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CHAPTER X
THE FFFECT OF AN UNDERWALLZR EXPLOSION ON THE HULL :

The experiemce of naval wars has shown that when underwater
axplosions of mines, torpedoes, and bombs occur al a1y one area of
the hull of a ship, the destruction of that area is often accompa-
nied by the impairment of the general longitudinal stability of the
hull in another area. This impairment is manifested in the appearance
of corrugation and rupturing of the deck, sides, and bottom along

a narrowly defined segment of the length of the hulle 1 f

This phenomenon, which was first observed during the First
World War and later when the British minelayer Khanter [ Hunter?]
was sunk by a mine in 1937, was repeatedly observed during World
War IT in the case of both naval vessels and merchant ships which

were either sunk or damaged as a result of underwater explosionse.

It is to be assumed, of course, that impairment of the 1xim
begrity of the hull in the area mot subjected Lo the direct action
of the underwater explosion might be avoided by the appropriate

strengthening of the hull in that area.

In this cornection there arise certain questions as to the
degree of strengthening of the hull which is indispensable to avoid
its being domaged outside of the area of destruction from the direct
action of the underwater explosion, and as to the practical expedi-
ency of such a strengthening of the hull, taking into account the
resulting increase in weight to the detriment of other tactical and

technical characteristics of the shipe

In what follows we set forth the genersl order of such a
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golution end treal the most importent deductions, ariging {rom
that golution which bear npon the question of guaranteeing the gener-
al longitudinal stability of the hull against the action of under-

water explosions (For a more detalled treatment of this point, see

Yue Ae Shimanskiy Vliyenlve podvodonove Varyve po obshelava prochnost!
korpuse korablya (The Effect of an Underwater Rxplosion on the

General Stability of a Ship's Hull): OBORONGIZ 19LL)
I - THE GENGRAL CHARACTER OF DYNAMIC STRAINS IN THE HULL

(Here we are congldering only those dynamic strains in the
hull produced in the vertical (diametrical) plane; i.es, pitch and
roll and the vertical vibration of the hulle As to other possille
strains in the hull (iees, strains on the horizontal plane), they
are less danperous from the point of view of the general stabllity
of the ship, and for that reason they are not considered heres In
this connectbion we should point out the undemonsirability of the
existing opinion which holas that the impairment of the general sta-
bility of the hull from an underwater explosion is a result of the

longitudinal strains in the hull).

1, From the point of view of sltructural mechanics, the hull
of a ship may be considered as an elastic girder of varying section,
Wwith an uneven distribution of mass along its length, lying on an

elastic foundation (the buoyancy of ‘the hull)e

When a dynamic load =~ that is, a load rapidly fluctuating
in time -~ acts on such & girder, the latter undergoes the follow-

ing strains, all varying in form and character (see figure LB):

(a) Strains of a vibratory nature, taking the form of

gtrains in the bend of the girder underthe action of the inertia

D e ) .
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fopaes of the masses of the sirder (fisure Wh a)e

When enalyzing these strains in the hull, the latter

may be considered as a completely free (unsupported) girder, since

the fluctuations in the reactlons of the elastic foundation of the
girder (le €., the fluctuations in the forces of buoyancy of the
hull) resultine from these strains, are small by comparison with

the forces in the realm of inertine

(Figure WiB)

(b) Strains in the hull considered as a solid body,
produced by the action of the external load, the inertia forces of
the mass of the girder, and the reactions of the elastic foundation
(forces of buoyancy of the m1l) (figure 18 b). These strains are

accompanied by a corresponding bending of the girders

2, With each of these two kinds of dynamic strain in the
hull, bending forces are created in its sections which may prove
dangerous for the stability of those sectionse The relative degree
of danger for the stability of the hull, represented by these two
kinds of dynamic strain in it, is determined by the effective dura-

tion of the dynamic load which produced the strains. If the duration
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of the action of thls load is of the same order a8 the periods of

