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Abstract

This paper presents definition of symmetry of a ship section where three symmetries are proposed: material, geometric, and
load symmetries. Precise terminologies of centroid, moment plane, and neutral axis plane are also defined. It is suggested that
force vector equilibrium as well as force equilibrium are necessary condition to determine new position of neutral axis due to
translational and rotational mobility. It is also stated that new reference datum of ENMP(elastic neutral moment plane),
PNMP(fully plastic moment plane), ENAP(elastic neutral axis plane), and INAP(inelastic neutral moment plane) are required to
define asymmetric section properties such as second moment of area, elastic section modulus, yield moment, fully plastic
moment, and ultimate moment. Since collision-induced damage and flooding-induced biaxial bending moment produce typical
asymmetry of section, the section properties are calculated for a typical VLCC. Geometry asymmetry is determined from ABS
and DNV rules and two moment planes of 0/30 degs are assumed for load asymmetry. It is proved that the property reduction
ratios directly calculated from second moment of area are usually larger than area reduction ratio. Reduction ratio of ultmate
moment capacity shows amost linearly proportional to area reduction ratio. Mobility of elastic and inelastic neutral axis planes
is visually provided.

Keywords : Material symmetry(XiZ2 CHZ), Geometry symmetry(&& tHZ), Load symmetry(ctEs CE)), Elastic neutral moment
plane(ENMP, EtM =&l e mOH) Fuly plastic neutral moment plane(PNMP, &M AN =& DHE EHH) Elastic
neutral axis plane(ENAP, EtN &= EH), Inelastic neutral axis plane(NAP, Etd S&= ™M), Damage(£4)
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Fig. 5 Asymetrically damaged section of a VLCC

Table 1 Principal dimensions(unit : m)

Lgp 32000
B 60.00
D 30.50

Tsc 22.50
a 568

sp . N7 length bet. perpendiculars)
B, D: NZ 200
Tsc » 72U OEscanting draft)

o mQ| 71

Table 2 Calculated section properties for zero deg.
moment plane(unit : mm, N, deg)

os | s | D

A, 1046E+07 9.902E+06 9.322E+06
C, 5.100E-01 1585E+03 3.471E+03
C. 1289E+04 1.205E+04 1177E+04
Tenup 1.315E+15 1191E+15 1189E+15
ZENMP, 6.916E+10 5.998E+10 5.908E+10
ZENMP 1 1027E+11 9.946E+10 1017E+10
Menmp,o 1.625E+13 1410E+13 1.388E+13
Menurp 2.497E+13 2.279E+13 2.211E+13
MEenapu 1.636E+13 1421E+13 1284E+13
Olelas 0.000E+00 3.400E+00 5.400E+00
Otinelas 0.000E+00 1.800E+00 4.000E+00
Pinelas,y -9.32E+03 -102E+04 -111E+04
Dinelas,z 5194E+083 4.683E+03 4.283E+03
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Table 3 Calculated section properties for 30 deg.
moment plane(unit : mm, N, deg)

o | Tt | D
A, 1.046E+07 9.902E+06 9.322E+06
C, 5.100E-01 1685E+03 3.471E+03
C. 1.289E+04 1205E+04 1177E+04
Ienup 2.085E+15 1.690E+15 1663E+15
ZENMP,c 6.917E+10 6.201E+10 5.698E+10
ZENMp 1 8.266E+10 6.684E+10 6.013E+10
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