1.0	ABSTRACT





	This Item establishes thermal and acoustic insulation requirements.





2.0	REFERENCES





	2.1	American Society of Testing and Materials (ASTM), F 683, Standard Practice for Selection and Application of Thermal Insulation for Piping and Machinery.





	2.2	Society of Naval Architects and Marine Engineers (SNAME), Technical and Research Bulletin No. 4-7, Thermal Insulation Report.





	2.3	Society of Naval Architects and Marine Engineers (SNAME), Technical and Research Bulletin 3-37, Design Guide For Shipboard Noise Control. 





	2.4	Navigation and Vessel Inspection Circular (NVIC) 12-82, Recommendations on Control of Excess Noise.





3.0	DEFINITIONS





	3.1	Thermal Insulation.  Thermal insulation is installed to minimize heat transfer from or to a surface that is hotter or colder than the surrounding atmosphere. 





		3.1.1	Hot Surface Insulation.  Hot surface insulation is a type of thermal insulation installed to external surfaces which are 52oC (125oF) or higher to protect personnel and limit heat transfer.





		3.1.2	Anti-sweat Insulation.  Anti-sweat insulation is a type of thermal insulation which prevents formation of condensation and ice on surfaces.





		3.1.3	Cold Fluids Insulation.  Cold fluids insulation is a type of thermal insulation installed to external surfaces of components conveying cold fluids such as refrigerant and brine or chilled water to limit heat absorption by the chilled fluid and to prevent ice formation on the surfaces. 





	3.2	Lagging - Lagging is a protective cover for insulation. 





	3.3	Fastenings - Fastenings include hooks, wire, pins, retaining clips, and adhesive to secure insulation and lagging. 





	3.4	Reusable Covers - Reusable covers are machinery and piping insulation and lagging materials or pads which can be removed and easily reinstalled without damage.





	3.5	Acoustic Insulation - Acoustic insulation minimizes airborne noise levels.





	3.6	Unheated spaces - Compartments in which there are no provisions for raising the space's ambient temperature.





4.0	GENERAL





	4.1	Insulation installations shall comply with References 2.1 through 2.3 and Table 22-1.  





	4.2	Use of asbestos or asbestos containing materials is prohibited.  





	4.3	Red tint lagging shall be used to indicate asbestos free insulation.  





	4.4	Insulation shall not be installed on decks except where:





		4.4.1	A machinery space adjoins a habitability, navigation, or service space.





		4.4.2	A habitability, navigation, or service space is exposed to a weather deck.





		4.4.3	Required by regulatory bodies.





5.0	INSTALLATION





	5.1	General





		5.1.1	Insulation installations include but are not limited to installing lagging, securing fasteners, painting, sealing, and performing all work necessary to provide a finished appearance. 





		5.1.2	When welding or flame cutting, insulation and lagging near the hot work shall be removed.  Insulation shall not be installed until paint has been touched up on disturbed areas.





	5.2	Multiple Layers of Insulation





		If insulation is installed in more than one layer, the insulation layers shall be staggered against the preceding layer.  Each layer shall be joined with adhesives in accordance with manufacturers' recommendations.





6.0	COMPARTMENT INSULATION





	6.1	Bulkhead and Overhead Insulation





		When installing insulation to bulkheads and overheads:  





		6.1.1	Welding and burning shall be completed before installing insulation.





		6.1.2	Studs shall be installed to support the insulation not more than 300 mm (12 in) between staggered centers and not more than 75 mm (3 in) from the edge of the insulation.





		6.1.3	Tape seams with at least 25 mm (1 in) overlap on both pieces of insulation.





		6.1.4	Sealer shall be applied to exposed insulation.  





	6.2	Thickness





		The type and thickness of insulation required shall be based upon HVAC, thermal,  and acoustic requirements.  Thermal insulation requirements shall be calculated using Reference 2.2.





	6.3	Location





		6.3.1	Where insulation is required in living, working, and public spaces that have a common boundary with heat producing spaces, they shall be insulated on the heated side.  Where steel lined bulkheads are fitted, the insulation shall be installed between the liner and the steel.  Insulation that is installed between heated and unheated spaces, on exterior bulkheads and decks, and on shell plating, shall be installed on the interior and/or heated side.  





