survived even though the machinery spaces were flooded and 
freeboard was not more than 12 inches. The Coamanding Officer estimated the bomb to have be-»n 
of the 500 or 1000-pound type. Analysis of the damage indicates that i t probably was the 500 Kg. 
(1100 pounds) classed as SC(thin-walled) with about 550 pounds of explosive which the Germans 
are known to employ against surface targets. The effects of damage were aerious and the vessel 
was very nearly l o s t . This case i s consistent with the table above for direct hit3 i n which the 
ICOO-pound G.P. bomb is given a probability of 0.70 of causing loss. 

14. Class II - Destroyers, 1850 and 2100 Tons - Vessels of this class probably w i l l 
s'.irrivs with three main compartments flcodea. This nakes sinking as a result of flooding follow­
ing cr.e torpedo h i t unlikely inasmuch as a single h i t probably w i l l not -flood more than three 
main compartments. Structural strength i s superior to that of the smaller destroyers and beam 
and depth of hull ar̂ s larger. The chances cf breaking in two, therefore, are somewhat less than 
for rha s r a l l e r destroyers. The difficulty- of assigning a reliable probability figure to the 
chance of breaking ir. two w i l l be recognised, but so far i t has happened once in the three case3 
(the Di"0-i'G broke in two but LaVAU-ETTE and POSTER survived) of a torpedo h i t in the 55;$ of the 

Length amidships, where complete structural failure results i n los3 of the ship. C02-
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aic3ricg a l l these factors, and i n the absence of other data, i t appears that a probability 
figure higher than 0.35 3hould not be assigned for breaking i a two, i f h i t in this region. I t 
may develop .that this figure w i l l be even smaller. The probability of a magazine explosion 
following a singla torpedo h i t i s given by the ratio of the length of magazine to length of 
vessel (0.23) multiplied by the 0.50 chance that such an event w i l l occur, as discussed i n para­
graph 6. Total vulnerability to one torpedo h i t , thus, would appear to be 0.55 x 0.35 0.23 x 
0.50 = 0.31. From this we would expect this class to be much more resistant to torpedo damage 
than the smaller destroyers, and thi3 conclusion i s borne out by war experience to date in which 
only one of six (17%) large destroyers has been l o s t as the result of a single torpedo h i t . The 
figure of 17f, ia lower than the predicted figure of Zl%, but three of the vessels which survived 
were damaged by a h i t at one end or the other, the least vulnerable- location. Two torpedo h i t s 
w i l l be almost certain to cause loss except i n the rare circumstances of one h i t at the stem with 
the second at the stern, or with both hits separated longitudinally by not sore than 25 feet and 
both occurring i n either the forward or after quarter length (there i s soae evidence that 
SELFKIDG2 received two closely-spaced h i t s i n the forward quarter length). Thus, a figure of 
0.90 for the probability of sinking when two torpedo hits are received seems a reasonable e s t i ­
mate. 

With respect to bomb h i t s , the same basic considerations used i n the case of the 
smaller destroyers w i l l apply. The area of the magazines i s r e l a t i v e l y less, being only 12/? of 
the total horizontal target area. Thus, the probability of single hits with the two smaller bomb 
types causing loss by magazine explosion becomes 0.50 x 0.12 a 0.06. Two hits with the 250-pound 
bomb have approximately twice the probability of causing a magazine explosion that one h i t w i l l 
have. I t is improbable that a reasonable number of h i t s from either the 250 or 500-pound G.P. 
bombs can cause structural damage su f f i c i e n t to result i n breaking i n two unless they are very 
closely grouped. Multiple h i t s , however, w i l l cause extensive flooding i f the bcabs penetrate 
below the main deck prior to detonation. For these reasons i t i s considered that three hits by 
the 250-pound G.P. bomb or two hits by the 500-pound G.P. bomb w i l l be almost but not quite as 
lethal as a single torpedo h i t . Numbers of hits beyond three for the 250-pound bomb would appear 
almost certain to cause loss from either flooding or f i r e or a combination of the two. I t i s 
considered that three hits with the 500-pound bomb w i l l be more destructive than a single torpedo 
h i t , but not as destructive as two torpedo h i t s . More than three h i t s by 5C0-pound G.P. bombs 
probably w i l l cause loss either by flooding, f i r e or a combination of both. 1000-pound G.P. bombs 
should be almost, but not quite, as lethal as torpedoes. 

Unfortunately, there are very few cases of war damage with which to compare the 
above probabilities for bombs. One vessel survived two direct h i t s , and another was sunk by 
three direct hits and one close near-miss. The size of bombs i n both of these cases i s unknown 
although there i s some reason for believing that they were 550-pound S.A.P. bombs with about 133 
pounds of explosive. These two cases are not inconsistent with the probability figures given i n 
the table below-. It i s pointed out, however, that the effects of multiple hits from comparative­
l y small bombs are speculative and w i l l remain so u n t i l many more cases of war damage are a v a i l ­
able for analysis. 

Assumed Probability of sinking for No. of hits 
Weapon Charge Weight 1 2 5 4 

Torpedo 66Cfr THT 0.31 0.90 0.98 0.99 
250jf G.P. 125* • 0.06 0.12 0.25 0.99 
500* G.P. 250# " 0.06 0.30 0.70 0.99 
lOOOjf G.P. 500p " 0.30 0.80 0.98 0.99 

The d i f f i c u l t y i n arriving at general conclusions with respect to near-misses i s 
explained under the table for Class I destroyers. The same d i f f i c u l t i e s exist with this class 
cf vessel. Assuming that a near miss occurs about 18 feet from the h u l l , as assumed for the 
smaller destroyers, i t i3 believed that seven or eight near misses with 250-pound G.P. bombs, 
five with 500-pound G.P. bombs and three with 1000-pound G.P. bombs probably would be sufficient 
to cause loss through flooding. As i n the cases of smaller destroyers i f the near misses were 
within 5 fast of the shell, i t is considered that they would be nearly as effective as direct 
h i t s , and the table above probably represents, as well as can be estimated, the vulnerability 
nud-er this assumption. 



15. Class III - Light Cruisers, 6000 and 7050 Tons - By virtue of size and subdivision 
there i s only a snail p o s s i b i l i t y that one torpedo h i t w i l l cause loss by either flooding or 
structural damage, nonetheless, i t is conceivable, under circumstances of bad weather, that one 
h i t can cause los3. This p o s s i b i l i t y , although remote, is reflected in the figure of 0.05 assign­
ed the probability of sinking from one torpedo. A magazine explosion following a single torpedo 
h i t i s improbable as discussed i a paragraph 6. As i n the case of large destroyers, two torpedo 
hits i n the middle body w i l l be almost certain to cause loss by flooding. However, in the case 
of two hits under the circumstances of one at each and or both i n either the forward or after 
quarter length, there i 3 a small probability that the vessel w i l l survive. The probability of 
sinking i n this event i s somewhat less than i n the case of large destroyers because the cruisers 
under consideration are larger and thus are inherently mora resistant to damage. The probability 
of sinking from two hits for these reasons has been assigned a value of 0.85. War experience 
with this class i s scanty but consistent wife the figures given. 

In connection with bomb hits i t w i l l be noted from the following table that the 
bomb3 which i t i s assumed w i l l be used against this type of target are much larger than those 
whi;h were assumed i n the case of destroyers. The types l i s t e d are consistent with tha comments 
i n reference ( c ) . 