L ; the parbicular elastic vibrations of the hull, those strains of
a y_;x_b_r_w nature will be that much more dangerous. 1§ the durge
tion of the action of this Joad is of the samé order as the periods
of the ship's piteh, those dynamc straine in the hull considered
as & solid body wmay pe that much more dangerous for the giability
of the hulle In each separate instance, the relative degree of
danger ‘to the stability of the hull, represented DY these and other
dynamic straing, must be determined by the appropriate computations
Tn this cennection, the _v_}slt_)_}i effect produced on the hull by the
dynamic load at the time of the underwater explosion, cannolt be over=
emphasizede Comparatively greater obzerved strains in the hull con-
sidered as & _'Eﬁl;iﬂ_ body resulting from an underwater explosion, may
he accompanied by & bending oi: the hull which ig less then the bend-
ing of the hull resulting from strains of 2 purely vibratory nature,

which may be 1ess noticeables

3, The sharp distinction made above, between strains in the
null of a vibratory nature, and gtrains in the hull considered as
a solid body, appears in actuality only after both of these gtrains
take on the character of completely free vibratory strains, such as
| they become after the cessation of ‘the action of the external forces
[ which produced thefe Under these conditions, the strains in the
hull considered as a s0lid body (the pitch and roll of the ship)
and the strains in the hull of & vibratory nature (vibration of the

ship) will act independently of each others

In the first moments when the external. foroees which produced
both of these gtrains, are still acting on the hull, the strains

may not be treated as being fully sndependent of each other, since

-
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the appearance, at that time, of styains of a vibratory nature : o i

depends upon thoge inertie forces of the masses of the mill which

\ are produced by the accelerations in the hull pegulting from the
gtyrains in it as & golid body, which gtrains were produced by ‘the

action of the external forcese Also, in that period during which

external. dynamic forces ere acting on the hull of the ship, very ‘
- !

preal bending moments are being developsde Yor this reason, the ]
i

analysis of the dynami.c strains in the mll, having as its basic ;

aim, in a given instance, the ascertaining of the greatest bending

moments for the sections of the hull, must be carried out on the

hasis of a coordinated investigation of both kinds of strain in the

mlle The magnitude of these bending moments, which will appear

in different sections of the hull at daifferent times, can be found

only by means of adequately strenuous 1labors of computatione

lie Despite the great external difference hetween the two
kinds of dynamic strain in the hull which we have dealt with, they
are completely similar from the point of view of mechanics, SO that

the same methods of compubation may be applied in studying theme

For the solution of the problem that has been posed, we are

applying ‘the r_u_q_bl\g_q of geduc‘oj:_g_r}, developed in detail in the preced-

ing chapterse Also we are utilizing certain deductions made in those

of the action on

chapters, which pear upon the present instance

the hull of a dynamic loade
!

11 - STRAINS, AGCELERATIONS , AND BENDING MOMENTS IN SECTION OF

THE HULL PRODUCED BY THE ACTION OF AN UNDERWATER EXPLOSION

1. The strains in a hull, produced as a result of the action

-5 -
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on it by & plven load, may be conghdered as the sums of mutually
independent strains, produced in the form of its greatest free

vibrations, determinable by the correspond.ng normal functionss

As was pointed out above, for the present problem it is
necessary that we compute the component strains in the hull, both
those of a vibratory nature and thoge produced in the hll consider-
ed as & solid body; and, consequently, it is necessary to find the

normal functions corresponding to both of these strains.

Owing to the practical difficulties attendant upon discover-
ing the normal functions corresponding to the vibratory strains in
the hull at the highest namonic frequencies, and owing, also to
the relatively slight effect of such strains on the total dynamic
strains in ‘the hull, we shall limit ourselves to a computation of
the vibratory strains in the mll at the first two harmonic fre-
quencies onlyo These normal functions may be found by the usual
methods applied to the analysis of vibrations in the hull, which
were explained in Chapters T and IT. This being the case, we nay
consider them here as known, denoting them by the symbols £, and

