1. Introduction

The world's first Commercial seaborne trade of Liquefied Natural Gas (LNG) began in 1964, shipping LNG from Algeria to the U. K. Since then the quantity has been increasing year by year and, approximately 90 million tons of LNG, worldwide, were transported by sea borne trade in 1999. Approximately 52 million tons of LNG was transported to Japan, accounting for about 60%. The Third Conference of Parties to the United Nations Framework Convention on Climate Change (COP 3) in December 1997 established a new environmental target for CO2 emissions. To meet this target natural gas has increasingly attracted considerable attention. The main component of natural gas is methane. It is condensed to about 1/600 of the volume by cooling to below the -160o C, boiling point, to produce LNG. LNG has three major characteristics as a seaborne trade cargo: 

(1) the -160o C, super-low temperature,

(2) a low specific gravity (0.43 to 0.50), and

(3) flammability.

Up to now, various cargo containment systems designed to handle these characteristics have been put into practical use and about 110 LNG carriers are in service in the world. 

1.3 Containment Systems 
There are currently four containment system designs used for new building, and designers are working on new ones. Two of the designs, Gaz Transport and Technigaz meet the IGC Code Type A requirement for double barrier. The other two designs, Moss Rosenburg and IHI use self-supporting tanks which meet the IGC Code Type B requirement of a single barrier, for which it can be demonstrated by failure mode analysis that there can be no catastrophic failure of the containment system. The main design features of these four containment systems are shown in the following figure: 
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1.3.1 Spherical 
1.3.1.1 Moss Rosenberg or Independent tank type
With the independent tank type, the hull and tanks are independent structures and self-supporting tanks are arranged inside the hull. Therefore, deformation due to thermal expansion and contraction is not directly conveyed to the hull. The liquid cargo load in the tanks acts on the self-supporting tanks, not directly on the insulation material, and all loads act on the tank supporting members.

Therefore sufficient strength and insulation performance are required for the supporting structure. Secondary barriers are required to be installed from the viewpoint of hull protection against leakage of LNG in an accident emergency.

At present about half of the LNG carriers in the world are the spherical independent tank type. 
In the spherical independent tank type the whole cargo liquid load is borne by the membrane stress of the tank shell in a shell structure tank, therefore stress concentration can be avoided. Also the spherical tank is installed on a cylindrical skirt in the hold and has the feature that deformation due to thermal expansion and contraction of the spherical tank is reasonably absorbed by the bending of the skirt.

Because of the simple configuration and structure of axial symmetry of the spherical tank and cylindrical skirt, high accuracy stress analysis is possible. Therefore the design concept, "No LNG leaks. Even when cracks are generated, progress of the cracks is extremely slow and leakage of LNG is slight." Was experimentally and analytically certified and the partial secondary barrier is admitted. The spherical tank type is acknowledged to have the highest safety as tank type B of the International Code for the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code).

Hence the main design features are: 

• No secondary barrier - only drip tray 

• Self - supporting aluminum sphere (thickness varies from 30-169mm, weight about 900t) 

• Satisfies the ‘leak before failure’ concept by enabling the leak from a tank to be detected and corrective action taken before a catastrophic failure 

• Insulation - PUF foam 
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1.3.2 Membrane 
In the membrane tank type, the insulation material is installed on inner hull and its surface is covered with a metallic membrane sheet. This containment system aims at reducing the metallic material exposed to low temperatures. The membrane keeps liquid-tightness to prevent cargo leakage, and has no strength against cargo load. The cargo liquid load acts directly on the hull via the insulation material, therefore the insulation structure must have not only insulation performance but also strength. Referring to Table 1, the features of the Gaz Transport system and Technigaz system which are the mainstream membrane types are explained.

A special material having extremely small coefficient of thermal expansion called Invar (36% nickel steel) is used as the membrane for the Gaz Transport system, therefore measures for thermal expansion and contraction are essentially not required. The insulation structure of the insulation boxes filled up with perlite are built like bricklaying. Other feature of this system is that the secondary barrier uses Invar which is the same material as that for the primary barrier
The Technigaz system adopts corrugated stainless steel as the membrane. The stainless steel is corrugated both longitudinally and transversely, and the thermal expansion and contraction is absorbed by the corrugation. As for the insulation structure balsa wood was used in the initial Mark I system, and Mark III system was developed to achieve a lower BOR. In Mark III system, reinforced plastic foam was adopted as the insulation material and Triplex (aluminum foil sheet reinforced with glass cloth) was used as secondary barrier.

The Gaz Transport system and Technigaz system were developed by separate companies originally. At present these companies have been merged into the Gaz Transport and Technigaz (GTT) and a new system incorporating the advantages of both systems is being developed. The basic idea is that for the membrane will use Invar and reinforced plastic foam for insulation and the secondary barrier is simplified as thoroughly as possible. The study has been made from the above point of view. Attention was given to the new system as a future system. 

1.3.2.1 Technigaz 

The main features of this containment system, made by orthogonal corrugations low carbon stainless steel, are: 

• 1.2 mm thick stainless steel ‘waffle’ membrane 

• Corrugations absorb the thermal contraction and ship movement stress 

• Fibreglass insulation within balsa wood panels bounded by plywood sheets Mk I system (balsa wood now replaced by PVC/PUF foam sections Mk III system) 

• Inner balsa wood or ‘Triplex’ laminate provides secondary barrier 

• Corrugations and insulation spaces kept inert in service 

• Suspended tower framework for pumps, piping etc. 
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1.3.2.2 Gaz Transport (GT96) 

The main features of this containment system, made by flat surface with ridges, are: 

• Two 0.7 mm Invar membranes 

• No need to compensate for thermal contraction 

• Invar - 36% iron-nickel alloy 63% Fe - very low thermal expansion coefficient 

• Insulation consists of layers of plywood boxes filled with perlite 

• Insulation spaces filled with inert gas in service 

• Suspended tower framework for pumps, pipes etc. 
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1.3.3 IHI 
The main features of this containment system, developed by Ishikawajima-Harima Heavy Industries, are: 

• Self-supporting IMO Type B 

• Aluminum tanks meeting the leak before fail criteria 

• Similar to the original Conch system fitted to the Methane Princess/Progress 

• Insulation attached to the outside. 
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Cargo containment systems of LNG carriers

Various cargo containment systems having various configurations, materials and structures suitable to LNG have been proposed and put into practical use. The spherical independent tank type and membrane tank type are adopted mainly at present due to their economy and reliability. Table 1 shows a comparison of these containment systems.

