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1. GENERAL 


1.01 SUBMITTALS 


.1 Submit shop drawings/product data sheets for all products specified in this 


section except piping and unions. 


1.02 CLOSEOUT SUBMITTALS 


.1 Shop drawings for piping anchors must be prepared and stamped by a 


professional Structural Engineer registered in the jurisdiction of the work. 


Refer to requirements for Contractor retained engineers specified in 


Section 20 05 10 – Mechanical Work General Instructions. 


.2 Submit a letter from pipe anchor design engineer to stating engineer has 


visited site to examine installation of pipe anchors and pipe anchor 


installation is in accordance with reviewed anchor shop drawing. 


2. PRODUCTS 


2.01 PIPE, FITTINGS, AND JOINTS 


.1 Black Steel - Screwed Joint 


.1 Mild black carbon steel, Grade B, ASTM A53, complete with Class 


125 cast iron threaded fittings to ANSI/ASME B16.4, and screwed 


joints. 


.2 Black Steel - Welded Joint 


.1 Mild black carbon steel, Grade B, ASTM A53, mill or site bevelled, 


complete with factory made seamless carbon steel butt welding 


fittings to ASTM A234, Grade WPB, with long sweep pattern elbows 


unless otherwise specified, and welded joints. 


.3 Black Steel - Grooved End Mechanical Joint 


.1 Mild black carbon steel, Grade B, ASTM A53, factory or site roll 


grooved, complete with cast ductile iron grooved end fittings, 


including full flow elbows, and conforming to ASTM A536. 


.2 Manufacturers: 


.1 Equal to Victaulic Style 107 "QuickVic" rigid couplings for 


sizes 2" to 12", Style 07 "Zero-Flex" rigid couplings, Style W07 


AGS rigid couplings for sizes 350 mm (14") to 1525 mm (60"); 


.2 Flexible grooved couplings can be used where system 


flexibility is desired. Noise and vibration reduction at 
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mechanical equipment connections is achieved by 


installing three flexible couplings near the vibrations source 


in lieu of braided flex connectors. Victaulic Style 177 


QuickVic or Style 77 flexible couplings for sizes 50 mm (2”) 


to 300 mm (12”). Style W77 AGS flexible couplings for sizes 


350 mm (14”) to 1525 mm (60”). 


.3 Grooved end fittings shall be cast of ductile iron 


conforming to ASTM A-536, Grade 65-45-12, forged steel 


conforming to ASTM A-234, Grade WPB 0.375" wall 


(9.53 mm wall), or fabricated from Std. Wt. Carbon Steel 


pipe conforming to ASTM A-53, Type F, E or S, Grade B. 


Fittings provided with an alkyd enamel finish or hot dip 


galvanized to ASTM A-153. Branch reductions on 2" (DN50) 


through 8" (DN200) header piping. Bolted branch outlets 


shall be manufactured from ductile iron conforming to 


ASTM A-536, Grade 65-45-12, with synthetic rubber gasket, 


and heat treated carbon steel zinc plated bolts and nuts 


conforming to physical properties of ASTM A-183. Victaulic 


Style 920 / 920N. 


.4 Black Steel – Plain End Mechanical Joint 


.1 Mild black carbon steel, Grade B, ASTM A53, mill or site bevelled, 


complete with cast ductile iron end fittings conforming to ASTM 


A536. 


.2 Manufacturers: 


.1 Equal to Victaulic QuickVic SD rigid couplings for sizes 1/2" 


to 2", rated for a working pressure of 300 psi. 


.5 Black Steel – Pressure Coupled Joints 


.1 Mild black carbon steel conforming to ASTM F3226, IAPMO PS117, 


ICC LC1002, ASME B31.1, B31.3, or B31.9. MegaPress fittings ½-inch 


thru 4-inch for use with schedule 40 ASTM A53 carbon steel pipe. 


.2 Pressure connect fittings shall carry CRN numbers. 


.3 Pressure connect fitting shall have Viega Smart Connect 


technology to detect unpressed fittings shall be integrated into the 


body of the fitting. 


.4 1/2 inch thru 2 inch fittings shall have stainless-steel grip ring with 


bidirectional teeth, 304 stainless separator ring, EPDM or FKM 


sealing element at each press connection. 2-1/2 inch thru 4 inch 


shall have stainless-steel grip ring with bidirectional teeth, PBT 


separator ring, and FKM sealing element at each press 


connection. 
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.5 There shall be no mixing of manufacturers. 


.6 The manufacturer’s installation instructions shall be strictly adhered 


to. 


.7 Special attention shall be given to the required two step pressure 


test. 


.8 Initial test for unpressed fitting detection per manufacturer’s 


installation manual. 


.9 Full pressure test in accordance with code requirements. 


.10 Installers shall be field trained by Viega factory representative. 


.6 Soft Copper Pipe 


.1 Type "L" seamless soft copper to ASTM B77. 


.7 Hard Copper - Solder Joint 


.1 Type "L" hard drawn seamless copper to ASTM B88, complete with 


wrought copper fittings to ANSI B16.22, and 95% tin / 5% Antimony 


solder joints. 


.8 Hard Copper - Pressure Coupled Joint 


.1 Type "L" hard drawn seamless copper to ASTM B88, complete with 


Viega "ProPress with Smart Connect feature" system copper fittings 


with EDPM seals, and pressure type crimped joints made by use of 


manufacturer recommended tool. 


2.02 PIPING UNIONS 


.1 Screwed Piping 


.1 Malleable iron, ground joint, bronze or brass to iron or bronze to 


bronze seat screwed unions and union elbows with a minimum 


pressure rating of 1725 kPa (250 psi) steam at 260°C (500°F). 


.2 Flanged Piping 


.1 Forged carbon steel slip-on type raised faced welding flange 


unions to ASTM A105, 150 lb. Class for steel pipe, and slip-on type 


150 lb. Class bronze flanges for copper pipe. 


2.03 SHUT-OFF VALVES 


.1 Ball Type 







Mulock House Adaptive HYDRONIC PIPING AND PUMPS Section 23 21 00 


Re-Use, Newmarket  Page 4 of 14 


Project No. ED-22-107 


 


.1 Class 600, 4140 kPa (600 psi) WOG rated full port ball valves, each 


complete with a forged brass or bronze body and cap, blowout-


proof stem, solid forged brass chrome plated ball, "Teflon" or "PTFE" 


seat, threaded ends, and removable lever handle. 


.2 Manufacturers: 


.1 Toyo Valve Co. Fig. 5044A; 


.2 Watts Industries (Canada) Inc. #FBV-3; 


.3 Kitz Corp. Code 58; 


.4 Victaulic Co. of Canada Ltd. Series 722; 


.5 Apollo Valve #77-100. 


.2 Butterfly Type 


.1 Cast ductile iron, lug body style, 1200 kPa (175 psi) rated butterfly 


valve, each complete with a neck to permit 50 mm (2") of 


insulation above the flange, a field replaceable EPDM seat, 


ductile iron disc, stainless steel shaft with EPDM seal, a lever handle 


for valves to and including 150 mm (6") diameter, a handwheel 


and gear type operator for valves larger than 150 mm (6") 


diameter, and each suitable for bubble-tight dead end service 


with valve closed and either side of connecting piping removed. 


.2 Manufacturers: 


.1 DeZurik of Canada Ltd., Figure No. 632; 


.2 Victaulic Co. of Canada Ltd. Vic-300 MasterSeal or AGS 


Vic-300; 


.3 Apollo Valve 143 Series; 


.4 Watts Industries (Canada) Inc. #BF-03; 


.5 Kitz Corp. 6112 Series; 


.6 Toyo Valve Co. 918DESL/G2. 


2.04 SWING CHECK VALVES 


.1 Bronze - Screwed 


.1 Class 125, 1380 kPa (200 psi) WOG rated horizontal swing check 


valves, each complete with a "Y" pattern bronze body, hinged 


brass disc, easy access screw-in cap, and screwed ends. 
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.2 Manufacturers: 


.1 Toyo Valve Co. Fig. 236; 


.2 Nibco #T-433; 


.3 Kitz Corp. Code No. 22. 


.2 Steel - Grooved Ends 


.1 Victaulic Co. of Canada Ltd. Series 716, 779 or W715 grooved end 


carbon steel check valves suitable for mounting horizontally or 


vertically. 


.3 Cast Iron - Screwed and Flanged 


.1 Cast iron, bronze trim, 1380 kPa (200 psi) rated swing check valves, 


each complete with a bronze disc and seat, malleable iron hinge, 


bolted cover, and screwed or flanged ends as required. 


.2 Manufacturers: 


.1 Toyo Valve Co. Fig. 435A; 


.2 Watts Industries (Canada) Inc. #F-511; 


.3 Kitz Corp. Code No. 78. 


2.05 VERTICAL LIFT CHECK VALVES 


.1 Class 150, 1380 kPa (200 psi) WOG rated bronze vertical lift check valves, 


each complete with screwed ends and a bronze disc. 


.2 Manufacturers: 


.1 Toyo Valve Co. Fig. 231; 


.2 Watts Industries (Canada) Inc. #600; 


.3 Kitz Corp. Code No. 36. 


2.06 WAFER CHECK VALVES 


.1 Threaded lug body type, full bore, ANSI Series 150, 1965 kPa (285 psi) rated 


at 38°C (100°F), non-slam wafer check valves, each complete with a 


carbon steel body, stainless steel discs, a shaft, springs, disc stop and thrust 


bearings constructed of type 316 stainless steel, and seat materials to suit 


the application. The inside diameter of the valve must equal the inside 


diameter of the connecting pipe. 


.2 Manufacturers: 
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.1 Gulf Valve Co. "WAFER CHECK"; 


.2 Watts Industries (Canada) Inc. Series ICV-125; 


.3 The Metraflex Co. Style CVXX. 


2.07 DRAIN VALVES 


.1 Minimum 2070 kPa (300 psi) WOG rated, 20 mm (¾") diameter straight 


pattern bronze ball valves, each complete with a threaded outlet suitable 


for coupling connection of 20 mm (¾") diameter hose, and a cap and 


chain. 


.2 Manufacturers: 


.1 Toyo Valve Co. Ltd. Fig. 5046; 


.2 Watts Industries (Canada) Inc. #B-6000-CC; 


.3 Kitz Corp. Code No. 68AC; 


.4 Apollo Valves #78-104-01. 


2.08 CIRCUIT BALANCING VALVES 


.1 Screwed or flanged as required, globe style, non-ferrous circuit balancing 


valves designed to facilitate precise flow measurement, precision flow 


balancing, and positive shut-off, complete with capped and valved drain 


connection, and valved ports for connection to a differential pressure 


meter. 


.2 Manufacturers: 


.1 Equal to Victaulic Co. of Canada Ltd. (Tour & Anderson) Series 787 


screwed, Series 788 flanged, and 789 grooved end, and Series 78K 


"Koil Kit" valves. 


2.09 RADIATOR SHUT-OFF AND BALANCING VALVES 


.1 Heavy pattern, straight, 1750 kPa (250 psi) rated at 120°C (250°F) bronze 


radiator valves, each complete with composition disc, spring loaded 


packing, and union. Equip inlet valves with a handle for shut-off. Equip 


outlet valves with a lockshield for shut-off and balancing. 


.2 Manufacturers: 


.1 Dahl Brothers Canada Ltd. #11042 and #13013; 


.2 Spirax Sarco Ltd. Type R. 
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2.10 PRESSURE RELIEF VALVES 


.1 ASME tested, rated, and certified, bronze or cast iron bronze fitted, 


1725 kPa (250 psi) rated pressure relief valves, each capable of relieving 


full output of equipment it is associated with, and each factory set at 


415 kPa (60 psi) unless otherwise specified. 


.2 Manufacturers: 


.1 ITT Bell & Gossett 3301/4100, or 790/1170; 


.2 Dresser Industries "CONSOLIDATED"; 


.3 Spirax Sarco Ltd. SVI Series; 


.4 McDonnell & Miller Models 250 and 260; 


.5 Conbraco 10-600 Series; 


.6 Watts Industries (Canada) Inc. 174A or 740. 


2.11 AIR VENTS 


.1 Manual Air Vents 


.1 Equal to Conbraco 27 Series, 3.2 mm (⅛") diameter with a key 


handle. 


.2 Automatic Air Vents 


.1 Float actuated air vents, each complete with a semi-steel body 


and cap, a stainless steel float assembly and seat, and a 


neoprene head. 


.2 Manufacturers: 


.1 Spirax Sarco Ltd., Type 13 W for system working pressures to 


1035 kPa (150 psi), 13 WH for system working pressures 


greater than 1035 kPa (150 psi); 


.2 Armstrong International Inc. No. 1-AV. 


2.12 STRAINERS 


.1 Cast iron wye shaped strainers, minimum 890 kPa (125 psi) rated and 


complete with a removable type 304 stainless steel screen with 


perforations sized to suit the application, and, for strainers 50 mm (2") 


diameter and larger, a blowdown pipe connection tapping. 


.2 Manufacturers: 
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.1 Spirax Sarco Ltd. Type IF-125 screwed or Type AF-250 flanged; 


.2 Toyo Valve Co. Ltd. Fig. 380A screwed or Fig. 381 flanged; 


.3 Victaulic Co. of Canada Style 732 or W732 "Vic-Strainer"; 


.4 Armstrong International Inc. A1 Series; 


.5 Watts Industries (Canada) Inc. #77SCI; 


.6 Mueller Steam Specialty Products Model 11M screwed or Model 


758 flanged. 


2.13 PIPING EXPANSION JOINTS 


.1 Steel Piping Mains: 


.1 Controlled flexing, flanged expansion joints, 2070 kPa (300 psi) 


rated, with corrugated stainless steel bellows with closely matched 


neck rings and reinforcing or control rings, and selected for 


operating pressure plus 25% safety factor. 


.2 Manufacturers: 


.1 Senior Flexonics Ltd. Series CSF "High-Corr"; 


.2 Victaulic Co. of Canada Ltd. Style 155 with Style 07 or 107 


"Zero-Flex" couplings on each side of assembly and a full 


length steel "V" shaped support trough with hangers; 


.3 The Metraflex Co. Model MC. 


.2 Steel or Copper Branch/Runout Piping: 


.1 Externally pressurized, 1380 kPa (200 psi) rated expansion joints with 


a stainless steel bellows and shroud, welding or threaded steel 


nipple ends for steel piping, and copper sweat nipple ends for 


copper piping. 


.2 Manufacturers: 


.1 Senior Flexonics Ltd. Series "H"; 


.2 The Metraflex Co. Model "HP". 


2.14 PIPING ALIGNMENT GUIDES 


.1 Prime coat painted black carbon steel pipe alignment guides sized and 


fabricated to suit pipe size and pipe insulation thickness. 


.2 Manufacturers: 
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.1 Senior Flexonics Ltd. Series PGT; 


.2 E. Myatt & Co. Ltd. Fig. 1267; 


.3 Empire Tool & Mfg. Inc. Fig 256; 


.4 The Metraflex Co. Style IV. 


2.15 PIPE ANCHORS 


.1 Welded structural black steel anchors of a design, size, and type to 


securely anchor pipe at point shown. Each anchor is to withstand 150% of 


axial thrust, and, as specified in Part 1 of this section, is to be designed and 


detailed by a Professional Structural Engineer. 


2.16 FLEXIBLE PUMP CONNECTIONS 


.1 Flexible metal hose assemblies, each complete with annular corrugated 


unbraided type 321 stainless steel inner core, braided type 321 stainless 


steel hose, and a collar and flange at each end, all suitable for twice the 


working pressure of the system. 


.2 Manufacturers: 


.1 Senior Flexonics Inc. A1 and A6 Series; 


.2 The Metraflex Co. Model SST and "METRA-MINI". 


.3 Option: Victaulic Series 380, 381 or 382 pump drop assemblies. Includes 


flow control, vibration-controlling flexible couplings, access ports for 


gauges and thermowells and an integral flanged pump connection. 


Rated to the working pressure of Class 150 flange connection. Sizes 2” to 


12”. 


2.17 AIR SEPARATORS 


.1 Vortex type vertical air separator with side tangential inlet and outlet 


connections, a top air outlet connection, and bottom drain connection. 


Separator is to be constructed of cast iron or fabricated steel for a 


pressure of 1105 kPa (160 psi) at 180°C (350°F) in accordance with Section 


VIII, Division 1 of the ASME Boiler and Pressure Vessel Code. 


.2 Manufacturers: 


.1 S.A. Armstrong Ltd. Model "VA". 


.2 ITT Bell & Gossett "Rolairtrol". 


.3 Taco Canada Ltd. "Vortech". 


.4 Flo-Fab Inc. “SEP-T” Series. 
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2.18 EXPANSION TANKS 


.1 Replaceable bladder type, factory pressurized expansion tank with 


permanent separation of air and water, in accordance with drawing 


schedule and complete with: 


.1 steel pressure tank suitable for a working pressure of 870 kPa 


(125 psi) at 115°C (240°F), constructed and stamped in 


accordance with the ASME Code for Unfired Pressure Vessels and 


complete with a system connection, drain connection, air 


charging valve, and a red oxide primer finish; 


.2 heavy-duty butyl rubber (EDPM) bladder; 


.3 tapping for installation of a pressure gauge; 


.4 For horizontal tanks only, mounting saddles supplied loose; 


.2 Manufacturers: 


.1 Hamlet & Garneau Inc. AL Series "Expanflex"; 


.2 S.A. Armstrong Ltd. Series "AX-V" Series "L"; 


.3 ITT Bell & Gossett Series "B" (ASME); 


.4 Amtrol "Extrol" Series. 


.5 Taco (Canada) Ltd. "CBX" Series. 


.6 Flo-Fab Inc. “WX-C” Series, “ABT” Series 


2.19 GLYCOL 


.1 Propylene glycol blended with Nitrite based corrosion inhibitors. 


3. EXECUTION 


3.01 DEMOLITION 


.1 Perform required hydronic piping system demolition/revision work. Refer to 


demolition requirements specified in Section 20 05 05 – Selective 


Demolition for Mechanical. 


3.02 PIPING INSTALLATION REQUIREMENTS 


.1 Provide required hydronic piping. Pipe, unless otherwise specified, is to be: 
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.1 For pipe sizes up to and including 50 mm (2") diameter, Schedule 


40 black steel, screwed, or type "L" hard copper with solder joints 


or pressure coupled joints; 


.2 For pipe 65 mm (2-½") to 300 mm (12") dia. and larger, Standard 


weight grooved end black steel pipe, 10 mm (0.375") thickness, 


with grooved end fittings and couplings, or, Standard weight black 


steel pipe, 10 mm (0.375") thickness, with welding fittings and 


welded joints; 


.3 For short branch connections, 25 mm (1”) pipe diameter size and 


less, to heating equipment where structural obstructions occur and 


site bending of pipe is advantageous, a single length of type "L" 


soft copper. 


.2 Slope horizontal piping mains to provide a minimum continuous up-grade 


of 25 mm (1") in 6 m (20') to high points. Slope branch supply and return 


piping connections to equipment a minimum of 25 mm (1") in 1.2 m (4'). 


Leave sufficient room at high points for installation and maintenance of air 


vents. 


.3 Install automatic control valves, piping wells and similar piping and/or 


equipment mounted control components required for automatic 


temperature control systems supplied as part of the control work. Refer to 


drawing control diagrams and details. 


.4 Connect equipment provided as part of the work of other sections with 


piping as indicated and/or required. Refer to pipe connection details on 


drawings. 


.5 Provide screwed unions, removable mechanical joint couplings, or weld-


on or solder-on flanges in piping at all connections to valves, strainers and 


similar piping system components which may need maintenance or 


repair, at equipment connections, in runs of piping exceeding 9 m (30') at 


4.5 m (15') regular intervals to permit removal of sections of piping, and 


wherever else indicated on drawings. 


.6 Provide shut-off valves in piping connections to equipment, to isolate 


piping risers, to isolate other sections of systems as shown, and wherever 


else indicated on drawings. Valves in piping to and including 50 mm (2") 


dia. are to be ball type. All other shut-off valves are to be ball or butterfly 


type unless otherwise specified. Locate valves so they are easily 


accessible. Wherever possible, install valves at uniform height. Provide 


chain operators for valves which are inaccessible for operation from floor 


level. 


.7 Provide a check valve in discharge piping of every pump, and elsewhere 


in piping where shown on drawings. Where check valves are required in 
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vertical piping, ensure they are suitable in all respects for the application. 


Check valves for vertical in-line and/or base mounted circulating pumps 


are integral with the discharge accessory. 


.8 Provide a drain valve at base of each piping riser, in drain connections to 


equipment, in low points of horizontal piping, and wherever else shown 


and/or specified. 


.9 Provide circuit balancing valves in piping generally where shown on 


drawings but with exact locations in accordance with instructions of 


personnel doing system flow balancing work. Confirm locations prior to 


installation. 


.10 Grooved pipe ends shall be clean and free from indentations, projections 


and roll marks in the area from pipe end to groove for proper gasket 


sealing. All couplings will meet Victaulic standards for visual inspection 


sizes 2” to 12”. The gasket style and elastomeric material (grade) shall be 


verified as suitable for the intended service as specified. Install in 


accordance with manufacturer’s latest recommendations. A Victaulic 


factory trained representative shall periodically visit the job site and review 


the installation for best practices. The installing Contractor shall correct 


any identified deficiencies. Victaulic product that has been examined 


and has not met the visual inspection criteria for proper installation must 


be corrected and re-examined by Victaulic prior to the completion of the 


project. 


3.03 INSTALLATION OF PRESSURE RELIEF VALVES 


.1 Provide factory set pressure relief valves. Pipe discharge of each water 


piping relief valve to drain unless otherwise shown or specified. 


.2 Pipe discharge of each glycol solution piping relief valve back to system 


expansion tank or return piping. 


.3 Confirm relief valve settings. 


3.04 INSTALLATION OF AIR VENTS 


.1 Provide an air vent in piping mains at all high points, at equipment 


connections, and wherever else shown and/or specified. Equip each air 


vent with a ball type shut-off valve. Install vents in 100 mm (4") dia. and 


larger piping and all vents in mechanical rooms in accordance with 


drawing detail. 


.2 Provide 9 mm (3/8") dia. copper drain piping from each automatic air 


vent to nearest suitable drain and terminate so discharge is visible. Identify 


drain piping. 
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3.05 INSTALLATION OF STRAINERS 


.1 Provide strainers in piping. Locate strainers so baskets are easily accessible 


and removable. Clean strainer baskets during and after piping system 


flushing and cleaning is complete, and before water quantity balancing 


commences. 


3.06 INSTALLATION OF EXPANSION COMPENSATORS 


.1 Provide expansion compensation in piping. 


.2 Generally, locate expansion compensation where shown, but with exact 


locations to suit piping as installed. 


.3 Provide double pipe alignment guides in horizontal piping at each side of 


expansion compensation facilities to permit movement in axial direction 


only. Secure guides to building structure only. 


.4 Provide a pipe guide at each side of expansion joints in vertical risers. 


.5 When using grooved piping in a riser refer to a Victaulic riser design for 


anchor and guide locations. 


3.07 INSTALLATION OF PIPING ANCHORS 


.1 Provide anchors to secure piping to structure. Locate anchors generally 


where shown but with exact locations to suit piping as installed and 


requirements of reviewed anchor shop drawings. 


.2 When installation of anchors is complete, arrange, and pay for anchor 


design engineer to visit site to review anchor installation. Submit a signed 


letter with engineer’s stamp from design engineer confirming each 


anchor is properly installed. 


3.08 INSTALLATION OF AIR SEPARATOR 


.1 Provide an air separator in piping and connect with valved inlet and 


outlet piping. 


.2 Extend valved blowdown piping from bottom pipe connection tapping to 


nearest floor drain location. 


.3 Equip top pipe connection tapping with an automatic air vent, and 


piping as detailed. 


3.09 INSTALLATION OF EXPANSION TANK 


.1 Provide an expansion tank. 
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.2 Secure horizontal expansion tank in place from structure by means of 


properly sized galvanized steel hanger rods and support saddles supplied 


with tank. 


.3 Secure tank stand to a concrete housekeeping pad by means of 


machine bolts. 


.4 Connect tank with system piping. Extend a drain line from tank piping and 


terminate drain line with a drain valve. Provide an air vent. 


.5 Check tank air charge and adjust to suit system. 


3.10 INSTALLATION OF FLEXIBLE PIPING CONNECTIONS 


.1 Provide flexible connections in piping connections to equipment. 


.2 Install in accordance with manufacturer’s instructions. 


3.11 FLUSHING AND CLEANING PIPING 


.1 Flush and clean new piping in accordance with requirements specified in 


Section 23 25 00 – HVAC Water Treatment. 


3.12 TESTING, ADJUSTING AND BALANCING 


.1 When work is complete and equipment is operating as intended, test, 


adjust and balance water flows in accordance with requirements 


specified in Section 20 05 93 – Testing, Adjusting, and Balancing for 


Mechanical Systems, and Section 20 08 00 – Commissioning of 


Mechanical Systems. 


End of Section 





		1. General

		1.01 Submittals

		.1 Submit shop drawings/product data sheets for all products specified in this section except piping and unions.



		1.02 Closeout Submittals

		.1 Shop drawings for piping anchors must be prepared and stamped by a professional Structural Engineer registered in the jurisdiction of the work. Refer to requirements for Contractor retained engineers specified in Section 20 05 10 – Mechanical Work ...

		.2 Submit a letter from pipe anchor design engineer to stating engineer has visited site to examine installation of pipe anchors and pipe anchor installation is in accordance with reviewed anchor shop drawing.





		2. Products

		2.01 Pipe, Fittings, and Joints

		.1 Black Steel - Screwed Joint

		.1 Mild black carbon steel, Grade B, ASTM A53, complete with Class 125 cast iron threaded fittings to ANSI/ASME B16.4, and screwed joints.



		.2 Black Steel - Welded Joint

		.1 Mild black carbon steel, Grade B, ASTM A53, mill or site bevelled, complete with factory made seamless carbon steel butt welding fittings to ASTM A234, Grade WPB, with long sweep pattern elbows unless otherwise specified, and welded joints.



		.3 Black Steel - Grooved End Mechanical Joint

		.1 Mild black carbon steel, Grade B, ASTM A53, factory or site roll grooved, complete with cast ductile iron grooved end fittings, including full flow elbows, and conforming to ASTM A536.

		.2 Manufacturers:

		.1 Equal to Victaulic Style 107 "QuickVic" rigid couplings for sizes 2" to 12", Style 07 "Zero-Flex" rigid couplings, Style W07 AGS rigid couplings for sizes 350 mm (14") to 1525 mm (60");

		.2 Flexible grooved couplings can be used where system flexibility is desired. Noise and vibration reduction at mechanical equipment connections is achieved by installing three flexible couplings near the vibrations source in lieu of braided flex conn...

		.3 Grooved end fittings shall be cast of ductile iron conforming to ASTM A-536, Grade 65-45-12, forged steel conforming to ASTM A-234, Grade WPB 0.375" wall (9.53 mm wall), or fabricated from Std. Wt. Carbon Steel pipe conforming to ASTM A-53, Type F,...





		.4 Black Steel – Plain End Mechanical Joint

		.1 Mild black carbon steel, Grade B, ASTM A53, mill or site bevelled, complete with cast ductile iron end fittings conforming to ASTM A536.

		.2 Manufacturers:

		.1 Equal to Victaulic QuickVic SD rigid couplings for sizes 1/2" to 2", rated for a working pressure of 300 psi.





		.5 Black Steel – Pressure Coupled Joints

		.1 Mild black carbon steel conforming to ASTM F3226, IAPMO PS117, ICC LC1002, ASME B31.1, B31.3, or B31.9. MegaPress fittings ½-inch thru 4-inch for use with schedule 40 ASTM A53 carbon steel pipe.

		.2 Pressure connect fittings shall carry CRN numbers.

		.3 Pressure connect fitting shall have Viega Smart Connect technology to detect unpressed fittings shall be integrated into the body of the fitting.

		.4 1/2 inch thru 2 inch fittings shall have stainless-steel grip ring with bidirectional teeth, 304 stainless separator ring, EPDM or FKM sealing element at each press connection. 2-1/2 inch thru 4 inch shall have stainless-steel grip ring with bidire...

		.5 There shall be no mixing of manufacturers.

		.6 The manufacturer’s installation instructions shall be strictly adhered to.

		.7 Special attention shall be given to the required two step pressure test.

		.8 Initial test for unpressed fitting detection per manufacturer’s installation manual.

		.9 Full pressure test in accordance with code requirements.

		.10 Installers shall be field trained by Viega factory representative.



		.6 Soft Copper Pipe

		.1 Type "L" seamless soft copper to ASTM B77.



		.7 Hard Copper - Solder Joint

		.1 Type "L" hard drawn seamless copper to ASTM B88, complete with wrought copper fittings to ANSI B16.22, and 95% tin / 5% Antimony solder joints.



		.8 Hard Copper - Pressure Coupled Joint

		.1 Type "L" hard drawn seamless copper to ASTM B88, complete with Viega "ProPress with Smart Connect feature" system copper fittings with EDPM seals, and pressure type crimped joints made by use of manufacturer recommended tool.





		2.02 Piping Unions

		.1 Screwed Piping

		.1 Malleable iron, ground joint, bronze or brass to iron or bronze to bronze seat screwed unions and union elbows with a minimum pressure rating of 1725 kPa (250 psi) steam at 260 C (500 F).



		.2 Flanged Piping

		.1 Forged carbon steel slip-on type raised faced welding flange unions to ASTM A105, 150 lb. Class for steel pipe, and slip-on type 150 lb. Class bronze flanges for copper pipe.





		2.03 Shut-Off Valves

		.1 Ball Type

		.1 Class 600, 4140 kPa (600 psi) WOG rated full port ball valves, each complete with a forged brass or bronze body and cap, blowout-proof stem, solid forged brass chrome plated ball, "Teflon" or "PTFE" seat, threaded ends, and removable lever handle.

		.2 Manufacturers:

		.1 Toyo Valve Co. Fig. 5044A;

		.2 Watts Industries (Canada) Inc. #FBV-3;

		.3 Kitz Corp. Code 58;

		.4 Victaulic Co. of Canada Ltd. Series 722;

		.5 Apollo Valve #77-100.





		.2 Butterfly Type

		.1 Cast ductile iron, lug body style, 1200 kPa (175 psi) rated butterfly valve, each complete with a neck to permit 50 mm (2") of insulation above the flange, a field replaceable EPDM seat, ductile iron disc, stainless steel shaft with EPDM seal, a le...

		.2 Manufacturers:

		.1 DeZurik of Canada Ltd., Figure No. 632;

		.2 Victaulic Co. of Canada Ltd. Vic-300 MasterSeal or AGS Vic-300;

		.3 Apollo Valve 143 Series;

		.4 Watts Industries (Canada) Inc. #BF-03;

		.5 Kitz Corp. 6112 Series;

		.6 Toyo Valve Co. 918DESL/G2.







		2.04 Swing Check Valves

		.1 Bronze - Screwed

		.1 Class 125, 1380 kPa (200 psi) WOG rated horizontal swing check valves, each complete with a "Y" pattern bronze body, hinged brass disc, easy access screw-in cap, and screwed ends.

		.2 Manufacturers:

		.1 Toyo Valve Co. Fig. 236;

		.2 Nibco #T-433;

		.3 Kitz Corp. Code No. 22.





		.2 Steel - Grooved Ends

		.1 Victaulic Co. of Canada Ltd. Series 716, 779 or W715 grooved end carbon steel check valves suitable for mounting horizontally or vertically.



		.3 Cast Iron - Screwed and Flanged

		.1 Cast iron, bronze trim, 1380 kPa (200 psi) rated swing check valves, each complete with a bronze disc and seat, malleable iron hinge, bolted cover, and screwed or flanged ends as required.

		.2 Manufacturers:

		.1 Toyo Valve Co. Fig. 435A;

		.2 Watts Industries (Canada) Inc. #F-511;

		.3 Kitz Corp. Code No. 78.







		2.05 Vertical Lift Check Valves

		.1 Class 150, 1380 kPa (200 psi) WOG rated bronze vertical lift check valves, each complete with screwed ends and a bronze disc.

		.2 Manufacturers:

		.1 Toyo Valve Co. Fig. 231;

		.2 Watts Industries (Canada) Inc. #600;

		.3 Kitz Corp. Code No. 36.





		2.06 Wafer Check Valves

		.1 Threaded lug body type, full bore, ANSI Series 150, 1965 kPa (285 psi) rated at 38 C (100 F), non-slam wafer check valves, each complete with a carbon steel body, stainless steel discs, a shaft, springs, disc stop and thrust bearings constructed of...

		.2 Manufacturers:

		.1 Gulf Valve Co. "WAFER CHECK";

		.2 Watts Industries (Canada) Inc. Series ICV-125;

		.3 The Metraflex Co. Style CVXX.





		2.07 Drain Valves

		.1 Minimum 2070 kPa (300 psi) WOG rated, 20 mm (¾") diameter straight pattern bronze ball valves, each complete with a threaded outlet suitable for coupling connection of 20 mm (¾") diameter hose, and a cap and chain.

		.2 Manufacturers:

		.1 Toyo Valve Co. Ltd. Fig. 5046;

		.2 Watts Industries (Canada) Inc. #B-6000-CC;

		.3 Kitz Corp. Code No. 68AC;

		.4 Apollo Valves #78-104-01.





		2.08 Circuit Balancing Valves

		.1 Screwed or flanged as required, globe style, non-ferrous circuit balancing valves designed to facilitate precise flow measurement, precision flow balancing, and positive shut-off, complete with capped and valved drain connection, and valved ports f...

		.2 Manufacturers:

		.1 Equal to Victaulic Co. of Canada Ltd. (Tour & Anderson) Series 787 screwed, Series 788 flanged, and 789 grooved end, and Series 78K "Koil Kit" valves.





		2.09 Radiator Shut-Off and Balancing Valves

		.1 Heavy pattern, straight, 1750 kPa (250 psi) rated at 120 C (250 F) bronze radiator valves, each complete with composition disc, spring loaded packing, and union. Equip inlet valves with a handle for shut-off. Equip outlet valves with a lockshield f...

		.2 Manufacturers:

		.1 Dahl Brothers Canada Ltd. #11042 and #13013;

		.2 Spirax Sarco Ltd. Type R.





		2.10 Pressure Relief Valves

		.1 ASME tested, rated, and certified, bronze or cast iron bronze fitted, 1725 kPa (250 psi) rated pressure relief valves, each capable of relieving full output of equipment it is associated with, and each factory set at 415 kPa (60 psi) unless otherwi...

		.2 Manufacturers:

		.1 ITT Bell & Gossett 3301/4100, or 790/1170;

		.2 Dresser Industries "CONSOLIDATED";

		.3 Spirax Sarco Ltd. SVI Series;

		.4 McDonnell & Miller Models 250 and 260;

		.5 Conbraco 10-600 Series;

		.6 Watts Industries (Canada) Inc. 174A or 740.