('1. respectivelys. We may 1ikewise consider as kno%/ for each
of these normal functions, the corresponding ggg}l_cfg masses of the
ship, Mn«? Y g LN the reduced‘ coefficients of rigidity
and the %%%&ﬁ%;gejﬁ :}:‘fbg;ﬁ%ﬁxﬁ?%?@. As ‘to the normal

functions which specify the forms of the strains -- that is, the

forms of the greatest free vibrations in the hull considered as a
© golid body -~ they are easily obtained by means of using the deductions

nade in Secriom 6 of Chapter II, Part Io

Tt was shown that the greatest free vibrations in the hull

“b -
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congidered as & golld body, were its gyrations around two hox'izon'ba.'.l.

EVCEEN removed from the center of gravity of the ship by distences R o

and Y\d determined by the equation (L8) on page The i

Finding the position of these axes of myration by equation

(L&), and aking the point of peduction at the how extremity of the

ship, we obtain the followlng obvious
—__ (e

(Figure 149)

rormula for fhe normal functions specifying the forms of the

greatest spee vibrations sn the hwll considered as & solid body

(cfo figure 1h9):

-+
fo =\ = TR ()

-

©

where % = distance of ‘the gection from the bow extrenity

¢ = distance of the center of gravity of ‘the ship from
the bow extremitye

The reduced nasses, reduced coefficients of rigidit
reduced MEEDZE) mmmem= coell o rigldlty,

and _i‘_x_‘“equencie‘sl and half E‘eriod.s‘ of vibration of the Mull which §

-l -
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yined by the follow=

nal functions, areé dete

gpond to these nor <
seute N,
5 Chapter 11, Part N

corye

ing gquations (for denotation, BeE

Reduced mapsess \/\A“..‘. e
/V[&%?z -m'lfkej-;L = é? CC’-X"")
0

] e
f_;n_j.-:-« . (3)

Menp = WYF;A%:::B? (g-)-XG‘)
0

9

Reduced cO efficients of ripiditys

< S (¥a ;b§+\(7? &) .
me s enmill ¢

a"f (e ‘?‘a.\

Konp= s(Xg” - b+ P (R - o) (5)

Frequencies?
s e PR (o)
Ka.'ﬂ - e ot -::""‘"""‘"..Mm A
P(K: Ao.ﬁ”? - ’V\ FI' “ ){O_, |
z Y- |
/(3”1. = m.ﬁ.n - M%&_ (7) |
¢ Menpe M Pt ot X

Half pericds:

0, Each of the four component strains in the hull thalt were
shown above, and the corresponding accelerations in the sectionss
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\ - —
! may be found by utilizing the method of reduction " explained
g in Chapter IV, Part I, after which the total straing end acce-

lerations are found by the egnationt

Ce')é'i‘ = Eszn[h‘ (‘:I)

R Jut St (1)

1

whereCF,n) Jn='t'n.e functions of time r , corresponding to the

i

normel function F v ? which determine the strain

and accelerations at the point of reductione

In using equations (9) and (10), it is necessary to ‘take
into account the different character of the fluctuation in time
and along the length of the hull, of each of the terms in these
equationss With these equations it is possible to construct, for

each selected section of the ship, curves of fluctuation in time

and acceleration and, in this way, to find the greatest of their
valuese It is also possible to construch, for a given moment in
time, curves of fluctuations of strains and accelerations along

the length of the hull.

With the dynamic strains in the hull determined by equation
(9), the following forces are produced in the hull sections, caus-
ing the bending of the nulle The inertia forces of the masses of
the ship, equal to\\\-fv jzt , where Yo = mass of the linear unit
of the length of the ship, and Jv&t‘ = magnitude of the total acce-
Jeration in the section of the ghip, determined by equation (10).
The forces depending uvpon the fluctuation of the forces of buoyancy,

owing to the vertical strains in the section of the hull, equal to

-9 -
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Cfxy ; Where y = ordinate (width) of the loaded waterline,

and CP xt the magnitude of the total strains in the section
of the hull, determined by equation (9)

