2.7
INSULATION (PIPING AND HVAC COMPLETE)
2.7.1
Scope

This Section covers Thermal Insulation, complete.

2.7.2
General
2.7.2.1
Construction Standards.  All insulation shall be purchased and installed as specified in this section (Section 2), as described on the mechanical drawings, and as covered by the construction codes listed in Section 2.16.  Where codes differ from the guidelines herein or the mechanical drawings, the basis of construction shall be the herein guidelines or the mechanical drawings.

2.7.2.2
Insulation Materials.  The insulation materials shall be furnished in original sealed packages bearing the manufacturer's label stating the type of product and description.

2.7.2.3
Workmanship.  The appearance of the finished work shall be of equal importance as the mechanical correctness in efficiency, and all materials shall be applied in strict accordance with the manufacturer's recommendations.

2.7.2.4
Approved Equal Substitute.  If a brand name is specified herein, and the Contractor wishes to propose the use of an "approved equal" substitute, the Contractor shall present data on the proposed substitute to the Martin Marietta Construction Engineer for approval, using the submittal procedure for shop drawings as described in Section 6.2.7 (Submittals).

2.7.2.5
Correct Time For Installation.  Insulation shall be applied only after piping and duct have been tested and certified by the Martin Marietta Construction Engineer as ready to receive insulation.  Piping and ductwork shall be free of moisture at time of installation of insulation.

2.7.2.6
Thickness Of Insulation.  insulation thickness shall be as indicated on the drawing, unless otherwise indicated in these specifications.

2.7.3
Piping - Material and Installation
2.7.3.1
Chilled Water lines shall be insulated with Fiberglas 25 ASJ/SSL (Owens-Corning) composed of heavy density fiberglass jacketed with an embossed foil vapor barrier laminate.  The jacket shall have a self-sealing lap of pressure-sensitive adhesive along longitudinal edges of the jacket, protected with a release paper.  Maximum K factor shall be 0.24 at 75 degrees F.  The insulation shall be UL-rated non-combustible.  Where lengths of insulation butt together the joints shall be sealed with factory furnished self-sealing butt strips.  The insulation shall be applied upwards along the vertical hanger rod to a point not less than 6" or 4 times the pipe insulating thickness and sealed off.  Insulation shall be sealed off with vapor seal mastic (Marathon IC-501, or Foster 30-35) at end of lines, flanges, valves and fittings, and at intervals of not more than 2l feet on continuous runs of pipe.


Fittings, valves, etc., shall be insulated with molded or mitered segments of the thickness equal to that of the insulation of the adjoining pipe, and securely fastened in place.


Insulation on fittings, etc., shall have a vapor barrier consisting of 0.0015" aluminum foil wrapped tightly over the insulation, with all laps sealed with vapor seal mastic (Marathon IC-501, or Foster 30-35) covered with a 1/8 inch wet coat of vapor seal mastic into which glass fabric is embedded.  A final 1/8 inch wet coat of vapor seal mastic shall then be applied.  The entire vapor barrier at each fitting, valve, and flange shall extend a minimum of 2" onto the adjacent pipe.


Metal insulation shields shall be installed at all hangers.

2.7.3.2
Potable Cold Water Lines shall be insulated as described in Section 2.7.3.1, Chilled Water, except insulation shall be 1/2" thick (indoor insulation).  Out-of-door insulation shall be as indicated on the drawings.

2.7.3.3
Indoor Roof Drain Conductors and Horizontal Soil, Waste and Drain Lines shall be insulated as described in Section 2.7.3.1, (Chilled Water), except insulation shall be 1/2" thick, and vertical runs are not to be covered.

2.7.3.4
Condensate Drains from Air Handling Unit Pans shall be insulated as described in Section 2.7.3.1, Chilled Water, except insulation shall be 1/2" thick.  PVC pipe condensate drains shall not be insulated unless otherwise noted.

2.7.3.5
Steam, Steam Condensate, Process Hot Water, and Condensate Receivers shall be insulated with calcium silicate (Kaylo 10), premolded or block, insulation.  Sectional pipe insulation shall be applied with the joints tightly butted together and held in place with not less than three separate loops of 16 gauge stainless steel binding wire per section.  All seams and irregularities shall be pointed up with insulating cement (PK "Super-Stik") to prevent an uneven surface.  Insulation shall be neatly finished with 8 oz. canvas jacket pasted with lagging cement (Arabol E-3806, Marathon IC-102, or Foster 30-36).