		2.11 Air Vents

		.1 Manual Air Vents

		.1 Equal to Conbraco 27 Series, 3.2 mm (⅛") diameter with a key handle.



		.2 Automatic Air Vents

		.1 Float actuated air vents, each complete with a semi-steel body and cap, a stainless steel float assembly and seat, and a neoprene head.

		.2 Manufacturers:

		.1 Spirax Sarco Ltd., Type 13 W for system working pressures to 1035 kPa (150 psi), 13 WH for system working pressures greater than 1035 kPa (150 psi);

		.2 Armstrong International Inc. No. 1-AV.







		2.12 Strainers

		.1 Cast iron wye shaped strainers, minimum 890 kPa (125 psi) rated and complete with a removable type 304 stainless steel screen with perforations sized to suit the application, and, for strainers 50 mm (2") diameter and larger, a blowdown pipe connec...

		.2 Manufacturers:

		.1 Spirax Sarco Ltd. Type IF-125 screwed or Type AF-250 flanged;

		.2 Toyo Valve Co. Ltd. Fig. 380A screwed or Fig. 381 flanged;

		.3 Victaulic Co. of Canada Style 732 or W732 "Vic-Strainer";

		.4 Armstrong International Inc. A1 Series;

		.5 Watts Industries (Canada) Inc. #77SCI;

		.6 Mueller Steam Specialty Products Model 11M screwed or Model 758 flanged.





		2.13 Piping Expansion Joints

		.1 Steel Piping Mains:

		.1 Controlled flexing, flanged expansion joints, 2070 kPa (300 psi) rated, with corrugated stainless steel bellows with closely matched neck rings and reinforcing or control rings, and selected for operating pressure plus 25% safety factor.

		.2 Manufacturers:

		.1 Senior Flexonics Ltd. Series CSF "High-Corr";

		.2 Victaulic Co. of Canada Ltd. Style 155 with Style 07 or 107 "Zero-Flex" couplings on each side of assembly and a full length steel "V" shaped support trough with hangers;

		.3 The Metraflex Co. Model MC.





		.2 Steel or Copper Branch/Runout Piping:

		.1 Externally pressurized, 1380 kPa (200 psi) rated expansion joints with a stainless steel bellows and shroud, welding or threaded steel nipple ends for steel piping, and copper sweat nipple ends for copper piping.

		.2 Manufacturers:

		.1 Senior Flexonics Ltd. Series "H";

		.2 The Metraflex Co. Model "HP".







		2.14 Piping Alignment Guides

		.1 Prime coat painted black carbon steel pipe alignment guides sized and fabricated to suit pipe size and pipe insulation thickness.

		.2 Manufacturers:

		.1 Senior Flexonics Ltd. Series PGT;

		.2 E. Myatt & Co. Ltd. Fig. 1267;

		.3 Empire Tool & Mfg. Inc. Fig 256;

		.4 The Metraflex Co. Style IV.





		2.15 Pipe Anchors

		.1 Welded structural black steel anchors of a design, size, and type to securely anchor pipe at point shown. Each anchor is to withstand 150% of axial thrust, and, as specified in Part 1 of this section, is to be designed and detailed by a Professiona...



		2.16 Flexible Pump Connections

		.1 Flexible metal hose assemblies, each complete with annular corrugated unbraided type 321 stainless steel inner core, braided type 321 stainless steel hose, and a collar and flange at each end, all suitable for twice the working pressure of the system.

		.2 Manufacturers:

		.1 Senior Flexonics Inc. A1 and A6 Series;

		.2 The Metraflex Co. Model SST and "METRA-MINI".



		.3 Option: Victaulic Series 380, 381 or 382 pump drop assemblies. Includes flow control, vibration-controlling flexible couplings, access ports for gauges and thermowells and an integral flanged pump connection. Rated to the working pressure of Class ...



		2.17 Air Separators

		.1 Vortex type vertical air separator with side tangential inlet and outlet connections, a top air outlet connection, and bottom drain connection. Separator is to be constructed of cast iron or fabricated steel for a pressure of 1105 kPa (160 psi) at ...

		.2 Manufacturers:

		.1 S.A. Armstrong Ltd. Model "VA".

		.2 ITT Bell & Gossett "Rolairtrol".

		.3 Taco Canada Ltd. "Vortech".

		.4 Flo-Fab Inc. “SEP-T” Series.





		2.18 Expansion Tanks

		.1 Replaceable bladder type, factory pressurized expansion tank with permanent separation of air and water, in accordance with drawing schedule and complete with:

		.1 steel pressure tank suitable for a working pressure of 870 kPa (125 psi) at 115 C (240 F), constructed and stamped in accordance with the ASME Code for Unfired Pressure Vessels and complete with a system connection, drain connection, air charging v...

		.2 heavy-duty butyl rubber (EDPM) bladder;

		.3 tapping for installation of a pressure gauge;

		.4 For horizontal tanks only, mounting saddles supplied loose;



		.2 Manufacturers:

		.1 Hamlet & Garneau Inc. AL Series "Expanflex";

		.2 S.A. Armstrong Ltd. Series "AX-V" Series "L";

		.3 ITT Bell & Gossett Series "B" (ASME);

		.4 Amtrol "Extrol" Series.

		.5 Taco (Canada) Ltd. "CBX" Series.

		.6 Flo-Fab Inc. “WX-C” Series, “ABT” Series





		2.19 Glycol

		.1 Propylene glycol blended with Nitrite based corrosion inhibitors.





		3. Execution

		3.01 Demolition

		.1 Perform required hydronic piping system demolition/revision work. Refer to demolition requirements specified in Section 20 05 05 – Selective Demolition for Mechanical.



		3.02 Piping Installation Requirements

		.1 Provide required hydronic piping. Pipe, unless otherwise specified, is to be:

		.1 For pipe sizes up to and including 50 mm (2") diameter, Schedule 40 black steel, screwed, or type "L" hard copper with solder joints or pressure coupled joints;

		.2 For pipe 65 mm (2-½") to 300 mm (12") dia. and larger, Standard weight grooved end black steel pipe, 10 mm (0.375") thickness, with grooved end fittings and couplings, or, Standard weight black steel pipe, 10 mm (0.375") thickness, with welding fit...

		.3 For short branch connections, 25 mm (1”) pipe diameter size and less, to heating equipment where structural obstructions occur and site bending of pipe is advantageous, a single length of type "L" soft copper.



		.2 Slope horizontal piping mains to provide a minimum continuous up-grade of 25 mm (1") in 6 m (20') to high points. Slope branch supply and return piping connections to equipment a minimum of 25 mm (1") in 1.2 m (4'). Leave sufficient room at high po...

		.3 Install automatic control valves, piping wells and similar piping and/or equipment mounted control components required for automatic temperature control systems supplied as part of the control work. Refer to drawing control diagrams and details.

		.4 Connect equipment provided as part of the work of other sections with piping as indicated and/or required. Refer to pipe connection details on drawings.

		.5 Provide screwed unions, removable mechanical joint couplings, or weld-on or solder-on flanges in piping at all connections to valves, strainers and similar piping system components which may need maintenance or repair, at equipment connections, in ...

		.6 Provide shut-off valves in piping connections to equipment, to isolate piping risers, to isolate other sections of systems as shown, and wherever else indicated on drawings. Valves in piping to and including 50 mm (2") dia. are to be ball type. All...

		.7 Provide a check valve in discharge piping of every pump, and elsewhere in piping where shown on drawings. Where check valves are required in vertical piping, ensure they are suitable in all respects for the application. Check valves for vertical in...

		.8 Provide a drain valve at base of each piping riser, in drain connections to equipment, in low points of horizontal piping, and wherever else shown and/or specified.

		.9 Provide circuit balancing valves in piping generally where shown on drawings but with exact locations in accordance with instructions of personnel doing system flow balancing work. Confirm locations prior to installation.

		.10 Grooved pipe ends shall be clean and free from indentations, projections and roll marks in the area from pipe end to groove for proper gasket sealing. All couplings will meet Victaulic standards for visual inspection sizes 2” to 12”. The gasket st...



		3.03 Installation of Pressure Relief Valves

		.1 Provide factory set pressure relief valves. Pipe discharge of each water piping relief valve to drain unless otherwise shown or specified.

		.2 Pipe discharge of each glycol solution piping relief valve back to system expansion tank or return piping.

		.3 Confirm relief valve settings.



		3.04 Installation of Air Vents

		.1 Provide an air vent in piping mains at all high points, at equipment connections, and wherever else shown and/or specified. Equip each air vent with a ball type shut-off valve. Install vents in 100 mm (4") dia. and larger piping and all vents in me...

		.2 Provide 9 mm (3/8") dia. copper drain piping from each automatic air vent to nearest suitable drain and terminate so discharge is visible. Identify drain piping.



		3.05 Installation of Strainers

		.1 Provide strainers in piping. Locate strainers so baskets are easily accessible and removable. Clean strainer baskets during and after piping system flushing and cleaning is complete, and before water quantity balancing commences.



		3.06 Installation of Expansion Compensators

		.1 Provide expansion compensation in piping.

		.2 Generally, locate expansion compensation where shown, but with exact locations to suit piping as installed.

		.3 Provide double pipe alignment guides in horizontal piping at each side of expansion compensation facilities to permit movement in axial direction only. Secure guides to building structure only.

		.4 Provide a pipe guide at each side of expansion joints in vertical risers.

		.5 When using grooved piping in a riser refer to a Victaulic riser design for anchor and guide locations.



		3.07 Installation of Piping Anchors

		.1 Provide anchors to secure piping to structure. Locate anchors generally where shown but with exact locations to suit piping as installed and requirements of reviewed anchor shop drawings.

		.2 When installation of anchors is complete, arrange, and pay for anchor design engineer to visit site to review anchor installation. Submit a signed letter with engineer’s stamp from design engineer confirming each anchor is properly installed.



		3.08 Installation of Air Separator

		.1 Provide an air separator in piping and connect with valved inlet and outlet piping.

		.2 Extend valved blowdown piping from bottom pipe connection tapping to nearest floor drain location.

		.3 Equip top pipe connection tapping with an automatic air vent, and piping as detailed.



		3.09 Installation of Expansion Tank

		.1 Provide an expansion tank.

		.2 Secure horizontal expansion tank in place from structure by means of properly sized galvanized steel hanger rods and support saddles supplied with tank.

		.3 Secure tank stand to a concrete housekeeping pad by means of machine bolts.

		.4 Connect tank with system piping. Extend a drain line from tank piping and terminate drain line with a drain valve. Provide an air vent.

		.5 Check tank air charge and adjust to suit system.



		3.10 Installation of Flexible Piping Connections

		.1 Provide flexible connections in piping connections to equipment.

		.2 Install in accordance with manufacturer’s instructions.



		3.11 Flushing and Cleaning Piping

		.1 Flush and clean new piping in accordance with requirements specified in Section 23 25 00 – HVAC Water Treatment.



		3.12 Testing, Adjusting and Balancing

		.1 When work is complete and equipment is operating as intended, test, adjust and balance water flows in accordance with requirements specified in Section 20 05 93 – Testing, Adjusting, and Balancing for Mechanical Systems, and Section 20 08 00 – Comm...
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1. GENERAL 


1.01 SECTION INCLUDES 


.1 Refrigerant piping, joining materials, valves, fittings, and accessories for 


refrigerant piping. 


1.02 REFERENCES 


.1 CSA B52-18, Mechanical refrigeration code. 


1.03 SUBMITTALS 


.1 Submit shop drawings/product data sheets for all products specified in 


Part 2 of this section except for pipe and fittings. 


.2 Submit, in shop drawing form, a schematic piping diagram for each 


refrigerant piping system indicating pipe sizes, slopes, valves, traps, and 


piping specialties. Piping schematics must be reviewed, approved, and 


signed by refrigeration equipment manufacturers prior to being submitted 


to the Consultant for review. 


1.04 CLOSEOUT SUBMITTALS 


.1 Submit letters from equipment suppliers certifying proper installation and 


start-up of piping systems and equipment as specified in Part 3 of this 


section. 


1.05 QUALITY ASSURANCE 


.1 Refrigerant piping systems are to be in accordance with CSA B52, 


Mechanical Refrigeration Code, and any applicable local Codes and 


Regulations. 


.2 Refrigerant piping installing contractor is to be certified by Technical 


Standards and Safety Authority (TSSA). Installing contractor is to install 


refrigerant piping in accordance with manufacturer’s installation 


instructions and in accordance with local codes. Contractor is responsible 


for all regulatory approvals, if required. Upon completion of installation, 


documentation of refrigerant amount, test certificates and verification 


documentation, etc., is to be provided in a binder, in accordance with 


requirements of local authorities having jurisdiction. 


.3 Refrigerant piping and direct expansion refrigeration equipment must be 


installed by or under direct on site supervision of a licensed journeyman 


refrigeration mechanic. 
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2. PRODUCTS 


2.01 PIPE, FITTINGS, AND JOINTS 


.1 Type ACR hard drawn seamless copper refrigerant tubing to ASTM B280, 


factory degreased, dehydrated and capped or nitrogen filled and 


capped, complete with factory washed and bagged wrought copper 


soldering fittings to ASME B16.22, and brazed joints made with high melting 


point silver brazing alloy conforming to AWS Classification BcuP-5. 


2.02 PIPING LINE SETS 


.1 Equal to Great Lakes Copper Inc. “EZ-Roll” soft annealed copper to 


ASTM B280, suitable for use with refrigerant involved, factory cleaned and 


capped, and with sizes and lengths as required. 


2.03 GENERAL RE: VALVES AND PIPING SPECIALTIES 


.1 Refrigerant valves and piping specialties specified below are to factory 


cleaned, degreased, and supplied to site with capped ends. 


2.04 SHUT-OFF VALVES 


.1 Ball Valves 


.1 ¼ turn, CSA certified forged brass ball valves, each suitable for a 


maximum working pressure of 3445 kPa (500 psi) and complete 


with carbon filled Teflon ball seals, 2 O-ring stem seals, a gasketed 


seal cap, a flow direction arrow cast into body, a ball position 


indicator on stem, and extended copper tube connections to 


permit brazing the valve into line without disassembling valve. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


.2 Diaphragm Valves 


.1 Forged brass, frost-proof, Type 1 Series, CSA certified packless 


diaphragm valves, each suitable for a 3445 kPa (500 psi) working 


pressure and complete with an O-ring to prevent moisture from 


entering diaphragm chamber, one phosphor bronze and 2 


stainless steel diaphragms, and extended copper tube brazing 


connections. 


.2 Manufacturers: 
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.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


2.05 CHECK VALVES 


.1 Straight through type for valves 6.4 mm to 16 mm (¼" to 5/8") diameter, 


globe type for valves 22 mm (7/8") diameter and larger, each complete 


with extended tubing for brazing connections, and as follows: 


.1 straight through type check valves complete with a machined 


brass gasketed body, phosphor bronze spring, and neoprene seat; 


.2 globe type check valves complete with a cast bronze body, 


forged brass cap, phosphor bronze spring, Teflon seat disc, and 


neoprene O-ring seal. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


2.06 PIPING TRAPS 


.1 Mueller Industries Inc. Style No. WE-554P brazing end copper "P" traps. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


2.07 PRESSURE VESSEL RELIEF VALVES 


.1 Factory set pressure relief valves, straight through or angle type as 


required, each constructed in accordance with requirements of ANSI B9.1 


and the ASME Code for Unfired Pressure Vessels, and each complete with 


a brass body, neoprene seat disc, and lead seal and locking wire. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 
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.3 Superior Refrigeration Products/Sherwood. 


2.08 REFRIGERANT LIQUID MOISTURE INDICATORS 


.1 Forged brass, triple sealed, CSA certified liquid moisture indicators, each 


suitable for a maximum working pressure of 3445 kPa (500 psi) and 


complete with a liquid indicator which shows "FULL" when system is fully 


charged with refrigerant and remains blank when there is a restriction or 


shortage of refrigerant in liquid line, a moisture indicator which changes 


colour from blue to pink when moisture is present in system, a plastic dust 


cover, and extended copper tube brazing connections. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


2.09 LIQUID LINE FILTER-DRIER 


.1 Mueller Industries Inc. "Drymaster" CSA certified filter-driers, each suitable 


for a maximum 3445 kPa (500 psi) working pressure and complete with a 


combination of desiccants in a fluted briquette for drying, and a fluted 


briquette type filter. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


2.10 FLEXIBLE PIPING CONNECTIONS 


.1 Senior Flexonics Canada "VIBRA-SORBERS" phosphor bronze construction, 


factory cleaned, dried, and sealed flexible piping connections with 


copper tube brazing ends. 


.2 Manufacturers: 


.1 Senior Flexonics Canada; 


.2 The Metraflex Co. 


2.11 THERMOSTATIC EXPANSION VALVES 


.1 Factory tested, balanced port design thermostatic expansion valves, with 


exact selection to suit the application and refrigerant used, each 
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complete within a replaceable stainless steel diaphragm and welded 


element construction thermostatic element charged with hydraulic fluid, 


and removable inlet strainer. 


.2 Manufacturers: 


.1 Mueller Industries Inc.; 


.2 Sporlan Valve Co.; 


.3 Superior Refrigeration Products/Sherwood. 


3. EXECUTION 


3.01 DEMOLITION 


.1 Perform required refrigerant piping system demolition work. Refer to 


demolition requirements specified in Section 20 05 05 – Selective 


Demolition for Mechanical. 


3.02 INSTALLATION OF REFRIGERANT PIPING, VALVES AND SPECIALTIES 


.1 Provide required refrigerant piping. Piping is to be type ACR copper with 


wrought copper fittings. Install piping in accordance with requirements of 


reviewed refrigerant piping schematics referred to in Part 1 of this section. 


.2 Make refrigerant piping joints using a light coat of approved brazing flux 


applied to both pipe and fitting. Do not use acid flux. During brazing 


process, ensure pipe and fittings are kept full of nitrogen or carbon dioxide 


to prevent scale formation inside pipe and fitting. 


.3 Where shown or specified, use soft copper refrigerant piping line sets. 


.4 Provide shut-off valves to isolate each piece of equipment if shut-off 


valves are not supplied integral with equipment. Provide ball or 


diaphragm type shut-off valves inside building. Provide diaphragm shut-off 


valves outside building. 


.5 Provide a refrigerant charging valve for each system if such a valve is not 


supplied integral with equipment. 


.6 Provide refrigerant piping accessories shown and/or required and install in 


accordance with manufacturer’s recommendations. 


.7 Provide required refrigerant. 


.8 Provide flexible connections at piping connections to roof mounted 


condensing units. Install in accordance with manufacturer’s instructions. 
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.9 Provide expansion valves where shown and/or required, each matched 


to coil and installed in accordance with manufacturer’s instructions. 


End of Section 
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		2. Products

		2.01 Pipe, Fittings, and Joints

		.1 Type ACR hard drawn seamless copper refrigerant tubing to ASTM B280, factory degreased, dehydrated and capped or nitrogen filled and capped, complete with factory washed and bagged wrought copper soldering fittings to ASME B16.22, and brazed joints...
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		.1 Ball Valves

		.1 ¼ turn, CSA certified forged brass ball valves, each suitable for a maximum working pressure of 3445 kPa (500 psi) and complete with carbon filled Teflon ball seals, 2 O-ring stem seals, a gasketed seal cap, a flow direction arrow cast into body, a...

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.





		.2 Diaphragm Valves

		.1 Forged brass, frost-proof, Type 1 Series, CSA certified packless diaphragm valves, each suitable for a 3445 kPa (500 psi) working pressure and complete with an O-ring to prevent moisture from entering diaphragm chamber, one phosphor bronze and 2 st...

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.







		2.05 Check Valves

		.1 Straight through type for valves 6.4 mm to 16 mm (¼" to 5/8") diameter, globe type for valves 22 mm (7/8") diameter and larger, each complete with extended tubing for brazing connections, and as follows:

		.1 straight through type check valves complete with a machined brass gasketed body, phosphor bronze spring, and neoprene seat;

		.2 globe type check valves complete with a cast bronze body, forged brass cap, phosphor bronze spring, Teflon seat disc, and neoprene O-ring seal.



		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.





		2.06 Piping Traps

		.1 Mueller Industries Inc. Style No. WE-554P brazing end copper "P" traps.

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.





		2.07 Pressure Vessel Relief Valves

		.1 Factory set pressure relief valves, straight through or angle type as required, each constructed in accordance with requirements of ANSI B9.1 and the ASME Code for Unfired Pressure Vessels, and each complete with a brass body, neoprene seat disc, a...

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.





		2.08 Refrigerant Liquid Moisture Indicators

		.1 Forged brass, triple sealed, CSA certified liquid moisture indicators, each suitable for a maximum working pressure of 3445 kPa (500 psi) and complete with a liquid indicator which shows "FULL" when system is fully charged with refrigerant and rema...

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.





		2.09 Liquid Line Filter-Drier

		.1 Mueller Industries Inc. "Drymaster" CSA certified filter-driers, each suitable for a maximum 3445 kPa (500 psi) working pressure and complete with a combination of desiccants in a fluted briquette for drying, and a fluted briquette type filter.

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.





		2.10 Flexible Piping Connections

		.1 Senior Flexonics Canada "VIBRA-SORBERS" phosphor bronze construction, factory cleaned, dried, and sealed flexible piping connections with copper tube brazing ends.

		.2 Manufacturers:

		.1 Senior Flexonics Canada;

		.2 The Metraflex Co.





		2.11 Thermostatic Expansion Valves

		.1 Factory tested, balanced port design thermostatic expansion valves, with exact selection to suit the application and refrigerant used, each complete within a replaceable stainless steel diaphragm and welded element construction thermostatic element...

		.2 Manufacturers:

		.1 Mueller Industries Inc.;

		.2 Sporlan Valve Co.;

		.3 Superior Refrigeration Products/Sherwood.







		3. Execution

		3.01 Demolition

		.1 Perform required refrigerant piping system demolition work. Refer to demolition requirements specified in Section 20 05 05 – Selective Demolition for Mechanical.



		3.02 Installation of Refrigerant Piping, Valves and Specialties

		.1 Provide required refrigerant piping. Piping is to be type ACR copper with wrought copper fittings. Install piping in accordance with requirements of reviewed refrigerant piping schematics referred to in Part 1 of this section.

		.2 Make refrigerant piping joints using a light coat of approved brazing flux applied to both pipe and fitting. Do not use acid flux. During brazing process, ensure pipe and fittings are kept full of nitrogen or carbon dioxide to prevent scale formati...

		.3 Where shown or specified, use soft copper refrigerant piping line sets.

		.4 Provide shut-off valves to isolate each piece of equipment if shut-off valves are not supplied integral with equipment. Provide ball or diaphragm type shut-off valves inside building. Provide diaphragm shut-off valves outside building.

		.5 Provide a refrigerant charging valve for each system if such a valve is not supplied integral with equipment.

		.6 Provide refrigerant piping accessories shown and/or required and install in accordance with manufacturer’s recommendations.

		.7 Provide required refrigerant.

		.8 Provide flexible connections at piping connections to roof mounted condensing units. Install in accordance with manufacturer’s instructions.

		.9 Provide expansion valves where shown and/or required, each matched to coil and installed in accordance with manufacturer’s instructions.
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1. GENERAL 


1.01 SECTION INCLUDES 


.1 HVAC ducts and casings. 


.2 Acoustic duct lining material. 


.3 Special systems ductwork. 


.4 Dampers. 


.5 Louvres. 


.6 Other duct work accessories. 


1.02 SUBMITTALS 


.1 Submit shop drawings/product data sheets for all products specified in this 


section except shop fabricated ductwork and fittings. 


.2 Include capacity, throw and terminal velocity, noise criteria, and pressure 


drops with grille and diffuser shop drawing/product data sheet submission. 


.3 With shop drawing/product data sheet submission, supply evidence that 


fire rated duct manufacturer is ULC listed to size requirements shows on 


drawings. 


.4 Submit duct leakage test data prior to ductwork being covered from 


view. 


.5 Submit manufacturer’s colour chart(s) for all items for which a finish colour 


is to be selected. 


1.03 CLOSEOUT SUBMITTALS 


.1 Submit proper installation certification from fire rated duct manufacturer 


as specified in Part 3 of this section. 


.2 Submit a site inspection and start-up report from fan filter diffuser 


manufacturer’s representative as specified in Part 3 of this section. 


1.04 MAINTENANCE MATERIAL SUBMITTALS 


.1 Supply and hand to Owner at Substantial Performance of the Work, a 


minimum of 10 identified (with tags) grille/diffuser volume control damper 


adjustment keys. 
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1.05 COORDINATION 


.1 Supply reviewed copies of ventilator/curb assembly shop drawings or 


product data sheets to trade who will cut roof openings for ventilators, 


and ensure openings are properly sized and located. 


1.06 QUALITY ASSURANCE 


.1 Grilles and diffusers are to be tested and performance certified to 


ANSI/ASHRAE 70, Method of Testing the Performance of Air Outlets and Air 


Inlets. 


2. PRODUCTS 


2.01 GALVANIZED STEEL DUCTWORK 


.1 Galvanized steel sheet is to be hot dipped in accordance with 


requirements of ASTM A653. G60 galvanizing for bare uncovered duct to 


be finish painted. G90 for all other galvanizing. 


.2 Rectangular 


.1 Lock forming grade hot dip galvanized steel, ASTM A653, shop 


fabricated, minimum #26 gauge. 


.3 Round 


.1 Factory machine fabricated, spiral, mechanically locked flat 


seam, single wall duct, fittings and couplings. 


.4 Flat Oval 


.1 Factory machine fabricated, single wall, 4-ply spiral lock seam 


duct, fittings and couplings. 


2.02 GALVANIZED STEEL ROUND PVC COATED DUCTWORK 


.1 Factory made G90 galvanized steel, ASTM A653, spiral seam smooth wall 


round duct and fittings with metal gauges in accordance with 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible for 


a 2.5 kPa (0.36 psi) pressure, with a 4 mm thick PVC coating permanently 


fused to both sides of the duct, fittings and sleeve joint pieces, and type 


316 stainless steel sheet metal screws and support hardware. 


2.03 RECTANGULAR ALUMINUM DUCTWORK 


.1 Alloy 3003 Temper H14 aluminum, ASTM B209, shop or factory fabricated, 


water-tight, with metal gauges and fabrication in accordance with 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible to 
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suit the duct working pressure classification, and type 316 stainless steel 


support hardware. 


2.04 ROUND ALUMINUM DUCTWORK 


.1 Alloy 3003 Temper H14 aluminum, ASTM B209, factory fabricated, water-


tight, smooth interior, single wall duct, and fittings of spiral lockseam 


construction with site sealed beaded sleeve (slip type) joints, all in 


accordance with ANSI/SMACNA HVAC Duct Construction Standards 


Metal and Flexible to suit duct working pressure classification, and type 


316 stainless steel sheet metal screws and support hardware. 


2.05 RECTANGULAR STAINLESS STEEL DUCTWORK 


.1 300 Series stainless steel, type 304 or type 316 as specified in Part 3 of this 


Section, ASTM A167 and ASTM A480, with a #4 finish where bare 


(uncovered) and exposed in finished areas and a #2B finish elsewhere, 


with, unless otherwise specified, metal gauges in accordance with 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible to 


suit duct location and working pressure classification, and stainless steel 


support hardware to match duct material. 


2.06 ROUND STAINLESS STEEL DUCTWORK 


.1 Factory made, spiral, mechanically locked flat seam, single wall duct 


fabricated from type 316 stainless steel to ASTM A240 with metal gauges in 


accordance with ANSI/SMACNA HVAC Duct Construction Standards 


Metal and Flexible for 2.5 kPa (0.36 psi) pressure. Type 316 stainless steel 


fittings equipped with leak-proof stainless steel couplings secured to 


connecting duct by means of stainless steel sheet metal screws and duct 


sealer. Duct system performance is to meet SMACNA’s Leakage Class 3 


requirements at system design static pressure. Stainless steel finish is to be 


a #2B mill finish where concealed or exposed in unfinished areas and a #4 


finish where exposed in finished areas. 


2.07 ROUND STAINLESS STEEL LINED DUCTWORK 


.1 Double wall self-sealing duct system constructed from type 316 stainless 


steel to ASTM A240 and consisting of 24 kg/m3 (1.5 lb/ft³) density, 25 mm 


(1") thick glass fibre insulation meeting NFPA 90A requirements and 25/50 


flame spread/smoke developed ratings when tested in accordance with 


CAN/ULC S102 and wrapped in a thick non-woven polyester fabric, 


sandwiched between double wall duct and fittings. Spiral, mechanically 


locked, flat seam outer casing, and perforated inner liner with 3.2 mm (⅛") 


perforations on 6.4 mm (¼") staggered centres. Fittings and couplings 


constructed as for ducts and air-tight to SMACNA Leakage Class 3 


requirements. Concealed duct and exposed duct in unfinished areas is to 


have a #2B mill finish. Exposed duct in finished areas is to have a #4 finish. 
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2.08 FIBERGLASS REINFORCED PLASTIC DUCT – RECTANGULAR AND ROUND 


.1 Factory fabricated duct and fittings in accordance with ASTM C582, ASTM 


D3982, ASTM D2996, SMACNA manual entitled "Thermoset FRP Duct 


Construction Manual", and with resin conforming to 25/50 flame 


spread/smoke developed rating when tested in accordance with 


CAN/ULC-S102, pigment coloured as selected from manufacturer’s 


standard colours, with thixotropic resin paste sealed and fibreglass cloth 


and resin overwrapped bell and spigot joints for round ducts, air-tight 


gasketed flanged joints with type 316 stainless steel bolts, lock washers 


and nuts for rectangular ducts, and type 316 stainless steel support 


hardware. 


2.09 FLEXIBLE METALLIC DUCTWORK 


.1 Bare 


.1 Spirally wound, semi-rigid, self-supporting corrugated aluminum 


duct with continuous triple lock seams, SMACNA Form "M-UN", 


CAN/ULC-S110 listed and labelled as a Class 1 Air Duct, 


constructed of dead soft aluminum strip, and supplied in 3 m (10') 


lengths. 


.2 Insulated 


.1 Spirally wound, semi-rigid, self-supporting corrugated aluminum 


duct with continuous triple lock seams, SMACNA Form "M-I", 


CAN/ULC-S110 listed and labelled as a Class 1 Air Duct, 


constructed of dead soft aluminum strip, supplied in 3 m (10') 


lengths and factory covered with 40 mm (1-½") thick, 12 kg/m3 


(0.75 lb/ft³) density fibreglass insulation with a vinyl jacket meeting 


25/50 flame spread and smoke developed requirements tested in 


accordance with CAN/ULC-S102. 


2.10 FLEXIBLE FABRIC DUCTWORK 


.1 Equal to DuctSox Corp. round fabric air duct, 25/50 flame spread/smoke 


developed rated when tested in accordance with CAN/ULC-S102, white 


or coloured (to manufacturer’s standards), and complete with 3 x 1 


tension cable suspension system. 


2.11 FLEXIBLE FABRIC DUCTWORK 


.1 Bare 


.1 Equal to Flexmaster Canada Ltd. "Fabriflex" Type 4 ULC listed and 


labelled Class 1 flexible fabric duct consisting of vinyl coated 
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fibreglass cloth mechanically bonded to a corrosion resistant 


galvanized steel helix. 


.2 Insulated 


.1 Equal to Flexmaster Canada Ltd. "Fabriflex" Type 4T ULC listed and 


labelled Class 1 flexible fabric duct consisting of vinyl coated 


fibreglass cloth mechanically bonded to a corrosion resistant 


galvanized steel helix and factory insulated with 25 mm (1") thick 


glass fibre insulation with a polyethylene vapour barrier jacket. 


2.12 FLEXIBLE CONNECTION MATERIAL 


.1 Waterproof, indoor-outdoor type flexible connection material meeting 


requirements of NFPA 90A, consisting of woven glass fibre fabric coated 


on both sides with synthetic rubber. 


.2 Manufacturers: 


.1 Duro Dyne Canada Inc. "DUROLON"; 


.2 Dyn Air Inc. "HYPALON". 


.3 Waterproof, flameproof, high temperature flexible connection material 


meeting requirements of NFPA 90A, consisting of a woven glass fibre 


fabric coated on both sides with silicone rubber. 


.4 Manufacturers: 


.1 Duro-Dyne Canada Inc. "THERMAFAB"; 


.2 Dyn Air Inc. "SILICON HI-T". 


2.13 METAL DUCT SYSTEM JOINT SEALANT 


.1 ULC listed and labelled, premium grade, grey colour, water base, non-


flammable duct sealer, brush, or gun applied, with a CAN/ULC S102 


tested maximum flame spread rating of 5 and smoke developed rating of 


0. 


.2 Manufacturers: 


.1 Johns Manville; 


.2 Manson Insulation; 


.3 Knauf Insulation. 
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2.14 ACOUSTIC LINING 


.1 Minimum 25 mm (1") thick acoustic lining material meeting 25/50 flame 


spread and smoke developed ratings tested in accordance with 


CAN/ULC S102, meeting NFPA 90A, ASTM C1071, and ASTM G21 


requirements, not supporting microbial growth, flexible for round ducts, 


board type for rectangular ducts, consisting of a bonded fiberglass mat 


coated on inside (airside) face with a black fire-resistant coating. 


.2 Manufacturers: 


.1 Johns Manville; 


.2 Manson Insulation; 


.3 Knauf Insulation. 


2.15 FACTORY INSULATED FIRE RATED DUCTWORK 


.1 Equal to DuraSystems Barriers Inc. "DuraDuct HP" or "DuraDuct GNX" duct, 


2 hour fire rated, constructed, ULC listed and labelled for fire rated 


ventilation applications. Duct is constructed of a galvanized steel inner 


liner, a galvanized steel outer jacket, and all required fittings and 


accessories, including support hardware. 


2.16 IN-SLAB EXHAUST DUCTWORK 


.1 Equal to ECCO Manufacturing "ECCODUCT" spiral wound, galvanized 


steel, 300 mm x 45 mm (12" x 1-¾") rectangular duct supplied in 3 m (10') 


lengths complete with factory supplied galvanized steel connection 


couplers, fittings, exterior discharges with back draft dampers, and 


support brackets. Concrete encased duct and fittings are 3 hour fire rated 


in accordance with tests conducted by Intertek/Warnock Hersey in 


accordance with ULC S115 and ASTM E814, are to have an impact 


loading rating of 200 kg (440 lb) from 1.5 m (5') with no permanent 


deformations in accordance with CAN3-A23, and are to have a point 


loading rating with 1 mm (1/32") permanent deformation when tested to 


CSA S269.1. 


2.17 CASING AND PLENUM MATERIAL AND ACCESSORIES 


.1 Unless otherwise specified, casing and plenum material is to be same as 


connecting duct material. 


.2 Accessories such as access doors and drain pans are to be constructed 


of same material as casing and plenum and are to be in accordance 


with Chapter 6 of SMACNA HVAC Duct Construction Standards Metal and 


Flexible. 
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2.18 ACOUSTIC PLENUM PANELS 


.1 Vibro-Acoustics Ltd. type "AP", 100 mm (4") thick panels with acoustic 


media meeting NFPA 90A requirements sandwiched between minimum 


#24 gauge galvanized sheet steel, with airside face perforated, access 


doors where shown, and with acoustic performance as follows: 


Octave Bands, (Hz) 125 250 500 1000 2000 4000 


Transmission Loss  21 28 39 50 53 56 


Absorption Coefficient  0.7 0.9 0.99 0.99 0.9 0.9 


.2 Acoustic plenum media factory encapsulated in sealed DuPont "Tedlar" 


polyvinyl fluoride film to ensure no media enters the airstream. 


.3 Manufacturers: 


.1 Vibro-Acoustics Ltd.; 


.2 Kinetics Noise Control Inc.; 


.3 Carrier Corp. – Racan; 


.4 Haakon Industries; 


.5 Price Industries Inc; 


.6 Alumavent. 


2.19 PLENUM ACCESS DOORS 


.1 Factory fabricated, double wall insulated access doors, sized as indicated 


on drawings, and constructed of same material as connecting ductwork 


in accordance with ANSI/SMACNA HVAC Duct Construction Standards 


Metal and Flexible to suit operating pressure of the system. 


2.20 ROUND TO RECTANGULAR DUCT CONNECTIONS 


.1 Equal to Flexmaster Canada Ltd. galvanized steel, flared, flanged or 


notched "Spin-On" round duct take-off collars with locking dampers in 


accordance with ANSI/SMACNA HVAC Duct Construction Standards 


Metal and Flexible. 


2.21 SPLITTER DAMPERS 


.1 Minimum #20 gauge damper blade constructed of same material as 


duct, reinforced as required to suit blade size, system velocity, and to 


prevent "chatter", and complete with operating hardware equal to DynAir 


Inc. #Q-50 "DYN-A-QUAD S-S" quadrant regulator with RW-50 backup 


washers to prevent leakage, long square bearing pin, and slide pin. 
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2.22 AIR TURNING VANES 


.1 For square elbows, multiple-radius turning vanes interconnected with bars, 


adequately reinforced to suit pressure and velocity of system, constructed 


of same material as duct they are associated with, and in accordance 


with ANSI/SMACNA HVAC Duct Construction Standards Metal and 


Flexible. 


.2 For short branch ducts at grille and diffuser connections, air extractor type 


each equipped with a matching bottom operated 90° opposed blade 


volume control damper, constructed of same material as duct it is 


associated with and in accordance with requirements and details in 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible. 


2.23 MANUAL BALANCING (VOLUME) DAMPERS 


.1 Flanged and drilled, single or parallel blade (depending on damper size) 


manual balancing dampers, each constructed of same material as 


connecting ductwork unless otherwise specified, each designed to 


maintain internal free area of connecting duct, and each complete with: 


.1 hexagonal or square shaft extension through frame; 


.2 non-stick, non-corrosive synthetic bearings for rectangular 


dampers, flange stainless steel bearings for round dampers; 


.3 blade stops for single blade dampers, designed to prevent blade 


from moving more than 90°; 


.4 linkage for multiple blade dampers; 


.5 locking hand quadrant damper operator with, for insulated ducts 


50 mm (2") standoff mounting. 


.2 Rectangular Dampers: Nailor Industries Inc. 1800 Series, maximum size 


1.2 m x 1.2 m (4' x 4') for a single damper. 


.3 Round Dampers: Nailor Industries Inc. model 1890, maximum 600 mm (24") 


diameter, equipped with a minimum 200 mm (8") deep frame, and blade 


stiffeners where required. 


.4 Multiple Rectangular Damper Section Assembly: Rectangular assembly 


supplied with the dampers or site constructed, of same material as 


damper and designed for tight and secure mounting of individual 


dampers. 


.5 Manufacturers: 


.1 Nailor Industries Inc.; 
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.2 T.A. Morrison & Co. Inc. "TAMCO"; 


.3 Greenheck Fan Corp.; 


.4 Ruskin Co. 


2.24 BACKDRAFT DAMPERS 


.1 Nailor Industries Model 1370CB counterbalanced backdraft dampers, 


vertical or horizontal mounting, 50 mm (2") wide, sized as shown and 


complete with: 


.1 extruded 6063-T5 aluminum frame, 2.3 mm (0.090") nominal wall 


thickness, with mitred corners; 


.2 extruded 6063-T5 aluminum blades, 1.3 mm (0.050") nominal wall 


thickness on 92 mm (3-5/8") centres, and with extruded PVC blade 


seals; 


.3 corrosion-resistant synthetic bearings; 


.4 adjustable plated steel counterweights mounted internally in the 


airstream; 


.5 concealed blade linkage located out of the airstream. 


.2 Manufacturers: 


.1 Nailor Industries Inc.; 


.2 T.A. Morrison & Co. Inc. "TAMCO"; 


.3 Greenheck Fan Corp.; 


.4 Ruskin Co. 


2.25 FUSIBLE LINK DAMPERS 


.1 Curtain blade type, dynamic, galvanized steel (unless otherwise specified) 


fusible link dampers, ULC classified to CAN/ULC S112 and in accordance 


with NFPA 90A requirements, factory tested for closure under airflow, 1-1/2 


hour or 3 hour rated as required, and complete with a constant force type 


301 stainless steel closure spring, a blade lock assembly, a steel sleeve, 


retaining angles, and, unless otherwise specified, a 74°C (165°F) rated 


standard fusible link. 


.2 Fusible link dampers are to be Type "B" or Type "C" (as required) with 


folded curtain blade out of air stream except where damper size or 


location requires use of type "A" dampers with curtain blade in air stream. 
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.3 Dampers in ductwork other than galvanized steel are to be as specified 


above but constructed of type 316 stainless steel. 


.4 Manufacturers: 


.1 Nailor Industries Inc.; 


.2 Greenheck Fan Corp.; 


.3 Ruskin Co.; 


.4 Price Industries (E.H. Price). 


2.26 COMBINATION FIRE/SMOKE DAMPERS 


.1 Nailor Industries Series 1221, ULC listed to CAN/ULC S112 and CAN/ULC 


S112.1, meeting requirements of NFPA 80, 90A, 92, 101 and 105, consisting 


of type A, B, or C fusible link fire dampers as required and a fail-safe, 


opposed blade, normally closed, motor operated smoke damper 


complete with factory installed and tested 120 V electric actuator. 


.2 ULC 1-1/2 hour fire rated and ULC Class I leakage rated for smoke, and 


equipped with a 74°C (165°F) ULC classified fusible link that will cause 


damper to close and lock independent of actuator when duct 


temperature reaches maximum temperature of damper assembly. 


.3 Supply damper with factory installed sleeves of minimum 400 mm (16") 


length, field verified by contractor dependent on wall thickness. Caulk 


sleeves to ULC requirements and constructed of 20 gauge for sizes up to 


2.1 m (84") wide and 18 gauge for sizes greater than 2.1 m (84") wide. 


.4 Dampers in ductwork other than galvanized steel are to be as specified 


above but constructed of type 316 stainless steel. 


.5 Manufacturers: 


.1 Nailor Industries Inc.; 


.2 Greenheck Fan Corp.; 


.3 Ruskin Co.; 


.4 Price Industries (E.H. Price). 


2.27 SMOKE DAMPERS 


.1 Multi-blade type, fail-safe, dynamic, galvanized steel (unless otherwise 


specified) smoke dampers, ULC classified to CAN/ULC S112.1, ULC Class I 


leakage rated for smoke, meeting requirements of NFPA 90A, 92, 101 and 


105, normally closed, low pressure drop design, dynamically tested, each 
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complete with jamb and blade seals, linkage concealed in the frame, a 


steel sleeve to suit the opening, and an electric actuator to automatically 


close damper upon receiving an external signal, and to automatically 


open damper when system is reset. 


.2 Dampers in ductwork other than galvanized steel are to be as specified 


above but constructed of type 316 stainless steel. 


.3 Manufacturers: 


.1 Nailor Industries Inc.; 


.2 Greenheck Fan Corp.; 


.3 Ruskin Co.; 


.4 Price Industries (E.H Price). 


2.28 ROOF DUCT SUPPORTS 


.1 Equal to PHP Systems Design Model PHP-D adjustable duct support 


assemblies sized to suit duct size, each assembly complete with injection 


moulded recycled plastic and carbon black bases and tubular hot dip 


galvanized steel framing. 


2.29 PRESSURE RELIEF DOORS 


.1 Greenheck model PRAD (positive) or VRAD (negative) pressure relief 


doors constructed of same material as duct or plenum they are 


associated with, each complete with a sealing gasket, special latches, 


cable assembly with spring to limit door opening to maximum 80° and 


factory set, field adjustable pressure relief magnet assembly. 


.2 Size access doors to match requirements of system so pressure drop 


through open blow-out door at required flow rate will not exceed rated 


pressure of duct system. 


.3 Manufacturers: 


.1 Greenheck Fan Corp.; 


.2 United Enertech. 


2.30 DUCT ACCESS DOORS 


.1 In accordance with ANSI/SMACNA HVAC Duct Construction Standards 


Metal and Flexible, with sizes suitable in all respects for purpose for which 


they are provided, and, unless otherwise specified, constructed of same 


material as duct they are associated with. 
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2.31 DUCTWORK DRAIN POINTS 


.1 Equal to Ductmate Canada Ltd. "Moisture Drain", 20 mm (¾") diameter 


moisture drains with galvanized sheet metal funnel, and chrome plated 


brass threaded drain, nut, and cap. 


2.32 INSTRUMENT TEST PORTS 


.1 Equal to Duro-Dyne of Canada Ltd. #IP1 or #IP2 (to suit insulation thickness 


where applicable) gasketed, leakproof instrument test ports for round or 


rectangular ducts as required, each complete with a neoprene 


expansion plug and a plug securing chain. 


2.33 WIRE MESH (BIRDSCREEN) 


.1 Heavy-gauge galvanized steel or aluminum mesh, 12 mm x 12 mm (½" x 


½") secured in a rigid galvanized steel or aluminum framework, sized as 


indicated on drawings, and constructed so as to be removable. 


2.34 LOUVRES 


.1 Price Industries Inc. DE439 or DE635, 100 mm (4") or 150 mm (6") deep (to 


suit wall thickness) factory assembled stationary, drainable, louvres sized 


as indicated on drawings, each AMCA water penetration and air 


performance certified, constructed of welded, extruded, alloy 6063-T5 


aluminum with drainable blades, mounting and securing hardware to suit 


the application, and 12 mm (½") mesh aluminum birdscreen in an 


aluminum frame. 


.2 Acoustical Louvres: Price Industries Inc. Model QA1245 300 mm (12") deep, 


welded, extruded alloy 3003-H14 aluminum, storm-proof, stationary, 


drainable acoustical louvers, AMCA water penetration and air 


performance certified, with high density mineral wool acoustic media 


secured to blades and protected by perforated aluminum, sound ratings 


in accordance with ASTM E90 and ASTM E413, and mounting and securing 


facilities as required. 


.3 Louvres are to be factory finished with a finish equal to PPG Industries 


"Duranar" fluoropolymer powder coating over primer with colour as 


selected from manufacturer’s standard colour range. 


.4 Manufacturers: 


.1 Price Industries Inc.; 


.2 The Airolite Co. LLC; 


.3 Construction Specialities; 


.4 Nailor Industries Inc.; 







Mulock House Adaptive HVAC AIR DISTRIBUTION Section 23 30 00 


Re-Use, Newmarket  Page 13 of 32 


Project No. ED-22-107 


 


.5 Kinetics Noise Control Inc. 


.6 Greenheck Fan Corp. 


.7 Ventex. 


2.35 LOUVRE BLANK-OFF PANELS 


.1 Insulated, framed, sandwich construction panels consisting of 40 mm (1-


½") thick rigid insulation (meeting NFPA 90A requirements) between 


minimum #20 gauge galvanized sheet steel with exterior face of panels 


finished to match finish of exterior wall louvres. 


2.36 BRICK AND BLOCK VENTS 


.1 Equal to Price Industries Inc. vents constructed of 6063-T5 alloy extruded 


aluminum, sized as shown, complete with stainless steel fasteners, 


aluminum rod vertical supports on minimum 300 mm (12") centres, #2 


mesh fixed aluminum screen, and all required accessories to suit the 


application. 


.2 Vent(s) to be factory finished with a finish equal to a baked "Kynar 500-XL" 


colour coat and a clear coat over cleaned and primed metal with colour 


as selected from manufacturer’s standard colour range. 


2.37 FIRE STOP FLAPS AND THERMAL BLANKET MATERIAL 


.1 Rectangular or round, ULC listed and labelled, blade type galvanized 


steel fire stop flaps in accordance with CAN/ULC S112, Standard Methods 


of Fire Test of Fire-Damper Assemblies and CAN/ULC S112.2, Standard 


Method of Fire Test of Ceiling Firestop Flap Assemblies, each complete 


with #22 gauge G60 galvanized steel blade(s) and frame, a 74°C (165°F) 


fusible link, and, for dampers 300 mm (12") and larger, ceramic fibre 


insulation on both sides of the blades. 


.2 Ceramic fibre material in accordance with 25/50 flame spread/smoke 


developed ratings when tested to CAN/ULC S102 and of a thickness to suit 


required fire rating. 


2.38 GRILLES AND DIFFUSERS 


.1 Grilles and diffusers of type, size, capacity, finish, and arrangement as 


shown on drawings and in accordance with drawing schedule, each 


equipped with all required mounting and connection accessories to suit 


mounting location and application. 


.2 Manufacturers: 


.1 Price Industries Inc.; 
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.2 Anemostat; 


.3 Krueger Division of Air System Components Inc.; 


.4 Titus; 


.5 Nailor Industries Inc.; 


.6 Tuttle & Bailey. 


2.39 FAN FILTER DIFFUSERS 


.1 Factory assembled and leakage tested, suspended ceiling mount, 


modular assemblies, each ULC and CSA or ETL certified and labelled, 


consisting of a fan-motor and HEPA filter enclosed in a metal plenum, 


designed for unidirectional vertical flow of filtered air over a cleanroom 


space. Sound performance of each is not to exceed 50 dBA measured 


765 mm (30") from filter face at 0.5 m/s (90 FPM). Units are to be in 


accordance with the Institute of Environmental Services and Technology 


Recommended Practices IEST RP CCOO1, HEPA and ULPA Filters, and IEST 


RP CCOO2, Unidirectional-Flow, Clean-Air Devices. Each unit is to be 


equipped with: 


.1 plenum and face frame: airtight low profile design, constructed of 


type 304 stainless steel with aluminum interior parts including an 


extruded aluminum filter frame with air by-pass seal, an inlet duct 


connection collar, sound insulation meeting 25/50 flame 


spread/smoke developed ratings when tested to CAN/ULC S102, a 


static pressure port, eyebolts at each corner; 


.2 fan and motor: removable, consisting of a blower wheel encased 


in a strategically shaped enclosure a direct connected to a 


vibration isolated ⅓ HP ECM brushless DC motor with permanent 


built-in inverter programmed for constant volume airflow and 


equipped with a 2.4 m (8') length of power cord with plug; 


.3 filter: HEPA ultra low penetration air (ULPA) filters, 99.9995% efficient 


on 0.12 µm micron particles, latched into fan plenum and 


protected by a perforated screen attached with quarter-turn 


thumb-wheel fasteners, and room side replaceable; 


.4 diffuser face: perforated, laminar flow face constructed of 


aluminum with quarter-turn fasteners for removal and access to 


fan-motor and filter; 


.5 mounting gasket: roll type gasket material supplied with units for 


site installation on T-bar ceiling members; 


.6 factory secured seismic restraint connection hardware. 
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2.40 ROUND LOW SILHOUETTE ROOF MOUNTED VENTILATORS 


.1 Spun aluminium, round, gravity roof mounting hoods in accordance with 


drawing schedule, each complete with: 


.1 wind band with a rolled bead, and curb cap with one-piece, 


spun, deep venturi inlet, and pre-punched holes for mounting; 


.2 galvanized steel bird screen; 


.3 minimum 300 mm (12") high welded aluminium, insulated roof 


mounting curb with damper tray; 


.4 aluminium backdraft damper supplied loose, for site installation in 


roof curb damper tray; 


.5 non-corrosive motorized damper supplied loose for site installation 


in roof curb damper tray, equal to T. A. Morrison TAMCO Series 


9000 insulated damper with linkage, end switch, and a Belimo or 


equal motor with voltage to suit control voltage requirements; 


.6 factory secured seismic restraint connection hardware. 


.2 Manufacturers: 


.1 Greenheck Fan Corp.; 


.2 PennBarry; 


.3 Twin City Fan and Blower. 


2.41 LOUVRED PENTHOUSE TYPE VENTILATORS 


.1 Low silhouette, rectangular, roof mounting louvred penthouse type hoods 


in accordance with drawing schedule, each constructed of aluminium, 


supplied in knock-down form for site assembly, and each complete with: 


.1 extruded aluminium, welded storm-proof louver blades with mitred 


corners and stainless steel securing screws; 


.2 removable cover for internal access, lined with glass fibre 


insulation material and equipped with stainless steel fasteners; 


.3 12 mm x 12 mm (½" x ½") aluminium mesh birdscreen; 


.4 welded aluminium, minimum 300 mm (12") high insulated roof 


mounting curb with damper tray and curb seal; 


.5 aluminium backdraft damper supplied loose, for site installation in 


roof curb damper tray; 
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.6 non-corrosive motorized damper supplied loose for site installation 


in roof curb damper tray, equal to T. A. Morrison TAMCO Series 


9000 insulated damper with linkage, end switch, and a Belimo or 


equal motor with voltage to suit site control voltage requirements; 


.7 factory secured seismic restraint connection hardware. 


.2 Manufacturers: 


.1 Greenheck Fan Corp.; 


.2 Twin City Fan and Blower; 


.3 PennBarry. 


.4 Ventex. 


2.42 HOODED TYPE VENTILATORS 


.1 Low silhouette, rectangular, roof mounting hooded penthouse type 


ventilators in accordance with drawing schedule, each constructed of 


aluminium, supplied in knock-down form for site assembly, and each 


complete with: 


.1 full 360° perimeter hood opening; 


.2 12 mm x 12 mm (½" x ½") aluminium mesh bird screen; 


.3 welded aluminium, minimum 300 mm (12") high insulated roof 


mounting curb with damper tray and curb seal; 


.4 aluminium backdraft damper supplied loose for site installation in 


roof curb damper tray; 


.5 non-corrosive motorized damper supplied loose for site installation 


in roof curb damper tray, equal to T. A. Morrison TAMCO Series 


9000 insulated damper with linkage, end switch, and a Belimo or 


equal motor with voltage to suit site control voltage requirements; 


.6 factory secured seismic restraint connection hardware. 


.2 Manufacturers: 


.1 Greenheck Fan Corp.; 


.2 Twin City Fan and Blower; 


.3 PennBarry. 
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2.43 INTAKE WALL BOX 


.1 Equal to Reversomatic SWBL-INTAKE wall boxes leakproof seamless 


construction, extruded aluminum grille, sized as shown, complete with 


stainless steel fasteners, and all required accessories to suit the 


application. Contractor to coordinate colour and finish with colour as 


selected from manufacturer's standard colour range as noted in 


schedule.  


2.44 EXHAUST WALL BOX 


.1 Equal to Reversomatic SWBL wall boxes leakproof seamless construction, 


extruded aluminum grille, sized as shown, complete with stainless steel 


fasteners, neoprene backdraft damper, and all required accessories to 


suit the application. Contractor to coordinate colour and finish with colour 


as selected from manufacturer's standard colour range as noted in 


schedule. 


3. EXECUTION 


3.01 CLEANLINESS REQUIREMENTS FOR HANDLING AND INSTALLATION OF DUCTWORK 


.1 Handle and install ductwork in accordance with CSA Z317.2, Special 


Requirements for Heating, Ventilation, and Air-Conditioning (HVAC) 


Systems in Healthcare Facilities and SMACNA's Duct Cleanliness for New 


Construction Guidelines at the Advanced Level. 


.2 Handle and install ductwork in accordance with SMACNA's Duct 


Cleanliness for New Construction Guidelines at the Advanced Level. 


3.02 FABRICATION AND INSTALLATION OF GALVANIZED STEEL DUCTWORK 


.1 Provide required ductwork, rectangular, round and/or flat oval. Where 


rectangular ductwork is shown, round or flat oval ductwork of equivalent 


cross-sectional area is acceptable. 


.2 It is to be understood that all duct dimensions shown on drawings are 


clear internal dimensions. 


.3 Unless otherwise specified, construct and install ductwork in accordance 


with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible 


to suit duct pressure class designation of minimum 500 Pa (2" w.c.) positive 


or negative as applicable, a minimum velocity of 10 m/s (2000 fpm), and 


so ductwork does not "drum". Flat surfaces of rectangular ductwork are to 


be cross-broken or beaded per SMACNA standards. Duct system sealing is 


to meet ANSI/SMACNA Seal Class A requirements. 


.4 Variable air volume ductwork from supply fans to boxes is as above but 


rectangular duct take-offs are double side straight taper type with a take-
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off length equal to 0.5 times the branch duct width but minimum 150 mm 


(6") length, and double taper side is to have an included angle of 


minimum 60°. 


.5 Confirm routing of all ductwork at site and site measure ductwork prior to 


fabrication. Duct dimensions may be revised to suit site routing and 


building element requirements, if dimension revisions are reviewed with 


and approved by the Consultant. Duct routing and/or dimension revisions 


to suit conditions at site are not grounds for a claim for an extra cost. 


.6 Refer to structural drawings. Where ductwork is to be run within or through 


open web steel joists, ductwork shown on mechanical drawings is 


schematic only and is to be altered as required to suit steel joist 


configuration, spacing, panel points, and cross-bridging at no additional 


cost. 


.7 Wherever ductwork is required at locations where sprayed fireproofing is 


applied to building construction, install ductwork only after fireproofing 


work is complete and do not compromise fire rating of sprayed 


fireproofing. 


.8 Install (but do not connect) duct system mounted automatic control 


components supplied as part of the automatic control work. 


.9 Where indicated, provide duct connections to fan powered heat transfer 


equipment with integral coils. 


.10 Flange connect ductwork to hot water reheat coils in accordance with 


requirements of ANSI/SMACNA HVAC Duct Construction Standards Metal 


and Flexible. Coils will be suspended independent of connecting 


ductwork as part of the heat transfer work. 


.11 Support horizontal rectangular ducts inside building in accordance with 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, but 


use trapeze hangers with, unless otherwise specified, galvanized steel 


channels, and galvanized steel hanger rods for exposed ducts and 


concealed ducts wider than 500 mm (20"). Support hardware constructed 


of same material as duct for metal duct, and, unless otherwise specified, 


type 316 stainless steel for non-metal duct. Supports for "heavy" duct such 


as cementitious core duct is to be suitable in all respects for the 


application and approved by the Consultant. 


.12 Support round and flat oval ducts inside building in accordance with 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, 


but, unless otherwise specified, for both uninsulated and insulated ducts 


exposed in finished areas, use bands and secure at top of duct to a 


hanger rod, all similar to Ductmate Canada Ltd. type "BA". If duct is 


insulated, size strap to suit diameter of insulated duct. Unless otherwise 
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specified, duct support hardware for metal duct is constructed of same 


material as duct, and for non-metal duct, type 316 stainless steel. 


.13 Where flanged duct joints are used, do not locate joints in wall or slab 


openings, or immediately at wall or slab openings. Do not use flanged 


joints for exposed uninsulated ducts in finished areas. 


.14 Where watertight horizontal ductwork is required, construct ducts without 


bottom longitudinal seams. Solder or weld joints of bottom and side 


sheets. Seal all other joints with duct sealer. Slope horizontal duct to hoods, 


risers, or drain points. Provide drain points. Provide watertight ductwork for: 


.1 ductwork outside building or otherwise exposed to the elements; 


.2 dishwasher exhaust; 


.3 shower exhaust ducts from grilles to duct main or riser; 


.4 minimum of 3 m (10') upstream and downstream of duct mounted 


humidifiers or humidifier manifolds; 


.5 fresh air intakes; 


.6 wherever else shown. 


.15 Leakage Testing: 


.1 Ductwork leakage is not to exceed following: 


.1 ductwork to 2" W.C. Class, 1% of total air quantity handled 


by respective fans; 


.2 ductwork exceeding 2" W.C. Class, 2% of total air quantity 


handled by respective fans. 


.2 Leakage testing is to be performed by the Testing, Adjusting and 


Balancing (TAB) agency in accordance with SMACNA HVAC Air 


Duct Leakage Test Manual and is to be witnessed by the 


Consultant. 


.3 Leakage test following ductwork: 


.1 [ ]; 


.2 [ ]. 


.4 Be responsible for following: 


.1 preparing duct systems for leakage testing prior to 


installation of external insulation including capping duct 


runouts and provision of final tap-in for test equipment; 
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.2 schedule testing with TAB agency in advance, be present 


for all testing and ensure notice is given to the Consultant 


so they may witness testing; 


.3 resealing and/or replacement of defective ductwork; 


.4 bearing all costs associated with retesting ductwork which 


has failed to pass leakage testing. 


.16 Seal all ductwork in accordance with SMACNA Seal Class "A", except for 


round duct with self-sealing gasketed fittings and couplings which does 


not require site applied sealant. Apply sealants by brush or gun to 


cleaned metal surfaces. Where bare ductwork is exposed apply neat 


uniform lines of sealant. Randomly brushed, sloppy looking sealant 


applications will be rejected and must be repaired or replaced with a 


neat application of sealant. 


.17 Apply sealants by brush or gun to cleaned metal surfaces. Where bare 


ductwork is exposed apply neat uniform lines of sealant. Randomly 


brushed, sloppy looking sealant applications will be rejected and must be 


repaired or replaced with a neat application of sealant. 


.18 Clean exterior exposed (uninsulated) ducts and coat with a heavy full 


coverage of Bakor #410-02 black metal paint. 


.19 Where dissimilar metal ducts are to be connected, isolate ducts by means 


of flexible duct connection material. 


.20 Round exposed ductwork in Gymnasium is to be 2 metal gauges heavier 


than standard metal gauge for same size duct, and duct hangers are to 


be pairs of 9.5 mm (⅜") diameter hanger rods secured to 40 mm (1-½") 


wide #12 gauge galvanized steel split clamps around full circumference 


of duct at maximum 1.8 m (72") centres. Provide double nuts and lock 


washers on each hanger rod above and below each clamp. 


.21 Equip ducts with a dimension of 600 mm (24") and larger and located in 


mechanical equipment rooms of any kind with hanger rods equipped 


with double deflection neoprene rod isolation hangers properly sized for 


associated load. Also refer to Section 20 05 48.16 – Seismic Controls for 


Mechanical Systems. 


.22 In addition to SMACNA duct construction standards specified above, 


ductwork is to be constructed and installed to meet seismic requirements 


of British Columbia Building Code and ANSI/SMACNA The Seismic Restraint 


Manual: Guidelines for Mechanical Systems. 


3.03 INSTALLATION OF ALUMINUM DUCTWORK 


.1 Provide aluminum ductwork, rectangular or round. 
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.2 Provide aluminium ductwork for: 


.1 [ ]; 


.2 [ ]. 


.3 Wherever bare aluminum ductwork comes in contact with ferrous metal 


or copper, paint ferrous metal or copper surface with a heavy, 100% 


covering coat of zinc chromate paint, asphalt paint or otherwise isolate 


direct contact with the bare aluminum. 


.4 Refer to "Commentary on Aluminum Ducts" in ANSI/SMACNA HVAC Duct 


Construction Standards Metal and Flexible, however, do not use drive and 


S cleats for joining waterproof aluminum ductwork. Use following SMACNA 


joining methods: 


.1 T-21 - welded flange; 


.2 T-22 - companion angle and gasket; 


.3 T-24A - flanged. 


.5 Keep longitudinal joints at top surface of horizontal runs. Provide proper 


transverse supports to prevent deflection. Ensure duct is rigid. 


.6 When mastic is used for sealing such as sealing longitudinal joints, apply 


mastic to both surfaces before they are mated. When dry, apply mastic 


again for a water-tight seal. 


3.04 INSTALLATION OF STAINLESS STEEL DUCTWORK 


.1 Provide stainless steel ductwork, round or rectangular. 


.2 Provide stainless steel ductwork as follows: 


.1 [ ]; 


.2 [ ]. 


.3 Exposed stainless steel kitchen exhaust duct is to be minimum #16 gauge 


and of welded construction with pickled and passivated welds which are 


ground to a finish to match duct finish. 


3.05 INSTALLATION OF FIBREGLASS REINFORCED PLASTIC (FRP) DUCTWORK 


.1 Provide rectangular fibreglass reinforced plastic ductwork. 


.2 Provide FRP ductwork for: 


.1 [ ]; 
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.2 [ ]. 


.3 Generally, install duct in accordance with duct manufacturer’s 


instructions and requirements of SMACNA publication entitled "Thermoset 


FRP Duct Construction Manual". 


.4 Secure duct in place with type 316 stainless steel angles, straps, hanger 


rods, and accessories. Provide strips of felt or neoprene material between 


duct and hanging and support hardware. 


3.06 INSTALLATION OF ROUND PVC COATED GALVANIZED STEEL DUCTWORK 


.1 Provide round PVC coated galvanized steel ductwork. 


.2 Provide round PVC coated galvanized steel ductwork for: 


.1 [ ]; 


.2 [ ]. 


.3 Underground ductwork is to be constructed to SMACNA Positive Pressure 


Class 10" w.c. with minimum metal gauges as follows: 


.1 150 mm (6") through 350 mm (14") dia. - #28 gauge; 


.2 400 mm (15") through 660 mm (26") dia. - #26 gauge; 


.3 685 mm (27") through 915 mm (36") dia. - # 24 gauge; 


.4 940 mm (37") through 1.27 m (50") dia. - #20 gauge. 


.4 Install underground ductwork in accordance with requirements and 


details for underslab duct in ANSI/SMACNA HVAC Duct Construction 


Standards Metal and Flexible. 


3.07 INSTALLATION OF FABRIC DUCTWORK 


.1 Provide fabric ductwork. 


.2 Secure duct from structure by means of tension cable and suspension 


components supplied with ductwork. 


.3 Install tension cable and suspension components in accordance with 


duct manufacturer’s instructions. 


.4 Provide metal duct connection collars as required. 


.5 Start-up fabric duct system in accordance with manufacturer’s 


instructions. 


.6 Do not penetrate fire barriers with fabric duct. 
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3.08 INSTALLATION OF FLEXIBLE DUCTWORK 


.1 For supply air ductwork, provide maximum 1.8 m fully stretched, long 


lengths of flexible ductwork for connections between galvanized steel 


duct mains and branches, and necks of ceiling grilles and diffusers. Do not 


install flexible ductwork through walls, even if shown on drawings. 


.2 For return air ductwork, provide maximum 1.0 m fully stretched, long 


lengths of flexible ductwork for connections between galvanized steel 


duct mains and branches, and necks of ceiling grilles. Do not install 


flexible ductwork through walls, even if shown on drawings. 


.3 At rectangular galvanized steel duct, accurately cut holes and provide 


flanged or "Spin-in" round flexible duct connection collars. Seal joints with 


duct sealer. 


.4 Install flexible ducts as straight as possible and support in accordance with 


requirements of ANSI/SMACNA HVAC Duct Construction Standards Metal 


and Flexible, and secure at each end with nylon or stainless steel gear 


type clamps, and seal joints. Provide long radius duct bends where they 


are required. 


.5 Do not penetrate fire barriers with flexible duct. 


3.09 INSTALLATION OF ACOUSTIC LINING 


.1 Provide acoustic lining in ductwork in locations as follows: 


.1 wherever shown and/or specified on drawings; 


.2 supply ductwork downstream of air terminal boxes for a distance 


of 2.4 m (8') measured along duct and outward from box in all 


directions; 


.3 all transfer air ducts. 


.2 Install lining in accordance with requirements of ANSI/SMACNA HVAC 


Duct Construction Standards Metal and Flexible, however, for all 


installations regardless of velocity, at leading and trailing edges of duct 


liner sections, provide galvanized steel nosing channel in accordance 


with detail entitled Flexible Duct Liner Installation found in the 


ANSI/SMACNA manual referred to above. 


3.10 INSTALLATION OF FIRE RATED DUCTWORK 


.1 Provide 2 hour fire rated ductwork. 


.2 Install ductwork in strict accordance with duct manufacturer’s instructions 


using support hardware supplied with duct. 
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.3 When installation is complete, arrange, and pay for duct manufacturer to 


visit site and examine duct installation. Make any revisions requested by 


manufacturer, and when manufacturer is satisfied with installation, obtain 


and submit a letter certifying proper installation in accordance with ULC 


requirements. 


3.11 INSTALLATION OF SHEET STEEL KITCHEN GREASE EXHAUST DUCTWORK 


.1 Provide welded sheet steel kitchen grease exhaust ductwork from exhaust 


hood(s) to roof mounted exhaust fans, all in accordance with 


requirements of NFPA 96. Construct ductwork watertight with continuous 


externally welded seams and joints, cleanouts, duct expansion provisions, 


riser residue traps, etc. 


.2 Clean and prime coat ground welds in black steel ducts. 


.3 Support ductwork at not greater than 1.5 m (5') intervals and ensure 


fasteners at hangers do not penetrate duct. Install without forming dips, 


sags, or traps where grease reside might collect, and locate access 


door/cleanouts for ease of maintenance. 


.4 Slope horizontal ductwork 25 mm per 300 mm (1" per foot) back to 


exhaust hood. 


3.12 INSTALLATION OF IN-SLAB DUCTWORK 


.1 Provide in-slab concrete encased ductwork, complete with required 


fittings and accessories. 


.2 Install duct with support brackets supplied with duct and coordinated with 


location of reinforcing steel, post tensioning cables, and any other 


structural slab component. Install duct in strict accordance with 


manufacturer’s installation instructions and requirements of the 


Consultant. Ensure all joints are water-tight. 


.3 Confirm finish of exterior discharge fittings with the Consultant prior to 


ordering. 


3.13 INSTALLATION OF CASINGS AND PLENUMS 


.1 Provide required shop or site fabricated casings and plenums. Unless 


otherwise specified or shown, construct casings and plenums of same 


material as connecting duct system. 


.2 Construct and install casings and plenums in accordance with Chapter 6 


of ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible 


to suit systems’ pressure classification. Ensure plenums and casings 


secured to building structure are gasketed air-tight and equipped with 


angle reinforcing. 
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.3 Provide drain pans with accessible trapped drains for fresh air intake 


plenums, and wherever else shown. 


.4 In addition to SMACNA duct construction standards specified above, 


casings and plenums are to be constructed and installed to meet seismic 


requirements of British Columbia Building Code and ANSI/SMACNA - The 


Seismic Restraint Manual: Guidelines for Mechanical Systems. 


3.14 INSTALLATION OF ACOUSTIC PANELS 


.1 Provide acoustic panels for plenums. Integrate acoustic plenums with 


standard casings and plenums. Install acoustic panels in strict 


accordance with manufacturer’s instructions. Seal panels with acoustic 


caulking where pipes, ducts or conduit penetrate and make air and 


watertight. 


.2 Provide floor to ceiling high acoustic plenums where shown, each 


complete with required framing, including framing for access doors and 


other openings, each structurally designed to resist excessive deflection or 


bowing, constructed to be air-tight when subjected to a pressure 


differential of 2.48 kPa (0.36 psi), and designed so any one panel can be 


removed without dismantling entire plenum. 


.3 Provide acoustic type access doors where shown, and provide acoustic 


caulking at all locations where acoustic plenums abut building walls or 


slabs, and at all points where pipe, ducts or conduit penetrate acoustic 


panels. 


.4 In addition to SMACNA duct construction standards specified above, 


acoustic plenums are to be constructed and installed to meet seismic 


requirements of [British Columbia Building Code] and ANSI/SMACNA, The 


Seismic Restraint Manual: Guidelines for Mechanical Systems. 


3.15 INSTALLATION OF CASING AND PLENUM ACCESS DOORS 


.1 Provide access doors into all site or shop fabricated casings and plenums 


requiring access, and wherever shown. 


.2 Construct access doors to open in or out to suit positive and negative 


pressures of system. 


.3 Provide pitot tube openings in access doors where required for system air 


quantity balancing purposes. 


.4 Provide suitably sized, engraved, red-white laminated Lamacoid warning 


nameplates on access doors into casings and plenums where equipment 


is located, i.e. fans. 
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3.16 INSTALLATION OF ROUND TO RECTANGULAR DUCT CONNECTIONS 


.1 Cut round holes in rectangular ducts and provide round to rectangular 


lock-in fittings with dampers for connection of flexible round ductwork. 


3.17 INSTALLATION OF SPLITTER DAMPERS 


.1 Provide splitter dampers in supply ductwork at branch duct connections 


off supply air mains, and wherever else shown and/or specified on 


drawings. Install splitter dampers so they cannot vibrate and rattle and so 


damper operation mechanisms are in an easily accessible and operable 


location. Ensure operators for dampers in insulated ducts are equipped 


with stand-off mounting brackets. 


3.18 INSTALLATION OF TURNING VANES 


.1 Provide turning vanes in ductwork elbows where shown on drawings and 


wherever else required where, due to site installation routing and duct 


elbow radius, turning vanes are recommended in accordance with 


ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible. 


.2 Provide volume extractor type turning vanes in short branch supply duct 


connections off mains to grilles and diffusers where shown and/or 


specified. 


3.19 INSTALLATION OF MANUAL BALANCING (VOLUME) DAMPERS 


.1 Provide manual balancing dampers as required to provide a fully 


balanced system, including but not limited to in all open end ductwork, in 


all duct mains, and wherever else shown and/or specified. 


.2 Install dampers so operating mechanism is accessible and positioned for 


easy operation, and so dampers cannot move or rattle. Ensure operating 


mechanisms for dampers in insulated ducts are complete with stand-off 


mounting brackets. 


.3 Where a duct for which a balancing damper is required has dimensions 


larger than dimensions of maximum size volume damper available, 


provide multiple dampers bolted together in a properly sized assembly, or 


bolted to a heavy-gauge black structural steel angle or channel 


framework which is properly sized. Seal to prevent air by-pass, and 


provide connecting linkage. 


.4 Confirm exact damper locations with personnel doing air quantity 


balancing testing work and install dampers to suit. Include for providing 5 


additional dampers at no additional cost. 







Mulock House Adaptive HVAC AIR DISTRIBUTION Section 23 30 00 


Re-Use, Newmarket  Page 27 of 32 


Project No. ED-22-107 


 


3.20 INSTALLATION OF BACKDRAFT DAMPERS 


.1 Provide backdraft dampers. 


.2 Install and secure dampers so they cannot move or rattle. 


3.21 INSTALLATION OF FUSIBLE LINK DAMPERS 


.1 Provide fusible link dampers. Ensure damper rating (1-½ or 3 hr) is suitable 


for fire barrier it is associated with. 


.2 Install dampers with retaining angles on all 4 sides of sleeve on both sides 


of damper and connect with ductwork in accordance with damper 


manufacturer’s instructions and details, and Code requirements. 


.3 Provide expansion clearance between damper or damper sleeve and 


opening in which damper is required. Ensure openings are properly sized 


and located, and all voids between damper sleeve and opening are 


properly sealed to maintain rating of fire barrier. 


.4 Where size of fire barrier opening requires use of a sectionalized fire 


damper assembly, provide multiple fusible link dampers (sized to CAN/ULC 


S112) bolted together in a properly sized assembly or bolted to a heavy-


gauge black structural steel angle or channel framework. 


3.22 INSTALLATION OF COMBINATION FIRE/SMOKE DAMPERS 


.1 Provide combination fire/smoke dampers. Install dampers with retaining 


angles on all 4 sides of each side of damper, and, where required, 


connect with ductwork, all in accordance with damper manufacturer’s 


instructions and details, and Code requirements. 


.2 Coordinate damper installation with electrical work where electrical 


connections to damper actuators are specified. 


3.23 INSTALLATION OF SMOKE DAMPERS 


.1 Provide smoke dampers. Install dampers with retaining angles on all 4 


sides of sleeve on both sides of damper and connect with ductwork in 


accordance with damper manufacturer’s instructions and details, and 


Code requirements. 


.2 Coordinate damper installation with electrical work where electrical 


connections to damper actuators are specified. 


.3 Where size of fire barrier opening requires use of a sectionalized fire 


damper assembly, provide multiple smoke dampers (sized to CAN/ULC 


S112) bolted together in a properly sized assembly or bolted to a heavy-


gauge black structural steel angle or channel framework. 
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3.24 INSTALLATION OF FLEXIBLE CONNECTION MATERIAL 


.1 Provide a minimum of 100 mm (4") of flexible connection material where 


ducts, plenums, and/or easings connect to fans, and wherever else shown 


or specified. 


.2 Rigidly secure a minimum of 75 mm (3") of duct material (minimum #24 


gauge) to each edge of flexible fabric and to fan, duct, plenum, etc., in 


accordance with ANSI/SMACNA HVAC Duct Construction Standards 


Metal and Flexible. Ensure connections to flexible fabric material are 


arranged and supported so as to not impose any external forces on the 


fabric. 


.3 For system [______] use high temperature flameproof flexible connection 


material. 


3.25 INSTALLATION OF ROOF MOUNTED DUCT SUPPORTS 


.1 Supply supports for roof mounted ductwork. 


.2 Hand adjustable structural supports to roofing trade on roof for installation 


and flashing into roof construction as part of roofing work. Accurately 


mark exact locations and spacing of structural supports and supervise 


installation. Provide properly sized hot dip galvanized structural steel 


angles between structural supports and secure in place on support studs. 


Support ductwork on the angles and provide galvanized steel banding to 


secure ducts to the angles. 


.3 Accurately mark location and spacing of roof support assemblies. At 


each plastic base location, carefully scrape away loose roof ballast 


(gravel) and all other debris and dirt. Prime existing membrane with a 


primer which is compatible with existing roofing components. Set bases in 


adhesive in accordance with manufacturer’s installation instructions. 


Scrape loose ballast back around and on bases. Install framing, and install 


ductwork on the cross-members. Secure ductwork to cross-members with 


galvanized steel banding. 


3.26 INSTALLATION OF PRESSURE RELIEF DOORS 


.1 Provide pressure release access doors to prevent duct system explosion or 


implosion as a result of a duct obstruction, i.e. closed fire damper, which 


prevents normal air flow through the system. Size access doors in 


accordance with requirements of Part 2 of this section. 


.2 Where pressure release doors are shown in suction ducts or plenums, 


mount access door assembly so door swings in and latch mechanism is on 


the inside of duct or plenum. If latch mechanism is not accessible, provide 


a standard access door at latch side of the pressure release access door 


for maintenance purposes. 
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.3 Adjust each latch mechanism by means of the adjusting pin to suit static 


pressure of the particular system in accordance with latch mechanism 


manufacturer’s instructions. 


3.27 INSTALLATION OF DUCT ACCESS DOORS 


.1 Provide access doors in ductwork for access to all components which will 


or may need maintenance and/or repair, including reheat coils. Install in 


accordance with requirements of ANSI/SMACNA HVAC Duct Construction 


Standards Metal and Flexible. 


.2 Identify access doors provided for fusible link damper maintenance with 


"FLD" stencil painted or marker type red lettering and ensure doors are 


properly located for damper maintenance. 


.3 When requested, submit a sample of proposed duct access doors for 


review. 


.4 Where sectionalized fusible link dampers and/or balancing dampers are 


provided in large ducts, provide a plenum type access door to suit, and 


adequately reinforce ductwork to suit access door installed. 


3.28 INSTALLATION OF INSTRUMENTS TEST PORTS 


.1 Provide instrument test ports in all main ducts at connections to fans, 


plenums, or casings, in all larger branch duct connections to mains, and 


wherever else required for proper air quantity balancing and testing. 


.2 Locate test ports where recommended by personnel performing air 


quantity testing and balancing work. 


3.29 INSTALLATION OF WIRE MESH (BIRDSCREEN) 


.1 Provide framed, removable wire mesh panels over openings in ducts 


and/or walls where shown and/or specified on drawings. Rigidly secure in 


place but ensure panels are removable. 


.2 Provide wire mesh panels for open-end return air ducts in ceiling spaces 


whether shown on drawings or not. 


3.30 INSTALLATION OF LOUVRES 


.1 Provide louvres for wall openings. 


.2 Install louvre assemblies and secure in place in accordance with 


manufacturer’s instructions and details. 


.3 Confirm exact louvre sizes and finish prior to ordering. 
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3.31 INSTALLATION OF LOUVRE BLANK-OFF PANELS 


.1 Provide blank-off panels for inactive portions of exterior wall louvres. 


.2 Secure panels in place with non-ferrous hardware so they cannot move or 


rattle, yet are easily removable. 


.3 Confirm exact finish of panels prior to fabrication. 


3.32 INSTALLATION OF BRICK AND BLOCK VENTS 


.1 Supply brick or block vents for installation in exterior walls. 


.2 Hand assemblies to masonry trade for installation. 


.3 Accurately mark exact locations and coordinate installation. 


3.33 INSTALLATION OF FIRE STOP FLAPS AND THERMAL BLANKETS 


.1 Provide fire stop flaps in duct connection necks of grilles and diffusers 


installed in ULC fire rated suspended ceiling systems where shown on 


drawings. 


.2 Provide thermal blanket material to completely cover grille and/or diffuser 


pans above suspended ULC fire rated ceilings. Cut, install, and secure in 


place in accordance with manufacturer's instructions and ULC 


requirements. 


3.34 INSTALLATION OF GRILLES AND DIFFUSERS 


.1 Provide grilles and diffusers. Wherever possible, grilles and diffusers are to 


be product of same manufacturer. 


.2 Unless otherwise specified connect grilles and diffusers in accordance 


with requirements of SMACNA HVAC Duct Construction Standards Metal 


and Flexible. 


.3 Exactly locate grilles and diffusers to conform to final architectural 


reflected ceiling plans and detailed wall elevations, and to conform to 


final lighting arrangement, ceiling layout, ornamental and other wall 


treatment. 


.4 Equip supply diffusers having a basic 4-way or all round air pattern for 


operation in 1-, 2-, or 3-way pattern where indicated on drawings. 


.5 Attach troffer type diffusers associated with typical ceiling mounted 


fluorescent lighting fixtures to the fixtures on floor prior to fixture installation 


in ceiling. When fixtures are installed, connect diffuser boots with flexible 


ductwork. 
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.6 Provide sheet metal plenums, constructed of same material as 


connecting duct, for linear grilles and/or diffusers where shown. Construct 


and install plenums in accordance with requirements of SMACNA HVAC 


Duct Construction Standards Metal and Flexible. Where individual sections 


of linear grilles or diffusers are not equipped with a volume control device, 


equip duct connection collar(s) with volume control device(s). 


.7 Where linear type diffusers/grilles are installed in suspended T-bar ceilings, 


clip diffusers/grilles in place using clip supplied by diffuser/grille 


manufacturer. 


.8 Confirm grille and diffuser finishes prior to ordering. 


3.35 INSTALLATION OF FAN FILTER DIFFUSERS 


.1 Provide fan filter diffusers. 


.2 Exactly locate fan filter diffusers to conform to final architectural reflected 


ceiling plans, and to conform to final lighting arrangement and locations 


of ceiling equipment. 


.3 Install in strict accordance with manufacturer’s instructions, including 


gasket tape on T-bar ceiling members at unit locations. Plug each unit into 


an adjacent ceiling receptacle. 


.4 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.7 Include for a 1/2 day on-site operation demonstration and training session. 


Training is to be a full review of all components including, but not limited 


to, a full operation and maintenance demonstration. 


3.36 SUPPLY OF DOOR GRILLES 


.1 Supply door grilles as shown and scheduled. 


.2 Hand grilles to appropriate trade at site for installation. 


3.37 INSTALLATION OF ROOF MOUNTED GRAVITY VENTILATORS 


.1 Provide roof mounted gravity ventilators. 
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.2 Supply a roof mounting curb with each ventilator and hand curbs to 


roofing trade on roof for mounting and flashing into roof construction as 


part of the roofing work. Site assemble gravity ventilators as required, and 


secure in place on curbs. 


.3 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.4 Install dampers in curb damper tray and secure in place. 


3.38 INSTALLATION OF INTAKE AND EXHAUST WALL BOXES 


.1 Supply brick or block vents for installation in exterior walls. 


.2 Hand assemblies to masonry trade for installation. 


.3 Accurately mark exact locations and coordinate installation. 


3.39 DUCT SYSTEM PROTECTION, CLEANING AND START-UP 


.1 Temporarily cover all open ends of ducts during construction. 


.2 Remove all dirt and foreign matter from entire duct systems and clean 


duct system terminals and interior of air handling units prior to operating 


fans. 


.3 Prior to starting any supply air handling system provide 50 mm (2") thick 


glass fibre construction filters at fan equipment in place of permanent 


filters. 


.4 Provide cheesecloth over duct system inlets and outlets and run system for 


24 hours, after which remove cheesecloth and construction filters, and 


install new permanent filters. 


.5 Include all labour for a complete site walk-through with testing and 


balancing personnel following route of all duct systems to be tested, 


adjusted, and balanced for the purpose of confirming proper position 


and attitude of dampers, location of pitot tube openings, and any other 


work affecting testing and balancing procedures. Perform corrective work 


required as a result of this walk-through. 


End of Section 





		1. General

		1.01 Section Includes

		.1 HVAC ducts and casings.

		.2 Acoustic duct lining material.

		.3 Special systems ductwork.

		.4 Dampers.

		.5 Louvres.

		.6 Other duct work accessories.



		1.02 Submittals

		.1 Submit shop drawings/product data sheets for all products specified in this section except shop fabricated ductwork and fittings.

		.2 Include capacity, throw and terminal velocity, noise criteria, and pressure drops with grille and diffuser shop drawing/product data sheet submission.

		.3 With shop drawing/product data sheet submission, supply evidence that fire rated duct manufacturer is ULC listed to size requirements shows on drawings.

		.4 Submit duct leakage test data prior to ductwork being covered from view.

		.5 Submit manufacturer’s colour chart(s) for all items for which a finish colour is to be selected.



		1.03 Closeout Submittals

		.1 Submit proper installation certification from fire rated duct manufacturer as specified in Part 3 of this section.

		.2 Submit a site inspection and start-up report from fan filter diffuser manufacturer’s representative as specified in Part 3 of this section.



		1.04 Maintenance Material Submittals

		.1 Supply and hand to Owner at Substantial Performance of the Work, a minimum of 10 identified (with tags) grille/diffuser volume control damper adjustment keys.



		1.05 Coordination

		.1 Supply reviewed copies of ventilator/curb assembly shop drawings or product data sheets to trade who will cut roof openings for ventilators, and ensure openings are properly sized and located.



		1.06 Quality Assurance

		.1 Grilles and diffusers are to be tested and performance certified to ANSI/ASHRAE 70, Method of Testing the Performance of Air Outlets and Air Inlets.





		2. Products

		2.01 Galvanized Steel Ductwork

		.1 Galvanized steel sheet is to be hot dipped in accordance with requirements of ASTM A653. G60 galvanizing for bare uncovered duct to be finish painted. G90 for all other galvanizing.

		.2 Rectangular

		.1 Lock forming grade hot dip galvanized steel, ASTM A653, shop fabricated, minimum #26 gauge.



		.3 Round

		.1 Factory machine fabricated, spiral, mechanically locked flat seam, single wall duct, fittings and couplings.



		.4 Flat Oval

		.1 Factory machine fabricated, single wall, 4-ply spiral lock seam duct, fittings and couplings.





		2.02 Galvanized Steel Round PVC Coated Ductwork

		.1 Factory made G90 galvanized steel, ASTM A653, spiral seam smooth wall round duct and fittings with metal gauges in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible for a 2.5 kPa (0.36 psi) pressure, with a 4 mm thick ...



		2.03 Rectangular Aluminum Ductwork

		.1 Alloy 3003 Temper H14 aluminum, ASTM B209, shop or factory fabricated, water-tight, with metal gauges and fabrication in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible to suit the duct working pressure classificatio...



		2.04 Round Aluminum Ductwork

		.1 Alloy 3003 Temper H14 aluminum, ASTM B209, factory fabricated, water-tight, smooth interior, single wall duct, and fittings of spiral lockseam construction with site sealed beaded sleeve (slip type) joints, all in accordance with ANSI/SMACNA HVAC D...



		2.05 Rectangular Stainless Steel Ductwork

		.1 300 Series stainless steel, type 304 or type 316 as specified in Part 3 of this Section, ASTM A167 and ASTM A480, with a #4 finish where bare (uncovered) and exposed in finished areas and a #2B finish elsewhere, with, unless otherwise specified, me...



		2.06 Round Stainless Steel Ductwork

		.1 Factory made, spiral, mechanically locked flat seam, single wall duct fabricated from type 316 stainless steel to ASTM A240 with metal gauges in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible for 2.5 kPa (0.36 psi) ...



		2.07 Round Stainless Steel Lined Ductwork

		.1 Double wall self-sealing duct system constructed from type 316 stainless steel to ASTM A240 and consisting of 24 kg/m3 (1.5 lb/ft³) density, 25 mm (1") thick glass fibre insulation meeting NFPA 90A requirements and 25/50 flame spread/smoke develope...



		2.08 Fiberglass Reinforced Plastic Duct – Rectangular and Round

		.1 Factory fabricated duct and fittings in accordance with ASTM C582, ASTM D3982, ASTM D2996, SMACNA manual entitled "Thermoset FRP Duct Construction Manual", and with resin conforming to 25/50 flame spread/smoke developed rating when tested in accord...



		2.09 Flexible Metallic Ductwork

		.1 Bare

		.1 Spirally wound, semi-rigid, self-supporting corrugated aluminum duct with continuous triple lock seams, SMACNA Form "M-UN", CAN/ULC-S110 listed and labelled as a Class 1 Air Duct, constructed of dead soft aluminum strip, and supplied in 3 m (10') l...



		.2 Insulated

		.1 Spirally wound, semi-rigid, self-supporting corrugated aluminum duct with continuous triple lock seams, SMACNA Form "M-I", CAN/ULC-S110 listed and labelled as a Class 1 Air Duct, constructed of dead soft aluminum strip, supplied in 3 m (10') length...





		2.10 Flexible Fabric Ductwork

		.1 Equal to DuctSox Corp. round fabric air duct, 25/50 flame spread/smoke developed rated when tested in accordance with CAN/ULC-S102, white or coloured (to manufacturer’s standards), and complete with 3 x 1 tension cable suspension system.



		2.11 Flexible Fabric Ductwork

		.1 Bare

		.1 Equal to Flexmaster Canada Ltd. "Fabriflex" Type 4 ULC listed and labelled Class 1 flexible fabric duct consisting of vinyl coated fibreglass cloth mechanically bonded to a corrosion resistant galvanized steel helix.



		.2 Insulated

		.1 Equal to Flexmaster Canada Ltd. "Fabriflex" Type 4T ULC listed and labelled Class 1 flexible fabric duct consisting of vinyl coated fibreglass cloth mechanically bonded to a corrosion resistant galvanized steel helix and factory insulated with 25 m...





		2.12 Flexible Connection Material

		.1 Waterproof, indoor-outdoor type flexible connection material meeting requirements of NFPA 90A, consisting of woven glass fibre fabric coated on both sides with synthetic rubber.

		.2 Manufacturers:

		.1 Duro Dyne Canada Inc. "DUROLON";

		.2 Dyn Air Inc. "HYPALON".



		.3 Waterproof, flameproof, high temperature flexible connection material meeting requirements of NFPA 90A, consisting of a woven glass fibre fabric coated on both sides with silicone rubber.

		.4 Manufacturers:

		.1 Duro-Dyne Canada Inc. "THERMAFAB";

		.2 Dyn Air Inc. "SILICON HI-T".





		2.13 Metal Duct System Joint Sealant

		.1 ULC listed and labelled, premium grade, grey colour, water base, non-flammable duct sealer, brush, or gun applied, with a CAN/ULC S102 tested maximum flame spread rating of 5 and smoke developed rating of 0.

		.2 Manufacturers:

		.1 Johns Manville;

		.2 Manson Insulation;

		.3 Knauf Insulation.





		2.14 Acoustic Lining

		.1 Minimum 25 mm (1") thick acoustic lining material meeting 25/50 flame spread and smoke developed ratings tested in accordance with CAN/ULC S102, meeting NFPA 90A, ASTM C1071, and ASTM G21 requirements, not supporting microbial growth, flexible for ...

		.2 Manufacturers:

		.1 Johns Manville;

		.2 Manson Insulation;

		.3 Knauf Insulation.





		2.15 Factory Insulated Fire Rated Ductwork

		.1 Equal to DuraSystems Barriers Inc. "DuraDuct HP" or "DuraDuct GNX" duct, 2 hour fire rated, constructed, ULC listed and labelled for fire rated ventilation applications. Duct is constructed of a galvanized steel inner liner, a galvanized steel oute...



		2.16 In-Slab Exhaust Ductwork

		.1 Equal to ECCO Manufacturing "ECCODUCT" spiral wound, galvanized steel, 300 mm x 45 mm (12" x 1-¾") rectangular duct supplied in 3 m (10') lengths complete with factory supplied galvanized steel connection couplers, fittings, exterior discharges wit...



		2.17 Casing and Plenum Material and Accessories

		.1 Unless otherwise specified, casing and plenum material is to be same as connecting duct material.

		.2 Accessories such as access doors and drain pans are to be constructed of same material as casing and plenum and are to be in accordance with Chapter 6 of SMACNA HVAC Duct Construction Standards Metal and Flexible.



		2.18 Acoustic Plenum Panels

		.1 Vibro-Acoustics Ltd. type "AP", 100 mm (4") thick panels with acoustic media meeting NFPA 90A requirements sandwiched between minimum #24 gauge galvanized sheet steel, with airside face perforated, access doors where shown, and with acoustic perfor...

		.2 Acoustic plenum media factory encapsulated in sealed DuPont "Tedlar" polyvinyl fluoride film to ensure no media enters the airstream.

		.3 Manufacturers:

		.1 Vibro-Acoustics Ltd.;

		.2 Kinetics Noise Control Inc.;

		.3 Carrier Corp. – Racan;

		.4 Haakon Industries;

		.5 Price Industries Inc;

		.6 Alumavent.





		2.19 Plenum Access Doors

		.1 Factory fabricated, double wall insulated access doors, sized as indicated on drawings, and constructed of same material as connecting ductwork in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible to suit operating pre...



		2.20 Round to Rectangular Duct Connections

		.1 Equal to Flexmaster Canada Ltd. galvanized steel, flared, flanged or notched "Spin-On" round duct take-off collars with locking dampers in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible.



		2.21 Splitter Dampers

		.1 Minimum #20 gauge damper blade constructed of same material as duct, reinforced as required to suit blade size, system velocity, and to prevent "chatter", and complete with operating hardware equal to DynAir Inc. #Q-50 "DYN-A-QUAD S-S" quadrant reg...



		2.22 Air Turning Vanes

		.1 For square elbows, multiple-radius turning vanes interconnected with bars, adequately reinforced to suit pressure and velocity of system, constructed of same material as duct they are associated with, and in accordance with ANSI/SMACNA HVAC Duct Co...

		.2 For short branch ducts at grille and diffuser connections, air extractor type each equipped with a matching bottom operated 90  opposed blade volume control damper, constructed of same material as duct it is associated with and in accordance with r...



		2.23 Manual Balancing (Volume) Dampers

		.1 Flanged and drilled, single or parallel blade (depending on damper size) manual balancing dampers, each constructed of same material as connecting ductwork unless otherwise specified, each designed to maintain internal free area of connecting duct,...

		.1 hexagonal or square shaft extension through frame;

		.2 non-stick, non-corrosive synthetic bearings for rectangular dampers, flange stainless steel bearings for round dampers;

		.3 blade stops for single blade dampers, designed to prevent blade from moving more than 90 ;

		.4 linkage for multiple blade dampers;

		.5 locking hand quadrant damper operator with, for insulated ducts 50 mm (2") standoff mounting.



		.2 Rectangular Dampers: Nailor Industries Inc. 1800 Series, maximum size 1.2 m x 1.2 m (4' x 4') for a single damper.

		.3 Round Dampers: Nailor Industries Inc. model 1890, maximum 600 mm (24") diameter, equipped with a minimum 200 mm (8") deep frame, and blade stiffeners where required.

		.4 Multiple Rectangular Damper Section Assembly: Rectangular assembly supplied with the dampers or site constructed, of same material as damper and designed for tight and secure mounting of individual dampers.

		.5 Manufacturers:

		.1 Nailor Industries Inc.;

		.2 T.A. Morrison & Co. Inc. "TAMCO";

		.3 Greenheck Fan Corp.;

		.4 Ruskin Co.





		2.24 Backdraft Dampers

		.1 Nailor Industries Model 1370CB counterbalanced backdraft dampers, vertical or horizontal mounting, 50 mm (2") wide, sized as shown and complete with:

		.1 extruded 6063-T5 aluminum frame, 2.3 mm (0.090") nominal wall thickness, with mitred corners;

		.2 extruded 6063-T5 aluminum blades, 1.3 mm (0.050") nominal wall thickness on 92 mm (3-5/8") centres, and with extruded PVC blade seals;

		.3 corrosion-resistant synthetic bearings;

		.4 adjustable plated steel counterweights mounted internally in the airstream;

		.5 concealed blade linkage located out of the airstream.



		.2 Manufacturers:

		.1 Nailor Industries Inc.;

		.2 T.A. Morrison & Co. Inc. "TAMCO";

		.3 Greenheck Fan Corp.;

		.4 Ruskin Co.





		2.25 Fusible Link Dampers

		.1 Curtain blade type, dynamic, galvanized steel (unless otherwise specified) fusible link dampers, ULC classified to CAN/ULC S112 and in accordance with NFPA 90A requirements, factory tested for closure under airflow, 1-1/2 hour or 3 hour rated as re...

		.2 Fusible link dampers are to be Type "B" or Type "C" (as required) with folded curtain blade out of air stream except where damper size or location requires use of type "A" dampers with curtain blade in air stream.

		.3 Dampers in ductwork other than galvanized steel are to be as specified above but constructed of type 316 stainless steel.

		.4 Manufacturers:

		.1 Nailor Industries Inc.;

		.2 Greenheck Fan Corp.;

		.3 Ruskin Co.;

		.4 Price Industries (E.H. Price).





		2.26 Combination Fire/Smoke Dampers

		.1 Nailor Industries Series 1221, ULC listed to CAN/ULC S112 and CAN/ULC S112.1, meeting requirements of NFPA 80, 90A, 92, 101 and 105, consisting of type A, B, or C fusible link fire dampers as required and a fail-safe, opposed blade, normally closed...

		.2 ULC 1-1/2 hour fire rated and ULC Class I leakage rated for smoke, and equipped with a 74 C (165 F) ULC classified fusible link that will cause damper to close and lock independent of actuator when duct temperature reaches maximum temperature of da...

		.3 Supply damper with factory installed sleeves of minimum 400 mm (16") length, field verified by contractor dependent on wall thickness. Caulk sleeves to ULC requirements and constructed of 20 gauge for sizes up to 2.1 m (84") wide and 18 gauge for s...

		.4 Dampers in ductwork other than galvanized steel are to be as specified above but constructed of type 316 stainless steel.

		.5 Manufacturers:

		.1 Nailor Industries Inc.;

		.2 Greenheck Fan Corp.;

		.3 Ruskin Co.;

		.4 Price Industries (E.H. Price).





		2.27 Smoke Dampers

		.1 Multi-blade type, fail-safe, dynamic, galvanized steel (unless otherwise specified) smoke dampers, ULC classified to CAN/ULC S112.1, ULC Class I leakage rated for smoke, meeting requirements of NFPA 90A, 92, 101 and 105, normally closed, low pressu...

		.2 Dampers in ductwork other than galvanized steel are to be as specified above but constructed of type 316 stainless steel.

		.3 Manufacturers:

		.1 Nailor Industries Inc.;

		.2 Greenheck Fan Corp.;

		.3 Ruskin Co.;

		.4 Price Industries (E.H Price).





		2.28 Roof Duct Supports

		.1 Equal to PHP Systems Design Model PHP-D adjustable duct support assemblies sized to suit duct size, each assembly complete with injection moulded recycled plastic and carbon black bases and tubular hot dip galvanized steel framing.



		2.29 Pressure Relief Doors

		.1 Greenheck model PRAD (positive) or VRAD (negative) pressure relief doors constructed of same material as duct or plenum they are associated with, each complete with a sealing gasket, special latches, cable assembly with spring to limit door opening...

		.2 Size access doors to match requirements of system so pressure drop through open blow-out door at required flow rate will not exceed rated pressure of duct system.

		.3 Manufacturers:

		.1 Greenheck Fan Corp.;

		.2 United Enertech.





		2.30 Duct Access Doors

		.1 In accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, with sizes suitable in all respects for purpose for which they are provided, and, unless otherwise specified, constructed of same material as duct they are associat...



		2.31 Ductwork Drain Points

		.1 Equal to Ductmate Canada Ltd. "Moisture Drain", 20 mm (¾") diameter moisture drains with galvanized sheet metal funnel, and chrome plated brass threaded drain, nut, and cap.



		2.32 Instrument Test Ports

		.1 Equal to Duro-Dyne of Canada Ltd. #IP1 or #IP2 (to suit insulation thickness where applicable) gasketed, leakproof instrument test ports for round or rectangular ducts as required, each complete with a neoprene expansion plug and a plug securing ch...



		2.33 Wire Mesh (Birdscreen)

		.1 Heavy-gauge galvanized steel or aluminum mesh, 12 mm x 12 mm (½" x ½") secured in a rigid galvanized steel or aluminum framework, sized as indicated on drawings, and constructed so as to be removable.



		2.34 Louvres

		.1 Price Industries Inc. DE439 or DE635, 100 mm (4") or 150 mm (6") deep (to suit wall thickness) factory assembled stationary, drainable, louvres sized as indicated on drawings, each AMCA water penetration and air performance certified, constructed o...

		.2 Acoustical Louvres: Price Industries Inc. Model QA1245 300 mm (12") deep, welded, extruded alloy 3003-H14 aluminum, storm-proof, stationary, drainable acoustical louvers, AMCA water penetration and air performance certified, with high density miner...

		.3 Louvres are to be factory finished with a finish equal to PPG Industries "Duranar" fluoropolymer powder coating over primer with colour as selected from manufacturer’s standard colour range.

		.4 Manufacturers:

		.1 Price Industries Inc.;

		.2 The Airolite Co. LLC;

		.3 Construction Specialities;

		.4 Nailor Industries Inc.;

		.5 Kinetics Noise Control Inc.

		.6 Greenheck Fan Corp.

		.7 Ventex.





		2.35 Louvre Blank-Off Panels

		.1 Insulated, framed, sandwich construction panels consisting of 40 mm (1-½") thick rigid insulation (meeting NFPA 90A requirements) between minimum #20 gauge galvanized sheet steel with exterior face of panels finished to match finish of exterior wal...



		2.36 Brick and Block Vents

		.1 Equal to Price Industries Inc. vents constructed of 6063-T5 alloy extruded aluminum, sized as shown, complete with stainless steel fasteners, aluminum rod vertical supports on minimum 300 mm (12") centres, #2 mesh fixed aluminum screen, and all req...

		.2 Vent(s) to be factory finished with a finish equal to a baked "Kynar 500-XL" colour coat and a clear coat over cleaned and primed metal with colour as selected from manufacturer’s standard colour range.



		2.37 Fire Stop Flaps and Thermal Blanket Material

		.1 Rectangular or round, ULC listed and labelled, blade type galvanized steel fire stop flaps in accordance with CAN/ULC S112, Standard Methods of Fire Test of Fire-Damper Assemblies and CAN/ULC S112.2, Standard Method of Fire Test of Ceiling Firestop...

		.2 Ceramic fibre material in accordance with 25/50 flame spread/smoke developed ratings when tested to CAN/ULC S102 and of a thickness to suit required fire rating.



		2.38 Grilles and Diffusers

		.1 Grilles and diffusers of type, size, capacity, finish, and arrangement as shown on drawings and in accordance with drawing schedule, each equipped with all required mounting and connection accessories to suit mounting location and application.

		.2 Manufacturers:

		.1 Price Industries Inc.;

		.2 Anemostat;

		.3 Krueger Division of Air System Components Inc.;

		.4 Titus;

		.5 Nailor Industries Inc.;

		.6 Tuttle & Bailey.





		2.39 Fan Filter Diffusers

		.1 Factory assembled and leakage tested, suspended ceiling mount, modular assemblies, each ULC and CSA or ETL certified and labelled, consisting of a fan-motor and HEPA filter enclosed in a metal plenum, designed for unidirectional vertical flow of fi...

		.1 plenum and face frame: airtight low profile design, constructed of type 304 stainless steel with aluminum interior parts including an extruded aluminum filter frame with air by-pass seal, an inlet duct connection collar, sound insulation meeting 25...

		.2 fan and motor: removable, consisting of a blower wheel encased in a strategically shaped enclosure a direct connected to a vibration isolated ⅓ HP ECM brushless DC motor with permanent built-in inverter programmed for constant volume airflow and eq...

		.3 filter: HEPA ultra low penetration air (ULPA) filters, 99.9995% efficient on 0.12 µm micron particles, latched into fan plenum and protected by a perforated screen attached with quarter-turn thumb-wheel fasteners, and room side replaceable;

		.4 diffuser face: perforated, laminar flow face constructed of aluminum with quarter-turn fasteners for removal and access to fan-motor and filter;

		.5 mounting gasket: roll type gasket material supplied with units for site installation on T-bar ceiling members;

		.6 factory secured seismic restraint connection hardware.





		2.40 Round Low Silhouette Roof Mounted Ventilators

		.1 Spun aluminium, round, gravity roof mounting hoods in accordance with drawing schedule, each complete with:

		.1 wind band with a rolled bead, and curb cap with one-piece, spun, deep venturi inlet, and pre-punched holes for mounting;

		.2 galvanized steel bird screen;

		.3 minimum 300 mm (12") high welded aluminium, insulated roof mounting curb with damper tray;

		.4 aluminium backdraft damper supplied loose, for site installation in roof curb damper tray;

		.5 non-corrosive motorized damper supplied loose for site installation in roof curb damper tray, equal to T. A. Morrison TAMCO Series 9000 insulated damper with linkage, end switch, and a Belimo or equal motor with voltage to suit control voltage requ...

		.6 factory secured seismic restraint connection hardware.



		.2 Manufacturers:

		.1 Greenheck Fan Corp.;

		.2 PennBarry;

		.3 Twin City Fan and Blower.





		2.41 Louvred Penthouse Type Ventilators

		.1 Low silhouette, rectangular, roof mounting louvred penthouse type hoods in accordance with drawing schedule, each constructed of aluminium, supplied in knock-down form for site assembly, and each complete with:

		.1 extruded aluminium, welded storm-proof louver blades with mitred corners and stainless steel securing screws;

		.2 removable cover for internal access, lined with glass fibre insulation material and equipped with stainless steel fasteners;

		.3 12 mm x 12 mm (½" x ½") aluminium mesh birdscreen;

		.4 welded aluminium, minimum 300 mm (12") high insulated roof mounting curb with damper tray and curb seal;

		.5 aluminium backdraft damper supplied loose, for site installation in roof curb damper tray;

		.6 non-corrosive motorized damper supplied loose for site installation in roof curb damper tray, equal to T. A. Morrison TAMCO Series 9000 insulated damper with linkage, end switch, and a Belimo or equal motor with voltage to suit site control voltage...

		.7 factory secured seismic restraint connection hardware.



		.2 Manufacturers:

		.1 Greenheck Fan Corp.;

		.2 Twin City Fan and Blower;

		.3 PennBarry.

		.4 Ventex.





		2.42 Hooded Type Ventilators

		.1 Low silhouette, rectangular, roof mounting hooded penthouse type ventilators in accordance with drawing schedule, each constructed of aluminium, supplied in knock-down form for site assembly, and each complete with:

		.1 full 360  perimeter hood opening;

		.2 12 mm x 12 mm (½" x ½") aluminium mesh bird screen;

		.3 welded aluminium, minimum 300 mm (12") high insulated roof mounting curb with damper tray and curb seal;

		.4 aluminium backdraft damper supplied loose for site installation in roof curb damper tray;

		.5 non-corrosive motorized damper supplied loose for site installation in roof curb damper tray, equal to T. A. Morrison TAMCO Series 9000 insulated damper with linkage, end switch, and a Belimo or equal motor with voltage to suit site control voltage...

		.6 factory secured seismic restraint connection hardware.



		.2 Manufacturers:

		.1 Greenheck Fan Corp.;

		.2 Twin City Fan and Blower;

		.3 PennBarry.





		2.43 Intake Wall Box

		.1 Equal to Reversomatic SWBL-INTAKE wall boxes leakproof seamless construction, extruded aluminum grille, sized as shown, complete with stainless steel fasteners, and all required accessories to suit the application. Contractor to coordinate colour a...



		2.44 Exhaust Wall Box

		.1 Equal to Reversomatic SWBL wall boxes leakproof seamless construction, extruded aluminum grille, sized as shown, complete with stainless steel fasteners, neoprene backdraft damper, and all required accessories to suit the application. Contractor to...





		3. Execution

		3.01 Cleanliness Requirements for Handling and Installation of Ductwork

		.1 Handle and install ductwork in accordance with CSA Z317.2, Special Requirements for Heating, Ventilation, and Air-Conditioning (HVAC) Systems in Healthcare Facilities and SMACNA's Duct Cleanliness for New Construction Guidelines at the Advanced Level.

		.2 Handle and install ductwork in accordance with SMACNA's Duct Cleanliness for New Construction Guidelines at the Advanced Level.



		3.02 Fabrication and Installation of Galvanized Steel Ductwork

		.1 Provide required ductwork, rectangular, round and/or flat oval. Where rectangular ductwork is shown, round or flat oval ductwork of equivalent cross-sectional area is acceptable.

		.2 It is to be understood that all duct dimensions shown on drawings are clear internal dimensions.

		.3 Unless otherwise specified, construct and install ductwork in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible to suit duct pressure class designation of minimum 500 Pa (2" w.c.) positive or negative as applicable, a ...

		.4 Variable air volume ductwork from supply fans to boxes is as above but rectangular duct take-offs are double side straight taper type with a take-off length equal to 0.5 times the branch duct width but minimum 150 mm (6") length, and double taper s...

		.5 Confirm routing of all ductwork at site and site measure ductwork prior to fabrication. Duct dimensions may be revised to suit site routing and building element requirements, if dimension revisions are reviewed with and approved by the Consultant. ...

		.6 Refer to structural drawings. Where ductwork is to be run within or through open web steel joists, ductwork shown on mechanical drawings is schematic only and is to be altered as required to suit steel joist configuration, spacing, panel points, an...

		.7 Wherever ductwork is required at locations where sprayed fireproofing is applied to building construction, install ductwork only after fireproofing work is complete and do not compromise fire rating of sprayed fireproofing.

		.8 Install (but do not connect) duct system mounted automatic control components supplied as part of the automatic control work.

		.9 Where indicated, provide duct connections to fan powered heat transfer equipment with integral coils.

		.10 Flange connect ductwork to hot water reheat coils in accordance with requirements of ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible. Coils will be suspended independent of connecting ductwork as part of the heat transfer work.

		.11 Support horizontal rectangular ducts inside building in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, but use trapeze hangers with, unless otherwise specified, galvanized steel channels, and galvanized steel hang...

		.12 Support round and flat oval ducts inside building in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, but, unless otherwise specified, for both uninsulated and insulated ducts exposed in finished areas, use bands an...

		.13 Where flanged duct joints are used, do not locate joints in wall or slab openings, or immediately at wall or slab openings. Do not use flanged joints for exposed uninsulated ducts in finished areas.

		.14 Where watertight horizontal ductwork is required, construct ducts without bottom longitudinal seams. Solder or weld joints of bottom and side sheets. Seal all other joints with duct sealer. Slope horizontal duct to hoods, risers, or drain points. ...

		.1 ductwork outside building or otherwise exposed to the elements;

		.2 dishwasher exhaust;

		.3 shower exhaust ducts from grilles to duct main or riser;

		.4 minimum of 3 m (10') upstream and downstream of duct mounted humidifiers or humidifier manifolds;

		.5 fresh air intakes;

		.6 wherever else shown.



		.15 Leakage Testing:

		.1 Ductwork leakage is not to exceed following:

		.1 ductwork to 2" W.C. Class, 1% of total air quantity handled by respective fans;

		.2 ductwork exceeding 2" W.C. Class, 2% of total air quantity handled by respective fans.



		.2 Leakage testing is to be performed by the Testing, Adjusting and Balancing (TAB) agency in accordance with SMACNA HVAC Air Duct Leakage Test Manual and is to be witnessed by the Consultant.

		.3 Leakage test following ductwork:

		.1 [ ];

		.2 [ ].



		.4 Be responsible for following:

		.1 preparing duct systems for leakage testing prior to installation of external insulation including capping duct runouts and provision of final tap-in for test equipment;

		.2 schedule testing with TAB agency in advance, be present for all testing and ensure notice is given to the Consultant so they may witness testing;

		.3 resealing and/or replacement of defective ductwork;

		.4 bearing all costs associated with retesting ductwork which has failed to pass leakage testing.





		.16 Seal all ductwork in accordance with SMACNA Seal Class "A", except for round duct with self-sealing gasketed fittings and couplings which does not require site applied sealant. Apply sealants by brush or gun to cleaned metal surfaces. Where bare d...

		.17 Apply sealants by brush or gun to cleaned metal surfaces. Where bare ductwork is exposed apply neat uniform lines of sealant. Randomly brushed, sloppy looking sealant applications will be rejected and must be repaired or replaced with a neat appli...

		.18 Clean exterior exposed (uninsulated) ducts and coat with a heavy full coverage of Bakor #410-02 black metal paint.

		.19 Where dissimilar metal ducts are to be connected, isolate ducts by means of flexible duct connection material.

		.20 Round exposed ductwork in Gymnasium is to be 2 metal gauges heavier than standard metal gauge for same size duct, and duct hangers are to be pairs of 9.5 mm (⅜") diameter hanger rods secured to 40 mm (1-½") wide #12 gauge galvanized steel split cl...

		.21 Equip ducts with a dimension of 600 mm (24") and larger and located in mechanical equipment rooms of any kind with hanger rods equipped with double deflection neoprene rod isolation hangers properly sized for associated load. Also refer to Section...

		.22 In addition to SMACNA duct construction standards specified above, ductwork is to be constructed and installed to meet seismic requirements of British Columbia Building Code and ANSI/SMACNA The Seismic Restraint Manual: Guidelines for Mechanical S...



		3.03 Installation of Aluminum Ductwork

		.1 Provide aluminum ductwork, rectangular or round.

		.2 Provide aluminium ductwork for:

		.1 [ ];

		.2 [ ].



		.3 Wherever bare aluminum ductwork comes in contact with ferrous metal or copper, paint ferrous metal or copper surface with a heavy, 100% covering coat of zinc chromate paint, asphalt paint or otherwise isolate direct contact with the bare aluminum.

		.4 Refer to "Commentary on Aluminum Ducts" in ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, however, do not use drive and S cleats for joining waterproof aluminum ductwork. Use following SMACNA joining methods:

		.1 T-21 - welded flange;

		.2 T-22 - companion angle and gasket;

		.3 T-24A - flanged.



		.5 Keep longitudinal joints at top surface of horizontal runs. Provide proper transverse supports to prevent deflection. Ensure duct is rigid.

		.6 When mastic is used for sealing such as sealing longitudinal joints, apply mastic to both surfaces before they are mated. When dry, apply mastic again for a water-tight seal.



		3.04 Installation of Stainless Steel Ductwork

		.1 Provide stainless steel ductwork, round or rectangular.

		.2 Provide stainless steel ductwork as follows:

		.1 [ ];

		.2 [ ].



		.3 Exposed stainless steel kitchen exhaust duct is to be minimum #16 gauge and of welded construction with pickled and passivated welds which are ground to a finish to match duct finish.



		3.05 Installation of Fibreglass Reinforced Plastic (FRP) Ductwork

		.1 Provide rectangular fibreglass reinforced plastic ductwork.

		.2 Provide FRP ductwork for:

		.1 [ ];

		.2 [ ].



		.3 Generally, install duct in accordance with duct manufacturer’s instructions and requirements of SMACNA publication entitled "Thermoset FRP Duct Construction Manual".

		.4 Secure duct in place with type 316 stainless steel angles, straps, hanger rods, and accessories. Provide strips of felt or neoprene material between duct and hanging and support hardware.



		3.06 Installation of Round PVC Coated Galvanized Steel Ductwork

		.1 Provide round PVC coated galvanized steel ductwork.

		.2 Provide round PVC coated galvanized steel ductwork for:

		.1 [ ];

		.2 [ ].



		.3 Underground ductwork is to be constructed to SMACNA Positive Pressure Class 10" w.c. with minimum metal gauges as follows:

		.1 150 mm (6") through 350 mm (14") dia. - #28 gauge;

		.2 400 mm (15") through 660 mm (26") dia. - #26 gauge;

		.3 685 mm (27") through 915 mm (36") dia. - # 24 gauge;

		.4 940 mm (37") through 1.27 m (50") dia. - #20 gauge.



		.4 Install underground ductwork in accordance with requirements and details for underslab duct in ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible.



		3.07 Installation of Fabric Ductwork

		.1 Provide fabric ductwork.

		.2 Secure duct from structure by means of tension cable and suspension components supplied with ductwork.

		.3 Install tension cable and suspension components in accordance with duct manufacturer’s instructions.

		.4 Provide metal duct connection collars as required.

		.5 Start-up fabric duct system in accordance with manufacturer’s instructions.

		.6 Do not penetrate fire barriers with fabric duct.



		3.08 Installation of Flexible Ductwork

		.1 For supply air ductwork, provide maximum 1.8 m fully stretched, long lengths of flexible ductwork for connections between galvanized steel duct mains and branches, and necks of ceiling grilles and diffusers. Do not install flexible ductwork through...

		.2 For return air ductwork, provide maximum 1.0 m fully stretched, long lengths of flexible ductwork for connections between galvanized steel duct mains and branches, and necks of ceiling grilles. Do not install flexible ductwork through walls, even i...

		.3 At rectangular galvanized steel duct, accurately cut holes and provide flanged or "Spin-in" round flexible duct connection collars. Seal joints with duct sealer.

		.4 Install flexible ducts as straight as possible and support in accordance with requirements of ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, and secure at each end with nylon or stainless steel gear type clamps, and seal joints. P...

		.5 Do not penetrate fire barriers with flexible duct.



		3.09 Installation of Acoustic Lining

		.1 Provide acoustic lining in ductwork in locations as follows:

		.1 wherever shown and/or specified on drawings;

		.2 supply ductwork downstream of air terminal boxes for a distance of 2.4 m (8') measured along duct and outward from box in all directions;

		.3 all transfer air ducts.



		.2 Install lining in accordance with requirements of ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible, however, for all installations regardless of velocity, at leading and trailing edges of duct liner sections, provide galvanized steel...



		3.10 Installation of Fire Rated Ductwork

		.1 Provide 2 hour fire rated ductwork.

		.2 Install ductwork in strict accordance with duct manufacturer’s instructions using support hardware supplied with duct.

		.3 When installation is complete, arrange, and pay for duct manufacturer to visit site and examine duct installation. Make any revisions requested by manufacturer, and when manufacturer is satisfied with installation, obtain and submit a letter certif...



		3.11 Installation of Sheet Steel Kitchen Grease Exhaust Ductwork

		.1 Provide welded sheet steel kitchen grease exhaust ductwork from exhaust hood(s) to roof mounted exhaust fans, all in accordance with requirements of NFPA 96. Construct ductwork watertight with continuous externally welded seams and joints, cleanout...

		.2 Clean and prime coat ground welds in black steel ducts.

		.3 Support ductwork at not greater than 1.5 m (5') intervals and ensure fasteners at hangers do not penetrate duct. Install without forming dips, sags, or traps where grease reside might collect, and locate access door/cleanouts for ease of maintenance.

		.4 Slope horizontal ductwork 25 mm per 300 mm (1" per foot) back to exhaust hood.



		3.12 Installation of In-Slab Ductwork

		.1 Provide in-slab concrete encased ductwork, complete with required fittings and accessories.

		.2 Install duct with support brackets supplied with duct and coordinated with location of reinforcing steel, post tensioning cables, and any other structural slab component. Install duct in strict accordance with manufacturer’s installation instructio...

		.3 Confirm finish of exterior discharge fittings with the Consultant prior to ordering.



		3.13 Installation of Casings and Plenums

		.1 Provide required shop or site fabricated casings and plenums. Unless otherwise specified or shown, construct casings and plenums of same material as connecting duct system.

		.2 Construct and install casings and plenums in accordance with Chapter 6 of ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible to suit systems’ pressure classification. Ensure plenums and casings secured to building structure are gaskete...

		.3 Provide drain pans with accessible trapped drains for fresh air intake plenums, and wherever else shown.

		.4 In addition to SMACNA duct construction standards specified above, casings and plenums are to be constructed and installed to meet seismic requirements of British Columbia Building Code and ANSI/SMACNA - The Seismic Restraint Manual: Guidelines for...



		3.14 Installation of Acoustic Panels

		.1 Provide acoustic panels for plenums. Integrate acoustic plenums with standard casings and plenums. Install acoustic panels in strict accordance with manufacturer’s instructions. Seal panels with acoustic caulking where pipes, ducts or conduit penet...

		.2 Provide floor to ceiling high acoustic plenums where shown, each complete with required framing, including framing for access doors and other openings, each structurally designed to resist excessive deflection or bowing, constructed to be air-tight...

		.3 Provide acoustic type access doors where shown, and provide acoustic caulking at all locations where acoustic plenums abut building walls or slabs, and at all points where pipe, ducts or conduit penetrate acoustic panels.

		.4 In addition to SMACNA duct construction standards specified above, acoustic plenums are to be constructed and installed to meet seismic requirements of [British Columbia Building Code] and ANSI/SMACNA, The Seismic Restraint Manual: Guidelines for M...



		3.15 Installation of Casing and Plenum Access Doors

		.1 Provide access doors into all site or shop fabricated casings and plenums requiring access, and wherever shown.

		.2 Construct access doors to open in or out to suit positive and negative pressures of system.

		.3 Provide pitot tube openings in access doors where required for system air quantity balancing purposes.

		.4 Provide suitably sized, engraved, red-white laminated Lamacoid warning nameplates on access doors into casings and plenums where equipment is located, i.e. fans.



		3.16 Installation of Round to Rectangular Duct Connections

		.1 Cut round holes in rectangular ducts and provide round to rectangular lock-in fittings with dampers for connection of flexible round ductwork.



		3.17 Installation of Splitter Dampers

		.1 Provide splitter dampers in supply ductwork at branch duct connections off supply air mains, and wherever else shown and/or specified on drawings. Install splitter dampers so they cannot vibrate and rattle and so damper operation mechanisms are in ...



		3.18 Installation of Turning Vanes

		.1 Provide turning vanes in ductwork elbows where shown on drawings and wherever else required where, due to site installation routing and duct elbow radius, turning vanes are recommended in accordance with ANSI/SMACNA HVAC Duct Construction Standards...

		.2 Provide volume extractor type turning vanes in short branch supply duct connections off mains to grilles and diffusers where shown and/or specified.



		3.19 Installation of Manual Balancing (Volume) Dampers

		.1 Provide manual balancing dampers as required to provide a fully balanced system, including but not limited to in all open end ductwork, in all duct mains, and wherever else shown and/or specified.

		.2 Install dampers so operating mechanism is accessible and positioned for easy operation, and so dampers cannot move or rattle. Ensure operating mechanisms for dampers in insulated ducts are complete with stand-off mounting brackets.

		.3 Where a duct for which a balancing damper is required has dimensions larger than dimensions of maximum size volume damper available, provide multiple dampers bolted together in a properly sized assembly, or bolted to a heavy-gauge black structural ...

		.4 Confirm exact damper locations with personnel doing air quantity balancing testing work and install dampers to suit. Include for providing 5 additional dampers at no additional cost.



		3.20 Installation of Backdraft Dampers

		.1 Provide backdraft dampers.

		.2 Install and secure dampers so they cannot move or rattle.



		3.21 Installation of Fusible Link Dampers

		.1 Provide fusible link dampers. Ensure damper rating (1-½ or 3 hr) is suitable for fire barrier it is associated with.

		.2 Install dampers with retaining angles on all 4 sides of sleeve on both sides of damper and connect with ductwork in accordance with damper manufacturer’s instructions and details, and Code requirements.

		.3 Provide expansion clearance between damper or damper sleeve and opening in which damper is required. Ensure openings are properly sized and located, and all voids between damper sleeve and opening are properly sealed to maintain rating of fire barr...

		.4 Where size of fire barrier opening requires use of a sectionalized fire damper assembly, provide multiple fusible link dampers (sized to CAN/ULC S112) bolted together in a properly sized assembly or bolted to a heavy-gauge black structural steel an...



		3.22 Installation of Combination Fire/Smoke Dampers

		.1 Provide combination fire/smoke dampers. Install dampers with retaining angles on all 4 sides of each side of damper, and, where required, connect with ductwork, all in accordance with damper manufacturer’s instructions and details, and Code require...

		.2 Coordinate damper installation with electrical work where electrical connections to damper actuators are specified.



		3.23 Installation of Smoke Dampers

		.1 Provide smoke dampers. Install dampers with retaining angles on all 4 sides of sleeve on both sides of damper and connect with ductwork in accordance with damper manufacturer’s instructions and details, and Code requirements.

		.2 Coordinate damper installation with electrical work where electrical connections to damper actuators are specified.

		.3 Where size of fire barrier opening requires use of a sectionalized fire damper assembly, provide multiple smoke dampers (sized to CAN/ULC S112) bolted together in a properly sized assembly or bolted to a heavy-gauge black structural steel angle or ...



		3.24 Installation of Flexible Connection Material

		.1 Provide a minimum of 100 mm (4") of flexible connection material where ducts, plenums, and/or easings connect to fans, and wherever else shown or specified.

		.2 Rigidly secure a minimum of 75 mm (3") of duct material (minimum #24 gauge) to each edge of flexible fabric and to fan, duct, plenum, etc., in accordance with ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible. Ensure connections to fl...

		.3 For system [______] use high temperature flameproof flexible connection material.



		3.25 Installation of Roof Mounted Duct Supports

		.1 Supply supports for roof mounted ductwork.

		.2 Hand adjustable structural supports to roofing trade on roof for installation and flashing into roof construction as part of roofing work. Accurately mark exact locations and spacing of structural supports and supervise installation. Provide proper...

		.3 Accurately mark location and spacing of roof support assemblies. At each plastic base location, carefully scrape away loose roof ballast (gravel) and all other debris and dirt. Prime existing membrane with a primer which is compatible with existing...



		3.26 Installation of Pressure Relief Doors

		.1 Provide pressure release access doors to prevent duct system explosion or implosion as a result of a duct obstruction, i.e. closed fire damper, which prevents normal air flow through the system. Size access doors in accordance with requirements of ...

		.2 Where pressure release doors are shown in suction ducts or plenums, mount access door assembly so door swings in and latch mechanism is on the inside of duct or plenum. If latch mechanism is not accessible, provide a standard access door at latch s...

		.3 Adjust each latch mechanism by means of the adjusting pin to suit static pressure of the particular system in accordance with latch mechanism manufacturer’s instructions.



		3.27 Installation of Duct Access Doors

		.1 Provide access doors in ductwork for access to all components which will or may need maintenance and/or repair, including reheat coils. Install in accordance with requirements of ANSI/SMACNA HVAC Duct Construction Standards Metal and Flexible.

		.2 Identify access doors provided for fusible link damper maintenance with "FLD" stencil painted or marker type red lettering and ensure doors are properly located for damper maintenance.

		.3 When requested, submit a sample of proposed duct access doors for review.

		.4 Where sectionalized fusible link dampers and/or balancing dampers are provided in large ducts, provide a plenum type access door to suit, and adequately reinforce ductwork to suit access door installed.



		3.28 Installation of Instruments Test Ports

		.1 Provide instrument test ports in all main ducts at connections to fans, plenums, or casings, in all larger branch duct connections to mains, and wherever else required for proper air quantity balancing and testing.

		.2 Locate test ports where recommended by personnel performing air quantity testing and balancing work.



		3.29 Installation of Wire Mesh (Birdscreen)

		.1 Provide framed, removable wire mesh panels over openings in ducts and/or walls where shown and/or specified on drawings. Rigidly secure in place but ensure panels are removable.

		.2 Provide wire mesh panels for open-end return air ducts in ceiling spaces whether shown on drawings or not.



		3.30 Installation of Louvres

		.1 Provide louvres for wall openings.

		.2 Install louvre assemblies and secure in place in accordance with manufacturer’s instructions and details.

		.3 Confirm exact louvre sizes and finish prior to ordering.



		3.31 Installation of Louvre Blank-Off Panels

		.1 Provide blank-off panels for inactive portions of exterior wall louvres.

		.2 Secure panels in place with non-ferrous hardware so they cannot move or rattle, yet are easily removable.

		.3 Confirm exact finish of panels prior to fabrication.



		3.32 Installation of Brick and Block Vents

		.1 Supply brick or block vents for installation in exterior walls.

		.2 Hand assemblies to masonry trade for installation.

		.3 Accurately mark exact locations and coordinate installation.



		3.33 Installation of Fire Stop Flaps and Thermal Blankets

		.1 Provide fire stop flaps in duct connection necks of grilles and diffusers installed in ULC fire rated suspended ceiling systems where shown on drawings.

		.2 Provide thermal blanket material to completely cover grille and/or diffuser pans above suspended ULC fire rated ceilings. Cut, install, and secure in place in accordance with manufacturer's instructions and ULC requirements.



		3.34 Installation of Grilles and Diffusers

		.1 Provide grilles and diffusers. Wherever possible, grilles and diffusers are to be product of same manufacturer.

		.2 Unless otherwise specified connect grilles and diffusers in accordance with requirements of SMACNA HVAC Duct Construction Standards Metal and Flexible.

		.3 Exactly locate grilles and diffusers to conform to final architectural reflected ceiling plans and detailed wall elevations, and to conform to final lighting arrangement, ceiling layout, ornamental and other wall treatment.

		.4 Equip supply diffusers having a basic 4-way or all round air pattern for operation in 1-, 2-, or 3-way pattern where indicated on drawings.

		.5 Attach troffer type diffusers associated with typical ceiling mounted fluorescent lighting fixtures to the fixtures on floor prior to fixture installation in ceiling. When fixtures are installed, connect diffuser boots with flexible ductwork.

		.6 Provide sheet metal plenums, constructed of same material as connecting duct, for linear grilles and/or diffusers where shown. Construct and install plenums in accordance with requirements of SMACNA HVAC Duct Construction Standards Metal and Flexib...

		.7 Where linear type diffusers/grilles are installed in suspended T-bar ceilings, clip diffusers/grilles in place using clip supplied by diffuser/grille manufacturer.

		.8 Confirm grille and diffuser finishes prior to ordering.



		3.35 Installation of Fan Filter Diffusers

		.1 Provide fan filter diffusers.

		.2 Exactly locate fan filter diffusers to conform to final architectural reflected ceiling plans, and to conform to final lighting arrangement and locations of ceiling equipment.

		.3 Install in strict accordance with manufacturer’s instructions, including gasket tape on T-bar ceiling members at unit locations. Plug each unit into an adjacent ceiling receptacle.

		.4 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review of all components including, but not limited to, a full operation and maintenance demonstration.



		3.36 Supply of Door Grilles

		.1 Supply door grilles as shown and scheduled.

		.2 Hand grilles to appropriate trade at site for installation.



		3.37 Installation of Roof Mounted Gravity Ventilators

		.1 Provide roof mounted gravity ventilators.

		.2 Supply a roof mounting curb with each ventilator and hand curbs to roofing trade on roof for mounting and flashing into roof construction as part of the roofing work. Site assemble gravity ventilators as required, and secure in place on curbs.

		.3 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.4 Install dampers in curb damper tray and secure in place.



		3.38 Installation of Intake and Exhaust Wall Boxes

		.1 Supply brick or block vents for installation in exterior walls.

		.2 Hand assemblies to masonry trade for installation.

		.3 Accurately mark exact locations and coordinate installation.



		3.39 Duct System Protection, Cleaning and Start-Up

		.1 Temporarily cover all open ends of ducts during construction.

		.2 Remove all dirt and foreign matter from entire duct systems and clean duct system terminals and interior of air handling units prior to operating fans.

		.3 Prior to starting any supply air handling system provide 50 mm (2") thick glass fibre construction filters at fan equipment in place of permanent filters.

		.4 Provide cheesecloth over duct system inlets and outlets and run system for 24 hours, after which remove cheesecloth and construction filters, and install new permanent filters.

		.5 Include all labour for a complete site walk-through with testing and balancing personnel following route of all duct systems to be tested, adjusted, and balanced for the purpose of confirming proper position and attitude of dampers, location of pit...
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1. GENERAL 


1.01 SUBMITTALS 


.1 Submit shop drawings/product data sheets for fans and accessories. 


Include following: 


.1 certified fan performance curves at specified operating point with 


flow, static pressure and HP clearly plotted; 


.2 certified sound power data that conforms to specified levels; 


.3 product data sheets for all accessories; 


.4 product data sheets for fan motors. 


1.02 CLOSEOUT SUBMITTALS 


.1 Submit with delivery of each unit a copy of the factory inspection report, 


and include a copy of each report with O&M Manual project closeout 


data. 


.2 Submit a site inspection and start-up report from manufacturer’s 


representative as specified in Part 3 of this section. 


.3 Supply reviewed copies of fan/curb assembly shop drawings or product 


data to trade who will cut roof openings for fans, and ensure openings are 


properly located. 


.4 Supply reviewed copies of fan assembly shop drawings or product data to 


trade who will form/prepare wall openings for fans, and ensure openings 


are properly located. 


.5 Submit a signed copy of destratification fan manufacturer’s 5 year 


extended parts and labour warranty. 


.6 Submit a signed copy of ceiling mounted fan manufacturer’s extended 3 


year warranty. 


.7 Training attendance records. 


1.03 QUALITY ASSURANCE 


.1 Fan manufacturers, as applicable, are to be current members of the Air 


Movement and Control Association International Inc. (AMCA), and fans 


are to be rated (capacity and sound performance) and certified in 


accordance with requirements of following standards: 


.1 ANSI/AMCA Standard 210, Laboratory Method of Testing Fans for 


Certified Aerodynamic Performance Rating; 
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.2 AMCA Standard 211, Product Rating Manual for Fan Air 


Performance; 


.3 ANSI/AMCA Standard 300, Reverberant Room Method for Sound 


Testing of Fans; 


.4 AMCA Standard 311, Product Rating Manual for Fan Sound 


Performance; 


.5 AMCA Standard 99-2408, Operating Limits for Centrifugal Fans. 


2. PRODUCTS 


2.01 CENTRIFUGAL FANS 


.1 Centrifugal fans in accordance with drawing schedule, each capable of 


operating over the complete pressure class limits as specified in AMCA 


Standard 99-16. 


.2 Continuously welded heavy-gauge steel housing, braced and reinforced 


as required to prevent vibration or pulsation, equipped with a discharge 


flange, spun, aerodynamically designed inlet cones or venturies with wire 


grid guards, drain plug, and epoxy enamel coated both inside and 


outside to a 3 mm dry film thickness. 


.3 Continuously welded, stable, non-overloading wheel with die-formed steel 


blades and, unless otherwise required, a cast iron hub, statically and 


dynamically balanced prior to assembly, then balanced as an assembly 


and braced and secured to base prior to shipment. 


.4 AISI C1040 or C1050 hot rolled steel fan shaft, accurately turned, ground, 


polished, and ring gauged for accuracy, and sized for a first critical speed 


of at least 1.25 times the maximum rated speed for fan, and heavy-duty, 


grease lubricated, ball or roller, self-aligning pillow block type bearings 


selected for an AFBMA L-10 minimum average bearing life in excess of 


200,000 hours, and equipped with extended copper lubrication lines 


terminated in lubrication fittings immediately inside fan section access 


door. 


.5 NEMA Premium TEFC motor, adjustable V-belt drive selected for 40% 


service factor based on motor nameplate data, and OHSA guard, all in 


accordance with requirements of Section 20 05 00 – Common Work 


Results for Mechanical. 


.6 Fan and motor support base is to be rigid, welded structural steel, 


vibration isolated base with steel cross members, factory cleaned, 


deburred, and finished with epoxy enamel, and complete with a slide 


type motor base and stable, colour coded spring mounts with sound pads 
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selected to suit static deflection and maximum equipment load and to 


operate at not greater than 2/3 solid load, and shipping restraints. 


.7 Maximum acceptable sound power levels at the fan outlet are as follows: 


Fan Octave Bands 


1 2 3 4 5 6 7 8 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


.8 Unless otherwise specified, finish is to consist of rust inhibiting primer 


applied to cleaned and deburred metal surfaces prior to assembly, then 


a second coat of primer after assembly and an air dried epoxy enamel 


finished coat both inside and outside to a 3 mm dry film thickness. 


.9 Factory secured seismic restraint connection hardware. 


.10 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry. 


2.02 EXPLOSION-PROOF CENTRIFUGAL FANS 


.1 Explosion-proof centrifugal fans in accordance with drawing schedule, 


each capable of operating over complete pressure class limits as 


specified in AMCA Standard 99-2408 and rated Spark A in accordance 


with AMCA Standard 99-0401, Classification for Spark Resistant 


Construction. 


.2 Housing constructed as per ASTM Standard 99-0401 to suit "Spark" 


classification, with a wheel direct connected to an explosion-proof TEFC 


motor conforming to requirements specified in Section 20 05 00 – 


Common Work Results for Mechanical, statically and dynamically 


balanced prior to assembly, then balanced as an assembly and secured 


to base prior to shipment. 


.3 Rigid, welded structural steel, vibration isolated fan support base with steel 


cross members, factory cleaned, deburred, and finished with epoxy 


enamel, and complete with stable, colour coded spring mounts with 


sound pads selected to suit static deflection and maximum equipment 
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load and to operate at not greater than 2/3 solid load, and shipping 


restraints. 


.4 Factory secured seismic restraint connection hardware. 


.5 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry. 


2.03 UTILITY FANS 


.1 Centrifugal, single width and inlet, factory run tested utility fans in 


accordance with drawing schedule, and capable of operating over 


complete pressure class limits as specified in AMCA Standard 2408. 


.2 Rotatable, continuously welded heavy-gauge steel housing, braced and 


reinforced as required to prevent vibration or pulsation, equipped with a 


spun, aerodynamically designed inlet cone, and an attached welded 


steel bearing and motor support platform. 


.3 Riveted aluminum or welded steel wheel, statically and dynamically 


balanced. 


.4 For belt driven fans only, AISI C1040 or C1045 hot rolled steel shaft, 


accurately turned, ground, polished, and ring gauged for accuracy, and 


sized for a first critical speed of at least 1.43 times maximum rated speed 


for fan, equipped with heavy-duty, grease lubricated, ball, pillow block 


type bearings, selected for a minimum average AFBMA L-50 bearing life of 


200,00 hours at the maximum fan RPM, and secured to bearing support 


platform, and an adjustable V-belt drive with OHSA guard (weather 


cover) in accordance with requirements of Section 20 05 00 – Common 


Work Results for Mechanical. 


.5 NEMA Premium TEFC motor conforming to requirements of Section 


20 05 00 – Common Work Results for Mechanical. 


.6 Unless otherwise specified, the finish is to consist of rust inhibiting primer 


applied to cleaned and deburred metal surfaces prior to assembly, then 


a second coat of primer after assembly and an air dried epoxy enamel 


finished coat both inside and outside to a 3 mm dry film thickness. 


.7 Factory secured seismic restraint connection hardware. 
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.8 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry. 


2.04 CENTRIFUGAL INLINE FANS 


.1 Centrifugal, ULC listed, factory run tested rectangular inline fans in 


accordance with drawing schedule. 