The probability of sinking with one or two hits with tha 1,000-pound S.A.P. bomb, 
because of the comparatively sna i l blast effect from the 250-pound charge, lies almost exclusive­
l y i n the chance of h i t t i n g a magazine. The target area presented i s 23jJ of the total horizontal 
area, and the probability that a magazine explosion w i l l occur i f tha magazine area is h i t , is 
about 0.50 as discussad i n paragraph 7. Probability of sinking thus becomes 0.12 for one h i t and 
about 0.24 for two h i t s . Multiple hits beyond two involve the probability of loss by flooding, 
f i r e or a combination of both. Three hits would cause flooding of at least three and possibly 
more main corapajrements, and the probability of sinking thus becomes about 0.75. Four hit s , i f 
well dispersed, may cause more flooding than two torpedoes and loss can be considered almost i n ­
evitable; fee probability figure thus becomes 0.99. 

The thickness of the armored deck i n the CL51-54 Class i s 1-1/4 inches. The equiva­
lent thickness of the armored deck (S5f STS on 25jp HS) of the CL4-13 class i s somewhat less. In­
formation available to this Bureau indicates that the large C P . bombs probably w i l l penetrate 
deck3 of these thicknesses i f fused for delay action. The following discussion i s based, there­
fore, on the assumption that penetration w i l l occur. If i t should develop feat G.P. bombs may 
not penetrate decks of these thicknesses, the probability figures given i n fee table below w i l l 
be sooewhat high. 

With respect to the 1000-pound G.P. bomb, the probability of sinking with one h i t 
primarily involves the chance of causing a magazine explosion rather than flooding. The prob­
a b i l i t y figure i s thus the same as that for the 1000-pound S.A.P. bomb. Two hits, however, be­
cause of the weight of explosive involved, involves a probability of sinking almost as high as 
that resulting from two torpedo h i t s . Multiple hits beyond two are considered to be almost 
certain to cause loss. 

The 2000-pound G.P. borab, by virtue of i t s large bursting charge, is considerably 
more lethal than a torpedo with fee 560-pound charge assumed for this study i f i t be fused for 
penetration prior to detonation. The probability figures assigned to this bo.?.b, therefore, are 
somewhat larger than those for torpedoes. 

There i s almost no war experience with which to compare the vulnerability figures 
for bombs given below. Only two vessels of this class have suffered direct hits, and both cases 
involved much smaller bombs than those l i s t e d . The figures,' therefore, are speculative, and 
further war experience may indicate the necessity for revision. 

Assu.-r.ed Probabiiitv of sinki as; for No. of hit; 
7r?3.t;on Charge Tre.ight 1 <d o 4 

Torpedo 66c# T:.T 0.05 0.85 0.95 0.99 
i:-D0# 3.A.P. 0.12 0.24 C.75 0.59 
1C00« G.P. 500=? " 0.12 0.70 r.95 0.95 
20C0;i G.P. 1000== " 0.50 0.95 0.99 G.S9 
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"ear misses with the 1000-pour.d S.A.P. bcmb probably would act involve sinking, be­
cause of the comparatively small charge, unless they were either so close to the hull that the 
effect of a contact explosion would be produced, or else were close under the turn of the bilge 
and produced a mining e f f e c t . In either of these circumstances probably four or five near misses 
would be required to cause sinking. 

The situation with respect to the G.P. bombs, i f they be so fused 13 to give detona­
tion well below the surface, i s considerably different. Six feet from the h u l l i a case of the 
lOoo-pound G.P. bomb and 9 feet from the h u l l for the 2000-pound G.P. bomS are considered to be 
maximum distances for extensive hull ruptures. If the bombs be within these distances and de­
tonate well below the surface, several near misses are capable of sicking, under these circum­
stances, three or four close near misses with the 1000-pcuad G.P. scab and two or three closa 
near misses with the 2000-pound G.P. bomb probably would be sufficient to cause I03S. 

16. Class IV - Heavy Cruisers, 10,000 Tons and larger, including CAs and CLs - These 
vessels are of such size and design chat a single torpedo h i t shoula. never result in sinking. 
Ten have been h i t by a singie torpedo and a l l of them survived the one h i t . Their chances of 
surviving two torpedo h i t s are favorable i f the hits be well separated. The loss of a consider­
able portion of the bow and a lesser portion of the stern i s not necessarily f a t a l . To date four 
have been h i t by two torpedoes and two of these have survived the two h i t s . A probability of 0.50 
cf sinking following two h i t s , based on war experience alone, appears to be too high, particular­
l y considering the increased size, greater strength, better s t a b i l i t y characteristics, and im­
proved damage control f a c i l i t i e s of the newer vessels, which w i l l soon comprise a majority of 
this class i n service. Probability of sinking following two hits thus has been placed at 0.40, 
to r e f l e c t the increased resistance of the newer vessels of this class. Of the older CAs and CLs 
three hits car. be considered as almost certain to cause loss, except in such rare circumstances 
as tv/o hits at the bow and the third at the stern. The newer vessels, however, because of better 
s t a b i l i t y characteristics and larger size have a somewhat greater probability of surviving three 
h i t s . Probability of sinking following three hits thus has been placed at 0.35 to reflect both 
the improved resistance of the newer ships and the p o s s i b i l i t y of favorable locations of the hits. 

In connection with vulnerability to bomb hits i t i s necessary to keep in mind that 
a l l U.S. cruisers i n this category now i n service or expected to be i n service during the next 
twn years, have armored decks not greater than 2-1/2 inches i n thickness, and most of thea have 
d-jcks cf 2-inches. The S.A.P. bombs w i l l penetrate decks of such thicknesses i f dropped from 
above 5000 feet i n horizontal bombing or above 1600 feet i n dive bombing. The' table below assumes 
that penetration with the S.A.?. bombs w i l l occur. I t i s probable that the G.P. bombs w i l l not 
penetrate the armored deck. 

If the G.P. bombs be fused to give detonation below the main deck, however, they 
oi.i be expected to do extensive damage of a serious nature. Sinking damage with one or two hits 
with these bombs i s not probable except as a result of f i r e following widespread destruction of 
f i r e f i g h t i n g f a c i l i t i e s . Three and four hits with the 1000-pound G.P. bomb would appear to offer 
a f a i r l y good chance of causing loss 3imply because of the large scale of destruction. Chances 
of sinking with three or four hits with the 2000-pound G.P. bomb are correspendingly better i n ­
asmuch as this number of hits probably would gut the vessel more or less completely above the 
waterline. 

For one and two h i t 3 with the S.A.P. bomb the probabilities of less depend almost 
entirely on the chance of a magazine explosion. The magazine area is about Zi% of the t o t a l 
horizontal target-area, and with a 0.50 probability that a magazine w i l l explode i f h i t (see 
paragraph 7), vulnerability becomes 0.12 and about 0.24 for one and two h i t s respectively. For 
throe or more hits loss involves the additional probability that flooding w i l l be so extensive 
as to jeopardize the vessel. Thus, three hits are roughly comparable to about two torpedo hits 
ana four hits probably w i l l be almost as lethal as three torpedo h i t s . It i s pointed out, how­
ever, that multiple hits with the S.A.P. bomb must have reasonable spacing or the vulnerability 
figures given belo:' w i l l be too high. For example, two S.A.?. bomb hits within a comparatively 
smu.ll distance of each other would not causa flooding in any sense comparable to that vfhioh would 
be caused by the sa.-vs two bombs separated by some IOC feet. 

T/'ar experience with hits by bo-.bs of large bursting charge on 7.3. cruisers is 
moag-jr. The case of SAVANNAH, struck by a large A.?, bomb with a 550-pounU bursting charge, is 
t;.3 or.iy case so far ava.iln.ble for study. Structural damage and the extant of flooding were both 
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somewhat greater than would be expected from a h i t with a torpedo of equivalent charge. There 
have baen, in addition, a few cases of" one and t-.io hits with bombs of small bursting charge on 
vessels of t h i 3 class and they have causod only superficial damage. The Battle of Midway offers 
soma interesting, although incompl-jte, data with regard to the efficacy of 5G0-pound and 10GG-
pound G.P. boab3 against Japanese heavy cruisers, believed to have armored decks of about 2 inches 
i n thickness. Reports indicato that MIKUMA was sunk after receiving a minimum of five hits from 
500-pound and 1003-pound G.P. bombs, that ilOGAiS! survived at least two hits from 500-pound or 
1000-pour.d G.P. bombs, that either KUUANO or 3UZUYA survived a minimum of two 1000-pound G.P. 
hits and that TAZ-CAO survived at least two 1000-pound and one 500-pound G.P. h i t s . 

