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PRINCIPLES OF MAVAL ARCHITECTURE

Table 2—Section Modulus Calculation {English Units}
Moment of Inertia of Hids!'#l Seetion Carpo Vesse] 563 [t T4 in. » 628 f£ 6 in, x 76 £ 0in. x 44 ft 6 in.
L

Assumed Neutral Axis = 20 ft 0 in. WL Design Draft = 31 ft 6 in.
Member Seantling a d, ad, ad? k i
Granwale angle B8 x1 1500 2479 37185 9,218.08
Main deck plating 976 % 1125 31050 2492  7,737.66 192.820.49
Main deck strap 185 % 1.125 1519 2525 38455 4 684,64
Second deck plating 276 % 05625 15525 1554 241259 47 491.65
Sheer strake 80 % 0.8125 ART5 2800 112125 2578876 5 101
Side shell 2465 x 07187 17536 1028 180227 1852784 2054 6,189
=ik R
29353095 8,270.00
i, 6,270.00
Total above 20 ft 0 in. WL 720,06 13,820.17 299,800.95
Side shel 123 ¢ 0.7187 RE.40 524 463.22 2421.27 10,25 115
Bilge strake 195 % 08125 15844 1725 273309 AT 14580 965 1228
Bottom shell 4155 w 08125 26634 2004  5137.05 102,946.48
Flat keel 26,5 » 1.00 26.50  20.04 531.06 10,642.44
I.B. margin 53 w 05987 3148 15.03 47234 7.100.02
I B, center strake 985 w 05937 1571 1508 236.12 9.548.88
LB. pl.lating 9655 x 0.50 18276 1506 275222 41.448.43
C.V. keel 50 % 0.5047/2 1749 1150 06,08 536640 4.9 33
inboard longitudinal girder 59 % 05312 3134 17.50 548.45 959788 491 &7
(Jutboard longitudinal girder 59 % 0.4062 2397  17.50 419.48 734090 491 48
T 237,554.55 2,051
¥i, 2056100
Total below 20 ft 0 in. WL §90.37 13,508 12 239,605.55

251105 A = Ea = 1,550.42
d, = yepqp 044
1/2 = £39,406 — 34.43 = 539,372
Top € = 2450 0.149 = 24 44
1,078,744
Tﬂ'ﬂ E 7450 43,359

43 Calculation of Section Modulus. An important
step in routine ship design is the caleulation of midship
aection modulus. As defined in connection with Equa-
tion (27), it indicates the bending strength properties
of the primary hull structure, The standard caleulation
is described in ABS (1987a), Section 6: “The section
modulus to the deck or bottom is obtained by dividing
the moment of inertia by the distance from the neutral
axis to the molded deck line at side or to the base line,
respectively.” See Fig. 23,

“In general, the following items may be included in
the ealeulation of the section modulus, provided they
are continuous or effectively developed.

« Deck plating (strength deck and other effective
decks).

« Shell and inner-bottom plating.

« Deck and bottom girders.

« Plating and longitudinal stiffeners of lon ritudinal
bulkheads.

« All longitudinals of deck, sides, bottom and inner
bottom.

. Continuous longitudinal hatch coamings.”

Sad, = 231.05 [, = 539,406.50
A % dg® = 1650.42 ¢ 0.1497 = 34,43
1= 539,372 % 2 = 1,078,744

Bottom ?‘ = Eﬂ.ﬂ'g ‘T* 0.149 = 20.23
1,078,744
o e o~
Bottom ¢ 5055 13,824

The designation of which members should be con-
sidered as effective is subject to differences of opinion.
The members of the hull girder of a ship in 2 seaway
are stressed alternately in tension and compresaion,
and certain of them will take compression even though
deficiency in end connection makes them unable to take
full tension, while other members, perhaps of light
plating ineffectively stiffened, may be able to withstand
tension stressea to the elastic limit, but may buckle
under a moderate compressive stress. In general, how-
ever, only members which are effective in bath tension
and compression are assumed to act as part of the hull
pirder.

The section-modulus caleulation far the cargo ship
shown in Fig. 23 is carried out in Table 2. This eal-
culation is based on the following formula for the
moment of inertia of any composite girder section:

I=2[I, — Ad}] = 2[Z(, + ad)f) — Ad?] (33)

where

[ is moment of inertia of the section about a line par
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Fig. 21 Caorgs ship midship section

allel to the base through the true neutral axis
{center of gravity), expressed in em®-m* (in®ft?).

I.is moment of inertia of the half-section about an
asgumed axis parallel to the true neotral axis,
= E(tp + ad}’)

A istotal half-section area of effective longitudinal
strength members, = XZa, in em® (in?). Generally
no deduction is made for rivet holes.

d,is diﬁta.nfcn from the assumed axis to the true axis,
m (ft).

i, 15 vertical moment of inertia (about its own center
of gravity) of each individual plate or shape
effective for longitudinal strength,

a is area of each such plate or shape, in em® (in)",

o, is distance of the center of gravity of each such plate
or shape from the assumed axis, in m (fL).

Owing to symmetry it is necessary to include in the
caleulation only the structural parts on one side of the
centerline, the result of the caleulation being multiplied
by 2 as indicated in Equation (33). Accordingly, quan-
tities listed in Table 2 are for one side of the ship
shown in Fig. 2%.