Owing to the action of the above mentioned forcas on the
sections of the hull, bending moments are created which may be

computed with the aid of the following equatlon:
L
1 2
v o= (- mylyt- ) Jd =™
Hzf ?ﬂ%*‘j
o o

For the moments of time i<:'T' - that is, up to the moment
of cessation of the external load which has acted on the hull --
it is necessary to take into account the action of this load as
well (leaving out the inertia forces and the forces of buoyancy).
However, if this load is applied to only one of the extremities of
the hull, the equation (11) for the bending moments may be left un-
chanred, on condition that the integration with the upper varying
limit provided for in that equation, is carried out beginning with

the other extremity of the hull -- the one free from the loade

Using equation (11), it is possible to construct, for any
selected section of the hull, a curve of fluctuation in time of the
magnitude of the bending moment, and tp 2> find the maximum
value of the bending moment in this section. Also, it is possible
to construct a curve of the fluctuation of the bending moment along

the length of the hull, for each selected moment of time t .

For the computation of the bending moments in the mull sec-

tions, equation (11) may be presented in a form which is more convenient
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for practical application.

Subgtituting the values of strain q,‘ ¢ according o
equetion (9), and acceleration J, ¢ according to equation

(2.0), we obtain

‘% ‘¥ /
F\yt: - E_Jl-n fmu,F“J%';- S“F‘h ffz(-_hc)xl (13)

where f “ normal functions
(‘0 ) j »n respectively, the strain and acceleration at the
point of reduction, correspondaing to the fumction FH 3
:{ ordinates (widths) of the loaded waterline

m # masses of the linear unit of the length of the hulle

The integral with the varying upper limit which figures in
theequation, does not depend upon the time ¢ , for which, accord-
ing to this equation, the magnitude of the bending moments in the
hull sections are computeds This preatly simplifies the computation
and the determination of the maximum values of the bending moments

in the hull sections for the various values of time F .

The masses Wy 5 figuring in the first term of equation (12),
must be treated in the same way as they were treated in ascertaining
the forms of the greatest vibrations in the hully that is, in determin-
ing the form of the func'h:‘.o;g}?/c/orresponding to theme If, in determin-
ing these functions, the masses of additional water were taken into
account to one degree or another, that same computation for the addi-
tional masses of water is required also in equation (12), in order
that the curves of the bending moments constructed according to tat

equation be made duly continuouse In addition, for making these
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curves conbtinuous it is necessery that in the second term of this :,'
equation, the symbol. for the totale include only the stralns in ’ |
the hull considered as a solid body (functions fa, and Fa ) ‘ |
hull strains of & vibratory nature being excluded from these totalse
This requirement ls dictated by the fact that, for ascertaining the
forms of the latter straing, it was assumed that they were not ac-

companied by fluctuations in the forces of buoyangy of the hulle

The stresses occuring in the hull sections at the time of
the dynamic straing we are considering, are to be determined by
means of dividing the conpited bending moments by bhe corrgaponling

noments of resistance of the hull sectionse

Taking the indexes of the bending of the hull in its terminal
sections as equal o 2ero, We obtain the following equation for com-

puting the ordinate of the ¢lagtic bending curve of the hull:

% ¥ Lz m
L f M »_lfjwla(”b. D)
W“E f I J% A I x
0 0 ¥ p o

3, In order to find the functions sﬂ_ﬂ and | »  (figuring ; .
in ‘the reduction in the above equation) which specify the limits :
of fluctuation in time of the strains and accelerations at the 1_3_0.3.._191;

of ge__ciggjo}_p_g_,_ it is necessary to know the point of application and

the limits of fluctuation in time for the dynamic load which acted

on the hull at the time of ‘the underwater explosione !
In reality, however, the magnitude and character of the fluc- 1 :

tuations in time of the dynamic load acting on the tull at the time \

1

!