Thus, war experience with large bombs against U.S. cruisers of this class is ad­
mittedly sketchy. The probability fig-ares, therefore, are speculative and w i l l remain so u n t i l 
aore casss of bomb damage to U.S. cruisers become available for analysis. 

Weapon 
Assunad 

Charge height 
Probability of sinking for Ho. of hits 

T 2 3 4 ~ 

Torpedo 
1000= 3.A.J 
100O£ G.P. 
2000? G.P. 

230jf 
500? 
1000? 

0 • 03 
0.12 
0.03 
0,15 

Q.40 
0.23 
0.15 
0.45 

0.85 
0.40 
0.30 
0.80 

0.38 
0.75 
0.45 
0.93 

Near misses with the 1000-pound S.A.P. bombs probably would not involve sinking, 
as -vas the case with the smaller cruisers, unless they were either so close to the hull that the 
affect of a contact explosion would be produced, or else were close under the turn of the bilge 
and produced a mining effect. In either of these circumstances probably six or seven near misses, 
within 6 feet of the h u l l , would be required to cause loss. 

As i n the case of the smaller cruisers, the maximum distance for extensive h u l l 
rupture i s believed to be about G feet for the 1000-pound G.P. bomb and about 9 feet for tha 
2CCC-pound G.P. bomb. If ttie G.P. bonbs be fuzed for underwater detonation, the probabilities " 
of sinking probably would be about the same as those given in the table above for direct h i t s , 
primarily because serious underwater damaga and flooding would be involved. This estimate i s 
adr.ittsdly speculative in the absence of any war experience with near misses from such large 
bombs.. Therefore, i t 7/ill require re-exami.iation i f and when cases of close near mis3 damage 
wiich large bombs become available for analysis. 

17. Class V - Ai r c r a f t Carriers (CVs less RAl.'GER) - Because of tha size and protective 
features of vessels of this class, the total number of hits with both torpedoes and bombs has 
bean placed at six rather than four as in the case of previous classes discussed. This class i s 
comprised of vessels of the CV9 (ESSEX) class plus ENTERPRISE and SARATOGA. Ships of the CV9 
class are sonewhat better protected than ENTERPRISE and not quite so wall protected in some re­
spects as SARATOGA. This discussion and the probability figures giv^a are based primarily on the 
characteristics of the C79 class. The torpedo protection system i s such that uncontrollable 
flooding following a torpedo hit (with a warhead charge of 660 pounds of TKT) probably v»ouid be 
l i n i t s d to one main compartment inboard of the torpedo defense system, except i n the event of a 
hi t ir. way of a main transversa bulkhead - in which event oossibly two .tain compartments would be 
flooded. For purposes of analysis i t is considered that l-l/Z main coaoart-ents would be flooded 
by a single h i t . The floodabie length characteristics are 3uch that about six main machinery 
compartments in the middle length or about four main compartments in the quarter lengths at the 
er.d.> could be flooded without causing sinking. The magazines art well protected against under­
water attack and a magazine explosion from a torpedo h i t 13 unlikely. The hazard of large quan­
t i t i e s c f aviation gasoline, however, is present and must be- considered. The torpedo protection 
system probably would prevent a large-scal-3 rupture of the gasoline stowage sy3tea. The presence 
c f s c d s r s firafighting equipment and of features designed to prevent tha spread of gasoline 

furthermore should reduce the dar.g»r of subsequent vapor explosions, such as caused- d i f f i ­
c u l t " or. both LEX2"GT0£ » and WAS? *». It thus appears that the occurrence of a fatal f i r s failow-

•* S'-ships War Damage Report IIo. 15. 
** 3uship3 War Damage Report lia. 39. 



ir.g a torpedo h i t in way of the gasoline stowage is by no means certain. In the absence of 
specific data this probability has been assumed a r b i t r a r i l y as 0.50. The gasoline stowage com­
prises about 12% of the vessel's length so that total probability of the occurrence of a f a t a l 
f i r e as the result of a single torpedo h i t becomes 0.50 x 0.12 = 0.06.* For one or two hits flood­
ing should cot jeopardise the vessel and the probability of loss thus becomes the figure for the 
probability of the occurrence of a f a t a l f i r e . Three hits on one side, i n addition to the pro­
ba b i l i t y of causing a f a t a l f i r e , would cause considerable flooding, although not necessarily 
f a t a l unless a l l the hits be located either at one end or the other. Probability of loss follow­
ing three hits thus has been assigned a figure of 0.50. Four hits on one side would cause ex­
tensive flooding and probably f i r e , and loss seems almost certain i f the h i t s be favorably spaced . 
for maximum flooding. There i s a p o s s i b i l i t y of sinking by taking an extreme trim and capsizing. 
The probability of sinking has been placed at 0.90, however, to r e f l e c t the chance of closely-
spaced h i t s or hits at the extremities as discussed i n paragraph 9. 

War experience with torpedoes against CVs indicates that the probability figures 
so derived are reasonably accurato. Four vessels received one torpedo h i t and four survived; 
three received two h i t s , only one of which (LEXINGTON (CV2)) sank - and there i s some evidence 
that the LEXINGTON received three h i t s . I t i s somewhat d i f f i c u l t to place the cause of LEXINGTON'S 
sinking solely on the fact that she was torpedoed. One C7 would have survived three hits had the 
ship not been sunk by later attack (HORNET**); and one CY (YCP.XTCWS-**) sank following four h i t s . 

The main deck of the CV9 class i s 2-1/2 inches of STS, and the fourth deck i s 1-1/2 
inches of STS. These decks can be penetrated by -the 1000-pound A.P. bomb. Because of i t s small 
bursting charge, the chances of sinking with the 1000-pound A.P. bomb w i l l depend almost entirely 
upon the probability of i n i t i a t i n g a magazine explosion or of causing a f a t a l f i r e for number of 
hits up to and including three. Because of the size of the charge, which makes instantaneous 
flooding following a penetrative h i t i n the magazines somewhat unlikely, i t has been assumed that 
a h i t i n the magazine w i l l cause an explosion (see paragraph 7). Likewise, i t i s considered that 
a h i t i n the gasoline stowage very probably w i l l cause a serious gasoline f i r e and one of con­
siderable danger to the magazines because of the proximity of the magazines to the gasoline 
stowage. The magazines comprise -19.Z% and the gasoline stowages 3.5% of the total hroizontal 
target area. Probabilities of sinking thus are 0.23, 0.41 and 0.55 for one, two and three h i t s 
respectively. Mora than three hits w i l l involve extensive structural damage with the probability 
of considerable flooding, especially i f hits occur forward or a f t of the protected portion. Pro­
b a b i l i t i e s of sinking thus increase somewhat more rapidly for four, five and six hits than for 
one, two and three h i t 3 . 

The 1000-pound G.P. boob probably w i l l not penetrate the 2-1/2-inch main deck. 
Because of i t s 500-pound bursting charge, however, i t can be expected to cause extensive struc­
tural damage i n the hangar and to the f l i g h t deck i f fused for slight delay. I f sufficient hits 
be made with this bomb, the vessel can be put out of action even though probabilities of sinking 
are not as high as with the A.P. bomb. Multiple hits with the 2000-pound G.P. bomb, because of 
the 1000-pound bursting charge, probably w i l l cripple the ship completely, cause extensive struc­
tural damage, and start raging conflagrations, the combined effects of which probably would 
render the ship completely useless i n a very short time. These considerations underlie the high 
probability values assigned f o r numbers of hits greater than two. I t w i l l be noted from the 
.table that this bomb i s considered to be more lethal than a torpedo and the 1000-pound A.P. bomb 
(considering numbers of hits greater than three). 