.2 Heavy-gauge galvanized steel housing with removable side panels to 


permit removal of power assembly without disturbing duct connections, 


universal mounting brackets and hardware including spring vibration 


isolators to accommodate horizontal or vertical mounting as required, a 


flanged inlet panel with inlet venturi, a flanged outlet panel, both with 


duct connection collars, and galvanized steel wire grid fan inlet/outlet 


guard(s). 


.3 Non-overloading aluminium wheel with backward inclined blades with 


matching inlet venturi, statically and dynamically balanced as an 


assembly. 


.4 For belt-drive fans only, hot rolled steel shaft, accurately turned, ground, 


and polished, and sized for a first critical speed of at least 1.25 times 


maximum rated speed for fan, and heavy-duty, self-aligning pillow block 


type bearings selected for an AFBMA L-50 minimum average life in excess 


of 500,000 hours and equipped with lubrication line and fitting, and an 


adjustable V-belt drive with guard conforming to requirements of Section 


20 05 00 – Common Work Results for Mechanical. 


.5 TEFC motor conforming to requirements specified in Section 20 05 00 – 


Common Work Results for Mechanical, mounted out of the airstream, 


complete with a cover, and factory pre-wired to a NEMA 4 disconnect 


switch. 


.6 For fans as scheduled, factory supplied accessories as follows: 


.1 for fans as scheduled, housing insulation (lining), consisting of 


neoprene spray coated glass fibre semi-rigid insulation meeting 


NFPA 90A requirements and 25/50 flame spread/smoke 


developed ratings when tested in accordance with CAN/ULC 


S102, permanently secured in place with no exposed edges; 
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.2 for fans as scheduled, a galvanized steel filter box with frame 


suitable for 25 mm (2") thick disposable panel type filters; 


.3 factory secured seismic restraint connection hardware. 


.7 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 JencoFan; 


.5 Carnes Company Inc. 


2.05 PLENUM FANS 


.1 Centrifugal airfoil design plenum fans in accordance with drawing 


schedule, designed without a scroll type housing, and capable of 


operating over complete pressure class limits as specified in AMCA 


Standard 99-2408. 


.2 Heavy-gauge reinforced steel inlet plate with perimeter square formed lip, 


spun steel inlet cone bolted to inlet plate for smooth airflow into venturi 


shaped inlet cone of the fan wheel, and a welded structural steel 


framework forming a mounting base and bearing support platform 


welded to the inlet plate. 


.3 Non-overloading wheel with 9 backward inclined, die-formed, airfoil 


design steel blades continuously welded to a spun inlet cone, back plate, 


and cast iron hub, statically and dynamically balanced as an assembly, 


and designed for critical speeds of at least 1.25 times maximum class 


speed. 


.4 For belt driven fans, AISI C1040 or C1050 hot rolled steel shaft, accurately 


turned, ground, polished and ring gauged for accuracy, and sized for a 


first critical speed of at least 1.25 times maximum rated speed for fan, and 


heavy-duty, grease lubricated, ball or roller self-aligning pillow block type 


bearings selected for an AFBMA L-10 minimum average life in excess of 


200,000 hours and equipped with extended copper tube lubrication lines 


terminated in accessible lubrication fittings, and an adjustable V-belt drive 


selected for 40% service factor based on motor nameplate data and 


conforming to requirements specified in Section 20 05 00 – Common Work 


Results for Mechanical. 


.5 NEMA Premium TEFC motor conforming to requirements specified in 


Section 20 05 00 – Common Work Results for Mechanical. 
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.6 Rigid, welded structural steel, vibration isolated fan and motor support 


base with steel cross members, factory cleaned, deburred, and finished 


with epoxy enamel, and complete with slide type motor base, and stable, 


colour coded spring mounts with neoprene sound pads selected to suit 


static deflection and to operate at not greater than 2/3 solid load, and 


equipped with shipping restraints. 


.7 Rigid, open mesh galvanized steel screen enclosure with fan wheel 


access facilities, and a removable galvanized steel mesh inlet screen. 


.8 Minimum acceptable AMCA sound power levels at the fan outlet are as 


follows: 


Fan Octave Bands 


1 2 1 4 1 6 1 8 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


[ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] 


.9 Unless otherwise specified, factory finish is to consist of rust inhibiting primer 


applied to cleaned and deburred surfaces prior to assembly, then a 


second coat of primer after assembly and an air dried epoxy enamel 


finish applied to all inside and outside surfaces to a 3 mm dry film 


thickness. 


.10 Factory secured seismic restraint connection hardware. 


.11 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry. 


2.06 ROOF MOUNTED EXHAUST FANS 


.1 Centrifugal, ULC listed, factory run tested roof mounted exhaust fans in 


accordance with drawing schedule. 


.2 Spun aluminium housing with deep venturi inlet, aluminium curb cap with 


continuously welded corners, pre-punched mounting holes, galvanized 


steel or aluminium bird screen, and EMT conduit chase to the motor 


compartment. 
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.3 Centrifugal, non-overloading aluminum wheel with backward inclined 


blades matched to inlet venturi, statically and dynamically balanced as 


an assembly. 


.4 For belt-drive fans only, hot rolled steel shaft, accurately turned, ground, 


and polished, and sized for a first critical speed of at least 1.25 times 


maximum rated speed for fan, and one-piece grease lubricated pillow 


block type bearings selected for an AFBMA L-50 minimum average life in 


excess of 500,000 hours at maximum catalogue operating speed and 


equipped with a lubrication fitting, and a heavy-gauge galvanized steel 


adjustable V-belt drive with guard conforming to requirements of Section 


20 05 00 – Common Work Results for Mechanical. 


.5 Motors are to conform to requirements specified in Section 20 05 00 – 


Common Work Results for Mechanical, mounted on vibration isolation in a 


compartment outside of the airstream, and factory pre-wired to a NEMA 4 


disconnect switch. 


.6 Prefabricated, minimum 300 mm (12") high heavy-duty aluminum roof 


mounting curb with factory installed wood nailer, 40 mm (1-½") thick 


insulation, continuously welded seams, and damper tray. 


.7 For fans as scheduled, factory supplied accessories as follows: 


.1 gravity backdraft damper with #20 gauge galvanized steel frame 


and #26 gauge aluminum blades with felt edge blade seals; 


.2 non-corrosive motorized damper with linkage, end switch, and 


motor with voltage to match fan motor; 


.3 continuous non-corrosive piano type curb hinge to permit access 


to fan, damper and connecting duct, complete with retaining 


chain and a security hasp to prevent removal of unit from curb 


cap and prevent building entry through connecting ductwork; 


.4 2-speed switch and 2-speed double winding 1-phase motor in 


accordance with Section 20 05 00 – Common Work Results for 


Mechanical; 


.5 factory secured seismic restraint connection hardware. 


.8 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 JencoFan; 
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.5 Carnes Company Inc. 


2.07 SIDEWALL PROPELLER FANS 


.1 Axial flow type, ULC listed, factory run tested propeller fans in accordance 


with drawing schedule. 


.2 Heavy-gauge galvanized steel drive component frame bolted or welded 


to formed galvanized steel fan panel equipped with formed flanged 


edges, pre-punched mounting holes, and a deep formed inlet venturi. 


.3 Fabricated steel blades unless otherwise specified, welded to a heavy-


gauge steel hub, and dynamically balanced. 


.4 For belt-drive fans only, AISI 1045 cold rolled steel shaft, accurately turned, 


ground, and polished, and sized for a first critical speed of at least 1.25 


times maximum rated speed for fan, and grease lubricated or 


permanently lubricated, sealed, ball type pillow block bearings selected 


for an AFBMA L-50 minimum average life in excess of 200,000 hours at 


maximum fan RPM, with a variable pitch adjustable V-belt drive with 


guard conforming to requirements of Section 20 05 00 – Common Work 


Results for Mechanical. 


.5 Motor in accordance with requirements specified in Section 20 05 00 – 


Common Work Results for Mechanical. 


.6 Unless otherwise specified, all bare steel surfaces are to be cleaned, 


primed, and factory finished with epoxy equipment enamel. 


.7 Factory supplied accessories as follows: 


.1 #16 gauge G90 galvanized steel wall box with removable screen 


guard, equipped with mounting flanges with pre-punched holes; 


.2 back draft damper with galvanized steel frame, aluminum blades 


with felt edge seals, stainless steel shaft, and OHSA damper guard; 


.3 galvanized steel weather hood with removable galvanized steel 


wire mesh bird screen, with mounting flanges equipped with pre-


punched mounting holes; 


.4 OHSA motor side guard with galvanized steel side panels and 


removable galvanized steel wire mesh screen; 


.5 factory secured seismic restraint connection hardware. 


.8 Manufacturers: 


.1 Twin City Fan and Blower; 
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.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 JencoFan; 


.5 Carnes Company Inc.; 


.6 PennBarry. 


2.08 CORROSION RESISTANT CENTRIFUGAL FANS 


.1 Centrifugal FRP fans in accordance with drawing schedule, with drive 


arrangement and configuration as indicated on drawings, and capable 


of operating over complete pressure class limits as specified in AMCA 


Standard 99-2408. 


.2 Aerodynamically designed housing with high efficiency inlet, 


manufactured from resins, UV inhibited, reinforced with fibreglass, and 


with bolts holding housing to support plate encapsulated in FRP, and no 


uncoated metal in contact with corrosive air stream. Each assembly is to 


be complete with graphite impregnated interior casing, lifting lugs, type 


304 stainless steel fasteners, a FRP ridge inside casing to divert 


condensation from dripping over hub and shaft, a flanged inlet and 


outlet, and an impeller inspection and service access door. 


.3 Backward curved FRP wheel electronically statically and dynamically 


balanced after assembly, with an integral metal back plate encapsulated 


in resin and with hub extended to outside housing, a removable FRP cap 


to cover impeller end of shaft, and a vacuum hub seal to prevent 


contaminated air from escaping from fan housing. 


.4 For belt driven fans, type 316 stainless steel shaft, accurately turned, 


ground, polished, and ring gauged for accuracy, and sized for a first 


critical speed of at least 1.25 times maximum rated speed for fan, and 


complete with guard, and heavy-duty, sealed, grease lubricated, ball or 


roller, self-aligning pillow block type bearings selected for an AFBMA L-10 


minimum average bearing life in excess of 200,000 hours, and equipped 


with extended copper lubrication lines terminated in lubrication fittings at 


exterior of fan assembly, and an adjustable V-belt drive selected for 50% 


service factor based on motor nameplate data, with FRP OHSA guard in 


accordance with requirements of Section 20 05 00 – Common Work 


Results for Mechanical. 


.5 NEMA Premium TEFC motor conforming to requirements of Section 


20 05 00 – Common Work Results for Mechanical. 


.6 Rigid, welded structural steel unitary fan and motor support base, factory 


cleaned and finished with 4 to 6 mm thick baked powder epoxy enamel. 
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.7 Factory secured seismic restraint connection hardware. 


.8 Manufacturers: 


.1 M. K. Plastics Corp.; 


.2 New York Blower Co.; 


.3 Pasticair Inc. 


2.09 VANEAXIAL FANS 


.1 Vaneaxial, ULC listed, factory run tested fans in accordance with drawing 


schedule. 


.2 Heavy-gauge welded ASTM A-569 hot rolled steel housing with inlet and 


outlet flanges, and, on the discharge side of fan wheel, aerodynamically 


designed stationary straightening guide vanes welded to both inner 


cylinder and fan housing interior. 


.3 Propeller type wheel, solid, one-piece casting of A356-T6 aluminium with 7 


airfoil shape blades and an integral centre hub, machined to proper 


diameter, secured to fan/motor shaft by means of a taper-lock bushing, 


and statically and dynamically balanced as an assembly. 


.4 For belt-drive fans only, AISI 1040 or 1045 hot rolled steel shaft, accurately 


turned, ground, and polished, and sized for a first critical speed of at least 


1.43 times maximum rated speed for fan, and heavy-duty, self-aligning, 


grease lubricated pillow block type bearings selected for an AFBMA L-50 


minimum average life in excess of 200,000 hours at maximum fan RPM and 


equipped with extended lubrication lines terminated at housing exterior in 


lubrication fittings, and an adjustable V-belt drive with guard conforming 


to requirements of Section 20 05 00 – Common Work Results for 


Mechanical. Drive assembly is to extend through a 2-piece 


aerodynamically shaped belt fairing welded continuously to both inner 


cylinder housing fan shaft and bearings, and fan housing. 


.5 TEFC foot mounted motor conforming to requirements specified in Section 


20 05 00 – Common Work Results for Mechanical. 


.6 Steel surfaces of entire fan assembly, excluding fan shaft, are to be 


thoroughly degreased, deburred, coated with rust-preventive primer, and 


finished with equipment enamel. Coat fan shaft with a petroleum-based 


rust protectant. 


.7 For fans as scheduled, factory supplied accessories as follows: 


.1 vibration isolators; 
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.2 torosoidal shaped inlet bell, flanged, drilled and bolted to fan’s 


flanged inlet; 


.3 galvanized steel wire grid fan inlet/outlet guard(s); 


.4 inlet/outlet cones, flanged at both ends and drilled to match fan 


flanges; 


.5 steel support legs welded to fan flanges; 


.6 formed steel angle support clips welded to fan housing; 


.7 factory secured seismic restraint connection hardware. 


.8 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry; 


.6 JencoFan; 


.7 Carnes Company Inc. 


2.10 CEILING MOUNTED DESTRATIFICATION FANS 


.1 Northwest Envirofan "Gold Line" white, down-blowing, extra heavy-duty 


industrial grade, CSA certified direct drive ceiling mount destratification 


fans in accordance with drawing schedule, each complete with: 


.1 curved aluminum fan blades secured to a steel hub; 


.2 permanent magnet, brushless, non-ventilated, heat sink design 


motor rated for continuous operation at maximum speed in a 55°C 


(130°F) ambient temperature and capable of modulating fan 


speed from 0 to 100% without the use of a gearbox or other 


mechanical means of control, and a factory programmed 


controller housed in an enclosure independent of motor to 


minimize starting and braking torques, with a simple diagnostic 


program and a LED to identify and relay faults in system; 


.3 250 mm (10") long down rod, a 330 mm (13") long galvanized steel 


safety chain, and all other required mounting and securing 


hardware; 
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.4 400 mm (16") long power cord with 3-prong plug, factory pre-wired 


to motor; 


.5 "Protecto-Guard" welded wire fan guard sized to suit fan blade 


size; 


.6 120 volt variable speed (Off-High-Low) solid-state infinite speed fan 


controller with stainless steel faceplate designed to mount to a 


100 mm (4") outlet box and to control fan groupings as indicated 


on drawings; 


.7 factory secured seismic restraint connection hardware. 


.2 Manufacturers: 


.1 Northwest Envirofan; 


.2 Big Ass Fan Co.; 


.3 Marley Engineered Products "Leading Edge". 


2.11 CEILING MOUNTED FANS 


.1 ULC listed and labelled ceiling mounted centrifugal, AMCA rated and 


certified (capacity and sound to AMCA Standards 211 and 311), exhaust 


fans in accordance with drawing schedule, complete with: 


.1 minimum #20 gauge galvanized steel housing equipped with duct 


connection collar(s), integral spring loaded aluminum backdraft 


damper, 12 mm (½") thick acoustic insulation meeting 25/50 flame 


spread/smoke developed ratings when tested in accordance with 


CAN/ULC S102, multi-position mounting brackets, and an integral 


CSA certified electrical receptacle in an outlet box for plug-in 


connection of fan motor; 


.2 low RPM, resiliently mounted, direct connected fan wheel and 


motor assembly with a forward curved, statically and dynamically 


balanced galvanized steel or calcium carbonate filled 


polypropylene centrifugal wheel direct connected to a 1-phase 


motor conforming to requirements specified in Section 20 05 00 – 


Common Work Results for Mechanical, and equipped with a 


length of power cord and plug; 


.3 for fans as indicated and/or scheduled, a white calcium 


carbonate exhaust grille; 


.4 factory supplied accessories in accordance with drawing 


schedule, as follows: 


.1 rectangular to round duct transitions; 
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.2 roof cap with backdraft damper and birdscreen; 


.3 wall cap with backdraft damper and birdscreen. 


.2 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry. 


2.12 ROOF MOUNTED FILTERED SUPPLY FANS 


.1 Low profile louvre penthouse type, weatherproof, packaged, centrifugal, 


factory run tested, roof mounted filtered supply fans as per the drawing 


schedule. 


.2 Hood is to be all aluminium welded structural framing and aluminium alloy 


blade extrusions with mitred corners, removable top cap pitched for 


water run-off, side access panel, expanded aluminium mesh bird screen, 


formed filter channels, 25 mm (1") thick glass fibre insulation meeting 25/50 


flame spread/smoke developed ratings when tested in accordance with 


CAN/ULC S102, and an aluminium curb cap. 


.3 Galvanized steel fan housing of lock seam construction, braced to 


minimize pulsation and/or vibration and complete with spun, 


aerodynamically designed inlet cones or venturies, duct adaptor 


designed to fit over roof curb and permit duct connection before fan is 


set in place, and a fan inlet screen. 


.4 Centrifugal, non-overloading aluminum wheel with backward inclined 


blades continuously welded to rim and back plate, and statically and 


dynamically balanced as an assembly. 


.5 Disposable, 50 mm (2") thick glass fibre media filters, ULC Class 2, 20% – 


35% efficient, minimum MERV 6 as per ASHRAE 52.2, enclosed in 


permanent galvanized steel frames with metal retainers on both sides. 


.6 ANSI 1040 or 1045 cold rolled steel shaft, accurately turned, ground, and 


polished, and sized for a first critical speed of at least 1.25 times maximum 


rated speed for fan, and one-piece grease lubricated pillow block type 


bearings selected for an AFBMA minimum average life in excess of 


200,000 hours at maximum catalogue operating speed and equipped 


with zinc rich paint coated steel bearing supports and a lubrication fitting. 
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.7 Motor mounted on a slide type base and factory pre-wired to a NEMA 4 


disconnect switch on unit casing, and adjustable V-belt drive with guard 


conforming to requirements of Section 20 05 00 – Common Work Results 


for Mechanical. 


.8 Prefabricated, minimum 300 mm (12") high heavy-duty aluminum roof 


mounting curb with factory installed wood nailer, 40 mm (1-½") thick 


insulation meeting 25/50 flame spread/smoke developed ratings when 


tested in accordance with CAN/ULC S102, and continuously welded 


seams. 


.9 Non-corrosive motorized damper supplied loose for site installation in 


connecting ductwork, equal to T. A. Morrison TAMCO Series 9000 insulated 


damper with linkage, end switch, and a Belimo or equal motor with 


voltage to match fan motor. 


.10 Factory secured seismic restraint connection hardware. 


.11 Manufacturers: 


.1 Twin City Fan and Blower; 


.2 Loren Cook Co.; 


.3 Greenheck Fan Corp.; 


.4 CML Northern Blower; 


.5 PennBarry; 


.6 JencoFan; 


.7 Carnes Company Inc. 


3. EXECUTION 


3.01 INSTALLATION OF CENTRIFUGAL FANS 


.1 Provide centrifugal fans. 


.2 Secure each base mounted fan in place, level and plumb, on vibration 


isolation on a concrete housekeeping pad. 


.3 Secure suspended units in place from structure, level, and plumb, by 


means of vibration isolation spring hangers, properly sized galvanized steel 


hanger rods and galvanized structural steel angle or channel trapeze 


supports. 


.4 Install explosion-proof units in accordance with classification requirements. 
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.5 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.6 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.7 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.8 Include for a 1/2 day on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.02 INSTALLATION OF UTILITY FANS 


.1 Provide utility fans. 


.2 Secure each fan in place, level, and plumb, on vibration isolation on a 


concrete housekeeping pad or base as indicated. 


.3 Secure suspended units in place from structure, level, and plumb, by 


means of vibration isolation spring hangers, properly sized galvanized steel 


hanger rods, and galvanized structural steel angle or channel trapeze 


supports. 


.4 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.7 Include for a 4 hour on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.03 INSTALLATION OF CENTRIFUGAL INLINE FANS 


.1 Provide inline centrifugal fans. 


.2 Secure each fan in place from structure with vibration isolation, 


independent of connecting ductwork and in accordance with fan 


manufacturer’s instructions. 


.3 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 
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.4 Ensure duct connections are made using flexible connection material. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.7 Include for a 4 hour on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.04 INSTALLATION OF PLENUM FANS 


.1 Provide plenum fans in air handling system plenums. 


.2 Secure fans in place, level, and plumb, on vibration isolation. 


.3 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.4 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.5 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.6 Include for a 1/2 day on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.05 INSTALLATION OF ROOF MOUNTED EXHAUST FANS 


.1 Provide roof mounted exhaust fans. 


.2 Supply a roof mounting curb with each fan and hand curbs to roofing 


trade on roof for mounting and flashing into roof construction as part of 


roofing work. Secure fans in place on curbs. 


.3 Install dampers in curb damper tray and secure in place. 


.4 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 
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.7 Include for a 4 hour on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.06 INSTALLATION OF SIDEWALL PROPELLER FANS 


.1 Provide sidewall propeller fans. Coordinate location(s) and size(s) of wall 


opening(s) with trade preparing the opening(s). 


.2 Rigidly secure each fan and accessories in place to structure in 


accordance with fan manufacturer’s instructions. 


.3 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.4 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.5 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


3.07 INSTALLATION OF FRP CENTRIFUGAL FANS 


.1 Provide FRP centrifugal fans. 


.2 Secure each base mounted fan in place, level, and plumb, on corrosion 


resistant vibration isolation on a concrete housekeeping pad. 


.3 Secure suspended units in place from structure, level and plumb, by 


means of corrosion resistant vibration isolation spring hangers, properly 


sized type 316 stainless steel hanger rods and a structural type 316 stainless 


steel angle, or channel support structure. 


.4 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


3.08 INSTALLATION OF VANEAXIAL FANS 


.1 Provide vaneaxial fans. 


.2 Secure each fan in place to or from structure with vibration isolation as 


indicated, independent of connecting ductwork. 


.3 Ensure duct connections are made using flexible connection material. 
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.4 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, Refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.7 Include for a 1/2 day on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.09 INSTALLATION OF CEILING DESTRATIFICATION FANS 


.1 Provide ceiling destratification fans. 


.2 Secure each fan in place at the ceiling from structure in accordance with 


manufacturer’s instructions and drawing details. Confirm exact locations 


prior to roughing-in. Install safety chains and fan blade guards. 


.3 Plug each fan motor into an adjacent receptacle. 


.4 Supply a fan speed controller for fans as indicated and hand to electrical 


trade at site for wall mounting and connection to fan motor controllers. 


Confirm exact speed controller locations prior to installation, and include 


for identification of each speed controller. 


.5 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.6 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.7 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


.8 Include for a 1/2 day on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration, with abnormal events. 


3.10 INSTALLATION OF CEILING FANS 


.1 Provide ceiling exhaust fans. 


.2 Secure each ceiling mounted fan housing in place in ceiling space, flush 


with suspended ceiling. 
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.3 Secure suspended units in place from structure, level, and plumb, by 


means of vibration isolation spring hangers and galvanized steel hanger 


rods. 


.4 Plug fan motors into housing receptacles. 


.5 Supply exterior wall/roof discharge caps as indicated. 


.6 Hand roof caps to roof trade for installation and flashing into roof 


construction as part of roofing work. 


.7 Install wall caps and secure in place. Caulk perimeter of each wall cap in 


accordance with caulking requirements specified in Division 07. 


.8 Connect fan housings and discharges with ductwork. 


.9 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.10 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


3.11 INSTALLATION OF ROOF MOUNTED FILTERED SUPPLY FANS 


.1 Provide roof mounted filtered supply fans. 


.2 Supply a roof mounting curb with each fan and hand curbs to roofing 


trade on roof for mounting and flashing into roof construction as part of 


roofing work. Secure fans in place on curbs. 


.3 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 – Seismic Controls for Mechanical Systems. 


.4 Secure duct adaptors in place on curbs on foam tape or other suitable 


gasket material, and install motorized dampers (supplied loose) in 


connecting ductwork. Coordinate connection of power from fan starter 


to damper motor with electrical trade who will make the connection. 


.5 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.6 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 
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3.12 CLOSEOUT ACTIVITIES 


.1 Include for a 4 hour on-site operation demonstration and training session. 


Training is to be a full review of all components including but not limited to 


a full operation and maintenance demonstration. 


End of Section 





		1. General

		1.01 Submittals

		.1 Submit shop drawings/product data sheets for fans and accessories. Include following:

		.1 certified fan performance curves at specified operating point with flow, static pressure and HP clearly plotted;

		.2 certified sound power data that conforms to specified levels;

		.3 product data sheets for all accessories;

		.4 product data sheets for fan motors.





		1.02 Closeout Submittals

		.1 Submit with delivery of each unit a copy of the factory inspection report, and include a copy of each report with O&M Manual project closeout data.

		.2 Submit a site inspection and start-up report from manufacturer’s representative as specified in Part 3 of this section.

		.3 Supply reviewed copies of fan/curb assembly shop drawings or product data to trade who will cut roof openings for fans, and ensure openings are properly located.

		.4 Supply reviewed copies of fan assembly shop drawings or product data to trade who will form/prepare wall openings for fans, and ensure openings are properly located.

		.5 Submit a signed copy of destratification fan manufacturer’s 5 year extended parts and labour warranty.

		.6 Submit a signed copy of ceiling mounted fan manufacturer’s extended 3 year warranty.

		.7 Training attendance records.



		1.03 Quality Assurance

		.1 Fan manufacturers, as applicable, are to be current members of the Air Movement and Control Association International Inc. (AMCA), and fans are to be rated (capacity and sound performance) and certified in accordance with requirements of following ...

		.1 ANSI/AMCA Standard 210, Laboratory Method of Testing Fans for Certified Aerodynamic Performance Rating;

		.2 AMCA Standard 211, Product Rating Manual for Fan Air Performance;

		.3 ANSI/AMCA Standard 300, Reverberant Room Method for Sound Testing of Fans;

		.4 AMCA Standard 311, Product Rating Manual for Fan Sound Performance;

		.5 AMCA Standard 99-2408, Operating Limits for Centrifugal Fans.







		2. Products

		2.01 Centrifugal Fans

		.1 Centrifugal fans in accordance with drawing schedule, each capable of operating over the complete pressure class limits as specified in AMCA Standard 99-16.

		.2 Continuously welded heavy-gauge steel housing, braced and reinforced as required to prevent vibration or pulsation, equipped with a discharge flange, spun, aerodynamically designed inlet cones or venturies with wire grid guards, drain plug, and epo...

		.3 Continuously welded, stable, non-overloading wheel with die-formed steel blades and, unless otherwise required, a cast iron hub, statically and dynamically balanced prior to assembly, then balanced as an assembly and braced and secured to base prio...

		.4 AISI C1040 or C1050 hot rolled steel fan shaft, accurately turned, ground, polished, and ring gauged for accuracy, and sized for a first critical speed of at least 1.25 times the maximum rated speed for fan, and heavy-duty, grease lubricated, ball ...

		.5 NEMA Premium TEFC motor, adjustable V-belt drive selected for 40% service factor based on motor nameplate data, and OHSA guard, all in accordance with requirements of Section 20 05 00 – Common Work Results for Mechanical.

		.6 Fan and motor support base is to be rigid, welded structural steel, vibration isolated base with steel cross members, factory cleaned, deburred, and finished with epoxy enamel, and complete with a slide type motor base and stable, colour coded spri...

		.7 Maximum acceptable sound power levels at the fan outlet are as follows:

		.8 Unless otherwise specified, finish is to consist of rust inhibiting primer applied to cleaned and deburred metal surfaces prior to assembly, then a second coat of primer after assembly and an air dried epoxy enamel finished coat both inside and out...

		.9 Factory secured seismic restraint connection hardware.

		.10 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry.





		2.02 Explosion-Proof Centrifugal Fans

		.1 Explosion-proof centrifugal fans in accordance with drawing schedule, each capable of operating over complete pressure class limits as specified in AMCA Standard 99-2408 and rated Spark A in accordance with AMCA Standard 99-0401, Classification for...

		.2 Housing constructed as per ASTM Standard 99-0401 to suit "Spark" classification, with a wheel direct connected to an explosion-proof TEFC motor conforming to requirements specified in Section 20 05 00 – Common Work Results for Mechanical, staticall...

		.3 Rigid, welded structural steel, vibration isolated fan support base with steel cross members, factory cleaned, deburred, and finished with epoxy enamel, and complete with stable, colour coded spring mounts with sound pads selected to suit static de...

		.4 Factory secured seismic restraint connection hardware.

		.5 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry.





		2.03 Utility Fans

		.1 Centrifugal, single width and inlet, factory run tested utility fans in accordance with drawing schedule, and capable of operating over complete pressure class limits as specified in AMCA Standard 2408.

		.2 Rotatable, continuously welded heavy-gauge steel housing, braced and reinforced as required to prevent vibration or pulsation, equipped with a spun, aerodynamically designed inlet cone, and an attached welded steel bearing and motor support platform.

		.3 Riveted aluminum or welded steel wheel, statically and dynamically balanced.

		.4 For belt driven fans only, AISI C1040 or C1045 hot rolled steel shaft, accurately turned, ground, polished, and ring gauged for accuracy, and sized for a first critical speed of at least 1.43 times maximum rated speed for fan, equipped with heavy-d...

		.5 NEMA Premium TEFC motor conforming to requirements of Section 20 05 00 – Common Work Results for Mechanical.

		.6 Unless otherwise specified, the finish is to consist of rust inhibiting primer applied to cleaned and deburred metal surfaces prior to assembly, then a second coat of primer after assembly and an air dried epoxy enamel finished coat both inside and...

		.7 Factory secured seismic restraint connection hardware.

		.8 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry.





		2.04 Centrifugal Inline Fans

		.1 Centrifugal, ULC listed, factory run tested rectangular inline fans in accordance with drawing schedule.

		.2 Heavy-gauge galvanized steel housing with removable side panels to permit removal of power assembly without disturbing duct connections, universal mounting brackets and hardware including spring vibration isolators to accommodate horizontal or vert...

		.3 Non-overloading aluminium wheel with backward inclined blades with matching inlet venturi, statically and dynamically balanced as an assembly.

		.4 For belt-drive fans only, hot rolled steel shaft, accurately turned, ground, and polished, and sized for a first critical speed of at least 1.25 times maximum rated speed for fan, and heavy-duty, self-aligning pillow block type bearings selected fo...

		.5 TEFC motor conforming to requirements specified in Section 20 05 00 – Common Work Results for Mechanical, mounted out of the airstream, complete with a cover, and factory pre-wired to a NEMA 4 disconnect switch.

		.6 For fans as scheduled, factory supplied accessories as follows:

		.1 for fans as scheduled, housing insulation (lining), consisting of neoprene spray coated glass fibre semi-rigid insulation meeting NFPA 90A requirements and 25/50 flame spread/smoke developed ratings when tested in accordance with CAN/ULC S102, perm...

		.2 for fans as scheduled, a galvanized steel filter box with frame suitable for 25 mm (2") thick disposable panel type filters;

		.3 factory secured seismic restraint connection hardware.



		.7 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 JencoFan;

		.5 Carnes Company Inc.





		2.05 Plenum Fans

		.1 Centrifugal airfoil design plenum fans in accordance with drawing schedule, designed without a scroll type housing, and capable of operating over complete pressure class limits as specified in AMCA Standard 99-2408.

		.2 Heavy-gauge reinforced steel inlet plate with perimeter square formed lip, spun steel inlet cone bolted to inlet plate for smooth airflow into venturi shaped inlet cone of the fan wheel, and a welded structural steel framework forming a mounting ba...

		.3 Non-overloading wheel with 9 backward inclined, die-formed, airfoil design steel blades continuously welded to a spun inlet cone, back plate, and cast iron hub, statically and dynamically balanced as an assembly, and designed for critical speeds of...

		.4 For belt driven fans, AISI C1040 or C1050 hot rolled steel shaft, accurately turned, ground, polished and ring gauged for accuracy, and sized for a first critical speed of at least 1.25 times maximum rated speed for fan, and heavy-duty, grease lubr...

		.5 NEMA Premium TEFC motor conforming to requirements specified in Section 20 05 00 – Common Work Results for Mechanical.

		.6 Rigid, welded structural steel, vibration isolated fan and motor support base with steel cross members, factory cleaned, deburred, and finished with epoxy enamel, and complete with slide type motor base, and stable, colour coded spring mounts with ...

		.7 Rigid, open mesh galvanized steel screen enclosure with fan wheel access facilities, and a removable galvanized steel mesh inlet screen.

		.8 Minimum acceptable AMCA sound power levels at the fan outlet are as follows:

		.9 Unless otherwise specified, factory finish is to consist of rust inhibiting primer applied to cleaned and deburred surfaces prior to assembly, then a second coat of primer after assembly and an air dried epoxy enamel finish applied to all inside an...

		.10 Factory secured seismic restraint connection hardware.

		.11 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry.





		2.06 Roof Mounted Exhaust Fans

		.1 Centrifugal, ULC listed, factory run tested roof mounted exhaust fans in accordance with drawing schedule.

		.2 Spun aluminium housing with deep venturi inlet, aluminium curb cap with continuously welded corners, pre-punched mounting holes, galvanized steel or aluminium bird screen, and EMT conduit chase to the motor compartment.

		.3 Centrifugal, non-overloading aluminum wheel with backward inclined blades matched to inlet venturi, statically and dynamically balanced as an assembly.

		.4 For belt-drive fans only, hot rolled steel shaft, accurately turned, ground, and polished, and sized for a first critical speed of at least 1.25 times maximum rated speed for fan, and one-piece grease lubricated pillow block type bearings selected ...

		.5 Motors are to conform to requirements specified in Section 20 05 00 – Common Work Results for Mechanical, mounted on vibration isolation in a compartment outside of the airstream, and factory pre-wired to a NEMA 4 disconnect switch.

		.6 Prefabricated, minimum 300 mm (12") high heavy-duty aluminum roof mounting curb with factory installed wood nailer, 40 mm (1-½") thick insulation, continuously welded seams, and damper tray.

		.7 For fans as scheduled, factory supplied accessories as follows:

		.1 gravity backdraft damper with #20 gauge galvanized steel frame and #26 gauge aluminum blades with felt edge blade seals;

		.2 non-corrosive motorized damper with linkage, end switch, and motor with voltage to match fan motor;

		.3 continuous non-corrosive piano type curb hinge to permit access to fan, damper and connecting duct, complete with retaining chain and a security hasp to prevent removal of unit from curb cap and prevent building entry through connecting ductwork;

		.4 2-speed switch and 2-speed double winding 1-phase motor in accordance with Section 20 05 00 – Common Work Results for Mechanical;

		.5 factory secured seismic restraint connection hardware.



		.8 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 JencoFan;

		.5 Carnes Company Inc.