- 12 -
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of the underwater explosion, cannot be known, in view of the fact
that they vary wlthin very great limits, depending upon the many
changing conditions undep Which g ship's huly may be subjected t0

the action of underwater explosiong,

In order to estimate the general lonpitudinal stabilihy of
& ship's hul) from the Point of viey of resistance to undervatep
explosions, and o develop meang of construgtion which wily COnNe
tribute to increasing the resistance of the hull 4o the action of
underwa ey explosions, one may Propound g Mractical solution of the
Problemn, making certain tentative assumptions with regard to the
nagnitude and character o the load acting on the hull at the time
of the underwater axplosion, As a result, the computation of the
stability of the hull against the action of underwateyp explosions,
acquires g tentative character Which, however, does not ryle out
its Practical significance, since such computations ape often applieq

in shipbuilding Practice,

Lhe The load which acts on the ull at the time of an under-
water explosion Fluctuates in time according to g certain law

increasing from zero to 5 maximum, and then decreasing to zero J

again in the coupge of a certain time 4}(’9. The function €Xpress- }
f

ing the load may be treated trigonometrically and presenteq in the |
i

Following form: |
Tt !

gi)(rfj = :E; /7\7 v - |

]

|

where ) T‘ N
Fh:-;fcfﬂﬂsin - Jdt.

e
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Since the value of the function 4b ({) 1s unknown =« but
hearing in mind that in the glven instance only the first term
of the series contains the analytically slemificant value of this
function == We assume that the load acting on the hull at the
time of an underwater cxplosion, fluctuates in time pecording o

the equations

Tt
S

F:Frmnﬁ

where Faﬁtg maximum magnitude of the load

"T' duration of the action of the load

Uonsidering undervater explosions of such a kind that an
area of the hull is destroyed, one may make the assumpbion that
the greatest magnitude of the load which has actad, at the time
of such an explosion, on the entire remaining area of the hull,
is proportional Lo the resistance of the hull to destruction in
the area of the explosions For the general shability of the hull
outside the area of ‘the explosion, the most unfavorable kind of
explosion is one which takes place at one of the extremities of the
pull (in addition to this, the magnitude of ‘the reduced load is the
greatest) and which is accompanied by the complete destruction of

that extremitys Tn the case of & destroyed area of not very greab

length, on%kay agsume that the section of the hull delimiting this

area 1s destroyed only as & consequence of the action of the shear-

ing force (that is, disregarding the effect of a certain bending

-1l -
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moment acting on this same gaction) s

On the basis of the assumptions made above, we obtain the
following equation for the maximun magmitude of the congentrated
load producing & dynamic strain in the hull at the tine ofl an

i anderwater explosiont

F/ﬂ\‘b‘fz ‘I_}-—f"fhlpi | .

where JL = moment of inertia abt the area of the hull section i
B under consideration
'P*’ = sbatic moment of thatl portion of the same section
which liss along one side of the neutral exis, with
respect to that axis
Zf = sum of the thicknesses of the vertical walls of the
section
fhf’ = magnitude of the relates stress producing the
destruction of the vertical walls of the section
(the appropriate yield point of the materials, or

Euler's formula for stress)s

We tentatively assume that the section for which the
greabest nagnitude of dynamic load 1is to be computed is located Ll
at a distance of approximately 0.1 ,é from the low extremity of i

the hull, with l = full length of the shipe

We may make an agsumption of this kind since, in the desig-
nated area of the bow extremity of the ship, the magnitude of the

force computed by equation (15) varies with sufficient regularity.

The duration of the action of the load T, figuring in

equation (1) has a great effect on both the magnitude and the

A
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character of the dynamic straing in the lde Ourve 1 in figure

13 shows the dependency of the coefficient of dynamisn of the
load K , which gpaclfies the magnitude of the greatest 8train,

on the relationship
~| | = Ts Ly
) 7—\ i
The duration of the action of the load T has an even greater

effect on the magnitude of the maximum acceleration produced by the

acbion of this 1oad on the Tl sectione

An examination of equation (10) for acceleration leads to
the conclusion that i th the diminution of the time of action of
the load T, the total accelerations in the hull sections diminish
rapidly. Moreover, their maximum values are attained in the area
of application of the loads During the very brief action of a
large load, similar ‘to the phenomenon of a blow, these accelerations
may attain very greab magnitudes in comparison o the accelerations
encountered in engineering practice. However, owing to the short
duration of the action of such accelerations, and also to the very
gnall amplitude of the strains corresponding to them, although they
are physiologioally unpleasant and painfully felt, they are not
dangerous for the stability of the individual ship structures, and ,

are less dangerous for the general stability of the whole ship.