U.S. carriers have not been h i t with large A.P. or G.P. bombs to date. The figures 
cf probability of sinking from bomb hits , particularly the G.P. bombs, are admittedly speculative 
and w i l l be subject to re-examination i f and when war experience furnishes factual data. 

Weapon 

Torpedo 
lOOOjf A.?. 
1000? G.P. 
2G0C# G.P. 

Assumed 
Charge Weight 

660# TST 
125= " 
50Cw " 

10C0# " 
Tor two hits the probability is 0. 
E-ships '"ar Damage Report lio. 30. 
*3>...-ships ?'ar Damage Report Ho. 25. 

12. 

Probability of sinking for Uo. 
1 2 3 '-. 5 

of hits 

0.06 
0.23 
0.Q3 
0.10 

0.12 
0.41 
0.10 
0.30 

0.50 
0.55 
0.20 
0.50 

0.90 
0.70 
0.30 
0.90 

0.95 0.99 
0.SC 0.99 
0.50 0.S0 
0.96 0.99 
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Tha torpedo defense system offers excellent protection against near misses at the side. Although 
the 1000-pound A.P. bomb w i l l causa underwater damage, a very large number of near misses very 
close to the hull would be required to cause sinking. 

Ths 100-pound G.P. bomb, with hydrostatic t a i l fuse, probably would not penetrate 
the torpedo defense system even i f i t were to detonate so close to the hull that the effect of a 
contact explosion were produced. If tha bombs were so located that detonation was just below the 
turn cf the bilge and close enough to rupture the bottom, within about 6 feat, one bomb so located 
probably would cause uncontrollable flooding of not more than one main compartment. Under this-
rather remote circumstance and also considering the effect of opening a large number of the tor­
pedo defense voids to the sea, probably six or seven closa near misses with this bomb would be 
required to cause sinking. 

A near miss with tha 2000-pound G.P. bomb not more than 5 feat from the shell might 
rupturo tha holding bulkhead of th* torpedo defense system because of tha large explosive charge. 
A near mi3s so close that the effect of a contact explosion was produced unquestionably would 
rupture the holding bulkhead. Tha 1000-pound charge thus is.ke3 this bomb a potent underwater 
weapon even against ships with torpedo defense systems. The effect of distance from tha h u l l , 
however, i s so marked that any estimate of the number required to causa sinking i s nacessarily 
speculative to a large degree, with this reservation i t i s possible that sinking could be caused 
by five or six close near misses with the 2000-pound G.P. bomb. 

18. Class VT - Ai r c r a f t Carriers; Light (CVLs plus RAI.'GaR) - Vessels of this class have 
hu l l characteristics somewhat similar to the largar cruisers of Class IV. Possibly the most s i g ­
nificant difference l i e s i n the fact that the CVLs have a b l i s t e r i n the middle half length. A l ­
though the b l i s t e r , by virtue of the additional layer of l i q u i d , offers somewhat increased re­
sistance to contact underwater explosions, the difference i n damage caused by a 6S0-pound war­
head to hulls with and without bli s t e r s i a not significant. Resistance to aon-coatact explosions 
from near misses, however, probably w i l l be significantly better. Notwithstanding the presence 
of the b l i s t e r , the CVLs are somewhat more vulnerable to torpedoes and bombs than cruisers of. 
Class IV because of tha presence of large quantities of aviation gasoline and of explosives 
susceptible to mass detonation from fragments, as discussed i n paragraphs 5 and 7. 

Concerning torpedo hits the probabilities given for the cruisers of Class IV have 
been increased by 0.08 to include the added hazard presented by the gasoline stowages. They 
comprise about 11% of the length, and tha probability that a f a t a l f i r e w i l l occur following a 
large rupture of the gasoline stowage has been placed at 0.75 inasmuch as tha gasoline stowage 
i s not so well protected as on vessels of the C79 class (where the corresponding figure was 0.50). 
The probability.figures thus become 0.11, 0.18, 0.93 and 0.99 for one, two, three and four hits 
respectively. TTar experience consists of two cases: ono CVL was h i t by one tornado and survived 
easily, and tha other case (iVASP) i s d i f f i c u l t to evaluate. VTASP was struck i n i t i a l l y by two 
torpedoes which h i t i n way of the gasoline stowage, starting bad f i r e s which caused her to be 
abandoned. Nonetheless, three additional torpedoes, f i r e d several hours later, f i n a l l y were re­
quired to insure sinking. These experiences are consistent with, the figures quoted. 

As discussed in paragraph 7 the probability of a magazine explosion following a bomb 
h i t i n the magazines of a CVL has been placed at 1.00. Magazines coaiprise l i % of the total h ori­
zontal target area. In addition, gasoline f i r e s , with danger of a magazine explosion, would 
appear insvitable following a bomb detonation in the gasoline stowages which comprise 4.5;S of the 
total horizontal target area. 

Tha 1000-pound S.A.P. bomb w i l l penetrate the armored deck, probability of sinking 
following one h i t i3 thus about 0.13, about 0.33 for two hits ar.d about 0.45 for three h i t s . 
Four hits may involve flooding so extensive as to cause sinking in addition to the hazards of a 
magazin-) explosion and f i r e . This consideration underlies the probability figure of 0.S0 assign­
ed for four h i t s . 

The 1000-pound G.P. bomb, although i t probably w i l l net penetrate the 2-ir.eh STS 
armored deck, is a lethal weapon against carriers of this size, both becausa of i t s como'-.rativelv 
lar-'j bursting charge and also because i t w i l l penetrate deeply i f fused for delay action (tha 
ar.-.ored deck is the third deck, cssp in the vassal). The presence of sisoline and other ir.fla.m-
ma". ie material makes the 1 GOO-pound G.P. bomb relatively more destructive a.-ainsc CVLs th^n 
against tin larger cruisers of Class IV. These considerations underlie the probability figures 
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ar.sigr.ed. The same reasoning underlies the figures assigned for the 2000-pound G.P. bomb which 
•would appear to be about as lethal as the torpedo and somewhat more lethal than the S.A.P. bomb. 
It w i l l be recalled that this was also the case for the larger cruisers of Class IV. 

There has been no war experience with bombs agair.st carriers of this class. The 
figuros are thus based on design characteristics and on knowledge of the effects of smaller bombs 
on other typ^-s of vessels. 

Weap on 

Torpedo 
100Cjj" S.A.P. 
IOOOJ* G.P. 
20C0jf G.P. 

Assumed 
Charge Weight 

660# TNT 
250# » 
500# " 

' lOOOjf " 

Probability of- sinking 
1 2 

?or No. cf hits 

0.11 
0.18 
0.05 
0.20 

0.48 
0.33 
0.20 
0.50 

0.93 
0.45 
0.35 
0.90 

0.99 
0.80 
0.60 
0.99 

Because of the presence of the blister these vessels are somewhat mora resistant to 
near miss damage than the larger cruisers of Class IV. Possibly seven or eight near misses with­
in 6 feet of the h u l l with the 1000-pound S.A.P. bomb would be required to cause sinking. 

. The probabilities of sinking from near misses with the G.P. bombs, i f fused f o r 
underwater detonation, probably would be somewhat less than those given in the table above for 
direct h i t s . Possibly six near misses with the 1000-pound G.P. bomb and five with the 2000-
nour.d G.P. bomb would be required to cause sinking. It i s emphasised, however, that near misses 
must be close to the h u l l (within about 6 feet for the 1000-pound G.P. bomb and within 9 feet 
for the 2000-pcund G.P. bomb) to be effective. As i n the case cf the larger cruisers cf Class 
IV the estimate given i n this paragraph w i l l require re-examination i f and when cases of close 
'near miss damage with large boobs become available for analysis. 

