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 Investigation of the Hull -Superstructure Interaction in order to 

Predict the Contribution of Superstructures to Hull Girder 
Strength   
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Outline  



ÁPassenger ships have strong hull and superstructure 
interaction  

ÁThe main hull and superstructure contribute fully to the 
longitudnal strength  

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

 

Introduction  



Design and Rule Requirement Conflicts  

Design 
Requirements  

for Large 
Openings  

Structural  Safety 
with Large 
Openings  



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

Objective  

Studied Ship  

ÁOmar El Khayam  

ÁOperated on Lake Nasser in Egypt  

ÁOne of Largest Inland Cruise Ships BV has classed  



General Description of the Ship  



General Description of the Ship  



ÁHull Superstructure Bending Stress Distribution  

 

Hull and Superstructure Interaction Problem  



ÁCase A: Superstructure is long enough  

                 Stress in linear form  

ÁCase B: Superstructure is short  

                 Significant vairance in hull and deckhouse  

ÁCase 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 Problem  



ÁBending Efficiency  

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

Hull and Superstructure Interaction Problem  

ÁFactors Affecting 
Bending Efficiency  

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

 
ÁHull Girder Strength  

Based on simple beam 
theory  

 

ÁNet Scantling  

Gross thickness deduct the 
Corrosion thickness  

 



Hull and Superstructure Interaction Problem  
Bending Efficiency  

    A I e  ASH Ǹ j Ȋ Ȗ Ȍ 

    [cm 2] [cm 4] [cm]  [cm 2] [cm -4] [cm -1] [m]  [-] [-] 

Deck 3  1 7630.7 2.00E+08 235.2 403.3 1.97E-08 6.87E-04 26.875 1.85 56.69% 

  e  1846.5 2.64E+06 340.9 73.5           

Deck 4  1 8528.8 5.29E+08 416 476.8 2.24E-08 7.52E-04 47.65 3.58 50.41% 

  e  1721.7 2.35E+06 259.5 76           

Deck 5  1 10250.5 1.19E+09 572.6 552.8 1.82E-08 6.45E-04 45.5 2.94 39.98% 

  e  1695.1 2.07E+06 260.6 66.5           

Deck 6  1 11945.6 2.20E+09 724.3 619.3 1.89E-08 5.66E-04 42.45 2.4 27.71% 

  e  1265.8 1.47E+06 260.7 47.5           



ÁLongitudinaly framed (mainly)  

ÁFore and aft part transversely framed  

ÁDouble bottom Structure  

ÁSwimming Pool and Jacuzzi  

ÁLarge balcony  

 

ÁMaterial: Grade A normal strength steel  

 

Ship Structure Details  



 ÁFive frame locations are 
modeled in MARS INLAND  

ÁStress distribution is 
checked without bending 
efficiency  

ÁStress distribution is 
calculated considering 
bending efficiency after  

ÁFrame locations: 32m, 37m, 
46m, 50m and 73m  

 

 

Rule Based Analysis  



Structural  item  Z, [m]  Simple  beam  

theory  

NR 217 

Ȓx1 Ȍ[%]  Ȓx2 

Bottom  0 -32.37 100 -30.04 

Inner  Bottom  1.6 -24.14 100 -22.55 

Main  Deck  4.4 -9.76 100 -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 

Rule Based Analysis  



ÁStructural details are 
included except some 
brackets which do not 
participate in the hull girder 
bending  

 

ÁSoftware: FEMAP  

ÁElements:  

 Plate/Shell   
 Elements for   
 Plates and Stiffeners  

 Rigid element for the 
 application of loads  

 

Strength Analysis by Using Finite Element 

Analysis Software  



Strength Analysis by Using Finite Element 

Analysis Software  



Strength Analysis by Using Finite Element 

Analysis Software  



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  



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

ÁSagging condition should 
not be considered  

Strength Analysis by Using Finite Element 

Analysis Software  
Loads  