The adverse effect of such accelerations on ships' instruments

may be easily counteracted by the use of suitable shock-absorberse

The effect of the duration of the load T on the bending moments ;
which it creates in the hull sections, yields to analytical examination

only with the greatest difficulty, since these bending moments are

created as a result of a fluctuation in the rorces of buoyancy ab the

- 16 =
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ting of the dynemlc ghraing in the hull, end as @ resulb, el8o, of

the action of the inertia Lorces of the masses of the snip, the
magni.tude and distribution of which are determined by the masnitude

and dig pribution of the accelerations in the hull gectionie

Completed numeri.cal computations suostantiate the & P_':z_'_i_g;'__:\:
assunpbion that for a {loatdng ghip, the most dangerous perdod i
ol duration of the action of a load, irom tne point of view of ~
the bending of the hull, ig that period during which the straln
in the hull corresponding 1o the first harmonic frequency of its
{pee vibrations, reaches its maximumg that is, ab a =E7;1_—:0.é,
e | = (67T, where T4 nalf period of free vibration of ‘the

hull in the first harmonic frequency (figure 150) .

______‘..—-—-v-——._.—-m-.—m«--——-,,-.__w

’/«( /”/‘M
T

",
e

.,.,——-—-—......-...-.,.—.-—.__.‘-——u. I oo sames s

(Figure 150)

An underwater explosion near a ship may act on the null both

in the form of 2 wave of condensation and rarefaction gpreading

through the water with great se ed during ‘the briefest period of
its action, and in the form of a direct nydraulic jmpact of moving

masses of water during a longer period of its actione 1f the under=

‘;
‘;

water explosion is accompanied by the destruction of that part of
the ship in the area of the explosion, its effect on the whole ship

i as though abserbed by the destruction of that part of the shipe

e T

-
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At the same time, the duration of actlon on the whole ship by

corpesponding forces is increasede

Thus the duration of action of the forces acting on the
mll at the time of an underwater explosion, may vary wlthin
very great limits; and the effects of underwater explosions on

the full may, accordingly, be various.

in a given case one must consider the most dangerous
instance of an underwater exploslon; that is, one must take,

ror the duration of its actilon, T: /L7 T,

As regards the moment of time z‘z , for which one must
compute ‘the bending moments,one may, with sufficient accuracy for

practical purposes, take the value of this time as 'C/'—'—O-Zﬁt"

Although in certain sections of the hll the maximum bending
moments may be reached at values of time 't differing somewhat
from 1= .75, these bending moments do not materially differ
from the values obtained at ro= 9'757: and for this reason it
is not necessary to compute them with the very highest degree of

accuracy, requiring correspondingly extensive labors of computatione

T
A L = 72:'.7’,”"0"4’and ¥ = Og4 7 the strain and, conse-

quently, the bending of the hull corresponding to the first harmonic

frequency of its free vibrations, reach a maximume

5, On the basis of the assumptions m.de above regarding the
point of application and the limits of fluctuation in time of the
load acting on the hull at the time of an underwater explosion,

functions (’0‘4 and J w o figuring in equations (9), (10, and (11)
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are determined by the following equations, deduced in Chapter
I, Part I

Strain at the point of reduction (bow extremlity of the

hull)s
bn el 1l "n"ﬁ
= n—————- sll"d A - d‘ 5‘/’/‘/ ___._’-) . (/o)
cf:m / -"d; "y 4 Zin

Accelerations at the point of reductlon:
) 2 A
ya s
_ _ I~ } S ___)
Jy %, C/‘n (fﬂncT ’ Y

where qﬁn T = Fmix  static strain at the point of reduction

K. o
~m TP corresponding to the normal function Fy, B
where max greatest magnitude of the |
load acting on the hull at the time of an
underwater explosion, and Kﬁ1 1P = reduced
coefficient of rigidity corresponding to the
normal function fﬁh (efe Para,le) E
Tyn .
Ay= L. tentative denotation, in which T, = half
T

period of free vibration of the hull correspond-
ing to the normal function F:\ (cfe v /), and i

7 = duration of the action of the load.