19. 
two classes: 

Class VII - A i r c r a f t Carriers, Escort (CVSs) - In general, these vessels f a l l into 

(a) Those b u i l t as escort carriers (CVE55-104) 
following merchant ship design and construction practice, 
plus those which have been converted from C-3 hulls 
(CVE1, 9-25, 30, 31). 

(b) Those which have been converted from tankers (CVS2S-29), 
or designed as CVSs, using tanker design as a basis (CVE105-119). 

The vulnerability of a l l CVSs has been a matter of concern since the f i r s t ships 
were placed i n commission, primarily because merchant standards of s t a b i l i t y and subdivision are 
much lower than those which are acceptable i n combatant ships exposed to the hazards of war. 
This natural concern led to an investigation which culminated in the issuance of ballasting i n ­
structions, and recommendations that certain prescribed drafts not be exceeded. A l l CVSs of a l l 
classes have been furnished with those ballasting instructions and with figures for the crafts 
which should not be exceeded i f maximum resistance to underwater damage i s desired. I t i s 
nicessary to emphasize this point because the degree of resistance varies so widely with loading. 
For example, the CVSs of the 55-104 clas3 w i l l have an excellent chance of surviving one tcrpedo 
hit i f the draft be less than 20 feet, but the probability of sinking increases materially i f 
draft exceeds about 20'-7**, which i s the maximum permitted under existing instructions. Again, 
the CVSs of the 105-11S class w i l l have an excellent char.ce cf survival when struck by one tor­
pedo i f the wing tanks be ballasted to the waterline, as required by existing instructions, but 
w i l l take a very large l i s t with small probability of survival i f the wing tanks be empty. In 
the analysis which follows i t i s assumed that specified ballasting procedures are being followed 
and that prescribed drafts w i l l not be exceeded. 

In general, the CVEs of Class (b) above are somewhat more resistant to damage than 
CVSs of Class (a). Although the difference is not significantly large, i t nevertheless exists. 
Accordingly, a table of vulnerability for each class i s given below. 

When operating as carriers (rather than as a i r c r a f t transports), and following the 
pr.?-oribed ballasting procedure and loaded so that the prescribed drafts are not exceeded, the 
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flocdable length characteristics of the CVEs of Class (a) are such that these vessels w i l l sur­
vive with three main compartments flooded. Inasmuch as a torpedo w i l l not cause flooding of more 
than three main compartments, a single torpedo h i t ia not expected to cause loss by flooding. 
The gasoline stowage, however, i s unprotected and a torpedo h i t i n way of or adjacent to the 
stowage probably w i l l cause a f i r e which might be f a t a l . The gasoline stowage occupies about 
12% of the vessel's length. The p o s s i b i l i t y of an explosion of the bomb or 5-inch magazines as 
a result of a torpedo h i t can be neglected as explained i n paragraph S. Probability of loss thus 
becomes about 0.12. Two torpedo h i t s , except when located almost at the extremities, probably 
w i l l be certain to cause leas, either by flooding or by breaking i n two i f the hits be" so close 
together that structural damage averlaps. 

One CV3 of Class (a) has been lost from a single torpedo h i t which caused an ex­
plosion of the bomb magazines. As noted i n paragraph 5, vessels of this class have been provided, 
or are being provided, with protection for the bomb magazines. This w i l l materially reduce the 
probability of a recurrence of such a casually. 

The CVSs of Class (b) are similar to tankers, which as a class are somewhat more 
resistant to underwater attack than other merchant ves;als of corresponding size. These CvSa, 
therefore, may be expected to survive the. flooding of three main compartments inboard c f the wing 
tanks i f the la t t e r contain l i q u i d at lea3t to the level of the external water l i n e . 

Fuel o i l i n the wing tanks presents a serious f i r e hazard i n the event of a torpedo 
h i t in way of such tanks. Experience with commercial tankers has shown that the explosion of a 
torpedo i s almost certain to rupture the main deck. If the torpedo hits in way of the wing tanks, 
which contain fuel o i l at the time, the explosion w i l l scatter o i l in large quantities i n the 
hangar and over the topsidea. A serious f i r e w i l l almost certainly result. A study of torpedo 
attacks on 36 loaded tankers disclosed the fact that on about 70j£ of them a serious f i r e developed 
immediately. In recognition of the hazard presented by carrying fuel o i l in the wing tanks (which 
comprise 57% of the length) instructions have been issued which require that the wing tanks be 
ballasted with s a l t water to the external waterline except when the assigned mission makes ac­
ceptable the increased r i s k . In this study i t has been assumed that the wing tanks are ballasted 
with salt water as prescribed by existing instructions. 

The ballasting procedure recommended for this class has also taken into account the 
danger of loss by plunging by the stem in the event that the main machinery spaces (aft of the 
after quarter point i n the CV326-29 Class) are flooded by a torpedo h i t ; and i f these ships be-
ballasted as prescribed, the hazard of plunging by the stern w i l l be eliminated. This possi­
b i l i t y , therefore, has been neglected. The gasoline stowage in CVEs of this Class i s protected 
by a l i q u i d layer which, while not complete protection, reduces the probability of a gasoline 
f i r e . The gasoline stowage comprises about 7f. of the length of the vessel, but the probability 
of loss f r c n a h i t in gasoline tanks has been taken at 0.05. The probability of loss from a 
single h i t , therefore, i s about 0.05. These CVEs are somewhat larger and better subdivided than 
those cf Class (a). Probability of loss following two hits thus has been placed-at 0.85, rather 
than at 0.30 as i n the case of CVEs of Class (a), to refl e c t their somewhat better over-all re­
sistance to damage. 

No CVEs cf Class (b) i n the U.S. Havy have been struck by torpedoes, nonetheless, 
experience with commercial tankers has been such that, i f the limitations on maximum draft and i f 
the prescribed ballasting procedures be adhered to, the figures deduced above appear to be reason­
able estimates. 

As discussed in paragraph 7 the occurrence of a magazine explosion following a bomb 
detciiati-in i n the magazines i s considered to be almost inevitable. Furthermore, a bomb detonation 
i n way -otf the gasoline stowage seems almost certain to cause a f i r o which may well be f a t a l . The 
500-pound G.P. bomb, with a bursting charge of about 250 pounds, probably w i l l not cause flooding 
extensive enough to jeopardize CVEs of either Class (a) or Class (b) from a single h i t . Prob­
a b i l i t y of loss following one h i t thus becomes the chance of hit t i n g the magazines or gasoline 
stowage. Horizontal areas are about 21% and 3;1, respectively, of total'target area, probability 
of loss thus becomes 0.27 for one hi t with the SCO-pound G.P. bomb, i f fused for delay action, 
for both classes.- Two hits on CVEs cf both classes probably w i l l not jeoparcios the vessel by 
flooding to any greater extant tr.an w i l l a single torpedo h i t ; thus, the probability cf hitting 
the maf.aoines and gasoline stowage becomes the determining factor. This probability for two hits 
i3 0.47. iluitipie hits beyond two are almost certain to cause loss of CVSs of both classes. 



The ICCO-pcund G.P. bomb, with a bursting charge of 500 pounds, is probably as 
let.ial as the torpedo. Even though tha bursting charge i s somewhat less, tha improved chance of 
causing a .-nagaiina explosion at least offsets tha reduction i n explosive power. 

Thero has been no damage from bombs to CVEs as yet. The figures thus are speculative 
to a considaraole extent. 

Assuaed Probability of sinking for Ko. of hits 
Weapon Charge Weight 1 2 ' 5 4 

C7Es of Class (a) 
. Torpedo 660? TOT 5712 0.90 0.99 0.99 
500? G.P. 250? - 0.27 0.47 0.99 0.99 
1000? G.P. 500? ." 0.27 0.90 0.S9 0.99 

CVSs of Class (b) 
Torpedo 660? KIT 5.05 0.35 0.98 0.99 
500? G.P. 250? " 0.27 0.47 0.98 0.99 
1000? G.P. 500? " 0.27 C.35 0.98 0.S9 

CVEs of Class (a), because of light construction and the lack of a liqu i d layer 
adjacent to the shell throughout most of the ship's length, are considered to be quite vulnerable 
to near misses. If the 500-pound G.P. bomb, fused for delay action, detonates about 6 feet from 
the h u l l , probably three or four such naar misses would cause less. If the 1000-pound G.P. bomb, 
fused for delay action, detonates within about 9 feet cf the h u l l , probably three such near 
misses would cause loss. 

CVEs of Class (b), by virtue of the fuel o i l tanks inboard of the s h e l l , are con­
siderably more resistant to the effects of near miss detonations below the surface. With tnis i n 
mind, possibly f i v e near misses with the 500-pound G.P. bomb or four with the 1000-pound G.P. 
bomb, i f they detonate at the distances from the h u l l given i n fee preceding paragraph, would be 
suffic i e n t to cause loss. 

20. Class VIII - Battleships - A majority of the older battleships now i n service have 
undergone modernization which has included fee inst a l l a t i o n of additional deck armor and b l i s t e r s . 
Nevertheless, their resistance to damage i s not as good as that of the newer battleships which 
are larger, have better subdivision and better s t a b i l i t y characteristics. Accordingly, battle­
ships have been divided into two classes; 

(a) Older battleships, 

(b) Newer battleships. 

Three of fee older battleships, v i z . , CALIFORNIA, TENNESSEE, WEST VIRGINIA, have 
beer, f i t t e d with a double b l i s t e r system which puts them in a class by themselves insofar as 
resistance to underwater attack i s concerned. It i s believed that tha older Japanese battleships 
more nearly correspond to the remainder of our older battleships. Therefore, fee CALIFORNIA, 
;2NVSS33E and WEST VIRGINIA have been excluded from consideration i n this study. 

Notwithstanding the fact that the torpedo defense systems of the remainder of tha 
older battleships have been improved, a warhead with 660 pounds of TNT probably w i l l result i n a 
rupture of the holding bulkhead. Uncontrollable flooding of one main comparfeent inboard of the 
holding bulkhead following one torpedo h i t i s probable. Three h i t s , spaced along one side so 
that flooding is the aaximua, would have a very good chance of causing loss, particularly i f the 
hits occurred almost simultaneously so that i n i t i a l l i s t is large, making a d i f f i c u l t damage con­
t r o l problem. Four hits on one sida would be almost certain to cause loss. With t h e n consider­
ations i n mind the following probability figures have been assigned: 0.01, 0.05, 0.40, 0.90, 
CCS, and 0.S3 for ona, two, three, four, five and six hits respectively. It can be seen that 
resistance to torpedo attack has been estimated as only s l i g h t l y better than that of the CVs 
(Class V). 

The modem battleships have, of course, the most e f f i c i e n t torpedo dafensa systems 
of any U.S. ships now in service. This, coupled with their large size and excellent s t a b i l i t y 
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characteristics, makes them considerably more resistant to torpedoes than the older battleships. 
In general, a 660-pound T!IT warhead i s not expected to rupture the holding bulkhead. It i3 true 
thut the f i r s t two vessels of this class had one layer of the torpedo defense system omitted f o r ­
ward, abreast No. I "turret, in order to obtain the h u l l characteristics' necessary for high speed. 
However, i n this area the spaces inboard of the holding bulkhead have been subdivided into com-, 
paratively small watertight compartments so that flooding inboard of the holding bulkhead w i l l be 
sharply limited. The chief danger from torpedo attack, thus, on the modern battleships involves 
an extensive fore and a f t rupture of the inner voids of the torpedo defense system. Taking the 
BB61 Class as an example, the design characteristics are such that about 360 feet of inner voids 
must be flooded to produce a l i s t which would put the main deck at the waterline on the damaged 
side. Ti'ar experience with torpedo h i t s has indicated that about four torpedoes, spaced at 80 feet 
intervals along one side, would be required to cause this condition. Even should this occur the 
damans control f a c i l i t i e s installed i n these vessels provide means for quickly removing the l i s t , 
unless other damage disrupts damage control f a c i l i t i e s . Under the circumstances of well-spaced 
hito, i t i s estimated that at least five h i t s , a l l on one side and striking almost simultaneously 
would be required to place the -cdern battleships in definite jeopardy. Probabilities of I0S3 
thus have been estimated as 0.01, 0.02, 0.10, 0.40, 0.70 and 0.90 for one, two, three, four, five 
and six hits respectively. 

War experience with torpedo hits on U.S. (and British) battleships has been rather 
curious. With the exception of the Pearl Harbor cases, the-only battleships sunk by torpedoes 
i n this war have received at least four hits, whereas the only ships which have returned to port 
have suffered but one h i t . The battleships damaged or sunk at Pearl Earbor were, of course, 
older vessels, and i n most cases not i n a state of complete closure at the time of the attack. 
Ana'lysis of the Pearl Earbor cases indicates that two undoubtedly would have been sunk from tor­
pedo attack, even though they had been i n the open sea and i n a condition of complete closure. 
One of these vessels received seven hits and the other i s believed to have received five h i t s . 
In both cases a l l hits were on one side, occurred almost simultaneously and were so spaced that 
extensive fore and aft flooding of the torpedo defense voids occurred, plus some i n i t i a l uncon­
tr o l l a b l e flooding inboard of the torpedo defense systeits. 

A l l war experience has indicated that rapid sinking of battleships, including even 
the old battleships, can only be obtained by several h i t s , occurring almost simultaneously, on 
one side and spaced so that extensive fore and aft flooding results. On the other hand, i n many-
cases large ships with torpedo defense systems have been attacked by torpedoes after the ship had 
already been f a t a l l y damaged. In sone instances this has reduced the time required for the vessel 
to sink; while i n other cases, particularly when the vessel was damaged on the other side, this 

. has increased the time required fpr sinking. Unless each case be analyzed in some det a i l , an 
exaggerated opinion of the number of torpedoes required to cause loss is apt to result. For ex­
ample, .VEST VTHCIMIA was struck by seven torpedoes, but three- of these undoubtedly were super­
fluous inasmuch as the flooding caused by the other four was more than sufficient to have caused 
her to sink. 

The majority of older battleships, since their recent modernization, have armored 
decks of about 4 inches in thickness. Only the A.P. bombs, dropped from above 4500 feet in dive 
bombing or 6000 feet in horizontal bombing, w i l l penetrate decks of this thickness. Chance of 
sinking with a reasonable number of hits thus must be based primarily on the chance of h i t t i n g 
a magazine inasmuch as the bursting charges are too small to cause extensive flooding. Total 
magazine area, including that for the 5-inch A.A. guns and for the a i r c r a f t bombs, is about 23JI 
of the total horizontal area. Probabilities thus become 0.23, 0.41, 0.55, 0.S5, 0.73 and 0.30 
for one, two, three, four, five and six hits respectively. Insofar as direct hits are concerned, 
there is l i t t l e distinction between the 1500-pound and the 1000-pound A.?, bombs provided both 
are dropped from heights sufficient to penetrate the armored deck. 