If the assumed axis be assigned an arbitrary loca-
tion, the known or directly determinable values are 1,
a, and d_: hence [, may be obtained. The value of 4
isalsp knownand d, = Zad, /Za = Zad, /A; therefore
Ad}is determinable. The baseline may be used for
the assumed axis, There is, however, some advantage
in using an assumed axis at about mid-depth in that
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lever arms are decreased. In that case the assumed
axis should be located at abotit 45 percent of the depth
of the section above the baseline, the actual position
of the neutral axis being normally at less than half-
depth because the bottom shell plating has greater
sectional area than has deck plating (exeept in such
cases s tankers). This condition is accentuated when
an inner bottom is fitted.

After [ had heen calculated as outlined and as in-
dicated in Table 2, the section modulus [/¢ may be
obtained to both top and bottom extreme fibers.

For the sake of convenienee and uniformity, the fol-
lowing conventions are usually observed:

+ Since the moments of inertia i, of individual hor-
izontal members are negligible, they are omitted from
the ealeulations,

s The top ¢ is taken from the neutral axis to the
deck at side, the bottom ¢ to the baseline.

3.4 Distribution of Shear and Tronsverse Stross Com-
ponents. The simple beam theory expressions given
in the preceding section permit us to evaluate the lon-
gitudinal component of the primary stress, o,. In Fig.
24 we see that an element of shell or deck plating may,
in general, be subject to two other eomponents of
stress, a direct stress in the transverse direction and
a shearing stress. Fig. 24 illustrates these as the stress
resultants, defined as the stress multiplied by plate
thickness. The streas resultants have dimensions of
force per unit length and are given by the following
CXPreEssions;

stress resultants

shear atress resultant or shear
fow

glresses in the longitudingl and
girth-wise directions

T shear stress

i plate thickness

N, =tlo, N. = Lo,
N=|[r

o, o,

Here o, designates the transverse direct stress parallel
to the vertical axis in the ship's side and parallel to
the transverse axis in the deck and the bottom.

Through considerations of static eguilibrium of a
triangular element of plating, iL may be shown that
the plane stress pattern deseribed by the three com-
ponent stresses o, o,, ¥ may be reduced to a pair of
alternative direct streases, o,, oy, The stresses o,
oy are called principal stresses and the directions of
ery and o, are prineipal stress directions. The prineipal
stresses are related to o, o, and 7 by

et O

N T

The two angles, 8, between the raxis and the direc
tions of o, and o, are

oy, 0y =

er

Ty — T,

lan 28 = — (35)
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Fig. 24 Eiement of plate struchure in deck or side shell, [lluxtrating companents
ol bending thed rewliants

Detailed derivation of these expressions may be found,
for example, in Timoshenko (1965).

In many of the ship, the longitudinal stress,
., is the dominant component. There are, however,
locations in which the shear component becomes im-
portant and under unusual circumstances the trans-
verse component may, likewise, become important. A
suitable procedure for estimating these other compo-
nent stresses may be derived by considering the equa-
tions of statie equilibrium of the element of plating
illustrated in Fig. 24. In case the stiffeners associated
with the plating support a part of the loading, this
effect may also be included.

The static equilibrium conditions for the element of
plate subject only to in-plane stress (ie, no bending
of the plate) are

aN, . aN

az+ﬂs 9 (36)
AN, N _

=

In these expressions, s, is the girthwise coordinate
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measured on the surface of the section from the r-axis
as shown in Fig. 24. -

The first of Equations (36) may be integrated in the
s-direction around the ship gection in order to obtain
the shear stress distribution. For this purpose, we as-
gume, as a first approximation, that the longitudinal
stress, o, is given by the beam theory expression (27).
Then, if we assume that the hull girder is prismatic
{or that [ changes slowly in the z-direction) so that
only M(x) varies with 7, the derivative of N, is given
by differentiating Equation (26),

aN, _ _ & dM{z)
dx I dzx 37
= - S—F Viz)

where V(z) = shear force in the hull at 2
The shear flow distribution around a section is given
by integrating the first of Equations (36) in the

s-direction,
Nig) — Ny = ?al:-r s
- [ (38)
= E!fﬂ [' tzds
Here, N,, the constant of integration, is equal to the

value of the shear flow at the origin of integration,
s = 0. By proper choice of the origin, N, ean often be
sel equal to zero,

For example, in a section having transverse sym:
metry and subject toa bending moment in the vertical
plane, the shear stress must be zero on the centerline,
which therefore, is a suitable choice for the origin of
the girthwise integration. The shear flow distribution
around a single-walled symmetrical settion is then
given by

Viz)

Nis) = -"—r' mis) {38)

with N, = 0 in the case of such symmetry.

The quantity m(s) = _[. tzds is the first moment
about the neutral axis of the cross sectional area of
the plating between the origin at the centerline and
the variable location designated by s. Thisis the shaded
area of the section shown in Fig. 24.

If a longitudinal frame or girder that carries lon-
gitudinal stress is attached to the plate, as shown in
Fig. 25, there will be a discontinuity in the shear flow,
N(s), at the frame corresponding to a jump in m(s).
This may be seen by considering the equilibrium of
forces in the z-direction of the system of plate shears