ITI - GENERAL CONCLUSIONS

Computations made on thﬂbasis of the most unfavorable assump-
tions, as indicated above, show that the maximum bending moments

produced in the hull sections by an underwater explosion, may considerably

- 19 -
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axceed those bending moments which are obtained by the conventd.on-
al computetions of the lonpitndinal. stability of the hull by posi-
tioning the ship on the base of a wave, This disparity becomes ; {‘_
particularly notlceable in those areas of the length of the hull :

in which the curve of the bending moments for the position of the

ship on the base of the wave, drops sharplye _In these areas of

the hull, the bending moments created by an underwater explosion

may be from 2 to 2% times as rreal as the conventionally computed

pending moments obtained by positioning the ship on the base of a

wave, Since, in the conventional computation of the Jongitudinal

stability of the hull, the norms for the allowed stresses are equal

to from 50 to LOP of the yield point of ‘the material -- that is,

the coefficients of salety, relative to the yield point of the ma-

terial, are from 2 to 2% = the preatest stresses in the hull sec~

tions at the time of an underwater explosion, will not exceed the

yield point of the material and, consequently, the conventional

computation of the longitudinal stability of the hull by position-

ing a ship on a wave, shoulc adequately guarantee the stability of

the hull, even in the case of an underwater explosione Obviously,

however, such & conclusion will be correct only where there is a r
strict proportionality belween the magnitudes of the bending moments
and the stresses they have created in the hull sections. Otherwise,
the bending moments occurring in the hull at time of an underwater
explosion will create stresses in the hull sections which exceed
the yield point of the material; that is, the underwater explosion
may be accompanied by the impairment of the integrity of the hull i

outside the area of its direct actions What was gsaid above is

illustrated

- 20 -
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(Figure 151)

in Figure 151, in which the bending moments are laid out along

the horizontal axis, and the siresses corresponding to them are
laid out along the vertical axiss. Where there is a strict Pro=
portionality between the bending moments and the stresses, their
relation to each other will be defined by the straight line 0A,
passing through point C, which corresponds to the bending moment
as per the conventional. computation of the longitudinal stability
of the hull, and its related stress, equal to from 50 to LOZ of
the yield point of the material. Where this bending moment is
increased from 2 to 2% times -- that is, where the bending moments
correspond to the conditions of an underwater explosion =- the
stresses should increase by just that much and, consequently, reach
the yield point of the material (poind D)s In thé absence of pro-
portionality between the bending moments and the stresses, their
relation to each other will be defined by a certain curved Line OE3
and in this case the stress corresponding to the bending moment
produced by an underwater explosion will exceed the yield point of

‘the material (point ¥)e

On the basis of what has been said above, it may be supposed

- 0L -
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that the 1 pairment of the integrity of the hull outside the area

of direct action of the underwater pxploslon, could not toke effect
- or; in any case, the 1ikelihood of the appearance of this phe=
nomenon would be conslderably 1egsened == 1L, in a1l sections of ,\“,
the hull, an adequately gtriet propor*cionality were pmsarved bet- S

i ween the bending moments acting on those gections, and the stregsed

m— up bo the oritical bending moment at which the gtpegs in the hwll

section reaches the yield point of the materiale For these condis= :

tions Lo be fuliilled, it e necassary thalt all of the upper, extbern-

al structural members of the hull be guamn'heed apalngt these com=

pression slresses equaling the yield point of the materiale Other~

wise, the gectional areas of these members will enter into the com= ‘

putation of the equivalent girder with reducing coeflicients less ‘

ghan unity, and propor’tionally smaller as the compression stresses

acting on them arc largers. As 2 result, the pl'-oportiouality between

the bending moments and the stresses will be impairede Moreover !