		2.07 Sidewall Propeller Fans

		.1 Axial flow type, ULC listed, factory run tested propeller fans in accordance with drawing schedule.

		.2 Heavy-gauge galvanized steel drive component frame bolted or welded to formed galvanized steel fan panel equipped with formed flanged edges, pre-punched mounting holes, and a deep formed inlet venturi.

		.3 Fabricated steel blades unless otherwise specified, welded to a heavy-gauge steel hub, and dynamically balanced.

		.4 For belt-drive fans only, AISI 1045 cold rolled steel shaft, accurately turned, ground, and polished, and sized for a first critical speed of at least 1.25 times maximum rated speed for fan, and grease lubricated or permanently lubricated, sealed, ...

		.5 Motor in accordance with requirements specified in Section 20 05 00 – Common Work Results for Mechanical.

		.6 Unless otherwise specified, all bare steel surfaces are to be cleaned, primed, and factory finished with epoxy equipment enamel.

		.7 Factory supplied accessories as follows:

		.1 #16 gauge G90 galvanized steel wall box with removable screen guard, equipped with mounting flanges with pre-punched holes;

		.2 back draft damper with galvanized steel frame, aluminum blades with felt edge seals, stainless steel shaft, and OHSA damper guard;

		.3 galvanized steel weather hood with removable galvanized steel wire mesh bird screen, with mounting flanges equipped with pre-punched mounting holes;

		.4 OHSA motor side guard with galvanized steel side panels and removable galvanized steel wire mesh screen;

		.5 factory secured seismic restraint connection hardware.



		.8 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 JencoFan;

		.5 Carnes Company Inc.;

		.6 PennBarry.





		2.08 Corrosion Resistant Centrifugal Fans

		.1 Centrifugal FRP fans in accordance with drawing schedule, with drive arrangement and configuration as indicated on drawings, and capable of operating over complete pressure class limits as specified in AMCA Standard 99-2408.

		.2 Aerodynamically designed housing with high efficiency inlet, manufactured from resins, UV inhibited, reinforced with fibreglass, and with bolts holding housing to support plate encapsulated in FRP, and no uncoated metal in contact with corrosive ai...

		.3 Backward curved FRP wheel electronically statically and dynamically balanced after assembly, with an integral metal back plate encapsulated in resin and with hub extended to outside housing, a removable FRP cap to cover impeller end of shaft, and a...

		.4 For belt driven fans, type 316 stainless steel shaft, accurately turned, ground, polished, and ring gauged for accuracy, and sized for a first critical speed of at least 1.25 times maximum rated speed for fan, and complete with guard, and heavy-dut...

		.5 NEMA Premium TEFC motor conforming to requirements of Section 20 05 00 – Common Work Results for Mechanical.

		.6 Rigid, welded structural steel unitary fan and motor support base, factory cleaned and finished with 4 to 6 mm thick baked powder epoxy enamel.

		.7 Factory secured seismic restraint connection hardware.

		.8 Manufacturers:

		.1 M. K. Plastics Corp.;

		.2 New York Blower Co.;

		.3 Pasticair Inc.





		2.09 Vaneaxial Fans

		.1 Vaneaxial, ULC listed, factory run tested fans in accordance with drawing schedule.

		.2 Heavy-gauge welded ASTM A-569 hot rolled steel housing with inlet and outlet flanges, and, on the discharge side of fan wheel, aerodynamically designed stationary straightening guide vanes welded to both inner cylinder and fan housing interior.

		.3 Propeller type wheel, solid, one-piece casting of A356-T6 aluminium with 7 airfoil shape blades and an integral centre hub, machined to proper diameter, secured to fan/motor shaft by means of a taper-lock bushing, and statically and dynamically bal...

		.4 For belt-drive fans only, AISI 1040 or 1045 hot rolled steel shaft, accurately turned, ground, and polished, and sized for a first critical speed of at least 1.43 times maximum rated speed for fan, and heavy-duty, self-aligning, grease lubricated p...

		.5 TEFC foot mounted motor conforming to requirements specified in Section 20 05 00 – Common Work Results for Mechanical.

		.6 Steel surfaces of entire fan assembly, excluding fan shaft, are to be thoroughly degreased, deburred, coated with rust-preventive primer, and finished with equipment enamel. Coat fan shaft with a petroleum-based rust protectant.

		.7 For fans as scheduled, factory supplied accessories as follows:

		.1 vibration isolators;

		.2 torosoidal shaped inlet bell, flanged, drilled and bolted to fan’s flanged inlet;

		.3 galvanized steel wire grid fan inlet/outlet guard(s);

		.4 inlet/outlet cones, flanged at both ends and drilled to match fan flanges;

		.5 steel support legs welded to fan flanges;

		.6 formed steel angle support clips welded to fan housing;

		.7 factory secured seismic restraint connection hardware.



		.8 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry;

		.6 JencoFan;

		.7 Carnes Company Inc.





		2.10 Ceiling Mounted Destratification Fans

		.1 Northwest Envirofan "Gold Line" white, down-blowing, extra heavy-duty industrial grade, CSA certified direct drive ceiling mount destratification fans in accordance with drawing schedule, each complete with:

		.1 curved aluminum fan blades secured to a steel hub;

		.2 permanent magnet, brushless, non-ventilated, heat sink design motor rated for continuous operation at maximum speed in a 55 C (130 F) ambient temperature and capable of modulating fan speed from 0 to 100% without the use of a gearbox or other mecha...

		.3 250 mm (10") long down rod, a 330 mm (13") long galvanized steel safety chain, and all other required mounting and securing hardware;

		.4 400 mm (16") long power cord with 3-prong plug, factory pre-wired to motor;

		.5 "Protecto-Guard" welded wire fan guard sized to suit fan blade size;

		.6 120 volt variable speed (Off-High-Low) solid-state infinite speed fan controller with stainless steel faceplate designed to mount to a 100 mm (4") outlet box and to control fan groupings as indicated on drawings;

		.7 factory secured seismic restraint connection hardware.



		.2 Manufacturers:

		.1 Northwest Envirofan;

		.2 Big Ass Fan Co.;

		.3 Marley Engineered Products "Leading Edge".





		2.11 Ceiling Mounted Fans

		.1 ULC listed and labelled ceiling mounted centrifugal, AMCA rated and certified (capacity and sound to AMCA Standards 211 and 311), exhaust fans in accordance with drawing schedule, complete with:

		.1 minimum #20 gauge galvanized steel housing equipped with duct connection collar(s), integral spring loaded aluminum backdraft damper, 12 mm (½") thick acoustic insulation meeting 25/50 flame spread/smoke developed ratings when tested in accordance ...

		.2 low RPM, resiliently mounted, direct connected fan wheel and motor assembly with a forward curved, statically and dynamically balanced galvanized steel or calcium carbonate filled polypropylene centrifugal wheel direct connected to a 1-phase motor ...

		.3 for fans as indicated and/or scheduled, a white calcium carbonate exhaust grille;

		.4 factory supplied accessories in accordance with drawing schedule, as follows:

		.1 rectangular to round duct transitions;

		.2 roof cap with backdraft damper and birdscreen;

		.3 wall cap with backdraft damper and birdscreen.





		.2 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry.





		2.12 Roof Mounted Filtered Supply Fans

		.1 Low profile louvre penthouse type, weatherproof, packaged, centrifugal, factory run tested, roof mounted filtered supply fans as per the drawing schedule.

		.2 Hood is to be all aluminium welded structural framing and aluminium alloy blade extrusions with mitred corners, removable top cap pitched for water run-off, side access panel, expanded aluminium mesh bird screen, formed filter channels, 25 mm (1") ...

		.3 Galvanized steel fan housing of lock seam construction, braced to minimize pulsation and/or vibration and complete with spun, aerodynamically designed inlet cones or venturies, duct adaptor designed to fit over roof curb and permit duct connection ...

		.4 Centrifugal, non-overloading aluminum wheel with backward inclined blades continuously welded to rim and back plate, and statically and dynamically balanced as an assembly.

		.5 Disposable, 50 mm (2") thick glass fibre media filters, ULC Class 2, 20% – 35% efficient, minimum MERV 6 as per ASHRAE 52.2, enclosed in permanent galvanized steel frames with metal retainers on both sides.

		.6 ANSI 1040 or 1045 cold rolled steel shaft, accurately turned, ground, and polished, and sized for a first critical speed of at least 1.25 times maximum rated speed for fan, and one-piece grease lubricated pillow block type bearings selected for an ...

		.7 Motor mounted on a slide type base and factory pre-wired to a NEMA 4 disconnect switch on unit casing, and adjustable V-belt drive with guard conforming to requirements of Section 20 05 00 – Common Work Results for Mechanical.

		.8 Prefabricated, minimum 300 mm (12") high heavy-duty aluminum roof mounting curb with factory installed wood nailer, 40 mm (1-½") thick insulation meeting 25/50 flame spread/smoke developed ratings when tested in accordance with CAN/ULC S102, and co...

		.9 Non-corrosive motorized damper supplied loose for site installation in connecting ductwork, equal to T. A. Morrison TAMCO Series 9000 insulated damper with linkage, end switch, and a Belimo or equal motor with voltage to match fan motor.

		.10 Factory secured seismic restraint connection hardware.

		.11 Manufacturers:

		.1 Twin City Fan and Blower;

		.2 Loren Cook Co.;

		.3 Greenheck Fan Corp.;

		.4 CML Northern Blower;

		.5 PennBarry;

		.6 JencoFan;

		.7 Carnes Company Inc.







		3. Execution

		3.01 Installation of Centrifugal Fans

		.1 Provide centrifugal fans.

		.2 Secure each base mounted fan in place, level and plumb, on vibration isolation on a concrete housekeeping pad.

		.3 Secure suspended units in place from structure, level, and plumb, by means of vibration isolation spring hangers, properly sized galvanized steel hanger rods and galvanized structural steel angle or channel trapeze supports.

		.4 Install explosion-proof units in accordance with classification requirements.

		.5 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.6 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.8 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.02 Installation of Utility Fans

		.1 Provide utility fans.

		.2 Secure each fan in place, level, and plumb, on vibration isolation on a concrete housekeeping pad or base as indicated.

		.3 Secure suspended units in place from structure, level, and plumb, by means of vibration isolation spring hangers, properly sized galvanized steel hanger rods, and galvanized structural steel angle or channel trapeze supports.

		.4 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 Include for a 4 hour on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.03 Installation of Centrifugal Inline Fans

		.1 Provide inline centrifugal fans.

		.2 Secure each fan in place from structure with vibration isolation, independent of connecting ductwork and in accordance with fan manufacturer’s instructions.

		.3 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.4 Ensure duct connections are made using flexible connection material.

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 Include for a 4 hour on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.04 Installation of Plenum Fans

		.1 Provide plenum fans in air handling system plenums.

		.2 Secure fans in place, level, and plumb, on vibration isolation.

		.3 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.4 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.5 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.05 Installation of Roof Mounted Exhaust Fans

		.1 Provide roof mounted exhaust fans.

		.2 Supply a roof mounting curb with each fan and hand curbs to roofing trade on roof for mounting and flashing into roof construction as part of roofing work. Secure fans in place on curbs.

		.3 Install dampers in curb damper tray and secure in place.

		.4 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 Include for a 4 hour on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.06 Installation of Sidewall Propeller Fans

		.1 Provide sidewall propeller fans. Coordinate location(s) and size(s) of wall opening(s) with trade preparing the opening(s).

		.2 Rigidly secure each fan and accessories in place to structure in accordance with fan manufacturer’s instructions.

		.3 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.4 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.5 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.07 Installation of FRP Centrifugal Fans

		.1 Provide FRP centrifugal fans.

		.2 Secure each base mounted fan in place, level, and plumb, on corrosion resistant vibration isolation on a concrete housekeeping pad.

		.3 Secure suspended units in place from structure, level and plumb, by means of corrosion resistant vibration isolation spring hangers, properly sized type 316 stainless steel hanger rods and a structural type 316 stainless steel angle, or channel sup...

		.4 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.08 Installation of Vaneaxial Fans

		.1 Provide vaneaxial fans.

		.2 Secure each fan in place to or from structure with vibration isolation as indicated, independent of connecting ductwork.

		.3 Ensure duct connections are made using flexible connection material.

		.4 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, Refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.09 Installation of Ceiling Destratification Fans

		.1 Provide ceiling destratification fans.

		.2 Secure each fan in place at the ceiling from structure in accordance with manufacturer’s instructions and drawing details. Confirm exact locations prior to roughing-in. Install safety chains and fan blade guards.

		.3 Plug each fan motor into an adjacent receptacle.

		.4 Supply a fan speed controller for fans as indicated and hand to electrical trade at site for wall mounting and connection to fan motor controllers. Confirm exact speed controller locations prior to installation, and include for identification of ea...

		.5 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.6 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.7 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.8 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.



		3.10 Installation of Ceiling Fans

		.1 Provide ceiling exhaust fans.

		.2 Secure each ceiling mounted fan housing in place in ceiling space, flush with suspended ceiling.

		.3 Secure suspended units in place from structure, level, and plumb, by means of vibration isolation spring hangers and galvanized steel hanger rods.

		.4 Plug fan motors into housing receptacles.

		.5 Supply exterior wall/roof discharge caps as indicated.

		.6 Hand roof caps to roof trade for installation and flashing into roof construction as part of roofing work.

		.7 Install wall caps and secure in place. Caulk perimeter of each wall cap in accordance with caulking requirements specified in Division 07.

		.8 Connect fan housings and discharges with ductwork.

		.9 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.10 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.11 Installation of Roof Mounted Filtered Supply Fans

		.1 Provide roof mounted filtered supply fans.

		.2 Supply a roof mounting curb with each fan and hand curbs to roofing trade on roof for mounting and flashing into roof construction as part of roofing work. Secure fans in place on curbs.

		.3 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 – Seismic Controls for Mechanical Systems.

		.4 Secure duct adaptors in place on curbs on foam tape or other suitable gasket material, and install motorized dampers (supplied loose) in connecting ductwork. Coordinate connection of power from fan starter to damper motor with electrical trade who ...

		.5 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.6 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.12 Closeout Activities

		.1 Include for a 4 hour on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration.
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1. GENERAL 


1.01 SECTION INCLUDES 


.1 Energy Recovery Ventilators. 


1.02 SUBMITTALS 


.1 Submit shop drawings/product data sheets for heat recovery ventilators, 


including accessories, and all required power and control wiring 


schematics. 


1.03 CLOSEOUT SUBMITTALS 


.1 Submit with delivery of each unit a copy of the factory inspection report, 


and include a copy of each report with O&M Manual project close-out 


data. 


.2 Submit a site inspection and start-up report from manufacturer’s 


representative as specified in Part 3 of this section. 


.3 Submit a signed extended warranty direct from manufacturer to Owner 


covering the energy recovery wheel from material and workmanship 


defects for an additional 4 years after Contract warranty expires. 


.4 Training attendance records. 


1.04 MAINTENANCE MATERIAL SUBMITTALS 


.1 Supply a spare filter set for each ventilator and store at site where 


directed prior to Substantial Performance of the Work. 


1.05 COORDINATION 


.1 Supply reviewed copies of ventilator/curb assembly shop drawings or 


product data to trade who will cut roof openings for ventilators, and 


ensure openings are properly located. 


1.06 QUALITY ASSURANCE 


.1 Energy recovery ventilator manufacturers are to be current members of 


Air Movement and Control Association International Inc. (AMCA), and 


fans are to be rated (capacity and sound performance) and certified in 


accordance with requirements of following standards: 


.1 ANSI/AMCA Standard 210, Laboratory Method of Testing Fans for 


Certified Aerodynamic Performance Rating; 


.2 AMCA Standard 211, Product Rating Manual for Fan Air 


Performance; 







Mulock House Adaptive AIR-TO-AIR ENERGY Section 23 72 00 


Re-Use, Newmarket RECOVERY EQUIPMENT Page 2 of 7 


Project No. ED-22-107 


 


.3 ANSI/AMCA Standard 300, Reverberant Room Method for Sound 


Testing of Fans; 


.4 AMCA Standard 311, Product Rating Manual for Fan Sound 


Performance; 


.5 AMCA Standard 99-2408, Operating Limits for Centrifugal Fans; 


.6 AHRI Standard 1060, Performance Rating of Air-to-Air Exchangers 


for Energy Recovery Ventilation Equipment; 


.7 ASHRAE 84, Method of Testing Air-to-Air Heat/Energy Exchangers; 


.8 UL 1812, Ducted Heat Recovery Ventilators; 


.9 CSA or ETL certification for all electrical components. 


2. PRODUCTS 


2.01 MANUFACTURERS 


.1 Greenheck Fan Corp.; 


.2 Venmar CES Inc.; 


.3 Summeraire Manufacturing; 


.4 Carrier Corp. 


.5 Lifebreath 


.6 Reversomatic Manufacturing Ltd. 


.7 RenewAire 


.8 Panasonic 


2.02 ENERGY RECOVERY VENTILATORS 


.1 Factory assembled, internally wired heat recovery ventilators in 


accordance with drawing schedule, and with AHRI certified energy 


recovery ratings. 


.2 Interior Unit Casings and Frame: Internal frame type casing constructed of 


heavy-gauge G90 galvanized sheet steel with interior surfaces lined with 


25 mm (1") thick, 24 kg/m³ (1-½ lb./ft.³) density coated glass fibre duct 


lining material meeting 25/50 flame spread/smoke developed ratings 


when tested in accordance with CAN/ULC-S102, Surface Burning 


Characteristics of Building Materials and Assemblies, and installed with all 
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exposed edges tucked under flanges. Additional features and 


requirements as follows: 


.1 casings complete with factory sealed metal-to-metal joints, a solid 


integral base with up-turned lips around bottom openings, 


separate openings and knock-outs for power and control wiring 


conduit connections, top panels, where joints are required, are to 


be equipped with a standing seam, and all metal exposed to 


weather is to be factory cleaned, primed, and finished with baked 


enamel; 


.2 removable gasketed panels or hinged gasketed access doors 


provided for access to all interior components; 


.3 stainless steel drain pan pitched for positive drainage and 


equipped with captive condensate drain pipe connection. 


.3 Exterior Unit Casings and Frame: Internal frame type double wall weather-


proof casing constructed of heavy-gauge G90 galvanized sheet steel, 


minimum #18 gauge for exterior panels, minimum #24 gauge with interior 


panels, with 25 mm (1") thick, 24 kg/m³ (1-½ lb./ft.³) density coated glass 


fibre insulation material meeting 25/50 flame spread/smoke developed 


ratings when tested in accordance with CAN/ULC S102, Surface Burning 


Characteristics of Building Materials and Assemblies and secured in place 


between panels such that it will not sag. Additional features and 


requirements as follows: 


.1 weather-tight casings, complete with factory sealed metal-to-


metal joints, a solid integral base with up-turned lips around 


bottom openings, and separate openings and knock-outs for 


power and control wiring conduit connections; 


.2 removable gasketed panels or hinged gasketed access doors 


provided for access to all interior components; 


.3 stainless steel drain pan pitched for positive drainage and 


equipped with captive condensate drain pipe connection; 


.4 downturned design air intake and exhaust hoods constructed and 


factory finished as for casings, each with an "A" water penetration 


classification rating up to 200 mm/hr (8"/hr) rainfall at 22 m/s 


(50 mph) when tested in accordance with AMCA Standard L-500, 


and washable aluminium mesh pre-filters; 


.5 minimum 200 mm (8") high, full perimeter, galvanized steel 


insulated roof curb supplied loose with each unit for field assembly, 


consisting of die-formed sections with gasket material for 


installation between curb and unit base. 
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.4 Enthalpy type energy recovery wheel for both sensible and latent heat 


recovery, designed to ensure laminar air flow, with energy transfer ratings 


in accordance with ASHRAE 84 and AHRI certified to AHRI 1060, designed 


to transfer moisture entirely in vapour phase, consisting of removable 


segments for larger wheels, and complete with: 


.1 silica gel desiccant permanently bonded to lightweight polymer 


media mounted in a stainless steel rotor; 


.2 bearings selected for a minimum L-10 life in excess of 400,000 


hours; 


.3 high-strength urethane drive belt factory installed in a pre-


stretched state, and a motor conforming to requirements specified 


in Section 20 05 00 – Common Work Results for Mechanical; 


.4 frost control protection with an electric pre-heater. 


.5 Enthalpy core shall be of total enthalpy and shall be removable from the 


cabinet.  The core media shall be a corrugated fiber membrane in a 


galvanized steel framework and can be removable for servicing. 


Performance criteria are to be as specified in AHRI Standard 1060. Core 


shall be complete with: 


.1 a galvanized steel framework (designed to produce laminar air 


flow through the core) 


.2 frost control protection in the form of timed exhaust. Control 


system shall include an outdoor air thermostat to initiate frost 


control sequence. 


.3 a five-year warranty. 


.6 Dampers: Backdraft dampers for the discharge air streams shall be factory 


installed. 


.7 Disposable glass fibre media filters, ULC listed Class 2, side removable, 


50 mm (2") thick, pleated, MERV 8 rating, factory or field installed in a die-


formed galvanized steel filter rack at air intake opening. 


.8 Centrifugal, draw-through within reference to the energy recovery wheel, 


double width and inlet exhaust and supply fans with forward curved 


blades, belt driven or direct driven as indicated, statically and 


dynamically balanced, mounted to unit base with neoprene vibration 


isolation, and equipped with: 


.1 ground and polished steel fan shafts mounted in permanently 


lubricated sealed ball bearing pillow blocks selected for a 


minimum L-10 life in excess of 200,00 hours at maximum operating 


speed; 
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.2 motors and where indicated, belt drives conforming to 


requirements specified in Section 20 05 00 – Common Work Results 


for Mechanical. 


.9 Each ventilator is to be equipped with a sealed and factory pre-wired 


control box containing terminal blocks for power and control wiring 


connections, integral door interlocking disconnect switch, an overload 


protected contactor for each motor, fuses, and 24 VAC secondary 


control transformer. 


.10 Control system in accordance with drawing control schematic/sequence, 


and to include if indicated, all required hardware and circuitry for 


connection into building automation system using protocol as specified 


with the system. 


.11 Factory supplied, mounted, and wired variable frequency drives 


conforming to requirements of Section 20 05 13.13 - Variable Frequency 


Drives for Mechanical Equipment. 


.12 Auxiliary coil(s) rated and certified in accordance with AHRI Standard 410, 


Forced-Circulation Air-Cooling and Air-Heating Coils, drainable, designed 


and constructed to meet requirements of the ASME Code Category "H" as 


a registered fitting, and complete with a CRN. Coil data, performance, 


and specific features not specified below are to be in accordance with 


drawing detail. Each coil is to be complete with: 


.1 slide in/slide out galvanized steel mounting framework; 


.2 16 mm (5/8") O.D. seamless copper tubes with 1.24 mm (1/16") 


thick tube walls; 


.3 aluminum fins mechanically bonded to tubes; 


.4 welded Schedule 40 ASTM A53 seamless steel pipe headers with 


same end supply and return connections, and 9.5 mm (3/8") 


tappings for an air vent and a drain valve; 


.5 flanged #14 gauge type 304 stainless steel casing designed to 


drain off standing water; 


.6 for cooling coils only, an insulated stainless steel drain pan sloped 


for positive drainage from all points and equipped with a captive 


drain pipe connection coupling. 


.13 Factory secured seismic restraint connection hardware. 


.14 Factory assembled, internally wired heat recovery ventilators in 


accordance with drawing schedule, and with AHRI certified energy 


recovery ratings. 
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.15 Casing: Formed single wall insulated metal cabinet, fabricated to permit 


access to internal components for maintenance. Access door shall 


provide easy access to blowers, core, and filters. Access door shall be 


hinged with airtight closed cell foam gaskets. 


.16 No condensate drain pans or drains shall be allowed and unit shall be 


capable of operating in both winter and summer conditions without 


generating condensate. 


.17 Heat Exchanger Core: Fixed-plate cross-flow construction, with no moving 


parts. Core shall be designed and constructed to permit cleaning and 


removal for servicing. 


.18 Motor: High efficiency, variable speed motor to allow for multiple fan 


speeds 


.19 Filters: MERV-8 rated, spun polyester, disposable filter in both airstreams 


.20 Control system in accordance with drawing control schematic/sequence, 


The unit shall be capable of operating continuously or intermittently at the 


low airflow (adj.) setting with the ability to go temporarily to the high 


airflow (adj.). 


.21 Frost Control: Core shall have a means of preventing the buildup of excess 


frost within unit 


3. EXECUTION 


3.01 INSTALLATION 


.1 Provide heat recovery ventilators. 


.2 For suspended units, provide galvanized steel mounting brackets with 


vibration isolators and suspend each unit, level, and plumb, by means of 


hanger rods. Provide supplementary support steel as required. 


.3 Secure each indoor floor mounted ventilator in place, level and plumb, 


on neoprene-steel-neoprene vibration isolation pads on a concrete 


housekeeping pad. 


.4 Supply an assembled roof curb for each outdoor roof mounted ventilator 


and hand to roof trade at site on roof. Carefully locate and size roof 


openings. Provide gasket material supplied with curb on perimeter of curb 


and secure ventilator in place. 


.5 Brace and secure each unit in accordance with requirements specified in 


Section 20 05 48.16 - Seismic Controls for Mechanical Systems. 
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.6 For ventilators with auxiliary hydronic coils, connect each coil to system 


valved hydronic piping with flexible connectors in accordance with 


Section 23 21 00 - Hydronic Piping and Pumps. Provide trapped 


condensate drainage piping connection to cooling coil condensate 


drain pans in accordance with Section 22 13 00 – Facility Sanitary 


Sewerage. 


.7 Coordinate power wiring connection and provision of a disconnect switch 


for each ventilator in accordance with electrical work Specification 


where power wiring is specified. 


.8 Use factory supplied mounting flange to mount the unit per 


manufacturer's installation manuals to a structurally suitable surface. 


Provide service clearances as indicated in manufacturer’s installation 


manual. 


3.02 SYSTEM STARTUP 


.1 For equipment/system manufacturer certification requirements, refer to 


Section 20 05 00 – Common Work Results for Mechanical. 


.2 For equipment/system start-up requirements, refer to Section 20 05 00 – 


Common Work Results for Mechanical. 


3.03 CLOSEOUT ACTIVITIES 


.1 Include for a ½ day on-site heat recovery ventilator operation 


demonstration and training session. Training is to be a full review of all 


components including, but not limited to, a full heat recovery ventilator 


internal inspection, construction details, operation, maintenance, 


abnormal events, and setting up controls. 


End of Section 





		1. General

		1.01 Section Includes

		.1 Energy Recovery Ventilators.



		1.02 Submittals

		.1 Submit shop drawings/product data sheets for heat recovery ventilators, including accessories, and all required power and control wiring schematics.



		1.03 Closeout Submittals

		.1 Submit with delivery of each unit a copy of the factory inspection report, and include a copy of each report with O&M Manual project close-out data.

		.2 Submit a site inspection and start-up report from manufacturer’s representative as specified in Part 3 of this section.

		.3 Submit a signed extended warranty direct from manufacturer to Owner covering the energy recovery wheel from material and workmanship defects for an additional 4 years after Contract warranty expires.

		.4 Training attendance records.



		1.04 Maintenance Material Submittals

		.1 Supply a spare filter set for each ventilator and store at site where directed prior to Substantial Performance of the Work.



		1.05 Coordination

		.1 Supply reviewed copies of ventilator/curb assembly shop drawings or product data to trade who will cut roof openings for ventilators, and ensure openings are properly located.



		1.06 Quality Assurance

		.1 Energy recovery ventilator manufacturers are to be current members of Air Movement and Control Association International Inc. (AMCA), and fans are to be rated (capacity and sound performance) and certified in accordance with requirements of followi...

		.1 ANSI/AMCA Standard 210, Laboratory Method of Testing Fans for Certified Aerodynamic Performance Rating;

		.2 AMCA Standard 211, Product Rating Manual for Fan Air Performance;

		.3 ANSI/AMCA Standard 300, Reverberant Room Method for Sound Testing of Fans;

		.4 AMCA Standard 311, Product Rating Manual for Fan Sound Performance;

		.5 AMCA Standard 99-2408, Operating Limits for Centrifugal Fans;

		.6 AHRI Standard 1060, Performance Rating of Air-to-Air Exchangers for Energy Recovery Ventilation Equipment;

		.7 ASHRAE 84, Method of Testing Air-to-Air Heat/Energy Exchangers;

		.8 UL 1812, Ducted Heat Recovery Ventilators;

		.9 CSA or ETL certification for all electrical components.







		2. Products

		2.01 Manufacturers

		.1 Greenheck Fan Corp.;

		.2 Venmar CES Inc.;

		.3 Summeraire Manufacturing;

		.4 Carrier Corp.

		.5 Lifebreath

		.6 Reversomatic Manufacturing Ltd.

		.7 RenewAire

		.8 Panasonic



		2.02 Energy Recovery Ventilators

		.1 Factory assembled, internally wired heat recovery ventilators in accordance with drawing schedule, and with AHRI certified energy recovery ratings.

		.2 Interior Unit Casings and Frame: Internal frame type casing constructed of heavy-gauge G90 galvanized sheet steel with interior surfaces lined with 25 mm (1") thick, 24 kg/m³ (1-½ lb./ft.³) density coated glass fibre duct lining material meeting 25...

		.1 casings complete with factory sealed metal-to-metal joints, a solid integral base with up-turned lips around bottom openings, separate openings and knock-outs for power and control wiring conduit connections, top panels, where joints are required, ...

		.2 removable gasketed panels or hinged gasketed access doors provided for access to all interior components;

		.3 stainless steel drain pan pitched for positive drainage and equipped with captive condensate drain pipe connection.



		.3 Exterior Unit Casings and Frame: Internal frame type double wall weather-proof casing constructed of heavy-gauge G90 galvanized sheet steel, minimum #18 gauge for exterior panels, minimum #24 gauge with interior panels, with 25 mm (1") thick, 24 kg...

		.1 weather-tight casings, complete with factory sealed metal-to-metal joints, a solid integral base with up-turned lips around bottom openings, and separate openings and knock-outs for power and control wiring conduit connections;

		.2 removable gasketed panels or hinged gasketed access doors provided for access to all interior components;

		.3 stainless steel drain pan pitched for positive drainage and equipped with captive condensate drain pipe connection;

		.4 downturned design air intake and exhaust hoods constructed and factory finished as for casings, each with an "A" water penetration classification rating up to 200 mm/hr (8"/hr) rainfall at 22 m/s (50 mph) when tested in accordance with AMCA Standar...

		.5 minimum 200 mm (8") high, full perimeter, galvanized steel insulated roof curb supplied loose with each unit for field assembly, consisting of die-formed sections with gasket material for installation between curb and unit base.



		.4 Enthalpy type energy recovery wheel for both sensible and latent heat recovery, designed to ensure laminar air flow, with energy transfer ratings in accordance with ASHRAE 84 and AHRI certified to AHRI 1060, designed to transfer moisture entirely i...

		.1 silica gel desiccant permanently bonded to lightweight polymer media mounted in a stainless steel rotor;

		.2 bearings selected for a minimum L-10 life in excess of 400,000 hours;

		.3 high-strength urethane drive belt factory installed in a pre-stretched state, and a motor conforming to requirements specified in Section 20 05 00 – Common Work Results for Mechanical;

		.4 frost control protection with an electric pre-heater.



		.5 Enthalpy core shall be of total enthalpy and shall be removable from the cabinet.  The core media shall be a corrugated fiber membrane in a galvanized steel framework and can be removable for servicing. Performance criteria are to be as specified i...

		.1 a galvanized steel framework (designed to produce laminar air flow through the core)

		.2 frost control protection in the form of timed exhaust. Control system shall include an outdoor air thermostat to initiate frost control sequence.

		.3 a five-year warranty.



		.6 Dampers: Backdraft dampers for the discharge air streams shall be factory installed.

		.7 Disposable glass fibre media filters, ULC listed Class 2, side removable, 50 mm (2") thick, pleated, MERV 8 rating, factory or field installed in a die-formed galvanized steel filter rack at air intake opening.

		.8 Centrifugal, draw-through within reference to the energy recovery wheel, double width and inlet exhaust and supply fans with forward curved blades, belt driven or direct driven as indicated, statically and dynamically balanced, mounted to unit base...

		.1 ground and polished steel fan shafts mounted in permanently lubricated sealed ball bearing pillow blocks selected for a minimum L-10 life in excess of 200,00 hours at maximum operating speed;

		.2 motors and where indicated, belt drives conforming to requirements specified in Section 20 05 00 – Common Work Results for Mechanical.



		.9 Each ventilator is to be equipped with a sealed and factory pre-wired control box containing terminal blocks for power and control wiring connections, integral door interlocking disconnect switch, an overload protected contactor for each motor, fus...

		.10 Control system in accordance with drawing control schematic/sequence, and to include if indicated, all required hardware and circuitry for connection into building automation system using protocol as specified with the system.

		.11 Factory supplied, mounted, and wired variable frequency drives conforming to requirements of Section 20 05 13.13 - Variable Frequency Drives for Mechanical Equipment.

		.12 Auxiliary coil(s) rated and certified in accordance with AHRI Standard 410, Forced-Circulation Air-Cooling and Air-Heating Coils, drainable, designed and constructed to meet requirements of the ASME Code Category "H" as a registered fitting, and c...

		.1 slide in/slide out galvanized steel mounting framework;

		.2 16 mm (5/8") O.D. seamless copper tubes with 1.24 mm (1/16") thick tube walls;

		.3 aluminum fins mechanically bonded to tubes;

		.4 welded Schedule 40 ASTM A53 seamless steel pipe headers with same end supply and return connections, and 9.5 mm (3/8") tappings for an air vent and a drain valve;

		.5 flanged #14 gauge type 304 stainless steel casing designed to drain off standing water;

		.6 for cooling coils only, an insulated stainless steel drain pan sloped for positive drainage from all points and equipped with a captive drain pipe connection coupling.



		.13 Factory secured seismic restraint connection hardware.

		.14 Factory assembled, internally wired heat recovery ventilators in accordance with drawing schedule, and with AHRI certified energy recovery ratings.

		.15 Casing: Formed single wall insulated metal cabinet, fabricated to permit access to internal components for maintenance. Access door shall provide easy access to blowers, core, and filters. Access door shall be hinged with airtight closed cell foam...

		.16 No condensate drain pans or drains shall be allowed and unit shall be capable of operating in both winter and summer conditions without generating condensate.

		.17 Heat Exchanger Core: Fixed-plate cross-flow construction, with no moving parts. Core shall be designed and constructed to permit cleaning and removal for servicing.

		.18 Motor: High efficiency, variable speed motor to allow for multiple fan speeds

		.19 Filters: MERV-8 rated, spun polyester, disposable filter in both airstreams

		.20 Control system in accordance with drawing control schematic/sequence, The unit shall be capable of operating continuously or intermittently at the low airflow (adj.) setting with the ability to go temporarily to the high airflow (adj.).

