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Introduction

APassenger ships have strong hull and superstructure
Interaction

AThe main hull and superstructure contribute fully to the
longitudnal strength

AlLarege openings in the side shell and decks, the load
transfer from the recession of the side shell make the
structural behavior complex




Design and Rule Requirement Conflicts

Design
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with Large

for Large Openings
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Objective

APredict the structural behavior of superstructure in FEA and
compare the rule based analysis results

Studied Ship

AOmar El Khayam
AOperated on Lake Nasser in Egypt
AOne of Largest Inland Cruise Ships BV has classed




General Description of the Ship

Identification

Register Number: 09827J

Ship Name: OMAR EL KHAYAM
Type & service: Passenger vessel
Owner: TRAVCO NILE CRUISES
Connecting District: ALEXANDRIA (ALX)
Fag: EGYPT

Port of Registry: CAIRO

Machinery

Propeling Type: Deesel

Licencs: CATERPILLAR

Date of Build: 01 Jun 2005

Buiider; CATERPILLAR, Inc.
Place of Build (country): Mossvill2 (Nlinois) (USA)
Power and rating

Total Fower (kW): 1710 kw

Total Fower (HP): 2325 HP

Propeling machinery

Internal Combustion (3)4T-12cyl-13.72cm x15.24 cm at2100 rpm
Engine:

Electrical installation

Frequency: 50 Hz

Propelers and prepellershafts

Propeling system: 2 Screw Propeller Solid Ord 10.00

1 Screw Propeller Solid Ord 10.00 at 719 rpm

Classification

Main Class Symbols:
Service Notations:

Navigation Notations:
Machinery:
Equipment:

Dimension

Gross Tonnage 69:
Overall Length:
LPP:

Breadth:

Depth:

Draught:

Hull & Cargo
Buiider:

Place of build (Country):

Date of Build:
Hull Matenal:
Number of Cont. Decks:

Tanks
LBC:
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General Description of the Ship

Upper deck Main deck Restaurant Observalion lounge  Pooljacuzzi
Observation deck | Middle deck | Lower deck | Recaption Sun deck
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Hull and Superstructure Interaction  Problem
AHull Superstructure Bending Stress Distribution
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Hull and Superstructure Interaction Problem

ACase A: Superstructure is long enough

Stress in linear form
ACase B: Superstructure is short

Significant vairance in hull and deckhouse
ACase C: Intermediate case

When the superstructure is 15% -20% length of main hull, it
can be regarded as a relatively long superstructure




Hull and Superstructure Interaction

ABending Efficiency

A parameter Iindicating the
contribution degree of an
erection to the hull girder
strength

AHull Girder Strength

Based on simple beam
theory

Problem
AFactors Affecting
Bending Efficiency

Ship geometry, Connections,
Hull section modulus, Materials
and Opening Size

ANet Scantling

Gross thickness deduct the
Corrosion thickness



Hull and Superstructure Interaction  Problem

Bending Efficiency
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Ship Structure Detalls

ALongitudinaly framed (mainly)

AFore and aft part transversely framed
ADouble bottom Structure
ASwimming Pool and Jacuzzi

AlLarge balcony

AMaterial: Grade A normal strength steel




Rule Based Analysis

AFive frame locations are
modeled in MARS INLAND

AStress distribution is
checked without bending
efficiency

AStress distribution is
calculated considering
bending efficiency after

AFrame locations: 32m, 37m,
46m, 50m and 73m
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Rule Based Analysis

Structural item Simple beam

theory

Bottom 0 -32.37 100 -30.04
Inner Bottom 1.6 -24.14 100 -22.55
Main Deck 4.4 -0.76 100 -9.06
Deck 3 7.2 4.63 56.69 2.44
Deck 4 9.9 18.50 50.41 8.66
Deck 5 12.6 32.38 39.98 12.01
Deck 6 15.3 46.25 27.71 11.89




Strength Analysis by Using Finite Element
Analysis Software

ASoftware: FEMAP AStructural details are
Included except some

AElements: nrackets which do not
Plate/Shell narticipate in the hull girder
Elements for nending
Plates and Stiffeners

Rigid element for the
application of loads
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Strength Analysis by Using Finite Element

Analysis Software
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Strength Analysis by Using Finite Element
Analysis Software




Strength Analysis by Using Finite Element Analysis

Software
Rigid Element




Strength Analysis by Using Finite Element Analysis

Software
Boundary Condition




Strength Analysis by Using Finite Element

Analysis Software
Loads

AAccording to BV Inland
Rules, the calculation
should be based on hull
girder bending moment
iInduced by still water
bending and wave
bending moments

ASagging condition should
not be considered

Still water hogging bending moment
My, = 0.273L2B1342D%172(1.265 — C5)=126317kN.m
Still water sagging bending moment
Mg =0
For range of navigation IN(1.2 < x < 2). the absolute value of the wave-

induced bending moment amidships 1s to be obtained as follows:

My, = 0.021nCL?B(Cg + 0.7)= 43692kN.m