Fittings and valves 3" and under shall be insulated with insulating cement (PK "Super-Stik") built-up in l/2" layers to the thickness of insulation of the adjacent pipe.  Insulation shall be neatly finished with a canvas jacket and lagging cement as described above.


Fittings and valves over 3" in size shall be insulated with Kaylo 10 segments or blocks held in place with l6 gauge stainless steel binding wire.  All joints, seams and irregular surfaces shall be filled with insulating cement (PK "Super-Stik").  Finish with a canvas jacket and lagging cement as described above.


Condensate Receivers shall be insulated with l" block insulation, secured with steel bands or wire lacing on maximum l2" centers.  Point all joints with finishing cement (PK "Super-Stik").  Final finish with a canvas jacket and lagging cement as described above.

2.7.3.6
Heat Exchangers, Hot Water Storage Tanks and Equipment shall be insulated with 2" thick calcium silicate block (Kaylo 10) secured with stainless steel bands or wire lacing on maximum 12" centers.  All joints and irregular surfaces shall be filled with insulating cement (PK "Super-Stik").  Over the insulation, 1" hexagonal mesh shall be tightly stretched in place with edges laced together.  Finish with 1/2" insulating cement.  Final finish with 8 oz. canvas thoroughly coated with lagging cement (Arabol E-3806, Marathon IC-102, or Foster 30-36).


NOTE:
Condensate Receiver insulation is described in Section 2.7.3.5, Steam and Condensate.

2.7.3.7
Potable Hot Water lines shall be insulated with Fiberglas 25 ASJ/SSL (Owens-Corning) composed of heavy density Fiberglass jacketed with an embossed factory applied white reinforced jacket, and pressure sealing lap adhesive for sealing of the longitudinal joint.  Butt joints shall be sealed with factory furnished butt strips.


Fittings up to 3" IPS shall be insulted with insulating cement (PK "Super-Stik") and on larger sizes with molded fittings or mitered segments, wired in place to the same thickness as adjacent insulation.  Segments shall have a skim coat of insulating cement to produce a smooth surface.  After cement is dry, open mesh glass fabric wrapping shall be embedded in a 1/8" lagging coating (Arabol E-3806, Marathon IC-102 or Foster 30-36).

2.7.3.8
Out-of-Doors, Above Ground insulated pipe, equipment and duct shall be insulated in accordance with the appropriate paragraph as detailed above and as follows.


In addition, pipe, equipment and duct shall be covered with 0.016" thick aluminum jacketing with fittings and irregular surfaces covered with Marathon IC-551 VI-Ac Mastic (or Foster 31-49 Sealfas Mastic) reinforced with glass fabric.

2.7.3.9
Under-Ground Chilled Water and Steam piping shall be insulated with Pittsburgh Corning Foamglas over coated carbon steel piping.  (See Section 2.1.10, Protective Coating and Wrapping.)  Chilled water lines smaller than 6" IPS shall be covered with 1-1/2" thick Foamglas; 6" and larger with 2" thick Foamglas.  Steam lines smaller than 6" IPS shall be covered with 2" thick Foamglas; 6" and larger with 2-1/2" thick Foamglas.  All joints shall be tightly butted, staggered, and each section of insulation held in place with two wraps of glass fiber reinforced tape with a 50% overlap per wrap.  The Foamglas shall be finish wrapped with Pittwrap jacketing.  Irregular surfaces covered with Pittwrap jacketing shall have the plastic film burned away prior to application of the jacketing, sandwiched between two (2) glove coats of Pittcote 70 coating.  Protection of underground piping shall extend 18 inches above ground.  installation of Foamglas shall be in accordance with Pittsburgh Corning Publication FI-166, "Foamglas Insulation Systems for Underground, Direct Burial Applications".  Application of Pittwrap jacketing shall be in accordance with Foamglas Product Data Sheet, Publication FI-112.

2.7.4
HVAC - Material And Installation

All air handling duct, plenums, filter housings (if not insulated at the factory), and other air handling equipment shall be insulated as described hereinafter.  The following items 1) O.A. Ducts, 2) dust collector ducts, 3) fume exhaust ducts, and 4) any other items so indicated by drawings, are exceptions and will not require insulation.

