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Are sandwich constructions a benefit for the shipbuilding industry?

Loek Dejong (mt1098306) and Wendy de Bruijn (mt1098284)

Summary

The use of sandwich constructions in deckhouse structures results in lower weight and less costs. In this research two deckhouses of equal strength, namely a conventional deckhouse and a deckhouse made of sandwich constructions have been compared in respect of weight and fabrication costs. The research proves that the weight of the new concept is 36 - 42% less and the fabrication costs 47 - 51% less. If a maximal deflection of 5 mm. of the deck is maintained, instead of the maximum stress, the weight will reduce with 48 – 52% and the costs with 47 - 55%.       

In scope of these outcomes, it is very interesting to look at the possibilities to use the sandwich constructions in the entire ship. To achieve this goal, it is necessary for the strength of the ships that the core of the sandwich panels can be connected. Three possible assembly techniques are suggested (shown in figure 4), which need to be tested on fatigue, strength and stiffness. 

1. Introduction

Every naval architect wants to construct ships as light and cheap as possible. After all, less weight means more load capacity, less fabrication costs means a stronger position against the competition. 
A shipyard in Germany, the Meyerwerft in Papenburg, thinks they have found the answer: sandwich constructions
. Even though the sandwich panels are more expensive, the Meyerwerft (and other researchers in Finland and Holland) claims that a ship made of these constructions will be cheaper to build. This is because the sandwich panels are fully prefabricated when it is delivered, so there are less man-hours in the building process of the sandwich construction at the yard. Furthermore, less stiffeners and so less meters for welding and stretching is needed. All of this will result in lower fabrication costs.  

We have researched whether the claims of the Meyerwerft and other researches in Europe are true. Our hypothesis is as follows:

‘The use of sandwich constructions in the decks of deckhouse structures will result in a reduction of weight of 30%, and a cost reduction of 20%’

If this hypothesis is true, further research for more applications in the ship is beneficial. If there are no reductions, or small reductions, sandwich constructions should not be used at all.
A sandwich panel consists of two thin face plates separated by a core. In our research, the core was made of flat bar stiffeners, as shown in figure 1. This is also the standard panel built by the Meyerwerft. The Meyerwerft also sells the panels to other shipyards in Europe.
Figure 1
 Our research was focused on the decks of a deckhouse structure, because it is not possible to use sandwich constructions in parts of the ship which contribute to the strength of the entire ship. This is because the core of the panels can not be connected, so there is an interruption in the core between the connected panels, which will result in unacceptable strength properties. An extra benefit of building a light deckhouse, however, is found in stability; the centre of gravity of the entire ship will shift down. 

2. Method

IHC Kinderdijk, a shipyard in Holland, is also doing research on sandwich constructions. In our research we used the drawings of the decks of a deckhouse as IHC build them in Kinderdijk. The simplest drawing is shown in figure 2. 
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Figure 2
If both deck concepts have the same maximum stresses, based on a uniform load2 of 2,5 kN/m2, a reliable comparison of the weight and fabrication costs can be made. 

First, the total weight of the conventional decks was calculated. To estimate this weight, it was necessary to estimate the dimensions of the used plates and stiffeners one by one. 

After the estimation of all the dimensions and weight of the used materials, an estimate of the costs was made. The building costs of a deckhouse (and an entire ship) are defined by: man-hours (consisting of welding meters and stretching meters) and used materials (metal and welding material). To measure the welding and stretching meters, the precise dimensions of the used plates and stiffeners are again needed. The costs of the needed materials were expressed in weight. 
Finally, the maximum stress and the maximum deflection in the decks were calculated. The strength and stiffness of the original deckhouse are calculated in two directions: longitudinal and transverse.
The sandwich construction must meet the stress properties of the conventional construction in the two directions. To achieve this goal, an extra stiffener, under the sandwich, is needed. A stiffener combination as shown in figure 3 is the result. Every deck was designed in two ways: the SC in longitudinal direction and in transverse direction. On top of that, a maximum for the construction height can be implemented. Normally, if the panel is not strong enough, bigger stiffeners are needed. When a maximum height is given (in this research taken as the original height of the construction), more stiffeners are needed. So per deck, 4 variations were made. By calculating these different design variations, all the possibilities are covered, and the research is validated. 
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Figure 3
An optimum of the new construction was designed, deck by deck. Therefore it was necessary to calculate the minimum sizes of the sandwich, and the accompanying HP-profiles (which represents the stiffener). A HP-profile was chosen, because it is a standard profile in the shipbuilding industry.
On a last account, a small optimalisation was made, by taking a maximal deflection of the deck of 5 mm. This is a standard for the deflection in a deckhouse, for e.g. aesthetic reasons. In this condition the occurring stresses are higher then the stresses in the original concept, but they are still acceptable for application.
The costs of the new decks can only be calculated when it is known what the influence is of the different parameters: the proportions between welding- and stretching meters and material. IHC Kinderdijk was able to give us these figures, and the research could be finished. The percentages we found in our research are valid for shipyards as IHC Holland, Merwede etc. which construct the ships in the same way as researched. 
3. Results

The results are given in table 1, in which the optimal stiffeners and SC per deck in every concept are summarized to represent the entire weight of the decks. 
The range in savings is based on measure faults of 5% in welding- and stretching meters, weight, and material. 
	Concept:
	Weight
	Weight

savings
	Cost

savings

	Original
	70-78 ton
	0%
	0%

	SC longitudinal, maximum height
	47-51 ton
	32-36%
	40-44%

	SC transverse, maximum height 
	44-48 ton
	36-40%
	46-53%

	SC longitudinal, no maximum height
	54-60 ton
	19-25%
	33-39%

	SC transverse, no maximum height
	50-56 ton
	26-30%
	36-44%

	SC opt.
	43-47 ton
	36-42%
	47-51%

	SC 5mm
	35-39 ton
	48-52%
	47-55%


Table 1
4. Discussion
These results prove the hypothesis we set is true: there are savings in weight and fabrication costs. The savings are even higher than we predicted. Possible reasons can be found in the expensive construction method of the conventional concept and the position of the sandwich construction; the decks are easy to construct comparatively to other construction parts in the ship.
5. Conclusion
The savings in costs and weight make it interesting to research whether sandwich panels can be used for more applications in ships. A suggestion for a follow-up research in this respect is: how to connect the core? If the core can be connected, the entire ship could be made of sandwiches. 

Three assembly techniques to connect the core are shown in figure 4. 
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Figure 4
In the first connection the core is only welded to the plates on the upper and lower side (not to each other) by laser welding, so the stresses still have to flow through the plates. It is an expensive method, because laser welding is needed. 

In the second connection, the core is welded together. After that, in order to close the sandwich, two plates should be welded to the lower and upper side. 
 The third concept makes use of SPS, an elastomer which is used in alternative sandwich constructions as the core. After welding the plates to each other, the SPS is injected between the plates, which completes the core of the sandwich construction.
These three concepts must be tested for fatigue, strength and stiffness. The fatigue test can be done in two ways: a research where a construction consisting of two sandwiches connected to each other is subject to variable loading. And secondly, a smaller test, where the variable loading is pointed on the connection. The strength and stiffness test also consist of two parts. First, an impact test in which a collision between two ships is simulated and second, a static load on the core connection.
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� A sandwich construction (SC) consists of two or more sandwich panels welded to each other


2 Uniform load as given in the rules of Bureau Veritas





