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Stresses at points A and B from equation (7) are
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2,408,588

359,300 (0.000022019 + 0.0000040857)

9.379 tons per sq in., tension
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= 359,300 (0.000018132 + 0.0000032037)

= 7.666 tons per sq in., compression

A comparison of stresses in the upright position and
inclined 15 deg shows in this particular case an increase
of stress of approximately 15 percent in the deck stress
and a similar reduction in the bottom of the bilge.

Deck Bilge
Upright stress.......... 8.20 6.75
Inclined 15°........... 9.379 7.666

In other cases, as for example with the deck stringer
plate and the sheer and bilge strakes substantially heavier
than the rest of the deck and shell plating, the section
modulus both to the deck and to the bottom of the bilge
may be increased in the inclined position.
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PRINCIPLES OF NAVAL ARCHITECTURE

Cargo Vessel 563 ft 7%/, in. X 528 ft 6 in. X 76 ft 0 in. X 44 ft 6 in.

Assumed Neutral Axis = Centerline

Design Draft = 31 ft 6 in

Scantling a

Gunwale angle 8§ X8X1 15.00
Main deck plating 276 X 1.125 310.50
Main deck strap 13.5 X 1.125 15.19
Second deck plating 276 X 0.5625 155.25
Sheer strake 60 X 0.8125 48.75
Side shell 246.5 X 0.7187 175.36
Side shell 123 X 0.7187 88.40
Bilge strake 195 X 0.8125 158.44
Bottom shell 315.5 X 0.8125 256.34
Flat keel 26.5 X 1.00 26.50
1.B. margin 53 X 0.5937 31.43
I.B. center strake 26.5 X 0.5937 15.71
1.B. plating 365.5 X 0.5Q 182.75
C.V. keel 59 X 0.5937/2 17.49
Inboard longitudinal girder 59 X 0.5312 31.34
Outboard longitudinal girder 59 X 0.4062 23.97

1,550.42

Side C = 38.056 ft.
2,408,588.79

38.05

Side I/C =

Fig. 21

5.9 Section Modulus in Inclined Position. Under
small angles of inclination of a vessel from its upright
position, the bending moments are not materially af-
fected by the inclination, but the section modulus is
changed owing to the shift in the neutral axis.

In the inclined position (Fig. 20) the maximum hull
stresses are at the top of the sheer strake on the high side
and the bilge strake on the low side. A method of ob-
taining the shift of the neutral axis and the resulting
stresses is given in [32] and will be applied to the midship
section shown in Fig. 15.

The angle between the neutral axis N-N and the axis
OY’, in the inclined position of the vessel, is

w = tan™! <%: tan ¢>

where I,» and I, are the moments of inertia about the
Y’-Y’ and Z’-Z’ axes, respectively.

Knowing the position of the neutral axis N-N, the
section modulus can be calculated about this axis. How-
ever, for ease of calculations, SM,,, and SM,, can be
used to determine the in-plane stresses and the com-
ponent stress evaluated at the point under consideration.
Having the value of the vertical hogging moment, the
stresses can be determined. Knowing the coordinate dis-
tances from the Y'-Y’ and Z’-Z’ planes for the points A
and B of Fig. 20, and I,» and I.,, the stresses may be
found.

I, and I, for the midship section shown in Fig. 15 are
given in Figs. 16 and 21, and are 1,078,744 and 2,408,588
in.-squared ft-squared, respectively. The coordinates for
points 4 and B in Fig. 20 are 24.59 and 38.03, and 20.25
and 29.83 ft. The vertical hogging moment for 1.1 /L
wave height, on a wave of the ship’s length, is 359,300
ton-ft (Fig. 10).

dn ad, ad,? h i
37.80 537.00 21,432.60
26.50  8,228.25 218,048.63  23.00 13,670
18.00 273.42 4,921 .56 1.13 2
26.50  4,114.13 109,024 45  23.00 6,840
38.03 1,853.96 70,506 09
38.03  6,668.94 253,619.79
38.03  3,361.85 127,851.16
33.04  5,234.86 172,959.77  9.65 1,228
15.33  3,729.69 60,242 15  26.30 14,780
1.10 28.05 30.85  2.21 11
34.79 1,093.45 38,041.13  4.42 51
1.11 17.44 19.36  2.21 6
17.44  3,178.16 55,427.11  30.46 14,100
0.00 0.00 0.00
15.02 470.73 7,070, 36
2452 587.74 14,411.38
39,607.67  1,153,606.39 50,688
50,688.00

=1/2 1,204,294 .39
I 2,408,588.78

= 63,300.6

Section modulus in inclined position

The angle w of rotation of the neutral axes N-N, from
the original horizontal axis of the vessel, for an inclina-
tion ¢ of 15 deg is obtained as follows:

The component bending moments in planes Y’-¥” and
Z'-7' are

MB(Y/~Y') = A[B Sin ¢

Mpz'—zy = Mg cos ¢

Bending moments in planes Y’ and Z’ produce stresses
in each element of the structure of

Mgcosgpz/
a = — s
v Iy/
M gsingy’
g = ——
1.
where
I, = moment of inertia in the Y’-plane
I, = moment of inertia in the Z’-plane
y’, 2’ = distances to an element

The total stresses at P’ is the sum of the ¥’ and Z'-
plane stresses at that point

o= o, + o
_ MB;()sdaz’ 1 MBiincby’ @)

Location of the neutral axis is found by equating equa-
tion (7) to zero and solving for z':
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(ver NOTA)





NOTA: los ejes Y’-Y’ y Z’-Z’ son los ejes OY y OZ de la figura de pág.34 del teórico, solidarios con el buque escorado.