		6.3.2	Where insulation is required in double wall construction, the insulation shall be installed within the void space.





		6.3.3	Where insulation is required in chill and freeze boxes, it shall be installed on the exterior (single wall construction) or within the void space (double wall construction).  Insulation shall be installed on the interior of refrigerated cargo holds and other refrigerated spaces.  Insulation installed in refrigerated cargo holds must meet additional structural criteria as denoted in the work specification.





		6.3.4	Where insulation is required on boundaries between heated and air conditioned spaces and those areas exposed to the weather or adjacent to unheated spaces, it shall be installed on the interior side.  If neither side is finished, insulation shall be installed on the hot side.  The insulation shall cover the bulkhead and overhead surfaces and extend at least 300 mm (12 in) beyond the common boundary.





		6.3.5	When machinery spaces are insulated, insulation shall be installed no lower than the lowest grating level above the bilge.





	6.4	Insulation For Tank Bulkheads That Are Common Boundaries With Work Areas





		Thermal insulation shall be installed on all common bulkheads between tanks and work spaces and between tanks and storage spaces on the work space or storage space side.  





	6.5	Foam Insulation





		Use of foam insulation shall be limited to refrigerated areas.





	6.6	Material





		Insulation shall be lagged with fibrous glass cloth or painted canvas and/or contained within a joiner bulkhead.  All insulation shall have a continuous vapor barrier applied on the heated side of the insulation before lagging.  Stainless steel sheathing shall be used for exterior applications or in damp environments and shall be sealed at all joints and fasteners.  Sheathing metal shall be 1.59 mm (No. 16 USSG) for vertical installations and 0.87 mm (No. 20 USSG) for horizontal installations.





7.0	PIPING INSULATION AND LAGGING





	Thermal pipe insulation and lagging shall be installed in accordance with Reference 2.1.  





8.0	VALVES, FITTINGS, MACHINERY, AND EQUIPMENT INSULATION AND LAGGING





	Insulation lagging, and removable covers installed over valves, fittings, machinery, and equipment, and bent pipe, shall be installed according to Reference 2.1.  





9.0	INSULATION PROTECTION





	9.1	Before applying lagging, insulation exposed to the weather or to undue moisture shall be protected with 6 mm (0.25 in) weather resistant insulation, reinforced with hardware cloth and secured with No. 16 WG copper wire.  Cracks or openings in the continuity of the completed insulation and lagging shall be avoided.





	9.2	Insulation and lagging subject to mechanical injury shall be protected by 6 mm (0.25 in) checkered plates and heavy angles.





	9.3	Where insulation may be subject to damage (e.g. mechanical or fluid) the insulation shall be sheathed with perforated aluminum, corrosion resistant steel, or galvanized sheet metal.





10.0	ACOUSTIC INSULATION





	Where acoustic insulation is installed it shall be based on Reference 2.3.  Acoustic insulation shall be sufficient for the area to meet the airborne noise criteria prescribed by Reference 2.4.  





11.0	Insulation for HVAC Systems





	11.1	Thermal Insulation





		Thermal insulation shall be installed on the duct exterior.  Thermal insulation on rectangular ducts shall be fibrous glass board.  Insulation on round and oval ducts shall be fibrous glass board and flexible blanket type.  HVAC insulation shall not conceal or cover operating mechanisms.





	11.2	Vapor Barriers





		Vapor barriers shall be installed on insulated ducts in air conditioning systems to prevent surface condensation.  The vapor seal shall be factory applied aluminum foil with a minimum thickness of 0.05 mm (0.002 in).  Joints shall be lapped 50 mm (2 in) minimum or sealed with 75 mm (3 in) aluminum foil tape.  To ensure integrity of the vapor barrier, joints shall be coated with a vapor sealing compound compatible with the aluminum foil vapor barrier.  





	11.3	Securing Insulation





		Thermal and acoustic insulation shall be secured with adhesive.  The adhesive shall be compatible with the insulated surface.  Insulation on rectangular ducts whose length or width exceeds 300 mm (24 in) shall be further secured with metal clips or pins.  
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