2.7.4.1
Fiberglass Insulation.  All insulation shall be fiberglass insulation unless otherwise indicated, and shall meet the fire classification requirements of NFPA 90A as well as the requirements of the appropriate codes for thermal conductivity, and for insulation installations (see Section 2.16). Thickness shall be as indicated on the drawings.

2.7.4.2
Exterior Insulation Of Rectangular Duct and other flat surfaces, shall be with Knauf Rigid Insulation Board (or approved equal).  The density shall be 3.0 lb/ft3 and the thermal conductivity shall not exceed .23 BTU-IN/HR-FT2-oF at 75°F mean temperature (ASTM C518) test method).  Jacketing shall be a factory applied white ASJ facing with a maximum vapor transmission rate of .02 perms, and a beach puncture resistance of 50 units.  The insulation board shall comply to the property requirements of ASTM Specification C-612-77, Classes 1 & 2.

2.7.4.2.1
Securing Of The Insulation - Insulation for galvanized duct shall be fastened with weld type stick pins (no adhesive or mastic type pins are acceptable).  Pins shall be located no more than 3" from any edge or corner of the board.  Pin spacing along the duct shall be no greater than 12" on centers.  Top surfaces of ductwork require stick pins around edges and corners only.  Where cross breaking is used for stiffening, use extra pins as required to assure insulation board fits tightly to duct.


Insulation for aluminum duct shall be fastened with Duro-Dyne Dynastick II (or approved equal) adhesive type insulation hangers with perforated base (mastic type adhesive only, self stick type pins are unacceptable).  Duct section must be clean and free of moisture before applying stick pins.  Pin spacing shall be the same as for galvanized duct described above.  Pin lengths should be longer than insulation thickness.  All insulation shall be secured with speed washers.  After installing speed washers, bend over (do not cut) tip of insulation pins.


Application of all insulation stick pins shall be in accordance with all guidelines of SMACNA Std. #MF-1-1975.  All insulation pins should assure snug fit but avoid "oil canning" effect on insulation. 

2.7.4.2.2
Taping Of Insulation - After all stick pins and speed washers have been installed, the insulation edges, butt joints, stick pin penetrations, instrument penetrations, etc. shall be sealed with pressure sensitive tape.  Make sure all tape overlaps insulation jacket at least 2" on the facing surface.  Butt joints must be of equal height and closely fitted.  All tape must be thoroughly rubbed down during application.  Use squeegee as recommended by the tape manufacturer.  Tape must assure tight bond and vapor seal.  Before installation tape shall be stored in a dry space with 60-80° temperature range.

2.7.4.2.3
Tape (Material) - Seal insulation with a white, 5" wide high performance tape for use with ASJ type insulation jacketing.  The tape shall be 5" Compac Perm-Flex HP joint tape #112-3 or approved equal.  Tape must be acrylic base; rubber base tape is unacceptable.  Tape is required to have identification permanently marked on the outside surfaces.

2.7.4.3
Exterior Insulation of Round Duct shall be Knauf Duct Wrap fiber glass, with a factory applied commercial Foil-Skrim-Kraft (FSK) vapor barrier jacket.  Density shall be 1.0 PCF, and thermal conductivity shall not exceed .28 at 75 degrees F.

2.7.4.3.1
Wrapping/Joints/Adhesive - Insulation shall be wrapped tightly on the duct work with all circumferential joints butted and longitudinal joints overlapped by the jacket a minimum of 2".  Adhere insulation to metal with 4" strips of insulation bonding adhesive (Foster 85-15, or Marathon IC-215) at 8" o.c.  The circumferential and longitudinal joints shall be taped with 5" wide pressure sensitive tape.  The tape shall be Compac 5" Copolymer FSK #122-2 or approved equal.  Tape adhesive shall be a polymer blend, rubber base tape is unacceptable.  Press on firmly to assure adhesion.  All penetrations or punctures in the facing shall also be tape.

2.7.4.3.2
Binding - The finished insulation shall be bound with 3/4" X .020" thick aluminum bands. Spacing shall be 18" (max.) and on both sides of all butt joints.  Pull tight but do not crimp jacketing.