The older battleships have light main and upper decks. The large 3.P. bombs, there­
fore, c~r. be expscteu to cause fi r e s and large-scale destruction of upperworks. Although inflam­
mable materials hava largely been eliminated since the start of the war, the hazard of ready 
service 'unsuaition for A.A. guns not only exists but has been somewhat increased because of the 
increase in numbers of A.A., weapons. Therefore, troublesome ammunition f i r e s may be expected. 
Ever, though f i r e s and extensive structural destruction above the armored deck result from the 
ev.plcyrent of Cr.?, bombs, sinking is not to be expected except when a comparatively large number 
cf i,uc'-. hits are received; rather, such bombs would be expected to wreck the vessel above the 
armored deck to this extent that the vessel is gutted and put out of action. These consideration* 



hava governed the estimates given i n the table. 

The newer battleships have decks equivalent in -i-.icVrness to about 5 Inches in armor 
Tor penetration the A.P. bombs have to be dropped from altitudes i n excess of 10,500 feet. If 
hits are obtained frcm this altitude, the chances of sinking; are absut the same as those for the 
cider battleships inasmuch as target area of tiKasi.tes i s about the sans. 

Tha sain deck, however, i s 1-1/2 inches STS, and tush cf the topside structure i s 
also of STS i n s u f f i c i e n t thickness to limit blast effect and fragment damage. Information avai 
able to this Bureau at the present time indicates that the G.?. bo-.bs probably w i l l not penetrat 
a 1-1/2-inch STS deck prior to detonation, although deflagration (detonation either high order c 
low order in advance of fuse action) may result in rupture of the deck, particularly with the 
2000-pound G.P. bomb. The hasarri of ready service arnnunition fires is present but i s somewhat -
less than for the older battleships because of the more extensive use of STS as fragment pro­
tection. The estimates given for the G.P. bombs therefore are scrwwhat less than for the older 
.battleships. 

War experience with bomb hits on U.S. battleships consists almost entirely of the 
experiences at Pearl Harbor. It w i l l be notad from enclosure- (3) that at least six and possiblj 
as many as fourteen A.?, bombs scored hits on tha battleships present in the harbor. Cf these, 
probably only one was lethal (ARIZONA) and i t is believed to have penetrated to tha forward 
magazines. NEVADA was h i t by five bombs forward of amidships (none of which per.atratod the 
armored deck), which caused extensive structural damage and started bad f i r e s which were a major 
factor in causing her to sink. Although no U.S. battleships are now as vulnerable to f i r e as wa 
NEVADA at that time, an idea of the effects of bomb detonations above and forward of the main 
armored box w i l l be obtained from a study of this case (Suships War Damage Report No. 17). 

It w i l l be noted from the tables that against the elder battleships i t i s estimated 
the A.P. bombs w i l l 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 beyond four the 2000-paund G.P. bombs are co 
sidered to somewhat surpass the A.P. bombs i n effectiveness i f the G.P. bombs be fused for moder 
ate penetration prior to detonation. 

Assumed Probability of sinking for No. of hits 
Weapon Charge Weight 1 2 4 5 a. 

Class (a) 
Torpedo 660? TKT 0.01 0.05 0.40 0.90 0.99 0.S9 
1000? A.P. 150? " 0.23 0.41 0.55 0.66 0.73 0.79 
1600? A.P. 240? " 0.23 0.41 0.55 0.66 0.73 0.79 
1000? G.P.* 500? " 0.03 0.09 0.15 0.25 0.50 0.80 
2000? G.P.* 1000? " 0.05 0.25 0.40 0.65 0.90 0.99 

Class (b) 
Torpedo 660? TNT 0.01 0.02 0.10 0.40 0.70 0.90 
1000? A.P. ISO? " 0.25 0.41 0.55 0.66 0.73 0.79 
1500? A.P. 240? " 0.23 0.41 C.55 0.66 0.73 0.79 
1000? G.P.* 5C0? " 0.01 0.05 0.10 0.18 0.40 0.70 
2000? G.P.- 1000? " 0.02 0.10 0.20 0.40 0.55 0.90 

Near miss effect with the A.P. bombs w i l l be comparatively minor because of the 
small weight of explosive. Near missas with tha G.P. bombs, i f fused for detonation well under 
the surface, w i l l be considerably more effective than with the A.?, tonbs, but for serious damag 
detonation must be very close to the s h e l l . In any event the presence of a fully-daveloped tor­
pedo defense system make3 the probability of sinking from near misses very small. With these 
circumstances in mind, i t does not appear feasible to predict the number of near misses required 
to cause sinking. 

» The probabilities for these bombs pertain tc putting ships out of action, rather than 
sinking. 

CC(with er.ola)to; 
Coninch 
3uord 

CD. ..neelock 
Sy direction of Chief of 3ureau 



ENCLOSURE (A) 

Cases of *."ar Damage (Used i n Compiling Enclosure (B)) 

Class I - Destroyers ; , 1500 to 1530 Tons 

Ho. of No. of Ho. of . • 
llame Toro.Hits 3omb Hits Near Hisses Sunk 

MAYRANT(4G2) _ 1-large G.P. No 
RHINO(404) - - 2- No 
KUGFG3D(339) - 1-550 S.A.P. - No 
JA?.VT3(333) 1 - - Yes 
BLUS(337) 1 - - Yes 
3Sf.T{.ViI( 397 ) 1 - - Yes 
RC7£AN(405) 1 - - - Yes 
HENLEY(391) 1 - - Yes 
SI1S(409) - 3-550 S.A.P. - Yes 
0'ERIE:i(415) 1 - - Yes 
&'jaaNH(4i2) 1 - - Yes 
T&LK3(41S) 1 - - Yes 
B'JCK(420) 1 - - Yes 
KENDRIC£(S12) 1 - - Ho 
LAFFEY(459) 1 - - Yes 
BARTOH(399) 2 - - Yes 
SHTJ3RICK(639) - 1-500 G.P. - No 
AARON WARD (483) - 1 4 Yes 
UADD0X(622) - 2 2 Yes 
KEARNY(432) 1 - - No 
HAM3LST0N(455) 1 - - No 
BaiST0L(453) 1 - — Yes 
BEATTY(640) 1 - - Yes 
07721(433) 1 - - No 

n second - - Yes 
JffiREDITK(434) 2 1 1 Yes 

Class II - Destroyers, 1850 and 2100 Tons 

P0RTER(356) 
SELFRIDG3(357) 
TftDSTifORTH(SlS) 
CONVERSE(509) 
SAU?LY(4o5) 
CGHY(5C3) 
DeEVvEN(4G9) 
IAVALLSTTS(44.8) 
FCCTE(Sll) 
STRONG(463) 
CHSVALI3R(451) 

1 
1 
1 
1 

second 

2 
3 

No 
Ho 
No 
Ho 
No 
No 
Yas 
Ho 
No 
Yes 
No 
Yes 

Class III - Light Cruisers, 6000 and 7050 Tons 

MAR3LE2sSAD( CL12 ) 
SAN JuAN(CLS4) 
RALSIGH(CL7) 
ATLANTA(CL51) 
JUNEAU(CL52) 

1 
1 
1 

second 

2-220 G.P. 
1-550 S.A.P. 
1-1575 A.?.'l) 

1-220 G.P. Ho 
No 
Ko 
No 
No 
Yes 

(1) Omitted in enclosure (3). 