		.21 Frost Control: Core shall have a means of preventing the buildup of excess frost within unit





		3. Execution

		3.01 Installation

		.1 Provide heat recovery ventilators.

		.2 For suspended units, provide galvanized steel mounting brackets with vibration isolators and suspend each unit, level, and plumb, by means of hanger rods. Provide supplementary support steel as required.

		.3 Secure each indoor floor mounted ventilator in place, level and plumb, on neoprene-steel-neoprene vibration isolation pads on a concrete housekeeping pad.

		.4 Supply an assembled roof curb for each outdoor roof mounted ventilator and hand to roof trade at site on roof. Carefully locate and size roof openings. Provide gasket material supplied with curb on perimeter of curb and secure ventilator in place.

		.5 Brace and secure each unit in accordance with requirements specified in Section 20 05 48.16 - Seismic Controls for Mechanical Systems.

		.6 For ventilators with auxiliary hydronic coils, connect each coil to system valved hydronic piping with flexible connectors in accordance with Section 23 21 00 - Hydronic Piping and Pumps. Provide trapped condensate drainage piping connection to coo...

		.7 Coordinate power wiring connection and provision of a disconnect switch for each ventilator in accordance with electrical work Specification where power wiring is specified.

		.8 Use factory supplied mounting flange to mount the unit per manufacturer's installation manuals to a structurally suitable surface. Provide service clearances as indicated in manufacturer’s installation manual.



		3.02 System Startup

		.1 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.2 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.03 Closeout Activities

		.1 Include for a ½ day on-site heat recovery ventilator operation demonstration and training session. Training is to be a full review of all components including, but not limited to, a full heat recovery ventilator internal inspection, construction de...
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1. GENERAL 


1.01 SECTION INCLUDES 


.1 Variable Refrigerant Flow (VRF) air conditioning system consisting of one or 


more outdoor compressor units and multiple indoor fan coil units. 


1.02 RELATED REQUIREMENTS 


.1 Section 23 23 00 – Refrigerant Piping. 


1.03 SUBMITTALS 


.1 Submit shop drawings/product data sheets, complete with control 


components, and piping and wiring schematics. 


.2 Prepare and submit a schematic layout of refrigerant piping showing all 


piping components required for satisfactory operation and maintenance 


of the system(s), including but not limited to pipe sizes, charging valve, 


CSA B52 refrigerant charge analysis, isolating valves, sight glasses, 


strainers, driers, traps, etc. Schematic diagram must be reviewed with and 


approved by air conditioning equipment supplier prior to submittal to the 


Consultant. 


1.04 CLOSEOUT SUBMITTALS 


.1 Submit a start-up and certification letter from equipment supplier as 


specified in Part 3 of this Section. 


1.05 QUALITY ASSURANCE 


.1 Split system air conditioning equipment and installation of equipment are 


to be in accordance with requirements of following: 


.1 All applicable provincial codes and standards; 


.2 ANSI/AHRI Standard 210/240, Performance Rating of Unitary Air-


Conditioning and Air-Source Heat Pump Equipment. 


.3 ANSI/AHRI Standard 1230. Performance Rating of Variable 


Refrigerant Flow (VRF) Multi-Split Air-Conditioning and Heat Pump 


Equipment 


.2 Split system air conditioning system installation tradesmen are to be 


journeyman refrigeration mechanics. 
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2. PRODUCTS 


2.01 GENERAL 


.1 VRF system shall automatically vary the target evaporating and 


condensing temperatures based on building load and weather conditions 


to increase part load efficiency (Variable Refrigerant Temperature). The 


condensing unit shall also feature customizable operating modes which 


allows for the manual setting of target evaporating and condensing 


temperatures. 


.2 System shall permit simultaneous heating and cooling of each indoor unit. 


Multiple indoor units connected to a single branch selector port shall 


operate in the same mode (heating or cooling), similar to a two pipe heat 


pump system. Refer to article “central controls” in this section for any 


central controller and/or mode switchover sequence. 


2.02 MANUFACTURERS 


.1 Daikin Industries Ltd.; 


.2 Mitsubishi Electric Sales Canada Inc.; 


.3 LG Canada. 


.4 Hitachi  


2.03 VRF FAN COILS 


.1 VRF fan coils shall monitor and maintain the unit superheat (cooling 


mode) or subcooling (heating mode) using a computerized PID control. 


Internal unit components shall be factory wired and piped, and complete 


with electronic proportional expansion valve, flare connections, 


condensate drain pan, self-diagnostics, and auto-restart function. 


.2 Wall Mounted Unit 


.1 Wall mounted fan coil unit for installation onto a wall within a 


conditioned space. A mildew-proof, polystyrene condensate drain 


pan and resin net mold resistant filter shall be included as standard 


equipment. 


.2 The indoor unit’s sound pressure shall range from 31 dB(A) to 


41 dB(A) at low speed measured at 1 m (3.3 feet) below and 1 m 


(3.3 feet) away from the unit. 


.3 The unit shall have an auto-swing louver which ensures efficient air 


distribution, which closes automatically when the unit stops. The 


remote controller shall be able to set five (5) steps of discharge 


angle. The front grille shall be easily removed for washing. 
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.4 The cabinet shall be affixed to a factory supplied wall mounting 


template and located in the conditioned space. 


.5 The cabinet shall be constructed with sound absorbing foamed 


polystyrene and polyethylene insulation. 


.6 The fan type shall be direct-drive cross-flow with statically and 


dynamically balanced impeller with high and low fan speeds 


available. 


.7 Units shall be provided with a loose field installed condensate 


pump. 


.3 Ceiling Mounted Ducted Unit 


.1 Ceiling mounted ducted fan coil unit with variable speed direct 


drive DC type fan and auto CFM adjustment at commissioning. 


Casing shall be constructed of galvanized steel. Configuration 


shall be horizontal discharge air with horizontal return air, with a 


maximum height of 9-5/8’’ and be designed to fit in tight ceiling 


plenums. 


.2 The indoor unit’s sound pressure shall range from 28 dB(A) to 


36 dB(A) at low speed measured 5 feet below the ducted unit. 


.3 The indoor units shall be equipped with a condensate pan and 


condensate pump. The condensate pump shall provide up to 25” 


of lift from the center of the drain outlet and have a built-in safety 


shutoff and alarm. 


.4 The fan shall have a variable speed direct drive DC motor with 


statically and dynamically balanced impeller with 3 user-


selectable fan speeds. The automatic fan speed mode shall allow 


the fan to vary between 5 speeds based on space load. The unit 


shall have logic for automatically adjusting external static pressure 


settings of the fan motor (selectable during commissioning). 


.5 The unit shall ship from the factory in a rear return configuration 


and shall be field convertible to a bottom return configuration. 


2.04 WATER COOLED CONDENSING UNIT 


.1 The condenser heat exchanger shall be a stainless brazed plate type 


designed for closed loop/dry cooler applications. 


.2 Heat generated by the compressor, inverter board, and any other 


components shall be rejected to the refrigerant loop via an internal DX 


heat exchanger. 
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.3 Each condensing unit water-loop shall also be installed with a field 


supplied flow switches wired into each condensing unit module to ensure 


flow prior to energization of unit. 


.4 Condensing units shall be supported according to manufacturers 


requirements. 


2.05 BRANCH SELECTOR BOX 


.1 Selector box cabinets shall have a galvanized steel plate casing and shall 


house multiple electronic expansion valves and a sub-cooling loop. The 


unit shall contain sound absorption thermal insulating material made of 


flame and heat resistant foamed polyethylene. 


.2 Branch selector boxes shall not require drain pan and drain connections. 


Manufacturers with branch selector boxes requiring secondary drain pans 


and drain connections shall coordinate with the installing contractor at no 


extra cost to the owner. 


.3 Manufacturers with branch selector box sizes, arrangements, or locations 


that differ from what is specified shall make the necessary arrangements 


to ensure their alternative branch selector boxes both fit in the space and 


that CSA B52 compliance is still met (CSA compliance shall include the 


life-safety maximum refrigerant charge allowance). 


.4 Manufacturers shall provide sound data for all branch selector boxes. If 


sound data is unavailable or exceeds the values below, or if branch boxes 


make use of solenoid valves instead of electronic expansion valves, 


necessary precautions shall be taken. Precautions shall include the supply 


and install of sound blankets, or the relocation of branch boxes away from 


the occupied spaces, or extra insulation to the ceilings and walls around 


the branch selector boxes, all at no extra cost to the owner. 


2.06 LOCAL CONTROLS 


.1 Fan coil units shall be supplied with individual zone controllers. 


.2 Zone controllers shall be hard wired by installing contractor. 


.3 Controllers shall be able to function as follows: 


.1 The controller shall have single and dual setpoints for occupied 


periods, and independent setback setpoints for unoccupied 


periods. 


.2 The controller shall have the ability to digitally prohibit individual 


buttons and functions, including custom mode selection. 


.3 The controller shall have a self diagnosis function that constantly 


monitors the system for malfunctions. 
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.4 The controller shall be equipped with a thermostat sensor. 


.5 Controller shall have built-in 7 day, weekday plus Saturday Sunday 


(5+1+1), weekday plus weekend (5+2) and everyday (1) 


scheduler. 


2.07 CENTRAL CONTROLS 


.1 Provide an advanced multi-zone controller for installation in a common 


area as shown on the plans. The controller shall have a display with the 


following screen views and functionalities: 


.1 Central control of set points, schedules, fan speeds, heat/cool 


mode, and of setback (override) temperature settings during 


unoccupied periods. 


.2 Adjustable temperature limits to restrict local wall mounted 


thermostat setpoint ranges. 


.3 Visible and audible alarm indication of any system malfunctions 


with error code. 


.4 Tiered hierarchy allowing for control of fan coil units independently 


or as a group. 


.5 Remotely disable individual functions of the wall mounted zone 


controllers. 


.6 Web enabled for remote access from PC, tablet or portable 


device and automatic alert and error emails. 


.2 The following two automatic changeover methods shall be available. 


One shall be selected upon commissioning. 


.1 Averaging Method – the central controller shall sum up the 


difference between room temperatures and set points for all 


indoor units in the system. Once this delta reaches the primary 


changeover dead band of ± 2°F (adjustable), the central 


controller shall change over the system automatically. 


.2 Voting Method – The central controller shall evaluate the 


difference between individual room temperatures and set points, 


and only include a fan coil in the algorithm if the difference has 


passed the primary dead band for more than the guard timer, or 


past the secondary dead band. Heating priority option shall be 


available. 


.3 For both automatic changeover options, a weight (0-3) can be added to 


each indoor unit. The automatic changeover algorithm shall use this 


weighting to prioritize changeover for the more heavily weighted fan coils. 
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.4 Upon any changeover, a guard timer shall prevent another changeover 


for a period of 15, 30, or 60 (default) minutes. 


.5 The guard timer shall be ignored by a change of setpoint manually from 


either the central controller or the remote controller, by schedule, or if the 


secondary dead band is reached with either of the automatic 


changeover algorithms. The secondary changeover dead band shall be 


the sum of the primary changeover dead band (adjustable) ± 1°F 


(adjustable) 


.6 The central controller shall have the capability for site floor plans to be 


uploaded as a background to create a graphics interface. Background 


shall be project specific floor plans rendered in “2D” or “3D”. 


.7 Floor plan layout shall be displayed both on the local central controller, as 


well as accessible from the web. 


.8 Floor plan will include capability to control indoor unit, and auxiliary inputs 


/ outputs, such as designated lighting control, as follows: 


.9 Up to 4 status points to be assigned to the control point icon (room name, 


room temperature, set point, and mode). 


.10 Status and control points to display on corresponding location of zone 


served on floor plan. 


.11 Digital input and output icons will display On/Off status. 


.12 Analog input icons will display analog value. 


.13 Up to 60 floor layout sections shall be possible depending on project 


scope. 


.14 The BACnet Server Gateway Option shall be capable of making the 


controller work as a BACnet gateway using the BACnet/IP protocol. The 


BACnet Server Gateway Option shall be capable of exposing indoor unit 


management points as BACnet objects to the BMS. 


.15 The BACnet Server Gateway Option shall allow the following functions: 


.1 Support Change of Value (COV) notifications. 


.2 Provide unique virtual BACnet device identification number (ID) for 


every indoor unit group address. 


.3 The BACnet Server Gateway Option shall be capable of being 


configured as a foreign device. It shall be capable of 


communicating across BACnet Broadcast Management Devices 


(BBMD) in different subnet networks. 
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.16 In addition to the standard BACnet VRF points, the Building Management 


System shall monitor and/or control the following BACnet objects for 


indoor units: 


.1 Occupancy Mode: Unoccupied, Occupied, Standby 


.2 Cooling and heating setpoints during occupied and unoccupied 


modes. 


.17 The Building Management System may choose to monitor and control the 


following BACnet objects linked to controller control logic: 


.1 Enable/Disable Schedule operation. 


.2 Enable/Disable Auto Changeover Operation. 


.3 Set Timed Override Minutes - Monitor and configure timer 


extension for the indoor unit on controller (30, 60, 90, 120, 150, 180 


minutes) 


.4 System forced off - Enable/Disable all emergency stop programs 


that are registered on the controller. 


.18 The BMS shall have the ability to utilize scheduling functions on the 


controller. 


.19 The BMS shall have the ability to utilize automatic changeover function on 


the controller, removing the need to program automatic changeover 


sequences on the BMS. 


.20 VRF manufacturer shall commission the BACnet server. BMS contractor 


shall provide VRF manufacturer with static IP address and instance 


number for commissioning. IP connection shall be by BMS contractor. 


.21 All programming for monitoring and control of VRF system via the BACnet 


server shall be by BMS contractor, as per the Sequence of Operation. 


2.08 ELECTRICAL 


.1 Provide Independent electrical power for fan coils and branch selector 


boxes. 


.2 Provide individual disconnect switches for each fan coil. 


.3 Control wiring shall be installed in a daisy chain configuration between all 


VRF components as per Manufacturer. 


.4 If power is lost or disconnected to any of the fan coils, the condenser shall 


have the capability to remain in operation at all times. 
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3. EXECUTION 


3.01 INSTALLATION 


.1 Provide VRF equipment consisting of indoor water source condensing units 


and indoor evaporator units as scheduled and/or indicated on the 


drawings. 


.2 Units shall be stored and handled according to the manufacturer’s 


recommendations. Units shall be kept clean and isolated from dust and 


debris. 


.3 Contractor shall inspect all equipment upon delivery and notify shipping 


company and manufacturer immediately of any damage. 


.4 Install condensing units on a flat surface level within 1/8 inch and elevate 


a minimum of 18” from ground or roof surface, on vibration isolation pads. 


Provide intermediate supports as recommended by the equipment 


manufacturer. 


.5 Indoor evaporator units to be installed as located on the drawings. 


Confirm exact location prior to roughing-in. 


.6 Install loose control components and perform required control wiring 


(except building automation system connections) between condensing 


unit and evaporator in conduit in accordance with manufacturer’s 


control wiring schematic and wiring standards of electrical work. 


.7 Connect condensing unit and indoor evaporator units with refrigerant 


piping in accordance with piping shop drawing schematic. Refer to 


Section 23 23 00. Provide any required additional refrigerant. 


.8 High/low pressure gas line, liquid, and suction lines must be individually 


insulated between the outdoor and indoor units. 


.9 Use refrigeration best practice to allow pipes to expand and contract 


freely. Review manufacturer installation instructions to ensure expansion 


joints are properly designed. 


.10 Connect water cooled condensing unit with hydronic piping in 


accordance with piping specification section. 


3.02 STARTUP AND ADJUSTING 


.1 Pressure test all systems to 550 psi after system has been vacuumed and 


held to below 500 microns for at least one hour. Review manufacturer 


installation instructions for proper pressure test procedures. 


.2 Design and install all piping as per TSSA and CSA B52 regulations and 


apply and obtain TSSA certification for all systems. 
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.3 Contractor to carry the cost of a minimum of two (2) manufacturer field 


inspection to review installation and startup. Notify consultant minimum of 


five days prior to inspection. 


.4 Refer to Section 20 05 00 – Common Work Results for Mechanical; for 


equipment/system manufacturer certification and start-up requirements. 


End of Section 
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		.2 Prepare and submit a schematic layout of refrigerant piping showing all piping components required for satisfactory operation and maintenance of the system(s), including but not limited to pipe sizes, charging valve, CSA B52 refrigerant charge anal...
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		.2 The indoor unit’s sound pressure shall range from 31 dB(A) to 41 dB(A) at low speed measured at 1 m (3.3 feet) below and 1 m (3.3 feet) away from the unit.
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		.6 The fan type shall be direct-drive cross-flow with statically and dynamically balanced impeller with high and low fan speeds available.

		.7 Units shall be provided with a loose field installed condensate pump.
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		.1 Ceiling mounted ducted fan coil unit with variable speed direct drive DC type fan and auto CFM adjustment at commissioning. Casing shall be constructed of galvanized steel. Configuration shall be horizontal discharge air with horizontal return air,...

		.2 The indoor unit’s sound pressure shall range from 28 dB(A) to 36 dB(A) at low speed measured 5 feet below the ducted unit.

		.3 The indoor units shall be equipped with a condensate pan and condensate pump. The condensate pump shall provide up to 25” of lift from the center of the drain outlet and have a built-in safety shutoff and alarm.

		.4 The fan shall have a variable speed direct drive DC motor with statically and dynamically balanced impeller with 3 user-selectable fan speeds. The automatic fan speed mode shall allow the fan to vary between 5 speeds based on space load. The unit s...
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		2.04 Water Cooled Condensing Unit

		.1 The condenser heat exchanger shall be a stainless brazed plate type designed for closed loop/dry cooler applications.

		.2 Heat generated by the compressor, inverter board, and any other components shall be rejected to the refrigerant loop via an internal DX heat exchanger.
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		2.07 Central Controls
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		.4 Tiered hierarchy allowing for control of fan coil units independently or as a group.
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		.1 Occupancy Mode: Unoccupied, Occupied, Standby
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		.17 The Building Management System may choose to monitor and control the following BACnet objects linked to controller control logic:

		.1 Enable/Disable Schedule operation.

		.2 Enable/Disable Auto Changeover Operation.

		.3 Set Timed Override Minutes - Monitor and configure timer extension for the indoor unit on controller (30, 60, 90, 120, 150, 180 minutes)

		.4 System forced off - Enable/Disable all emergency stop programs that are registered on the controller.



		.18 The BMS shall have the ability to utilize scheduling functions on the controller.

		.19 The BMS shall have the ability to utilize automatic changeover function on the controller, removing the need to program automatic changeover sequences on the BMS.

		.20 VRF manufacturer shall commission the BACnet server. BMS contractor shall provide VRF manufacturer with static IP address and instance number for commissioning. IP connection shall be by BMS contractor.

		.21 All programming for monitoring and control of VRF system via the BACnet server shall be by BMS contractor, as per the Sequence of Operation.



		2.08 Electrical

		.1 Provide Independent electrical power for fan coils and branch selector boxes.

		.2 Provide individual disconnect switches for each fan coil.

		.3 Control wiring shall be installed in a daisy chain configuration between all VRF components as per Manufacturer.

		.4 If power is lost or disconnected to any of the fan coils, the condenser shall have the capability to remain in operation at all times.





		3. Execution

		3.01 Installation

		.1 Provide VRF equipment consisting of indoor water source condensing units and indoor evaporator units as scheduled and/or indicated on the drawings.

		.2 Units shall be stored and handled according to the manufacturer’s recommendations. Units shall be kept clean and isolated from dust and debris.

		.3 Contractor shall inspect all equipment upon delivery and notify shipping company and manufacturer immediately of any damage.

		.4 Install condensing units on a flat surface level within 1/8 inch and elevate a minimum of 18” from ground or roof surface, on vibration isolation pads. Provide intermediate supports as recommended by the equipment manufacturer.

		.5 Indoor evaporator units to be installed as located on the drawings. Confirm exact location prior to roughing-in.

		.6 Install loose control components and perform required control wiring (except building automation system connections) between condensing unit and evaporator in conduit in accordance with manufacturer’s control wiring schematic and wiring standards o...

		.7 Connect condensing unit and indoor evaporator units with refrigerant piping in accordance with piping shop drawing schematic. Refer to Section 23 23 00. Provide any required additional refrigerant.

		.8 High/low pressure gas line, liquid, and suction lines must be individually insulated between the outdoor and indoor units.

		.9 Use refrigeration best practice to allow pipes to expand and contract freely. Review manufacturer installation instructions to ensure expansion joints are properly designed.

		.10 Connect water cooled condensing unit with hydronic piping in accordance with piping specification section.



		3.02 Startup and Adjusting

		.1 Pressure test all systems to 550 psi after system has been vacuumed and held to below 500 microns for at least one hour. Review manufacturer installation instructions for proper pressure test procedures.

		.2 Design and install all piping as per TSSA and CSA B52 regulations and apply and obtain TSSA certification for all systems.

		.3 Contractor to carry the cost of a minimum of two (2) manufacturer field inspection to review installation and startup. Notify consultant minimum of five days prior to inspection.

		.4 Refer to Section 20 05 00 – Common Work Results for Mechanical; for equipment/system manufacturer certification and start-up requirements.
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1 General 


1.01 Submittals 


.1 Submit shop drawings/product data sheets for all products specified in this Section. Include motor data 
sheets and all required information. 


1.02 Closeout Submittals 


.1 Submit a site inspection and start-up report from manufacturer’s representative as specified in Part 3 of 
this Section. 


.2 Training attendance records. 


1.03 Quality Assurance 


.1 Fan coil units are to be CSA or cETL listed and labelled, factory assembled and tested, shipped to site in 
one-piece, and are to be in accordance with requirements of following codes and regulations: 


.1 CAN/CSA-C22.2 No. 236, Heating and Cooling Equipment; 


.2 UL/ANSI 1995, Heating and Cooling Equipment; 


.3 ANSI/AHRI Standard 350, Sound Performance Rating of Non-Ducted Indoor Air-Conditioning 
Equipment; 


.4 ANSI/AHRI Standard 440, Performance Rating of Room Fan-Coils; 


.5 Applicable Provincial Codes and Regulations. 


2 Products 


2.01 Horizontal Fan Coil Units 


.1 AHRI rated and certified capacity fan coil units in accordance with drawing schedule and complete with 
components specified below. 


.2 Cabinet constructed of heavy-gauge galvanized steel with all exterior panels insulated with minimum 
15 mm (½") thick neoprene spray coated glass fibre lining material secured in place with adhesive and 
with all exposed edges treated and sealed to prevent any fibres from entering airstream, all meeting 
NFPA 90A requirements and 25/50 flame spread/smoke developed fire hazard ratings when tested to 
CAN/ULC-S102. Each cabinet is to be complete with: 


.1 accessible galvanized steel filter holding frame and glass fibre, 25 mm (1") thick, disposable, UL 
Class 1, 25-30% efficient MERV 7 filters in accordance with requirements of UL 900, Air Filter 
Units, and complete with a cardboard frame; 


.2 factory tested coils consisting of 12 mm (½") O.D. seamless copper tubes mechanically 
expanded into plate type aluminium fins and equipped with copper pipe headers, a manual air 
vent, and a drain plug; 


.3 full width, watertight stainless steel primary drain pans sloped for positive drainage and equipped 
with 2, 20 mm (¾") O.D. drain connections, and factory insulated with 25/50 flame spread/smoke 
developed rated closed cell insulation when tested to CAN/ULC-S102 and NFPA 90A 
requirements, with secondary drain pans, constructed and insulated as for primary drain pans, to 
be provided where required to collect condensate from pipe headers and field supplied valves. 


.3 Centrifugal, forward curved, double width and inlet galvanized steel fan wheel, each dynamically 
balanced, complete with a 3-speed, resiliently mounted, thermal overload protected, permanent split 







Quasar Consulting Group Section 23 82 19 
In-House Master Specifications Fan Coil Units 
Last saved 8/19/2024 10:44 AM Page 2 of 3 


23 82 19.00 - Fan Coil Units.docx 


capacitor motor conforming to requirements specified in Section 20 05 00 – Common Work Results for 
Mechanical, and complete with a 3-speed plus "off" motor control switch with faceplate factory mounted in 
an electrical box secured to unit in an accessible location and factory connected to motor. Fan 
assemblies are to be accessible and easily removable. 


.4 Horizontal units are to be suspended, equipped with 4 top casing holes for hanger rod connections, and 
following: 


.1 rubber-in-shear vibration isolation elements factory supplied with each unit for each suspension 
point; 


.2 double deflection discharge grille or flanged discharge duct connection collar as indicated, and 
either a bottom or rear single deflection return air grille as shown; 


.3 removable bottom and side panels, and bottom access to filter holding frame; 


.4 for exposed units, a fused powder epoxy finish on casing and grilles. 


.5 Manufacturers: 


.1 Johnson Controls Co. ENVIRO-TECH; 


.2 Daikan Industries Inc.; 


.3 Trane Canada; 


.4 Carrier Corp.; 


.5 Greenheck Fan Corp.; 


.6 Engineered Air. 


3 Execution 


3.01 Installation 


.1 Provide fan coil units. 


.2 Secure each horizontal fan coil unit in place from structure by means of galvanized steel hanger rods, and 
vibration isolation elements supplied with fan coil units. Provide additional structural steel for fan coil unit 
support installation as required. 


.3 Provide shut-off valves and install a control valve in piping for each coil. Refer to drawing detail and piping 
schematic. 


3.02 System Startup 


.1 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work 
Results for Mechanical. 


.2 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for 
Mechanical. 
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3.03 Training 


.1 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review 
of all components including but not limited to a full operation and maintenance demonstration, with 
abnormal events. 


End of Section 





		1 General

		1.01 Submittals

		.1 Submit shop drawings/product data sheets for all products specified in this Section. Include motor data sheets and all required information.



		1.02 Closeout Submittals

		.1 Submit a site inspection and start-up report from manufacturer’s representative as specified in Part 3 of this Section.

		.2 Training attendance records.



		1.03 Quality Assurance

		.1 Fan coil units are to be CSA or cETL listed and labelled, factory assembled and tested, shipped to site in one-piece, and are to be in accordance with requirements of following codes and regulations:

		.1 CAN/CSA-C22.2 No. 236, Heating and Cooling Equipment;

		.2 UL/ANSI 1995, Heating and Cooling Equipment;

		.3 ANSI/AHRI Standard 350, Sound Performance Rating of Non-Ducted Indoor Air-Conditioning Equipment;

		.4 ANSI/AHRI Standard 440, Performance Rating of Room Fan-Coils;

		.5 Applicable Provincial Codes and Regulations.







		2 Products

		2.01 Horizontal Fan Coil Units

		.1 AHRI rated and certified capacity fan coil units in accordance with drawing schedule and complete with components specified below.

		.2 Cabinet constructed of heavy-gauge galvanized steel with all exterior panels insulated with minimum 15 mm (½") thick neoprene spray coated glass fibre lining material secured in place with adhesive and with all exposed edges treated and sealed to p...

		.1 accessible galvanized steel filter holding frame and glass fibre, 25 mm (1") thick, disposable, UL Class 1, 25-30% efficient MERV 7 filters in accordance with requirements of UL 900, Air Filter Units, and complete with a cardboard frame;

		.2 factory tested coils consisting of 12 mm (½") O.D. seamless copper tubes mechanically expanded into plate type aluminium fins and equipped with copper pipe headers, a manual air vent, and a drain plug;

		.3 full width, watertight stainless steel primary drain pans sloped for positive drainage and equipped with 2, 20 mm (¾") O.D. drain connections, and factory insulated with 25/50 flame spread/smoke developed rated closed cell insulation when tested to...



		.3 Centrifugal, forward curved, double width and inlet galvanized steel fan wheel, each dynamically balanced, complete with a 3-speed, resiliently mounted, thermal overload protected, permanent split capacitor motor conforming to requirements specifie...

		.4 Horizontal units are to be suspended, equipped with 4 top casing holes for hanger rod connections, and following:

		.1 rubber-in-shear vibration isolation elements factory supplied with each unit for each suspension point;

		.2 double deflection discharge grille or flanged discharge duct connection collar as indicated, and either a bottom or rear single deflection return air grille as shown;

		.3 removable bottom and side panels, and bottom access to filter holding frame;

		.4 for exposed units, a fused powder epoxy finish on casing and grilles.



		.5 Manufacturers:

		.1 Johnson Controls Co. ENVIRO-TECH;

		.2 Daikan Industries Inc.;

		.3 Trane Canada;

		.4 Carrier Corp.;

		.5 Greenheck Fan Corp.;

		.6 Engineered Air.







		3 Execution

		3.01 Installation

		.1 Provide fan coil units.

		.2 Secure each horizontal fan coil unit in place from structure by means of galvanized steel hanger rods, and vibration isolation elements supplied with fan coil units. Provide additional structural steel for fan coil unit support installation as requ...

		.3 Provide shut-off valves and install a control valve in piping for each coil. Refer to drawing detail and piping schematic.



		3.02 System Startup

		.1 For equipment/system manufacturer certification requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.

		.2 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.03 Training

		.1 Include for a 1/2 day on-site operation demonstration and training session. Training is to be a full review of all components including but not limited to a full operation and maintenance demonstration, with abnormal events.
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1 General 


1.01 Submittals 


.1 Submit shop drawings/product data sheets for electric heaters, including accessories. 


.2 Submit manufacturer’s standard colour chart. 


1.02 Closeout Submittals 


.1 Submit a site start-up report from manufacturer’s representative as specified in Part 3 of this Section. 


.2 Training attendance records. 


2 Products 


2.01 General Re: Electric Heaters 


.1 Electric heaters are to be certified and labelled in accordance with CSA C22.2 No. 46, Electric Air-
Heaters, and are to be complete with automatic reset high limit temperature control, baked 
epoxy/polyester powder coat white or almond finish as selected, and in accordance with drawing 
schedule. 


.2 Manufacturers: 


.1 Ouellet Canada Inc.; 


.2 Chromalox Inc.; 


.3 Stelpro Inc. 


2.02 Sloped Top Convector Heaters 


.1 Wall mounted sloped top electric convector heaters, each complete with: 


.1 #18 gauge steel cabinet, approximately 75 mm (3") wide, 250 mm (10") high, with #16 gauge 
steel removable front panel with pencil-proof louver grilles; 


.2 standard watt density (900 W/m), noise free, steel tubular element with aluminium fins, floating on 
high-temperature nylon bushings; 


.3 factory supplied enclosure accessories as indicated on drawings and/or heater schedule; 


.4 factory installed relay section with 24 volt relay and transformer for site connection to a remote 
thermostat. 


2.03 Baseboard Heaters 


.1 Low profile wall mount baseboard heaters, each approximately 150 mm (6") high, 65 mm (2-½") deep, 
complete with: 


.1 #22 gauge steel body with #20 gauge steel connection box at both ends of heater, 2 rows of 
mounting holes, single screw built-in wire holder, and #20 gauge steel removable front panel with 
rounded upper corners; 


.2 standard watt density (900 W/m) tubular steel heating element with aluminium fins, noise free and 
floating on high temperature nylon bushings; 


.3 factory supplied enclosure accessories as indicated on drawings and/or heater schedule; 
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.4 factory supplied control components in accordance with drawing schedule, with low voltage/line 
voltage barrier as required. 


3 Execution 


3.01 Installation 


.1 Supply electric heaters, complete with all required accessories. Hand heaters, in original packaging, to 
electrical trade at site in room/area where they are to be installed. 


.2 Locate electric heaters for electrical trade so accurate electrical rough-in can be made. Confirm exact 
locations prior to electrical rough-in. 


.3 Ensure heaters are properly installed. 


.4 Where remote thermostats are indicated, provide thermostats, and required control wiring and 
accessories. Unless otherwise indicated, locate thermostats 1200 mm (48”) above floor, and confirm 
exact thermostat locations prior to roughing-in. 


3.02 System Startup 


.1 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for 
Mechanical. 


3.03 Closeout Activities 


.1 Include for a 4 hour on-site heater operation demonstration and training session. Training is to be a full 
review of all components including but not limited to construction details, operation, and maintenance. 


End of Section 





		1 General

		1.01 Submittals

		.1 Submit shop drawings/product data sheets for electric heaters, including accessories.

		.2 Submit manufacturer’s standard colour chart.



		1.02 Closeout Submittals

		.1 Submit a site start-up report from manufacturer’s representative as specified in Part 3 of this Section.

		.2 Training attendance records.





		2 Products

		2.01 General Re: Electric Heaters

		.1 Electric heaters are to be certified and labelled in accordance with CSA C22.2 No. 46, Electric Air-Heaters, and are to be complete with automatic reset high limit temperature control, baked epoxy/polyester powder coat white or almond finish as sel...

		.2 Manufacturers:

		.1 Ouellet Canada Inc.;

		.2 Chromalox Inc.;

		.3 Stelpro Inc.





		2.02 Sloped Top Convector Heaters

		.1 Wall mounted sloped top electric convector heaters, each complete with:

		.1 #18 gauge steel cabinet, approximately 75 mm (3") wide, 250 mm (10") high, with #16 gauge steel removable front panel with pencil-proof louver grilles;

		.2 standard watt density (900 W/m), noise free, steel tubular element with aluminium fins, floating on high-temperature nylon bushings;

		.3 factory supplied enclosure accessories as indicated on drawings and/or heater schedule;

		.4 factory installed relay section with 24 volt relay and transformer for site connection to a remote thermostat.





		2.03 Baseboard Heaters

		.1 Low profile wall mount baseboard heaters, each approximately 150 mm (6") high, 65 mm (2-½") deep, complete with:

		.1 #22 gauge steel body with #20 gauge steel connection box at both ends of heater, 2 rows of mounting holes, single screw built-in wire holder, and #20 gauge steel removable front panel with rounded upper corners;

		.2 standard watt density (900 W/m) tubular steel heating element with aluminium fins, noise free and floating on high temperature nylon bushings;

		.3 factory supplied enclosure accessories as indicated on drawings and/or heater schedule;

		.4 factory supplied control components in accordance with drawing schedule, with low voltage/line voltage barrier as required.







		3 Execution

		3.01 Installation

		.1 Supply electric heaters, complete with all required accessories. Hand heaters, in original packaging, to electrical trade at site in room/area where they are to be installed.

		.2 Locate electric heaters for electrical trade so accurate electrical rough-in can be made. Confirm exact locations prior to electrical rough-in.

		.3 Ensure heaters are properly installed.

		.4 Where remote thermostats are indicated, provide thermostats, and required control wiring and accessories. Unless otherwise indicated, locate thermostats 1200 mm (48”) above floor, and confirm exact thermostat locations prior to roughing-in.



		3.02 System Startup

		.1 For equipment/system start-up requirements, refer to Section 20 05 00 – Common Work Results for Mechanical.



		3.03 Closeout Activities

		.1 Include for a 4 hour on-site heater operation demonstration and training session. Training is to be a full review of all components including but not limited to construction details, operation, and maintenance.