2.7.4.4
Lined Duct.  All internally insulated supply air ducts, plenums and return air ducts shall be lined in accordance with SMACNA "Duct Liner Application Standard" and as specified herein.  Liner for ductwork shall be 1" thick (unless otherwise noted on the drawings) 2.0 PFC density mat-faced glass fiber duct insulation.  Thermal conductance shall not exceed .26 BTU/SF-HR-oF at 75°F mean temperature (ASTM C518 test method).  The liner coating must present a hard, smooth finish next to the air stream.  Inside surface shall be black in color.  The absolute roughness factor of the inside surface shall be no greater than .004 ft.  Duct liner shall be Owens/Corning Aeroflex Ductliner, Type 200, or approved equal, and must meet the requirements of NFPA 90A and NFPA 90B standards for fire safety.  All duct liner insulation shall have labeling printed on the inside smooth liner facing, clearly indicating the manufacturer and the specific type or name of the liner.

2.7.4.4.1
Construction. -The liner may be formed with the ducts and shall be applied to the metal with the mat-faced side to the air stream.  All internal sides of the ductwork shall be completely covered with liner.

2.7.4.4.2
Leading Edges - Where insulation begins at discharge of air unit, install 24 gauge sheet metal edging to exposed leading edges of liner to prevent erosion.

2.7.4.4.3
Stick Pins and Adhesive - The liner shall be secured to the duct by adhesive, Minnesota Mining (3M) #33-Red, or approved equal.  The internal surfaces shall be clean sheet metal before adhesive application.  Adhesive shall be applied with 100% coverage of the sheet metal.  All transverse joints shall be firmly butted with no gaps, then coated with adhesive.  All damaged areas in the mat-faced surface shall be repaired with adhesive.  Longitudinal corner joints shall be overlapped and compressed.  The liner shall further be secured with weld pins, an integral head type, or with 2" X 2" caps.  Clinched pin type or adhesive type stick pins will not be accepted.  Weld pins shall start within 3" of leading and upstream transverse edges of the liner, and be spaced at 6" intervals.  The remainder of the duct shall have 16" O.C. spacing except that they shall be placed not more than 12" from corner breaks, nor more than 6" from a longitudinal joint of the liner.  Liner shall be accurately cut and carefully butted to assure tightly sealed joints.

2.7.4.4.4
Application of all duct liner stick pins shall be in accordance with all guidelines of SMACNA Std. #MF-1-1975.  Application of all duct liner adhesives shall be in accordance with ASC-A-7001C-1972.

2.7.4.4.5
Build-outs - Provide insulated "build-out" sections to maintain the continuity of the thermal barrier when specialties, such as dampers and turning vanes, are secured to the sides of the duct.  "Build-outs" shall be secured to the duct with sheet metal screws, bolts or welds  Build out construction shall be a "hat" section as detailed in SMACNA HVAC Duct Construction Standards - Metal and Flexible, First Edition, see Figure 
2-24.

2.7.4.4.6
Liner At Fire Dampers - Duct liner must be interrupted at all fire dampers to avoid impairing damper operation.  See Figure 2-25, SMACNA HVAC Duct Construction Standards - Metal and Flexible, First Edition.

2.7.4.4.7
Free Area For Lined Duct - Duct sizes shown on plans indicate actual sheet metal dimensions.  Allowance has been made for liner.

2.7.4.5
Out-Of-Door Ductwork Insulation (Round Duct Only)
2.7.4.5.1
Air conditioning supply and return ducts located outside (exposed to the environment) shall be insulated as follows:  Insulation shall be Knauf 2" thick Duct Wrap with commercial FSK (reinforced) vapor barrier (or approved equal).  Insulation density shall be 1.5 PCF.  Tape all joints and penetrations with 5" wide pressure sensitive foil tape.  The tape shall be Compac 5" Copolymer FSK #122-2 or approved equal.  Tape adhesive shall be a polymer blend, rubber base tape is unacceptable.  Tape is required to have identification permanently marked on the outside surface.  Storage and application of the tape shall be as described in Section 2.7.4.2.2 of this specification.

2.7.4.5.2
After taping the insulation shall be weatherproofed with a .016" thick corrugated aluminum sheet metal jacket rolled to conform to contours of the duct and secured with 1/2" X .020" aluminum bands.  Spacing shall be 18" max. and on both sides of all joints.  Duct fittings shall be weatherproofed with manufacturer's prefabricated aluminum jackets (or approved equal).  Seal all circumferential joints with mastic tape.  Longitudinal joints shall be positioned to shed water (upper sheet over laps bottom).  Seal all penetrations or punctures to assure water tight seal.  Outside duct insulation is required for all A/C supply duct, return, plenums, transitions, etc.