the stresses will increase more rapidly than the bending moments,

as is shown by the curve OB in Pigure 151

The requirement deduced above, concerning the necessity of
guara,nteeing the resistance of basic gtructural members up to
ghresses equalling the yield point of the material of those members, ‘: ’52
has by no means been adequately complied with in contemporary hull

constructions i

' 2, Verified computations carried out for ships which had !

undergone the kind of damage from underwaber explosions which we

were considering above, have shown that the resistance of the upper,

external structural members proved jtgelf by no mesns adequate from

the point of view of the requirement mentioned abovee. On the basis

- 22 -
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of the conventional computation of the general longitudinal
gtability of the hull for a ship positioned on a wave, the

norms for the allowed stresses, determined by the computation

of the sien function of the load acting on the hull, are from

1O to 50% of the yield point of the nateriale Accoraing o

thig, from the point of view of lormal computation, there is no
necesslty for completely puarantesing the resistance, even of
such fundamental structural members of the hull as the deck
stringer and the sheer strake, This applies with even greater
force to the extremities of the hull, where the computed stresses
usually fall far short of the norms indicated aboves Thanks to
this, the material of th gtructural members of the hull is not
adequately employed with regard to the various possible overloads
on the hull, which it is not calculated for, bub which may occur
in practice -~ for example, on the occasion of an underwater ex=
plosion, of running aground on a sandbar, or of the impairment

of the integrity of certain structural members as a result of

war damage, etCe

What was said above concerning the necessity of guaranteeing
the resistance of the fundamental longitudinal members of the hull
apainst compression stresses equal or near to the yield point of
the material, should be Fully applied to all hull structures, with ;
the aim of the greatest possible increasing of the maximum resis-
tarce of these structures against those possible overloads which

sanmot be foreseen and for which one may not make computations, bub

to which the structural members may be subjected under the varying i

conditions of a ship's services

In particular, for example, the resisbance of the structural
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members of a ship's ekin -- that ds, the deck, the bottom, the
gides, and the hulkheads -~ must be pguaranteed, not only agalnst

the conventionally computed lead, but also apainst a critical loads
that is, agailnst a load whlch creates in the sections of these
structural members, stresses equalling the yleld point of the materw

iale

3¢ On the hasis ol the data derived above il is possible to
draw the following conclusions regarding the guaranteeing of the
general stability of the hull against the action of underwater ex-

plosionse

(a) The reason for the impairment of the integrity of
the hull in the area outside that of the direct action of an under-
water explosion, is the bending of the hull in the vertical plane,
oceurring as a result of the dynamic strains in the hull considered
as a solid body, and the strains of a vibratory nature, occurring
as a result of the dynamic load applied to the hull at the time of

the underwater explosion.

(b) In order to avoid the impairment of the integrity
of the hull outside the area of the underwater explosion -- or,
in any case, to reduce to a minimum the likelihood of the appearance
of this phenomenon -~ it is necessary that the resistance of the
fundamental longitudinal members be guaranteed compression stresses

in them, equalling the yield point of the material of these memberse.

(c) In the construction, and in the computation of the
stability, of all ship structures, including the hull in all the
extent of its length, it is necessary to obtain the greatest full

ubilization of the construction materialy that is, the greatest
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full guerantee of resistance of its structural members, not only
againset the action of a conventlonally computed load, but also
agalnst the actlon on it of a critical -- that is, a destructive : {: o
-=load, which evokes the yield point of the material in its struce

; tural memberss This is necessary in order to achleve, without

the expenditure of new material, the maximum degree of resistance

in the projected structure, against such loads, which are quite
possible in actual practice, but which cannot be foreseen or taken
into account in computations (underwater explosions, running aground

on a sendbar, etc.)
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