Class TV - Cruisers (10,000 Tons and Larger, 
CLs and CA.3) 

No. of No. of No. of 
Nana Torp.Eita Bono Kits Near l!isses Sunk 

H0N0LULU(CL48) - - 1-1575 A.P. No 
PHILADELPHIA (CL41) - - 1-3080 A.P. No 
SAVANNAE(CL42) - 1-3080 A.P. - No 
HCNTPELIER(CL57) - 2-130.O.P. - Ho 
BIRMIHGKA1£(CL62) l^z> zW _ K o 

K?.LSHA(CL50) 1 - - No 
HONOLULU(CL48) 1 - No 
ST.L0UIS(CL49) 1 - - No 
D2NVSR(CL58) 1 - - No 
ESLSaA(CLSO) 3 . - - Y e s 
CES5T2R(CA27) - 1-130 G.P. - No 
H0USTQN(CA30) - 1 - No 
CETCAG0(CA29) 1 - - No 
CH3STER(CA27) 1 - - No 
P0RTIAND(CA33) 1 - - Ho 
NSW ORLEANS(CA32) 1 - - Ho 
PENSAC0LA(CA24) 1 - - Ho 
MINNEAPOLIS (CA36) 2 - - No 
QUINCY(CA39) 2 - - Yes 
N0RTEA<4?T0N( CA26} 2 - - Yes 
CHICAG0(CA29) 2 _ Ho 

* - - Yes 

Class V - Aircraft Carriers, CV (less WAS?) 

£NT2RPRISE(CV5) - - 1-130 G.P.^3) 
Y0RXT0WN(CV5) - 1-550 S.A.P. 1-550 S.A.P.(3) 

Ho 
No 

ENTERPRISE (CVS) 3 1 So 
ENTERPRISE(C76) - 2 - No 
SARAT0GA(CV3) 1 - - No 
SARAT0GA(C73) 1. . - - No 
LEXINGTCN(C72) ZK > Z^> - Yes 
Y0R3XCW5(C7S) 2 2-550 S.A.P - No 

1-130 G.P. 
2 - Yes 

S.A.P. - No 
n 1 2-130 G.P.t 4) 5-550 S.A.P.W No 
" 9-? plus gunfira Yes 

LEXINGT0H(C716) 1 - - Ho 
INTREPID(CV11) 1 - - No 

E0RNET^5)(CV8) 2 3-550 S.A 

Class VI - Aircraft: Carriars, CVL (plus WASP) 

INDEPENDENCE(C7L22) 1 - - No 
WASP(CV7) 5 - - Yas 

(2) Coasidared separately in enclosure (B). 
(3) Omitted i n enclosure (3). 
(4} Considered separately in enclosure (B). 
(5) Suffered 3 separate attacks; the la3b, by crra forces considered to have sunk her, 

but not included in enclosure (3). 
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Clasa VII - Aircraft Carriers, 5seort(CVE) 

Mo. of ?.'o. of Ho. of 
Naze Tarp.Eits Boitb Kits Hear L i i 3 s e 3 Sunk 

LISC012 3AY(CVS56) I - - Yes 

Clas3 VIII - Battleships 

SOUTH DAKOTA(57) - 1-550 S.A.P. -. Ho 
PENNSYLVANIA(38) - 1-550 S.A.P. r 5 ) Ho 
TEKKES33S(43) - 2-1575 A.P. - Ho 
1!AHYIA1Q(46) - 2-1575 A.P. - Ho 
NORTH CAROLINA(55) 1 - - No 
ARIZ0NA(39) 1^^ 8-1575 A.P.^7) - Yes 

and 550 S.A.P. 
HSVADA(3S) l ( 8 ) 4-550 S.A.pJ8) - Yes 

1-130 G.P. 
OKLAHOMA(37) 5 - Yes 
TEST VIRGINIANS) 7<-9J 2-1575 A.P.^9' - Yes 

(5) C-.tittad in enclosure (B). 
(7) Treated separately i n enclosure (B). Would have survived tha one torcedo h i t . 
(3) Ca^hirissd effects caused sinkir.g. 
(3) Treated ssparately i n enclosure (E). Would have survived the t-*o bosb h i t s . 
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ENCLOSURE (B) 

SUMMARY 0? 7!AR EXPERIENCE 

Class I - Dastroyors, 1500 to 1630 Tons  

1. Torpedoes 

(a) 16 its re struck by 1 torpedo - 12 sank as result. 

(b) 3 were struck by 2 torpedoes - 3 sank as result. 

(includes 1 which survived 1 h i t , (a) above) 

2. Bombs 

Sunk (a) Hits 
1 large C-.P. 
1-550? S.A.P. 
3-550? S.A.P. 

No. Ships 

1 
1 

(b) Hits plus near misses 
1 hit + i'ilS 1 
2 hits f 2 BIS 1 

(c) Near Misses 
1-500? G.P. 
2 

0 
0 

Survived 
I 
1 
C 

Class II r Destroyers, 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 gunfire for t a c t i c a l reasons)< 

(b) 1 was struck by 2 torpedoes - 1 sank as result, (includes 
1 struck previously by 1 torpedo, (a) above). 

(a) Hits 

2. Bombs 

Ho.Ships j 

(b) Hits plus near misses 
3 hits * i Nii 1 

(c) Near Misses 
~I 
3 

Sunk 

0 
0 

Survived j 

Class III - Light Cruisers 

6000 and 7050 Tons 

1. Torpedoes 
(a) 3 were h i t by 1 torpedo - 3 survived. 
(h) 1 was h i t by 2 torpedoes - 1 sank, (includes one survivor of 

(a) above). 
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Class III - Light Cruisers (Cont'd) 

2. Bomb3 

(a) Hits Mo .Ships Sunk Survived 
T̂ 3S"0# S.A.P. I ~U~ I 

(b) Hits plus near misses 
2-220jf G.P. + 
1 NM(22C# G*P.) 1 0 1 

Class IV - Cruisers (10,000 Tons and  
larger, includes CL's and CA's 

1. Torpedoes 

(a) 10 were h i t by 1 torpedo - 10 survived. 

(b) 4 were h i t by 2 torpedoes - 2 survived, (of the 2 sunk, 
in one case gunfire seems to have been major factor). 

(c) 1 was h i t by 3 torpedoes - 1 sank. 

(d) 1 was h i t by 6 torpedoes - 1 sank. 

2. Bombs 

(a) Eit3 No.Ships Sunk 
I^STJ80# A.P. 1 U 
2-130jji G.P. 1 0 
1 1 0 
1-130* G.P. 1 0 
2 . 1 0 

(b) Near Hisses 
1-(A.P. large) 2 0 

Survived j 
1 
1 
1 
1 

Class V - Carriers, CV (1B3S 7TAS?) 

I. Torpedoes 

(a) 4 were h i t by 1 torpedo - 4 survived. 
(b) 3 were h i t by 2 torpedoes - 2 survived. 
(c) 1 was h i t by 3 torpedoes - 1 survived. 
(d) 2 wero h i t by 4 or more torpedoes - 2 sank. 

2. Bono3 

(a) Hits No.Ships Sunk Survived 
1- doGjf S.A.P. I ~~5 I 
2- (mod)» 3 0 3 
3- (mod)* 2 0 2 
3-550# S.A.P. 1 0 1 
3-SSCif S.A.P. and 1 0 1 

ltiOjf G.P. 
(b) NearMisses 

5-=5C= S.A.P. 1 0 1 

* Accurate estimate of size not made, but were of moderate sire or smaller. 
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Class VI - Carriers, CVL (t '.'AS?) 

1. Torpedoes 

(a) 1 wa3 hi t by 1 torpedo - 1 survived. 

(b) 1 was h i t by 5 torpedoes - 1 sank. 

Class VII - Carriers, CVS  

1» Torpedoes 

(a) 1 was h i t by 1 torpedo - 1 sank. 

Class VIII - Battleships 

1. Torpedoes 

(a) 2 were h i t by 1 torpedo - 2 survived. 

(b) 1 was h i t by 5 torpedoes - 1 sank, 

(o) 1 was h i t by 7 torpedoes - 1 sank. 

2. Bombs 

(a) E i t s No.Ships Sunk Survived 
T=5oC# S-A.P. 2 0~ 2 
2-1575#A.P. 3 0 . 3 

5ftSSjJi: ?" 1 1 (Plus 1 torpedo) 

fl575 5 rA.P. 
8 t550)r SJUP. 1 1 0 