2.7.4.6
Out-Of-Door Ductwork Insulation (Rectangular)
2.7.4.6.1
Insulation Material - Rectangular duct located outside (exposed to the environment) shall be insulated as follows:  Insulation shall be Knauf 2" thick fiberglass insulation board.   The density shall be 6.0 lb./ft3 and the thermal conductivity shall not exceed .22 BTU-IN/HR-FT2-0F at 75°F mean temperatures (ASTM C518 test method).  Jacketing shall be a factory applied foil-skrim-kraft (FSK) facing with a maximum vapor transmission rate of .02 perms.  Maximum beach puncture resistance shall be 25 units.

2.7.4.6.2
Adhesive - The exterior insulation shall be secured to the duct with adhesive, Minnesota Mining #33-Red, or approved equal.  The external surfaces shall be clean sheet metal before adhesive application.  Adhesive shall be applied with 100% coverage of the sheet metal, all transverse joints shall be firmly butted with no gaps.

2.7.4.6.3
Stick Pins - Insulation shall be further secured with weld type stick pins (no adhesive or mastic type pins are acceptable).  Pins shall be located no more than 3" from any edge or corner of the board.  Pin spacing along the duct shall be no greater than 12" on centers.  Top surfaces of ductwork required stick pins used for stiffening, use extra pins as required to assure insulation board fits tightly to duct.  All insulation pins should assure snug fit but avoid "oil canning" effect on insulation.  Pin lengths should be longer than insulation thickness.  All insulation shall be secured with speed washers.  After installing speed washers, bend over (do not cut) tip of insulation pins.  Installation of all insulation stick pins shall be in accordance with guidelines of SMACNA Std. #MF-1-1975.

2.7.4.6.4
Taping - After all stick pins and speed washers have been installed, the insulation edges, butt joints, stick pin penetrations, instrument penetrations, etc. shall be sealed with pressure sensitive tape.  Make sure all tape overlaps insulation jacket at least 2" on the facing surface.  Butt joints must be of equal height and closely fitted.  All tape must be of equal height and closely fitted.  All tape must be thoroughly rubbed down during application.  Use squeegee as recommended by the tape manufacturer.  Tape must assure tight bond and vapor seal.  Before installation tape shall be stored in a dry space with 60-80° temperature range.

2.7.4.6.5
Tape (Material) - Tape all joints and penetrations with 5" wide pressure sensitive foil tape.  The tape shall be Compac 5" Copolymer FSK #122-2 or approved equal.  Storage and application of the tape shall be as described in Section 2.7.4.2.2 of this specification.

2.7.4.6.6
Weather Proofing - After taping, the insulation shall be weatherproofed with a .016" thick corrugated aluminum sheet metal jacket formed to the contours of the duct and secured with 1/2" X .020" aluminum bands.  Spacing shall be 18" max. and on both sides of all joints.  Longitudinal joints shall be positioned on sides of ductwork with top sheet over lapping bottom to shed water.  Transverse joints, hanger penetrations, punctures, corners, etc. shall be sealed with a glass fabric tape embedded with a vapor seal mastic (marathon IC-501, Foster 30-35 or approved equal).  A final coat of vapor seal mastic (1/8" thick) shall then be applied to protect fabric from weather.

2.7.4.6.7
Covers For Fittings - At Contractors option, PVC fitting covers or glass fabric wrap (with a mastic vapor seal as described above) may be used to cover transitions, elbows and other fittings.  Fitting covers must assure a weather tight seal.

2.7.4.7
Refrigerant Tubing Insulation - Refrigerant tubing to direct expansion type air conditioners shall be as follows:  1) suction line tubing shall be insulated with closed-cell flexible rubber tubing.  Thickness shall be 1/2" for all tubing inside conditioned buildings.  Thickness shall be 1" thick for out-of-door tubing runs, 2)  hot gas line (where used) insulation shall be with 1/2" thick closed-cell flexible rubber tubing, 3)  liquid lines shall not be insulated.


Refrigerant tubing insulation shall be Rubatex R-180-FS, Johns-Manville Aerotube, or Armstrong Armaflex Tubing installed in accordance with the manufacturers recommendations, with all seams and butt joints sealed with the manufacturer's recommended adhesive.
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