6.3 Full ship safety analysis of first class passenger ships





The objective of the analysis was to investigate the structural strength of the first class passenger vessel  in fulfillment of requirements for direct calculation of the classification society Registro Italiano Navale (R.I.N.A.). 





6.3.1	Ship particulars and design models: The various particulars of the first class passenger cruise vessel structure are:





Length overall		   189.70 m                   Design draft	                     6.70 m


Length between perp.        168.05 m                   Scantling  draft	                     7.00 m


Breadth max. o.f	     29.20 m                 Gross Tonnage                    40000 GRT


Depth to bulkhead deck        9.00 m                    Deadweight                             3900 t


 


6.3.2  Material: Two R.I.N.A approved material qualities are used  : 





Steel Grade A         :   Allowable basic stress = 240 N/mm2


Steel Grade ER 36  :   Allowable basic stress = 333 N/mm2





6.3.3	Design Atributes - Maximizing structural safety








6.3.4	Design Variables - Scantlings of structural elements not satisfaing failure criteria





6.3.5	Design Constraint – List of safety factors are given in Table 4.1 and list of failure criteria is given in Table 4.2





6.3.6	Generation of Response Fields -(Displacements and stresses)


Full ship 3D FEM MAESTRO model and 3D FEM NASTRAN models for critical structural details were generated in accordance with :  (1) R.I.N.A requirements for direct calculation (2) International Ship and Offshore Structures Congress (ISSC 1997) recommendations.





Plated areas such as decks, shell, bulkheads were represented by special Q4 stiffened shell macroelements.


TRIA membrane triangular elements were also applied with appropriate thickness.


Each primary transverse frame or girder was modeled with special bracketed beam macroelement.





The final MAESTRO half model comprised of approx. 5000 grid points having approximately 30 281 degrees of freedom . 7615 stiffened shell macroelements,  8208 bracketed beam macroelements, 357 bar and pillar elements, 442 triangles, 90 brackets and 108 superelements were generated in the half model. Full model is almost double in size.





The preliminary fine mesh NASTRAN model for windows comprised 15935 grid points and  16947 Q4 elements .





Boundary Conditions


To prevent singularity of the free ship stiffness matrix, two nodes in centerline at collision bulkheads at keel level are restrained in the global Y direction. One node in intersection of transverse bulkhead and side shell is restrained in global X direction for half model. Symmetry restraints in centerline plane are generated automatically.











6.3.7	Loading


For present calculation two test static loadcases were generated using weight distribution and adjusted to the longitudinal weight distribution as given by the corresponding hydrostatic calculation.


Each loadcase comprised four loadsets : 


structure weight                                (3)  deadweight items corrected to fit GHS data


outfit weight                                     (4)  buoyancy loading.


(4) 


They can all be factored to suit needs of pressure and acceleration data supplied from seakeeping analysis.





                  The loadcase 1  represents loading  for full load-departure with base plane 


                  draft   7.114 m at x=–0.750 m  and trim angle –0.29763340 .


                  Corresponding maximal still water hogging bending moment, is obtained :


                                                     MS,H = 970 867 kNm 


                


                  The loadcase 2   represents ship with  loading  for full load-departure,


                  statically balanced on superimposed sinusoidal wave h  = 11.1 m with crest at 


                  x=87.75 m from frame 0. Required total bending moment ( hogging):


                                                 MTOT,H = 1 968 516 kNm           (at x=84 m)


Design loades obtained from the seakeeping is not analised in this paper.


6.3.8	Design Proces and Results





Deformed plot of the complete ship is shown for each loadcase in Figures 6.3…


Significant displacements are tabled below:





Table 6.3.8.1 


Maximal displacements�
X


(w.r.t  midship section) �
Y


(w. r. t.  keel )�
Z  


(w.r.t. centerplane)�
�
 Loadcase 1�
13.15 mm�
67.26 mm�
-4.71 mm�
�
 Loadcase 2�
6.29 mm�
129.41 mm�
-1.81 mm�
�



In order to present an overall view of the principal areas of high stress, contours of nodal average von Mises stress for the significant parts of the  model have been plotted for the dominant loadcase 2. Plots of nodal average von Mises stresses have been presented for:


bottom and side shell in Figure 6.3…





Minimal value of adequacy parameters achieved in  loadcase 2  for each element for all its failure modes are presented for  longitudinal bulkhead in Figure 6.3…





CONCLUSION


The behavior of the ship's structure in terms of global deformation was considered satisfactory from the structural aspect in both loading conditions considered. 





   General distribution of longitudinal stresses obtained confirms the fact stated by ISSC’97 that all continuous decks participate in global hull bending for large cruise ships. Further, that 'a complete 3-D FE model of the hull seems to be the only practical and effective method' to obtain accurate results for global deformations, effectiveness of upper decks, distribution of longitudinal stresses at each level, transfer of  forces between lower hull and upper superstructure, shear stresses in way of intermediate recess, stress concentrations around significant openings in way of side shell and longitudinal bulkhead etc.





This preliminary analysis shows that:





regarding longitudinal strength ; the effectiveness of upper decks considerably reduces longitudinal stresses in bottom structure compared to the stresses obtained from analysis of structure up to strength deck 8 only. Some savings in hull material may be therefore achieved.


stresses in longitudinal bulkhead at 2080 from centerline, in areas of maximal shear force, may cause shear buckling. Increase of the plating thickness to 7 mm or introduction of 2 more vertical stiffeners is needed in these regions to meet RINA buckling requirement.


Overall adequacy parameter in side structure between decks 6 and 8 in area of maximal shear force is lowered compared with average value. Careful analysis of windows between decks 7 and 8 has to be performed. The same applies to side plating between decks 6 and 7. Deck beams in way of pillars in recess region also require special consideration and should be reinforced.


Deck 12  is stressed in region surrounding pool so that a careful shaping should be done to avoid stress concentrations.



















































































�





�





�























�EMBED PBrush���





�EMBED PBrush���





�EMBED PBrush���











