
Halton District School Board                         Addendum No. 3

RFT 24-061 Gymnasium Addition - Glenview Public School

The following, issued by the Halton District School Board (HDSB) May 24, 2024, shall
be incorporated in the specifications and shall form part of the proposal document
for the above.

ATTACHED:

Bidders are to reference the attached addendum as drafted by Snyder Architects (14
pages) dated 2024 05 24 which includes responses to questions asked and additional
information.

RECEIPT OF ADDENDA MUST BE ACKNOWLEDGED ON THE FORM OF QUOTATION.

PAGE 1 OF 15
END OF ADDENDUM 3
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A D D E N D U M   #2 

 

 

Project Glenview PS Gym Addition Project No. 2314 

Location 143 Townsend Ave., Burlington, ON Date of Issue 2024 05 24 

Owner Halton District School Board File 2314/7.1.3 

 
This Addendum forms part of the Contract Documents and amends the original Drawings and 
Specifications, and Addenda issued to date, as noted below. 
 
Ensure all parties submitting bids are aware of all items included in this Addendum. Read, 
interpret and coordinate the items contained herein with the Contract Documents and include all 
related costs as part of the Bid Price. Acknowledge receipt of this Addendum by inserting its 
number on the Bid Form. Failure to do so may subject the bidder to disqualification. 
 
This Addendum consists of 2 pages plus noted attachments. 
 

1. Project Manual 
1. Aluminum composite panel spec section added 
 
2. Section 09 65 66 Resilient Athletic Flooring 
Recreation 60 by Gerflor is an acceptable product. 
Given the project schedule, the flooring has to be installed soon after the slab is cast. To 
mitigate anticipated moisture issues, include for adhesive with 100% RH tolerance.  
 

2. A101 Site Plan – dwg reissued 
1. Outdoor classroom added (with limestone screenings, armourstone seating and 
subdrian connected to existing storm manhole 
2. Standard concrete curbs / dropped concrete curb locations clarified 
3. Wooden Garbage Enclosure detail added 
4. Existing entrance canopy detail tag added 
 

3. A103 Site Plan Demolition – dwg not reissued 
1. Extent of outdoor classroom space including walkway connection and subdrain trench 
to be excavated as indicated on dwgs A101 and 3/A603 
 

4. A202 Floor and Roof Plan - dwg reissued 
1. Noise barrier roof screen detail tag added on roof plan 
2. Second roof drain added on low roof on roof plan.  
3. Extent of tapered roof insulation revised at low roof on roof plan. 
 

5. A402 – dwg not reissued 
1. Dwg 3/A402 – revise detail tag to read ‘16/A601’ 
 

6. A603 Details – new dwg added 
1. Fire-rated Counter shutter at Servery – section detail added at fire rated counter shutter 
including stainless steel wrapped countertop  
2. Wooden Garbage Enclosure detail added 
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3. Limestone screenings detail at outdoor classroom added 
4. Existing entrance canopy to be clad in aluminum composite panel. Cladding details and 
added. Light fixture and telecom box to be relocated. Roofing detail tag at junction added  
 

7. Structural 
See attached Structural Addendum No 1 prepared by Kalos Engineering. 
 

8. Mechanical 
1. Refer to attached dwg A202 for addition of second roof drain on low roof. Include for 
connection of drain to storm line in ceiling space below.  
 

9. Bidder queries 

 Q.  Specification section 07 51 00 Clause 3.7 ROOFING MEMBRANE sub-clause .1 
calls for - Install 4 plies of roofing felts perpendicular to the cover board joints 
.....where Dwg A202 PARTIAL FLOOR & ROOF PLAN - NEW & RENO - ROOF 
TYPES & LEGEND  states 2 PLIES OF TYPE IV FELT WITH 1 PLY 
COMPOSITE FELT HOT APPLIED... - please clarify the discrepancy 
A.  Provide roof assembly as described in specifications 
 

10. Q.  What is the approximate date for the start of work? 
A.  Work to commence immediately upon award. Award is expected by Jun 7, 2024 
 

11. Q.  How will be the Noise Barrier fixed to the roof (metal posts, concrete cubes 
etc.)? 
A.  Refer to arch and structural details in this Addendum 

 

 

END OF ADDENDUM #2 



GLENVIEW PUBLIC SCHOOL GYM ADDITION
Project No.: 2314
2024 05 24

07 42 43
COMPOSITE WALL PANELS

Page 1

1 General

1.1 RELATED SECTIONS

.1 Section 04 22 00 - Concrete Unit Masonry.

.2 Section 05 41 50 - Lateral Load Bearing Metal Stud System.

.3 Section 06 16 43 - Gypsum Sheathing.

.4 Section 07 21 00 - Thermal Insulation.

.5 Section 07 21 19.13 - Foamed-in-Place Urethane Insulation.

.6 Section 07 42 13 - Metal Wall Panels.

.7 Section 07 62 00 - Sheet Metal Flashing and Trim.

.8 Section 07 92 00 - Joint Sealants.

1.2 REFERENCES

.1 AAMA 2605-22:  Voluntary Specification, Performance Requirements and Test Procedures for
Superior Performing Organic Coatings on Aluminum Extrusions and Panels (With Coil Coating
Appendix).

.2 ASTM A123/A123M-17:  Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products.

.3 ASTM A153/A153M-23:  Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware.

.4 ASTM B209/B209M-21a:  Standard Specification for Aluminum and Aluminum-Alloy Sheet and
Plate.

.5 ASTM B221M-21:  Standard Specification for Aluminum and Aluminum-Alloy Extruded Bars,
Rods, Wire, Profiles, and Tubes (Metric).

.6 ASTM D1781-98(2021):  Standard Test Method for Climbing Drum Peel for Adhesives.

.7 ASTM E283-19:  Standard Test Method for Determining Rate of Air Leakage Through Exterior
Windows, Curtain Walls and Doors Under Specified Pressure Differences Across The
Specimen.

.8 ASTM E331-00(2016):  Standard Test Method for Water Penetration of Exterior Windows,
Skylights, Doors, and Curtain Walls by Uniform Static Air Pressure Difference.

.9 CSA S136-16:  North American Specification for the Design of Cold-Formed Steel Structural
Members.

.10 CAN/ULC-S102-2018 (REV1):  Standard Method of Test for Surface Burning Characteristics of
Building Materials and Assemblies.

1.3 SHOP DRAWINGS

.1 Submit Shop Drawings as specified in Section 01 33 00.

.2 Shop Drawings:  Project-specific drawings, illustrating:
.1 Large scale details of members and materials, schedule of elevations, trim and closure

pieces, soffits, fascia; detail and location of joints and gaskets, including joints necessary
to accommodate thermal movement;

.2 Large scale details of brackets and anchorage devices and of connection details; 

agarde
Line
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.3 Fully dimensioned layouts for positioning of brackets and anchorage devices to
structures; 

.4 Dimensions and thicknesses; 

.5 Description of materials including catalogue numbers, products and manufacturer's
names; 

.6 Finish specifications; and

.7 Other pertinent data.

.3 Submit documentation of:
.1 Thicknesses, profiles and descriptions of components used in assembly; 
.2 Engineering calculations verifying assembly has been designed, constructed and attached

to withstand forces anticipated for Project and will meet performance criteria required by
applicable regulatory requirements.

.3 Ensure calculations are stamped, signed and dated by fabricator's design engineer.

1.4 SAMPLES

.1 Submit samples as specified in Section 01 33 00.

.2 Selection Samples:  Duplicate 90 x 90 mm size prefinished metal samples, illustrating full
range of available colours.

.3 Verification Samples:  Duplicate 90 x 90 mm size samples for each panel type, illustrating
selected finish, fabrication, and anchorage method.

1.5 QUALIFICATIONS

.1 Fabricator's Design Engineer:  A professional structural engineer experienced in designing
composite wall panel systems, licensed to practice at Place of the Work.

.2 Fabricator and Installer:  A firm specializing in fabricating and erecting composite wall panel
assemblies, having minimum 5 years documented experience.

1.6 MOCK-UPS

.1 Construct mock-ups as specified in Section 01 40 00.

.2 Mock-Up Panel:  A 1 220 x 1 220 mm size mock-up panel, demonstrating panel profiles,
textures, and colours; jointing and gasketing techniques; metal flashings; method of
attachment to substrate; and including wall components such as air/vapour barrier membrane,
through-wall flashing membranes, thermal wall insulation and method of drainage.

.3 Accepted mock-ups will be used as the standard for acceptance of the Work.

.4 Remove and replace installed Product that does not conform to accepted mock-up.

.5 Remove mock-ups from Place of the Work upon Ready-for-Takeover.

1.7 DELIVERY, STORAGE AND HANDLING

.1 Refer to Section 01 60 00.

.2 Deliver and store Products in original wrappings, cartons or containers clearly marked as to
type, colour and manufacturer.

.3 Stack on wood blocking, clear of ground, and tilted sufficiently to ensure no water remains on
material.

.4 Open bundles on underside to allow drainage from leaks or condensation.

1.8 WARRANTY

.1 Submit extended warranty in accordance with General Conditions of the Contract.
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.2 Extended Warranty:  For a period of 20 years, covering failure of factory-applied exterior finish.

2 Products

2.1 MANUFACTURERS

.1 Manufacturers of aluminum composite material having Product considered acceptable for use:
.1 3A Composites USA Inc.
.2 Alcoa Cladding Systems.
.3 Alcotex, Inc.
.4 Alucoil North America.
.5 Architectural Metals North America Corporation.
.6 Mitsubishi Chemical Composites America, Inc.

.2 Substitution Procedures:  Refer to Section 01 25 00.

2.2 DESCRIPTION

.1 Aluminum Composite Panels (ACP):  A dry-joint panel assembly, comprised of panels
fabricated from aluminum composite material, and supported from a panel load transfer grid.

2.3 DESIGN CRITERIA

.1 Design panel assembly to accommodate wind loading, weight carrying requirements and wind
deflection limitation of L/800.  Conform to CSA S136.

.2 Design panel assembly as a drained rain screen.

.3 Design panel assembly to meet MMA Supplementary Standard SB-10, Nonresidential
Category, Climate Zone 5.

.4 Deflection Limits:  Maintain integrity of panels and seals at design loading.  Prevent permanent
deformation of members caused by applied loads.  Prevent deflection that could result in
noise, breaking of adhesives or sealants, to cause them to touch other building components,
or to break the integrity of the insulation thermal blanket or air/vapour barrier seal.

.5 Design anchors, fasteners and braces so as to limit their structural stress to not more than
50 percent of the allowable stress when maximum load conditions are applied.

.6 Panel Removal:  Designed as a non-progressive system, allowing removal of any individual
panel without necessitating removal of adjacent components.

.7 Structural Movement:  Design system to accommodate movement of supporting structural
framing without causing bowing, buckling, delamination, oil canning, excessive stress on
fasteners, or any other detrimental effects.

.8 Thermal Movements:  Design system to accommodate thermal movements from ambient and
surface temperature changes.  Prevent buckling, opening of joints, overstressing of
components, failure of connections and other detrimental effects.  Base calculations on
surface temperatures of materials due to both solar heat gain and nighttime sky heat loss.
.1 Temperature Change:  20 degrees C ambient, and 40 degrees C material surfaces.

2.4 PERFORMANCE CRITERIA

.1 Aluminum Composite Panel Assembly (ACP):  Meeting the following performance criteria:
.1 Air Infiltration (ASTM E283):  < 0.3 L/m2 @ 75 Pa.
.2 Water Penetration (ASTM E331):  No water penetration at a pressure difference of

300 Pa.
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2.5 MATERIALS

.1 Sheet Aluminum:  To ASTM B209/B209M, 3105 alloy, H14 temper; 0.51 mm thick.

.2 Extruded Aluminum:  To ASTM B221M, 6063 alloy, T5 temper.

.3 Bituminous Coating:  Fibrous asphalt emulsion.

.4 Joint Sealant:  Exterior weatherseal sealant, SEAL-EXT as specified in Section 07 92 00.

2.6 COMPONENTS

.1 Aluminum Composite Material (ACM):  Front and rear faces of sheet aluminum, factory
bonded to a fire-rated inorganic (FR) core; and having the following physical properties:
.1 Thickness:  4 mm.
.2 Surface Burning Characteristics (CAN/ULC-S102):

.1 Flame Spread Index = 0.

.2 Smoke Developed Index = 30.
.3 Bond Integrity (ASTM D1781):  No adhesive failure of bond between core and skins.
.4 Finishes:  Monochromatic paint coating.
.5 Product and Manufacturer Name:  eg. Alpolic/fr by Mitsubishi Chemical Composites

America, Inc.

.2 Panel Load Transfer Grid: 1.2 mm thick galvanized steel hat bars, adjustable Z-bars or
combination clip and Z-bar.

.3 Sills:  Matching thickness and finish as panels; complete with reinforced back-up splice plates
at joints and directional changes.

.4 Metal Trim and Flashing:  1.5 mm thick aluminum, finish to match panels.

.5 Fasteners:  Stainless steel; concealed type; as recommended by panel manufacturer.

.6 Thermal Spacers:  Thermal isolation clip capable of supporting vertical and horizontal subgirts;
sizes as indicated on Drawings; ISO Clip by Northern Facade.

2.7 FABRICATION

.1 Shop fabricate Products as far as possible.

.2 Fabricate panels from aluminum composite material to sizes, depths and thicknesses as
indicated on accepted Shop Drawings.

.3 Layout cutting, punching and forming at Shop Drawing stage to avoid cutting at Place of the
Work.

.4 Fabricate system with straight lines, square corners or smooth bends, free from twists or
warps, kinks, dents and other imperfections which may affect the appearance or serviceability
of the installed system.

.5 Fabricate system to have a flush appearance from exterior, with no surface attachments or
other irregularities, and with no reveal other than the module joint width.

.6 Align panels with no lap or reveal other than joint width to permit expansion and contraction.

.7 Use metal of sufficient thickness, configured to adequate detail and sufficiently supported to
provide adequate strength and stiffness to resist distortion of finished surfaces.

.8 Dress exposed edges and ends smooth and free of sharp edges.

.9 Fabricate panels with flanges on all sides, framed with aluminum extrusions.  Include uniformly
radiused corners with factory welded connections.  Grind smooth.
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.10 Accommodate panel drainage at base of each panel.

.11 Coordinate and Provide openings for protrusions required by other Sections.  Reinforce
openings greater than 300 mm square.

.12 Panel lines, breaks, and angles to be sharp, true, and surfaces free from warp or buckle.

2.8 FABRICATION TOLERANCES

.1 Panel Flatness:  Maximum deviation in any direction of 0.2 percent.

.2 Panel Bow Tolerance:  Maximum 0.8 percent of panel dimension in width and length.

2.9 FINISHES

.1 Monochromatic Paint Coating on Aluminum:  To AAMA 2605; two-coat thermosetting
fluoropolymer PVDF liquid extrusion and coil coating, factory-applied to 0.03 mm dry film
thickness; eg. Alpolic Stock Colours by Mitsubishi Chemical Composites America, Inc., CNC
Charcoal colour.

.2 Galvanized Coating on Steel Components:  To ASTM A123/A123M, Coating Grade 55; hot
dipped zinc alloy coating.

.3 Galvanized Coating on Steel Hardware:  To ASTM A153/A153M, Classes B3, C or D; hot
dipped zinc alloy coating.

3 Execution

3.1 EXAMINATION

.1 Refer to Section 01 71 00.

.2 Verify substrates are plumb within 1:1000 of overall height, and are plus or minus 3 mm within
designed location.

3.2 PREPARATION

.1 Maintain uniform temperature in work area, adequate for work being performed, as
recommended by manufacturer.

.2 Securely install thermal spacers to substrate at spacing indicated on accepted Shop Drawings.

.3 Secure panel load transfer grid to thermal spacers.

.4 Construct panel load transfer grid using interlocking clips as indicated on accepted Shop
Drawings.  Transmit design loads to structural supports.

3.3 INSTALLATION

.1 Install Product plumb, true, level and in alignment, to established lines and elevations.

.2 Securely anchor panels onto panel load transfer grid with concealed mechanical fasteners,
clips and perimeter framing extrusions.

.3 Completed installation to be free of distortion and surface imperfections, uniform in colour and
gloss.

.4 Isolate dissimilar metals with a bituminous coating to prevent electrolytic action.

.5 Install flashings to divert moisture to exterior.

.6 Provide proper weatherproof seals at all perimeter junctions.  Seal joints as specified in
Section 07 92 00.
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3.4 TOLERANCES

.1 Maximum Deviation from Vertical and Horizontal Alignment:  6 mm in 6 000 mm.

.2 Maximum Deviation from Panel Flatness:  3 mm in 1 500 mm panel in any direction for
assembled units (non-accumulative).

3.5 ADJUSTING

.1 Touch up marks or abrasions as work proceeds.  

.2 Discard dented panels.

.3 Defective Products or workmanship, whenever found at any time prior to final acceptance of
the Work will be rejected regardless of previous acceptance.

3.6 CLEANING

.1 Refer to Section 01 74 00.

.2 Clean panels free of grime and dirt.

3.7 PROTECTION

.1 Refer to Section 01 76 00.

.2 Protect completed installation from damage.

.3 Make Good damage.

END OF SECTION
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MW
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REF.
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MW
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13
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134

133

PW2
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PW3

F1

R1

XXXX

EW1

EW1a

190mm CONCRETE BLOCK

240mm CONCRETE BLOCK

140mm CONCRETE BLOCK
             

ABBREVIATIONS INTERIOR PARTITION WALL TYPES

FLOOR TYPES

FLOOR TYPE 1
FLOOR FINISH AS PER ROOM FINISH SCHEDULE
CONCRETE SLAB - THICKNESS AS PER STRUCTURAL
BELOW-SLAB VAPOUR RETARDER
AGGREGATE BASE COURSE

ROOF TYPES & LEGEND

INDICATES ROOF ELEVATION U/S OF THE
STEEL DECK OR TOP OF PRECAST ROOF SLAB

ROOF DECK AND STRUCTURE
TO SLOPE TOWARDS DRAINSLOPED

STRUCTURE

TP  XXXX TOP OF MASONRY PARAPET

SLOPED INSULATION  - MIN. 1%

INDICATES DIRECTION OF SLOPE

SCU
SCUPPER TO BE THROUGH WALL AS INDICATED
ON DETAIL THE UNDERSIDE OF THE SCUPPER
PIPE TO BE MAX.150mm ABOVE ROOF DRAIN

RD ROOF DRAIN - REF MECH. DWGS

VENT THROUGH ROOFVTR

90mm BRICK (TYPE 1)
25mm AIR SPACE
75mm SPRAY-ON INSULATION (INS-FIP-1)
AIR/VAPOUR BARRIER (ONLY AS SHOWN ON DETAILS)
190mm CONCRETE BLOCK (CMU)

90mm BRICK (TYPE 1)
25mm AIR SPACE
75mm SPRAY-ON INSULATION (INS-FIP-1)
AIR/VAPOUR BARRIER (ONLY AS SHOWN ON DETAILS)
240 CONCRETE BLOCK (CMU)

EXTERIOR WALL TYPES

NOTE:
FIRE STOP & SMOKE SEAL @ ROOF DECK AND PENETRATIONS AT ALL FIRE RATED WALLS

ACL             -  ACTIVE LEAF

ACT -  ACOUSTIC CEILING TILE

AFF -  ABOVE FINISH FLOOR

CET -  CERAMIC TILE

CJ -  CONTROL JOINT

CMB -  CEMENT BOARD

CMU -  CONCRETE MASONRY UNIT

CONT -  CONTINUOUS

CP -  CONTROL PANEL, REF. MECH/ELEC

C/S -  SEALED CONCRETE

CHU -  SEMI RECESSED UNIT HEATER

CWP -  CONCRETE WALL PAINTED

C/W -  COMPLETE WITH

E.J. -  EXPANSION JOINT

EEW -  EMERGENCY EYE WASH STATION.

SEE MECH DWGS

EX/EXST. -  EXISTING

EXP -  EXPOSED

FD                -  FLOOR DRAIN. SEE MECH DWGS

FE -  WALL MOUNTED FIRE

EXTINGUISHER, SEE MECH. DWGS

FEC -  FIRE EXTINGUISHER CABINET.

   FULLY RECESSED

FRR -  FIRE RESISTANT RATING

FS -  FROST SLAB

GB -  GYPSUM BOARD

GB-AR -  ABUSE RESISTANT GYPSUM BOARD

GL -  GLAZING

GWB -  GYPSUM WALL BOARD

HM -  HOLLOW METAL

HP -  HARDWOOD PLYWOOD

HP-MR -  HARDWOOD PLYWOOD - MOISTURE

RESISTANT

MB -  MARKER BOARD

MIR -  MIRROR

MIRR -  MIRRORED

MS -  METAL SHELVING

NIC -  NOT IN CONTRACT

NTS -  NOT TO SCALE

PB -  PUSH BUTTON MOUNTED IN

MASONRY

PFT -  PORCELAIN FLOOR TILE

PT.PLY -  PRESSURE TREATED PLYWOOD

PTD -  PAPER TOWEL DISPENSER

RD -  ROOF DRAIN

SD -  SOAP DISPENSER

SIM -  SIMILAR

SS/ST. STL  -  STAINLESS STEEL

TB -  TACK BOARD

TPD -  TOILET PAPER DISPENSER

TGL -  TEMPERED GLASS

UNO -  UNLESS OTHERWISE NOTED

U/S -  UNDERSIDE

VCT -  VINYL COMPOSITE TILE

W/ -  WITH

WT -  WEEPER TILE DRAINAGE SYSTEM

(COORD. W/ MECH. FOR CONNECTION

TO STORM SYSTEM)

REFER TO DWG. A102 FOR
INDICATION OF FIRE SEPARATIONS ON
FLOOR PLANS

FIRE RATING LEGEND

PROVIDE WINDOW COVERING FOR ALL
EXTERIOR GLAZING. PROVIDE 19mm PLYWOOD
AT U/S OF BEAM FOR WINDOW COVERING
INSTALLATION WHERE NECESSARY. PROVIDE
MOTORIZED SHADES AT EXTERIOR WINDOWS IN
ROOM 139. REFER TO CASH ALLOWANCE.

WINDOW / SHADES LEGEND

STEEL COLUMN LOCATIONS

AS INDICATED ON DRAWINGS

ALL STEEL COLUMNS EXCEPT :
1. COLUMNS IDENTIFIED IN ROW 1  IN THIS TABLE
2. COLUMNS IDENTIFIED AS HAVING GB-FR ENCLOSURE
    W/ 1 HR FRR

PROTECTION / COATING

INTUMESCENT COATING*

1 HR FRR CMU ENCLOSURE
AROUND COLUMN (90MM CMU
WHERE USED TO BE FILLED
SOLID - TYP)

1

2

STEEL  BEAM  SCHEDULE  :  TYPE  OF  COATING  &  FIRE  PROTECTION

OTHERWISE NOTED, ALL STEEL BEAMS SUPPORTING SECOND FLOOR STRUCTURE IN FIRE
RATED WALL TO BE SPRAYED WITH FIRE RESISTIVE MATERIAL (CAFCO DC/F) FOR A
1 HR FRR AND COMPLY WITH ULC DESIGN ULJ957 (UNRESTRAINED). SPRAY FIREPROOFING
TO EXTEND 300MM ALONG U/S OF PRECAST CONC. SLAB BEYOND EDGE OF FLANGE
OF BEAM (BOTH SIDES) - TYP. REF SPEC SECTION 07 81 00.

* INTUMESCENT COATING SYSTEM TO YIELD A 1 HR FRR AND COMPLY WITH UL BXUV.X630 AND
CDW27.R11193. PROVIDE PRIMER 'CARBOGAURD 888' (MIN 5 MIL.) ; SECOND COAT NULLIFIRE
S605 (MIN 127 MIL.); FINISH COAT CARBOGAURD 1340 (MIN 2 MIL.). REF SPEC SECTION 09967

1.

STEEL COLUMNS SCHEDULE : TYPE OF COATING & FIRE PROTECTION

FIRE PROTECTION LEGEND

BUILT-UP BITUMINOUS ROOFING (SECTION 07 51 00)
GRAVEL SURFACE FINISH (HOT APPLIED FLOOD COAT)
4-PLY TYPE IV FELT WITH 1-PLY COMPOSITE FELT WITH
HOT APPLIED INTER-PLY ADHESIVE
13mm COVER BOARD
TAPERED INSULATION (INS-RB-3) WHERE REQUIRED
100mm / 2 LAYERS (MIN.) ROOF INSULATION (INS-RB-3)
VAPOUR RETARDER
13mm UNDERLAY BOARD
METAL DECK
STEEL ROOF STRUCTURE - SLOPE ACCORDING TO ROOF PLAN

22mm MWP-1 HORIZONTAL
25mm Z-GIRT
75mm THERMAL SPACERS
w/ 75mm SPRAY FOAM INS-FIP-1
240 CONCRETE BLOCK (CMU)

EW2

PW4

15.9mm GYPSUM BOARD (GB-AR)

92mm METAL STUDS @ 400 O.C.
89mm ACOUSTICAL INSULATION

PW5 15.9mm GYPSUM BOARD (GB-AR)
41mm FURRING CHANNEL  @ 400 O.C.
EXISTING BLOCK WALL

(HP)

(LP) INDICATES ROOF LOW POINT

INDICATES ROOF HIGH POINT

PW2a

PW1a 190mm CONCRETE BLOCK-2HR RATED (FIREWALL/SEPARATION)

240mm CONCRETE BLOCK-2HR RATED (FIREWALL)

HEIGHT OF WALL - UPTO 200MM ABOVE CEILING

FLOOR PLAN NOTES
1. ALL INTERIOR PARTITION WALLS TO BE

EXTENDED UP TO UNDERSIDE OF ROOF
DECK ABOVE UNLESS NOTED OTHERWISE.
NON LOAD BEARING WALLS TO STOP 25mm
BELOW THE UNDERSIDE OF UNDERSIDE OF
ROOF DECK.  PROVIDE CONTINUOUS
SOUND SEALS AT TOP.  (ULC) LISTED FIRE
STOP & SMOKE SEAL @ U/S OF ROOF DECK
AND PENETRATIONS PERIMETER REQUIRED
AT ALL RATED WALLS.

2. PROVIDE BULLNOSE CMU WHERE OUTSIDE
CORNERS ARE EXPOSED - TYPICAL. FIRST
COURSE ABOVE FINISHED FLOOR NOT TO
HAVE BULLNOSE, TO ALLOW CLEAN
INSTALLATION OF BASE MATERIAL. CMU
COURSE AT CEILINGS NOT TO HAVE
BULLNOSE EDGE. THIS IS TO PROVIDE
CLEAN CONNECTION WITH CEILING
MATERIALS.

3. ALL DIMENSIONS ON FLOOR PLANS ARE
SHOWN AS MASONRY OPENINGS. (ROUGH
OPENINGS)

4. ALL STEEL LINTELS/ BEAMS IN EXTERIOR
WALLS TO BE  GALVANIZED- SEE
SPECIFICATIONS.

5. WALLS ABOVE OPENINGS TO BE MASONRY
U.N.O. (LINTELS REFER TO STRUCTURAL
DRAWINGS)

6. PROVIDE 100mm SOLID CMU CHASE
AROUND ALL PIPE AND  DUCT DROPS AS
REQUIRED. CO-ORDINATE  WITH MECH.
DWGS.

9.  MASONRY CONTROL JOINTS:
a) EXTERIOR VENEER - REFER TO BUILDING

ELEVATIONS.
b) EXTERIOR CORE - REFER TO STRUCTURAL

DWGS.
c) INTERIOR  LOAD-BEARING WALLS -

PROVIDE CONTROL JOINTS  ON BOTH
SIDES OF OPENINGS TYP. REFER TO
STRUCTURAL FOR ADDITIONAL JOINTS.

d) INTERIOR NON LOAD-BEARING WALLS -
PROVIDE CONTROL JOINTS  ON BOTH
SIDES OF OPENINGS TYP. SPACING NOT
TO EXCEED 5m.

10. PROVIDE NEW MANUAL WINDOW SHADES
a) AT WINDOWS 'WIN2' IN GYM 139.
b) PROVIDE WOOD BLOCKING @ WINDOW

HEADS FOR SHADE INSTALLATION.
12. CONTRACTOR TO VERIFY EXISTING
BUILDING DIMENSIONS AND MODIFY NEW
CONSTRUCTION TO SUIT.
13. GRIND DOWN OR RAISE EXISTING FLOOR
SUBSTRATE TO PROVIDE POSITIVE DRAINAGE
TO NEW OR
      EXISTING FLOOR DRAIN.
14. USE SELF LEVELING COMPOUND IF
REQUIRED UPON REMOVAL OF EXISTING
FLOORING TO SUITE NEW
      FLOOR INSTALLATION.
15. APPLIANCES NOTED AS NIC TO BE
SUPPLIED BY CLIENT AND INSTALLED BY THE
CONTRACTOR.

3
RENOVATION NOTES

NEW FLOOR FINISH AND BASE. TERMINATE FLOORING
UNDER CENTERLINE OF DIVIDING DOORS UNLESS
OTHERWISE NOTED OR SHOWN.
NEW CEILING. REFER TO A301 FOR TYPE AND DETAILS OF
CEILINGS. PATCH AND MAKE GOOD EXISTING PLASTER/
GYPSUM BOARD SUBSTRATE ABOVE & ENSURE EXISTING
FIRE RATING IS MAINTAINED.

PATCH AND MAKE GOOD CONC. SLAB TO RECEIVE NEW
FLOOR FINISH AFTER MECH. CONNECTIONS  COMPLETED.
REFER TO MECH. DWGS FOR EXTENT OF WORK
AFFECTING EX. CONC. SLAB  (TYP.)

PAINT ALL WALLS COMPLETE. PATCH AND MAKE GOOD ALL
BLOCK AS REQ'D PRIOR TO PAINTING (REMOVED CEILING
TRACK, MILLWORK ETC).

PATCH AND MAKE GOOD ALL WALLS, CORRIDOR FLOORS,
CEILINGS AND WALL BASE DISTURBED BY DEMOLITION
AND CONSTRUCTION THROUGHOUT (TYP). REFER TO
MASONRY BLOCK EDGE DETAIL A/A901.

INSTALL OWNER'S APPLIANCES IN COMPLIANCE W/
MANUFACTURER'S INSTRUCTIONS. REFER TO MECH. &
ELEC.

INFILL WITH NEW CMU BLOCK WITH THICKNESS TO MATCH
EXISTING ADJACENT.
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A603
1 SECTION DETAIL - COUNTER SHUTTER @ SERVERY

1:10A603
2 GARBAGE ENCLOSURE DETAIL

1:25A603
3 LIMESTONE SCREENINGS DETAIL

NTS

A603
5 ENLARGED PLAN - CANOPY AT VEST. V1

1:20

A603
10 PLAN DETAIL - COLUMN AT CANOPY CORNER

1:10A603
11 PLAN DETAIL - COLUMN AT CANOPY AND ADDITION

1:10

A603
4 DETAIL @ BASE OF NOISE BARRIER SCREEN COLUMNS

NTS

A603
14 SECTION DETAIL - TYPICAL ACP SOFFIT 

1:10

A603
12 PLAN DETAIL - COLUMN AT CANOPY CORNER, ABOVE SOFFIT

1:10A603
13 PLAN DETAIL - COLUMN AT CANOPY AND ADDITION, ABOVE SOFFIT

1:10

A603
6 SOUTH ELEVATION

1:20

DEMOLITION NOTES:

1. REMOVE PLYWOOD COVERING AROUND TWO EXISTING COLUMNS. RETAIN THE
EXISTING COLUMNS.

2. RETAIN THE EXISTING ARCHED BEAMS BETWEEN THE EXISTING COLUMNS /
BETWEEN THE BUILDING AND COLUMNS.

3. REMOVE AND STORE EXISTING "GLENVIEW PUBLIC SCHOOL" SIGN ABOVE
EXISTING DOUBLE DOORS. REINSTALL AT LOCATION TO BE DETERMINED LATER.

4. REMOVE EXISTING LIGHT FIXTURE @ SOFFIT AND REINSTALL AT NEW DAFS
CEILING

A603
7 EAST ELEVATION

1:20A603
8 SECTION THROUGH ADDITION AND EXISTING CANOPY

1:20

A603
9 PHOTO OF EXISTING CANOPY 

N.T.S.

SHIFT TELECOM BOX TO ALLOW
FOR CONSTRUCTION OF
ADDITION WALL AND ALUMINUM
COMPOSITE PANELS

REMOVE, STORE, AND
RELOCATE EXISTING SIGNS

AutoCAD SHX Text
VESTIBULE



 

 

Kalos Engineering Inc.  
300 York Boulevard, Hamilton Ontario L8R 3K6 
 Tel.: (905) 333-9119, E-mail: info@kaloseng.ca 

 
Glenview Public School 
143 Townsend Avenue 

Burlington, ON 
 

Structural Addendum No. 1 
 

May 23, 2024 
 

 
The following amendments/clarifications to the Tender Documents are considered to form 
part of this Tender.   
 
No consideration will be given for extras and/or changes due to the Bidder not being familiar 
with the contents of this Addendum. 
 
The following Addendum has been issued to make clarifications, revisions, additions and/or 
deletions to the various areas of the Request for Tender. 
 
This addendum shall be incorporated in the specifications and drawings and shall form part 
of the contract documents: 
              
 
1. AMENDMENTS TO DOCUMENTS: 
 

A. Drawing S1.1 
a. Remove and replace existing concrete slab on grade to suit new plumbing 

connection in existing corridor adjacent to Staff Room. Refer to slab on grade 
repair detail on SK-S1. 
 

B. Drawing S1.2: 
a. Provide engineered shoring for the existing wall removals along GL E. 
b. Provide engineering shoring for the demolition of the existing structure at the 

Corridor/Kitchen/Washroom adjacent to the Staff Room. Neatly sawcut and 
isolate the structure to be demolished from the existing structure to remain. 
The structure to be demolished shall be full removed including foundations. 

c. Revise girt to support curtain wall along GL A between 1 & 6 from W200x27 
to W200x150x7.9. 

d. Revise the three S.L.’s, one along GL 1 between A & B, one along GL A between 
1 & 6 and one along 6 between A & B to S.L. 1. Refer to SK-S1. 

e. Provide additional 2-20M full height grouted solid along GL A between 1 & 6 
adjacent to each high window opening.   
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Kalos Engineering Inc.  
300 York Boulevard, Hamilton Ontario L8R 3K6 
 Tel.: (905) 333-9119, E-mail: info@kaloseng.ca 

f. Provide minimum 400 concrete block reinforced with 2-20M grouted solid 
adjacent to door 139B and 139A.  

g. OWSJ supplier to coordinate duct locations with web members to 
accommodate the duct within the depth of the joist.  

h. Provide typical framing for RTU support and all opening in roof deck per the 
Typical Roof Top HVAC Unit Framing detail on S1.2. 

i. Provide supplemental structure to support roof screen. Provide additional 
W310x39 to support roof screen. Extend bearing on 3 – W310x39 to exterior 
face of wall complete with 400x175x19 bearing plate with 19 diameter x 600 
long bolts. Provide C150x12 blocking between W310x39 at post locations. 
Provide 5 stub posts HSS152x152x6.4 complete with 325x325x19 cap plate 
(coordinate hole pattern with roof screen supplier) welded to top of W310x39. 
Provide 2-12x125 stiffeners in W310 at post locations. Provide engineered 
roof screen system complete with shop drawings to mount to stub columns.  

 
 
2. ATTACHMENTS TO THIS DOCUMENT: 

- Drawings SK-S1 
 
Sincerely,  
 
 
 
 Per:   JP Campana, P. Eng. 
  Kalos Engineering Inc. 
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	20 02 21-22336 Mechanical Supplemental Tender Form
	Part 1 General
	1.1 INSTRUCTIONS TO BIDDERS
	.1 The Mechanical Supplemental Tender Form must be submitted to the architect and consultant (admin@deiassociates.ca) within 2 hours of tender closing. Mechanical contractors shall identify all sub-contractors he/she intends to use and must complete all information requested. The requisite information shall be given at the office of the Consultant. Contractor shall sign and date this page and initial and date each page thereafter.
	.2 Should the Mechanical Supplemental Form not be submitted then the contractor shall use Base Bid manufacturers as listed.
	.3 CONTRACTOR
	.4 The Stipulated Bid Sum shall be for the base bid manufacturer or supplier equipment only, unless otherwise indicated. Where a choice of this equipment is given, this Contractor shall indicate the supplier or manufacturer he intends to use. Where no choice is indicated, the base bid supplier or equipment shall be used.
	.5 Equipment or materials manufactured by firms named in the following listing only shall be deemed equal to the equipment or material specified, provided the equipment or material will have capacity, performance, rating, construction, physical dimensions, accessories, and features which, in the opinion of the Consultant, are equal to those of the specified equipment or material. The Mechanical Contractor shall not indicate equipment, materials or suppliers which are not listed. If this is done, the base bid supplier shall be used.
	.6 Where modifications to the work of other trades are required as a result or part of the alternative offered, include the cost of said modifications in the work.
	.7 Submit the following list of Base Bid and alternative suppliers in accordance with the bid requirements:

	1.2 LABOUR RATES
	.1 The following labour rates shall apply for calculating the cost of credit or extras on Change Notices. The rates shall include any employee benefits. The labour rates do not include overhead and profit.

	1.3 UNIT PRICES
	1.4 MECHANICAL TENDER PRICE (EXCLUDING HST)
	.1 Having carefully examined all Drawings and Specifications and the Addenda to the Drawings and Specifications, and having carefully examined the sites and all conditions affecting the work, we, the undersigned thereby offer to provide all plant, labour, materials and incidentals required to complete the work of all trades for: All the work specified for herein for



	20 02 51-22336 Mechanical Contract Requirements
	Part 1 General
	1.1 GENERAL PROVISIONS
	.1 This section covers items common to all sections of Mechanical Division.
	.2 Conform to Division 1 General Conditions.
	.3 Furnish labour, materials, and equipment necessary for completion of work as described in contract documents.
	.4 Unless specifically indicated, all materials and equipment provided under this contract shall be new and shall be manufactured in the project year.

	1.2 INTENT
	.1 Mention herein or indication on Drawings of articles, materials, operations or methods requires: supply of each item mentioned or indicated, of quality, or subject to qualifications noted; installation according to conditions stated: and, performance of each operation prescribed with furnishing of necessary labour, equipment, and incidentals for mechanical work.
	.2 Where used, words “Section” and “Division” shall also include other Subcontractors engaged on site to perform work to make building and site complete in all respects.
	.3 Where used, word “supply” shall mean furnishing to site in location required or directed complete with accessory parts.
	.4 Where used, word “install” shall mean secured in place and connected up for operation as noted or directed.
	.5 Where used, word “provide” shall mean supply and install as each is described above.

	1.3 TENDERS & BONDING
	.1 Complete Supplemental Tender Form including list of equipment and materials to be used on this project and forming part of tender documents.
	.2 Submit Supplemental Tender Form as noted.
	.3 Submit tender based on specified described equipment or Alternates listed.
	.4 State in Tender, names of all Subcontractors proposed for work under this Division.

	1.4 REGULATIONS, PERMITS AND FEES
	.1 All materials and quality of work shall meet all current and latest Provincial, Municipal and Fire Marshall requirements, regulations, codes and by-laws in force in the area of the project.
	.2 Each contractor shall give all necessary notices, obtain all necessary permits, and pay all fees in order that the work shown or specified may be carried out. Each contractor shall furnish any certificates necessary as evidence that the work installed conforms with the laws and regulations of all authorities having jurisdiction.
	.3 In the event that changes or alterations are required on completed work by authorized inspectors, these changes shall be made at the contractor’s expense.
	.4 Special equipment which does not have a standard CSA label shall be inspected by the local electrical authority having jurisdiction and the Approval Certificate shall be submitted to the Consultant as soon as possible. All costs and fees for inspections shall be borne by this contractor.
	.5 Submit a copy of all final certificates in the maintenance manuals.

	1.5 DRAWINGS
	.1 Mechanical Drawings do not show structural and related details. Take information involving accurate measurement of building from building drawings, or at building. Make, without additional charge, any necessary changes or additions to runs of piping, conduits and ducts to accommodate structural conditions. Location of pipes, ducts, conduits and other equipment may be altered by Consultant without extra charge provided change is made before installation and does not necessitate major additional material.
	.2 As work progresses and before installing piping, ductwork, heating units, registers, diffusers, fixtures and any other fittings and equipment which may interfere with interior treatment and use of building, provide detail drawings or obtain directions for exact location of such equipment and fitments.
	.3 Mechanical Drawings indicate general location and route of pipes, ducts and conduits which are to be installed. Where required work is not shown or only shown diagrammatically, install same at maximum height in space to conserve head room (minimum 2200 mm (88") clear) and interfere as little as possible with free use of space through which they can pass. Follow building lines, conceal piping, conduits and ducts in furred spaces, ceilings and walls unless specifically shown otherwise. Install work close to structure so furring will be small as practical.
	.4 Install piping and ductwork to clear structural members and any fireproofing. Locate mechanical work to permit installation of specified insulation. Do not remove or damage structural fireproofing. Leave space to permit fireproofing and insulation to be inspected and repaired.
	.5 Before commencing work, check and verify all sizes, locations, grade and invert elevations, levels and dimensions to ensure proper and correct installation. Verify existing/municipal services.
	.6 Locate all mechanical and electrical equipment in such a manner as to facilitate easy and safe access to and maintenance and replacement of any part.
	.7 In every place where there is indicated space reserved for future or other equipment, leave such space clear, and install piping and other work so that necessary installation and connections can be made for any such apparatus. Obtain instructions whenever necessary for this purpose.
	.8 Relocate equipment and/or material installed but not coordinated with work of other Sections and/or installed incorrectly as directed, without extra charge.
	.9 Where drawings are done in metric and product not available in metric, the corresponding imperial trade size shall be utilized.

	1.6 INTERFERENCE AND COORDINATION DRAWINGS
	.1 Prepare interference and equipment placing drawings to ensure that all components will be properly accommodated within the constructed spaces provided.
	.2 Prepare drawings to indicate coordination and methods of installation of a system with other systems where their relationship is critical. Ensure that all details of equipment apparatus, and connections are coordinated.
	.3 Ensure that clearances required by jurisdictional authorities and clearances for proper maintenance are indicated on drawings.
	.4 Upon consultant’s request submit copies of interference drawings to consultant.
	.5 Due to the nature of the building and the complexity of the building systems provide the following:
	.6 Provide CAD drawings (minimum release AutoCAD 2007) in addition to hard copies.

	1.7 QUALITY ASSURANCE
	.1 Perform work in accordance with applicable provisions of local Plumbing Code, Gas Ordinances, and adoptions thereof for all mechanical systems. Provide materials and labor necessary to comply with rules, regulations, and ordinances.
	.2 In case of differences between building codes, provincial laws, local ordinances, utility company regulations, and Contract Documents, the most stringent shall govern. Promptly notify Consultant in writing of such differences.

	1.8 ALTERNATES AND SUBSTITUTIONS
	.1 Throughout Mechanical Division are lists of “Alternate Equipment” manufacturers acceptable to Consultant if their product meets characteristics of specified described equipment. Submitted Bids shall be based on the supply of named articles and or products as specified in the Bid Documents.
	.2 Each bidder may elect to use “Alternate Equipment” from lists of Alternates where listed.  Include for any additional costs including all costs for revisions to electrical contract to suit Alternate used.  Prices are not required in Tender for Alternates listed except where specifically noted as “Separate Price”.  Complete the Supplementary Tender Form.
	.3 When two or more suppliers/manufacturers are named in the Bid Documents, only one supplier/manufacturer of the products named will be acceptable; however, it is the responsibility of this Division to ensure “Alternate Equipment” fits space allocated and gives performance specified.  If an “Alternate Equipment” nor “equal” specified product unit is proposed and does not fit space allotted in Consultant’s opinion, supply of specified described equipment will be required without change in Contract amount.  Should electrical characteristics for “alternate” or “equal” equipment differ from equipment specified it shall be the responsibility of the equipment manufacturer to pay all costs associated with the revisions to the electrical contract.  Only manufacturers listed will be accepted for their product listing.  All other manufacturers shall be quoted as substitution stating conditions and credit amount.
	.4 If item of material specified is unobtainable, state in Tender proposed substitute and amount added or deducted for its use.  Extra monies will not be paid for substitutions after Contract has been awarded.
	.5 If pipe or item, of size or weight indicated, is unobtainable, supply next larger size or heavier weight without additional charge.

	1.9 EXAMINATION
	.1 Site Inspection
	.2 Drawings:
	.3 Ensure that items to be furnished fit space available. Make necessary field measurements to ascertain space requirements including those for connections and furnish and install equipment of size and shape so final installation shall suit true intent and meaning of Contract Documents. If approval is received by Addendum or Change Order to use other than originally specified items, be responsible for specified capacities and for ensuring that items to be furnished will fit space available.

	1.10 SEQUENCING SCHEDULING AND COORDINATION
	.1 It is understood that while Drawings are to be followed as closely as circumstances permit, this Division will be held responsible for installation of systems according to the true intent and meaning of Contract Documents.  Anything not clear or in conflict will be explained by making application to Consultant.  Should conditions arise where certain changes would be advisable, secure Consultant's approval of these changes before proceeding with work.
	.2 Coordinate work of various trades in installing interrelated work. Before installation of mechanical items, make proper provision to avoid interferences in a manner approved by Consultant.  Each Contractor shall refer to all sections of the specification for their responsibilities with other trades. Changes required in work specified in Mechanical Division caused by neglect to do so shall be made at no cost to Owner.
	.3 Arrange pipes, ducts, and equipment to permit ready access to valves, unions, traps, starters, motors, control components, and to clear openings of doors and access panels.
	.4 Furnish and install inserts and supports required by Mechanical Division unless otherwise noted.  Furnish sleeves, inserts, supports, and equipment that are an integral part of other Divisions of the Work to Sections involved in sufficient time to be built into construction as the Work proceeds.  Locate these items and see that they are properly installed.  Expense resulting from improper location or installation of items above shall be borne by Mechanical Division.
	.5 Be responsible for required excavation, backfilling, cutting, and patching incident to work of this Division and make required repairs afterwards to satisfaction of Consultant. Cut carefully to minimize necessity for repairs to existing work.  Do not cut beams, columns, or trusses.
	.6 Adjust locations of pipes, ducts, equipment, fixtures, etc, to accommodate work from interferences anticipated and encountered.  Determine exact route and location of each pipe and duct prior to fabrication.
	.7 Slots and openings through floors, walls, ceilings, and roofs shall be provided by this contractor but performed by a trade specializing in this type of work.  This Division shall see that they are properly located and do any cutting and patching caused by its neglect to do so.

	1.11 CONTRACT BREAKDOWN
	.1 Provide breakdown of contract exclusive of HST to acceptance of consultants prior to first draw submission.
	.2 Provide labour and material cost for each item.
	.3 Breakdown shall indicate total contract amount.
	.4 Contract breakdown shall be as follows as a minimum.
	.5 Progress claims, when submitted are to be itemized against each item of the contract breakdown, this shall be done in table form showing contract amount, work complete to date, previous draw, amount this draw and balance.

	1.12 COMMISSIONING CONTRACT BREAKDOWN
	.1 This contractor shall work with the HVAC system commissioning contractor as specified elsewhere. The following commissioning breakdown shall be indicated on the contract breakdown draw.

	1.13 SHOP DRAWINGS AND PRODUCT DATA
	.1 Furnish complete catalog data for manufactured items of equipment to be used in the Work to Consultant for review within 30 days after award of Contract.
	.2 Provide a complete list of shop drawings to be submitted prior to first submission.
	.3 Before submitting to the Consultant, review all shop drawings to verify that the products illustrated therein conform to the Contract Documents. By this review, the Contractor agrees that it has determined and verified all field dimensions, field construction criteria, materials, catalogue numbers, and similar data and that it has checked and coordinated each shop drawing with the requirements of the work and of the Contract Documents. The Contractor’s review of each shop drawings shall be indicated by stamp, date and signature of a qualified and responsible person possessing by the appropriate authorization.
	.4 If material or equipment is not as specified or submittal is not complete, it will be rejected by Consultant.
	.5 Additional shop drawings required by the contractor for maintenance manuals, site copies etc., shall be photocopies of the “reviewed” shop drawings. All costs to provide additional copies of shop drawings shall be borne by the contractor.
	.6 Catalog data or shop drawings for equipment, which are noted as being reviewed by Consultant or his Engineer shall not supersede Contract Documents.
	.7 Review comments of Consultant shall not relieve this Division from responsibility for deviations from Contract Documents unless Consultant's attention has been called to such deviations in writing at time of submission, nor shall they relieve this Division from responsibility for errors in items submitted.
	.8 Check work described by catalog data with Contract Documents for deviations and errors.
	.9 Shop drawings and product data shall show:
	.10 Shop drawings and product data shall be accompanied by:
	.11 State sizes, capacities, brand names, motor HP, accessories, materials, gauges, dimensions, and other pertinent information. List on catalog covers page numbers of submitted items. Underline applicable data.
	.12 Shop drawings shall be submitted electronically as per the following directions:

	1.14 OPERATION AND MAINTENANCE MANUAL
	.1 Provide operation and maintenance data for incorporation into manual as in submittals’ requirements.
	.2 Operation and maintenance manual to be approved by, and final copies deposited with, Consultant before final inspection.
	.3 Operation data to include:
	.4 Maintenance data shall include:
	.5 Performance data to include:
	.6 Miscellaneous data to include:
	.7 Approvals:
	.8 Additional data:

	1.15 AS-BUILT DRAWINGS
	.1 Site records:
	.2 As-Built drawings:

	1.16 WARRANTIES
	.1 In addition to guarantee specified in General Conditions, guarantee heating, cooling, and plumbing systems to be free from noise in operation that may develop from failure to construct system in accordance with Contract Documents.
	.2 Provide certificates of warranty for each piece of equipment made out in favor of Owner.  Clearly record "start-up" date of each piece of equipment on certificate.  Include certificates as part of Operation & Maintenance Manual.
	.3 If mechanical sub-contractor with offices located more than 80 km (50 miles) from Project site is used, provide service/warranty work agreement for warranty period with local mechanical sub-contractor approved by Consultant.  Include copy of service/warranty agreement in warranty section of Operation & Maintenance Manual.
	.4 Warranty period shall start from date of substantial completion.

	1.17 SUBSTANTIAL PERFORMANCE
	.1 Complete the following to the satisfaction of the consultant prior to request for submission of substantial performance.

	1.18 OCCUPANCY REQUIREMENTS
	.1 The contractor shall provide the following documentation to the consultant prior to receiving occupancy. Failure to provide the proper documentation will result in the occupancy not being granted. List of required documentation:

	1.19 REVISION TO CONTRACT
	.1 Provide the following:

	1.20 DELIVERY, STORAGE, AND HANDLING
	.1 Follow Manufacturer's directions in delivery, storage, and protection, of equipment and materials.
	.2 Deliver equipment and material to site and tightly cover and protect against dirt, water, and chemical or mechanical injury but have readily accessible for inspection.  Store items subject to moisture damage (such as controls) in dry, heated space.

	1.21 PHASING OF WORK
	.1 This work for this project shall be constructed in phases. Refer to the architectural drawings for phasing information and details. Misinterpretation of the drawings with respect to the extent of the phasing of the work shall not relieve the contractor of the work required to complete the entire contract.
	.2 Provide all necessary services or temporary services to suit phasing of construction with respect to all mechanical services and fire protection.
	.3 Life safety systems in the building are to remain fully operational in occupied areas for building staff and occupants during renovations.
	.4 Provide all necessary tests and certificates at completion of each phase to suit requirements of local authorities and consultants for occupancy of completed areas.

	1.22 TSSA INSPECTION
	.1 Prior to final completion of the project, this contractor shall make application, arrange, and pay for a TSSA inspection of all piping systems and equipment installations, including, but not limited to medical gasses, refrigeration, fuel piping, compressed air, heating plant, cooling plant, and associated equipment installed under the contract.
	.2 Provide a copy of the TSSA report in the maintenance manuals for each system.

	1.23 ENERGY EFFICIENCY
	.1 The mechanical systems of this building must achieve the energy efficiency levels by conforming to ANSI/ASHRAE/IESNA 90.1 “Energy Standard for Buildings Except Low-Rise Residential Buildings” and Chapter 2 of Division 3 of SB-10 prescriptive method from the Ontario Building Code.
	.2 All equipment, products, and installations must conform to the Codes and Standards.



	20 05 11-22336 Mechanical Work Requirements
	Part 1 General
	1.1 TESTS
	.1 Give 48 hours written notice of date for tests.
	.2 Insulate or conceal work only after testing and approval by Consultant.
	.3 Conduct tests in presence of Consultant.
	.4 Bear costs including retesting and making good.
	.5 Piping:
	.6 Equipment: test as specified in relevant sections.
	.7 Prior to tests, isolate all equipment or other parts which are not designed to withstand test pressures or test medium.

	1.2 SYSTEM START UP
	.1 Provide adjusting testing and start up of all equipment prior to testing and balancing (TAB) specified elsewhere.
	.2 Provide consultant with written notice verifying all equipment operation and installation is complete.
	.3 Start up shall be in presence of the following: owner or representative, contractor, building automation systems (BAS) contractor, and manufacturer’s representative. Each person shall witness and sign off each piece of equipment. Consultant’s attendance will be determined by consultant.
	.4 Simulate system start up and shut down and verify operation of each piece of equipment.
	.5 Arrange with all parties and provide 72 hours notice for start up procedure.
	.6 Arrange with building automation systems contractor to sequence all components and ensure system operation.

	1.3 DEMONSTRATION AND OPERATING AND MAINTENANCE INSTRUCTION
	.1 Supply tools, equipment and personnel to demonstrate and instruct operating and maintenance personnel in operating, controlling, adjusting, troubleshooting and servicing of all systems and equipment during regular work hours, prior to acceptance.
	.2 Mechanical contractor to schedule and coordinate the demonstration all on the same day, starting at a pre-approved time and continuing consequently until complete.
	.3 Where specified elsewhere in Mechanical Division, qualified manufacturers’ representatives who are knowledgeable about the project to provide demonstrations and instructions.
	.4 Use operation and maintenance manual, as-built drawings, audio visual aids, etc. as part of instruction materials.
	.5 Instruction duration time requirements as specified in appropriate sections.
	.6 Where deemed necessary, Consultants may record these demonstrations on video tape for future reference.

	1.4 TRIAL USAGE
	.1 Consultant or owner may use equipment and systems for test purposes prior to acceptance. Supply labour, material, and instruments required for testing.
	.2 Trial usage to apply to following equipment and systems:

	1.5 DEFICIENCIES
	.1 During the course of construction, the consultants will monitor construction and provide written reports of work progress, discussions, and instruction to correct work.
	.2 Instruction to correct work shall be done within the work period before the next review.
	.3 The contractor shall not conceal any work until inspected.
	.4 The contractor shall expedite 100% complete rough-in work and have inspected prior to concealing services and equipment especially above ceiling.
	.5 Upon completion of the project the consultant will do a final review. Upon receiving the final inspection report, the contractor must correct and sign back the inspection report indicating the deficiencies are completed. A re-inspection will only be done once consultant receives this in writing.

	1.6 EQUIPMENT INSTALLATIONS
	.1 Unions or flanges: provide for ease of maintenance and disassembly.
	.2 Space for servicing, disassembly and removal of equipment and components: provide as recommended by manufacturer or as indicated.
	.3 Equipment drains: pipe to floor drains.
	.4 Install equipment, rectangular cleanouts, and similar items parallel to or perpendicular to building lines.

	1.7 MOUNTING HEIGHTS
	.1 Mounting height of equipment is from finished floor to equipment unless specified or indicated otherwise. Coordinate with block coursing (if applicable).
	.2 If mounting height of equipment is not specified or indicated, verify before proceeding with installation.
	.3 Install mechanical equipment at following heights unless indicated otherwise.

	1.8 ANCHOR BOLTS AND TEMPLATES
	.1 Supply anchor bolts and templates for installation by other divisions.

	1.9 PROTECTION OF OPENINGS
	.1 Protect equipment and systems openings from dirt, dust, and other foreign materials with materials appropriate to system.

	1.10 ELECTRICAL
	.1 Electrical work to conform to Electrical Division including the following:

	1.11 CONTROL WIRING
	.1 Furnish and install all components, devices, and control wiring for all plumbing, fire protection, HVAC equipment, HVAC systems, lighting, and other electrical loads to make all equipment operable to satisfaction of owner and consultant and to manufacturer’s requirements and recommendations.
	.2 All electrical wiring, mechanical wiring and installations shall comply with local and national electrical and mechanical codes.
	.3 Supply and install wiring as required for all devices and systems.  Install wiring in EMT conduit and otherwise comply with all requirements of the Electrical Division.  Approved plenum wire may be used for sensor and network communication wiring where it complies with appropriate building codes and regulatory authorities.
	.4 All wiring concealed in walls and chases, and all exposed wiring shall be run in conduit.
	.5 Provide recessed conduit and backer boxes where controls are wall mounted.  Surface mounted boxes and conduit are acceptable in mechanical or service rooms.
	.6 Free-run plenum rated cable shall be run in cable hangers where provided by electrical division or tied neatly to pipe and duct hangers in the ceiling. Avoid wiring that droops. Follow building lines and do not run wiring “as the crow flies”.

	1.12 MOTORS
	.1 Provide high efficiency motors for mechanical equipment as specified.
	.2 If delivery of specified motor will delay delivery or installation of any equipment, install motor approved by Consultant for temporary use.  Final acceptance of equipment will not occur until specified motor is installed.
	.3 Motors under 373 W, (1/2 hp): speed as indicated, continuous duty, built-in overload protection, resilient mount, single phase, voltage as indicated.
	.4 Motors 373 W, (1/2 hp) and larger: EEMAC Class B, squirrel cage induction, speed as indicated, continuous duty, drip proof, ball bearing, maximum temperature rise 40°C (72°F), 3 phase, voltage as indicated.

	1.13 BELT DRIVES
	.1 Fit reinforced belts in sheave matched to drive. Multiple belts to be matched sets.
	.2 Use cast iron or steel sheaves secured to shafts with removable keys unless otherwise specified.
	.3 For motors under 7.5 kW 10 hp: standard adjustable pitch drive sheaves, having plus or minus 10% range.  Use mid-position of range for specified r/min.
	.4 For motors  7.5 kW 10 hp and over: sheave with split tapered bushing and keyway having fixed pitch unless specifically required for item concerned.  Provide sheave of correct size to suit balancing.
	.5 Minimum drive rating: 1.5 times nameplate rating on motor. Keep overhung loads within manufacturer's design requirements on prime mover shafts.
	.6 Motor slide rail adjustment plates to allow for centre line adjustment.
	.7 Provide sheave changes as required for final air balancing.

	1.14 GUARDS
	.1 Provide guards for unprotected devices.
	.2 Guards for belt drives:
	.3 Provide means to permit lubrication and use of test instruments with guards in place.
	.4 Install belt guards to allow movement of motors for adjusting belt tension.
	.5 Guard for flexible coupling:
	.6 Unprotected fan inlets or outlets:
	.7 Duct Openings in Floor

	1.15 PIPING AND EQUIPMENT SUPPORTS
	.1 Equipment supports supplied by equipment manufacturer: specified elsewhere in Mechanical Division.
	.2 Piping and equipment supports not supplied by equipment manufacturer: fabricate from structural grade steel meeting requirements of - Structural Steel Section. Submit structural calculations with shop drawings.
	.3 Mount base mounted equipment on chamfered edge housekeeping pads, minimum of 100 mm (4") high and 150 mm (6") larger than equipment dimensions all around.  Concrete specified elsewhere.
	.4 Where housekeeping pads incorporate existing pads provide 10 mm dowels into existing pads. New pad height shall match existing.

	1.16 ROOF MOUNTED PIPE SUPPORT
	.1 Provide zero penetration pipe support on roof where indicated.
	.2 Base shall be made of high density polypropylene with UV protection. Maximum loading shall be 50 lb/sq.ft.
	.3 Frames shall be galvanized. All fastenings, rods, nuts, washers, hangers, etc. shall be stainless steel.
	.4 Provide shop drawings as specified. Install to manufacturers recommendations.
	.5 Acceptable material: Portable pipe hanger Bigfoot systems Miro rooftop supports

	1.17 SLEEVES
	.1 Pipe sleeves: at points where pipes pass through masonry, concrete or fire rated assemblies and as indicated. Grout sleeves in place.
	.2 Schedule 40 steel pipe.
	.3 Sleeves with annular fin continuously welded at midpoint:
	.4 Sizes: minimum 6 mm (1/4") clearance all around, between sleeve and uninsulated pipe or between sleeve and insulation.
	.5 Terminate sleeves flush with surface of concrete and masonry walls, concrete floors on grade and 25 mm (1") above other floors.
	.6 Fill voids around pipes:
	.7 Provide minimum 20 gauge duct sleeves where ducts pass through masonry concrete or fire rated assemblies. Maintain minimum 25 mm clearance all around or to the requirements of the authority having jurisdiction. Seal at wall as indicated.

	1.18 FIRE STOPPING
	.1 This contractor shall work with all other contractors on the project in providing one common method of fire stopping all penetrations made in fire rated assemblies.
	.2 Approved fire stopping and smoke seal material in all fire separations and fire ratings within annular space between pipes, ducts, insulation, and adjacent fire separation and/or fire rating.
	.3 Do not use cementitious or rigid seals around penetrations for pipe, ductwork, or other mechanical items.
	.4 Insulated pipes and ducts: ensure integrity of insulation and vapour barrier at fire separation.
	.5 Provide materials and systems capable of maintaining effective barrier against flame, smoke, and gases.  Ensure continuity and integrity of fire separation.
	.6 Comply with the requirements of CAN4-S115-M35, and do not exceed opening sized for which they have been tested.
	.7 Systems to have an F or FT rating (as applicable) not less than the fire protection rating required for closures in a fire separation. Provide “fire wrap” blanket around services penetrating fire walls. Extent of blanket must correspond to ULC recommendations.
	.8 The fire stopping materials are not to shrink, slump or sag and to be free of asbestos, halogens, and volatile solvents.
	.9 Firestopping materials are to consist of a component sealant applied with a conventional caulking gun and trowel.
	.10 Fire stop materials are to be capable of receiving finish materials in those areas which are exposed and scheduled to receive finishes.  Exposed surfaces are to be acceptable to consultant prior to application of finish.
	.11 Firestopping shall be inspected and approved by local authority prior to concealment or enclosure.
	.12 Install material and components in accordance with ULC certification, manufacturers instructions and local authority.
	.13 Submit product literature and installation material on fire stopping in shop drawing and product data manual. Maintain copies of these on site for viewing by installers and consultant.
	.14 Manufacturer of product shall provide certification of installation. Submit letter to the consultant.
	.15 Acceptable Manufacturer: Minnesota Mining and Manufacturing
	.16 Acceptable Alternate Manufacturers to approval of local authority: Fryesleeve Industries Inc. General Electric Pensil Firestop Systems International Protective Coatings Corp. Rectorseal Corporation (Metacaulk) Proset Systems 3M AD Systems Hilti
	.17 Ensure firestop manufacturer representative performs on site inspections and certifies installation. Submit inspection reports/certification at time of substantial completion.

	1.19 ESCUTCHEONS
	.1 On pipes and ductwork passing through walls, partitions, floors and ceilings in exposed finished areas and on water and drain pipes inside millwork and cabinets.
	.2 Chrome or nickel plated brass or Type 302 stainless steel, one piece type with set screws.
	.3 Outside diameter to cover opening or sleeve.
	.4 Inside diameter to fit around finished pipe.

	1.20 PAINTING
	.1 Refer to Section Interior Painting and specified elsewhere.
	.2 Apply at least one coat of corrosion resistant primer paint to ferrous supports and site fabricated work.
	.3 Apply two coats of paint to exposed piping service in mechanical room, base colour as specified in Mechanical Identification Section.
	.4 Prime and touch up marred finished paintwork to match original.
	.5 Restore to new condition, or replace equipment at discretion of consultant, finishes which have been damaged too extensively to be merely primed and touched up.

	1.21 SPARE PARTS
	.1 Furnish spare parts in accordance with general requirements and as follows:
	.2 Provide list of equipment in maintenance manuals indicating corresponding spare parts required. List of spare parts to be signed off by receiving personnel.

	1.22 SPECIAL TOOLS
	.1 Provide one set of special tools required to service equipment as recommended by manufacturers and in accordance with Maintenance Materials Special Tools and Spare Parts.

	1.23 ACCESS DOORS
	.1 Provide access doors to concealed mechanical equipment for operating, inspecting, adjusting, and servicing.
	.2 Flush mounted 600 x 600 mm (24" x 24") for body entry and 300 x 300 mm (12" x 12") for hand entry unless otherwise noted. Doors to open 180°, have rounded safety corners, concealed hinges, screwdriver latches and anchor straps.
	.3 Material:
	.4 Installation:
	.5 Acceptable materials: Le Hage Zurn Acudor Nailor Industries Inc.

	1.24 DIELECTRIC COUPLINGS
	.1 General:
	.2 Pipes NPS 50 mm (2") and under: isolating unions.
	.3 Pipes NPS 65 mm (2 1/2") and over: isolating flanges.

	1.25 DRAIN VALVES
	.1 Locate at low points and at section isolating valves unless otherwise specified.
	.2 Minimum NPS 20 mm (3/4") unless otherwise specified: bronze, with hose end male thread and complete with cap and chain.
	.3 Drain valves on potable water systems shall be complete with vacuum breaker.

	1.26 REPAIRS, CUTTING, AND RESTORATION
	.1 Patch and repair walls, floors, ceilings, and roofs with materials of same quality and appearance as adjacent surfaces unless otherwise shown.  Surface finishes shall exactly match existing finishes of same materials.
	.2 Each Section of this Division shall bear expense of cutting, patching, and repairing to install their work and/or replacing of work of other Sections required because of its fault, error, tardiness, or because of damage done by it.
	.3 Cutting, patching, repairing, and replacing pavements, sidewalks, roads, and curbs to permit installation of work of this Division is responsibility of Section installing work.
	.4 All patching, painting and making good of the existing walls, floors, ceilings, partitions and roof will be at the expense of this Contractor but performed by the Contractor specializing in the type of work involved unless otherwise noted.

	1.27 EXISTING SYSTEMS
	.1 Connections into existing systems to be made at time approved by Consultant. Request written approval of time when connections can be made.
	.2 Be responsible for damage to existing plant by this work.

	1.28 CLEANING
	.1 Clean interior and exterior of all systems including strainers. Vacuum interior of ductwork and air handling units prior to turn over to owner.
	.2 In preparation for final acceptance, clean and refurbish all equipment and leave in operating condition including replacement of all filters in all air and piping systems.

	1.29 DISCONNECTION AND REMOVAL
	.1 Disconnect and/or remove equipment, piping, ductwork, etc. as indicated.
	.2 Cap and conceal all redundant and obsolete connections.
	.3 Provide a list of equipment to be removed to the owner, for his acceptance of same. Remove all equipment from site, which the owner does not retain.
	.4 Store equipment to be retained by owner on site where directed by consultant.

	1.30 OWNER SUPPLIED EQUIPMENT
	.1 Connect to equipment supplied by the owner and make operable.

	1.31 VIDEO RECORDING OF NEW & EXISTING UNDERGROUND SERVICES
	.1 Prior to final acceptance of the new underground plumbing system and prior to pouring the floor this contractor shall retain a qualified contractor to video tape the new, existing, and revised sanitary and storm drainage piping and branch piping. Transfer all videotape information to USB.
	.2 This contractor shall flush the new and existing storm and sanitary system to remove all debris prior to final videotaping of systems.
	.3 Provide 3 copies of DVD.
	.4 Identify video routing on As-built drawings.
	.5 Provide additional video recording of new and existing underground services upon conclusion of the project

	1.32 LOCATION OF EXISTING UNDERGROUND SERVICES
	.1 This contractor shall locate existing services prior to starting any work in the affected area.
	.2 This contractor shall use a video camera for the existing storm and/or sanitary drainage at the indicated connection point to confirm location, size, and invert of the existing piping.

	1.33 EXISTING CONCRETE SLAB X-RAY/SCANNING
	.1 This contractor shall retain the services of a qualified company to provide and x-ray and/or scan of the existing buried services in wall and/or floors prior to starting any work in the affected area.
	.2 Failure to locate existing piping, conduit rebar etc., shall not relieve this contractor of repair of same prior to installing his service.
	.3 This contractor shall be responsible for all repairs and/or replacement of existing services caused by cutting the existing concrete slabs and/or walls.

	1.34 EXCAVATING AND BACKFILLING
	.1 Provide all excavating and backfilling inside and outside the building for plumbing pipes, drains and equipment. All backfilling shall be new clean granular ‘A’ fill brought in specifically for the purpose of backfilling to the underside of floor slab. All backfilling shall be compacted at intervals not more than 150 mm (6") layer to the satisfaction of the Consultant.
	.2 Provide excavating and backfilling outside the building with granular A brought in specifically for backfilling to a minimum of 450 mm (18") over the pipe. Backfilling outside building over and above the 450 mm (18") backfill as previously specified herein shall be by the Mechanical Contractor as specified under Division 2. Where backfilling outside the building is not specified under Division 2 the mechanical contractor shall provide new clean granular ‘A’ fill to grade level.
	.3 Bottoms of trenches shall be excavated so that the pipe will be supported on a 150 mm (6") compacted bed of clean granular ‘A’ fill. Provide all necessary pumping to maintain excavation free of water.
	.4 Should water be encountered during excavation, the mechanical contractor shall provide all labour and material, including all equipment required for dewatering the excavation. After the water has been removed, this Contractor shall install a 300 mm (12") base of compacted 50 mm (2") clear stone covered with filter cloth before installing backfill as detailed and/or as specified.
	.5 Be responsible for all weather protection required to install piping and/or equipment to the satisfaction of the Consultant.
	.6 Be responsible for providing all clear stone or granular ‘A’ material suitable for application to replace existing soil not suitable for backfilling above the 450 mm (18") bedding material.

	1.1 TSSA INSPECTION
	.1 Prior to final completion of the project, this contractor shall make application, arrange, and pay for a TSSA inspection of all piping systems and equipment installations, including, but not limited to medical gasses, refrigeration, fuel piping, compressed air, heating plant, cooling plant, and associated equipment installed under the contract.
	.2 Provide a copy of the TSSA report in the maintenance manuals for each system.



	20 05 31-22336 Expansion Fittings and Loops
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 American Society for Testing and Materials

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate for each item as applicable:

	1.3 CLOSEOUT SUBMITTALS
	.1 Submit maintenance data in accordance with general requirements.
	.2 Data to include:


	Part 2 Products
	2.1 BELLOWS TYPE EXPANSION JOINTS
	.1 For axial, lateral or angular movements, as indicated.
	.2 Maximum operating pressure: 1034 kPa (150 psi).
	.3 Maximum operating temperature: 200°C (392°F).
	.4 Type A: free flexing, factory tested to 1½ times maximum working pressure. Furnish test certificates.
	.5 Type B: externally pressurized, constant volume, pressure balanced, designed to eliminate pressure thrust, factory tested to 1.5 times maximum working pressure. Furnish test certificates.

	2.2 FLEXIBLE CONNECTION
	.1 Application: to suit motion.
	.2 Minimum length in accordance with manufacturer's recommendations to suit offset.
	.3 Inner hose: stainless steel corrugated.
	.4 Braided wire mesh stainless steel outer jacket.
	.5 Diameter and type of end connection: as indicated.
	.6 Operating conditions:

	2.3 ANCHORS AND GUIDES
	.1 Anchors:
	.2 Alignment guides:

	2.4 EXPANSION COMPENSATORS (EXP)
	.1 Packless guided construction complete with multi ply stainless steel bellows.
	.2 Operating temperature (750°F).
	.3 Provide model H3 for steel pipe and model HB for copper pipe.
	.4 Material to match piping system.
	.5 Acceptable materials: Senior Flexonics


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install expansion joints with cold setting, as indicated as instructed by Consultant. Make record of cold settings.
	.2 Install expansion joints and flexible connections in accordance with manufacturer's instructions.
	.3 Install pipe anchors and guides as indicated. Anchors to withstand 150% of axial thrust.

	3.2 APPLICATION
	.1 Provide on all vibration isolated equipment.
	.2 Provide where requested by equipment manufacturers installation manuals.
	.3 Install in accordance with manufacturer’s recommendations.
	.4 Provide expansion compensators (exp.) on radiation heating element exceeding 3.6 M (12' – 0") in length. Provide one expansion compensators on each length of return piping in cabinet.

	3.3 THERMAL EXPANSION
	.1 Provide in long runs of heating mains exceeding 100 ft. in length.



	20 05 32-22336 Thermometers and Pressure Gauges
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/ASME B40.100, Pressure Gauges and Gauge Attachments.
	.3 CAN/CGSB-14.4, Thermometers, Liquid-in-Glass, Self Indicating, Commercial/Industrial Type.
	.4 CAN/CGSB-14.5, Thermometers, Bimetallic, Self-Indicating, Commercial/Industrial Type.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Submit manufacturer's product data for following items:


	Part 2 Products
	2.1 GENERAL
	.1 Design point to be at mid point of scale or range.
	.2 Ranges: suitable for application.

	2.2 DIRECT READING THERMOMETERS
	.1 Industrial, light powered, digital adjustable angle type, with brass stems, chrome plated brass sockets and fittings, brass separable wells, switchable Metric/ Imperial LED temperature display. Stem assemblies are suitable for direct replacement of standard 9” mercury type thermometers.

	2.3 REMOTE READING THERMOMETERS
	.1 100 mm (4") diameter liquid filled activated dial type: to CAN/CGSB-14.5, accuracy within one scale division, brass movement, stainless steel capillary, stainless steel spiral armour, stainless steel bulb and polished stainless steel case for wall mounting.

	2.4 THERMOMETER WELLS
	.1 Copper pipe: copper or bronze.
	.2 Steel pipe: brass or stainless steel.

	2.5 PRESSURE GAUGES
	.1 115 mm (4 1/2"), dial type: to ANSI/ASME B40.100, Grade 2A, stainless steel phosphor bronze bourdon tube having 0.5% accuracy full scale unless otherwise specified.
	.2 Provide:


	Part 3 Execution
	3.1 GENERAL
	.1 Install so they can be easily read from floor or platform. If this cannot be accomplished, install remote reading units.
	.2 Install between equipment and first fitting or valve.

	3.2 THERMOMETERS
	.1 Install in wells on all piping. Provide heat conductive material inside well.
	.2 Install in locations as indicated and on inlet and outlet of:
	.3 Install wells as indicated only for balancing purposes.
	.4 Use extensions where thermometers are installed through insulation.

	3.3 PRESSURE GAUGES
	.1 Install in following locations:
	.2 Install gauge cocks for balancing purposes, elsewhere as indicated.
	.3 Use extensions where pressure gauges are installed through insulation.

	3.4 NAMEPLATES
	.1 Install engraved lamicoid nameplates as specified in elsewhere identifying medium.



	20 05 34-22336 Bases, Hangers, and Supports
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 American National Standards Institute/ American Society of Mechanical Engineers (ANSI/ASME)
	.3 American Society for Testing and Materials (ASTM)
	.4 Manufacturer's Standardization Society of the Valves and Fittings Industry (MSS)

	1.2 DESIGN REQUIREMENTS
	.1 Construct pipe hanger and support to manufacturer's recommendations utilizing manufacturer's regular production components, parts and assemblies.
	.2 Base maximum load ratings on allowable stresses prescribed by ASME B31.1 or MSS SP-58.
	.3 Ensure that supports, guides, anchors do not transmit excessive quantities of heat to building structure.
	.4 Design hangers and supports to support systems under all conditions of operation, allow free expansion and contraction, prevent excessive stresses from being introduced into pipework or connected equipment.
	.5 Provide for vertical adjustments after erection and during commissioning. Amount of adjustment to be in accordance with MSS SP-58.

	1.3 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Submit shop drawings and product data for following items:

	1.4 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 GENERAL
	.1 Fabricate hangers, supports and sway braces in accordance with ANSI B31.1 and MSS-SP-58.
	.2 Use components for intended design purpose only. Do not use for rigging or erection purposes.

	2.2 PIPE HANGERS
	.1 Finishes:
	.2 Upper attachment structural: Suspension from upper flange of I-Beam or joist.
	.3 Upper attachment structural: Suspension from upper flange of I-Beam.
	.4 Upper attachment to concrete.
	.5 Shop and field-fabricated assemblies.
	.6 Hanger rods: threaded rod material to MSS SP-58.
	.7 Pipe attachments: material to MSS SP-58.
	.8 Adjustable clevis: material to MSS SP-58 UL listed, clevis bolt with nipple spacer and vertical adjustment nuts above and below clevis.

	2.3 RISER CLAMPS
	.1 Steel or cast iron pipe: black carbon steel to MSS-SP-58, type 42, UL listed.
	.2 Copper pipe: carbon steel copper plated to MSS-SP-58, type 42.
	.3 Bolts: to ASTM A 307.
	.4 Nuts: to ASTM A 563.

	2.4 INSULATION PROTECTION SHIELDS
	.1 Insulated cold piping:
	.2 Insulated hot piping:

	2.5 EQUIPMENT SUPPORTS
	.1 Fabricate equipment supports not provided by equipment manufacturer from structural grade steel meeting requirements of miscellaneous metals, specified herein. Submit calculations with shop drawings.

	2.6 EQUIPMENT ANCHOR BOLTS AND TEMPLATES
	.1 Provide templates to ensure accurate location of anchor bolts.

	2.7 ROOF MOUNTED EQUIPMENT
	.1 Install as per manufacturers’ instructions on roof curbs provided by manufacturer as indicated.
	.2 Provide all necessary continuous pressure treated wood blocking and 24 gauge metal liner on all exposed wood as required to install roof curb level.

	2.8 OTHER EQUIPMENT SUPPORTS
	.1 From structural grade steel meeting requirements of structural steel section specified herein.
	.2 Submit structural calculations with shop drawings.

	2.9 MANUFACTURER
	.1 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with:
	.2 Vibration Control Devices:
	.3 Clamps on riser piping:
	.4 Clevis plates:
	.5 Provide supplementary structural steelwork where structural bearings do not exist or where concrete inserts are not in correct locations.

	3.2 HANGER SPACING
	.1 Plumbing piping: most stringent requirements of Canadian Plumbing Code, Provincial Code, or authority having jurisdiction.
	.2 Fire protection: to applicable fire code.
	.3 Gas and fuel oil piping: up to NPS 15 mm (1/2"): every 1.8 m (6').
	.4 Copper piping: up to NPS 15 mm (1/2"): every 1.5 m (5').
	.5 Within 300 mm (12") of each elbow and:
	.6 Pipework greater than NPS 300 mm (12"): to MSS SP-69.

	3.3 HANGER INSTALLATION
	.1 Install hanger so that rod is vertical under operating conditions.
	.2 Adjust hangers to equalize load.
	.3 Support from structural members. Where structural bearing does not exist or inserts are not in suitable locations, provide supplementary structural steel members.
	.4 Do “NOT” support piping, ductwork and equipment from roof deck, on bottom chord of floor and/or roof joist and/or from OWSJ bridging. Provide structural member between joist.

	3.4 HORIZONTAL MOVEMENT
	.1 Angularity of rod hanger resulting from horizontal movement of pipework from cold to hot position not to exceed 4mm (5/32") from vertical.
	.2 Where horizontal pipe movement is less than 15 mm (1/2"), offset pipe hanger and support so that rod hanger is vertical in the hot position.

	3.5 FINAL ADJUSTMENT
	.1 Adjust hangers and supports:
	.2 Adjustable clevis:
	.3 C-clamps:
	.4 Beam clamps:



	20 05 49-22336 Vibration Control Measures
	Part 1 General
	1.1 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Provide separate shop drawings for each isolated system complete with performance and product data.


	Part 2 Products
	2.1 GENERAL
	.1 Size and shape of bases type and performance of vibration isolation to be as indicated.
	.2 To be of the same manufacturer for all isolation.
	.3 Acceptable materials: Korfund Vibro-Acoustics Vibron

	2.2 ELASTOMERIC PADS
	.1 Type EP1 - neoprene waffle or ribbed; 10 mm (3/8") minimum thick; 50 durometer; maximum loading 350 kPa (50.8 psi).
	.2 Type EP2 - rubber waffle or ribbed; 10 mm (3/8") minimum thick; 30 durometer natural rubber; maximum loading 415 kPa (60.2 psi).
	.3 Type EP3 - neoprene-steel-neoprene; 10 mm (3/8") minimum thick neoprene bonded to 1.5 mm (16 gauge) steel plate; 50 durometer neoprene, waffle or ribbed; holes sleeved with isolation washers; maximum loading 350 kPa (50.8 psi).
	.4 Type EP4 - rubber-steel-rubber; 10 mm (3/8") minimum thick rubber bonded to 1.5 mm (16 gauge) steel plate; 30 durometer natural rubber, waffle or ribbed; holes sleeved with isolation washers; maximum loading 415 kPa (60.2 psi).
	.5 Acceptable materials:  Korfund IAC Acoustics Vibro-Acoustics Vibron

	2.3 ELASTOMERIC MOUNTS
	.1 Type M1 - colour coded; neoprene in shear; maximum durometer of [60]; threaded insert and two bolt-down holes; ribbed top and bottom surfaces.
	.2 Acceptable materials: Korfund IAC Acoustics Vibro-Acoustics Vibron

	2.4 SPRINGS
	.1 Design stable springs so that ratio of lateral to axial stiffness is equal to or greater than 1.2 times the ratio of static deflection to working height. Select for 50% travel beyond rated load. Units to be complete with levelling devices.
	.2 Ratio of height when loaded to diameter of spring to be between 0.8 to 1.0.
	.3 Cadmium plate for all installations.
	.4 Colour code springs.

	2.5 SPRING MOUNT
	.1 Zinc or cadmium plated hardware; housings coated with rust resistant paint.
	.2 Type M2 - stable open spring: support on bonded 6 mm (1/4") minimum thick ribbed neoprene or rubber friction and acoustic pad.
	.3 Type M3 - stable open spring: 6 mm (1/4") minimum thick ribbed neoprene or rubber friction and acoustic pad, bonded under isolator and on isolator top plate; leveling bolt for rigidly mounting to equipment.
	.4 Type M4 - restrained stable open spring: supported on bonded 6 mm (1/4") minimum thick ribbed neoprene or rubber friction and acoustic pad; built-in resilient limit stops, removable spacer plates.
	.5 Type M5 - enclosed spring mounts with snubbers for isolation up to 950 kg (2100 lbs) maximum.
	.6 Performance: as indicated.
	.7 Acceptable materials:  Korfund IAC Acoustics Vibron Vibro-Acoustics

	2.6 HANGERS
	.1 Colour coded springs, rust resistant, painted box type hangers. Arrange to permit hanger box or rod to move through a 30° arc without metal to metal contact.
	.2 Type H1 - neoprene - in-shear, molded with rod isolation bushing, which passes through hanger box.
	.3 Type H2 - stable spring, elastomeric washer, cup with molded isolation bushing which passes through hanger box.
	.4 Type H3 - stable spring, elastomeric element with pre-compression washer and nut [with deflection indicator].
	.5 Performance as indicated.
	.6 Acceptable materials:   Vibron IAC Acoustics Korfund Vibro-Acoustics

	2.7 ACOUSTIC BARRIERS FOR ANCHORS AND GUIDES
	.1 Acoustic barriers: between pipe and support, consisting of 25 mm (1") minimum thick heavy-duty duct and neoprene isolation material.
	.2 Acceptable materials:  Vibron IAC Acoustics Vibro-Acoustics

	2.8 ROOF CURB ISOLATION RAIL
	.1 General: complete factory assembled without need for sub-base.
	.2 Lower member: continuous extruded aluminum channel.
	.3 Upper member: continuous extruded aluminum channel to provide continuous support for equipment, complete with all-directional neoprene rubber bushings 6 mm (1/4") thick to resist wind [and seismic] forces.
	.4 Springs: steel, adjustable, removable, selected for 25 mm (1") maximum static deflection plus 50% additional travel to solid, cadmium plated, sized and positioned to ensure uniform deflection.
	.5 High frequency isolation: 6 mm (1/4") minimum thick [continuous gasket on top and bottom of complete assembly] [or] [pads on top and bottom of each spring]. Material: closed cell neoprene.
	.6 Weatherproofing: continuous flexible counterflashing to curb and providing access to springs. Material: [aluminum] [neoprene].
	.7 Hardware: cadmium plated or galvanized.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install vibration isolation equipment in accordance with manufacturers instructions and adjust mountings to level equipment.
	.2 Ensure piping, ducting and electrical connections to isolated equipment do not reduce system flexibility and that piping, conduit and ducting passage through walls and floors do not transmit vibrations.
	.3 Unless indicated otherwise, support piping connected to isolated equipment with spring mounts or spring hangers with 25 mm (1") minimum static deflection as follows:
	.4 Where isolation is bolted to floor use vibration isolation rubber washers.
	.5 Block and shim level bases so that ductwork and piping connections can be made to a rigid system at the operating level, before isolator adjustment is made. Ensure that there is no physical contact between isolated equipment and building structure.

	3.2 SITE VISIT
	.1 Manufacturer to visit site and provide written certification that installation is in accordance with manufacturer's instructions and submit report to Consultant.
	.2 Provide Consultant with notice 24 h in advance of visit.
	.3 Make adjustments and corrections in accordance with written report.

	3.3 TESTING
	.1 Experienced and competent sound and vibration testing professional engineer to take vibration measurement for HVAC systems after start up and TAB of systems to Testing Adjusting and Balancing Section.
	.2 Vibration measurements shall be taken for equipment-listed below:
	.3 Provide Consultant with notice 48 h in advance of commencement of tests.
	.4 Establish adequacy of equipment isolation and acceptability of noise levels in occupied areas and where appropriate, remedial recommendations including sound curves.
	.5 Submit complete report of test results including sound curves.



	20 05 53-22336 Identification of Mechanical Services
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian General Standards Board (CGSB).
	.3 Canadian Standards Association (CSA).
	.4 National Fire Protection Association

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with General Requirements.
	.2 Product data to include paint colour chips, all other products specified in this section.

	1.3 PRODUCT LITERATURE
	.1 Submit product literature in accordance with General Requirements.
	.2 Product literature to include nameplates, labels, tags, lists of proposed legends.


	Part 2 Products
	2.1 MANUFACTURER'S EQUIPMENT NAMEPLATES
	.1 Metal or plastic lamicoid nameplate mechanically fastened to each piece of equipment by manufacturer.
	.2 Lettering and numbers to be raised or recessed.
	.3 Information to include, as appropriate:

	2.2 SYSTEM NAMEPLATES
	.1 Colours:
	.2 Construction:
	.3 Sizes:
	.4 Locations:

	2.3 FIRE DAMPER/FIRE STOP FLAP NAMEPLATES
	.1 Colours:
	.2 Construction:
	.3 Locations:

	2.4 PIPING SYSTEMS GOVERNED BY CODE
	.1 Identification:

	2.5 IDENTIFICATION OF PIPING SYSTEMS
	.1 Identify contents by background colour marking, pictogram (as necessary), legend; direction of flow by arrows. To CAN/CGSB 24.3 except where specified otherwise.
	.2 Legend:
	.3 Arrows showing direction of flow:
	.4 Extent of background colour marking:
	.5 Materials for background colour marking, legend, arrows:
	.6 Colours and Legends:
	.7 Pictograms:
	.8 Background colour marking and legends for piping systems:

	2.6 IDENTIFICATION DUCTWORK SYSTEMS
	.1 50 mm (2") high stencilled letters and directional arrows 150 mm (6") long x 50 mm (2") high.
	.2 Colours: Black, or co-ordinated with base colour to ensure strong contrast.

	2.7 VALVES, CONTROLLERS
	.1 Brass tags with 15 mm (1/2") stamped identification data filled with black paint.
	.2 Include flow diagrams for each system, of approved size, showing charts and schedules with identification of each tagged item, valve type, service, function, normal position, location of tagged item.
	.3 Provide adhesive coloured tab (max. size 15 mm) indication on ceiling to locate valves/equipment above. Same applies to grid. Colour to be approved by consultant.

	2.8 CONTROLS COMPONENTS IDENTIFICATION
	.1 Identify all systems, equipment, components, controls, sensors with system nameplates specified in this section.
	.2 Inscriptions to include function and (where appropriate) fail-safe position.
	.3 Provide equipment identification and/or indication on ceiling to locate devices/equipment above ceiling. Install identification on grid. Colours to be approved by contractor.

	2.9 LANGUAGE
	.1 Identification to be in English.


	Part 3 Execution
	3.1 TIMING
	.1 Provide identification only after all painting specified has been completed.

	3.2 INSTALLATION
	.1 Perform work in accordance with CAN/CGSB-24.3 except as specified otherwise.
	.2 Provide ULC and/or CSA registration plates as required by respective agency.

	3.3 NAMEPLATES
	.1 Locations:
	.2 Standoffs:
	.3 Protection

	3.4 LOCATION OF IDENTIFICATION ON PIPING AND DUCTWORK SYSTEMS
	.1 On long straight runs in open areas in boiler rooms, equipment rooms, galleries, tunnels not more than 1.7 m (5'-8") intervals and more frequently if required to ensure that at least one is visible from any one viewpoint in operating areas and walking aisles.
	.2 Adjacent to each change in direction.
	.3 At least once in each small room through which piping or ductwork passes.
	.4 On both sides of visual obstruction or where run is difficult to follow.
	.5 On both sides of separations such as walls, floors, partitions.
	.6 Where system is installed in pipe chases, ceiling spaces, galleries, other confined spaces, at entry and exit points, and at each access opening.
	.7 At beginning and end points of each run and at each piece of equipment in run.
	.8 At point immediately upstream of major manually operated or automatically controlled valves, dampers, etc. Where this is not possible, place identification as close as possible, preferably on upstream side.
	.9 Identification to be easily and accurately readable from usual operating areas and from access points.

	3.5 VALVES, CONTROLLERS
	.1 Valves and operating controllers, except at plumbing fixtures, radiation, or where in plain sight of equipment they serve: Secure tags with non-ferrous chains or closed "S" hooks.
	.2 Install one copy of flow diagrams, valve schedules mounted in frame behind non-glare glass where directed by Consultant. Provide one copy (reduced in size if required) in each operating and maintenance manual.
	.3 Number valves in each system consecutively. Where existing numbering system is installed start new numbering system at 100.



	20 08 11-22336 Mechanical Contractor Commissioning Requirements
	Part 1 General
	1.1 GENERAL
	.1 The Mechanical Contractor shall provide the labour and material to conduct the closeout process as outlined in this specification section.
	.2 The mechanical contractor shall perform the closeout requirements specified in conjunction with the independent commissioning consultant (CC) retained by the owner.


	Part 2 Products
	2.1 GENERAL
	.1 The mechanical contractor and manufacturers shall provide all instrumentation and equipment necessary to conduct the tests specified.  The Mechanical Contractor shall advise the Mechanical Consultant of instrumentation to be used and the dates the instruments were calibrated.


	Part 3 Execution
	3.1 THE CONTRACT CLOSE OUT PROCESS
	.1 The mechanical contractor close out process shall consist of:

	3.2 SHOP DRAWINGS AND RECORD DRAWINGS
	.1 Conform to General Requirements Section for shop drawings and record drawings requirements.

	3.3 INSTALLATION INSPECTION AND EQUIPMENT VERIFICATION
	.1 The Mechanical Contractor shall co-ordinate with the Consultant who will inspect the mechanical installation.
	.2 The Mechanical Contractor shall complete the equipment verification forms for each piece of equipment.  The forms shall be included in the operating and maintenance manual.  The equipment data shall include:

	3.4 PLUMBING AND DRAINAGE SYSTEM TESTING
	.1 The plumbing and drainage system shall be tested in accordance with the Plumbing Code under the Ontario Water Resources Act and the specification.
	.2 The Mechanical Contractor shall notify the Building Inspector when systems are available for testing.  The Mechanical Contractor shall document all tests performed and shall arrange for the Building Inspector to sign for tests completed.  The forms shall be forwarded to the Consultant.

	3.5 THE CONTRACTOR’S TESTING OF PIPING SYSTEMS
	.1 Test all piping systems in accordance with all applicable plumbing codes and General Requirements section.
	.2 All tests for the systems shall be performed in the presence of the Consultant or Commissioning Consultant.  Complete the testing forms and forward to the Consultant.

	3.6 THE INDEPENDENT CONTRACTORS TESTING AND BALANCING OF WATER SYSTEMS
	.1 Conform with the specification section, Testing, Adjusting and Balancing.
	.2 The Independent Contractor shall be hired by The Mechanical Contractor and shall report to the Commissioning Consultant.

	3.7 THE CONTRACTORS TESTING OF AIR SYSTEMS
	.1 Conform with the specification section, Testing, Adjusting and Balancing.
	.2 All tests shall be performed in the presence of the Mechanical Consultant or the Commissioning Consultant.  Complete the testing forms and forward to the Consultant.

	3.8 THE INDEPENDENT CONTRACTORS TESTING AND BALANCING OF AIR SYSTEMS
	.1 Conform with specification section, Testing, Adjusting and Balancing.
	.2 The Independent Contractor shall be hired by The Mechanical Contractor and shall report to the Commissioning Consultant.

	3.9 TESTING OF EQUIPMENT AND SYSTEMS
	.1 General:
	.2 BAS Testing:

	3.10 CLOSEOUT SCHEDULE
	.1 The Mechanical Contractor shall include the schedule for all tests and equipment start-up tests in the construction schedule.
	.2 All testing forms and reports associated with the mechanical systems shall be directed to the Consultant with copies to the Owner and Consultant.
	.3 The forms and reports to be issued shall include:

	3.11 OPERATION AND MAINTENANCE MANUAL
	.1 Conform to General Requirements section for the Operating and Maintenance Manual requirements.

	3.12 OPERATOR TRAINING
	.1 Conform to General Requirements section for requirements for Instruction to Operating Staff.
	.2 The training shall be conducted in a classroom and at the equipment or system.
	.3 Training will begin when the operating and maintenance manuals have been delivered to The Owner and approved by the Consultant.
	.4 Each training session shall be structured to cover:
	.5 The training sessions shall be scheduled and co-ordinated by the Mechanical Contractor.
	.6 Training shall be provided for the following systems:
	.7 The minimum training for the BAS shall be 16 hours.  The training shall include:
	.8 The training requirement for the mechanical system shall include a walk-through of the building by the Mechanical Contractor.  During the walk through the Mechanical Contractor shall:
	.9 When each training session has been completed The Owner shall sign the associated form to verify completion.

	3.13 COMMISSIONING CONSULTANT
	.1 A Commissioning Consultant (CC) reports to the Owner.
	.2 The CC responsibilities shall include:
	.3 The Mechanical Contractor shall co-operate with the CC.
	.4 The Mechanical Contractor shall provide assistance to the CC and have personnel available during the performance testing procedure.  Each mechanical system shall be tested in the operational mode.
	.5 Performance testing shall begin when all systems have been completed, tested by the Mechanical Contractor and the Consultant has completed their final review.

	3.14 MECHANICAL SYSTEM DEMONSTRATION AND TURNOVER
	.1 Refer to General Requirements section, Mechanical Project Completion.
	.2 The system demonstration and turnover to The Owner shall occur when:
	.3 The systems demonstration shall be conducted by the Mechanical Contractor and the manufacturers.  The demonstration shall cover a demonstration of equipment installation and operation.

	3.15 TESTING FORMS
	.1 The Mechanical Contractor and manufacturers shall provide forms for testing.  The forms must be approved by the Consultant and The Owner before they are used.

	3.16 WARRANTIES
	.1 Equipment and system warranties shall not begin until the system demonstration and turnover has been conducted successfully and accepted by The Owner.
	.2 The Mechanical Contractor shall fill out the warranty form listing the equipment and systems and the start and finishing dates for warranty.
	.3 Refer to the general conditions specification section for the requirements during the warranty period.

	3.17 CLOSEOUT PROCESS ALLOCATION
	.1 The mechanical contractor closeout process shall be allocated a value equal to 3% of contract value (minimum $5,000.00).
	.2 The Mechanical Contractor shall submit all test and verification forms.  The Consultant will use these forms to calculate percentage complete.
	.3 The monies shall not be paid out until the performance testing, O & M manuals, systems demonstration, and training including all required paperwork have been completed to the satisfaction of the consultant. Refer to General Requirements section for contract breakdown.



	21 13 13-22336 Wet Pipe Fire Suppression
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 NFPA 13 latest edition, Installation of Sprinkler Systems.
	.3 Ontario Fire Code .
	.4 Ontario Building Code.
	.5 Factory Mutual guidelines.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements in accordance with NFPA 13, working plans and design requirements.
	.2 Shop drawings shall be approved by authority having jurisdiction prior to submission.
	.3 Submit to consultant for general review and information only.
	.4 Submitted drawings shall be reproducible. Do not submit marked up prints.
	.5 Drawings shall be in AutoCad format.

	1.3 SAMPLES
	.1 Submit samples in accordance with general requirements.
	.2 Submit samples of following:

	1.4 ENGINEERING DESIGN CRITERIA
	.1 Design system in accordance with Ontario Fire Marshall, local authority having jurisdiction, owner’s underwriters as required, and NFPA 13, NFPA 20, and NFPA 45 using following parameters:
	.2 System shall be approved by Ontario Fire Marshall, local authority, and owner’s underwriter prior to shop drawing submission.

	1.5 COMMISSIONING AND INTEGRATED TESTING OF FIRE PROTECTION AND LIFE SAFETY SYSTEMS
	.1 Sprinkler contractor to perform services with the Fire Commissioning Agent (FCA) to meet their requirements for administration, verification, and final sign-off.
	.2 The Fire Commissioning Agent (FCA) is being retained by the electrical contractor, however; this contractor’s work to satisfy the FCA requirements shall be included in the tender price.
	.3 The sprinkler contractor at a minimum must include for:
	.4 All work to be performed in accordance with NFPA 3 2010 Edition. Special consideration to be given to Figure A3.3.16 (b) for Sequence of Operation Form required to be completed in conjunction with the FCA and submitted to the consultants prior to occupancy.
	.5 The work to be performed by this contractor is also described in NFPA 3 table A.5.1.1 as labelled “Construction Stage” and “Occupancy Stage”.

	1.6 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.7 MAINTENANCE MATERIALS
	.1 Provide maintenance materials in accordance with general requirements.
	.2 Provide spare sprinklers and tools as required by NFPA 13.

	1.8 QUALIFICATIONS
	.1 Contractor to be specialist in performing work of this section and have at least 3 years successful experience in this size and type of project.

	1.9 PERMITS AND FEES
	.1 Obtain and pay for all permits, fees, and inspections as required by authority having jurisdiction.

	1.10 EQUIPMENT
	.1 ULC listed and labeled.

	1.11 STORAGE
	.1 Store in original packaging with manufacturers' labels and seals intact.
	.2 Store in dry secure location.
	.3 Damaged material and/or equipment shall be replaced.

	1.12 INSURANCE
	.1 Confirm with owner prior to submitting quote.


	Part 2 Products
	2.1 PIPE, FITTINGS, AND VALVES
	.1 Pipe and Fittings:
	.2 Valves:
	.3 Pipe hangers:
	.4 End switches:
	.5 Flow switches:

	2.2 SPRINKLER HEADS
	.1 General: to NFPA 13 and ULC listed for fire services.
	.2 Indicate type and location of sprinkler heads on drawings. Co-ordinate sprinkler heads location with other trades.
	.3 Locate sprinkler heads in acoustic tile ceiling in center of tile.
	.4 Provide sprinkler heads as follows:
	.5 Provide sprinkler heads under all equipment/ductwork over 1200 mm wide.

	2.3 SUPERVISORY SWITCHES
	.1 General: to NFPA 13 and ULC listed for fire service.
	.2 Valves:
	.3 Flow switch type:
	.4 Pressure alarm switch:

	2.4 FIRE DEPARTMENT CONNECTION
	.1 To NFPA 13 and ULC listed, siamese type, location as indicated. Thread specifications to be compatible with local fire department.
	.2 Polished chrome plated recessed with identifying sign cast on plate. Threaded metal caps and chains.

	2.5 PRESSURE GAUGES
	.1 ULC listed
	.2 Shall have maximum limit of not less than twice normal working pressure at point where installed.

	2.6 SIGNS
	.1 Signs for control drain and test valves: to NFPA 13.
	.2 Provide exterior signage for Fire Department connection. Location of signage and text shall be to the approval of the local authority having jurisdiction.

	2.7 SPARE PARTS CABINET
	.1 For storage of maintenance materials, spare sprinkler heads and special tools.
	.2 Include all types and temperature ratings of sprinkler heads installed.
	.3 Construct to sprinkler head manufacturers standard.
	.4 Install where directed on site or next to alarm valve.

	2.8 DOUBLE CHECK VALVE ASSEMBLY (DCVA)
	.1 The double check backflow preventer shall be ASSE 1015 approved and supplied with full port gate valves. The main body and access covers shall be epoxy coated cast iron (ASTM A126 Class B), the seat ring and check valve shall be cast bronze (ASTM B584), the stem shall be stainless steel (ASTM A276) and the seat disc elastomers shall be EPDM.
	.2 The checks shall be accessible for maintenance without removing the device from the line.
	.3 Complete with supervisory switches for connection and monitoring by the fire alarm.
	.4 Install to manufacturer's requirements and not higher than 1200 mm (4'-0") AFF.
	.5 Acceptable materials:

	2.9 INSPECTORS TEST CONNECTIONS
	.1 Provide where indicated and to requirements of local authority.
	.2 Discharge to building exterior to acceptance of consultant.
	.3 Provide suitable signage to satisfaction of authority having jurisdiction and consultant.

	2.10 DOCUMENTATION
	.1 Prepare documentation as indicated.
	.2 Provide documentation based on tender documents. Coordinate sprinkler drawings with all trades.
	.3 Provide one hard copy and one electronic copy of As Built drawings acceptable to consultant prior to final payment.

	2.11 UNIT PRICES
	.1 Provide unit prices as follows.

	2.12 UNDERWRITERS APPROVED GATE VALVE
	.1 NPS 65 – 350 mm (2 1/2" - 14"), OS&Y:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install, inspect, and test to acceptance in accordance with NFPA 13 and FC 403.
	.2 Install excess pressure pump across alarm valve in accordance with manufacturer's instructions.
	.3 Pipe a bypass complete with indicating valve, between Fire department connection and sprinkler main downstream of DCVA. Bypass shall be sized to allow flow test of system demand as per NFPA 13 forward flow test thru the backflow preventor.
	.4 Testing to be witnessed by authority having jurisdiction.
	.5 Space hangers and support of sprinkler piping in accordance with N.F.P.A. regulations.
	.6 Hydrostatically test systems at 350kPa in excess of normal working pressure, but not less than 1.4 MPA for two hours without loss under supervision of authority having jurisdiction and NFPA requirements.
	.7 Provide hydraulic pump, temporary connections and labour required for tests.
	.8 Protect exposed work, in accordance with ‘Painting’ section.
	.9 Do not cover or conceal piping accessories or work prior to inspection and approval by authorities having jurisdiction.
	.10 Adjust equipment to satisfaction of authority having jurisdiction and consultant.
	.11 Protect equipment during painting. Replace damaged and painted components.
	.12 Co-ordinate the sprinkler piping and equipment with that of other trades on the job.  Mains and branches shall be run so as not to interfere with building’s structure, mechanical, or electrical installations. Branch piping above ceilings is to run in joist space or minimum 300 mm above ceiling. Provide drops at head locations only. All exposed piping to run in joist space.
	.13 Guarantee that the systems and equipment be installed in accordance with all Local and Provincial by-laws and the rules and regulations of the Insurance Underwriters and the Building Code of Ontario.
	.14 Provide a flow test for each system on the remote inspector’s test connection using methods approved by the local fire department and local water commission.  Report the test results in writing to the consultant.

	3.2 WATER FLOW TEST
	.1 Provide a flow test to approval of local fire department and local water commission at nearest fire hydrant adjacent to building to determine water flow rate and pressure. Provide written test results with shop drawing submission.
	.2 Provide a forward flow test thru the bypass to prove system demand can be provided thru the backflow preventer.



	21 13 14-22336 Wet Chemical Fire Suppression
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.

	1.2 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.3 CERTIFICATION OF RATINGS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards.


	Part 2 Products
	2.1 FIRE SUPPRESSION SYSTEM
	.1 Self-contained battery operated, fire detection and suppression system: ULC listed and labelled, wet chemical residential range top fixed nozzle type for appliances.
	.2 Electric stove sonic activated shut off valve.
	.3 Manual and automatic dump system. Automatic actuation shall be provided by an appropriate number of detectors. Manual actuation shall be provided by turning a handle on the primary head and/or by a remote pull station. Provide signage for the pull station to indicate functions. Provide fire alarm connection accessory complete with dry contacts.
	.4 Provide accessory relay for fire alarm connection.
	.5 Acceptable materials:


	Part 3 Execution
	3.1 FIRE SUPPRESSION SYSTEM
	.1 Install on each range hood where indicated.
	.2 To automatically shut off electricity to appliances upon activation.
	.3 Provide all wiring to requirements of Division 26.
	.4 Provide spare battery.

	3.2 FIRE SUPPRESSION SYSTEM TESTING
	.1 Dump test system to requirements of local authorities.
	.2 After completion of test, recharge system and make operable for owners’ use.



	22 05 33-22336 Heat Tracing for Plumbing & Drainage
	Part 1 General
	1.1 RELATED SECTIONS
	.1 This section must be read in association with the following: Division 1, Mechanical and Electrical General Requirements Sections.

	1.2 REFERENCES
	.1 Heaters must conform to CSA 22.2 No.46 (latest edition).

	1.3 PRODUCT DATA
	.1 Submit product data in accordance with General Requirements Section.
	.2 Product data to include:

	1.4 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for all heating system components for incorporation into manual as specified in General Requirements Section.


	Part 2 Products
	2.1 HEAT TRACING CABLE
	.1 The equipment and all related devices specified herein shall be manufactured by Raychem and the product shall be XL-TRACE. All sizes, types and lengths of heat trace shall be as per the drawings. (Any alternates proposed by the Contractor must have the same operating characteristics to those of XL-TRACE).
	.2 The self-regulating heat trace shall be a self-regulating polymer core with 2-14AWG tinned copper bus wires embedded in core. The polymer core will allow its resistance to vary - thus regulating its power output for temperature response. The entire heater shall be covered by a radiation cross linked modified polyolefin dielectric jacket.
	.3 The heat trace system shall operate on a 120V system.
	.4 All power connection, end seal, splice, and tee kits shall be installed in the field with a complete inspection performed by a representative of the product company inspecting all installations prior to power up of the system. (Thus, preventing any installation from being watertight). An inspection and system approval certificate shall be issued by the Contractor guaranteeing the installations.

	2.2 APPROVED MANUFACTURERS
	.1 Approved manufacturers shall be:


	Part 3 Execution
	3.1 INSTALLATION
	.1 All heat trace cable shall be fastened to the steel pipes with plastic cable ties or fibreglass tape.
	.2 The cable shall run the entire length of each pipe linearly.
	.3 Power connection kits shall be installed in a weatherproof surface mounted junction box (suitable to house the connection kit) in the location shown on the drawings.
	.4 A manufacturer supplied sign reading “electric traced” shall be installed on the outside of the thermal insulation at intervals of 6 m (20 ft) spacing.
	.5 Division 26 to provide power to the junction box adjacent to the unit only. All other wiring shall be this contractor to the standards of Electrical Division.

	3.2 TESTS
	.1 Following cable installation on pipe, heat trace shall be subject to a test using a 1000V DC MEGGAR prior to and following installation of thermal insulation. Insulation resistance should be 20-1000 MEGA OHMS regardless of length.

	3.3 FIELD QUALITY CONTROL
	.1 Perform tests in accordance with Electrical General Requirements Section.
	.2 Ensure that heaters and controls operate correctly.
	.3 On fan powered units:
	.4 On heat tracing cable, test operation before concealing with insulation.



	22 07 19-22336 Plumbing Piping Insulation
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian General Standards Board (CGSB)
	.3 Underwriters Laboratories of Canada (ULC)
	.1 CAN/ULC-S102, Method of Test for Surface Burning Characteristics of Building Materials and Assemblies.
	.4 American Society for Testing and Materials (ASTM)
	.5 American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE).
	.6 Manufacturer's Trade Associations

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Submit for approval manufacturer's catalogue literature related to installation, fabrication for pipe, fittings, valves and jointing recommendations.

	1.3 INSTALLATION INSTRUCTIONS
	.1 Submit manufacturer's installation instructions in accordance with general requirements.
	.2 Installation instructions to include procedures to be used, installation standards to be achieved.

	1.4 QUALIFICATIONS
	.1 Installer to be specialist in performing work of this section, and have at least 3 years successful experience in this size and type of project, qualified to standards of TIAC.

	1.5 DELIVERY, STORAGE, AND HANDLING
	.1 Deliver materials to site in original factory packaging, labelled with manufacturer's name, address.
	.2 Protect from weather, construction traffic.
	.3 Protect against damage from any source.
	.4 Store at temperatures and conditions required by manufacturer.

	1.6 DEFINITIONS
	.1 For purposes of this section:


	Part 2 Products
	2.1 FIRE AND SMOKE RATING
	.1 In accordance with CAN/ULC-S102:

	2.2 INSULATION
	.1 Mineral fibre as specified herein includes glass fibre, rock wool, slag wool.
	.2 Thermal conductivity ("k" factor) not to exceed specified values at 24°C (75°F) mean temperature when tested in accordance with ASTM C 335.
	.3 Type A-1: Rigid moulded mineral fibre with factory applied vapour retarder jacket.
	.4 Type A-2: Mineral fibre faced with factory applied vapour retarder jacket.
	.5 Materials:

	2.3 INSULATION SECUREMENT
	.1 Tape: Self-adhesive, aluminum, reinforced, 50 mm (2") wide minimum.
	.2 Contact adhesive: Quick setting.
	.3 Canvas adhesive: Washable.

	2.4 CEMENT
	.1 Thermal insulating and finishing cement:

	2.5 VAPOUR RETARDER LAP ADHESIVE
	.1 Water based, fire retardant type, compatible with insulation.

	2.6 INDOOR VAPOUR RETARDER FINISH
	.1 Vinyl emulsion type acrylic, compatible with insulation.

	2.7 JACKETS
	.1 Polyvinyl Chloride (PVC):

	2.8 CAULKING FOR JACKETS
	.1 Caulking: Silicone clear caulking.


	Part 3 Execution
	3.1 PRE-INSTALLATION REQUIREMENT
	.1 Pressure testing of piping systems and adjacent equipment to be complete, witnessed and certified.
	.2 Surfaces to be clean, dry, free from foreign material.

	3.2 INSTALLATION
	.1 Install in accordance with TIAC National Standards.
	.2 Apply materials in accordance with manufacturers’ instructions and this specification.
	.3 Maintain uninterrupted continuity and integrity of vapour retarder jacket and finishes.
	.4 Supports, Hangers:

	3.3 REMOVABLE, PRE-FABRICATED, INSULATION AND ENCLOSURES
	.1 Application: At expansion joints, valves, primary flow measuring elements, flanges, and unions at equipment.
	.2 Design: To permit movement of expansion joint and to permit periodic removal and replacement without damage to adjacent insulation.
	.3 Insulation:

	3.4 INSTALLATION OF ELASTOMERIC INSULATION
	.1 Insulation to remain dry at all times. Overlaps to manufacturers instructions. Ensure tight joints.
	.2 Provide vapour retarder as recommended by manufacturer.

	3.5 PIPING INSULATION SCHEDULES
	.1 Includes valves, valve bonnets, strainers, flanges and fittings unless otherwise specified.
	.2 Install insulator and jackets to applicable TIAC codes.
	.3 Insulate ends of capped piping with type and thickness indicated for capped service.
	.4 Thickness of insulation to be as listed in following table.
	.5 Finishes:  Conform to the following table:
	.6 Connection: To appropriate TIAC code.
	.7 Finish attachments: SS bands, @ 150 mm (6") oc. seals: closed.



	22 11 11-22336 Site Services - Water Mains
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/AWWA B301, Liquid Chlorine.
	.3 ANSI/AWWA C104/A21.4, Cement�Mortar Lining for Ductile Iron Pipe and Fittings for Water.
	.4 ANSI/AWWA C205, Cement Mortar Protective Lining and Coating for Steel Water Pipe � 4 inch and larger � Shop Applied.
	.5 ANSI/AWWA C207, Steel Pipe Flanges for Waterworks Service, 4 inch through 144 inch.
	.6 ANSI/AWWA C500, Metal-seated Gate Valves for Water Supply Service.
	.7 ANSI/AWWA C600, Installation of Ductile Iron Water Mains, and their Appurtenances.
	.8 ANSI/AWWA C800, Underground Service Line Valves and Fittings.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general division.

	1.3 RECORD DRAWINGS
	.1 Provide Data to produce record drawings, including directions for operating valves, list of equipment required to operate valves, details of pipe material, location of air and vacuum release valves, hydrant details, maintenance and operating instructions in accordance with Submittals Section.

	1.4 SCHEDULING OF WORK
	.1 Schedule work to minimize interruptions to existing services.  Interruptions during school hours will not be allowed.
	.2 Submit schedule of expected interruptions to Consultant for approval and adhere to interruption schedule as approved by Consultant.
	.3 Notify building occupants’ minimum of 24 h in advance of any interruption in service.
	.4 Do not interrupt water service for more than 3 h and confine this period between 16:00 and 6:00 h local time or weekends unless otherwise authorized.
	.5 Notify fire department of any planned or accidental interruption of water supply to hydrants.
	.6 Advise local police department of anticipated interference with movement of traffic.
	.7 Notify owner’s security company with any interruptions.


	Part 2 Products
	2.1 PIPES, JOINTS AND FITTINGS
	.1 Ductile iron pipe: to ANSI/AWWA C151/A21.51, class 52 cement mortar lined to ANSI/AWWA C104/A21.4.
	.2 P.V.C. pipe: to AWWA C900, CSA B137.2, ASTM, class 150 P.V.C. (DR18).
	.3 Joints and fittings for ductile iron pipe:

	2.2 FITTINGS AND SPECIALTIES
	.1 All fittings and specials shall be installed where shown or where ordered by the Engineer. Fittings subject to lateral thrust or “blow-out” shall be properly supported by cast-in-place thrust blocks of 25 Mpa concrete placed against undisturbed earth in accordance with the contract drawings. Where necessary, when working in unstable ground conditions or when installing vertical bends, the contractor shall use anchor blocks with anchor rods, or tie rods connected to the closest solid joint, to assure proper support against “blow-out”.

	2.3 PIPE BEDDING AND SURROUND MATERIAL
	.1 Granular material to Aggregates: General and following requirements:
	.2 Concrete mixes and materials required for bedding cradles, encasement, supports, thrust blocks: to Cast-in-Place Concrete Section.

	2.4 BACKFILL MATERIAL
	.1 As indicated.
	.2 Type 3, in accordance with Excavating, Trenching and Backfilling.

	2.5 PIPE DISINFECTION
	.1 Liquid chlorine to ANSI/AWWA B301 to disinfect water mains.


	Part 3 Execution
	3.1 PREPARATION
	.1 Clean pipes, fittings, valves, hydrants, and appurtenances of accumulated debris and water before installation. Carefully inspect materials for defects. Remove defective materials from site.

	3.2 TRENCHING
	.1 Do trenching work in accordance with Excavating Trenching and Backfilling Section.
	.2 Trench depth to provide cover over pipe of not less than1.85 m from finished grade.

	3.3 GRANULAR BEDDING
	.1 Place granular bedding material in uniform layers not exceeding 150 mm compacted thickness to depth of 150 mm below bottom of pipe to depth as indicated.
	.2 Do not place material in frozen condition.
	.3 Shape bed true to grade to provide continuous uniform bearing surface for pipe.
	.4 Shape transverse depressions in bedding as required to suit joints.
	.5 Compact each layer full width of bed to at least 95% of corrected maximum dry density and 95% maximum density to ASTM D698.
	.6 Fill authorized or unauthorized excavation below design elevation of bottom of specified bedding in accordance with Excavating Trenching and Backfilling Section.

	3.4 PIPE INSTALLATION
	.1 Connect to domestic water and fire main piping installed by site services contractor. Terminate building water service inside building and 450 mm above finish floor. Install coupling necessary for connection to building plumbing. If plumbing is already installed, make connection; otherwise cap or seal end of pipe.
	.2 Lay pipes to ANSI/AWWA C600 and ANSI/AWWA Manual of Practice and manufacturer's standard instructions and specifications. Do not use blocks.
	.3 Join pipes in accordance with ANSI/AWWA C600 ANSI/AWWA C602 ANSI/AWWA C206 AWWA Manual of Practice and manufacturer's recommendations.
	.4 Handle pipe by methods recommended by pipe manufacturer.  Do not use chains or cables passed through pipe bore so that weight of pipe bears on pipe ends.
	.5 Lay pipes on prepared bed, true to line and grade. Ensure barrel of each pipe is in contact with shaped bed throughout its full length. Take up and replace defective pipe. Correct pipe, which is not in true alignment or grade or pipe, which shows differential settlement after installation greater than 10 mm.
	.6 Face socket ends of pipe in direction of laying. For mains on a grade of 2% or greater, face socket ends up�grade.
	.7 Do not exceed permissible deflection at joints as recommended by pipe manufacturer.
	.8 Keep jointing materials and installed pipe free of dirt and water and other foreign materials. Whenever work is stopped, install a removable watertight bulkhead at open end of last pipe laid to prevent entry of foreign materials.
	.9 Position and join pipes with equipment and methods approved by Consultant.
	.10 Cut pipes in an approved manner as recommended by pipe manufacturer, without damaging pipe or its coating and to leave smooth end at right angles to axis of pipe.
	.11 Align pipes carefully before jointing.
	.12 Install gaskets to manufacturer's recommendations. Support pipes with hand slings or crane as required to minimize lateral pressure on gasket and maintain concentricity until gasket is properly positioned.
	.13 Avoid displacing gasket or contaminating with dirt or other foreign material. Gaskets so disturbed or contaminated shall be removed, cleaned, lubricated and replaced before jointing is attempted again.
	.14 Complete each joint before laying next length of pipe.
	.15 Minimize deflection after joint has been made.
	.16 Apply sufficient pressure in making joints to ensure that joint is completed to manufacturer's recommendations.
	.17 Ensure completed joints are restrained by compacting bedding material alongside and over installed pipes or as otherwise approved by Engineer.
	.18 When stoppage of work occurs, block pipes in an approved manner to prevent creep during down time.
	.19 Recheck plastic pipe joints assembled above ground after placing in trench to ensure that no movement of joint has taken place.
	.20 Do not lay pipe on frozen bedding.
	.21 Do hydrostatic and leakage test and have results approved by Consultant before surrounding and covering joints and fittings with granular material.
	.22 Backfill remainder of trench.

	3.5 THRUST BLOCKS
	.1 Install thrust blocks to OPS standards for roads and municipal services.
	.2 Concrete shall be placed to within 50 mm of the face of the bell.
	.3 Bond breaker shall be used between the fittings and concrete.

	3.6 HYDROSTATIC AND LEAKAGE TESTING
	.1 Provide labour, equipment and materials required to perform hydrostatic and leakage tests hereinafter described.
	.2 Notify Consultant at least 24 h in advance of all proposed tests. Perform tests in presence of Consultant.
	.3 Where any section of system is provided with concrete thrust blocks, conduct tests at least 5 days after placing concrete or 2 days if high early strength concrete is used.
	.4 Upon completion of pipe laying and after Consultant has inspected work in place, surround and cover pipes between joints with approved granular material placed to dimensions indicated or directed by Consultant.
	.5 Leave hydrants, valves, joints and fittings exposed.
	.6 Strut and brace caps, bends, tees, and valves, to prevent movement when test pressure is applied.
	.7 Open valves.
	.8 Expel air from main by slowly filling main with potable water. Install corporation stops at high points in main where no air�vacuum release valves are installed. Remove stops after satisfactory completion of test and seal holes with plugs.
	.9 Thoroughly examine exposed parts and correct for leakage as necessary.
	.10 Examine exposed pipe, joints, fittings and appurtenances while system is under pressure.
	.11 Remove joints, fittings and appurtenances found defective and replace with new sound material and make watertight.
	.12 Do not exceed allowable leakage of 0.03 L/mm diameter per 300 m of pipe, including lateral connections, per hour.
	.13 Locate and repair defects if leakage is greater than amount specified.
	.14 Repeat test until leakage is within specified allowance for full length of watermain.

	3.7 PIPE SURROUND
	.1 Upon completion of pipe laying and after Consultant has inspected work in place, surround and cover pipes as indicated.
	.2 Hand place surround material in uniform layers not exceeding 150 mm compacted thickness as indicated.
	.3 Place layers uniformly and simultaneously on each side of pipe.
	.4 Do not place material in frozen condition.
	.5 Compact each layer from pipe invert to mid height of pipe to at least 95% of corrected maximum dry density.
	.6 Compact each layer from mid height of pipe to underside of backfill to at least 90% of corrected maximum dry density.

	3.8 BACKFILL
	.1 Place backfill material, above pipe surround, in uniform layers not exceeding 150 mm compacted thickness up to grades as indicated.
	.2 Do not place backfill in frozen condition.
	.3 Under paving and walks, compact backfill to at least 95% corrected maximum dry density. In other areas, compact to at least 90% corrected maximum dry density.

	3.9 FLUSHING AND DISINFECTING
	.1 Flush water mains through available outlets with a sufficient flow of potable water to produce a velocity of 1.5 m/s, within pipe for 10 min, or until foreign materials have been removed and flushed water is clear with backflow protection.
	.2 Flushing flows shall be as follows:
	.3 Provide connections and pumps for flushing as required.
	.4 Open and close valves, hydrants and service connections to ensure thorough flushing.
	.5 When flushing has been completed to satisfaction of Consultant, introduce a strong solution of chlorine as approved by authority having jurisdiction into watermain and ensure that it is distributed throughout entire system.
	.6 Rate of chlorine application to be proportional to rate of water entering pipe.
	.7 Chlorine application to be close to point of filling water main and to occur at same time.
	.8 Operate valves, hydrants and appurtenances while main contains chlorine solution.
	.9 Flush line to remove chlorine solution after 24 h.
	.10 Measure chlorine residuals at extreme end of pipe�line being tested.
	.11 Perform bacteriological tests on water main, after chlorine solution has been flushed out. Take samples daily for minimum of two days. Should contamination remain or recur during this period, repeat disinfecting procedure. Specialist contractor shall submit certified copy of test results.
	.12 Take water samples at hydrants and service connections, in suitable sequence, to test for chlorine residual.
	.13 After adequate chlorine residual not less than 50 ppm has been obtained leave system charged with chlorine solution for 24 h. After 24 h, further samples shall be taken to ensure that there is still not less than 10 ppm of chlorine residual remaining throughout system.

	3.10 SURFACE RESTORATION
	.1 After installing and backfilling over water mains, restore surface including all roads, curbs, sidewalks, landscaped areas etc. to original condition and to standards of local authority having jurisdiction.



	22 11 16-22336 Domestic Water Piping - Copper
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/ASME B16.15, Cast Copper Alloy Threaded Fittings, Classes 125 and 250.
	.3 ANSI B16.18, Cast Copper Alloy Solder Joint Pressure Fittings.
	.4 ANSI/ASME B16.22, Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings.
	.5 ANSI B16.24, Cast Copper Alloy, Pipe Flanges and Flanged Fittings: Classes 150, 300, 600, 900, 1500, and 2500.
	.6 ASTM B88M, Specification for Seamless Copper Water Tube (Metric).
	.7 MSS-SP-70, Cast Iron Gate Valves, Flanged and Threaded Ends.
	.8 MSS-SP-71, Cast Iron Swing Check Valves, Flanged and Threaded Ends.
	.9 MSS-SP-80, Bronze Gate, Globe, Angle and Check Valves.
	.10 ANSI/AWWA C111/A21.11, Rubber Gasket Joints for Ductile-Iron Pressure Pipe and Fittings.
	.11 ASTM A307, Specification for Carbon Steel Bolts and Studs, 60,000 psi Tensile Strength.
	.12 ASTM F1545, Specification for Plastic-Lined Ferrous Metal Pipe, Fittings, and Flanges.
	.13 CSA B242, Groove and Shoulder Type Mechanical Pipe Couplings.
	.14 MSS-SP-67, Butterfly Valves.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawing data in accordance with general requirements.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 PIPING
	.1 Domestic hot, cold and recirculation systems, within building.

	2.2 FITTINGS
	.1 Bronze pipe flanges and flanged fittings, Class 150 and 300: to ANSI B16.24.
	.2 Cast bronze threaded fittings, Class 125 and 250: to ANSI/ASME B16.15.
	.3 Cast copper, solder type: to ANSI B16.18.
	.4 Wrought copper and copper alloy, solder type: to ANSI/ASME B16.22.
	.5 Tee drill NPS 25 mm (1") and larger.
	.6 NPS 80 mm (3") and larger: roll grooved to CSA B242.

	2.3 JOINTS
	.1 Solder: 95/5.
	.2 Teflon tape: for threaded joints.
	.3 Dielectric connections between dissimilar metals: dielectric fitting to ASTM F1545, complete with thermoplastic liner.
	.4 Tee drill fittings shall be brazed with silver solder, 45% Ag - 15% Cu or copper phosphorous, 95% Cu, 5% P and non-corrosive flux.
	.5 Rubber gaskets, 1.5 mm (16 gauge) thick: to ANSI/AWWA C111/A21.11.
	.6 Bolts, nuts, hex head and washers: to ASTM A307, heavy series.
	.7 Grooved couplings: designed with angle bolt pads to provide rigid joint, complete with EPDM flush seal gasket.

	2.4 VALVES
	.1 All valves shall be of commercial grade and of same manufacturer.
	.2 Acceptable materials: Milwaukee Crane Neuman Hattersley Kitz

	2.5 BALL VALVES
	.1 All valves shall be of commercial grade and of same manufacturer.
	.2 NPS 80 mm (3") and under, soldered:

	2.6 GATE VALVES
	.1 NPS 50 mm (2") and under, soldered:
	.2 NPS 50 mm (2") and under, screwed:
	.3 NPS 65 mm (2-1/2") and over, in mechanical rooms, flanged:
	.4 NPS 65 mm (2-1/2") and over, other than mechanical rooms, flanged:

	2.7 GLOBE VALVES
	.1 NPS 50 mm (2") and under, soldered:
	.2 NPS 50 mm (2") and under, screwed:

	2.8 SWING CHECK VALVES
	.1 NPS 50 mm (2") and under, soldered:
	.2 NPS 50 mm (2") and under, screwed:
	.3 NPS 65 mm (2 1/2") and over, flanged:

	2.9 BUTTERFLY VALVES
	.1 Provide copper tubing grooved valves where indicated.
	.2 NPS 100 mm (4") and over:
	.3 Acceptable material: Victaulic Series 608


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with Provincial Plumbing Code and local authority having jurisdiction.
	.2 Cut square, ream and clean tubing and tube ends, clean recesses of fittings and assemble without binding.
	.3 Assemble all piping using fittings manufactured to ANSI standards.
	.4 Install tubing close to building structure to minimize furring, conserve headroom and space. Group exposed piping and run parallel to walls.
	.5 Install CWS piping below and away from HWS and HWC and all other hot piping so as to maintain temperature of cold water as low as possible.
	.6 Connect to fixtures and equipment in accordance with manufacturers instructions unless otherwise indicated.
	.7 Bent tubing is not acceptable.

	3.2 VALVES
	.1 Isolate equipment, fixtures and branches with ball valves.
	.2 Balance recirculation system using lockshield globe valves. Mark settings and record on record drawings on completion.

	3.3 PRESSURE TESTS
	.1 Conform to requirements of general requirements.
	.2 Test pressure: greater of 1½ times maximum system operating pressure or 860 kPa (125 psi).

	3.4 FLUSHING AND DISINFECTING
	.1 Maintain testable RP backflow preventor between municipal water and new plumbing system.
	.2 Ensure a minimum of 90% of plumbing fixtures are installed.
	.3 Flush water mains through available outlets with a sufficient flow of potable water to produce a velocity of 1.5 m/s, within pipe for 10 min, or until foreign materials have been removed and flushed water is clear with backflow protection.
	.4 Provide connections and pumps for flushing as required.
	.5 Open and close valves, and operate fixtures to ensure thorough flushing.
	.6 When flushing has been complete to satisfaction of Consultant introduce a strong solution of Chlorine into water system and ensure that it is distributed throughout entire system.
	.7 Rate of chlorine application to be proportional to rate of water entering pipe.
	.8 Chlorine injection to be close to point of filling water main or at building water service and to occur simultaneously.
	.9 Confirm adequate chlorine residual not less than 50 ppm has been obtained, leave system charged with chlorine solution for 24 h. After 24 h, further samples shall be taken to ensure that there is still not less than 10 ppm of chlorine residual remaining throughout system.
	.10 Upon 10 ppm confirmation and 24 hr elapsed time flush line to remove chlorine solution.
	.11 Measure chlorine residuals at extreme end of pipe-line being tested.
	.12 Perform bacteriological tests on water main, after chlorine solution has been flushed out. Take samples daily for minimum of two days. Should contamination remain or reoccur during this period, repeat disinfecting procedure. Specialist contractor shall submit certified copy of test results.
	.13 Take water samples at remote fixtures and service connections.



	22 11 20-22336 Backflow and cross Connection Measures
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 CAN/CSA – B64.10/B64.10.1 – Selection and Installation of Backflow Preventers/Maintenance and Field Testing of Backflow Preventers.

	1.2 SUBMITTALS
	.1 Complete the required cross connection survey form and submit to authority having jurisdiction. Provide a copy to the consultant.
	.2 Incorporate data into maintenance manual.


	Part 2 Products
	2.1 GENERAL
	.1 Provide backflow prevention devices in all new and existing fixtures and equipment as indicated and as required by the authority having jurisdiction.
	.2 Acceptable materials: Watts Wilkins


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install devices in accordance with acceptable engineering practices, the requirements of the Ontario Building Code and the requirements of the authority having jurisdiction.

	3.2 TESTING
	.1 Provide testing to requirements of authority having jurisdiction.
	.2 Provide copy of test report for each device in the maintenance manual.
	.3 Provide tag on each device.
	.4 Provide a list of devices complete with tag number on a framed chart. Locate chart in Water Entrance Room.
	.5 Provide additional testing on all devices at one year warranty period. Provide documentation to owner and consultant.



	22 11 22-22336 Domestic Water Circulation Pump
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Indicate:

	1.2 CLOSEOUT SUBMITTALS
	.1 Provide maintenance data for incorporation into manual specified in Section general requirements
	.2 Data to include:


	Part 2 Products
	2.1 DOMESTIC WATER DUPLEX BOOSTER SYSTEM
	.1 Packaged [duplex] [variable speed] system, factory assembled, tested and adjusted, ready for site piping and electrical connections.
	.2 Total capacity:
	.3 Construction: 316 stainless steel [vertical, in-line], closed coupled centrifugal, cast-iron casing, bronze impeller, [stainless steel] shaft sleeve, mechanical shaft seal, designed for [860] kPa (125 psi) suction pressure.
	.4 Valves: to Domestic Water Supply Piping – Copper Section. Suction and discharge butterfly valves and pressure reducing and check valve for each pump connected to common suction and discharge headers.
	.5 Motor: [duplex, lead pump 2.2kw(3hp), lag pump 2.2kw(3hp) at 575/3/60.
	.6 Supports: install complete package on factory fabricated structural steelwork [designed to withstand seismic zone [4] acceleration and velocity forces].
	.7 Anchor bolts and templates:
	.8 Control panel: CSA 1 enclosure complete with:
	.9 Operation:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Make piping and electrical connections to pump and motor assembly and controls as indicated.
	.2 Ensure pump and motor assembly do not support piping.
	.3 Align vertical pit mounted pump assembly after mounting and securing cover plate.
	.4 Place 150 mm (6") sand under sump pit tank.



	22 11 31-22336 Potable Water Auxiliary Equipment
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A126, Specification for Gray Iron Castings for Valves, Flanges and Pipe Fittings.
	.3 ASTM B62, Specification for Composition Bronze or Ounce Metal Castings.
	.4 PDI-WH201, Water Hammer Arresters.
	.5 CAN/CSA-B64 Series, Backflow Preventers and Vacuum Breakers.
	.6 ANSI/AWWA C700, Cold Water Meters-Displacement Type, Bronze Main Case.
	.7 ANSI/AWWA C701, Cold Water Meters-Turbine Type, for Customer Service.
	.8 ANSI/AWWA C702, Cold Water Meters-Compound Type.
	.9 CSA-B356, Water Pressure Reducing Valves for Domestic Water Supply Systems.

	1.2 SUBMITTALS
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 For shop drawings, indicate dimensions, construction details and materials.
	.3 For product data, indicate dimensions, construction details and materials for all items specified herein.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.
	.2 Data to include:


	Part 2 Products
	2.1 NON FREEZE WALL HYDRANTS (RECESSED, ENCASED) (HB-1)
	.1 Recessed, encased, all bronze construction, anti-syphon, non freeze wall hydrant with non-turning operating rod, free floating compression valve, integral vacuum breaker, self draining, replaceable seat and seat washer. Nickel bronze box and hinged cover with operating key lock. NPS 20 mm (¾") hose outlet.
	.2 Acceptable materials: Zurn Z-1300  Mifab MHY-20 Ancon HY-725 Contour C7100

	2.2 WATER HAMMER ARRESTORS
	.1 Copper construction, bellows type: to PDI-WH 201.
	.2 Acceptable material:  Zurn Z-1700 Mifab MWH-100 Ancon No. 15

	2.3 BACK FLOW PREVENTORS
	.1 The backflow preventor shall prevent backflow by either backpressure or backsiphonage from a cross-connection between potable water lines and substances that are objectionable.
	.2 To CAN/CSA-B64.
	.3 Application: as indicated.
	.4 Reduced pressure principle type up to 50 mm (2") (RP):  Rated to 180°F and supplied with full port ball valves. The main body and access covers shall be bronze (ASTM B584), the seat ring and all internal polymers shall be NSF® Listed Noryl™ and the seat disc elastomers shall be SILICONE. The first and second check shall be orientated at a 45° angle up-wards and accessible for maintenance without removing the relief valve. Supplied with an air gap adapter.
	.5 Reduced pressure principle type from 65 mm (2½") to 250 mm (10") (RP):
	The reduced pressure principle backflow preventer shall be ASSE 1013 approved, and supplied with full port gate valves. The main body and access covers shall be epoxy coated cast iron (ASTM A126 Class B), the seat ring and check valve shall be cast bronze (ASTM B584), the stem shall be stainless steel (ASTM A276) and the seat disc elastomers shall be EPDM. The first and second checks shall be accessible for maintenance without removing the relief valve or the entire device from the line.  If installed indoors, the installation shall be supplied with an air gap adapter, strainer, and integral monitor switch.
	.6 Double check valve assembly (DCVA):  The double check type backflow preventer shall be ASSE 1015 approved and supplied with full port ball valves. The main body and access covers shall be bronze (ASTM B584), the seat rings and all internal polymers shall be NSF® Listed Noryl™ and the seat disc elastomers shall be silicone.  The first and second checks shall be accessible for maintenance without removing the device from the line.
	.7 Double check valve assembly (DCVA)  The double check backflow preventer shall be ASSE 1015 approved and supplied with full port gate valves. The main body and access covers shall be epoxy coated cast iron (ASTM A126 Class B), the seat ring and check valve shall be cast bronze (ASTM B584), the stem shall be stainless steel (ASTM A276) and the seat disc elastomers shall be EPDM. The checks shall be accessible for maintenance without removing the device from the line.
	.8 Back flow preventor with intermediate atmospheric vent:

	2.4 VACUUM BREAKERS
	.1 To CAN/CSA-B64 Series.
	.2 Atmospheric vacuum breaker (A-VB):
	.3 Hose connection vacuum breaker (HCVB):
	.4 Laboratory faucet intermediate vacuum breaker (LFVB):

	2.5 PRESSURE REGULATORS
	.1 Capacity: as indicated.
	.2 Up to NPS 40 mm (1 1/2") bronze bodies, screwed: to ASTM B62.
	.3 NPS 50 mm (2") and over, semi-steel bodies, Class 125, flanged: to ASTM A126, Class [B].
	.4 Semi-steel spring chambers with bronze trim.

	2.6 HOSE BIBBS AND SEDIMENT FAUCETS
	.1 Bronze construction complete with integral back flow preventer, hose thread spout, replaceable composition disc, and chrome plated in finished areas.

	2.7 WATER MAKE-UP ASSEMBLY
	.1 Complete with backflow preventor, pressure gauge on inlet and outlet, pressure reducing valve to CSA B356, pressure relief valve on low pressure side and gate valves on inlet and outlet.

	2.8 STRAINERS
	.1 860 kPa (125 psi), Y type with 20 mm (3/4") mesh, bronze or stainless steel removable screen.
	.2 NPS 50 mm (2") and under, bronze body, screwed ends, with brass cap.
	.3 NPS 65 mm (2½") and over, cast iron body, flanged ends, with bolted cap.

	2.9 WATER FILTERS
	.1 Five (5) micron filter assembly for taste/odour and dirt/rust.
	.2 The unit shall be constructed of molded transparent plastic housing and a bottom pressure relief for cartridge change.
	.3 Install as per manufacturer’s recommendations.
	.4 Supply a spare set of cartridges.
	.5 Acceptable material: Aqua Puro AP11B

	2.10 SOLENOID VALVES
	.1 Two (2) way normally closed all bronze construction.
	.2 Voltage shall be suitable for controlling function.
	.3 Acceptable material: Asco

	2.11 WATER METERS (BOILER MAKE-UP & CHILDCARE)
	.1 To latest AWWA Standard C700-77.
	.2 Direct reading registar, cast bronze main case, positive displacement.
	.3 Acceptable material:

	2.12 WATER ENTRANCE EXPANSION TANK
	.1 Pre-charged 6.4 gal (3.2 gal accept volume) hydropneumatic steel expansion tank complete with internal butyl diaphragm.
	.2 Tank construction shall be in accordance with Section VIII of the ASME Boiler and Pressure Vessel Code, with all welds conforming to ASME Section IX. The tank must be stamped with a maximum working pressure of 150 psi and a maximum working temperature of 200°F.
	.3 Acceptable material:
	Amtrol ST-12
	Well-X-Trol
	.4 Tank volume: 24 l (6.4 gallons) with 0.5 acceptance factor.

	2.13 TRAP SEAL PRIMERS
	.1 All brass, with integral vacuum breaker, NPS 15 mm (1/2") solder ends, NPS 15 mm (1/2") drip line connection.
	.2 Acceptable materials:  Zurn Z-1022 Mifab Ancon MS-810 Smith

	2.14 TRAP SEAL PRIMER STATIONS
	.1 Provide trap primer stations where indicated complete with solenoid valve, backflow preventor, vacuum breaker, NPS 15 mm (1/2") solder ends, NPS 15 mm (1/2") drip line connections.
	.2 Solenoid valve electric characteristics shall be suitable for controlling function.
	.3 Coordinate location and number of trap primer stations with Building Automation System (BAS) contractor.

	2.15 BAS WATER METER
	.1 Turbine type to ANSI/AWWA C701
	.2 Capacity: 50 mm (2") pipe size.
	.3 Digital water meter complete with pulse contacts for remote readout for both high and low flows by BAS contractor. Co-ordinate meter with BAS contractor.
	.4 Acceptable material: Sensus Omni T2

	2.16 OWNER SUPPLIED EQUIPMENT
	.1 The mechanical contractor shall supply and install all water, gas, condensate and sanitary piping to the owner supplied equipment.  Connection to equipment shall be by this contractor.
	.2 Provide flexible riser stops to all sinks and ball valves to all other equipment.
	.3 Provide backflow preventors on equipment required by the local plumbing inspector.
	.4 Provide flexible gas piping to all gas equipment.
	.5 All equipment in store equipment schedule will be supplied and set in place by Mechanical Contractor unless otherwise noted.
	.6 Coordinate all rough-ins and connection with the supplier on site.
	.7 Owner supplied equipment includes existing relocated equipment.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with provincial codes, and local authority having jurisdiction.
	.2 Install in accordance with manufacturer's instructions and as specified.

	3.2 NON FREEZE WALL HYDRANTS
	.1 Install 600 mm (24") above finished grade unless otherwise indicated.

	3.3 WATER HAMMER ARRESTORS
	.1 Install on branch supplies to each fixture or group of fixtures and where indicated.

	3.4 BACK FLOW PREVENTORS
	.1 Install in accordance with CAN/CSA-B64 Series, where indicated and elsewhere as required by code.
	.2 Pipe discharge to terminate over nearest drain and or service sink.
	.3 Provide test results in manual and leave tag with test results on device.

	3.5 HOSE BIBBS AND SEDIMENT FAUCETS
	.1 Install at bottom of all risers, at low points to drain systems, and as indicated.

	3.6 STRAINERS
	.1 Install with sufficient room to remove basket.
	.2 Strainer size to match pipe size.

	3.7 WATER METERS
	.1 Install water meter provided by local water authority and water meters specified in this section.
	.2 Install water meter as indicated.
	.3 Install remote readout to acceptance of local water authority and as indicated.

	3.8 WATER MAKE-UP ASSEMBLY
	.1 Install with valved bypass.
	.2 Pipe discharge from relief valve to nearest floor drain.

	3.9 COMMISSIONING
	.1 In context of this paragraph, "verify" to include "demonstrate" to Consultant.
	.2 Timing: commission only after start-up deficiencies rectified.
	.3 Access doors: verify size and location relative to items to be services.
	.4 Adjust to suit site conditions, including, but not necessarily limited to, following:
	.5 Commissioning reports:
	.6 Verification:
	.7 Training:
	.8 Demonstrations:



	22 13 13-22336 Sanitary Drains
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A126, Specification for Gray Iron Castings for Valves, Flanges and Pipe Fittings.
	.3 ASTM B62, Specification for Composition Bronze or Ounce Metal Castings.
	.4 CAN/CSA-B79, Commercial and Residential Drains and Cleanouts.

	1.2 SUBMITTALS
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 For shop drawings, indicate dimensions, construction details and materials.
	.3 For product data, indicate dimensions, construction details and materials for all items specified herein.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.
	.2 Data to include:


	Part 2 Products
	2.1 FLOOR DRAINS
	.1 Floor drains and trench drains: to CAN/CSA-B79.
	.2 Type FD-1: general duty; cast iron body, adjustable head, nickel bronze strainer, integral seepage pan, and clamping collar. Use square strainer in tiled areas and round strainer elsewhere.
	.3 Type FD-2: combination funnel floor drain; cast iron body with integral seepage pan, clamping collar, nickel-bronze adjustable head strainer with integral funnel.
	.4 Type FD-3 – (Elevator Sump Drain):  general duty vertical wall drain, cast iron body, clamping collar, nickel-bronze strainer, complete with integral check valve.
	.5 Type FD-4: combination funnel floor drain; cast iron body with integral seepage pan, clamping collar, nickel-bronze adjustable head strainer with integral funnel.
	.6 Type HD-1: General duty hub drain; cast iron body, clamping collar, nickel-bronze adjustable head hub.

	2.2 CLEANOUTS
	.1 Cleanout plugs: heavy cast iron male ferrule with brass screws and threaded brass or bronze plug. Sealing-caulked lead seat or neoprene gasket.
	.2 Wall access: face or wall type, stainless steel round cover with flush head securing screws, bevelled edge frame complete with anchoring lugs.
	.3 Floor access: rectangular, round, as indicated, cast iron body and frame with adjustable secured 15 mm (½") thick flush mounted heavy duty nickel bronze top and:  Plugs: bolted bronze with neoprene gasket.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with provincial codes, and local authority having jurisdiction.
	.2 Install in accordance with manufacturer's instructions and as specified.

	3.2 CLEANOUTS
	.1 In addition to those required by code, and as indicated, install at base of all soil and waste stacks.
	.2 Bring cleanouts to wall or finished floor unless serviceable from below floor.
	.3 Building drain cleanout and stack base cleanouts: line size to maximum  NPS 100 mm (4").

	3.3 COMMISSIONING
	.1 In context of this paragraph, "verify" to include "demonstrate" to Consultant.
	.2 Timing: commission only after start-up deficiencies rectified.
	.3 Access doors: verify size and location relative to items to be services.
	.4 Adjust to suit site conditions, including, but not necessarily limited to, following:
	.5 Commissioning reports:
	.6 Verification:
	.7 Training:
	.8 Demonstrations:



	22 13 16-22336 Sanitary Waste and Vent Piping - Cast Iron and Copper
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM B32, Specification for Solder Metal.
	.3 ASTM B306, Specification for Copper Drainage Tube (DWV).
	.4 ASTM C564, Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings.
	.5 CAN/CSA-B70, Cast Iron Soil Pipe, Fittings and Means of Joining.
	.6 CAN/CSA-B125.3, Plumbing Fittings.


	Part 2 Products
	2.1 COPPER TUBE AND FITTINGS
	.1 Above ground sanitary, and vent, maximum 65 mm (2½") Type DWV copper to: ASTM B306.

	2.2 CAST IRON PIPING AND FITTINGS
	.1 Above ground sanitary, and vent, minimum NPS 80 mm (3"), cast iron to: CAN/CSA-B70.

	2.3 VENT FLASHINGS
	.1 Thaler or equal spun aluminum complete with insulation, cap, and rubber gasket.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with Provincial Plumbing Code and local authority having jurisdiction.
	.2 Install above ground piping parallel and close to walls and ceilings to conserve headroom and space, and to grade as indicated.
	.3 Place Cleanouts
	.4 Each fixture and appliance discharging water into sanitary sewer or building sewer lines shall have a seal trap in connection with a complete venting system so gases pass freely to atmosphere with no pressure or syphon condition on water seal.
	.5 Vent entire waste system to atmosphere.
	.6 Use torque wrench to obtain proper tension in cinch bands when using hubless cast iron pipe. Butt ends of pipe against centering flange of coupling.
	.7 Flash pipes passing through roof with 453 g (16 oz) sheet copper flashing fitted snugly around pipes and caulk between flashing and pipe with flexible waterproof compound.
	.8 Before piping is covered, conduct tests in presence of Consul�tant and correct leaks or defective work.  Conduct test prior to placing floor slab but after backfill is placed.



	22 13 17-22336 Sanitary Waste and Vent Piping - Plastic
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM D2235, Specification for Solvent Cement for Acrylonitrille-Butadiene-Styrene (ABS) Plastic Pipe and Fittings.
	.3 ASTM D2564, Specification for Solvent Cements for Poly (Vinyl-Chloride) (PVC) Plastic Piping Systems.
	.4 CAN/CSA-B181.1, ABS Drain, Waste and Vent Pipe and Pipe Fittings.
	.5 CAN/CSA-B181.2, PVC and CPVC Drain, Waste and Vent Pipe and Pipe Fittings.
	.6 CAN/CSA-B182.1, Plastic Drain and Sewer Pipe and Pipe Fittings.


	Part 2 Products
	2.1 PIPING AND FITTINGS
	.1 Buried sanitary, and vent piping to:
	.2 Above grade sanitary and vent piping:
	.3 Use plastic XFR – DWV in pipe chase for urinal piping to 1.5 M (5' –0") above finished floor.
	.4 Where piping pierces a fire separation an approved fire stop system to the approval of authority having jurisdiction shall be used.

	2.2 JOINTS
	.1 Solvent weld for PVC: to ASTM D2564.
	.2 Solvent weld for ABS: to ASTM D2235.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with Provincial Plumbing Code and local authority having jurisdiction.
	.2 Installation of underground pipe
	.3 Place Cleanouts
	.4 Each fixture and appliance discharging water into sanitary sewer or building sewer lines shall have a seal trap in con�nection with a complete venting system so gases pass freely to atmosphere with no pressure or syphon condition on water seal.
	.5 Before piping is covered, conduct tests in presence of Consultant and correct leaks or defective work.  Conduct test prior to placing floor slab but after backfill is placed.
	.6 Vent entire waste system to atmosphere.
	.7 Flash pipes passing through roof with 453 g (16 oz) sheet copper flashing fitted snugly around pipes and caulk between flashing and pipe with flexible waterproof compound.
	.8 Install above ground piping parallel and close to walls and ceilings to conserve headroom and space, and to grade as indicated.



	22 13 23-22336 Sanitary Interceptors
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A126, Specification for Gray Iron Castings for Valves, Flanges and Pipe Fittings.
	.3 ASTM B62, Specification for Composition Bronze or Ounce Metal Castings.
	.4 CAN/CSA-B79, Commercial and Residential Drains and Cleanouts.
	.5 PDI-WH201, Water Hammer Arresters.
	.6 CAN/CSA-B64 Series, Backflow Preventers and Vacuum Breakers.
	.7 PDI-G101, Testing and Rating Procedure for Grease Interceptors.
	.8 Can/csa-b481 Senes12, Grease Interceptors.

	1.2 SUBMITTALS
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 For shop drawings, indicate dimensions, construction details and materials.
	.3 For product data, indicate dimensions, construction details and materials for all items specified herein.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.
	.2 Data to include:


	Part 2 Products
	2.1 GREASE INTERCEPTORS (STEEL #1)
	.1 Enzymatic type interceptor, tested and rated in accordance with PDI G101, complete with acid resistant interior enamel finish for mounting flush with floor with non-skid covers on floor complete with flow control fitting suitably vented, and extension.
	.2 Capacity: 3.15 l/s (50 gpm) iod inlet & outlet.
	.3 Supply one (1) case of four 1 kg (2.2 lb) cans of enzyme activator with interceptors.
	.4 Acceptable materials:  Zurn Z-1170 (Canadian Market) Mifab (with confirmation of CSA compliance) Jay R Smith (with confirmation of CSA compliance) Ancon WD-CSA (-X if extension required / -E 2lbs of Biomix powder)


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with provincial codes, and local authority having jurisdiction.
	.2 Install in accordance with manufacturer's instructions and as specified.

	3.2 INTERCEPTORS
	.1 Install with sufficient space, as indicated, for ease of maintenance.

	3.3 COMMISSIONING
	.1 In context of this paragraph, "verify" to include "demonstrate" to Consultant.
	.2 Timing: commission only after start-up deficiencies rectified.
	.3 Access doors: verify size and location relative to items to be services.
	.4 Adjust to suit site conditions, including, but not necessarily limited to, following:
	.5 Commissioning reports:
	.6 Verification:
	.7 Training:
	.8 Demonstrations:



	22 13 29-22336 Sanitary Sewage Pumps
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate:

	1.3 CLOSEOUT SUBMITTALS
	.1 Provide maintenance and engineering data for incorporation into manual specified in general requirements.
	.2 Data to include:


	Part 2 Products
	2.1 ELEVATOR SUMP AND SIMPLEX PUMP
	.1 Pump shall be of the centrifugal type and submersible type motor.  The unit shall be capable of 2" solid capacity for normal grey water and 2" discharge pipe.
	.2 Pump shall have a capacity of 50 GPM at a total head of 27 feet.
	.3 Pump Motor:
	.4 The pump impeller shall be of the recessed type to provide an open unobstructed passage through the volute for the solids. Impeller shall be engineered thermoplastic (MC/MGF) or ductile iron (MGH) and shall be threaded onto stainless steel shaft.
	.5 All iron castings shall be pre-treated with phosphate and chromic rinse and to be painted before machining, and all machined surfaces exposed to the sewage water to be re-painted.  All fasteners to be 302 stainless steel.
	.6 The motor power cord shall be 14 GA SJOW/SJOWA or SOOW.  The cable jacket shall be sealed at the motor entrance by means of a rubber compression washer and compression nut.  A heat shrink tube filled with epoxy shall seal the outer cable jacket and the individual leads to prevent water from entering the motor housing.
	.7 The pump shall be complete with integral float and power cord.
	.8 High level alarm system with audible signal and test button suited for 120/1/60 with plug. Supply sufficient cord length to nearest plug.
	.9 Sump System
	.10 Acceptable manufacturers: Myers WHR5H-53 Barnes Grundfos


	Part 3 Execution
	3.1 SEWAGE SUMPS AND PUMPS
	.1 Install in accordance with manufacturers recommendations.
	.2 Clean sump upon completion.
	.3 Confirm operation of pumps, controls, and high level alarms.

	3.2 FIELD QUALITY CONTROL
	.1 Check power supply.
	.2 Check starter protective devices.
	.3 Start up, check for proper and safe operation.
	.4 Check settings and operation of all hand-off-auto selector switch, operating, safety and limit controls, audible and visual alarms, over-temperature and other protective devices.
	.5 Adjust flow from water-cooled bearings.
	.6 Adjust impeller shaft stuffing boxes, packing glands.
	.7 Demonstrate equipment operation as directed by consultant.



	22 14 15-22336 Storm Drainage Piping - Cast Iron and Copper
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM B32, Specification for Solder Metal.
	.3 ASTM B306, Specification for Copper Drainage Tube (DWV).
	.4 ASTM C564, Specification for Rubber Gaskets for Cast Iron Soil Pipe and Fittings.
	.5 CAN/CSA-B70, Cast Iron Soil Pipe, Fittings and Means of Joining.
	.6 CAN/CSA-B125.3, Plumbing Fittings.


	Part 2 Products
	2.1 COPPER TUBE AND FITTINGS
	.1 Above ground storm maximum 65 mm (2½") Type DWV copper to: ASTM B306.

	2.2 CAST IRON PIPING AND FITTINGS
	.1 Above ground storm minimum NPS 80 mm (3"), cast iron to: CAN/CSA-B70.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with Provincial Plumbing Code and local authority having jurisdiction.
	.2 Install above ground piping parallel and close to walls and ceilings to conserve headroom and space, and to grade as indicated.
	.3 Place Cleanouts
	.4 Use torque wrench to obtain proper tension in cinch bands when using hubless cast iron pipe. Butt ends of pipe against centering flange of coupling.
	.5 Before piping is covered, conduct tests in presence of Consul�tant and correct leaks or defective work.  Conduct test prior to placing floor slab but after backfill is placed.



	22 14 16-22336 Storm Drainage Piping - Plastic
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM D2235, Specification for Solvent Cement for Acrylonitrille-Butadiene-Styrene (ABS) Plastic Pipe and Fittings.
	.3 ASTM D2564, Specification for Solvent Cements for Poly(Vinyl-Chloride) (PVC) Plastic Piping Systems.
	.4 CAN/CSA-B181.1, ABS Drain, Waste and Vent Pipe and Pipe Fittings.
	.5 CAN/CSA-B181.2, PVC and CPVC Drain, Waste and Vent Pipe and Pipe Fittings.
	.6 CAN/CSA-B182.1, Plastic Drain and Sewer Pipe and Pipe Fittings.


	Part 2 Products
	2.1 PIPING AND FITTINGS
	.1 Buried storm piping to:
	.2 Above grade storm piping:
	.3 Where piping pierces a fire separation an approved fire stop system to the approval of authority having jurisdiction shall be used.

	2.2 JOINTS
	.1 Solvent weld for PVC: to ASTM D2564.
	.2 Solvent weld for ABS: to ASTM D2235.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with Provincial Plumbing Code and local authority having jurisdiction.
	.2 Installation of underground pipe
	.3 Place Cleanouts
	.4 Before piping is covered, conduct tests in presence of Consultant and correct leaks or defective work.  Conduct test prior to placing floor slab but after backfill is placed.



	22 14 26-22336 Storm Drains
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A126, Specification for Gray Iron Castings for Valves, Flanges and Pipe Fittings.
	.3 ASTM B62, Specification for Composition Bronze or Ounce Metal Castings.
	.4 CAN/CSA-B79, Commercial and Residential Drains and Cleanouts.

	1.2 SUBMITTALS
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 For shop drawings, indicate dimensions, construction details and materials.
	.3 For product data, indicate dimensions, construction details and materials for all items specified herein.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.
	.2 Data to include:


	Part 2 Products
	2.1 ROOF DRAINS
	.1 Type RD-1: controlled flow; cast iron body, under deck clamp and sump receiver to suit roof construction, flashing clamp ring with integral gravel stop, bearing pan, flow control weir assembly, aluminum dome.
	.2 Type RD-2: canopy roof drain with cast iron body with bronze dome, clamp ring to suit roof construction, 50 mm (2").

	2.2 CLEANOUTS
	.1 Cleanout plugs: heavy cast iron male ferrule with brass screws and threaded brass or bronze plug. Sealing-caulked lead seat or neoprene gasket.
	.2 Wall access: face or wall type, stainless steel round cover with flush head securing screws, bevelled edge frame complete with anchoring lugs.
	.3 Floor access: rectangular, round, as indicated, cast iron body and frame with adjustable secured 15 mm (½") thick flush mounted heavy duty nickel bronze top and:  Plugs: bolted bronze with neoprene gasket.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with provincial codes, and local authority having jurisdiction.
	.2 Install in accordance with manufacturer's instructions and as specified.
	.3 Install roof drains in lowest point of roof. Co-ordinate location with architectural, structural, and mechanical drawings.

	3.2 CLEANOUTS
	.1 In addition to those required by code, and as indicated, install at base of all soil and waste stacks, and rainwater leaders.
	.2 Bring cleanouts to wall or finished floor unless serviceable from below floor.
	.3 Building drain cleanout and stack base cleanouts: line size to maximum NPS 100 mm (4").

	3.3 COMMISSIONING
	.1 In context of this paragraph, "verify" to include "demonstrate" to Consultant.
	.2 Timing: commission only after start-up deficiencies rectified.
	.3 Access doors: verify size and location relative to items to be services.
	.4 Adjust to suit site conditions, including, but not necessarily limited to, following:
	.5 Commissioning reports:
	.6 Verification:
	.7 Training:
	.8 Demonstrations:



	22 14 29-22336 Storm Drainage Pumps
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI Z21.10.1/CSA 4.1, Gas Water Heaters Volume I, Storage Water Heaters with Inputs Ratings of 75,000 Btuh, or less.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.

	1.3 CLOSEOUT SUBMITTALS
	.1 Provide maintenance and engineering data for incorporation into manual specified in general requirements.
	.2 Data to include:

	Part 2 Products
	2.1 WEEPING TILE SUMP AND DUPLEX PUMPS
	.1 Pump shall be of the centrifugal type and submersible type motor.  The unit shall be capable of pumping water with a 2" solid handling capacity and 2" discharge pipe.
	.2 Pump shall have a capacity of 20 GPM at a total head of 16 feet.
	.3 Pump Motor:
	.4 Motor shall be protected by one rotary mechanical seal.  Seal face shall be carbon and ceramic and lapped to a flatness of one light band.
	.5 The pump impeller shall be of the recessed type to provide an open unobstructed passage through the volute. Impeller shall be engineered thermoplastic (MC/MGF) or ductile iron (MGH) and shall be threaded onto stainless steel shaft.
	.6 All iron castings shall be pre-treated with phosphate and chromic rinse and to be painted before machining, and all machined surfaces exposed to the sewage water to be re-painted.  All fasteners to be 302 stainless steel.
	.7 The motor power cord shall be 14 GA SJOW/SJOWA or SOOW.  The cable jacket shall be sealed at the motor entrance by means of a rubber compression washer and compression nut.  A heat shrink tube filled with epoxy shall seal the outer cable jacket and the individual leads to prevent water from entering the motor housing.
	.8 Indoor Enclosure (EEMAC 1) Control Panel shall contain:
	.9 Three (3) floats with sufficient cable to wire to control panel.
	.10 Weeping Tile Sump System
	.11 Acceptable manufactures: Myers SRM-4 Barnes Grundfos


	Part 3 Execution
	3.1 SUMPS AND PUMPS
	.1 Install in accordance with manufacturers recommendations.
	.2 Clean sump upon completion.
	.3 Confirm operation of pumps, controls, and high level alarms.

	3.2 FIELD QUALITY CONTROL
	.1 Check power supply.
	.2 Check starter protective devices.
	.3 Start up, check for proper and safe operation.
	.4 Check settings and operation of all hand-off-auto selector switch, operating, safety and limit controls, audible and visual alarms, over-temperature, and other protective devices.
	.5 Adjust flow from water-cooled bearings.
	.6 Adjust impeller shaft stuffing boxes, packing glands.
	.7 Demonstrate equipment operation as directed by consultant.



	22 34 36-22336 Fuel Fired Domestic Water Heaters
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI Z21.10.1/CSA 4.1, Gas Water Heaters Volume I, Storage Water Heaters with Inputs Ratings of 75,000 Btuh, or less.
	.3 ANSI Z21.10.3/CSA 4.3, Gas Water Heaters Volume III; Storage Water Heaters with Input Ratings above 75,000 Btuh, circulating and Instantaneous.
	.4 CSA-B149.1, Natural Gas and Propane Installation Code.
	.5 CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code.
	.6 CAN/CSA-B139, Installation Code for Oil Burning Equipment.
	.7 CAN/CSA-B140.0, Oil Burning Equipment: General Requirements.
	.8 CSA B140.12, Oil Burning Equipment: Service Water Heaters for Domestic Hot Water, Space Heating, and Swimming Pools.
	.9 CAN/CSA-C309, Performance Requirements for Glass-Lined Storage Tanks for Household Hot Water Service.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate:

	1.3 CLOSEOUT SUBMITTALS
	.1 Provide maintenance and engineering data for incorporation into manual specified in general requirements
	.2 Data to include:


	Part 2 Products
	2.1 GAS FIRED HIGH EFFICIENCY WATER HEATER (WH-1)
	.1 To ANSI Z21.10.3/CSA 4.3 with a recovery rate of 859 l/h (277 gal/h) based on 56°C (100°F) rise and 58 kW (199 MBH) input. Efficiency of 94%.
	.2 Tank: 378 l (100 gal), glass, lined steel, 692 mm (27¼") dia x 1739 mm (69½") high fibreglass insulation, enameled steel jacket.
	.3 Gas burner: complete with high limit control, gas valve, gas pressure regulator, 100% safety shut-off, firepower gas burner with air distribution ring, 120V /1/60.
	.4 3 year warranty certificate.
	.5 Vent kit complete with wall vent and vent pipe.
	.6 Provide 80 mm (3") ULC S636 approved CPVC piping and fittings for combustion and exhaust. Install as per manufacturers recommendations. Support piping at 1.5 m maximum.
	.7 Provide neutralizing cartridge for each hot water tank as supplied by equipment manufacturer.
	.8 Acceptable materials:  Bradford White EF-100T-199E
	J Wood
	RUUD

	2.2 GAS FIRED HIGH EFFICIENCY WATER HEATER (WH-2)
	.1 To ANSI Z21.10.3/CSA 4.3 with a recovery rate of 523 l/h (138 gal/h) based on 56°C (100°F) rise and 35 kW (120 MBH) input. Efficiency of 94%.
	.2 Tank: 227 l (60 gal), glass, lined steel, 692 mm (27¼") dia x 1359 mm (53½") high fibreglass insulation, enameled steel jacket.
	.3 Gas burner: complete with high limit control, gas valve, gas pressure regulator, 100% safety shut-off, firepower gas burner with air distribution ring, 120V /1/60.
	.4 3 year warranty certificate.
	.5 Vent kit complete with wall vent and vent pipe.
	.6 Provide 80 mm (3") ULC S636 approved CPVC piping and fittings for combustion and exhaust. Install as per manufacturers recommendations. Support piping at 1.5 m maximum.
	.7 Provide neutralizing cartridge for each hot water tank as supplied by equipment manufacturer.
	Acceptable materials:  Bradford White  J Wood Ruud

	2.3 WATER HEATER TRIM AND INSTRUMENTATION
	.1 Drain valve: NPS 25 mm (1") with hose end.
	.2 Thermometer: 100 mm (4") dial type with red pointer and thermowell filled with conductive paste.
	.3 Thermowell filled with conductive paste for control valve temperature sensor.
	.4 ASME rated temperature and pressure relief valve sized for full capacity of heater, having discharge terminating over floor drain and visible to operators.
	.5 Magnesium anodes adequate for 20 years of operation and located for easy replacement.


	Part 3 Execution
	3.1 WATER HEATER
	.1 Install in accordance with manufacturer's recommendations and authority having jurisdiction.
	.2 Provide structural steel for horizontal (vertical) mounted tanks.
	.3 Provide insulation between tank and supports.
	.4 Provide neutralizing cartridge on each vent drain.
	.5 Install oil burning domestic water heaters in accordance with CAN/CSA B139.
	.6 Install natural gas or propane gas fired domestic water heaters in accordance with CSA-B149.1-00.

	3.2 FIELD QUALITY CONTROL
	.1 Manufacturer's factory trained, certified Engineer to start up and commission DHW heaters.
	.2 Check power supply.
	.3 Check starter protective devices.
	.4 Start up, check for proper and safe operation.
	.5 Check settings and operation of all hand-off-auto selector switch, operating, safety and limit controls, audible and visual alarms, over-temperature, and other protective devices.
	.6 Demonstrate equipment operation as directed by consultant.



	22 36 13-22336 Plumbing Auxiliary Equipment
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate:

	1.3 CLOSEOUT SUBMITTALS
	.1 Provide maintenance and engineering data for incorporation into manual specified in general requirements
	.2 Data to include:
	.3 Recommended spare parts list with names and addresses.


	Part 2 Products
	2.1 DOMESTIC HOT WATER EXPANSION TANK
	.1 Pre-charged 6.4 gal (3.2 gal accept volume) hydropneumatic steel expansion tank complete with internal butyl diaphragm.
	.2 Tank construction shall be in accordance with Section VIII of the ASME Boiler and Pressure Vessel Code, with all welds conforming to ASME Section IX. The tank must be stamped with a maximum working pressure of 150 psi and a maximum working temperature of 250°F.
	.3 Tank volume: 24 l (4.5 gallons) with 0.73 acceptance factor.
	.4 Acceptable material: Amtrol ST-12C Well-X-Trol

	2.2 DOMESTIC HOT WATER CIRCULATING PUMPS
	.1 Capacity: 0.6 l/s (9.5 gpm) against total differential head of 10 kPa (1.45 psi or 3.35 ft. wc.) as indicated.
	.2 Construction: closed-coupled, in-line centrifugal, all bronze construction, stainless steel shaft, stainless steel or bronze shaft sleeve, two oil lubricated bronze sleeves or ball bearings. Design for 105°C (220°F) continuous service.
	.3 Motor: 3 SPEED 124 W (1/6 hp 120/1/60), drip-proof, with thermal overload protection.
	.4 Supports: provide as recommended by manufacturer.
	.5 Acceptable materials:  Bell & Gossett  Armstrong

	2.3 DOMESTIC HOT WATER CIRCULATING PUMPS (DAYCARE)
	.1 Capacity: 0.6 l/s (3 gpm) against total differential head of 10 kPa (1.45 psi or 3.35 ft. wc.) as indicated.
	.2 Construction: closed-coupled, in-line centrifugal, all bronze construction, stainless steel shaft, stainless steel or bronze shaft sleeve, two oil lubricated bronze sleeves or ball bearings. Design for 105°C (220°F) continuous service.
	.3 Motor: 3-SPEED (fhp 120/1/60), drip-proof, with thermal overload protection.
	.4 Supports: provide as recommended by manufacturer.
	.5 Acceptable materials:  Bell & Gossett  Armstrong

	2.4 DOMESTIC BOOSTER PUMP EXPANSION TANK
	.1 Pre-charged 80 gal (53 gal accept volume) hydropneumatic steel expansion tank complete with internal butyl diaphragm.
	.2 Tank construction shall be in accordance with Section VIII of the ASME Boiler and Pressure Vessel Code, with all welds conforming to ASME Section IX. The tank must be stamped with a maximum working pressure of 150 psi and a maximum working temperature of 250°F.
	.3 Tank volume: 302 l (80 gallons) with 0.67 acceptance factor.
	.4 Acceptable material: B&G PTA-180V
	Amtrol  Well-X-Trol


	Part 3 Execution
	3.1 RECIRCULATING PUMP
	.1 Make piping and electrical connections to pump and motor assembly and controls as indicated.
	.2 Ensure pump and motor assembly do not support piping.

	3.2 DOMESTIC HOT WATER EXPANSION TANK
	.1 Adjust expansion tank pressure to suit system pressure.
	.2 Provide an expansion tank on the cold water feed to each water heater complete with lockshield type shutoff valve at inlet to tank.
	.3 Provide an expansion tank at the water entrance.

	3.3 FIELD QUALITY CONTROL
	.1 Manufacturer's factory trained, certified Engineer to start up and commission DHW heaters.
	.2 Check power supply.
	.3 Check starter protective devices.
	.4 Start up, check for proper and safe operation.
	.5 Check settings and operation of all hand-off-auto selector switch, operating, safety and limit controls, audible and visual alarms, over-temperature, and other protective devices.
	.6 Adjust flow from water-cooled bearings.
	.7 Adjust impeller shaft stuffing boxes, packing glands.
	.8 Demonstrate equipment operation as directed by consultant.
	.9 Demonstrate water softener regeneration controls.



	22 37 13-22336 Portable Fire Extinguishers
	Part 1 General
	1.1 GENERAL REQUIREMENTS
	.1 Conform to Sections of Division 1 and to General Mechanical Requirements Section.

	1.2 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Perform work in accordance with the recommendations of and the requirements of:

	1.3 SUBMITTALS
	.1 Submit shop drawings and maintenance data in accordance with general requirements.

	1.4 COORDINATION
	.1 Confirm fire extinguisher cabinet locations and quantities from both architectural and mechanical drawings and report any discrepancies to consultant prior to bid close.
	.2 Coordinate location of cabinet with other trades and provide protection against damage during construction.


	Part 2 Products
	2.1 MULTI-PURPOSE DRY CHEMICAL EXTINGUISHERS (CLASS ABC)
	.1 Stored pressure rechargeable type with hose and shut off nozzle, ULC labelled for A, B and C class protection as indicated. Size of extinguishers shall be as follows:

	2.2 CABINETS
	.1 Recessed mounted type of a size sufficient to contain all necessary components.  Tub to be constructed of 1.5 mm (16 gauge) steel and finished with Wilco "Pro-Tech" Premier white painted finish.  Adjustable frame comprising of 180° opening door and trim to be separate assembly adaptable to any type of finished wall.  Trim to have 6 mm (1/4") return on outer edges with full length semi�concealed piano hinge, and Corbin style latching device.
	.2 Doors and trim to be 1.5 mm (16 gauge) white painted finish.  Door glass to be 6 mm (1/4") Duo Lite Safety Glass.
	.3 Cabinet to maintain fire resistive rating of construction in which they occur.
	.4 Do not provide cabinets for mechanical room and service area fire extinguishers unless indicated.
	.5 Acceptable material:

	2.3 IDENTIFICATION
	.1 Identify extinguishers in accordance with recommendations of NFPA 10.
	.2 Attach tag or label to extinguishers indicating month and year of installation and provide space for the addition of recording service dates.

	2.4 FIRE BLANKET
	.1 100% non-combustible fire retardant glass fibre, non-toxic, non-conductor, cleanable complete with straps.
	.2 Size: 1 m x 1 m (40" x 40").
	.3 Cabinet to be surface mounted, 400 mm x 300 mm (16" x 12").
	.4 Mount on wall in kitchen area where indicated or directed on site by consultant.
	.5 Manufacturer:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Provide portable fire extinguisher cabinets and mount in wall during construction. Cabinet to be surface or recessed mounted as indicated on the drawings. Install cabinets so that the door will not obstruct normal traffic when open.
	.2 Hang extinguishers in cabinets with wall mounting bracket.
	.3 Prior to installing the extinguisher cabinets, confirm the mounting height and exact location with the Consultant. Mount extinguisher so top of unit is not more than  1.5 m (5’).
	.4 Install wall mounted fire extinguishers complete with wall mounting bracket where indicated and/or directed on site by consultant.
	.5 Caulk perimeter of fire extinguisher cabinets after acceptance.

	3.2 TESTS
	.1 Fire protection equipment shall be tested to the requirements of NFPA10, NFPA13, NFPA14 and comply with the requirements of the authorities having jurisdiction.

	3.3 FIRE BLANKET
	.1 Hang blanket on wall in cabinet as indicated, to manufacturers’ recommendations.



	22 44 13-22336 Plumbing Fixture Combined With Drawing Schedules
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 CAN/CSA B45S1, Supplement #1 to CAN/CSA B-45 Series Plumbing Fixtures.
	.3 CAN/CSA-B45 Series, CSA Standards on Plumbing Fixtures.
	.4 CAN/CSA-B125.3, Plumbing Fittings.
	.5 CAN/CSA-B651, Accessible Design for the Built Environment.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Indicate, for all fixtures and trim:

	1.3 CLOSEOUT SUBMITTALS
	.1 Provide maintenance data including monitoring requirements for incorporation into manual specified in general requirements.
	.2 Include:

	1.4 PRODUCTS INSTALLED BUT NOT SUPPLIED UNDER THIS SECTION
	.1 Install rough-in for equipment supplied by others, complete with valves on hot and cold water supplies, waste and vent.
	.2 Equipment installed by others.
	.3 Equipment not installed.


	Part 2 Products
	2.1 MANUFACTURED UNITS
	.1 Fixtures: manufacture in accordance with CAN/CSA-B45 series.
	.2 Trim, fittings: manufacture in accordance with CAN/CSA-B125.3.
	.3 Exposed plumbing brass to be chrome plated.
	.4 Number, locations: Architectural drawings to govern.
	.5 Fixtures in any one location to be product of one manufacturer and of same type.
	.6 Trim in any one location to be product of one manufacturer and of same type.

	2.2 FIXTURE CARRIERS
	.1 Provide factory manufactured floor-mounted carrier systems for all wall-mounted fixtures.
	.2 Acceptable materials:

	2.3 PLUMBING FIXTURES
	.1 Refer to plumbing fixture schedule on the drawings for fixture type, manufacturer, trim, drainage supply, and accessories.

	2.4 FIXTURE PIPING
	.1 Hot and cold water supplies to each fixture/faucet:
	Chrome plated flexible supply pipes each with screwdriver stop, reducers, escutcheon and chrome plated nipple.
	.2 Waste: Open grid strainer, or pop up as indicated, offset open grid strainer on Barrier-Free fixtures, cast brass fittings with tubular piping, chrome plated, rubber gasket compression fitting, and overflow flange.
	.3 ‘P’ Traps:
	Cast brass P trap with cleanout on each fixture not having integral trap.
	Chrome plated in all exposed places.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Mounting heights:
	.2 Drinking fountains:

	3.2 ADJUSTING
	.1 Conform to water conservation requirements specified this section.
	.2 Adjustments.
	.3 Checks.
	.4 Thermostatic controls.
	.5 Floor and wall mounted fixtures: caulk to floor or wall using silicone caulking to make water tight, colour to match fixture.
	.6 Counter mounted fixtures: lay fixtures into bead of caulking to ensure excess moisture does not reach the cut edge of the countertop. Clean excess caulking off outside the sink.



	23 05 11-22336 Variable Frequency Drives
	Part 1 General
	1.1 GENERAL
	.1 This section is to read in conjunction with Division 1, the general condition, and the General Requirements of the mechanical trades.

	1.2 REFERENCES
	.1 Tested to ANSI/UL Standard 508.
	.2 UL-508 certified for the building and assembly.
	.3 CSA or C-UL stickers shall be applied to both the VFD and option panels.
	.4 Manufacturers shall be ISO 9001 certified facilities.

	1.3 SUBMITTALS
	.1 Submit manufacturer’s performance data including dimensional drawings, power circuit diagrams, installation and maintenance manuals, warranty description, VFD's FLA rating, certification agency file numbers and catalogue information.
	.2 The specification lists the minimum VFD performance requirements for this project. Each supplier shall list any exceptions to the specification. If no departures from the specification are identified, the supplier shall be bound by the specification.
	.3 Harmonic filtering. The manufacturer shall, with the aid of the buyer’s electrical power single line diagram, providing the data required by IEEE-519, perform an analysis to initially demonstrate the supplied equipment will met the IEEE standards after installation. If, as a result of the analysis, it is determined that additional filter equipment is required to meet the IEEE recommendations, then the cost of such equipment shall be included in the bid. A harmonic analysis shall be submitted with the approval drawings to verify compliance with the latest version of IEEE-519 voltage and current distortion limits as shown in table 10.2 and 10.3 at the point of common coupling (PCC). The PCC shall be defined as the consumer–utility interface or primary side of the main distribution transformer.

	1.4 WARRANTY
	.1 The VFD shall be warranted by the manufacturer for a period of five (5) years from date of substantial completion. The warranty shall include parts, labour, travel costs and living expenses incurred by the manufacturer to provide factory authorized on-site service. The warranty shall be provided by the VFD manufacturer.


	Part 2 Products
	2.1 ACCEPTABLE MANUFACTURERS
	.1 Danfoss Graham.
	.2 ABB.

	2.2 GENERAL
	.1 The VFD shall convert incoming fixed frequency three-phase AC power into a variable frequency and voltage for controlling the speed of three-phase AC motors. The motor current shall closely approximate a sine wave. Motor voltage shall be varied with frequency to maintain desired motor magnetization current suitable for centrifugal pump and fan control and to eliminate the need for motor derating.
	.2 With the motor’s rated voltage applied to the VFD input, the VFD shall allow the motor to produce full rated power at rated amps, RMS fundamental volts, and speed without using the motor's service factor. VFD’s utilizing sine weighted/coded modulation (with or without 3rd harmonic injection) must provide data verifying that the motors will not draw more than full load current during full load and full speed operation.
	.3 Include an input full-wave bridge rectifier and maintain a fundamental power factor near unity regardless of speed or load.
	.4 Provide DC link reactors on both the positive and negative rails of the DC bus to minimize power line harmonics. VFD’s without DC link reactors shall provide a minimum 5% impedance line reactor.
	.5 Full load amp rating shall meet or exceed NEC Table 430-150. The VFD shall be able to provide full rated output current continuously, 110% of rated current for 60 seconds and 160% of rated current for up to 0.5 second while starting.
	.6 Provide full torque at any selected frequency from 28 Hz to base speed to allow driving direct drive fans without derating.
	.7 An automatic energy optimization selection feature shall be provided in the VFD. This feature shall automatically and continually monitor the motor’s speed and load and adjust the applied voltage to maximize energy savings and provide up to an additional 3% to 10% energy savings.
	.8 Input and output power circuit switching shall be able to be accomplished without interlocks or damage to the VFD. Switching rate may be up to 1 time per minute on the input and unlimited on the output.
	.9 An automatic motor adaptation test algorithm shall measure motor stator resistance and reactance to optimize performance and efficiency. It shall not be necessary to run the motor or de-couple the motor from the load to run the test.
	.10 Galvanic and/or optical isolation shall be provided between the VFD’s power circuitry and control circuitry to ensure operator safety and to protect connected electronic control equipment from damage caused by voltage spikes, current surges, and ground loop currents. VFD’s not including either galvanic or optical isolation on both analog I/O and discrete I/O shall include additional isolation modules.
	.11 VFD shall minimize the audible motor noise through the use of an adjustable carrier frequency. The carrier frequency shall be automatically adjusted to optimize motor and VFD efficiencies while reducing motor noise.
	.12 VFD’s operating 600/3/60 motors not designed to meet Nema MG1 Part 31 should include Output dv/dt (LC) Reactors.
	.13 Provide Siemens FLN compatibility for communication to BAS system.

	2.3 PROTECTIVE FEATURES
	.1 VFD shall be provided with an integral disconnect and Integral Fast Blow Semi-Conductor fuses sized as specified by ULC. Fuses shall be Bussman JJS type or equivalent.
	.2 A minimum of Class 20 I2t electronic motor overload protection for single motor applications and thermal-mechanical overloads for multiple motor applications shall be provided.
	.3 Protection against input transients, loss of AC line phase, output short circuit, output ground fault, over-voltage, under-voltage, VFD over-temperature and motor over-temperature. The VFD shall display all faults in plain English. Codes are not acceptable.
	.4 Protect VFD from sustained power or phase loss. The VFD shall provide full rated output with an input voltage as low as 90% of the nominal.
	.5 The VFD shall incorporate a motor preheat circuit to keep the motor warm and prevent condensation build up in the stator.
	.6 To prevent breakdown of the motor winding insulation, the VFD shall be designed to comply with IEC Part 34-17. Motors shall have inverter rated insulation (1600V).
	.7 VFD shall include a “signal loss detection” circuit to sense the loss of an analog input signal such as 4 to 20 mA or 2 to 10 V DC, and shall be programmable to react as desired in such an instance.
	.8 VFD shall function normally when the keypad is removed while the VFD is running and continue to follow remote commands. No warnings or alarms shall be issued as a result of removing the keypad.
	.9 VFD shall catch a rotating motor operating forward or reverse up to full speed.
	.10 VFD shall be rated for 100,000 amp interrupting capacity (AIC).
	.11 VFD shall have externally mounted EMI electromagnetic suppressor to limit the EMI and RFI output from the VFD. VFD to be mounted in an all metal cabinet to limit radiated RFI.
	.12 VFD shall include current sensors on all three output phases to detect and report phase loss to the motor. The VFD will identify which of the output phases is low or lost.
	.13 VFD shall continue to operate without faulting until input voltage reaches 300 V AC on 208/230 volt VFD’s, and 701V AC on 575 volt VFD’s.

	2.4 INTERFACE FEATURES
	.1 Hand/Start, Off/Stop and Auto/Start selector switches shall be provided to start and stop the VFD and determine the speed reference.
	.2 The VFD shall be able to be programmed to provide a 24 V DC output signal to indicate that the VFD is in Auto/Remote mode.
	.3 The VFD shall provide digital manual speed control. Potentiometers are not acceptable.
	.4 Lockable, alphanumeric backlit display keypad can be remotely mounted up to 10 feet away using standard 9-pin cable.
	.5 The keypads for all sizes of VFD’s shall be identical and interchangeable.
	.6 To set up multiple VFD’s, it shall be possible to upload all set-up parameters to the VFD’s keypad, place that keypad on all other VFD’s in turn and download the set-up parameters to each VFD. To facilitate setting up VFD’s of various sizes, it shall be possible to download from the keypad only size independent parameters.
	.7 Display shall be programmable to display in 9 languages including English, Spanish and French.
	.8 The display shall have four lines, with 20 characters on three lines and eight large characters on one line.
	.9 A red FAULT light, a yellow WARNING light and a green POWER-ON light shall be provided. These indications shall be visible both on the keypad and on the VFD when the keypad is removed.
	.10 A quick set-up menu with factory preset typical HVAC parameters shall be provided on the VFD eliminating the need for macros.
	.11 The VFD shall include a standard RS-485 communications port for connection to a Johnson Controls N2 and Siemens FLN serial communication system. The connection shall be software selectable and addressable by the user. The option for Lonworks and BacNet communication must also be available.
	.12 As a minimum, the following points shall be controlled and/or accessible:
	VFD Start/Stop, Speed reference, Fault diagnostics, and Meter points as follows;
	Motor power in HP, Motor power in kW, Motor kW-hr, Motor current, Motor voltage, Hours run, Feedback signal #1, Feedback signal #2, DC link voltage, Thermal load on motor, and Thermal load on VFD, Heat sink temperature.
	.13 Four additional Form C 230 volt programmable relays shall be available for factory or field installation within the VFD.
	.14 Two set-point control interface (PID control) shall be standard in the unit. VFD shall be able to look at two feedback signals, compare with two set-points and make various process control decisions.
	.15 Floating point control interface shall be provided to increase/decrease speed in response to contact closures.
	.16 Four simultaneous displays shall be available. They shall include frequency or speed, run time, output amps and output power. VFD’s unable to show these four displays simultaneously shall provide panel meters.
	.17 Sleep mode shall be provided to automatically stop the VFD when its speed drops below set “sleep” level for a specified time. The VFD shall automatically restart when the speed command exceeds the set “wake” level.
	.18 The sleep mode shall be functional in both follower mode and PID mode.
	.19 Run permissive circuit shall be provided to accept a “system ready” signal to ensure that the VFD does not start until dampers or other auxiliary equipment are in the proper state for VFD operation. The run permissive circuit shall also be capable of sending an output signal as a start command to actuate external equipment before allowing the VFD to start.
	.20 The following displays shall be accessible from the control panel in actual units: Reference Signal Value in actual units, Output Frequency in Hz or percent, Output Amps, Motor HP, Motor kW, kWhr, Output Voltage, DC Bus Voltage, VFD Temperature in degrees, and Motor Speed in engineering units per application (in GPM, CFM, etc.). VFD will read out the selected engineering unit either in a linear, square or cubed relationship to output frequency as appropriate to the unit chosen.
	.21 The display shall be programmed to read in inches of water column (in-wg) for an air handler application, pressure per square inch (psi) for a pump application, and temperature (oF) for a cooling tower application.
	.22 VFD shall be able to be programmed to sense the loss of load and signal a no load/broken belt warning or fault.
	.23 If the temperature of the VFD’s heat sink rises to 80C, the VFD shall automatically reduce its carrier frequency to reduce the heat sink temperature. If the temperature of the heat sink continues to rise the VFD shall automatically reduce its output frequency to the motor. As the VFD’s heat sink temperature returns to normal, the VFD shall automatically increase the output frequency to the motor and return the carrier frequency to its normal switching speed.
	.24 The VFD shall have temperature controlled cooling fans for quiet operation and minimized losses.
	.25 The VFD shall store in memory the last 10 faults and related operational data.
	.26 Eight programmable digital inputs shall be provided for interfacing with the systems control and safety interlock circuitry.
	.27 Two programmable relay outputs, one Form C 240 V AC, one Form A 30 V AC, shall be provided for remote indication of VFD status.
	.28 Three programmable analog inputs shall be provided and shall accept a direct-or-reverse acting signal. Analog reference inputs accepted shall include two voltage (0 to 10 V DC, 2 to 10 V DC) and one current (0 to 20 mA, 4 to 20 mA) input.
	.29 Two programmable 0 to 20 mA analog outputs shall be provided for indication of VFD status. These outputs shall be programmable for output speed, frequency, current and power. They shall also be programmable to provide a selected 24 V DC status indication.
	.30 Under fire mode conditions, the VFD shall be able to be programmed to automatically default to a preset speed.

	2.5 ADJUSTMENTS
	.1 VFD shall have an adjustable carrier frequency in steps of not less than 0.1 kHz to allow tuning the VFD to the motor.
	.2 Sixteen preset speeds shall be provided.
	.3 Four acceleration and four deceleration ramps shall be provided. Accel and decel time shall be adjustable over the range from 0 to 3,600 seconds to base speed. The shape of these curves shall be automatically contoured to ensure no-trip acceleration and deceleration.
	.4 Four current limit settings shall be provided.
	.5 If the VFD trips on one of the following conditions, the VFD shall be programmable for automatic or manual reset: under-voltage, over-voltage, current limit and inverter overload.
	.6 The number of restart attempts shall be selectable from 0 through 20 or infinitely and the time between attempts shall be adjustable from 0 through 600 seconds.
	.7 An automatic “on delay” may be selected from 0 to 120 seconds.

	2.6 SERVICE CONDITIONS
	.1 Unit shall operate in ambient temperature of -10 to 40°C (14 to 104°F).
	.2 Unit shall operate in 0 to 95% relative humidity, non-condensing.
	.3 Operate in elevation up to 3,300 feet without derating.
	.4 Maximum AC line voltage variation, -10 to +10% of nominal with full output.
	.5 No side clearance shall be required for cooling of any units. All power and control wiring shall be done from the bottom.

	2.7 FACTORY TESTING
	.1 To ensure quality and minimize infantile failures at the jobsite, the manufacturer shall test the complete VFD. The VFD shall operate a dynamometer at full load and speed and shall be cycled during the test.
	.2 All optional features shall be functionally tested at the factory for proper operation.

	2.8 BYPASS SWITCH
	.1 Bypass Controller - Automatic transfer to line power via contactors. When in the “Drive” mode, the bypass contactor is open and the drive output contactor is closed. In the “Bypass” position, the drive output contactor is open, and the bypass contactor is closed via Start/stop command. Start/stop via customer supplied maintained contact shall be Dry type 115V compatible and shall function in both the “Drive” and “Bypass” modes.  The design shall include single-phase protection in both the VFD and bypass modes.


	Part 3 Execution
	3.1 START-UP SERVICE
	.1 The manufacturer shall provide start-up and commissioning of the VFD and its optional circuits by a factory certified service technician who is experienced in start-up and repair services. Sales personnel and other agents who are not factory certified shall not be acceptable as commissioning agents. Start-up services shall include checking for verification of proper operation and installation for the VFD, its options and its interface wiring to the building automation system.

	3.2 EXAMINATION
	.1 Contractor to verify that job site conditions for installation meet factory recommended and code-required conditions for VFD installation prior to start-up, including clearance spacing, temperature, contamination, dust, and moisture of the environment. Separate conduit installation of the motor wiring, power wiring, and control wiring, and installation per the manufacturer's recommendations shall be verified.

	3.3 INSTALLATION
	.1 Install to manufacturer’s recommendations.
	.2 Install to the requirements of the local Hydro codes. Obtain hydro permits and pay all fees.
	.3 Install in an accessible location and proper service height from floor.
	.4 Install in clean, dry, and conditioned environment.
	.5 The VFD is to be covered and protected from installation dust and contamination until the environment is cleaned and ready for operation. The VFD shall not be operated while the unit is covered.
	.6 Wiring of devices to be to the standards of Electrical Division.
	.7 Provide one manufacturer of VFD’s throughout the project.



	23 05 81-22336 Pipe Welding
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/ASME B31.1, Power Piping.
	.3 ANSI/ASME Boiler and Pressure Vessel Code:
	.4 CSA W47.2, Certification of Companies for Fusion Welding of Aluminum.
	.5 CSA W48, Filler Metals and Allied Metals for Arc Welding.
	.6 CSA B51, Boiler, Pressure Vessel and Pressure Piping Code.
	.7 CAN/CSA-W117.2, Safety in Welding, Cutting and Allied Processes.
	.8 CSA W178.1, Certification of Welding Inspection Organizations.
	.9 CSA W178.2, Certification of Welding Inspectors.
	.10 AWS B2.1, Specification for Welding Procedure and Performance Qualification.
	.11 AWS C1.1, Recommended Practices for Resistance Welding.
	.12 AWS W1, Welding Inspection.
	.13 ANSI/AWWA C206, Field Welding of Steel Water Pipe.

	1.2 WELDERS QUALIFICATIONS
	.1 Welding qualifications to be in accordance with CSA B51.
	.2 Use qualified and licensed welders possessing certificate for each procedure to be performed from authority having jurisdiction.
	.3 Furnish welder's qualifications to Consultant.
	.4 Each welder to possess identification stamp issued by authority having jurisdiction.
	.5 Certification of companies for fusion welding of aluminum to be in accordance with CSA W47.2.

	1.3 INSPECTORS QUALIFICATIONS
	.1 Inspectors to be qualified to CSA W178.2.

	1.4 WELDING PROCEDURES
	.1 Registration of welding procedures in accordance with CSA B51.
	.2 Copy of welding procedures to be available for inspection at all times.
	.3 Safety in welding, cutting and allied processes to be in accordance with CAN/CSA-W117.2.


	Part 2 Products
	2.1 ELECTRODES
	.1 Electrodes: in accordance with CSA W48 Series.


	Part 3 Execution
	3.1 WORKMANSHIP
	.1 Welding to be in accordance with ANSI/ASME B31.1, ANSI/ASME Boiler and Pressure Vessel Code, Sections I and IX and ANSI/AWWA C206, using procedures conforming to AWS B3.0, AWS C1.1, and applicable requirements of provincial authority having jurisdiction.
	.2 Protect all adjacent areas.

	3.2 INSTALLATION REQUIREMENTS
	.1 Identify each weld with welder's identification stamp.
	.2 Backing rings:
	.3 Fittings:

	3.3 INSPECTION AND TESTS - GENERAL REQUIREMENTS
	.1 Review all weld quality requirements and defect limits of applicable codes and standards with Consultant before any work is started.
	.2 Formulate "Inspection and Test Plan" in co-operation with Consultant.
	.3 Do not conceal welds until they have been inspected, tested and approved by inspector.
	.4 Provide for inspector to visually inspect all welds during early stages of welding procedures in accordance with AWS W1. Repair or replace all defects as required by codes and as specified herein.

	3.4 SPECIALIST EXAMINATIONS AND TESTS
	.1 General.
	.2 Hydrostatically test all welds to requirements of ANSI/ASME B31.1.
	.3 Visual examinations: include entire circumference of weld externally and (wherever possible) internally.
	.4 Failure of visual examinations:

	3.5 DEFECTS CAUSING REJECTION
	.1 As described in ANSI/ASME B31.1 and ANSI/ASME Boiler and Pressure Vessels Code.
	.2 In addition, hydronic water systems:

	3.6 REPAIR OF WELDS WHICH FAILED TESTS
	.1 Re-inspect and re-test repaired or re-worked welds at Contractor's expense.

	3.7 CLAIMS AGAINST OWNER FOR DELAYS
	.1 Claims against Owner for delays in completion of project will not be entertained for reasons of failures of welds to pass examinations.

	3.8 OCCUPIED AREAS
	.1 Do not do any “Hot Work” in occupied areas.
	.2 Obtain “Hot Work” permits for working in existing building.



	23 07 13-22336 Duct Insulation
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian General Standards Board (CGSB)
	.3 Underwriters Laboratories of Canada (ULC).
	.4 American Society for Testing and Materials (ASTM).
	.5 American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE).
	.6 Manufacturer's Trade Associations.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Submit for approval manufacturer's catalogue literature related to installation, fabrication for duct jointing recommendations.

	1.3 INSTALLATION INSTRUCTIONS
	.1 Submit manufacturer's installation instructions in accordance with general requirements.
	.2 Installation instructions to include procedures to be used, installation standards to be achieved.

	1.4 QUALIFICATIONS
	.1 Installer to be specialist in performing work of this section and have at least 3 years successful experience in this size and type of project, qualified to standards of TIAC.

	1.5 DELIVERY, STORAGE, AND HANDLING
	.1 Deliver materials to site in original factory packaging, labeled with manufacturer's name, address.
	.2 Protect from weather and construction traffic.
	.3 Protect against damage from any source.
	.4 Store at temperatures and conditions required by manufacturer.

	1.6 DEFINITIONS
	.1 For purposes of this section:
	.2 Insulation systems - insulation material, fasteners, jackets, and other accessories.


	Part 2 Products
	2.1 FIRE AND SMOKE RATING
	.1 In accordance with CAN/ULC S102:

	2.2 INSULATION
	.1 Mineral fibre as specified herein includes glass fibre, rock wool, slag wool.
	.2 Thermal conductivity ("k" factor) not to exceed specified values at 24°C (75°F) mean temperature when tested in accordance with ASTM C 335.
	.3 Type C-1: Rigid mineral fibre board to ASTM C612, with factory applied vapour retarder jacket to CGSB 51-GP-52Ma:
	.4 Type C-2: Mineral fibre blanket to ASTM C553 faced with factory applied vapour retarder jacket to CGSB 51-GP-52Ma:
	.5 Type C-3: Non NFPA-96 High temperature fire rated duct wrap, ULC classified soluble amorphous wool blanket with factory applied flame resistant aluminum foil fiberglass reinforced facing.
	.6 Manufacturers:

	2.3 JACKETS
	.1 Canvas:

	2.4 ACCESSORIES
	.1 Vapour retarder lap adhesive:
	.2 Indoor Vapour Retarder Finish:
	.3 Insulating Cement: hydraulic setting on mineral wool, to ASTM C 449.
	.4 ULC Listed Canvas Jacket:
	.5 Tape: self-adhesive, aluminum, reinforced, 75 mm (3") wide minimum.
	.6 Contact adhesive: quick-setting Duro Dyne 1A-22 or equal.
	.7 Canvas adhesive: washable.
	.8 Tie wire: 1.5 mm (16 gauge) stainless steel.
	.9 Facing: 25 mm (1") stainless steel hexagonal wire mesh stitched on one face of insulation
	.10 Fasteners: weld pins, length to suit insulation, with 40 mm (1½") diameter clips.


	Part 3 Execution
	3.1 PRE-INSTALLATION REQUIREMENTS
	.1 Pressure testing of ductwork systems to be complete, witnessed and certified.
	.2 Surfaces to be clean, dry, free from foreign material.

	3.2 INSTALLATION
	.1 Install in accordance with TIAC National Standards.
	.2 Apply materials in accordance with manufacturers instructions and this specification.
	.3 Maintain uninterrupted continuity and integrity of vapour retarder jacket and finishes.
	.4 Supports, Hangers in accordance with general requirements.
	.5 Fasteners: At 300 mm (12") oc. in horizontal and vertical directions, minimum two rows each side.
	.6 Provide rigid insulation for exposed ductwork.
	.7 Use two layers with staggered joints when required nominal thickness exceeds 75 mm (3").

	3.3 DUCTWORK INSULATION SCHEDULE
	.1 Insulation types and thicknesses conform to following table:
	.2 Exposed round ducts 600 mm (24") and larger, smaller sizes where subject to abuse:
	.3 Finishes: Conform to following table:

	3.4 FIRE BARRIER UTILITY SERVICE WRAP INSTALLATION (NON-NFPA 96 DUCT WRAP)
	.1 Th Fire Barrier Utility Service Wrap must meet the requirements of Canadian Construction Materials Centre (CCMC).



	23 07 19-22336 HVAC Piping Insulation
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian General Standards Board (CGSB)
	.3 Underwriters Laboratories of Canada (ULC)
	.4 American Society for Testing and Materials (ASTM)
	.5 American Society of Heating, Refrigeration and Air Conditioning Engineers (ASHRAE).
	.6 Manufacturer's Trade Associations

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Submit for approval manufacturer's catalogue literature related to installation, fabrication for pipe, fittings, valves and jointing recommendations.

	1.3 INSTALLATION INSTRUCTIONS
	.1 Submit manufacturer's installation instructions in accordance with general requirements.
	.2 Installation instructions to include procedures to be used, installation standards to be achieved.

	1.4 QUALIFICATIONS
	.1 Installer to be specialist in performing work of this section, and have at least 3 years successful experience in this size and type of project, qualified to standards of TIAC.

	1.5 DELIVERY, STORAGE, AND HANDLING
	.1 Deliver materials to site in original factory packaging, labelled with manufacturer's name, address.
	.2 Protect from weather, construction traffic.
	.3 Protect against damage from any source.
	.4 Store at temperatures and conditions required by manufacturer.

	1.6 DEFINITIONS
	.1 For purposes of this section:


	Part 2 Products
	2.1 FIRE AND SMOKE RATING
	.1 In accordance with CAN/ULC-S102:

	2.2 INSULATION
	.1 Mineral fibre as specified herein includes glass fibre, rock wool, slag wool.
	.2 Thermal conductivity ("k" factor) not to exceed specified values at 24°C (75°F) mean temperature when tested in accordance with ASTM C 335.
	.3 Type A-1: Rigid moulded mineral fibre with factory applied vapour retarder jacket.
	.4 Type A-3: Flexible unicellular tubular elastomer.
	.5 Materials:

	2.3 INSULATION SECUREMENT
	.1 Tape: Self-adhesive, aluminum, reinforced, 50 mm (2") wide minimum.
	.2 Contact adhesive: Quick setting.
	.3 Canvas adhesive: Washable.
	.4 Tie wire: 1.5mm (16 gauge) diameter stainless steel.
	.5 Bands: Stainless steel, 20 mm (3/4") wide, 0.5 mm (26 gauge) thick.

	2.4 CEMENT
	.1 Thermal insulating and finishing cement:

	2.5 VAPOUR RETARDER LAP ADHESIVE
	.1 Water based, fire retardant type, compatible with insulation.

	2.6 INDOOR VAPOUR RETARDER FINISH
	.1 Vinyl emulsion type acrylic, compatible with insulation.

	2.7 OUTDOOR VAPOUR RETARDER FINISH
	.1 Vinyl emulsion type acrylic, compatible with insulation.
	.2 Reinforcing fabric: Fibrous glass, untreated 305 g/m2 (0.062 lb/ft2).

	2.8 JACKETS
	.1 Polyvinyl Chloride (PVC):
	.2 Aluminum:
	.3 Canvas:

	2.9 CAULKING FOR JACKETS
	.1 Caulking: Silicone clear caulking.


	Part 3 Execution
	3.1 PRE-INSTALLATION REQUIREMENT
	.1 Pressure testing of piping systems and adjacent equipment to be complete, witnessed and certified.
	.2 Surfaces to be clean, dry, free from foreign material.

	3.2 INSTALLATION
	.1 Install in accordance with TIAC National Standards.
	.2 Apply materials in accordance with manufacturers’ instructions and this specification.
	.3 Maintain uninterrupted continuity and integrity of vapour retarder jacket and finishes.
	.4 Supports, Hangers:
	.5 Use two layers with staggered joints when required nominal wall thickness exceeds 75 mm (3").

	3.3 REMOVABLE, PRE-FABRICATED, INSULATION AND ENCLOSURES
	.1 Application: At expansion joints, valves, primary flow measuring elements, flanges, and unions at equipment.
	.2 Design: To permit movement of expansion joint and to permit periodic removal and replacement without damage to adjacent insulation.
	.3 Insulation:

	3.1 PIPING INSULATION SCHEDULES
	.1 Includes valves, valve bonnets, strainers, flanges, and fittings unless otherwise specified.
	.2 Install insulator and jackets to applicable TIAC codes.
	.3 Insulate ends of capped piping with type and thickness indicated for capped service.
	.4 Thickness of insulation to be as listed in following table.
	.5 Finishes:  Conform to the following table:
	.6 Connection: To appropriate TIAC code.
	.7 Finish attachments: SS bands, @ 150 mm (6") oc. seals: closed.



	23 11 23-22336 Facility Natural Gas & Propane Piping
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/ASME B16.5, Pipe Flanges and Flanged Fittings: NPS ½ through NPS 24 Metric/Inch.
	.3 ANSI B16.18, Cast Copper Alloy Solder Joint Pressure Fittings.
	.4 ANSI/ASME B16.22, Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings.
	.5 ANSI B18.2.1, Square, Hex, Heavy Hex, and Askew Head Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head, and Lag Screws (Inch Series).
	.6 ASTM A47/A47M, Specification for Ferritic Malleable Iron Castings.
	.7 ASTM A53/A53M, Specification for Pipe, Steel, Black and Hot-Dipped, Zinc Coated, Welded and Seamless.
	.8 ASTM B32, Specification for Solder Metal.
	.9 ASTM B75M, Specification for Seamless Copper Tube [Metric].
	.10 CSA B149.1, Natural Gas and Propane Installation Code.
	.11 CSA W47.1, Certification of Companies for Fusion Welding of Steel.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings product data in accordance with general requirements.
	.2 Indicate on manufacturers catalogue literature.

	1.3 CLOSEOUT SUBMITTALS
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 GAS SERVICE
	.1 Arrange with the local utility to have the gas service provided from the street to the gas meter where indicated.
	.2 Pay all fees and charges requested by the local utility to provide the gas service and meter.
	.3 Submit all plans as requested by the local utility.
	.4 Utility supplied gas meter shall be complete with pulse signal for connection to BAS system.

	2.2 PIPE
	.1 Steel pipe: to ASTM A53/A53M, Schedule 40, seamless as follows:
	.2 Buried pipe: CGA approved polypropylene complete with tracer wire and marker.
	.3 Copper tube: to ASTM B75M.

	2.3 JOINTING MATERIAL
	.1 Screwed fittings: pulverized lead paste.
	.2 Welded fittings: to CSA W47.1.
	.3 Flange gaskets: nonmetallic flat.
	.4 Soldered: to ASTM B32, tin antimony 95/5.
	.5 Screwed brass fittings: Teflon Tape.

	2.4 FITTINGS
	.1 Steel pipe fittings, screwed, flanged or welded:
	.2 Copper pipe fittings, screwed, flanged or soldered:
	.3 Brass fittings: To ASTM B16.

	2.5 BALL VALVES
	.1 NPS 50 mm (2") and under:

	2.6 LUBRICATED PLUG VALVES
	.1 All sizes

	2.7 GAS REGULATOR
	.1 Reduce pressure from 34.5 kPa (5 psi) to 1.74 kPa (7" WC) capacity as indicated.
	.2 Acceptable products: Singer Schlumberger
	.3 Vent interior relief valve to outdoors with gooseneck and stainless steel insect screen. Vent piping shall be sized as per manufacturers’ requirements and recommendations.
	.4 Isolate with lubricated plug valve and union connection.

	2.8 MANUFACTURED ROOF SUPPORTS
	.1 Single piece injection moulded polypropylene support.
	.2 Type 3-20 psi extruded polystyrene UV protected base glued to the support.
	.3 Minimum base dimension of 300 x 225 (12" x 9") and be 140 mm (5.5") high.
	.4 Pull test of 1.4 KN (315 lbs) using two #14-10 screws on pipe strap.
	.5 Acceptable materials: Quick Block Erico

	2.9 PIPING THROUGH ROOF
	.1 Provide Thaler MEF-9 or equal gas piping flashing where pipe and/or relief vent penetrates roof.


	Part 3 Execution
	3.1 PIPING
	.1 Install in accordance with applicable Provincial/Territorial Codes.
	.2 Install in accordance with CAN/CSA B149.
	.3 Assemble piping using fittings manufactured to ANSI standards.
	.4 Connect to equipment in accordance with manufacturer's instruction unless otherwise indicated.
	.5 Slope piping down in direction of flow to low points.
	.6 Install drip points:
	.7 Use eccentric reducers at pipe size change installed to provide positive drainage.
	.8 Provide clearance for access and for maintenance.
	.9 Ream pipes, clean scale and dirt, inside and out.
	.10 Install piping to minimize pipe dismantling for equipment removal.
	.11 Install regulator vents to code. Terminate in open air with Gooseneck fitting complete with stainless steel screen.
	.12 Paint gas piping with two (2) coats yellow paint. Banding of gas will not be accepted.

	3.2 PIPING ON ROOF
	.1 Support piping as follows or as per seismic requirements (1.8 M (6' - 0") O.C.) whichever is more stringent: ≤ 40 mm (1½") 2.4 M (8' – 0") O.C. ≥ 50 mm (2") 3.0 M (10' - 0") O.C.
	.2 Provide support at each elbow and fitting.
	.3 Provide support at each regular and/or isolating valve.
	.4 Provide support within 600 mm (24") of each piece of equipment.

	3.3 VALVES
	.1 Install valves with stems upright or horizontal unless otherwise approved by Consultant.
	.2 Install valves at branch take-offs to isolate each piece of equipment, and as indicated.
	.3 Provide lubricated plug type when gas line is exterior of building or 65 mm (2½") and larger.
	.4 Provide ball valve when gas line is interior of building and 50 mm (2") or smaller.

	3.4 FIELD QUALITY CONTROL
	.1 Test system in accordance with CAN/CSA B149.  Requirements of authorities having jurisdiction.
	.2 Provide copy of TSSA tag to the consultant.

	3.5 PURGING
	.1 Purge after pressure test in accordance with CAN/CSA B149.

	3.6 GAS SERVICE
	.1 Arrange with local gas distributor to install gas service and gas meter. Pay all fees and charges to provide the gas service and gas meter.

	3.7 GAS FIRED EQUIPMENT START-UP
	.1 Start-up of all new and existing gas fired equipment shall be by this contractor to the requirements of the equipment manufacturer.



	23 21 11-22336 Hydronic Accessories
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian Standards Association (CSA).
	.3 American Society for Testing and Materials (ASTM).
	.4 American Society of Mechanical Engineers (ASME).

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Indicate on product data expansion tanks, air vents, separators, valves, strainers.

	1.3 CLOSEOUT SUBMITTALS
	.1 Submit maintenance data in accordance with general requirements.


	Part 2 Products
	2.1 BLADDER TYPE EXPANSION TANK
	.1 Vertical galvanized steel pressurized bladder type expansion tank.
	.2 Model:
	.3 Size: 2000 (79") x 600 (24") diameter.
	.4 Working pressure: 860 kPa (125 psi) with ASME stamp and certification.
	.5 Air precharged to 84 kPa (12 psi) (initial fill pressure of system).
	.6 Base mount for vertical installation.
	.7 Acceptable materials:

	2.2 COMBINATION SEPARATORS STRAINERS
	.1 Steel, tested and stamped in accordance with ANSI/ASME BPVC, for 860 kPa (125 psi) operating pressure, with galvanized steel integral strainer with 5 mm (3/16") perforations, tangential inlet and outlet connections, and internal stainless steel air collector tube.
	.2 Size: to match piping.
	.3 Acceptable material:
	To be of the same manufacturer of base mounted pumps.

	2.3 COMBINATION LOW PRESSURE RELIEF AND REDUCING VALVE
	.1 Adjustable pressure setting: 206 kPa (30 psi) relief, 55 to 172 kPa (8.0 to 25 psi) reducing.
	.2 Low inlet pressure check valve.
	.3 Removable strainer.

	2.4 PIPE LINE STRAINER
	.1 NPS 15 mm to 50 mm (1/2" to 2"): bronze body to ASTM B62, screwed connections.
	.2 NPS 65 mm to 300 mm (2 1/2" to 12"): cast steel body to ASTM A278M, Class 30, flanged connections.
	.3 NPS 50 mm to 300 mm (2" to 12"): T type with malleable iron body to ASTM A47M, grooved ends.
	.4 Blowdown connection: NPS 25 mm (1").
	.5 Screen: stainless steel with 1.19 mm (50 mil) perforations.
	.6 Working pressure: 860 kPa (125 psi).


	Part 3 Execution
	3.1 GENERAL
	.1 Install as indicated and to manufacturer's recommendations.
	.2 Run drain lines (and blow off connections) to terminate above nearest drain.
	.3 Maintain proper clearance to permit service and maintenance.
	.4 Should deviations beyond allowable clearances arise, request and follow Consultant's directive.
	.5 Check shop drawings for conformance of all tapings for ancillaries and for equipment operating weights.

	3.2 STRAINERS
	.1 Install in horizontal or down flow lines.
	.2 Ensure clearance for removal of basket.
	.3 Install ahead of each pump.
	.4 Install ahead of each automatic control valve and as indicated.
	.5 Strainer size to match pipe size.

	3.3 EXPANSION TANKS
	.1 Adjust expansion tank pressure to suit design criteria.
	.2 Install isolation ball valve and union at inlet to tank.

	3.4 PRESSURE SAFETY RELIEF VALVES
	.1 Run discharge pipe to terminate above nearest drain.

	3.5 AIR SEPARATOR
	.1 Provide independent support from structure.
	.2 Provide high capacity air vent as indicated.



	23 21 13-22336 Hydronic Piping (Welded)
	Part 1 General
	1.1 RELATED SECTIONS
	.1 HVAC Water Treatment Section.

	1.2 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian Standards Association (CSA).
	.3 American National Standards Institute (ANSI).
	.4 American Society for Testing and Materials (ASTM).
	.5 Manufacturers Standardization Society of the Valve and Fittings Industry, Inc. (MSS).

	1.3 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate on manufacturers catalogue literature the following:

	1.4 CLOSEOUT SUBMITTALS
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 PIPE
	.1 Steel pipe: to ASTM A53/A53M, Grade B, as follows:
	.2 Final connection to copper heating elements.

	2.2 PIPE JOINTS
	.1 NPS 50 mm (2") and under: screwed fittings with pulverized lead paste.
	.2 NPS 65 mm (2½") and over: welding fittings and flanges to CSA W47.1.
	.3 Flanges: plain or raised face, slip-on.
	.4 Flange gaskets: suitable for hydronic heating up to 110°C (220°F).
	.5 Pipe thread: taper.
	.6 Bolts and nuts: to ANSI B18.2.1 and ANSI/ASME B18.2.2.

	2.3 FITTINGS
	.1 Screwed fittings: malleable iron, to ANSI/ASME B16.3, Class 150.
	.2 Pipe flanges and flanged fittings:
	.3 Butt-welding fittings: steel, to ANSI/ASME B16.9.
	.4 Unions: malleable iron, to ASTM A47/A47M and ANSI/ASME B16.3.

	2.4 VALVES MANUFACTURERS
	.1 All valves shall be of commercial grade and of same manufacturer.
	.2 Acceptable Manufacturers:

	2.5 VALVES
	.1 Connections:
	.2 Gate valves: Application: Isolating equipment, control valves, pipelines:
	.3 Butterfly valves: Application: Isolating each cell or section of multiple component equipment and where indicated.
	.4 Globe valves: Application: Throttling, flow control, emergency bypass:
	.5 Drain valves: Gate, Class 125, non-rising stem, solid wedge disc, with chain and cap.
	.6 Swing check valves:
	.7 Ball valves:

	2.6 BALANCING VALVES
	.1 Size 15 mm (1/2") to 50mm (2"): Bronze body, brass ball, NPT connections and variable orifice.
	.2 Size 65 mm (2 1/2") to larger: Cast iron body, raised flange connections, glove style with brass plug.
	.3 Differential pressure readout ports with internal EPT inserts and check values, 6 mm (¼")NPT tapped drain/purge ports, memory stop and calibrated nameplate.
	.4 Acceptable materials:

	2.7 AUTOMATIC AIR VENT
	.1 Industrial float vent: cast iron body and NPS 15 mm (1/2") connection and rated at 860 kpa (125 psi) working pressure.
	.2 Float: solid material suitable for 115°C (240°F) working temperature.
	.3 Plastic vents are not acceptable.
	.4 Acceptable materials:


	Part 3 Execution
	3.1 PIPING INSTALLATION
	.1 Installation shall be by a licensed pipe fitter.
	.2 Connect to equipment in accordance with manufacturer's instruction unless otherwise indicated.
	.3 Install concealed pipes close to building structure to keep furring space to minimum. Install to conserve headroom and space. Run exposed piping parallel to walls. Group piping wherever practical.
	.4 Slope piping in direction of drainage and for positive venting.
	.5 Use eccentric reducers at pipe size change installed to provide positive drainage or positive venting.
	.6 Provide clearance for installation of insulation and access for maintenance of equipment, valves and fittings.
	.7 Ream pipes, clean scale and dirt, inside and outside, before and after assembly.
	.8 Assemble piping using fittings manufactured to ANSI standards.
	.9 Saddle type branch fittings may be used on mains if branch line is no larger than half the size of main. Hole saw or drill and ream main to maintain full inside diameter of branch line prior to welding saddle.

	3.2 VALVE INSTALLATION
	.1 Install rising stem valves in upright position with stem above horizontal.
	.2 Install butterfly valves on chilled water and condenser water lines only.
	.3 Install gate or ball valves at branch take-offs and to isolate each piece of equipment, and as indicated.
	.4 Install globe valves for balancing and in by-pass around control valves as indicated.
	.5 Provide silent check valves on discharge of pumps and in vertical pipes with downward flow and as indicated.
	.6 Provide swing check valves in horizontal lines as indicated.
	.7 Install chain operators on valves NPS 65 mm (2 1/2") and over where installed more than 2400 mm (96") above floor in Boiler Rooms and Mechanical Equipment Rooms.

	3.3 AIR VENTS
	.1 Install at high points of systems.
	.2 Install ball valve on automatic air vent inlet.
	.3 Extend vent lines in Mechanical Room with screwdriver stop at 1.8 m AFF.

	3.4 CIRCUIT BALANCING VALVES
	.1 Install flow measuring stations and flow balancing valves as indicated and as follows:
	.2 Provide valve sizing schedule (including all balancing valves labelled with servicing equipment/terminal unit, valve sizes, pipe size, flow) with balancing valve shop drawing submittal for approval. Balancing valve size to follow manufacturer size recommendations and to the approval of the consultant.
	.3 Refer to Testing Adjusting and Balancing Section for applicable procedures.

	3.5 FILLING OF SYSTEM
	.1 Refill system with clean water adding water treatment as specified.
	.2 Co-ordinate filling of system with HVAC water treatment contractor.
	.3 Drain and vent all new and existing piping, radiation, etc for a complete operable system.

	3.6 TESTING
	.1 Test system in accordance with Mechanical General Requirements Section.

	3.7 FLUSHING AND CLEANING
	.1 Procedure:
	.2 Timing:
	.3 The mechanical contractor shall to utilize a qualified water treatment specialist to supervise the flushing and cleaning process and provide the certified water analysis report certifying that the piping systems are clean.
	.4 Coordinate flushing and cleaning of mechanical systems with HVAC water treatment contractor and HVAC systems commissioning contractor.
	.5 Flush and clean new piping system in presence of Consultant.
	.6 Flush after pressure test for a minimum of 4 hrs.
	.7 Fill system with solution of water and non-foaming, phosphate-free detergent 3% solution by weight. Circulate for minimum of 8 hrs.
	.8 Thoroughly flush all new mechanical systems and equipment with approved cleaning chemicals designed to remove deposition from construction such as pipe dope, oils, loose mill scale and other extraneous materials. Chemicals to inhibit corrosion of various system materials and be safe to handle and use.
	.9 During circulation of cleaning solution, periodically examine and clean filters and screens and monitor changes in pressure drop across equipment.
	.10 Refill system with clean water. Circulate for at least 2 hours. Clean out strainer screens/baskets regularly. Then drain.
	.11 Drainage to include drain valves, dirt pockets, strainers, every low point in system.
	.12 Drain and flush systems until alkalinity of rinse water is equal to make-up water. Refill with clean water treated to prevent scale and corrosion during system operation.
	.13 Re-install strainer screens/baskets only after obtaining Consultant's approval and approval from HVAC water treatment contractor.
	.14 Repeat system drain and flush as often as necessary to have a clean system.
	.15 Disposal of cleaning solutions to be approved by authority having jurisdiction.
	.16 Isolate new piping system from existing system as required for system cleaning.
	.17 After hydronic system is cleaned, refill with clean water, chemical and/or glycol as per chemical supplier treatment.



	23 21 23-22336 Pumps Hydronic
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with General Requirements.
	.2 Submit manufacturer's detailed composite wiring diagrams for control systems showing factory installed wiring and equipment on packaged equipment or required for controlling devices or ancillaries, accessories and controllers.
	.3 Submit product data of pump curves for review showing point of operation.
	.4 Indicate piping, valves and fittings shipped loose by packaged equipment supplier, showing their final location in field assembly.

	1.2 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 IN-LINE CIRCULATORS
	.1 Volute: bronze radially split, with screwed or flanged design suction and discharge connections.
	.2 Impeller: bronze.
	.3 Shaft: alloy steel with copper sleeve bearing, integral thrust collar.
	.4 Seal assembly: mechanical for service to 135°C (275°F).
	.5 Coupling: flexible self-aligning.
	.6 Motor: resilient mounted, drip proof, sleeve bearing, as indicated. Suitable for remote VFD.
	.7 Capacity: as indicated.
	.8 Design pressure: 1207 kPa (175 psi).
	.9 Acceptable material:

	2.2 VERTICAL IN-LINE CIRCULATORS
	.1 Volute: cast iron radially split, with tapped openings for venting, draining and gauge connections, with screwed or flanged suction and discharge connections.
	.2 Impeller: brass or bronze.
	.3 Shaft:  stainless steel with bronze sleeve bearing, integral thrust collar.
	.4 Seal assembly: mechanical for service to 135°C (275°F).
	.5 Coupling: flexible self-aligning.
	.6 Motor: resilient mounted, drip proof, sleeve bearing, as indicated
	.7 Capacity: as indicated.
	.8 Design pressure: 1200 kPa (175 psi).
	.9 Acceptable material:

	2.3 SUCTION DIFFUSER
	.1 Body: cast iron with flanged connections.
	.2 Strainer: with built-in, disposable 1.19 mm (3/64") mesh, low pressure drop screen and NPS 25 mm (1") blowdown connection.
	.3 Permanent magnet particle trap.
	.4 Full length straightening vanes.
	.5 Pressure gauge tappings.
	.6 Adjustable support leg.
	.7 Acceptable Material:


	Part 3 Execution
	3.1 INSTALLATION
	.1 In line circulators: install as indicated by flow arrows. Support at inlet and outlet flanges or unions. Install with bearing lubrication points accessible suction discharge in vertical alignment.
	.2 Base mounted type: supply templates for anchor bolt placement. Furnish anchor bolts with sleeves. Place level, shim unit and grout. Align coupling in accordance with manufacturer's recommended tolerance. Check oil level and lubricate. After run-in, tighten glands.
	.3 Ensure that pump body does not support piping or equipment. Provide stanchions or hangers for this purpose. Refer to manufacturer's installation instructions for details.
	.4 Pipe drain tapping to floor drain complete with isolating valve.
	.5 Install volute venting pet cock in accessible location.
	.6 Check rotation prior to start-up.
	.7 Install pressure gauge with plug cocks on inlet and outlet on pump.

	3.2 SUCTION DIFFUSER
	.1 Body: cast iron with flanged connections.
	.2 Strainer: with built-in, disposable 1.19 mm (3/64") mesh, low pressure drop screen and NPS 25 mm (1") blowdown connection complete with valve and hose end.
	.3 Permanent magnet particle trap.
	.4 Full length straightening vanes.
	.5 Pressure gauge tappings.
	.6 Adjustable support leg.
	.7 Remove construction screen from inlet suction guide after system cleaned and before balancing.



	23 23 13-22336 Refrigerant Piping and Specialties
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/ASME B16.22, Wrought Copper Alloy and Copper Alloy Solder - Joint Pressure Fittings: Classes 150, 300, 600, 900, 1500, and 2500.
	.3 ANSI/ASME B16.24, Cast Copper Pipe Flanges and Flanged Fittings.
	.4 ANSI/ASME B16.26, Cast Copper Alloy Fittings for Flared Copper Tubes.
	.5 ANSI/ASME B31.5, Refrigeration Piping and Heating Transfer Components.
	.6 ASTM A307, Specification for Carbon Steel Bolts and Studs, 413.5 mPa (60,000 psi) Tensile Strength.
	.7 ASTM B280, Specification for Seamless Copper Tube for Air Conditioning and Refrigeration Field Service.
	.8 CSA B52, Mechanical Refrigeration Code.
	.9 EPS 1/RA/2, Environmental Code of Practice for Elimination of Fluorocarbon Emissions from Refrigeration and Air Conditioning Systems.


	Part 2 Products
	2.1 TUBING
	.1 Processed for refrigeration installations, deoxidized, dehydrated and sealed.

	2.2 FITTINGS
	.1 Service: design pressure 2070 kPa (300 psi) and temperature 121°C (250°F).
	.2 Brazed:
	.3 Flanged:
	.4 Flared:

	2.3 PIPE SLEEVES
	.1 Hard copper or steel, sized to provide 6 mm (1/4") clearance all around between sleeve and uninsulated pipe or between sleeve and insulation.

	2.4 VALVES
	.1 22 mm (7/8") and under: Class 500, 3.5 MPa (500 psi), globe or angle non-directional type, diaphragm, packless type, with forged brass body and bonnet, moistureproof seal for below freezing applications, brazed connections.
	.2 Over 22 mm (7/8"): Class 375, 2.5 MPa (375 psi), globe or angle type, diaphragm, packless type, back-seating, cap seal, with cast bronze body and bonnet, moistureproof seal for below freezing applications, brazed connections.

	2.5 FILTER-DRIER
	.1 On lines 20 mm (3/4") outside diameter and larger, filter-drier shall be replaceable core type with Schraeder type valve.
	.2 On lines smaller than 20 mm (3/4") outside diameter, filter-drier shall be sealed type using flared copper fittings.
	.3 Size shall be full line size.
	.4 Approved manufacturers:

	2.6 SIGHT GLASS
	.1 Combination moisture and liquid indicator with protection cap.
	.2 Sight glass shall be full line size.
	.3 Sight glass connections shall be solid copper or brass, no copper-coated steel sight glasses allowed.
	.4 Approved manufacturers:

	2.7 SUCTION LINE TRAP
	.1 Manufactured standard one-piece traps.

	2.8 EXPANSION VALVES
	.1 For pressure type distributors, externally equalized with stainless steel diaphragm, and same refrigerant in thermostatic elements as in system.
	.2 Size valves to provide full rated capacity of cooling coil served. Co-ordinate selection with evaporator coil and condensing unit.
	.3 Approved manufacturers:

	2.9 FLEXIBLE CONNECTORS
	.1 Designed for refrigerant service with bronze seamless corrugated hose and bronze braiding.
	.2 Approved manufacturers:
	Anaconda “Vibration Eliminators” by Anamet
	Vibration Absorber Model VAF by Packless Industries
	Vibration Absorbers by Superior Valve Co
	Style “BF” Spring-flex freon connectors by Vibration Mountings.

	2.10 ROOF FLASHING
	.1 Thaler or equal spun aluminum complete with insulation, cap, and rubber gasket.

	2.11 PIPING SUPPORT ASSEMBLY
	.1 All channel members shall be fabricated from structural grade steel conforming to one of the following ASTM specifications: A1011/A1011M, A653/A653M.
	.2 All fittings shall be fabricated from steel conforming to one of the following ASTM specifications: A575, A36/A36M or A635/A635M.
	.3 Electro galvanized cush clamps with shoulder bolt and molded thermoplastic cushion, size to suit pipe.
	.4 Acceptable materials:


	Part 3 Execution
	3.1 GENERAL
	.1 Hard copper to be used. Throughout the project, the use of annealed copper shall not be used without approval of the consultant.
	.2 Install in accordance with CSA B52, EPS 1/RA/2 and ANSI/ASME B31.5.
	.3 Connect to equipment with isolating valves and unions.
	.4 Provide space for servicing, dissembly and removal of equipment and components all as recommended by manufacturer.
	.5 Protect all openings in piping against entry of foreign material.
	.6 Provide all necessary equipment including thermal expansion valve, sight glass, solenoid valve, filter dryer, etc., for a complete installed system. Pipe system as per manufacturer’s recommendation and requirements.
	.7 Provide number of refrigerant circuits and appropriate corresponding piping as per manufacturer’s recommendations and requirements.

	3.2 BRAZING PROCEDURES
	.1 Bleed inert gas into pipe during brazing.
	.2 Remove valve internal parts, solenoid valve coils, sight glass.
	.3 Do not apply heat near expansion valve and bulb.

	3.3 PIPING INSTALLATION
	.1 General:

	3.4 PRESSURE AND LEAK TESTING
	.1 Close valves on factory charged equipment and other equipment not designed for test pressures.
	.2 Leak test to CSA B52 before evacuation to 2 MPa (290 psi) and 1 MPa (145 psi) on high and low sides respectively.
	.3 Test Procedure: Build pressure up to 35 kPa (5 psi) with refrigerant gas on high and low sides. Supplement with nitrogen to required test pressure. Test for leaks with electronic or halide detector. Repair leaks and repeat tests.

	3.5 DEHYDRATION AND CHARGING
	.1 Close service valves on factory charged equipment.
	.2 Ambient temperatures to be at least 13°C (55°F) for at least 12 h before and during dehydration.
	.3 Use copper lines of largest practical size to reduce evacuation time.
	.4 Use 2-stage vacuum pump with gas ballast on 2nd stage capable of pulling 5 Pa (0.02" WC) absolute and filled with dehydrated oil.
	.5 Measure system pressure with vacuum gauge. Take readings with valve between vacuum pump and system closed.
	.6 Triple evacuate all system components containing gases other than correct refrigerant or having lost holding charge as follows:
	.7 Charging:
	.8 Checks:

	3.6 INSTRUCTIONS
	.1 Post instructions in frame with glass cover in accordance with Operation and Maintenance Manual Section and CSA B52.



	23 25 13-22336 HVAC Water Treatment
	Part 1 General
	1.1 REFERENCES
	.1 American Society of Mechanical Engineers (ASME).
	.2 ANSI/ASME Boiler and Pressure Vessel Code, Section VII-1992.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.

	1.3 CLOSEOUT SUBMITTALS
	.1 Submit operation and maintenance data for incorporation into manual specified in general requirements
	.2 Include following:


	Part 2 Products
	2.1 MANUFACTURER
	.1 Equipment, chemicals, service by one supplier.
	.2 Acceptable manufacturer:
	MK Chemicals
	(289) 771-2770

	2.2 POT FEEDER
	.1 Welded steel, pressure rating 1200 kPa. Temperature rating: 90C.

	2.3 WATER TREATMENT FOR HYDRONIC SYSTEMS
	.1 Hot water heating system: Pot feeder, 19 l (5 gal).
	.2 Glycol water heating system: Pot feeder, 19 l (5 gal).
	.3 Micron filter for each pot feeder:
	.4 Balancing valve set for 2% pump capacity.

	2.4 GLYCOL HEATING FEED SYSTEM
	.1 Glycol feed system:
	.2 Hydronic System: Pot Feeder 25L
	.3 Micron filter for pot feeder:
	.4 Balancing valve set for 2% pump capacity.
	.5 Glycol solution shall be Dowfrost HD inhibited propylene glycol based fluid as manufactured by Dow Chemical. Temperature range (-50°F to 325°F).

	2.5 CHEMICALS
	.1 Provide 1 year’s supply.

	2.6 TEST EQUIPMENT
	.1 Provide one set of test equipment for each system to verify performance.
	.2 Complete with carrying case, reagents for chemicals, all specialized or supplementary equipment.

	2.7 CLEANING CHEMICALS
	.1 Provide as required to make system clean.
	.2 Cleaner chemical: compatible and of the same manufacturer of the water treatment supplier.

	2.8 RECORD MANAGEMENT
	.1 Provide cards and card holder mounted on wall adjacent to each pot feeder.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install HVAC water treatment systems in accordance with ASME Boiler Code Section VII, and requirements and standards of authorities having jurisdiction, except where specified otherwise.
	.2 Ensure adequate clearances to permit performance of servicing and maintenance of equipment.

	3.2 CHEMICAL FEED PIPING
	.1 Install crosses at all changes in direction. Install plugs in all unused connections.

	3.3 CLEANING OF MECHANICAL SYSTEM
	.1 Coordinate cleaning of each mechanical piping systems with mechanical contractor.
	.2 Provide copy of recommended cleaning procedures and chemicals for approval by Consultant.
	.3 Thoroughly flush all mechanical systems and equipment with approved cleaning chemicals designed to remove deposition from construction such as pipe dope, oils, loose mill scale and other extraneous materials. Chemicals to inhibit corrosion of various system materials and be safe to handle and use.
	.4 During circulation of cleaning solution, periodically examine and clean filters and screens and monitor changes in pressure drop across equipment.
	.5 Drain and flush systems until alkalinity of rinse water is equal to make-up water. Refill with clean water treated to prevent scale and corrosion during system operation.
	.6 Disposal of cleaning solutions to be approved by authority having jurisdiction.

	3.4 WATER TREATMENT SERVICES
	.1 Provide monthly water treatment monitoring and consulting services for period of one year after system start-up. Service to include:

	3.5 START-UP
	.1 Start up water treatment systems in accordance with manufacturer's instructions.

	3.6 COMMISSIONING
	.1 Commissioning Agency: To be installing water treatment sub-contractor and Water treatment supplier.
	.2 Timing:
	.3 Pre-commissioning Inspections:
	.4 Commissioning procedures - applicable to all Water Treatment Systems:
	.5 Commissioning procedures - Closed Hydronic Systems:
	.6 Training:
	.7 Certificates:
	.8 Commissioning Reports:
	.9 Commissioning activities during Warranty Period:

	3.7 CLEANING OF MECHANICAL SYSTEMS
	.1 Coordinate cleaning of each mechanical system with mechanical contractor.
	.2 Provide copy of recommended cleaning procedures and chemicals for approval by Consultant.



	23 31 13-22336 Metal Ducts
	Part 1 General
	1.1 QUALIFICATIONS OF SHEETMETAL CONTRACTOR
	.1 Work of this Section shall be provided by a recognized contractor regularly employed in sheet metal works. Only a board approved sheet metal contractor may be used. Refer to approved list in the Division 1 specifications.

	1.2 Quality Assurance
	.1 Comply with NFPA standards for exhaust ductwork and hoods which are used in applications resulting in airborne grease entrainment.
	.2 Clean ductwork internally prior to issue of the Certificate of Completion.
	.3 Plenums and casings include all outside air intakes, discharges, recirculating plenums, division plates, connections between components, built-up air handling units, etc.
	.4 All supply air ductwork from air handling unit fan discharge to first VAV component or first reheat coil shall be constructed to SMACNA 750 Pa (3" wg) duct construction class.  All other supply air ductwork upstream of VAV components or reheat coils shall be constructed to SMACNA 500 Pa (2" wg) duct construction class.  For all other constant volume systems, all supply air ductwork installed in mechanical rooms shall be constructed to SMACNA 500 Pa (2" wg) duct construction class.
	.5 All supply air ductwork downstream of VAV components or reheat coils shall be constructed to SMACNA 250 Pa (1" wg) duct construction class.
	.6 All return air ductwork, all exhaust air ductwork and all outdoor air ductwork installed in mechanical rooms shall be constructed to SMACNA 500 Pa (2" wg) duct construction class.  All other return air ductwork and all other exhaust air ductwork shall be constructed to SMACNA 250 Pa (1" wg) duct construction class.
	.7 Tie rods shall not be used in lieu of external duct reinforcement except where specifically mandated by SMACNA duct construction standards.

	1.3 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 SMACNA HVAC Duct Construction Standards, Metal and Flexible.
	.3 SMACNA HVAC Duct Leakage Test Manual.
	.4 ASTM A480/A480M, Specification for General Requirements for Flat-Rolled Stainless and Heat-Resisting Steel Plate, Sheet and Strip.
	.5 ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process. (Metric).
	.6 ANSI/NFPA 90A, Installation of Air Conditioning and Ventilating Systems.
	.7 ANSI/NFPA 90B, Installation of Warm Air Heating and Air Conditioning Systems.
	.8 ANSI/NFPA 96, Ventilation Control and Fire Protection of Commercial Cooking Operations.
	.9 CSA B228.1, Pipe Ducts and Fittings for Residential Type Air Conditioning Systems.

	1.4 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with Section general requirements.
	.2 Indicate following:

	1.5 CERTIFICATION OF RATINGS
	.1 Catalogue or published ratings shall be those obtained from tests carried out by manufacturer or independent testing agency signifying adherence to codes and standards.

	1.6 DUCT BUILD SCHEDULE
	This Section shall provide a schedule of proposed duct construction, meeting SMACNA standards, to be used on the project. Schedule shall include panel width, gauge, transverse connector, reinforcement, longitudinal seam, sealing class and sealing compound. Submit schedule prior to performing any duct fabrication/installation.

	Part 2 Products
	2.1 DUCTWORK
	.1 Galvanized Steel:
	.2 Aluminum

	2.2 DUCT CONSTRUCTION
	.1 Round and oval:
	.2 Square and rectangular:
	.3 Ducts with sides over 750 mm (30") to 1200 mm (48"), transverse duct joint system by Ductmate/25, Nexus, or WDCI (Lite) (SMACNA ”E” or “G” Type connection).  Weld all corners.
	.4 Ducts 1200 mm (48") and larger, Ductmate/35, Nexus, or WDCI (heavy) (SMACNA “J” Type connection).  Weld all corners.

	2.3 FITTINGS
	.1 Fabrication: to SMACNA.
	.2 Radiused elbows:
	.3 Mitred elbows, rectangular:
	.4 Branches:
	.5 Diffuser connection to main:
	.6 Transitions:
	.7 Offsets:
	.8 Obstruction deflectors: maintain full cross-sectional area.

	2.4 SEAL CLASSIFICATION
	.1 Classification as follows:
	.2 Seal classification:

	2.5 SEALANT
	.1 Sealant: oil resistant, polymer type flame resistant duct sealant. Temperature range of -30°C (-22°F) to plus 93°C (199°F).

	2.6 TAPE
	.1 Tape: polyvinyl treated, open weave fiberglass tape, 50 mm (2") wide.

	2.7 DUCT LEAKAGE
	.1 In accordance with SMACNA HVAC Duct Leakage Test Manual.

	2.8 FIRESTOPPING
	.1 40 mm x 40 mm x 3 mm (1½" x 1½" x 16ga) retaining angles all around duct, on both sides of fire separation.
	.2 Firestopping material and installation must not distort duct.
	.3 All ductwork passing through partition walls shall be firestopped.

	2.9 WATERTIGHT DUCT
	.1 Provide watertight duct for:
	.2 Form bottom of horizontal duct without longitudinal seams. Solder or weld joints of bottom and side sheets. Seal all other joints with duct sealer.

	2.10 HANGERS AND SUPPORTS
	.1 Band hangers: use on round and oval ducts only up to 500 mm (20") diameter, of same material as duct but next sheet metal thickness heavier than duct.
	.2 Trapeze hangers: ducts over 500 mm (20") diameter or longest side, to ASHRAE and SMACNA.
	.3 Hangers: galvanized steel angle with black steel rods to ASHRAE and SMACNA following table:
	.4 Upper hanger attachments:


	Part 3 Execution
	3.1 GENERAL
	.1 The following systems shall conform to the stricter of these A) and/or B) requirements:
	A)
	B)
	.2 Do work in accordance with ASHRAE and SMACNA.
	.3 Do not break continuity of insulation vapour barrier with hangers or rods.
	.4 Support risers in accordance with ASHRAE and SMACNA.
	.5 Install breakaway joints in ductwork on each side of fire separation.
	.6 Install proprietary manufactured flanged duct joints in accordance with manufacturer's instructions.
	.7 Manufacture duct in lengths to accommodate installation of acoustic duct lining.

	3.2 HANGERS
	.1 Strap hangers: install in accordance with SMACNA.
	.2 Angle hangers: complete with locking nuts and washers.
	.3 Hanger spacing in accordance with ASHRAE, SMACNA, and as follows:
	.4 Do not support ductwork over 250 mm x 250 mm (10" x 10") from roof deck.

	3.3 WATERTIGHT DUCT
	.1 Slope horizontal branch ductwork down towards hoods served. Slope header ducts down toward risers.
	.2 Fit base of riser with 150 mm (6") deep drain sump and 25 mm (1") drain connected, with deep seal trap and valve and discharging to open funnel drain.

	3.4 SEALING
	.1 Apply sealant to outside of joint to manufacturer's recommendations.
	.2 Bed tape in sealant and recoat with minimum of 1 coat of sealant to manufacturers recommendations.

	3.5 LEAKAGE TESTS
	.1 Co-ordinate leakage testing with TAB contractor and commissioning agent. TAB contractor will be responsible for all duct testing.
	.2 Duct to be tested in accordance with SMACNA HVAC Duct Leakage Test Manual.
	.3 Leakage tests to be done in sections.
	.4 Trial leakage tests to be performed as instructed to demonstrate workmanship.
	.5 Install no additional ductwork until trial test has been passed.
	.6 Test all air systems for leakage in accordance with SMACNA procedures. Calibrated orifices shall be used to measure all leakage airflow rates. All ductwork shall be pressure tested at minimum 500 Pa (2" WG). For any system, total leakage at the test pressure shall not exceed 5% of respective fan design air flow rate. For all variable air volume (VAV) systems, test all supply air ductwork from air handler to VAV or fanpowered VAV boxes, including runout ducts to VAV or fan-powered VAV boxes and associated fire/smoke dampers. For constant volume (CV) systems, test all supply air ductwork from air handler to air terminals, including fire dampers, reheat coils, etc. excluding air terminals. In cases of by-pass boxes on CV systems, test all supply air ductwork from air handler to by-pass boxes, including runout ducts to by-pass boxes and associated fire dampers. Repair all leaks and repeat test. Pressurize with small blower. Test system as a whole, or in parts, provided that all ductwork is accessible for inspection at the time of test.
	.7 Complete test before insulation or concealment.
	.8 Provide all necessary end caps and fittings as required for the TAB contractor. Remove same after successful completion of duct test.
	.9 Pressure test ductwork to 1½ times operating pressure (minimum pressure 500 Pa (2" wc) all systems).

	3.6 CLEANING
	.1 Keep ducts clear from dust and debris.
	.2 Keep duct liner clean from dust, debris, and moisture.
	.3 At completion of project vacuum ducts if dirt or dust is present.
	.4 Where new systems connect into existing systems the existing systems shall be cleaned and vacuumed prior to reconnection.
	.5 Ensure all systems are clean prior to start up.

	3.7 INSTALLATION REQUIREMENTS
	.1 All ductwork is to be protected from the weather and precipitation. The top and sides of all ductwork are to be completely covered with 6mil poly to the satisfaction of the consultant. Maintain protection of the ductwork until the building is made watertight and hollow cores drained. Tape all joints.



	23 32 13-22336 Fabricated Metal Air Plenums
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy Coated (Galvannealed) by the Hot-Dip Process.
	.3 ASTM C423, Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room Method.
	.4 ASTM E90, Test Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements.
	.5 ASTM E477, Test Method for Measuring Acoustical and Airflow Performance of Duct Liner Materials and Prefabricated Silencers.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Provide separate shop drawings for each piece of attenuation equipment complete with product data.

	1.3 PERFORMANCE RATING DATA
	.1 Provide performance rating data, certified by an accredited test laboratory and supported by calculations and verified by test results in accordance with referenced standards as follows:


	Part 2 Products
	2.1 ABSORPTION AND INSULATING MEDIA
	.1 Acoustical performance measurements to be made in accordance with ASTM E477, ASTM E90 and ASTM C423, except where specified otherwise.
	.2 Acoustic quality, glass fibre, free of shot and odor; bacteria and fungus resistant; free of corrosion causing or accelerating agents; packed to density to meet performance requirements; and meet NBC fire requirements or requirements of authority having jurisdiction for duct lining.

	2.2 ACOUSTIC SOUND PLENUMS
	.1 Panels: 50 mm thick tongue and groove connection type, designed for individual panel removal for equipment access without major dismantling of plenum.
	.2 Assembly:
	.3 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer's instructions.
	.2 Noise flanking: where indicated, install in wall sleeve with uniform clearance all around to ensure no contact of silencer with wall sleeve. Pack with flexible, non hardening caulking on both sides of sleeves.
	.3 Instrument test ports: install at inlet and outlet to permit measurement of insertion loss and pressure loss.
	.4 Suspension: to manufacturer's instructions.

	3.2 SITE VISIT
	.1 Supplier of equipment to visit site to ensure installation is in accordance with manufacturer's instructions and submit report to Consultant
	.2 Make adjustments and corrections in accordance with written report.
	.3 Provide Consultant with notice 48h in advance of visit.

	3.3 TESTING
	.1 Experienced and competent sound and vibration testing professional engineer to take sound measurement after start up and testing, adjusting and balancing of systems to Testing Adjusting and Balancing (TAB) of Mechanical Systems section.
	.2 Sound measurements to extend over specified frequency range of 250 to 2000 and to be taken:
	.3 Provide Consultant with notice 48 h in advance of commencement of tests.
	.4 Establish adequacy of equipment isolation, acceptability of noise levels in occupied areas, other conditions affecting acoustics and, where appropriate, recommendation for remedial measures and costs.
	.5 Submit complete report of test results including sound curves.



	23 33 13A-22336 Duct Accessories
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 SMACNA HVAC Duct Construction Standards, Metal and Flexible.
	.3 ANSI/NFPA 90B, Installation of Warm Air Heating and Air Conditioning Systems.
	.4 ANSI/NFPA 96, Ventilation Control and Fire Protection of Commercial Cooking Operations.
	.5 CSA B228.1, Pipes, Ducts and Fittings for Residential Type Air Conditioning.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.3 CERTIFICATION OF RATINGS
	.1 Catalogue or published ratings shall be those obtained from tests carried out by manufacturer or independent testing agency signifying adherence to codes and standards.


	Part 2 Products
	2.1 GENERAL
	.1 Manufacture in accordance with CSA B228.1.

	2.2 FLEXIBLE CONNECTIONS
	.1 Frame: galvanized sheet metal frame with fabric clenched by means of double locked seams.
	.2 Material:

	2.3 ACCESS DOORS IN DUCTS
	.1 Non-insulated ducts: sandwich construction of same material as duct, one sheet metal thickness heavier, minimum 0.6 mm (25 gauge) thick complete with sheet metal angle frame.
	.2 Insulated ducts: sandwich construction of same material as duct, one sheet metal thickness heavier, minimum 0.6 mm (24 gauge) thick complete with sheet metal angle frame and 25 mm (1") thick rigid glass fibre insulation.
	.3 Access panels are rectangular, 457mm (18") long and the width of the duct in ducts up to and including 305mm (12 inches) in width.  In ducts and plenums 330mm (13 inches) to 610mm (24 inches), size of access panels are 305mm x 457mm (12 x 18 inches) or larger where required for easy access. In ducts and plenums 635mm (25 inches) and larger, size of access panels are 610mm x 610mm ( 24 x 24 inches) or larger as indicated on the drawings.  Fabricate panels of same material as duct and of metal gauge suitable for the application and size of panels.  Hinge panels larger than 450mm x 450mm (18 x 18 inches) to galvanized steel mounting frame and provide sash locks to give tight closure on neoprene gasket.  All hardware is made of corrosion resistant material including attaching bolts.
	.4 Refer to details on drawing for additional sizing requirements.
	.5 Gaskets: neoprene
	.6 Hardware:
	.7 Acceptable materials: Nailor E. H. Price Titus

	2.4 TURNING VANES
	.1 Factory or shop fabricated double thickness, to recommendations of SMACNA and as indicated.
	.2 Acceptable materials: Duro Dyne Ductmate

	2.5 INSTRUMENT TEST PORTS
	.1 1.6 mm (16 gauge) thick steel zinc plated after manufacture.
	.2 Cam lock handles with neoprene expansion plug and handle chain.
	.3 28 mm (1 1/8") minimum inside diameter. Length to suit insulation thickness.
	.4 Neoprene mounting gasket.
	.5 Acceptable material: Duro Dyne IP1 or IP2 Duct mate

	2.6 PREFABRICATED ROOF CURB
	.1 Construction: welded with exposed joints ground flush and smooth.
	.2 Material: 1.3 mm (18 gauge) galvanized steel with raised cant and wood nailer.
	.3 25 mm (1") insulation 3 lb density.
	.4 Acceptable materials: Greenheck GPR – 600 mm (24") high Penn

	2.7 SPIN-IN COLLAR
	.1 Construction: galvanized conical spin-in collar complete with spin-in bead and crimped collar connection.
	.2 Provide balancing damper where indicated.
	.3 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Flexible connections:
	.2 Access doors and viewing panels:
	.3 Instrument test ports.
	.4 Turning vanes:



	23 33 13B.13-22336 Volume Control Dampers
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 SMACNA HVAC Duct Construction Standards, Metal and Flexible.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following: performance data.


	Part 2 Products
	2.1 GENERAL
	.1 Manufacture to SMACNA standards.

	2.2 SPLITTER DAMPERS
	.1 Of same material as duct but one sheet metal thickness heavier, with appropriate stiffening.
	.2 Double thickness construction.
	.3 Control rod with locking device and position indicator.
	.4 Rod configuration to prevent end from entering duct.
	.5 Pivot: piano hinge.
	.6 Folded leading edge.

	2.3 SINGLE BLADE DAMPERS
	.1 Of same material as duct, but one sheet metal thickness heavier. V-groove stiffened, minimum 1.6 mm (16 gauge).
	.2 Size and configuration to recommendations of SMACNA, except maximum height 100 mm (4").
	.3 Shaft extension to accommodate insulation thickness and locking quadrant.
	.4 Inside and outside nylon end bearings.
	.5 Channel frame of same material as adjacent duct, complete with angle stop.

	2.4 MULTI-BLADED DAMPERS
	.1 Factory manufactured of material compatible with duct.
	.2 Opposed blade: configuration, metal thickness and construction to recommendations of SMACNA.
	.3 Maximum blade height:
	.4 Bearings: self-lubricating nylon.
	.5 Linkage: shaft extension with locking quadrant.
	.6 Channel frame of same material as adjacent duct, complete with angle stop.
	.7 Shaft extension to accommodate insulation thickness and locking quadrants.
	.8 Acceptable materials:

	2.5 LOCKING QUADRANTS
	.1 6 mm (1/4") dial regulator with square bearing shaft.
	.2 9 mm (3/8") and larger: clamp quadrant with square bearing shaft.
	.3 High pressure system locking quadrant:
	.4 Acceptable manufacturers: Duro Dyne Ductmate

	2.6 VOLUME EXTRACTORS
	.1 Fully adjustable gang operated blade volume extractor.
	.2 Cold rolled steel construction, 25 mm (1") blade spacing with matte black finish.
	.3 Provide Type 1 manual adjusting operating lever.
	.4 Acceptable Material EH Price AE-1


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install where indicated.
	.2 Install in accordance with recommendations of SMACNA and in accordance with manufacturer's instructions.
	.3 For supply, return and exhaust systems, locate balancing dampers in each branch duct.
	.4 Runouts to registers and diffusers: install single blade damper located as close as possible to main ducts.
	.5 All dampers to be vibration free.
	.6 Leave all dampers in open position for T.A.B.
	.7 Fasten locking quadrants to ductwork and shaft.
	.8 Place locking quadrants on standoffs where ductwork insulated.
	.9 Lock down quadrant arm in the open position.

	3.2 VOLUME EXTRACTOR
	.1 Install at branch take off connections where indicated.
	.2 Secure lever adjustment rod to inside duct collar after final adjustments.



	23 33 16-22336 Fire Dampers
	Part 1 General
	1.1 DEMONSTRATION SCOPE
	.1 This contractor shall fully demonstrate operation of every fire damper to the consultant and owner and immediately address any issues determined during demonstration.
	.2 All fire dampers shall be installed with their blades in the closed position, then, just prior to starting the fans for air balancing, the installing contractor shall reset the fusible links in the presence of the commissioning agent or owner’s representative.

	1.2 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/NFPA 90A, Installation of Air Conditioning and Ventilating Systems.
	.3 CAN/ULC-S112, Standard Method of Fire Test of Fire Damper Assemblies.
	.4 CAN/ULC-S112.1, Standard Method of Fire Test of Ceiling Firestop Flap Assemblies.
	.5 ULC-S505, Fusible Links for Fire Protection Service.

	1.3 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.4 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.5 MAINTENANCE MATERIALS
	.1 Provide following:

	1.6 CERTIFICATION OF RATINGS

	Part 2 Products
	2.1 FIRE DAMPERS (STATIC)
	.1 Fire dampers: arrangement as indicated, listed and bear label of ULC, meet requirements of provincial fire authority and authorities having jurisdiction. Fire damper assemblies to be fire tested in accordance with CAN/ULC-S112.
	.2 Mild steel, factory fabricated for fire rating requirement to maintain integrity of fire wall and/or fire separation.
	.3 Top hinged: offset single damper, round or square; multi-blade hinged or interlocking type; guillotine type; sized to maintain full duct cross section.
	.4 Fusible link actuated, weighted to close and lock in closed position when released or having negator-spring-closing operator for multi-leaf type or roll door type in horizontal position with vertical air flow.
	.5 40 mm x 40 mm x 3 mm (1½" x 1½" x 16ga) retaining angle iron frame, on full perimeter of fire damper, on both sides of fire separation being pierced.
	.6 Acceptable materials:

	2.2 FIRE DAMPERS (DYNAMIC)
	.1 Multi blade or roll type, fire damper suitable for HVAC system velocities up to 2000 fpm (610 m/mm), dual direction air flow, max 4" wg pressure.
	.2 Mild steel, factory fabricated for fire rating requirement to maintain integrity of fire wall and/or fire separation.
	.3 Top hinged: offset single damper, round or square; multi-blade hinged or interlocking type; guillotine type; sized to maintain full duct cross section.
	.4 Stainless closure spring to positively close damper upon fusible link release, for horizontal or vertical orientations.
	.5 Linkage concealed in frame.
	.6 40 mm x 40 mm x 3 mm (1½" x 1½" x 16ga) retaining angle iron frame, on full perimeter of fire damper, on both sides of fire separation being pierced.
	.7 Fire damper assemblies and type to meet requirements of provincial fire authority and authority having jurisdiction.
	.8 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Provide where indicated and at all fire rated partitions indicated, on architectural drawing.
	.2 Install in accordance with ANSI/NFPA 90A and in accordance with conditions of ULC listing.
	.3 Maintain integrity of fire separation.
	.4 After completion and prior to concealment obtain approvals of complete installation from authority having jurisdiction.
	.5 Install access door adjacent to each damper.
	.6 Coordinate with installer of firestopping.
	.7 Static fire dampers: Only on transfer air ducts where ductwork is not connected to a fan/blower.
	.8 Dynamic fire dampers: In all duct work where air is moved by a fan/blower.



	23 33 17-22336 Smoke Control Dampers
	Part 1 General
	1.1 DEMONSTRATION SCOPE
	.1 This contractor shall fully demonstrate operation of every fire/smoke damper to the consultant and owner & immediately address any issues determined during demonstration.
	.2 All fire/smoke dampers shall be installed with their blades in the closed position, then, just prior to starting the fans for air balancing, the installing contractor shall reset the fusible links in the presence of the commissioning agent or owner’s representative.

	1.2 CODES AND STANDARDS
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/NFPA 90A, Installation of Air Conditioning and Ventilating Systems.
	.3 CAN/ULC-S112, Standard Method of Fire Test of Fire Damper Assemblies.
	.4 CAN/ULC-S112.1, Standard Method of Fire Test of Ceiling Firestop Flap Assemblies.
	.5 ULC-S505, Fusible Links for Fire Protection Service.
	.6 CAN/ULC-S524, Installation of Fire Alarm Systems
	.7 CAN/ULC-S1001.11, Integrated Systems Testing of Fire Protection and Life Safety Systems.

	1.3 PRODUCT DATA
	.1 Submit product data in accordance with general requirements indicating the following:

	1.4 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.5 MAINTENANCE MATERIALS
	.1 Provide following:

	1.6 CERTIFICATION OF RATINGS
	.1 Catalogue or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards.


	Part 2 Products
	2.1 SMOKE DAMPERS
	.1 Both damper and damper actuator to be ULC listed and labelled.
	.2 Normally closed smoke/seal: folding blade type. Blade edge seals of flexible stainless steel shall provide required constant sealing pressure. Stainless steel negator springs with locking devices shall ensure positive closure for units.
	.3 Damper shall have Class I leakage rating.
	.4 Suitable for horizontal or vertical installations.
	.5 Motorized actuator: 2-position, spring return, normally open with power on. When power is interrupted damper shall close automatically. Upon return of power, damper shall automatically reset open. Actuators are to be located outside of airstream, unless otherwise specified or shown on drawings.
	.6 Exterior visualization of damper position.
	.7 Damper actuator end switches for monitoring damper position by the BAS.
	.8 Factory sleeve.
	.9 Type and style: matching application.
	.10 0° Celsius to 99° Celsius ambient temperature rating for 300 fpm to 4000 fpm air velocity.
	.11 Smoke Detector: ULC approved photoelectric duct smoke detector; operates from 100 to 4000 ft/min air velocity, -4 to 158°F temperature, and 0 to 95% non-condensing humidity; test/reset button with LED display; The detector housing shall be ULC listed specifically for use in air handling systems; capable of local testing via magnetic switch and test button; plug-in sensor head in the duct, housing
	.12 Damper assembly to operate at 120V with single point power connection.
	.13 Damper, sleeve, smoke detector, actuator, and all other components shall be factory assembled as a single unit. Large damper sizes can be provided in multiple sections. Field assembly is acceptable following manufacturer’s installation guidelines.
	.14 Size: as indicated on drawings.
	.15 Acceptable materials:

	2.2 COMBINATION FIRE AND SMOKE DAMPERS
	.1 Damper: similar in all respects to smoke dampers specified above.
	.2 Combined actuator: electrical control system actuated from smoke sensor or smoke detection system and from fusible link.
	.3 Fire rating to match wall assembly i.e. 1 hour/1 ½ hour/2 hour/ 3 hour.
	.4 Fusible link, or electric re-settable link (ERL).
	.5 Electric fire sensor capable of remote openable control is to be provided in place of fusible link where specifically indicated in project documents.
	.6 Where ERL or electric fire sensor is used in place of fusible link, this device shall fail closed upon power failure.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Provide smoke dampers where indicated and at all duct penetrations through smoke barrier partitions indicated on architectural drawings.
	.2 Provide combination fire and smoke dampers where indicated and at all duct penetrations through fire rated smoke barrier partitions indicated on architectural drawings. To provide separated fire dampers and smoke dampers, obtain approval from the consultant for the alternate arrangement.
	.3 Install in accordance with ANSI/NFPA 90A, in accordance with conditions of ULC listing and manufacturer’s recommendation.
	.4 Maintain integrity of smoke separation and fire rating.
	.5 After completion and prior to concealment obtain approvals of complete installation from authority having jurisdiction.
	.6 Install access door adjacent to each damper and smoke detector.
	.7 Front grille access for through wall dampers that terminate in a grille is acceptable.
	.8 Provide proper firestopping and duct seal to fire barrier wall.
	.9 Confirm proper operation and test sheets.
	.10 Should contractor provide separated devices mount smoke detector downstream of damper and within 1.5 m (5 ft) of damper.
	.11 Ensure access doors/panels, fusible links, damper actuators and sensors are easily observed and accessible.

	3.2 WIRING
	.1 All fire alarm wiring shall be 1 hour rated and in conduit or as per electrical fire alarm wiring requirement.

	3.3 DAMPER POSITION MONITORING
	.1 In all cases the BAS contractor shall monitor the damper actuator end switches i.e. “closed position and open position”.

	3.4 CLEANING
	.1 Upon completion and verification of performance of installation, remove surplus materials, excess materials, rubbish, tools, and equipment.

	3.5 INTEGRATED LIFE SAFETY SYSTEMS TESTING
	.1 Prior to the building Integrated Life Safety Systems Testing the mechanical contractor shall commission/verify the operation of all installed smoke dampers.
	.2 Participate in the Integrated Life Safety Systems Testing to confirm proper operation of all operating smoke dampers and associated Life Safety Systems (i.e. fire alarm).
	.3 This contractor shall work with the Integrated Life Safety Contractor and reset all systems back into proper operation.
	.4 Include all costs associated with participation Integrated Life Safety System Testing in the tender value.



	23 33 18-22336 Operating Dampers
	Part 1 General
	1.1 GENERAL
	.1 This section applies to operating dampers not specified in Controls Section.

	1.2 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.

	1.3 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.4 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.5 CERTIFICATION OF RATINGS
	.1 Catalogue or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency.


	Part 2 Products
	2.1 MOTORIZED DAMPERS
	.1 Opposed blade type.
	.2 Extruded aluminum, interlocking blades, complete with extruded vinyl seals, spring stainless steel side seals, extruded aluminum frame.
	.3 Pressure fit self-lubricated bronze bearings.
	.4 Linkage: plated steel tie rods, brass pivots and plated steel brackets, complete with plated steel control rod.
	.5 Operator: Refer to BAS Section.
	.6 Performance:
	.7 Insulated aluminum dampers:
	.8 Acceptable materials:

	2.2 DISC TYPE DAMPERS
	.1 Frame: brake formed, welded, 1.6 mm (16 gauge) thick, Type Z90 galvanized steel to ASTM A653/A653M.
	.2 Disc: spin formed, 1.6 mm (16 gauge) thick, Type Z90 galvanized steel to ASTM A653/A653M.
	.3 Gasket: extruded neoprene, field replaceable, with 10 year warranty.
	.4 Bearings: roller self lubricated and sealed.
	.5 Operator: compatible with damper, linear stroke operator, spring loaded actuator, zinc-aluminum foundry alloy casting cam follower.
	.6 Performance:
	.7 Acceptable material:

	2.3 BACK DRAFT DAMPERS
	.1 Automatic gravity operated, multi leaf, aluminum construction with nylon bearings, centre pivoted or counterweighted, as indicated.
	.2 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install where indicated.
	.2 Install in accordance with recommendations of SMACNA and manufacturer's instructions.
	.3 Seal multiple damper modules with silicon sealant.
	.4 Install access door adjacent to each damper. See Duct Accessories Section.
	.5 Insulated dampers on all outside air intake and exhaust damper.
	.6 Non-insulated dampers on all interior motorized dampers not exposed to outside air.



	23 33 19-22336 Duct Silencers
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy Coated (Galvannealed) by the Hot-Dip Process.
	.3 ASTM C423, Test Method for Sound Absorption and Sound Absorption Coefficients by the Reverberation Room Method.
	.4 ASTM E90, Test Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions and Elements.
	.5 ASTM E477, Test Method for Measuring Acoustical and Airflow Performance of Duct Liner Materials and Prefabricated Silencers.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Provide separate shop drawings for each piece of attenuation equipment complete with product data.

	1.3 PERFORMANCE RATING DATA
	.1 Provide performance rating data, certified by an accredited test laboratory and supported by calculations and verified by test results in accordance with referenced standards as follows:


	Part 2 Products
	2.1 ABSORPTION AND INSULATING MEDIA
	.1 Acoustical performance measurements to be made in accordance with ASTM E477, ASTM E90 and ASTM C423, except where specified otherwise.
	.2 Acoustic quality, glass fibre, free of shot and odor; bacteria and fungus resistant; free of corrosion causing or accelerating agents; packed to density to meet performance requirements; and meet NBC fire requirements or requirements of authority having jurisdiction for duct lining.

	2.2 SILENCERS
	.1 Silencer type as indicated.
	.2 Factory manufactured of prime coated or galvanized steel, compatible with ductwork specified elsewhere and to ASHRAE and SMACNA standards.
	.3 Outer casing and galvanized steel inner casing with clean cut circular perforations to enclose acoustic media. Inner casing to have half-splitters running full length of silencer where any cross sectional dimension exceeds 450 mm (18"). Protect media from erosion with glass fibre cloth between media and perforated metal.
	.4 Confirm silencer is proper type for system. Silencer to be sized for 35DB in occupied space.
	.5 Manufacturer shall confirm silencer(s) selection is based on sound power levels of equipment to be silenced. Indicate sound power levels of equipment on silencer shop drawings.
	.6 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer's instructions.
	.2 Noise flanking: where indicated, install in wall sleeve with uniform clearance all around to ensure no contact of silencer with wall sleeve. Pack with flexible, non hardening caulking on both sides of sleeves.
	.3 Instrument test ports: install at inlet and outlet to permit measurement of insertion loss and pressure loss.
	.4 Suspension: to manufacturer's instructions.

	3.2 SITE VISIT
	.1 Supplier of equipment to visit site to ensure installation is in accordance with manufacturer's instructions and submit report to Consultant
	.2 Make adjustments and corrections in accordance with written report.
	.3 Provide Consultant with notice 48h in advance of visit.

	3.3 TESTING
	.1 Experienced and competent sound and vibration testing professional engineer to take sound measurement after start up and testing, adjusting and balancing of systems to Testing Adjusting and Balancing (TAB) of Mechanical Systems section.
	.2 Sound measurements to extend over specified frequency range of 250 to 2000 and to be taken:
	.3 Provide Consultant with notice 48 h in advance of commencement of tests.
	.4 Establish adequacy of equipment isolation, acceptability of noise levels in occupied areas, other conditions affecting acoustics and, where appropriate, recommendation for remedial measures and costs.
	.5 Submit complete report of test results including sound curves.



	23 33 46-22336 Flexible Ducts
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 CAN/ULC-S110, Standard Methods of Test for Air Ducts.
	.3 UL 181, Factory Made Air Ducts and Air Connectors.
	.4 ANSI/NFPA 90A, Installation of Air Conditioning and Ventilating Systems.
	.5 ANSI/NFPA 90B, Installation of Warm Air Heating and Air Conditioning Systems.
	.6 SMACNA HVAC Duct Construction Standards - Metal and Flexible.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.3 CERTIFICATION OF RATINGS
	.1 Catalogue or published ratings shall be those obtained from tests carried out by manufacturer or independent testing agency signifying adherence to codes and standards.


	Part 2 Products
	2.1 GENERAL
	.1 Factory fabricated to CAN/ULC S110.
	.2 Pressure drop coefficients listed below are based on relative sheet metal duct pressure drop coefficient of 1.00.
	.3 Flame spread rating not to exceed 25.  Smoke developed rating not to exceed 50.

	2.2 METALLIC –INSULATED
	.1 Spiral wound flexible aluminum with factory applied, 25 mm (1") thick flexible glass fibre thermal insulation with vapour barrier and vinyl jacket, Class 1 duct material.
	.2 Performance:
	.3 Acceptable materials:


	Part 3 Execution
	3.1 DUCT INSTALLATION
	.1 Install in accordance with: SMACNA.
	.2 Maximum length of flexible duct: 1.8 m (6' 0").
	.3 Minimum length of acoustical ductwork; 1.5 m (5' 0") with minimum of 1 bend.
	.4 Provide support at centre of flexible duct with 25 mm (1") wide galvanized hanger.



	23 33 53-22336 Duct Liners
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 SMACNA HVAC Duct Construction Standards, Metal and Flexible.
	.3 ASTM C553, Mineral Fiber Blanket Thermal Insulation for Commercial and Industrial Applications.
	.4 ANSI/NFPA 90A, Installation of Air Conditioning and Ventilating Systems.
	.5 ANSI/NFPA 90B, Installation of Warm Air Heating and Air Conditioning Systems.
	.6 ASTM C177, Test Method for Steady-State Heat Flux Measurements and Thermal Transmission Properties by Means of the Guarded-Hot-Plate Apparatus.
	.7 CAN/ULC-S102, Surface Burning Characteristics of Building Materials and Assemblies.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.


	Part 2 Products
	2.1 DUCT LINER
	.1 General:
	.2 Rigid:

	2.2 ADHESIVE
	.1 Meet requirements of ANSI/NFPA 90A and ANSI/NFPA 90B.
	.2 Flame spread rating shall not exceed 25. Smoke development rating shall not exceed 50. Temperature range -29°C (-20°F) to 93°C (200°F).
	.3 Acceptable material:

	2.3 FASTENERS
	.1 Weld pins 2.0 mm (14 gauge) diameter, length to suit thickness of insulation. Metal retaining clips, 32 mm (1¼") square.
	.2 Acceptable material:

	2.4 JOINT TAPE
	.1 Poly-Vinyl treated open weave fiberglass membrane 50 mm (2") wide.
	.2 Acceptable materials:

	2.5 SEALER
	.1 Meet requirements of ANSI/NFPA 90A and ANSI/NFPA 90B.
	.2 Flame spread rating shall not exceed 25. Smoke development rating shall not exceed 50. Temperature range -68°C (-90F) to 93°C (200°F).
	.3 Acceptable materials:


	Part 3 Execution
	3.1 GENERAL
	.1 Do work in accordance with recommendations of SMACNA duct liner standards as indicated in SMACNA HVAC Duct Construction Standards, Metal and Flexible, except as specified otherwise.
	.2 Line inside of ducts where indicated.
	.3 Duct dimensions, as indicated, are clear inside duct lining.
	.4 Provide an interior of ductwork from fans from minimum distance of 3 m (10'-0").

	3.2 DUCT LINER
	.1 Install in accordance with manufacturer's recommendations, and as follows:
	.2 Weld pins are to have cupped or beveled heads to prevent damage to lining surface.
	.3 Store foam liners away from sunlight.

	3.3 JOINTS
	.1 Seal all butt joints, exposed edges, weld pin and clip penetrations and all damaged areas of liner with joint tape and sealer. Install joint tape in accordance with manufacturer's recommendations, and as follows:
	.2 Replace damaged areas of liner at discretion of Consultant.
	.3 Protect leading and trailing edges of each duct section with sheet metal nosing having 15 mm (1/2") overlap and fastened to duct.



	23 34 11-22336 Commercial Fans
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 AMCA 99, Standards Handbook.
	.3 ANSI/AMCA 210, Laboratory Methods of Testing Fans for Certified Aerodynamics Performance Rating.
	.4 AMCA 300, Reverberant Room Method for Sound Testing of Fans.
	.5 AMCA 301, Methods for Calculating Fan Sound Ratings from Laboratory Test Data.
	.6 ANSI/ASHRAE 51, Laboratory Methods of Testing Fans for Certified Aerodynamics Performance Rating.
	.7 CAN/CGSB 1.181, Ready Mixed Organic Zinc-Rich Coating.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Provide fan curves and sound rating data, showing point of operation, bhp W and efficiency.
	.3 Indicate following: motors, wheels, bearings, shafts.

	1.3 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for incorporation into manual specified in general requirements.

	1.4 MANUFACTURED ITEMS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards in force.


	Part 2 Products
	2.1 FANS GENERAL
	.1 Capacity: flow rate, total static pressure, bhp W, revolutions per minute, power, model, size, sound power data and as indicated on schedule.
	.2 Fans: statically and dynamically balanced, constructed in conformity with AMCA 99.
	.3 Sound ratings: comply with AMCA (Air Moving and Conditioning Association) 301, tested to AMCA 300. Unit shall bear AMCA certified sound rating seal.
	.4 Performance ratings: based on tests performed in accordance with ANSI/AMCA 210, and ANSI/ASHRAE 51. Unit shall bear AMCA certified rating seal, except for propeller fans smaller than 300 mm (12") diameter.
	.5 Motors:
	.6 Accessories and hardware: matched sets of V-belt drives, adjustable slide rail motor bases, belt guards, coupling guards, fan inlet outlet safety screens, inlet outlet dampers and vanes and as indicated.
	.7 Factory primed before assembly in colour standard to manufacturer.
	.8 Scroll casing drains: as indicated.
	.9 Finish on fume hood exhaust fans as indicated
	.10 Bearing lubrication systems plus extension lubrication tubes where bearings are not easily accessible.
	.11 Vibration isolation: to Vibration Isolation section.
	.12 Flexible connections: to Duct Accessories section.

	2.2 PROPELLER FANS
	.1 Fabricate multibladed propellers of aluminum of airfoil shape within bell mouth entrance on integral mounts, with grease lubricated ball bearings, with extended lubrication fittings, suited for operating in any position, direct or [belt] driven, complete with motor as indicated.
	.2 Provide (weather hood) blade guards, bird screen and automatic back draft dampers on discharge, with gasketted edges.
	.3 Acceptable materials:


	Part 3 Execution
	3.1 FAN INSTALLATION
	.1 Install fans as indicated, complete with resilient mountings specified in Vibration Isolation Section flexible electrical leads and flexible connections in accordance with Duct Accessories Section.
	.2 Provide sheaves and belts required for final air balance.
	.3 Bearings and extension tubes to be easily accessible.
	.4 Access doors and access panels to be easily accessible.



	23 34 23-22336 Packaged Exhausters
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 AMCA 99, Standards Handbook.
	.3 ANSI/AMCA 210, Laboratory Methods of Testing Fans for Certified Aerodynamics Performance Rating.
	.4 AMCA 300, Revised 1987, Reverberant Room Method for Sound Testing of Fans.
	.5 AMCA 301, Methods for Calculating Fan Sound Ratings from Laboratory Test Data.
	.6 ANSI/ASHRAE 51, Laboratory Methods of Testing Fans for Certified Aerodynamics Performance Rating.
	.7 ANSI/NFPA 96 – Ventilation Control and Fire Protection of Commercial Cooking Operations.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general requirements.
	.2 Product data to include fan curves and sound rating data.

	1.3 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for incorporation into manual specified in general requirements.

	1.4 CERTIFICATION OF RATINGS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered from independent testing agency signifying adherence to codes and standards in force.
	.2 Provide confirmation of testing.


	Part 2 Products
	2.1 FANS GENERAL
	.1 Capacity: flow rate, total static pressure Pa, r/min, W (" w.c., r/min, bhp) model and size and sound ratings as indicated on schedule.
	.2 Statically and dynamically balanced. Constructed in conformity with AMCA 99.
	.3 Sound ratings: comply with AMCA 301, tested to AMCA 300.
	.4 Performance ratings: based on tests performed in accordance with ANSI/AMCA 210, and ANSI/ASHRAE 51.
	.5 Bearings: sealed lifetime of self aligning type with oil retaining, dust excluding seals and a certified minimum rated life of 80,000 100,000 h in accordance with AFBMA L10 life standard. Bearings to be rated and selected in accordance with AFBMA 9 and AFBMA 11.
	.6 Acceptable materials:
	.7 Provide factory mounted speed control for all direct drive motors.

	2.2 WALL EXHAUSTERS
	.1 Centrifugal backward inclined or Axial fan units, V belt or direct driven as indicated.
	.2 Eisenheiss coated wheel for fume service with motor out of air stream.
	.3 Housings:
	.4 Size, type, and capacity: as indicated.

	2.3 ROOF EXHAUSTERS
	.1 Centrifugal V belt or direct driven as indicated.
	.2 Roof curbs; of same manufacturer as fan and built to suit model specified.
	.3 Size, type, and capacity: as indicated.
	.4 To NFPA 96 requirements where indicated.

	2.4 CEILING DISCHARGE FANS
	.1 Centrifugal direct drive, with plug in type electric motor suitable for ceiling installation, zinc coated rectangular metal housing.
	.2 Sizes and capacity: as indicated.
	.3 Toggle switch operated complete with integral electrical outlet box with plug-in type receptacle.
	.4 Side duct outlet with integral backdraft damper, size as indicated.
	.5 Wall cap complete with spring loaded backdraft damper with neoprene gasket.
	.6 Silver anodized aluminum grille paint finish.

	2.5 RANGE HOOD EXHAUST FANS
	.1 Centrifugal direct drive 750 mm (30") wide, suitable for under cabinet installation, enamel steel metal housing complete with halogen lights, colour selected by consultant.
	.2 Sizes and capacity: as indicated.
	.3 Internal Toggle switch operated fan and light.
	.4 Top or rear side 80 mm x 250 mm (3" x 10") rectangular duct outlet with integral backdraft damper.
	.5 Wall cap complete with spring loaded backdraft damper with neoprene gasket.
	.6 Aluminum mesh cleanable grease filter.

	2.6 RANGE HOOD EXHAUST FANS (USE WITH GUARDIAN FIRE SYSTEM ONLY)
	.1 Centrifugal direct drive 750 mm (30") wide, suitable for under cabinet installation, enamel steel metal housing complete with single 75 W LED equivalent light bulb, colour selected by consultant.
	.2 Sizes and capacity: as indicated.
	.3 Internal Toggle switch operated fan and light.
	.4 Top or rear side 80 mm x 250 mm (3" x 10") rectangular duct outlet with integral backdraft damper.
	.5 Wall cap complete with spring loaded backdraft damper with neoprene gasket.
	.6 Aluminum mesh cleanable grease filter.
	.7 Acceptable material:
	.8 Co-ordinate installation with fire suppression system specified elsewhere.

	2.7 DRYER BOOSTER FAN
	.1 Provide a fully automatic dryer booster fan where indicated.
	.2 Provide a Fantech DBLT or equal 100 mm (4") paintable galvanized lint trap complete with removable filter and 15 mm flange for flush mounting.
	.3 Fan shall be inline complete with low profile, self cleaning backward inclined impeller and high efficiency meter suitable for 120/1/60.
	.4 Provide a current sensing relay’s in electrical junction box on the power feed to the dryer to operate the dryer booster fan in sequence. Dryer and power relay to be ORTECH Amp Sensor Model as without time delay or equal. Co-ordinate installation with the electrical contractor, providing power to the dryer.
	.5 All wiring shall be by Electrical Division.
	.6 Acceptable material:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer’s instructions.
	.2 Provide flexible duct connection at roofline.
	.3 Provide backdraft damper at building exterior penetration.



	23 34 41-22336 Destratification Fans
	Part 1 General
	1.1 WORK INCLUDED
	.1 The ceiling mounted, circulation fan as indicated on drawings. The fan shall be the model scheduled with the capacities indicated. The fan shall be furnished with standard mounting hardware and variable speed controls.

	1.2 RELATED WORK
	.1 Factory installation services are available through the manufacturer, consult the appropriate installation scope of work for more information.


	Part 2 Products
	2.1 HIGH VOLUME, LOW SPEED FANS – BIG ASS FANS
	.1 Complete Unit:
	The fan shall be ETL certified and built pursuant to construction guidelines set forth by UL standard 507 and CSA standard 22.2. The fan shall be designed to move an effective amount of air for cooling and destratification in large industrial applications with dense floor obstructions, over an extended life. The fan and components shall be designed specifically for high volume, low speed fans to ensure lower noise operation. The sound levels from the fan operating at maximum speed shall not exceed 55 dBA (measured 20’or 6.1 m below the blades and 20’or 6.1 m horizontally from the center of the fan).
	.2 Airfoils:
	The fan shall be equipped with ten (10) high volume, low speed airfoils of precision extruded aluminum alloy. Each airfoil shall be of the high performance Powerfoil design. The airfoils shall be connected by means of two (2) locking bolts per airfoil. The airfoils shall be connected to the hub and interlocked with zinc plated steel retainers. As an option, airfoils may be powder coated as specified by the architect or owner.
	.3 Winglets:
	The fan shall be equipped with ten (10) Powerfoil Plus winglets designed to move air away from the fan at an angle, thereby increasing the amount of area affected by the fan. The winglets shall be molded of high density polyethylene. A winglet shall be attached at the tip of each airfoil by means of a barrel screw. The standard color of the winglets shall be “Safety Yellow,” but may be colored as specified by the architect or owner.
	.4 Motor:
	The fan motor shall be an AC induction type inverter rated at 1725 RPM, 120 VAC, 1 φ and 60 Hz. The motor shall be totally enclosed, fan cooled (TEFC) with an IP55 NEMA classification. NEMA standard frames 56C/143TC/145TC shall be provided for ease of service. The motor shall be manufactured with a double baked Class F insulation and be capable of continuous operation in -30°F to 122°F (-34°C to 50°C) ambient conditions.
	.5 Gearbox:
	The fan gearbox shall be a NitroSeal™ Drive designed specifically for the Powerfoil X. The gearbox shall include a high efficiency, hermetically sealed, nitrogen filled, offset helical gear reducer with two stage gearing, a 2-1/2" (6.4 cm) hollow output shaft, cast iron housing, double lip seals, high quality SKF Explorer Series bearings with crowned cages for optimal lubrication flow, and precision machined gearing to maintain backlash less than 11 arc minutes over the life of the unit. Lubrication shall be a high grade, low foaming synthetic oil with extreme pressure additives and a wide temperature range.
	The fan gearbox shall be equipped with a passageway in which wiring, piping, etc can be routed below the fan. A non-rotating, standard junction box shall be provided at the base of the fan for installing optional features such as lights, cameras, and VESDA. An aluminum cover plate shall be provided for attachment to the junction box when these features are not installed.
	.6 Mounting Post:
	The fan shall be equipped with a 1800mm (6’-0”) (unless indicated otherwise) mounting post that provides a structural connection between the fan assembly and upper mounting system. The mounting post shall be 3"x 3" (7.6 cm x 7.6 cm) square tubing and powder coated for corrosion resistance and appearance. As an option, mounting post may be colored as specified by the architect or owner.
	.7 Hub:
	The fan hub shall be precision cast aluminum alloy for high strength and light weight. The hub shall be secured to the output shaft of the gearbox by means of a steel flange interface. Both hub and flange shall be precision machined to achieve a well balanced and solid rotating assembly. The hub shall incorporate five (5) safety retaining clips made of 1/4" (0.6 cm) thick steel that shall restrain the hub/airfoil assembly in case of gearbox output shaft failure.
	.8 Mounting System:
	The fan mounting system shall be designed for quick and secure installation from a structural support beam. All components in the mounting system shall be of welded construction using low carbon steel no less than 3/16" (0.5 cm) thick and be powder coated for appearance and resistance to corrosion. All mounting bolts shall be SAE Grade 8 or equivalent and rated with a minimum tensile strength of 150,000 psi (1,034 MPa). As an option, mounting components may be colored as specified by the architect or owner.
	.9 Safety Cable:
	The fan shall be equipped with a safety cable that provides an additional means of securing the fan assembly to the building structure. The safety cable shall be 3/8" (1 cm) diameter and fabricated out of 7 x 19 stranded galvanized steel. The loops shall be secured with swaged Nicopress fittings, pre-loaded and tested to 3,000 lb f (13,345 N). Field construction of safety cables is not permitted.
	.10 Controller:
	The fan controller shall be constructed using a Variable Speed Drive (VSD) that is prewired to the motor and factory programmed to minimize the starting and braking torques, for smooth and efficient operation. The controller shall be prewired to the motor using a short fun of flexible conduit THHM with a dedicated ground conductor to minimize electromagnetic interference (EMI) and radio frequency interference (RFI). An incoming power cord shall also be prewired to the controller for ease of installation. The controller shall be contained within a completely sealed aluminum enclosure and secured to the mounting post “onboard” the fan assembly.
	.11 Wall Control:
	The fan shall be equipped with a remote wall control. The wall control shall be a digital keypad device mounted inside an aluminum bezel. The bezel shall be capable of mounting to a standard wall box. The wall control shall be equipped with touchpad controls and an LED display for controlling the fan’s direction, operation and speed. Communication with the fan drive and controller shall be by a standard commercially available CAT-5 (or higher) Ethernet cable that is field installed and provided by the installer. A 5’ (1.5 m) ‘patch cable’ shall be provided to test and verify communication signals locally prior to connecting the remote connection cable.
	The wall control shall be equipped with a simple diagnostic program to identify faults in the system. Provisions must be made for retrieving fan operation and diagnostic data (fault messages) through the remote wall device.
	.12 Warranty:
	The manufacturer shall replace any products or components defective in material or workmanship, free of charge to the customer (including transportation charges within the USA, F.O.B. Lexington, KY), pursuant to the complete terms and conditions of the Big Ass Fans Non-Prorated Warranty in accordance to the following schedule:
	.13 Capacity:
	.14 Acceptable Material: ISIS Model
	Basco Canada
	Phone: (416) 770-0047
	Contact: Patrick Wilson
	Email: patrick.wilson@bigasssolutions.com
	.15 Finishes:


	Part 3 Execution
	3.1 INSTALLATION
	.1 The fan shall be mounted to an angle iron or I-beam structure. Consult the Installation Guide for proper sizing and placement of angle iron for a span mount. A structural engineer must be consulted for installation methods outside the manufacturer’s recommendation and a certification submitted prior to installation.
	.2 To reduce the risk of injury to persons, the fan shall be installed so that the airfoils are at least 10’ (3 m) above the floor. The fan installation area must be free of obstructions such as lights, cables, sprinklers or other building structures; with the airfoils at least 2’ (61 cm) clear of all obstructions. The fan should not be installed where it will be continuously subjected to wind gusts or in close proximity to the outputs of HVAC systems.
	.3 If the fan is hung from an extension tube that measures 4’ (1.2 m) or longer, it may be necessary to provide guy cables or struts to limit potential lateral movement of the fan. A stiffening strut braced against an additional beam may be required if there is a close clearance situation.
	.4 The design criteria for the fan mounting system shall be capable of handling 300 ft lbs (407 N m) of torque.

	3.2 WORKMANSHIP
	.1 Good workmanship shall be evident in all aspects of construction. Field balancing of the airfoils shall not be necessary.

	3.3 DOCUMENTATION
	.1 The manufacturer shall furnish a copy of all operating and maintenance instructions for the fan.



	23 36 16-22336 Variable Air Volume Units
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM A653/A653M, Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.4 CERTIFICATION OF RATINGS
	.1 Catalogue or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by an independent testing agency.


	Part 2 Products
	2.1 VARIABLE AIR VOLUME BOXES
	.1 Single duct, variable volume air distribution assemblies of the sizes and capacities as shown on the plans.
	.2 The assemblies shall be pressure independent and shall reset to any air flow between zero and the maximum catalogued air volume.
	.3 At an inlet velocity of 610 m/min (2,000 fpm), the differential static pressure for any unit with attenuator section, sizes 4 through 16, shall not exceed 25 Pa (0.10" w.c.).
	.4 Sound ratings of air distribution assemblies, shall not exceed 30 NC at 25 Pa (0.10" w.c.) static pressure.
	.5 Pressure shall be ARI Certified.
	.6 The air flow sensor shall be of a cross configuration located at the inlet of the assembly and shall have multiple pickup points, designed to average the flow across the inlet of the assembly. The air flow sensor shall amplify the sensed air flow signal.
	.7 Provide a discharge air temperature sensor on discharge of VAV box. Temperature sensor shall be capable of display on BAS.
	.8 The assembly casing shall be constructed of 0.7 mm (22 gauge) zinc coated steel, internally lined with 20 mm (¾") thick, dual density fiberglass insulation, which complies with UL-181 and NFPA-90A. Any cut edges of fiberglass exposed to the air stream shall be coated with NFPA-90A approved sealant.
	.9 The primary air valve damper shall be heavy gauge metal, with peripheral gasket, pivoted in self-lubricating bearings. In the full closed position, air leakage past the closed damper shall not exceed 2% of the nominal catalogue rating at 750 Pa (3" w.c.) inlet static pressure, as rated by ARI Standard 880.
	.10 Provide 900 mm (36") long discharge sound attenuator for each unit.
	.11 Provide hot water reheat coil mounted in 0.7 mm (22 gauge) galvanized steel housing. Reheat coil to have copper tubes, aluminum fins with O.D. sweat connections, and quick opening cam lock access door. Refer to schedule for reheat coil requirements. Provide minimum 2 row coil.
	.12 Terminal unit manufacturer shall factory mount controller and actuator (supplied by BAS contractor) including tubing from cross flow sensor to controls, wiring controller to motor and calibration.
	.13 Size and capacity: as indicated.
	.14 Manufacturer to provide gauge taps for balancing and protective shroud for controller mounting.
	.15 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install where indicated.
	.2 Install in accordance with recommendations of SMACNA and manufacturer's instructions.
	.3 Install access door adjacent to each damper.
	.4 Install controls as per manufacturer’s requirements.
	.5 Install with at least 100 mm (4") of flexible inlet ducting.

	3.2 REHEAT COIL MOCK-UP
	.1 A mock-up of the reheat coil piping (based on the reheat coil detail) must be done prior to any additional reheat coil piping being completed.
	.2 Markup shall be reviewed with the consultant and owner prior to new installations starting. Changes or adjustments of the layout will be made during the review.
	.3 Contractor to provide multiple photos of the final layout.



	23 37 13-22336 Diffusers, Registers, and Grilles
	Part 1 General
	1.1 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.2 MAINTENANCE MATERIALS
	.1 Include:

	1.3 MANUFACTURED ITEMS
	.1 Grilles, registers, and diffusers of same generic type to be product of one manufacturer.

	1.4 CERTIFICATION OF RATINGS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards.


	Part 2 Products
	2.1 GENERAL
	.1 To meet capacity, pressure drop, terminal velocity, throw, noise level, neck velocity as indicated.
	.2 Frames:
	.3 Concealed operators.
	.4 Colour and Finish: standard as directed by Consultant.
	.5 Acceptable materials:

	2.2 RECESSED DISPLACEMENT VENTILATION DIFFUSER (S1)
	.1 Fully recessed displacement grille with removable face grille
	.2 Plaster frame, sealing strip and accessories.
	.3 Model:  Krueger AFR
	.4 Finish to approval of consultant.
	.5 Type, size, and capacity: as indicated.

	2.3 RETURN AND EXHAUST GRILLES
	.1 General: with opposed blade dampers as indicated, concealed manual operator and gaskets.
	.2 Type R1: aluminum, channel border, 15 x 15 mm (1/2" x 1/2") egg crate type face bars, baked off white finish. Model: Krueger EG5.
	.3 Type R2: aluminum 25 mm (1") border, 15 mm x 15 mm (1/2" x 1/2") egg crate type face bars, baked off white finish, screwed fastening. Model: Krueger EGC5.
	.4 Type R3: steel 25 mm (1") border, single 45 deflection, horizontal face bars, at 1/2" spacing screwed fastening, finish selected by Consultant. Model: Krueger S85.
	.5 Type R4: Off white finish, steel 32 mm (1¼") border, single 45 deflection, horizontal face bars, heavy duty gymnasium grille, flat border frame, screwed fastening. Model: Krueger S480.
	.6 Type, size, and capacity: as indicated.

	2.4 DIFFUSERS
	.1 General: volume control dampers with flow straightening devices and blank-off quadrants, as indicated and gaskets.
	.2 Type D1: 4-cone adjustable, steel, square type, having adjustable pattern, 4-cone, baked off white finish, lay-in and or surface mounted (sliding type adjustment will not be accepted). Model: Krueger 1400A.
	.3 Type D2: steel, round type, having adjustable pattern, duct and or surface mounted, (sliding type adjustment will not be accepted). Finish selected by Consultant. Model: Krueger RA2.
	.4 Type D3: steel, round type, having adjustable pattern, duct and or surface mounted, complete with guard and safety chain (sliding type adjustment will not be accepted). Finish selected by Consultant. Model: Krueger RA2.
	.5 Type D4: aluminum, linear supply,180° air pattern adjustment, baked off white finish, suitable for T-Bar ceiling complete with 25 mm slots, insulated plenum, mitred end. Model: Krueger 1900
	.6 Type D5: steel, round type, having adjustable pattern, duct and or surface mounted, (sliding type adjustment will not be accepted). Finish selected by Consultant. Model: Krueger RA2. Complete with concealed safety chain and diffuser guard.
	.7 Type, size, and capacity: as indicated.

	2.5 OPEN MESH SCREEN
	.1 15 mm x 15 mm (½"x ½") open mesh screen fastened on 25 mm (1") border, screw fasten.
	.2 On all open ends of ductwork and where indicated.RA
	.3 Size: To match ductwork size.

	2.6 TOE SPACE GRILLE (R5)
	.1 Punched steel at 25mm x 25mm (1"x1") spacing with 15m x 15m (1/2"x1/2") hole.
	.2 Screw fastening and finish selected by consultant.
	.3 Model:  Krueger 1350.
	.4 Type, size and capacity: as indicated.

	2.7 LINEAR BAR, FLOOR GRILLES (S2)
	.1 Fixed 0° pattern, 7 mm (¼") spacing, millwork mounted, screwed narrow border fastening.
	.2 Plaster frame, sealing strip and accessories.
	.3 Grilles shall be pencil proof.
	.4 Model:  Krueger 1850.
	.5 Finish to approval of consultant.
	.6 Type, size, and capacity: as indicated (grille shall be continuous complete with mitred covers).


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer’s instructions.
	.2 Install with flat head screws in countersunk holes where fastenings are visible.
	.3 Bolt grilles, registers and diffusers, in place.
	.4 Provide concealed safety chain on each grille, register and diffuser in gymnasium, similar game rooms, and on exposed diffusers, and elsewhere as indicated.
	.5 Clean grilles upon completion.
	.6 Paint ductwork beyond grilles, matte black where visible.
	.7 Ensure all grilles, diffusers, etc. match opening sizes as indicated on the drawings and as fabricated on site by the contractor.



	23 37 23-22336 Louvres and Vents for Intake and Exhaust
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ASTM E90, Method for Laboratory Measurement of Airborne Sound Transmission Loss of Building Partitions, and Elements.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.
	.2 Indicate the following:

	1.3 CERTIFICATION OF RATINGS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards.

	1.4 TEST REPORTS
	.1 Submit certified data from independent laboratory substantiating acoustic and aerodynamic performance to ASTM E90.


	Part 2 Products
	2.1 GRAVITY ROOF OUTSIDE AIR INTAKES AND RELIEF VENTS
	.1 Factory manufactured louvred penthouse.
	.2 Provide roof curb sized to suit penthouse or flat or sloped roof as required or indicated. Curb to place bottom louvre minimum 250 mm (10") above roof.
	.3 Maximum throat velocity 3.3 m/s (11 ft/s) intake.
	.4 Maximum loss through unit: 15 Pa (0.06" in w.c.) static pressure.
	.5 Finish as specified by consultant.
	.6 Shape and size as indicated.
	.7 Acceptable manufacturers:

	2.2 GOOSENECK HOODS
	.1 Thickness: to ASHRAE and SMACNA.
	.2 Fabrication: to ASHRAE and SMACNA.
	.3 Joints: to ASHRAE and SMACNA and or proprietary manufactured duct joint.
	.4 Supports: as indicated.
	.5 Complete with integral birdscreen of 2.7 mm (12 gauge) diameter aluminum wire. Use 15 mm (1/2") mesh on exhaust 20 mm (3/4") mesh on intake.
	.6 Vertical or Horizontal backdraft dampers as required.
	.7 Prefabricated roof curb through roof complete with insulation and counter flashing.

	2.3 FIXED LOUVRES – ALUMINUM
	.1 Construction: welded with exposed joints ground flush and smooth.
	.2 Material: extruded aluminum alloy 6063-T5.
	.3 Blade: stormproof pattern with centre watershed in blade, reinforcing bosses and maximum blade length of 1500 mm (60").
	.4 Frame, head, sill and jamb: 100 mm (4") deep one piece extruded aluminum, minimum 3 mm (1/8") thick with approved caulking slot, integral to unit.
	.5 Mullions: at 1500 mm (60") maximum centres.
	.6 Fastenings: stainless steel (Society of Automotive Engineers) SAE-194-8F with SAE-194- SFB nuts and resilient neoprene washers between aluminum and head of bolt, or between nut, ss washer and aluminum body.
	.7 Screen: 15 mm (1/2") exhaust 20 mm (3/4") intake mesh, 2 mm (5/64") diameter wire aluminum birdscreen on inside face of louvres in formed U-frame.
	.8 Finish: Kynar 500
	.9 Acceptable materials:

	2.4 BRICK VENTS (FLANGE FRAME)
	.1 Construction: welded with exposed joints ground flush and smooth.
	.2 Material: extruded aluminum alloy 6063-T5.
	.3 Blade: stormproof pattern.
	.4 Perimeter flange frame, head, sill and jamb: 40 mm (1½") deep one piece extruded aluminum, minimum 3 mm (1/8") thick with approved caulking slot, integral to unit.
	.5 Fastenings: stainless steel (Society of Automotive Engineers) SAE-194-8F with SAE-194- SFB nuts and resilient neoprene washers between aluminum and head of bolt, or between nut, ss washer and aluminum body.
	.6 Screen: 15 mm (1/2") exhaust 20 mm (3/4") exhaust mesh, 2 mm (5/64") diameter wire aluminum birdscreen on inside face of louvres in formed U-frame.
	.7 Finish: Kynar 500
	.8 Options:
	.9 Acceptable materials:

	2.5 THIN LINE FIXED LOUVRES – ALUMINUM
	.1 Construction: welded with exposed joints ground flush and smooth.
	.2 Material: extruded aluminum alloy 6063-T5.
	.3 Blade: stormproof pattern with centre watershed in blade, reinforcing bosses and maximum blade length of 1500 mm (60").
	.4 Perimeter flange frame, head, sill and jamb: 50 mm (2") deep one piece extruded aluminum, minimum 3 mm (1/8") thick with approved caulking slot, integral to unit
	.5 Fastenings: stainless steel (Society of Automotive Engineers) SAE-194-8F with SAE-194- SFB nuts and resilient neoprene washers between aluminum and head of bolt, or between nut, ss washer and aluminum body.
	.6 Screen: 20 mm (3/4"), 2 mm (5/64") diameter wire aluminum birdscreen on inside face of louvres in formed U-frame.
	.7 Finish: Kynar 500 Colour: to Consultants approval.
	.8 Acceptable materials: Greenheck ESJ-150 Construction Specialties E.H. Price Krueger Ruskin Ventmaster
	Nailor Ventex

	2.6 ALUMINUM WALL CAPS (CLOTHES DRYER)
	.1 Application: Clothes dryer or as noted on drawings.
	.2 0.3 mm (16 gauge) aluminum wall sleeve sized as noted on plans.
	.3 0.3 mm (16 gauge) sloping exterior wall cap with integral sides, base plate, and 25 mm (1") perimeter flange with 4-hole screw fasten. Fasteners at each corner.
	.4 Bottom outlet with removable 15 mm x 15 mm (1/2") x (1/2") aluminum screen.
	.5 Neoprene backdraft damper with aluminum crimp on bottom edge.
	.6 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 In accordance with manufacturers and SMACNA recommendations.
	.2 Reinforce and brace air vents, intakes and goosenecks as indicated.
	.3 Anchor securely into opening.
	.4 Seal with caulking all around to ensure weather tightness.



	23 51 33-22336 Insulated Sectional Chimneys
	Part 1 General
	1.1 PRODUCT DATA
	.1 Submit product data in accordance with general requirements.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Clearly indicate following:
	.3 Venting manufacturer shall provide shop drawings for review based on boiler model and capacity, height, offset and termination location. Submit venting calculations certified by the boiler manufacturer.

	1.3 CLOSEOUT SUBMITTALS
	.1 Submit operation and maintenance data for incorporation into manual specified in general requirements.

	1.4 CERTIFICATIONS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by independent testing agency or manufacturer signifying adherence to codes and standards.


	Part 2 Products
	2.1 POSITIVE PRESSURE VENTING (CATEGORY III AND IV)
	.1 The vent shall be of the double wall, factory-built type, designed for use in conjunction with Category III, or IV condensing or non-condensing positive pressure appliances or as specified by the heating equipment manufacturer.
	.2 Maximum continuous flue gas temperature shall not exceed 550 degrees F  (288 degrees C).
	.3 Vent shall be listed for a maximum positive pressure rating of 6.0" w.c. and shall have passed testing at 15.0" w.c.
	.4 The vent system shall be continuous from the appliance’s flue outlet to the vent termination outside the building. All systems components shall be ULC listed and supplied by the same manufacturer.
	.5 The vent shall be constructed with an inner and outer tube, with an annular space between the tubes of 25 mm (1").
	.6 The inner tube (flue gas conduit) shall be constructed from AL29 4C® or UNS S44735 stainless steel, with a min. wall thickness of 0.4 mil (26 ga) for 3" through 7" diameter vents, 0.5 mil (24 ga) for 8" through 12" diameter vents and 0.6 mil (22 ga) for 14" and 16" diameter vents.
	.7 The outer tube (jacket) shall be constructed from 304 or 430 stainless steel, with a minimum wall thickness of 0.4 mil (26 ga) for 3" through 6" diameter vents and 0.6 mil (22 ga) for 7" through 16" diameter vents.
	.8 All systems components such as vent supports, roof or wall penetrations, terminations, appliance connectors and drain fittings required to install the vent system shall be UL listed and provided by the vent manufacturer.
	.9 All system components shall include a factory-installed gasket in their female-end to render the vent air and water tight when the male/female ends are pushed together as per manufacturer’s instructions. Vent systems requiring field installed sealants or compounds shall not be acceptable.
	.10 All systems components shall include a factory installed, internal mechanical locking band for fastening and securing all vent components against each other.
	.11 Vent layout shall be designed and installed in compliance with manufacturer’s installation instructions boiler manufacturer, and all applicable local codes.
	.12 Acceptable Manufacturers:

	2.2 TYPE A GAS VENT
	.1 ULC labelled, 537º C (1000º F) rating maximum, atmospheric gas vent only.
	.2 Sectional, prefabricated, double wall with 50 mm (2") insulated cavity. Stainless steel inner wall. Stainless steel outer wall.  Mated fittings and couplings.

	2.3 ACCESSORIES
	.1 Cleanouts: bolted, gasketted type, full size of breeching, as indicated.
	.2 Barometric dampers: double acting, 70% of full size of breeching area.
	.3 Hangers and supports: in accordance with recommendations of Sheet Metal and Air Conditioning Contractors National Association Inc. (SMACNA)
	.4 Rain cap.
	.5 Expansion sleeves with heat resistant caulking, held in place as indicated.
	.6 Stainless Steel Roof flashing cones.
	.7 Guy wire supports and anchors.


	Part 3 EXECUTION
	3.1 INSTALLATION – GENERAL
	.1 Follow manufacturer’s and SMACNA installation recommendations for shop fabricated components.
	.2 Suspend breeching at 1.5 m (5') centres and at each joint.
	.3 Support chimneys at bottom, roof and intermediate levels as indicated.
	.4 Install thimbles where penetrating roof, floor, ceiling and where breeching enters masonry chimney. Pack annular space with heat resistant caulking.
	.5 Install flashings on chimneys penetrating roofs and building structures.
	.6 Install rain caps and cleanouts, as indicated.



	23 52 13-22336 Stainless Steel Fire Tube Condensing Boilers
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 Canadian Standards Association (CSA).
	.3 Canadian Gas Association (CGA).
	.4 American National Standards Institute (ANSI).
	.5 American National Standards Institute (ANSI)/ American Society of Mechanical Engineers (ASME).
	.6 ASHRAE 90.1 – Energy Standard for Building Except Low-Rise Residential Buildings

	1.2 BOILER SYSTEM LAYOUT ON FLOOR
	.1 Pre-planning of the boiler room system must be done prior to any new construction in the boiler room beginning. The contractor shall provide a full scale markup of the boiler system on the floor of the boiler room.  The markup shall be in various coloured chalk and shall include all the components/equipment of the boiler system.
	.2 Markup shall be reviewed with the consultant and owner prior to new installations starting. Changes or adjustments of the layout will be made with chalk during the review.
	.3 Contractor to provide multiple photos of the final chalk layout.

	1.3 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate the following:
	.3 Engineering data to include:

	1.4 CLOSEOUT SUBMITTALS
	.1 Submit operation and maintenance data for incorporation into manual specified in general requirements.

	1.5 CERTIFICATION
	.1 Manufacturer's Certification:  The boiler manufacturer shall certify the following:

	1.6 WARRANTY
	.1 Manufacturer’s standard form in which manufacturer agrees to repair or replace components of boilers that fail in materials or workmanship within the specified period:


	Part 2 Products
	2.1 GENERAL
	.1 Furnish the number of factory "packaged" low pressure hot water boilers indicated on the drawings.  Each factory "packaged" boiler shall be complete with all components, accessories, and appurtenances necessary for a complete and operable boiler as hereinafter specified.  Each unit shall be furnished factory assembled with required wiring and piping as a self�contained unit.  Each unit shall be readily transported and ready for installation.
	.2 Each hot water boiler shall consist of a vertical, stainless steel heat exchanger complete with trim, valve trains, burner, and boiler control system.  The boiler manufacturer shall fully coordinate the boiler as to the interaction of its elements with the burner and the boiler control system in order to provide the required capacities, efficiencies, and performance as specified.
	.3 The boiler manufacturer shall provide unit responsibility for the engineering, coordination, workmanship, performance, warranties, and all field services for each factory "packaged" boiler as specified herein.  The boiler manufacturer shall be fully responsible for all components assembled and furnished by him whether or not they are of his own manufacture.

	2.2 PERFORMANCE CRITERIA
	.1 Refer to schedules for boiler capacities.
	.2 Boiler shall be capable of operating with a minimum outlet water temperature of 20°C (68°F).
	.3 Boiler shall comply with ASME Section IV for 345 kPa (50 psig) (max 98°C/200ºF).
	.4 Boiler relief valve setting shall be 345 kPa (50 psig) max.
	.5 Maximum allowable water temperature shall be 210°F
	.6 Fuel shall be natural gas with an assumed higher heating value of 1,030 Btu/Cu Ft and an assumed specific gravity of 0.60 (relative to air).  Natural gas shall be supplied at a pressure of no less than 3.5” w.c. to the inlet gas valve. Maximum inlet gas pressure shall not exceed 14” w.c.
	.7 Ambient air temperature shall be assumed to range from 10°C (50oF) to 32°C (90oF) with an average of 21°C (70oF).
	.8 Power voltage shall be 120/208 vac, 1-phase, 60 hertz.  Control voltage shall be 24 vac (transformer to be supplied by boiler manufacturer).
	.9 Boiler shall be suitable for use with either water or glycol solutions.

	2.3 HEAT EXCHANGER
	.1 Each boiler heat exchanger shall be duplex stainless steel, single or multi-pass, down fire, counter-flow design for maximum heat transfer with the multiple sections arranged in a reverse return configuration to assure balanced flow through each section
	.2 Boiler heat exchanger headers shall be fabricated stainless steel and be completely removable for inspection. Seals shall be EPDM, rated for 400°F service. Push nipples or gaskets between the sections are not permitted.
	.3 Heat exchange capability shall be maximized through the use of a corrugation process or fins.

	2.4 PRESSURE VESSEL
	2.5 FRAME AND ENCLOSURE
	.1 Boiler shall be enclosed with a single wall outer casing.  It shall be fabricated from a minimum 16 gauge carbon steel. The complete outer casing shall be finished, inside and out, with a powder coat finish.
	.2 The composite structure of the boiler combustion chamber, insulating air gap and outer casing shall be of such thickness and materials to assure an outer casing temperature of not more than 37°C (100°F) when the boiler is operated at full rated load.
	.3 An observation port shall be located on the boiler to allow for observation of the burner flame.
	.4 Access panels shall be hinged.
	.5 Provide appropriate NEMA 250, Type 1 enclosure for controls components.
	.6 Provide lifting eyes and fork holes accessible for rigging and movement of the boiler.
	.7 Minimum 2 inch thick insulation surrounding the heat exchanger.

	2.6 CONNECTIONS
	.1 Each boiler shall be provided with all necessary inlet and outlet connections.  Boiler connections shall be as follows:

	2.7 MAIN GAS VALVE TRAIN (MODULATING)
	.1 Each boiler shall be provided with an integral main gas valve train.  The main gas valve trains shall be factory assembled, piped, and wired.  Each gas valve train shall include at least the following:

	2.8 NEUTRALIZING VESSEL
	.1 Rotationally molded low density polyethylene vessel with minimum 3" diameter fill/access openings at each end, 3/4" diameter inlet and outlet pipe connections. Provide all necessary mounting hardware. Unit (or units if more than 1 is required) is to be sized to neutralize capacity of condensate from boiler, before being drained to sewer system. Vessel to be sized to suit condensate produced by the boiler.
	.2 Provide initial charge of limestone and store one (1) additional charge where directed on site.
	.3 Acceptable materials:  From boiler manufacturer.

	2.9 IGNITION SYSTEM
	.1 Each boiler shall be equipped for direct spark ignition.

	2.10 COMBUSTION AIR CONTROL SYSTEM (DIGITAL)
	.1 Each boiler shall be provided with an integral combustion air control system.  The combustion air system shall be factory assembled. Each combustion air control system shall include at least the following:

	2.11 VENTING
	.1 The boiler shall be capable of operating with a stack effect not exceeding -0.04” W.C. and a combined air intake and exhaust venting pressure drop not exceeding +1.50” W.C.
	.2 It shall be acceptable to either direct vent the boiler using sealed combustion by drawing combustion air in from the outdoors, or by drawing air from the mechanical space itself.
	.3 Flue Gas exhaust stack shall be AL 29-4C, 316L stainless steel or other material as indicated in manufacturer installation manual. Material shall be listed and labelled to UL 1738 / C0UL S636 for use with Category IV appliances. Material shall be guaranteed appropriate for the application by the manufacturer of the boiler.
	.4 Condensate drain material must be stainless steel or Schedule 40 CPVC. Copper, carbon steel, or PVC pipe materials are not acceptable.
	.5 Obtain boiler manufacturer approval of venting (route, termination, and material).

	2.12 CONTROL PANEL
	.1 The boiler manufacturer shall provide each boiler with an integral factory prewired control panel. The control panel shall contain at least the following components, all prewired to a numbered terminal strip:

	2.13 INTERNAL CONTROL
	.1 Boiler control system shall consist of an integral boiler display and micro-processor control system.
	.2 LED Display Panel to adjust set points and control operating parameters. LED display to indicate burner sequence, all service codes (0-65), fan speed, boiler set point, sensor values such as inlet, outlet, flue gas and outdoor air.
	.3 Control system shall be capable of controlling/staging multiple boiler systems, as well as starting/stopping primary boiler pumps, varying primary pump speed based on boiler firing rate and opening and closing the boiler automatic isolation valve. Boiler shall be able to control minimum two separate heating loops.
	.4 In a multiple boiler system, the control shall stage and modulate the boilers utilizing firing rate threshold staging and parallel modulation to optimize condensing potential while minimizing energy wasting short cycling. The control shall monitor the supply water temperature and return water temperature and communicate between the boilers on a local boiler system control network.
	.5 Boiler controls shall have provisions for outside air reset and night setback. Boiler manufacturer to provide outdoor air temperature sensor.
	.6 All parameters shall be adjustable through the control panel display.
	.7 Boiler control panels shall be mounted and located on the boiler to provide ease of servicing and prevent accidental water damage.
	.8 The integral controller on each boiler shall provide for the following functions:

	2.14 BAS HARDWIRE INTEGRATION
	.1 Terminal Strip Integration: Boiler shall communicate with the BAS via a terminal strip integration. Provide the following points for integration:

	2.15 BACNET INTEGRATION
	.1 The boiler shall also include for the addition of the BACNet integration.
	.2 Through digital integration the following minimal information shall be controlled and visible:

	2.16 ELECTRICAL CONNECTION
	.1 Provide single point field power connection, factory installed and wired, including all transformers, control/safety devices and other devices as required for a complete and operable system.
	.2 Power shall be 120 V, 60 Hz, single phase. Maximum 20 Amp breaker.

	2.17 TRIM
	.1 Boiler shall be provided with all necessary trim. Boiler trim shall be as follows:

	2.18 ACCESSORIES
	.1 Condensate neutralizing system
	.2 Drain Valve
	.3 Flow Switch
	.4 BACNet integration card and any required protocol translators for boiler integration with the Building Management System.
	.5 Automatic isolation valve, including valve, actuator and transformer to power isolation valve through the boiler. The valve, actuator and transformer shall be field installed by the contractor. Valve shall be the same size as the line supplying the boiler. Supplying a valve to match the boiler connection size is not acceptable.
	.6 Outdoor Air Temperature Sensor.
	.7 Auto restart (on loss of power).
	.8 Internal On/Off/Auto switch.

	2.19 ACCEPTABLE MATERIALS

	Part 3 Execution
	3.1 INSTALLATION
	.1 Contractor shall install boilers in accordance with all manufacturer installation instructions and as indicated on the drawings.
	.2 Meet all local and applicable codes of installation.
	.3 Maintain manufacturer’s recommended service clearances on all sides of the equipment.
	.4 Supplying contractor shall install all shipped loose equipment.
	.5 Supplying contractor shall be responsible for all interconnecting electrical control and power wiring, including high voltage wiring between boiler and isolation valve actuator.
	.6 Install boilers on cast-in-place concrete housekeeping pads.

	3.2 QUALITY CONTROL
	.1 Boiler shall be provided by a firm regularly engaged in the manufacture of condensing hydronic boilers with welded steel pressure vessels, whose products have been in satisfactory use in service for not less than ten (10) years.
	.2 Each factory “packaged” boiler shall be hydrostatically tested and bear the ASME “H” stamp.
	.3 Each factory "packaged" boiler shall be fire tested. The boiler manufacturer shall perform this fire test under simulated operating conditions, with the boiler attached to a working chimney system and with water circulating through the boiler. The manufacturer shall provide a fire test report, including fuel and air settings and combustion test results permanently affixed to the boiler.
	.4 The manufacturer shall have a factory authorized service training program, where boiler technicians can attend a training class and obtain certification to perform start-up, maintenance and basic troubleshooting specific to the product line. There shall be a minimum of 4 trained technicians within 100 km of the job site.
	.5 Provided equipment shall be of the type, design and size that the manufacturer currently offers for sale and must appear in the manufacturer’s current catalogue.

	3.3 FIELD TESTING
	.1 The boiler manufacturer shall field test the following:

	3.4 COMMISSIONING
	.1 Manufacturer to:
	.2 Provide Consultant at least 48h notice prior to inspections, tests, and demonstrations. Submit written report of inspections and test results.

	3.5 DEMONSTRATION AND TRAINING
	.1 Provide minimum 2 hours training to owner’s representative, including all safety procedures, maintenance procedures, control operations and diagnostic procedures.
	.2 Training shall be provided by a factory trained service technician.
	.3 Training shall occur at the installed location.



	23 57 19-22336 Liquid to Liquid Heat Exchangers
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 ANSI/ASME Boiler and Pressure Vessel Code, Section VIII Pressure Vessels.
	.3 CSA B51, Boiler, Pressure Vessel, and Pressure Piping Code.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with General Requirements.
	.2 Indicate: manufacturer's recommended clearances for tube withdrawal and manipulation of tube cleaning tools.

	1.3 MAINTENANCE MATERIALS
	.1 Provide maintenance materials in accordance with General Requirements.
	.2 Supply following spare parts:

	1.4 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in General Requirements.


	Part 2 Products
	2.1 PLATE HEAT EXCHANGER
	.1 General:
	.2 Frames: carbon steel with baked epoxy enamel paint, stainless steel side bolts, and shroud.
	.3 Plates: Type 316 stainless steel.
	.4 Gaskets: 21.7 (150 lb).
	.5 Nozzles: ASA rubber rated flange type.
	.6 Supports: as indicated.
	.7 Piping connections: 100 mm (4").
	.8 Capacity:
	.9 Acceptable material:


	Part 3 Execution
	3.1 INSTALLATION
	.1 General: install level and firmly anchored to supports in accordance with manufacturer's recommendations.
	.2 Tube in shell heat exchangers: arrange piping so that tube bundle can be removed after disconnecting two unions or flanges adjacent to head and without disturbing other equipment and systems.

	3.2 APPURTENANCES
	.1 Install with safety relief valve piped to drain hose bib drain valve.
	.2 Install thermometer wells with thermometers on inlet and outlet of primary and secondary side.



	23 73 23-22336 Built-up Indoor Air Handling Units
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 CAN/CGSB 1.181, Ready Mixed Organic Zinc, Rich Coating.
	.3 ANSI/NFPA-90A, Installation of Air Conditioning and Ventilating Systems.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with Section general requirements.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.4 MAINTENANCE MATERIALS
	.1 Provide maintenance materials in accordance with general requirements.

	1.5 UNIT ASSEMBLY
	.1 All equipment shall be factory tested prior to shipment.
	.2 Due to the restricted access to the Mechanical Rooms, the units are to be assembled on site. It is the responsibility of the contractor to determine which units are to be site assembled and how the units are to be broken down. Installation of components and/or sections shall be approved by the unit manufacturer prior to final acceptance by the owner.

	1.6 MANUFACTURED ITEMS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards in force.
	.2 The air handling units and major components shall be products of manufacturers regularly engaged in the production of such equipment and with a minimum of fifteen continuous years of proven production experience.
	.3 Manufacturer shall have a fully implemented and auditable quality assurance program, equal to the ISO-9002 Quality Standard.

	1.7 PERFORMANCE RATINGS
	.1 Unit certification: Units shall conform to CSA-C746-2006 and ARI 340/360-2007 and shall be listed by NRCan as approved for sale in Canada and be compliant with the SB-10 Supplement of the Ontario Building Code.


	Part 2 Products
	2.1 GENERAL
	.1 Field assembled components to form units supplying air at design conditions as indicated and specified.
	.2 Acceptable materials:

	2.2 CAPACITY
	.1 As indicated in schedule.

	2.3 UNIT CONSTRUCTION
	.1 Unit casing shall be of minimum 1.6 mm (18 gauge) satin coat galvanized sheet metal.  Surfaces shall be cleaned with a degreasing solvent to remove oil and metal oxides and primed with a two part acid based etching primer. Finish coat shall be an electrostatically applied enamel, to all exposed surfaces.  All unprotected metal and welds shall be factory coated.
	.2 All high pressure 1250 Pa (5" w.c.) to 2250 Pa (9" w.c.) fan sections shall be constructed of 2 mm (14 gauge) metal. Continuous high pressure sealant shall be provided between all panels.
	.3 All walls, roofs and floors shall be of formed construction, with at least two breaks at each joint. Joints shall be secured by sheet metal screws or pop rivets.  Wall and floor joints shall be broken in and roof joints broken out (exposed) for rigidity. All joints shall be caulked with a water resistant sealant.
	.4 The following components shall be provided with a 0.85 mm (22 gauge) solid, or 0.70 mm (24 gauge) 40% free area perforated galvanized metal liner over insulated areas:
	.5 Units shall be provided with gasketed access doors to the following components: fans and motors; filters; dampers and operators; access plenums and humidifiers/wet cells.  Access doors shall be large enough for easy access. Removal of screwed wall panels will not be acceptable.
	.6 Provide hinged access doors, fully lined, with zinc plated piano hinges and brass pins, Leverlock handles, operable from both sides for all units.
	.7 Casings shall be supported on formed 200 mm (8") high (minimum) galvanized steel channel or structural channel supports, designed and welded for low deflections. Integral lifting lugs shall be provided for hoisting.
	.8 All units shall be internally insulated with 50 mm (2") thick 24 kg/cu.m. (1 1/2 lb./cu.ft.) density, neoprene coated fibre glass thermal insulation (24 kg/cu.m) (1 1/2 lb/cu.ft). insulation shall be secured to metal panels with a fire retardant adhesive and welded steel pins at 400 mm (16") o/c.. All longitudinal insulation joints and butt ends shall be covered by a sheet metal break to prevent erosion of exposed edges.  Drain pans and all floor areas shall be insulated on the underside.
	.9 Unit casing floors in walk in sections shall be fabricated with 2.0 mm (14 gauge) galvanized checker plate steel. Provide reinforcing channels under floor to minimize deflection.
	.10 Cooling unit drain pans shall be an integral part of the floor panelling, a minimum of 50 mm (2") deep, with welded corners.  Drain pans shall extend a minimum of 300 mm (6") downstream of coil face and be provided with a 25 mm (1") M.P.T. drain connection.  Drain pans must be sloped and pitched such that there is no standing water.  Intermediate drain pans shall be provided between cooling coils above 1650 mm (65").  Extend drain under complete fan section where fan is downstream of humidifier. Drain pans shall be stainless steel.
	.11 In air-to-air heat reclaim units, the exhaust section drain pans shall be an integral part of the floor panelling, a minimum of 50 mm (2") deep, with welded corners. Drain pans shall extend over the full exhaust fan plenum and be connected with a 40 mm (1 1/2") M.P.T. drain connection.
	.12 Provide marine lights with protective cast metal cage and glass globes complete with duplex receptacles on the wall beside the access doors. For units with no heat recovery, for all lights, provide one switch with indicator light on unit exterior adjacent to supply fan access door on latch side. For units with heat recovery, for all lights, provide two 3-way switches with indicator lights mounted on unit exterior adjacent to supply and return fan access doors on latch sides. Factory wire from switch to all lights in EMT conduit with liquid tight connections. At all split sections, provide a 300mm long piece of flexible conduit, with the extra wire spooled, for reconnection on site by the installing contractor.

	2.4 STARTERS AND CONTACTORS
	.1 Wire fan motors to external unit mounted junction box complete with terminal strip suitable for remote VFD’s.
	.2 Run all wiring to standards in electrical specification.

	2.5 FILTERS
	.1 Filter sections shall be provided with adequately sized access doors to allow easy removal of filters.  Filter removal shall be from one side as noted on the drawings.
	.2 For units with filter banks 1829 mm (72") high or less, the filter modules shall be designed to slide out of the unit. Side removal filters shall slide into a formed metal track, sealing against metal spacers at each end of the track.
	.3 50 mm (2") Pleated Panel Disposable Filters (MERV 13): Non-woven re-inforced cotton/poly fabric media with a metal support grid and heavy duty beverage board enclosing frame.
	.4 Provide filter bank with a Dwyer #MS-111-LCD Magnesense loop-powered differential pressure transmitter with 4-20mA output. Transmitter is mounted on unit exterior and is complete with digital display. Where gauges are flush mounted into the unit casing, provide power wiring to junction box mounted on unit exterior.

	2.6 RECOVERY AIR TOTAL ENERGY WHEEL (AHU-1 ONLY)
	.1 Provide an ARI certified (sizes AEW10-1200 to AEW10-3500) Recovery Air wheel as manufactured and supplied by Engineered Air.  The performance of the wheel is to be ARI tested and certified as an individual component.  The effectiveness shall be reflective of the component performance only without the benefit of packaged equipment.
	.2 The wheel shall be constructed of sheet aluminum, with alternate layers glued to each other for stability. Wheels shall be tension wound on to a central hub. All aluminum surfaces shall be coated with a “zeolite” 4 Å molecular sieve coating to provide water vapor transfer from one air stream to the other. Latent heat transfer rate shall be equal to sensible heat transfer rate, ±6%, throughout the complete range of operation. The wheel shall be cleanable with compressed air without damage to the aluminum or desiccant. Alternate reclaim devices shall meet or exceed the performance noted in the schedules without exceeding the fan power requirements specified.
	.3 Wheels are held securely together with metal spokes extending radially from the hub to the peripheral banding. Spokes are flush mounted to rotor media. Wheels of 1800 mm diameter and smaller are provided in one piece construction. Larger wheels are constructed in 4 or 8 removable pieces. Alternatively, the smaller wheels can also be provided in 4 piece construction.
	.4 The wheel shall be supported by two pillow block bearings which in turn are supported by a steel support. The bearings shall be located in the shadow of the bearing support member and the division between air streams to maximize the free area of the rotor as much as possible. The bearings shall be replaceable without removing the wheel from the air handling unit.
	.5 Wheels shall be provided with non-contact labyrinth seals around the perimeter of the wheel and across the face at the division between the supply and exhaust sectors. Adjustable seals shall be spaced not more than 1/32” (.8 mm) from the rotor surface. The unit shall be provided with a purge system to allow a percentage of outdoor air to sweep through the exhaust air sector to eliminate the possibility of exhaust air to the supply air stream.
	.6 The wheel shall be driven by a continuous V-belt around the outer perimeter of the wheel connected to a 3 phase, inverter driven, high torque/high turndown, AC motor (gear motor for model sizes 600 – 1500) for variable speed applications, or a 3 phase AC motor for constant speed applications.  Access to the motor and the drive shall be from the face of the wheel.
	.7 Variable speed control:(for applications where the discharge air temperature and/or frost prevention is required)

	2.7 FANS
	.1 Centrifugal fans shall be rated in accordance with AMCA Standard Test Code, Bulletin 210. Fan manufacturer shall be a member of AMCA. All fans and fan assemblies shall be dynamically balanced during factory test run.  Fan shafts shall be selected for stable operation at least 20% below the first critical RPM. Fan shafts shall be provided with a rust inhibiting coating.
	.2 Single low pressure forward curved fans of 450 mm (18") or less diameter, shall be equipped with permanently lubricated cartridge ball bearings, supported by a 3 point "spider" bearing bracket in the fan inlets. All other forward curved fan assemblies shall be equipped with greaseable pillow block bearings, supported on a rigid structural steel frame.
	.3 Airfoil and BI fans shall be equipped with greaseable, self aligning ball or roller type pillow block bearings.
	.4 Airfoil and BI fans shall be plenum type configuration where noted in schedules. Plenum fan assemblies shall be encapsulated by an open wire mesh protective screen. Removable screens at access doors are not acceptable. Thrust restraint isolators shall be provided at shaft centreline when required to minimize axial movement and bending movements of the blower assembly(s).  Drive side bearings on Plenum fans shall be adapter style to ensure even clamping of the bearing sleeve to the shaft.
	.5 Drives shall be adjustable on fans with motors 3.73 kW (5 hp) or smaller. On fans with larger motors, fixed drives shall be provided. All drives shall be provided with a rust inhibiting coating. The air balancer shall provide for drive changes (if required) during the air balance procedure.
	.6 Motor, fan bearings and drive assembly shall be located inside the fan plenum to minimize bearing wear and to allow for internal vibration isolation of the fan-motor assembly, where required.  Motor mounting shall be adjustable to allow for variations in belt tension.
	.7 Fan-motor assemblies shall be provided with vibration isolators. Isolators shall be bolted to steel channel welded to unit floor, which is welded to the structural frame of the unit. The isolators shall be neoprene-in-shear type for single 225mm (9") to 375mm (15") forward curve fans. All other fans shall incorporate vertical spring type isolators with levelling bolts, bridge bearing waffled pads with minimum 25 mm (1") static deflection designed to achieve high isolation efficiency.  Fans shall be attached to the discharge panel by a polyvinyl chloride coated polyester woven fabric, with a sealed double locking fabric to metal connection.
	.8 Single phase belt drive motor applications shall include rubber isolation for motors 19kW (1/4 hp) through 1.1kW (1 1/2 hp). Provide internal spring isolation for motors over 1.1 kW (1 1/2hp).
	.9 Provide extended grease lines terminating outside the serviceable side of the unit. : Grease lines to be filled with grease at factory or on site.  Written verification to be provided.
	.10 Fan motors shall be ODP high efficiency induction motor.
	.11 Motors to be suitable for remote VFD’s.

	2.8 DAMPERS
	.1 Damper frames shall be u-shaped galvanized metal sections securely screwed or welded to the air handling unit chassis.  Pivot rods of 15 mm (1/2") aluminum, shall turn in bronze bushings, fabricated from self- oiling bronze.  Rods shall be secured to the blade by means of straps and set screws.
	.2 Blades shall be 1.3 mm (18 gauge) galvanized metal with two breaks on each edge and three breaks on centreline for rigidity. The pivot rod shall "nest" in the centreline break.  Damper edges shall interlock. Maximum length of damper between supports shall be 1070 mm (42"). Damper linkage brackets shall be constructed of galvanized metal.
	.3 Dampers shall be:
	Certified low leak, dampers shall also be provided for return air dampers, exhaust (relief) air dampers.
	.4 Mixing dampers shall be parallel blade type.
	.5 Two position inlet dampers shall be parallel blade type.
	.6 Motorized relief dampers shall be opposed blade type.
	.7 Gravity relief dampers shall be single blade gasketed design.
	.8 Provide satin coat steel mixers downstream of mixing box to provide thorough air mixing to prevent stratification.
	.9 0-10V Damper operators will be supplied by the BAS contractor and factory installed by the unit manufacturer.

	2.9 COILS
	.1 Coils shall be Ultrafin and/or Superfin as manufactured by Engineered Air, constructed of copper tube, aluminium fin, copper headers with schedule 40 steel pipe connectors, male N.P.T.  Fins constructed of aluminium shall be rippled for maximum heat transfer and shall be mechanically bonded to the tubes by mechanical expansion of the tubes.  The coils shall have a galvanized steel casing.  All coils shall be factory tested with air at 2070 kPa (300 psig) while immersed in an illuminated water tank.
	.2 Headers shall be outside the air handling unit for maximum serviceability.  The non-headered end of the coil shall be fully concealed.  Provide auxiliary drain pan complete with 13 mm (1/2") MPT drain connection at headered end of cooling coils.
	.3 Provide an insulated header cover to conceal exposed headers.
	.4 Coils shall be removable from the unit at the header end, unless shown otherwise on the drawings. All water coils shall be equipped with a capped vent tapping at the top of the return header, and a capped drain tapping at the bottom of the supply header.
	.5 Coils shall be cleanable type provided with brass fittings and removable plugs for each tube at the return end.  Cast iron headers must have brass plugs to prevent oxidization.
	.6 Water and glycol coils shall be circuited to provide adequate tube velocities to meet design requirements. Internal turbulators are not acceptable.
	.7 Ultrafin water coils shall be A.R.I. certified.
	.8 Refrigerant Superfin evaporator type coils shall be equipped with distributors connected to the coil by copper tubes. Where a hot gas bypass is required, the inlet shall be at the refrigerant distributor. Solenoid valves, expansion valves, and related accessories are to be provided and installed by the refrigeration contractor.
	.9 Refrigerant coils with multiple compressors shall be alternate tube circuited in order to distribute the cooling effect over the entire coil face at reduced load conditions.  Provision for use of thermal expansion valves must be included for variable air volume and/or make-up air applications.

	2.10 REFRIGERATION
	.1 General
	Compressors shall be R-410A high efficiency scroll type, complete with manual shutoff valves and vibrasorbers on suction and discharge lines, compressor spring isolators, reversible oil pump, and immersion type crankcase heater.
	Condenser coils shall be copper tube type, mechanically expanded into aluminum fins.  Coils shall be factory tested with air at 2070 kPa (300 psig) while immersed in an illuminated water tank.
	.2 Outdoor Air Cooled Condensing Unit
	Condensing units shall be manufactured by the air handling unit manufacturer.  Condensing units shall be designed for a minimum of 8° C (15° F) liquid subcooling. Condensing units shall operate down to 10° C (50° F) as standard.  Multiple compressor/condenser circuits shall be separate from each other.  Suction and liquid lines shall be extended to the outside of the cabinet.  Service ports fitted with Schraeder fittings shall be connected to the suction and discharge lines for charging or pressure gauge readings.  Compressor units shall also incorporate liquid line service ports and liquid line manual shutoff valves.
	Third party controller is not acceptable. Controls for compressor units shall include compressor and condenser fan motor contactors, control circuit transformer, cooling relays, non-recycling pumpdown relays, ambient compressor lockout, manual reset high pressure controls and automatic reset low pressure controls.  Head pressure actuated fan cycling control shall be provided on all multiple condenser fan units.
	Controls for compressor units shall include compressor and condenser fan motor contactors, control circuit transformer, cooling relays, non-recycling pumpdown relays, ambient compressor lockout, manual reset high pressure controls, automatic reset low pressure controls, head pressure actuated fan cycling switches, temperature and pressure unloading, solid state compressor overload protection module with integral two minute anti-cycle timer and oil pressure failure switch with built in time delay. Provide five minute anti-cycle timers.
	Provide interstage time delay timers.

	2.11 COMPONENTS
	.1 Incorporate the following components to provide a complete system.
	.2 Due to site conditions the maximum air handling unit dimensions shall be as indicated on the drawings. The units components shall be constructed in place. It is the responsibility of this contractor to ensure the equipment is assembled to the requirements of the manufacturer. It is the responsibility of the contractor and manufacturer to split the unit components as required for installation in the mechanical rooms. Coordinate installation with unit manufacturer.
	.3 Manufacturer shall certify installation of components prior to acceptance of unit.

	2.12 ACCESSORIES
	.1 Dead front disconnect.
	.2 Belt guards.

	2.13 AIR HANDLING UNIT (AHU) CONTROL
	.1 The AHU control will be by the Building Automation contractor as specified in Section 25 20 11.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Fabricate to provide smooth air flow through all components. Limit air leakage to 1% of rated air flow at 2.5 kPa (10" w.c.) suction pressure.
	.2 Apply sealer into all seams prior to assembly. Secure toe angles continuous along entire length of assembly.
	.3 Install to manufacturers requirements.

	3.2 DELIVERY, STORAGE, AND HANDLING
	.1 Comply with manufacturer's installation instructions for rigging, unloading, and transporting units.
	.2 Units shall ship fully assembled up to practical shipping and rigging limitations.  Units not shipped fully assembled shall have tags and airflow arrows on each section to indicate location and orientation in direction of airflow. Shipping splits shall be clearly defined on submittal drawings. Cost associated with non-conformance to shop drawings shall be the responsibility of the manufacturer. Each section shall have lifting lugs for field rigging, lifting and final placement of AHU section(s). AHU's less than 100-inches wide shall allow for forklift transport and maneuverability on the jobsite.
	.3 Deliver units to jobsite with fan motor(s), sheave(s), and belt(s) completely assembled and mounted in units.
	.4 Unit shall be shipped in a clear shrink-wrap or stretch-wrap to protect unit from in-transit rain and debris per ASHRAE 62.1 recommendations.
	.5 Installing contractor shall be responsible for storing AHU in a clean, dry place and protect from weather and construction traffic. Handle carefully to avoid damage to components, enclosures, and finish.

	3.3 START-UP/COMMISSIONING
	.1 Unit manufacture shall perform start-up on existing air handling units and condensing unit.

	3.4 COIL MOCK-UP
	.1 A mock-up of one (1) air handling unit hydronic heating coil piping (based on the coil details) must be done prior to any additional coil piping being completed.
	.2 Markup shall be reviewed with the consultant and owner prior to new installations starting. Changes or adjustments of the layout will be made during the review.
	.3 Contractor to provide multiple photos of the final layouts.

	3.5 SPARE PARTS
	.1 One (1) complete set of filters (after final operating set).
	.2 One (1) set of spare belts.

	3.6 DRIP PAN
	.1 Install deep seal P trap on drain lines in ceiling space below. Depth of water seal to be 2.5 times static pressure at this point.

	3.7 WARRANTY
	.1 One (1) year on parts and labour on all components.
	.2 Five (5) years on compressors.



	23 75 13-22336 Custom Outdoor Heating and Cooling Air Handling Units
	Part 1 General
	1.1 REFERENCES
	.1 All codes, standards, etc. as referenced shall be the latest edition.
	.2 CAN/CGSB 1.181, Ready Mixed Organic Zinc, Rich Coating.
	.3 ANSI/NFPA-90A, Installation of Air Conditioning and Ventilating Systems.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with Section general requirements.

	1.3 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.4 MAINTENANCE MATERIALS
	.1 Provide maintenance materials in accordance with general requirements.

	1.5 UNIT ASSEMBLY
	.1 Unless stated otherwise, air handling units are to be shipped to the job in one piece, factory assembled. All equipment shall be factory tested prior to shipment.

	1.6 MANUFACTURED ITEMS
	.1 Catalogued or published ratings shall be those obtained from tests carried out by manufacturer or those ordered by him from independent testing agency signifying adherence to codes and standards in force.
	.2 The air handling units and major components shall be products of manufacturers regularly engaged in the production of such equipment and with a minimum of fifteen continuous years of proven production experience.
	.3 Manufacturer shall have a fully implemented and auditable quality assurance program, equal to the ISO-9002 Quality Standard.

	1.7 PERFORMANCE RATINGS
	.1 Unit certification: Units shall conform to CSA-C746-2006 and ARI 340/360-2007 and shall be listed by NRCan as approved for sale in Canada and be compliant with the SB-10 Supplement of the Ontario Building Code. Testing shall be completed by a third party, certified lab.


	Part 2 Products
	2.1 GENERAL
	.1 Field Factory assembled components to form units supplying air at design conditions as indicated and specified.

	2.2 UNIT CONSTRUCTION
	.1 Unit casing shall be of minimum 1.3 mm (18 gauge) satin coat galvanized sheet metal.  Surfaces shall be cleaned with a degreasing solvent to remove oil and metal oxides and primed with a two-part acid based etching primer. Finish coat shall be an electrostatically applied enamel, to all exposed surfaces. All unprotected metal and welds shall be factory coated.
	.2 All walls, roofs and floors shall be of formed construction, with at least two breaks at each joint. Joints shall be secured by sheet metal screws or pop rivets.  Wall and floor joints shall be broken in and roof joints broken out (exposed) for rigidity. All joints shall be caulked with a water resistant sealant.
	.3 Units shall be provided with gasketed access doors to the following components: fans and motors; filters; dampers and operators; and access plenums. Access doors shall be large enough for easy access. Removal of screwed wall panels will not be acceptable.
	.4 Casings shall be supported on formed galvanized steel channel or structural channel supports, designed and welded for low deflections. Integral lifting lugs shall be provided for hoisting.
	.5 All units shall be internally insulated with 25 mm (1") thick 24 kg/m³ (1.5 lb./ft³) density, neoprene coated fibre glass thermal insulation. 24 kg/m³ (1.5 lb/ft³) insulation shall be secured to metal panels with a fire retardant adhesive and welded steel pins at 400 mm (16") o/c. All longitudinal insulation joints and butt ends shall be covered by a sheet metal break to prevent erosion of exposed edges.  Drain pans and all floor areas shall be insulated on the underside.
	.6 Air handling units shall be weatherproofed and equipped for installation outdoors. This shall include generally for the prevention of infiltration of rain and snow into the unit, and: louvres or hoods on air intakes and exhaust openings with 25 mm (1") galvanized inlet screens; rain gutters over all access doors; all joints caulked with a water resistant sealant; roof joints turned up 50 mm (2") with three break interlocking design; outer wall panels extend a minimum of 6 mm (1/4") below the floor panel; drain trap(s) for field installation.
	.7 Provide hinged access doors, fully lined, with zinc plated piano hinges and brass pins, with a minimum of two camlock fasteners for all units over 1200 mm (48") high.
	.8 Provide full perimeter roof mounting curb of heavy gauge sheet metal, minimum of 600 mm (24") high, and complete with wood nailer, neoprene sealing strip, and fully welded "Z" bar with 25 mm (1") upturn on inner perimeter, to provide a complete seal against the elements. Provide on the interior of the roof curb 100 mm (4") thick rigid foil faced insulation over entire surface. Foil tape all joints including joints at curb. External insulation of the roof mounting curb shall be provided by the Roofing Subcontractor.
	.9 Provide marine lights with protective cast metal cage and glass globes complete with duplex receptacles on the wall beside the access doors. For units with no heat recovery, for all lights, provide one switch with indicator light on unit exterior adjacent to supply fan access door on latch side. For units with heat recovery, for all lights, provide two 3-way switches with indicator lights mounted on unit exterior adjacent to supply and return fan access doors on latch sides. Factory wire from switch to all lights in EMT conduit with liquid tight connections. At all split sections, provide a 300mm long piece of flexible conduit, with the extra wire spooled, for reconnection on site by the installing contractor.

	2.3 FANS
	.1 Centrifugal fans shall be rated in accordance with AMCA Standard Test Code, Bulletin 210. Fan manufacturer shall be a member of AMCA. All fans and fan assemblies shall be dynamically balanced during factory test run.  Fan shafts shall be selected for stable operation at least 20% below the first critical RPM. Fan shafts shall be provided with a rust inhibiting coating.
	.2 Drives shall be adjustable on fans with motors 3.73 kW (5 hp) or smaller. On fans with larger motors, fixed drives shall be provided. All drives shall be provided with a rust inhibiting coating. The air balancer shall provide for drive changes (if required) during the air balance procedure.
	.3 All single phase belt drive motor applications shall include rubber isolation for motors .19kw (1/4 hp) through 1.1kW (1½ hp).  Provide internal spring isolation for single phase motors over 1.1kW (1½ hp).
	.4 Fan motors shall be ODP high efficiency.

	2.4 COILS
	.1 Coils shall be Ultrafin and/or Superfin as manufactured by Engineered Air, constructed of copper tube, aluminium fin, copper headers with schedule 40 steel pipe connectors, male N.P.T.  Fins constructed of aluminium shall be rippled for maximum heat transfer and shall be mechanically bonded to the tubes by mechanical expansion of the tubes.  The coils shall have a galvanized steel casing.  All coils shall be factory tested with air at 2070 kPa (300 psig) while immersed in an illuminated water tank.
	.2 Headers shall be outside the air handling unit for maximum serviceability.  The non-headered end of the coil shall be fully concealed.  Provide auxiliary drain pan complete with 13 mm (1/2") MPT drain connection at headered end of cooling coils.
	.3 Provide an insulated header cover to conceal exposed headers.
	.4 Coils shall be removable from the unit at the header end, unless shown otherwise on the drawings. All water coils shall be equipped with a capped vent tapping at the top of the return header, and a capped drain tapping at the bottom of the supply header.
	.5 Coils shall be cleanable type provided with brass fittings and removable plugs for each tube at the return end.  Cast iron headers must have brass plugs to prevent oxidization.
	.6 Water and glycol coils shall be circuited to provide adequate tube velocities to meet design requirements. Internal turbulators are not acceptable.
	.7 Ultrafin water coils shall be A.R.I. certified.
	.8 Refrigerant Superfin evaporator type coils shall be equipped with distributors connected to the coil by copper tubes. Where a hot gas bypass is required, the inlet shall be at the refrigerant distributor. Solenoid valves, expansion valves, and related accessories are to be provided and installed by the refrigeration contractor.
	.9 Refrigerant coils with multiple compressors shall be alternate tube circuited in order to distribute the cooling effect over the entire coil face at reduced load conditions.  Provision for use of thermal expansion valves must be included for variable air volume and/or make-up air applications.

	2.5 FILTERS
	.1 Filter sections shall be provided with adequately sized access doors to allow easy removal of filters.  Filter removal shall be from one side as noted on the drawings.
	.2 For units with filter banks 1825 mm (72") high or less, the filter modules shall be designed to slide out of the unit. Side removal filters shall slide into a formed metal track, sealing against metal spacers at each end of the track.
	.3 50 mm (2") Pleated Panel Disposable Filters: Non-woven re-inforced cotton/poly fabric media with a metal support grid and heavy-duty beverage board enclosing frame. The filter media shall have an average efficiency of MERV 13 on ASHRAE Standard 52.1.
	.4 Filter media shall meet U.L. Class 2 standards.
	.5 Provide filter bank with a Dwyer #MS-111-LCD Magnesense loop-powered differential pressure transmitter with 4-20mA output. Transmitter is mounted on unit exterior and is complete with digital display. Where gauges are flush mounted into the unit casing, provide power wiring to junction box mounted on unit exterior.
	.6 Where the filter gauges are provided on outdoor units they shall be mounted inside of a weatherproof enclosure with viewing window.

	2.6 DAMPERS
	.1 Damper frames shall be u-shaped galvanized metal sections securely screwed or welded to the air handling unit chassis.  Pivot rods of 15 mm (1/2") aluminium, shall turn in bronze bushings, fabricated from self- oiling bronze.  Rods shall be secured to the blade by means of straps and set screws.
	.2 Blades shall be 1.3 mm (18 gauge) galvanized metal with two breaks on each edge and three breaks on centreline for rigidity. The pivot rod shall "nest" in the centreline break.  Damper edges shall interlock. Maximum length of damper between supports shall be 1067 mm (42"). Damper linkage brackets shall be constructed of galvanized metal.
	.3 Two position inlet dampers shall be parallel blade type complete with actuator.
	.4 Provide TAMCO 9000 damper.

	2.7 REFRIGERATION
	.1 General
	Compressors shall be R-410A high efficiency scroll type, complete with manual shutoff valves and vibrasorbers on suction and discharge lines, compressor spring isolators, reversible oil pump, and immersion type crankcase heater.
	Condenser coils shall be copper tube type, mechanically expanded into aluminum fins.  Coils shall be factory tested with air at 2070 kPa (300 psig) while immersed in an illuminated water tank.
	.2 Outdoor Air Cooled Condensing Unit
	Condensing units shall be manufactured by the air handling unit manufacturer.  Condensing units shall be designed for a minimum of 8° C (15° F) liquid subcooling. Condensing units shall operate down to 10° C (50° F) as standard.  Multiple compressor/condenser circuits shall be separate from each other.  Suction and liquid lines shall be extended to the outside of the cabinet.  Service ports fitted with Schraeder fittings shall be connected to the suction and discharge lines for charging or pressure gauge readings.  Compressor units shall also incorporate liquid line service ports and liquid line manual shutoff valves.
	Controls for compressor units shall include compressor and condenser fan motor contactors, control circuit transformer, cooling relays, non-recycling pumpdown relays, ambient compressor lockout, manual reset high pressure controls and automatic reset low pressure controls.  Head pressure actuated fan cycling control shall be provided on all multiple condenser fan units.
	Controls for compressor units shall include compressor and condenser fan motor contactors, control circuit transformer, cooling relays, non-recycling pumpdown relays, ambient compressor lockout, manual reset high pressure controls, automatic reset low pressure controls, head pressure actuated fan cycling switches, temperature and pressure unloading, solid state compressor overload protection module with integral two minute anti-cycle timer and oil pressure failure switch with built in time delay. Provide five minute anti-cycle timers.
	Provide interstage time delay timers.

	2.8 COMPONENTS
	.1 Incorporate the following components to provide a complete system.

	2.9 ACCESSORIES
	.1 Internal wiring to terminal strip in Nema 1 enclosure with space for DDC controller.
	.2 Dead front disconnect.
	.3 Roof curb.
	.4 Variable Speed Drive (to the requirements of spec section 23 05 11) in heated access compartment

	2.10 CAPACITY
	.1 Provide unit capacity indicated.

	2.11 AIR HANDLING UNIT (AHU) CONTROL
	.1 The AHU control will be by the Building Automation contractor as specified in Section 25 20 11.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Fabricate to provide smooth air flow through all components. Limit air leakage to 1% of rated air flow at 2.5 kPa (10" w.c.) suction pressure.
	.2 Apply sealer into all seams prior to assembly. Secure toe angles continuous along entire length of assembly.
	.3 Install to manufacturers requirements.
	.4 Installation on site by contractor includes assembly and installation of interior and exterior components such as condensing units, frame for CU’s, refrigerant piping, power wiring (coordinate with electrician), etc. Coordinate with manufacturer for complete assembly instruction.

	3.2 FANS
	.1 Install flexible connections at fan outlets. Ensure metal bands of connectors are parallel and not touching when fan is running and when fan is stopped. Ensure that fan outlet and duct are aligned when fan is running.

	3.3 START-UP/COMMISSIONING
	.1 Unit manufacturer shall perform start-up and commissioning.

	3.4 TRAINING
	.1 Provide 2 hours of training for School Board staff on unit operation and maintenance. Training to be performed by manufacturer (or agent).

	3.5 SPARE PARTS
	.1 Two (2) complete sets of filters.
	.2 One (1) set of spare belts.

	3.6 WARRANTY
	.1 One (1) year on parts and labour on all components.



	23 81 19-23074 LAN Room Air Conditioners
	Part 1 General
	1.1 SYSTEM DESCRIPTION
	.1 Indoor, wall-mounted, direct-expansion fan coil to be matched with the 38BN condensing or heat pump units.
	.2 Outdoor-mounted, air cooled split system outdoor section suitable for on-the-ground, rooftop, wall hung, balcony, or under-deck installation. Unit shall consist of a scroll or reciprocating compressor, an air-cooled coil, propeller-type draw-thru outdoor fans, full refrigerant charge, and control box. Unit shall discharge air horizontally as shown on the contract drawings. Units shall function as the outdoor component of an air-to-air system.
	.3 System shall be used in a refrigeration circuit matched to both parts.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with general conditions.
	.2 Indicate major components and accessories including sound power levels of units.
	.3 Type of refrigerant used.

	1.3 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for incorporation into manual specified in general conditions.

	1.4 WARRANTY
	.1 Contractor hereby warrants unit for one (1) year and refrigeration compressors for five (5) years.


	Part 2 Products
	2.1 GENERAL
	.1 System type:
	.2 Quality Assurance: Unit shall be rated per ARI Standards 210/240 and listed in the ARI directory as a matched system. Units shall be UL listed for sale in the U.S.A. and Canada.

	2.2 INDOOR FAN COIL
	.1 Indoor, direct-expansion, wall-mounted fan coil. Unit shall be complete with cooling coil, fan, fan motor, piping connectors, electrical controls, microprocessor control system, and integral temperature sensing. Unit shall be furnished with integral wall-mounting bracket and mounting hardware, and thermistor interconnection cable.
	.2 Cabinet discharge and inlet grilles shall be attractively styled, high-impact polystyrene. Cabinet shall be fully insulated for improved thermal and acoustic performance.
	.3 Indoor fan shall be 3-speed tangential direct-drive blower type with air intake at the upper front face of the unit and discharge at the bottom front. Automatic, motor-driven vertical air sweep shall be provided standard.
	.4 Coil shall be copper tube with aluminum fins and galvanized steel tube sheets. Fins shall be bonded to the tubes by mechanical expansion. A drip pan under the coil shall have a drain connection for hose attachment to remove condensate. Condensate pan shall have internal trap and auxiliary drip pan under coil header.
	.5 Controls shall consist of a microprocessor-based control system which shall control space temperature, determine optimum fan speed, and run self diagnostics. The temperature control range shall be from 54 F to 90 F. The unit shall have the following functions as a minimum:
	.6 Filters: Unit shall have filter track with factory-supplied cleanable filters.
	.7 Electrical Requirements: Unit shall operate on 208/230 V, 1 phase, 60 Hz power supply as specified on the equipment schedule. Power and control connections shall have terminal block connections.

	2.3 OUTDOOR CONDENSING UNIT
	.1 Factory assembled, single piece, air-cooled outdoor unit. Contained within the unit enclosure shall be all factory wiring, piping, controls, compressor, full charge of R407a refrigerant, and special features required prior to field start-up.
	.2 Unit cabinet shall be constructed of galvanized-steel, bonderized and coated with a baked-enamel finish.
	.3 Unit access panels shall be removable with minimal screws and shall provide full access to the compressor, fan, and control components.
	.4 Outdoor compartment shall be isolated and have an acoustic lining to assure quiet operation.
	.5 Outdoor fans shall be direct-drive propeller type, and shall discharge air horizontally. Fans shall draw air through the outdoor coil.
	.6 Outdoor fan motors shall be totally enclosed, single-phase motors with class B insulation and permanently lubricated sleeve bearings. Motor shall be protected by internal thermal overload protection.
	.7 Fan blades shall be corrosion resistant and shall be statically and dynamically balanced.
	.8 Outdoor fan openings shall be equipped with coated protection grille over fan and coil.
	.9 Compressor shall be fully hermetic reciprocating or scroll type.
	.10 Compressor shall be equipped with oil system, operating oil charge, and motor. Internal overloads shall protect the compressor from overtemperature and overcurrent. Scroll compressors shall also have high discharge gas temperature protection if required.
	.11 Motor shall be NEMA rated class F, suitable for operation in a refrigerant atmosphere.
	.12 Compressor assembly shall be installed on rubber vibration isolators.
	.13 Coil shall be constructed of aluminum fins mechanically bonded to internally enhanced, seamless copper tubes which are cleaned, dehydrated, and sealed.
	.14 Refrigerant circuit components shall include brass external mixed phase line service valve, suction line service valve with service gage connection port, service gage port connections on compressor suction and discharge lines with Schrader-type fittings with brass caps, accumulator, pressure relief, and a full charge of refrigerant.
	.15 Operating controls and safeties shall be factory selected, assembled, and tested. The minimum control functions shall include the following:

	2.4 REFRIGERANT
	.1 Holding charge of refrigerant applied at factory.
	.2 The indoor units shall have rotatable refrigerant lines for penetration through the wall using flare connections. All units shall have flare connections and a 90-degree suction elbow shall be provided for rear connection.

	2.5 CONDENSATE PUMP
	.1 The condensate pump shall remove condensate from the drain pan when gravity drainage cannot be used. Provide 1800 mm (6' - 0") power cord.
	.2 Pump shall be designed for quiet operation. Pump shall consist of two parts: an internal reservoir/sensor assembly, and a remote sound-shielded pump assembly. The lift capability of the condensate pump shall be 1 to 20 ft. A level sensor on the condensate pan shall stop cooling operation of the level in the condensate pan is unacceptable.

	2.6 LOW-AMBIENT CONTROL KIT
	.1 Low-ambient control kit shall regulate fan-motor cycles in response to saturated condensing pressure of the unit. The control shall be capable of maintaining a condensing temperature of 100 F +/- 10 F with outdoor temperatures to –20 F. Installation of kit shall not require changing the outdoor-fan motor.

	2.7 ELECTRICAL REQUIREMENTS
	.1 All units shall operate on single-phase, 60 cycle power at 208/230V.
	.2 Unit electrical power shall be a single point connection.
	.3 Unit control voltage to the indoor-fan coil shall be 24V.
	.4 All power and control wiring must be installed per NEC and all local building codes.
	.5 High-voltage and low-voltage terminal block connections.

	2.8 CAPACITY
	.1 As scheduled.

	2.9 ACCEPTABLE MATERIALS
	.1 Mitsubishi .
	.2 LG
	.3 Daikin


	Part 3 Execution
	3.1 GENERAL
	.1 Install as indicated, to manufacturers' recommendations.
	.2 Manufacturer to certify installation.
	.3 Run drain line from cooling coil condensate drain pan to terminate over nearest floor drain.

	3.2 EQUIPMENT
	.1 Preparation and Start-Up



	23 82 16-22336 Water to Air Coils
	Part 1 General
	1.1 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate:
	.3 Primer coat to be off white.

	1.2 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 CAPACITY
	.1 As indicated.

	2.2 REHEAT COILS
	.1 Extended surface type, constructed of 15 mm (1/2") O.D. seamless copper tube and continuous aluminum plate fins.
	.2 Tubes shall be pressure bonded to the fin collars by expanding the tubes into the fin collars.
	.3 Stagger tube design circuited to optimize capacity with minimum pressure drop.
	.4 Die formed into a rippled pattern aluminum fins to provide maximum capacity with minimum air pressure drop and spaced not closer than 12 fins per 25 mm (per inch).
	.5 Headers shall be seamless copper tubes with 3 mm (1/8") drain and vent connections brazed into tubes.
	.6 Casings shall be constructed of heavy gauge galvanized steel with tube sheets having extruded tube holes.
	.7 Coil shall be factory leak tested at 2070 kPa (300 psig) dry air pressure and shall be designed for 860 kPa (125 psi) working pressure. Maximum water pressure drop shall be 15 kPa (2.17 psi or 5.0 ft w.c.) and maximum air pressure drop shall be 0.1 kPa (0.375 in w.c.).
	.8 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer's instructions.
	.2 Install in accordance with piping layout and reviewed shop drawings.
	.3 Provide for pipe movement during normal operation.
	.4 Maintain sufficient clearance to permit performance of service maintenance.
	.5 Check final location with Consultant if different from that indicated prior to installation. Should deviations beyond allowable clearances arise, request and follow Consultant's directive.
	.6 Valves and Accessories
	.7 Venting:

	3.2 REHEAT COIL MOCK-UP
	.1 A mock-up of the reheat coil piping (based on the reheat coil detail) must be done prior to any additional reheat coil piping being completed.
	.2 Markup shall be reviewed with the consultant and owner prior to new installations starting. Changes or adjustments of the layout will be made during the review.
	.3 Contractor to provide multiple photos of the final layout.



	23 82 29-22336 Radiators, Convectors, and Cabinet Heaters
	Part 1 General
	1.1 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate:
	.3 Primer coat to be off white.
	.4 All hydronic heating shall be by a single manufacturer.

	1.2 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.


	Part 2 Products
	2.1 DAMPERS
	.1 Factory built, internal damper, complete with operator, at enclosure air outlet grille for each convection type heating unit not thermostatically controlled. Refer to schedules on drawings.

	2.2 CAPACITY
	.1 As indicated.

	2.3 FREE STANDING FINNED TUBE RADIATION (H-1)
	.1 Copper-aluminum element shall be NPS 32 (1¼") nominal I.D. seamless copper with 4" x 4" (102 mm x 102 mm) aluminum fin. Fins to be stamped for rigidity and have integral collars to provide even spacing of 50 fins/foot (164 fins/m) and maximum heat transfer. Tube ends suitable for seat connecting. Heavy gauge element hangers shall be provided for mounting on the enclosure bracket and shall consist of galvanized rigid steel hanger with peg board style mounting hook and nylon roller bearing to allow for free expansion. Element hanger shall swing from mounting hole for free expansion of element. Centre on minimum 4 ft.      (1.2 m).
	.2 Element: cradle type providing unrestricted longitudinal movement on enclosure brackets. Space brackets 900 mm (36") centers maximum.
	.3 Pedestal legs will mount solidly on the floor. The legs will have an adjustable bracket to accommodate floor level variation. Element hangers will mount on the vertical member of the enclosure bracket at desired height. The front panel will mount into the back panel integral joggle strip. The bottom of the panel is retained by the spring clip. Enclosure is 300 mm (12") high16 gauge cold rolled steel with a factory baked-on paint finish (allow for 2 colours), with stamped top grille and open bottom.
	.4 Corners: Corners are one piece and cover the back panel as well as the front panel. Gently spread the corner apart and place over the enclosure. Bend tabs at bottom in front and back securing it to the enclosure.
	.5 Laps: Used where the enclosure is wall to wall. Laps are one piece and cover back panel as well as the front panel. Gently spread the lap apart and place over the enclosure. Bend tabs at bottom in front and in back securing it to the enclosure.
	.6 End caps: Complete the enclosure installation by installing end caps where required.
	.7 Dimensions for enclosures: Measure site conditions. Do not scale from drawing. Provide wall to wall installation.
	.8 Provide for noiseless expansion of all components.
	.9 Expansion compensators: Flexonics at each section by mechanical contractor as specified elsewhere.
	.10 Acceptable materials:

	2.4 FINNED TUBE RADIATION (H-2)
	.1 Heating elements: NPS 32 mm (1 1/4") seamless copper tubing, 1.2 mm (18 gauge) minimum wall thickness, mechanically expanded into flanged collars of evenly spaced aluminum fins, 100 mm x 100 mm (4" x 4") nominal, 164 fins per meter (50 fins/ft) suitable for sweat fittings.
	.2 Element hangers: cradle type providing unrestricted longitudinal movement on enclosure brackets. Space brackets 900 mm (36") centres maximum.
	.3 Standard enclosures: 450 mm (18") high, 1.6 mm (16 gauge) thick steel complete with stamped grille, components for wall-to-wall or complete with die formed end caps having no knock-outs, with inside corners, outside corners, as indicated. Provide full length channel and sealer strip at top of wall edge. Height as indicated. Joints and filler pieces to be flush with cabinet. Support rigidly top and bottom, on wall mounted brackets. Joints and filler pieces to be clear of grilles located to provide easy access to valves and vents. Provide access doors for valves. Finish cabinet with factory applied baked paint coat (allow for 2 colours). Enclosure height as indicated. Sloping top, closed louvred (pencil proof) bottom.
	.4 Special enclosures: as indicated.
	.5 Dimensions for enclosures: measure site conditions.  Do not scale from drawing.
	.6 Provide for noiseless expansion of all components.
	.7 Expansion compensators: Flexonics at each section by mechanical contractor as specified elsewhere.
	.8 Acceptable materials:

	2.5 FINNED TUBE RADIATION (H-3)
	.1 Heating elements: NPS 32 mm (1 1/4") seamless copper tubing, 1.2 mm (18 gauge) minimum wall thickness, mechanically expanded into flanged collars of evenly spaced aluminum fins, 100 mm x 100 mm (4" x 4") nominal, 164 fins per meter (50 fins/ft) suitable for sweat fittings.
	.2 Element hangers: cradle type providing unrestricted longitudinal movement on enclosure brackets. Space brackets 900 mm (36") centres maximum.
	.3 Standard enclosures: 600 mm (24") high, 1.6 mm (16 gauge) thick steel complete with stamped grille, components for wall-to-wall or complete with die formed end caps having no knock-outs, with inside corners, outside corners, as indicated. Provide full length channel and sealer strip at top of wall edge. Height as indicated. Joints and filler pieces to be flush with cabinet. Support rigidly top and bottom, on wall mounted brackets. Joints and filler pieces to be clear of grilles located to provide easy access to valves and vents. Provide access doors for valves. Finish cabinet with factory applied baked paint coat (allow for 2 colours). Enclosure height as indicated. Sloping top, open bottom.
	.4 Special enclosures: as indicated.
	.5 Dimensions for enclosures: measure site conditions.  Do not scale from drawing.
	.6 Provide for noiseless expansion of all components.
	.7 Expansion compensators: Flexonics at each section by mechanical contractor as specified elsewhere.
	.8 Acceptable materials:

	2.6 FINNED TUBE RADIATION (H-4)
	.1 Heating elements: NPS 32 mm (1 1/4") seamless copper tubing, 1.2 mm (18 gauge) minimum wall thickness, mechanically expanded into flanged collars of evenly spaced aluminum fins, 100 mm x 100 mm (4" x 4") nominal, 164 fins per meter (50 fins/ft) suitable for sweat fittings.
	.2 Element hangers: cradle type providing unrestricted longitudinal movement on enclosure brackets. Space brackets 900 mm (36") centres maximum.
	.3 Standard enclosures: 450 mm (18") high, 1.6 mm (16 gauge) thick steel complete with stamped grille, components for wall-to-wall or complete with die formed end caps having no knock-outs, with inside corners, outside corners, as indicated. Provide full length channel and sealer strip at top of wall edge. Height as indicated. Joints and filler pieces to be flush with cabinet. Support rigidly top and bottom, on wall mounted brackets. Joints and filler pieces to be clear of grilles located to provide easy access to valves and vents. Provide access doors for valves. Finish cabinet with factory applied baked paint finish (allow for 2 colours).  Enclosure height as indicated.  Sloping top, sloping bottom.
	.4 Special enclosures: as indicated.
	.5 Dimensions for enclosures: measure site conditions.  Do not scale from drawing.
	.6 Provide for noiseless expansion of all components.
	.7 Expansion compensators: Flexonics at each section by mechanical contractor as specified elsewhere.
	.8 Acceptable materials:

	2.7 CABINET UNIT HEATERS (RECESSED IN WALL) (H-6)
	.1 Cabinet: Recessed installation as indicated, 1.6 mm (16 gauge) thick steel with rounded exposed corners and edges, removable panels, glass fiber insulation and integral return air outlet and ducted supply air outlet, Arrangement 20.
	.2 Finish with factory applied baked paint finish (allow for 2 colours).
	.3 Coils: aluminum fins mechanically bonded to copper tubes. Hydrostatically tested to 1 MPa (145 psi).
	.4 Fans: centrifugal double width wheels, statically and dynamically balanced, direct driven, sleeve bearings, resilient mounted.
	.5 Motor: multi-speed, tapped wound permanent split capacitor type with sleeve bearings, built-in thermal overload protection and resilient rubber isolation mounting.
	.6 Filters: removable permanent washable type.
	.7 Capacity and orientation as indicated.
	.8 Control:
	.9 Acceptable materials:

	2.8 CABINET UNIT HEATERS (RECESSED IN CEILING) (H-7)
	.1 Cabinet: Recessed ceiling installation as indicated, 1.6 mm (16 gauge) thick steel with rounded exposed corners and edges, removable panels, glass fiber insulation and integral return air outlet and ducted supply air outlet, Arrangement 24.
	.2 Finish with factory applied baked paint finish (allow for 2 colours).
	.3 Coils: aluminum fins mechanically bonded to copper tubes. Hydrostatically tested to 1 MPa (145 psi).
	.4 Fans: centrifugal double width wheels, statically and dynamically balanced, direct driven, sleeve bearings, resilient mounted.
	.5 Motor: multi-speed, tapped wound permanent split capacitor type with sleeve bearings, built-in thermal overload protection and resilient rubber isolation mounting.
	.6 Filters: removable permanent washable type.
	.7 Capacity and orientation as indicated.
	.8 Control:
	.9 Acceptable materials:

	2.9 HORIZONTAL UNIT HEATERS (H-8)
	.1 Casing: 1.6 mm (16 gauge) thick cold rolled steel, gloss enamel finish, with threaded connections for hanger rods.
	.2 Coils: seamless copper tubing, silver brazed to steel headers with evenly spaced aluminum fins mechanically bonded to tubing. Hydrostatically test to 1 MPa (145 psi).
	.3 Fan: direct drive propeller type, factory balanced, with anti-corrosive finish and fan guard.
	.4 Motor: speed as indicated continuous duty, built-in overload protection, and resilient motor supports.
	.5 Air outlet: two-way adjustable louvres.
	.6 Capacity: as indicated.
	.7 Control: room thermostat: electric, line voltage, locking cover, set point locking device, concealed adjustment, plastic cover. (By Building Automation Contractor).
	.8 Acceptable materials:

	2.10 FINNED TUBE RADIATION (H-9) (ELEMENT WITHOUT ENCLOSURE)
	.1 Heating elements: NPS 32 mm (1 1/4") seamless copper tubing, 1.2 mm (18 gauge) minimum wall thickness, mechanically expanded into flanged collars of evenly spaced aluminum fins, 100 mm x 100 mm (4" x 4") nominal, 164 fins per meter (50 fins/ft) suitable for sweat fittings.
	.2 Element hangers: cradle type providing unrestricted longitudinal movement on enclosure brackets. Space brackets 900 mm (36") centres maximum.
	.3 Provide for noiseless expansion of all components.
	.4 Expansion compensators: Flexonics at each section by mechanical contractor as specified elsewhere.
	.5 Acceptable materials:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer's instructions.
	.2 Install in accordance with piping layout and reviewed shop drawings.
	.3 Provide for pipe movement during normal operation.
	.4 Maintain sufficient clearance to permit performance of service maintenance.
	.5 Check final location with Consultant if different from that indicated prior to installation. Should deviations beyond allowable clearances arise, request and follow Consultant's directive.
	.6 Valves
	.7 Venting:
	.8 Clean finned tubes and comb straight.
	.9 Install flexible expansion compensators as indicated.
	.10 Mount wall mounted convectors at 200 mm (8") above finish floor.
	.11 Mount wall mounted radiation at 200 mm (8") above finish floor unless otherwise indicated.
	.12 On units fed from below floor provide factory manufactured piping shrouds on the exposed piping between base of the radiation cabinet and finished floor. Shroud shall be manufactured by the radiation manufacturer. Shroud shall match finish of the radiation cabinet.
	.13 On fan forced units set discharge patterns and fan speeds to suit requirements prior to acceptance.
	.14 Provide new filter media.



	23 82 31-22336 Hydronic Radiant Ceiling Panels
	Part 1 General
	1.1 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with general requirements.
	.2 Indicate:

	1.2 MAINTENANCE DATA
	.1 Provide maintenance data for incorporation into manual specified in general requirements.

	1.3 SAMPLES
	.1 Submit samples in accordance with general requirements.

	1.4 QUALITY ASSURANCE
	.1 Panels shall be manufactured by a company regularly engaged in the manufacture of radiant panels and having catalogue performance data and certified test data.


	Part 2 Products
	2.1 LINEAR RADIANT CEILING PANELS (H-5)
	.1 Contractor shall refer to architectural reflected ceiling plans and room finish schedule in addition to mechanical drawings to determine location, quantity and finish of radiant panels.
	.2 This panel specification is based on the AIRTEX HEF-2 Linear radiant ceiling panel design.  Refer to the contract drawings for details and dimensions.  Panels shall run continuously from wall to wall or as indicated and specified widths are minimum allowable.
	.3 Radiant ceiling extrusions shall consist of extruded aluminum with copper tubing of 15 mm (1/2”) I.D. mechanically attached to the aluminum faceplate.  The copper tube shall be held in place by an aluminum saddle, which extends more than half way around the diameter of the tube.  A non-hardening heat conductive paste shall be placed between the copper tubing and the aluminum faceplate.  Panels shall weigh no more than 10.5 kg/m² (2.15 lb/ft²) when operating.  The use of adhesive and/or clips to attach the copper tube to the extrusion will not be acceptable. MINIMUM 8 TUBES
	.4 Panels shall be finished in the manufacturer’s standard white colour.
	.5 Acceptable materials:

	2.2 CAPACITY
	.1 As indicated, based on 88ºC (190ºF) average water temperature, 11Cº (20Fº) temperature drop and 18.3C (65ºF) E.A.T.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install in accordance with manufacturer's instructions and as indicated.
	.2 Install in accordance with piping layout and reviewed shop drawings.
	.3 Provide for pipe movement during normal operation.
	.4 Maintain sufficient clearance to permit performance of service maintenance.
	.5 Check final location with Consultant if different from that indicated prior to installation. Should deviations beyond allowable clearances arise, request and follow Consultant's directive.
	.6 The Mechanical Contractor shall co-operate with other trades working in the ceiling to achieve a neat, well co-ordinated overall installation.  Refer to Architectural and Mechanical Details for installation requirements.
	.7 All interconnecting of radiant panels by the mechanical contractor shall consist of 0.500” O.D. soft copper tubing or accessories as recommended by the manufacturer, i.e. factory supplied 360 deg. Inter-connecting loops and 180 deg. Return U-bends.  Multiple panels shall be circuited to ensure serpentine flow over complete length of zone.  Individual serpentine panel coils connected in series are unacceptable for multiple panel zones.
	.8 All radiant panels shall be field trimmed to length ensuring adequate expansion allowance while maintaining panel end coverage by architectural mouldings. Inactive filler panels will be permitted only where indicated on drawings.
	.9 Ceiling support mouldings for Radiant Panels to be supplied and installed by general trades. Ensure ceiling openings and wall mouldings are installed as per radiant panel shop drawings.
	.10 All radiant panels shall be installed by personnel wearing clean white gloves, to avoid spoiling of panel face.
	.11 Provide hanger wires for safety and/or seismic restraint at 1.2 m (4'-0") o.c.
	.12 All active panels shall be covered with a minimum of 50 mm (2") foil backed thick batt non-combustible insulation. Seal ends of insulation to radiant panel with foil tape.
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	Part 1 General
	1.1 GENERAL NOTE
	.1 This Section is to be read in conjunction with the General Conditions and the General Requirements of the Mechanical Trades, and the documents required by the BIDDING REQUIREMENTS and CONDITON OF THE CONTRACT sections.

	1.2 ALLOWANCE
	.1 BAS contractor is to submit bid directly to the general contractor.

	1.3 APPENDIX
	.1 Appendix A: Sequence of Operations immediately following this section is to be read in conjunction with this section and drawings.

	1.4 RELATED WORK SPECIFIED ELSEWHERE
	.1 Plumbing & Drainage
	Ventilation & Air Conditioning
	Testing & Balancing
	Electrical

	1.5 GENERAL SYSTEM REQUIREMENTS
	.1 Provide a single architecture common database microprocessor based electronic control and monitoring BAS system for air handling equipment, heating and cooling and other specified systems employing distributed processing and direct digital control (DDC) with electronic sensing and electronic actuation to conform with the specification requirements.  The BAS shall consist of the following:
	.2 The system shall be modular in nature and shall permit expansion of both capacity and functionality through the addition of sensors, actuators, DDC Controllers, Application Specific Controllers and operator devices.
	.3 System architectural design shall eliminate dependence upon any single device for alarm reporting and control execution.  Each DDC Controller shall operate independently by performing its own specified control, alarm management, operator I/O and data collection.  The failure of any single component or network connection shall not interrupt the execution of control strategies at other operational devices.
	.4 DDC Controllers shall be able to access any data from, or send control commands and alarm reports directly to, any other DDC Controller or combination of controllers on the network without dependence upon a central processing device.  DDC Controllers shall also be able to send alarm reports to multiple operator workstations without dependence upon a central processing device.
	.5 Provide English language operator interface using readily understood English language abbreviations and mnemonics.  It is intended that the interface be user friendly, as to promote the acceptance of the BAS by the building operators.

	1.6 DESCRIPTION OF SYSTEM
	.1 Furnish and install all components, devices and control wiring for a fully integrated Energy Management and Environmental Control System incorporating Direct Digital Control (DDC), and equipment monitoring.  The system shall control HVAC equipment, HVAC systems, lighting, and other electrical loads as specified in this section.  The work shall include but is not limited to the following:
	.2 All the necessary controls, motors, control wiring, conduit, control panels, instrumentation, computer software, network access units, modem and on-site personal computer for the specified system shall be provided under this section.  The installed system shall incorporate electronic and digital control devices to perform the control sequences and programs outlined herein.  Specific control sequence requirements are as detailed in subsequent sections of this specification and on the drawings.
	.3 All electrical wiring, mechanical installations, and control sequences shall comply with local and national electrical and mechanical codes.
	.4 Testing, debugging, confirmation of total system operation and owner training on the complete operation of the system and the computer software shall also be provided in this section.

	1.7 ASSOCIATED WORK SPECIFIED IN OTHER SECTIONS
	.1 The contractor shall coordinate the installation of devices furnished in this section with the installing contractor by trade jurisdiction.
	.2 Sheet Metal/Ventilating Contractor
	Install all single and multiple section dampers, interconnecting linkages, blank-off plates, duct transitions, access doors, louvers and similar items as required for the system and/or as indicated on the drawings.
	.3 Electrical Contractor
	Install and connect electrical power to all motors, transformers and starters.  A power supply will be available from the panel in the mechanical room for DDC system control panels.

	1.8 SHOP DRAWINGS
	.1 Furnish to the Engineer, within 6 weeks of contract award, all Shop Drawings, diagrams, schedules and equipment and software data sheets as may be deemed necessary by the Engineer in order to ensure the intention of the Specification and schedule of work are being met.
	.2 Submit shop drawings for the following:

	1.9 QUALITY ASSURANCE
	.1 The installing contractor shall be the Manufacturer.
	.2 The system components shall be listed by Underwriters Laboratories Inc. and Canadian Standards Association.
	.3 All controllers and components in the system and on the network shall be installed according to manufacturer recommendations and according to general installation standards for digital controls.

	1.10 SYSTEM ACCEPTANCE
	.1 On project completion, the contractor shall issue a report to the consultant stating that the system is complete, that all hardware and software functions have been verified and that the system is operating in accordance with the specifications.  A demonstration of complete system operation shall be made to the owner's authorised representative.
	.2 Upon successful completion of the system demonstration, the owner's representative shall be requested to approve, in writing, the satisfactory operation of the DDC System, interface devices and accessories.
	.3 The consultant shall verify through the owner’s representatives that the entire system is complete and operating to the satisfaction of the owner before final acceptance is approved.

	1.11 MAINTENANCE DATA AND SERVICE
	.1 Provide maintenance data for controls and instrumentation for incorporation into maintenance manual.
	.2 After acceptance, seasonally check and readjust control systems for change over. Make 2 site trips.  Notify Engineer of scheduled dates. Carry out any preventive maintenance required including parts and labour.  Report to Engineer, in writing, results or resettings made.
	.3 Provide As-built information in accordance with General Requirements Section.

	1.12 WARRANTY
	.1 The system and all manufacturer and contractor supplied components, parts and assemblies shall be guaranteed against defects in material and workmanship, under normal use, for twelve months after start-up and written certified acceptance by the consultant of the system by the owner.  Warranty service shall be provided by the contractor.

	1.13 SUBMITTALS
	.1 Prior to the installation of any equipment, the contractor shall provide the engineer with 6 copies of shop drawings and specifications for all devices and equipment used for the complete system installation.
	.2 Upon completion of the installation and prior to acceptance and owner training, the contractor shall furnish the engineer with three (3) copies of installation and operation manuals for the complete system.  Each manual shall include:
	.3 A complete program manual containing all information necessary to operate the PC software and man�machine interface devices in the system, and to program all controllers and interface devices installed in the system.
	.4 Manufacturer application manuals, if available, for each controller in the system.
	.5 Provide technical literature on system components.
	.6 Backup diskettes of all final data files, programs and computer software for the system, as accepted by the owner, for reloading into the site computer in the event of a system catastrophe or site computer memory failure.  The contractor shall also keep one copy of backup diskettes for the system archived in a software storage vault at their business location.

	1.14 TESTING AND BALANCING
	.1 During the system testing and balancing by an independent agency fully demonstrate the operation of all sensors, dampers, actuators, controls, valves, etc.  This contractor shall be present during the testing and balancing and make adjustments as often as necessary to satisfy the testing and balancing agency.


	Part 2 Products
	2.1 ACCEPTABLE MANUFACTURERS
	Bids for the BAS contract will only be accepted from authorized vendors/installers of the following Controls product:
	.1 Siemens Building Technologies
	Peter Christiansen
	Tel: (905) 465-7208,
	Cell: (416) 357-7897)
	Email: peter.christiansen@siemens.com.
	.2 Set Point Building Automation Inc.
	Mark Remus
	Tel: (905) 669-8012
	Fax: (905) 669-6912
	Email: markremus@setpoint.ca
	.3 Johnson Controls Ltd.
	Isaac Mui
	Tel: (416) 938-9464,
	Email: mui@jci.com

	2.2 ACCEPTABLE INSTALLING CONTRACTORS
	.1 Multiservice Electric Ltd.
	Bob Smith
	Tel: (905) 649-5157
	Cell: (905) 426-0500
	Email: rsmith@multiserviceelectric.com
	.2 Thor Contracting Inc.
	Mark Young
	Cell: (416) 991-6913
	Email: thor.elec@gmail.com
	.3 GTA Building Systems Ltd.
	Jim Tilley
	Cell: (647) 407-6030
	Email: jtilley@gtabuildingsystems.com

	2.3 LICENCE
	.1 The licence is to be registered to the owner.

	2.4 SYSTEM REQUIREMENTS
	.1 Provide a networked single architecture common data microprocessor based electronic control and monitoring Building Automation System (BAS) for specified systems employing distributed processing and direct digital control (DDC) with electronic sensing and electronic actuation to conform to the specification requirements. System shall operate using the BACnet communication protocol.  The BAS shall consist of the following networked items:

	2.5 BUILDING AUTOMATION SYSTEM NETWORK
	.1 Networked control products provided for this project shall be comprised of an industry standard open protocol internetwork. Communication involving control components shall conform to BACnet standard. Networks and protocols proprietary to one company or distributed by one company are prohibited.
	.2 The network architecture shall consist of multiple levels for communication efficiency:
	.3 The design of the BAS shall achieve the following:
	.4 Management Level Network (MLN)
	.5 Peer�to�peer (automation) building level network:
	.6 DDC Controller (Floor Level) Network
	.7 Controls supplier to provide all communication media, connectors, repeaters, bridges, switches and routers necessary for the internetwork.
	.8 On each floor, wing and major mechanical room provide an Ethernet RJ45 connection that allows connection to the BACnet network. An open port shall be available that allows connection to the network without the requirement for any part of the network to be disconnected. Port shall be in a location accessible to base building personnel and not in a location where the tenant can restrict access.

	2.6 BUILDING AUTOMATION SYSTEM OPERATOR INTERFACE AND SOFTWARE
	.1 Operator workstation interface software shall minimize operator training through the use of user-friendly and interactive graphical applications, 30-character English language point identification, on-line help, and industry standard Windows application software.  Interface software shall simultaneously communicate with and share data between any combination of dedicated, modem autodial, and Ethernet-connected building level networks. The software shall provide, as a minimum, the following functionality:
	.2 Provide a graphical user interface that shall minimize the use of keyboard through the use of a mouse or similar pointing device, with a "point and click" approach to menu selection and a “drag and drop” approach to inter-application navigation.  Selection of applications within the workstation software shall be via a graphical toolbar menu – the application toolbar menu shall have the option to be located in a docked position on any of the four sides of the visible desktop space on the workstation display monitor, and the option to automatically hide itself from the visible monitor workspace when not being actively manipulated by the user.
	.3 The software shall provide a multi-tasking type environment that allows the user to run several applications simultaneously.  BAS software shall run on a Windows operating system.
	.4 System database parameters shall be stored within an object-oriented database, which is compliant with the Open Database Connectivity (ODBC) or Structured Query Language (SQL) standards.
	.5 Standard Windows applications shall run simultaneously with the BAS software.  The mouse or Alt-Tab keys shall be used to quickly select and switch between multiple applications.  The operator shall be able to work in Microsoft Word, Excel, and other Windows based software packages, while concurrently annunciating on-line BAS alarms and monitoring information
	.6 Provide automatic backup and restore of all Building Controller databases on the workstation hard disk.
	.7 System configuration, programming, editing, graphics generation shall be performed on-line from the operator workstation software.
	.8 Provide functionality such that any of the following may be performed simultaneously on-line, and in any combination, via adjustable user-sized windows.  Operator shall be able to drag and drop information between the following applications, reducing the number of steps to perform a desired function (e.g., Click on a point on the alarm screen and drag it to the dynamic trend graph application to initiate a dynamic trend on the desired point):
	.9 Certifications and Approvals
	.10 Client-Server Connectivity
	.11 Access Rights and User Privileges
	.12 Dynamic Colour Graphics Application:
	.13 Dynamic colour graphic displays
	.14 System Performance
	.15 Reports
	.16 Scheduling and override
	.17 Collection and Analysis of Historical Data
	.18 Alarm management
	.19 Audit trail of user actions
	.20 External Data Access
	.21 Licensing
	.22 Data Security
	.23 Virtualization
	.24 Subsystem Connectivity
	.25 BACnet

	2.7 BACNET BUILDING CONTROLLERS
	.1 Provide all necessary hardware for a complete operating system as required. The Building Controller shall be able to operate as a standalone panel and shall not be dependent upon any higher level computer or another controller for operation.
	.2 Basis of design is Siemens PX Modular and Compact Controllers (PXC) or similar JCI/Reliable. Provide all processors, power supplies, and communication controllers so that the implementation of a point only requires the addition of the appropriate point input/output termination module and wiring.
	.3 The Siemens PXC Modular DDC controllers (or equal) shall reside on the building level network.
	.4 DDC controllers shall use the same programming language and tools.  DDC controllers, which require different programming language or tools on a network, are not acceptable.
	.5 PXC Modular Controller
	.6 PXC Compact Controllers
	.7 The operator shall have the ability to manually override automatic or centrally executed commands at the primary control panels via local, point discrete, on board hand/off/auto operator override switches.  If on board switches are not available, provide separate control panels with HOA switches.  Mount panel adjacent to primary control panel.  Provide hand/off/auto switch for each digital output, including spares.
	.8 Each Building Level Control Panel shall continuously perform self-diagnostics on all hardware modules and network communications.  The System Level Control Panel shall provide both local and remote annunciation of any detected component failures, low battery conditions or repeated failure to establish communication with any system.
	.9 Panel setup, point definitions and sequencing diagrams shall be backed up on EEPROM memory.
	.10 Building Level control panels shall provide at least two serial data communication ports for operation of operator I/O devices such as industry standard printers, operator terminals, modems and portable laptop operator's terminals.  Primary control panels shall allow temporary use of portable devices without interrupting the normal communications, operation of permanently connected modems, printers or terminals.
	.11 Isolation shall be provided at all primary control panel terminations, as well as all field point terminations to suppress induced voltage transients consistent with IEEE Standards 587 1980.
	.12 Spare Capacity:  Provide enough inputs and outputs to handle the equipment shown to be “future” on drawings and 10% more of each point type. Provide all hardware modules, software modules, processors, power supplies, communication controllers, etc. required to ensure adding a point to the spare point location only requires the addition of the appropriate sensor/actuator and field wiring/tubing.
	.13 Environment:
	.14 Building Level Controllers shall have the capability to serve as a gateway between Modus subnetworks and BACnet objects.  Provide software, drives and programming.
	.15 Immunity to power and noise:
	.16 In the event of the loss of normal power, there shall be an orderly shutdown of all DDC Controllers to prevent the loss of database or operating system software.  Non�volatile memory shall be incorporated for all critical controller configuration data and battery backup shall be provided to support the real�time clock and all volatile memory for a minimum of 60 days.
	.17 This level of controller shall be used for the following types of systems. It is intended that each unique system be provided with its own point resident DDC Controller.

	2.8 BACNET ADVANCED APPLICATION CONTROLLERS
	.1 Provide all necessary hardware for a complete operating system as required. The Advanced Application level control panel shall be able to operate as a standalone panel and shall not be dependent upon any higher level computer or another controller for operation.
	.2 Basis of design is Unitary Equipment Controller (PXCxx-UCM).
	.3 The Advanced Application Controller Software shall be capable of BACnet communications. The BACnet Advanced Application Controller (B-AAC) shall have demonstrated compliance to BTL through BTL listing and shall substantially conform to BACnet Advanced Application Controller (B-AAC) device profile as specified in ANSI/ASHRAE 135-2004 or ANSI/ASHRAE 135-2008.  Supported BIBBS shall include:
	.4 Communication:
	.5 Input/Outputs
	.6 The following I/O port types shall be available on the controller
	.7 Each System Level Control Panel shall, at a minimum, be provided with:
	.8 Power loss. In the event of the loss of power, there shall be an orderly shutdown of all controllers to prevent the loss of database or operating system software. Non-volatile memory shall be incorporated for the operating system software and firmware.
	.9 Database Restore: Each AAC controller shall automatically save the latest programmed database. The controller shall be able to automatically restore a lost or corrupt database without involvement from the operator.
	.10 Each System Level Control Panel shall continuously perform self diagnostics on all hardware modules and network communications.  The System Level Control Panel shall provide both local and remote annunciation of any detected component failures, low battery conditions or repeated failure to establish communication with any system.
	.11 Each Control Panel shall support firmware upgrades without the need to replace hardware.
	.12 System Level control panels shall provide at least two RS 232C serial data communication ports for operation of operator I/O devices such as operator terminals, and additional memory.  Control panels shall allow temporary use of portable operator interface devices without interrupting the normal communications.
	.13 Immunity to noise:
	.14 Spare Capacity: Provide enough inputs and outputs to handle the equipment shown to be “future” on drawings and 10% more of each point type.  Provide all hardware modules, software modules, processors, power supplies, communication controllers, etc. required to ensure adding a point to the spare point location only requires the addition of the appropriate sensor/actuator and field wiring/tubing.
	.15 Software:
	.16 Adaptive Loop Control:
	.17 This level of controller shall be used for the following types of systems:

	2.9 FLOOR LEVEL NETWORK APPLICATION SPECIFIC CONTROLLERS (ASC)
	.1 Each DDC controller shall be able to extend its performance and capacity through the use of remote application specific controllers (ASCs) through floor level LAN device networks using BACnet MS/TP advanced application controller (B-AAC) device profile.
	.2 Each ASC shall operate as a stand�alone controller capable of performing its specified control responsibilities independently of other controllers in the network.  Each ASC shall be a microprocessor�based, multi�tasking, real�time digital control processor.  Each ASC shall be capable of control of the terminal device independent of the manufacturer of the terminal device.
	.3 Terminal equipment controllers:
	.4 Each ASC shall be capable of control of the terminal device independent of the manufacturer of the terminal device.

	2.10 DIRECT DIGITAL CONTROLLER SOFTWARE
	.1 General
	.2 System Security
	.3 User Defined Control Applications: The application software shall program DDC routines to meet the sequences of operations.
	.4 Peer-to-peer access to other DDC controllers
	.5 Alarm management shall be provided to monitor and direct alarm information to operator devices.  Each DDC and HVAC mechanical equipment controller shall perform distributed, independent alarm analysis and filtering to minimize operator interruptions due to non�critical alarms, minimize network traffic and prevent alarms from being lost.  At no time shall the DDC controllers ability to report alarms be affected by either operator or activity at a pc workstation, local i/o device, or communications with other panels on the network.
	.6 Scheduling:
	.7 Provide a PID (proportional-integral-derivative) closed-loop control algorithm with direct or reverse action and anti-windup. The algorithm shall calculate a time-varying analog value that is used to position an output or stage a series of outputs. The controlled variable, setpoint, and weighting parameters shall be accessible from the operator workstation.
	.8 Adaptive Loop Tuning
	.9 Logic programming:  Provide a software routine that can build ladder logic to control using many conditional statements.
	.10 Staggered Start:
	.11 Totalization Features:
	.12 A variety of historical data collection utilities shall be provided to manually or automatically sample, store and display system data for points as specified in the i/o summary. The entire collection process shall be automated so that the data collection definition, amount of data to be collected, collection report and scheduling take the form a wizard, or online assist utility, in order to complete this process within a short amount of time for a large group of points. Ability to produce a summary of changes in a log file.
	.13 Any point, physical or calculated may be designated for trending. Any point, regardless of physical location in the network, may be collected and stored in each DDC Controllers point group. Two methods of collection shall be allowed: either by a pre�defined time interval or upon a pre�defined change of value. Sample intervals of 1 minute to 7 days shall be provided.  Each DDC shall have a dedicated RAM�based buffer for trend data and shall be capable of storing data samples. All trend data shall be available for transfer to a Workstation without manual intervention.

	2.11 ELECTRONIC DAMPER AND VALVE ACTUATORS
	.1 Damper and valve actuators
	.2 Actuators shall be designed for mounting directly to the shaft without the need for connecting linkages.
	.3 All actuators having more than 100 lb-in torque output shall have a self-centering damper shaft clamp that guarantees concentric alignment of the actuator’s output coupling with the damper shaft.  The self-centering clamp shall have a pair of opposed “v” shaped toothed cradles; each having two rows of teeth to maximize holding strength.  A single clamping bolt shall simultaneously drive both cradles into contact with the damper shaft.
	.4 All actuators having more than a 100 lb-in torque output shall accept a 1" diameter shaft directly, without the need for auxiliary adapters.
	.5 All actuators shall be designed and manufactured using ISO900 registered procedures, and shall be Listed under Standards UL873 and CSA22.2 No. 24-93 l.
	.6 Actuators shall be powered by 24 VAC, 50-60 hz. Available input signals shall include 2 – 10 VDC and 4 – 20mA.
	.7 Electronic Valve Actuators
	.8 Electronic Damper Actuators
	.9 Acceptable materials:

	2.12 DAMPER STATUS SWITCHES
	.1 Damper status switches shall be a lever operated, activated by damper blade movement and mounted securely on damper frame.
	.2 Damper switch shall have contact rating of 5 amperes at 120V AC and be CSA approved.

	2.13 VALVE AND DAMPER POSITION INDICATORS
	.1 Visual scale indicating percent of travel and 0 to 10 V dc, feedback signal.

	2.14 TEMPERATURE THERMOSTAT (DDC)
	.1 Digital room sensors without LCD display, day / night override button, and setpoint slide adjustment to ±5°C adjustment and override options. The setpoint slide adjustment can be software limited by the automation system to limit the amount of room adjustment.
	.2 Provide metal guards on thermostat in common areas and gymnasiums.

	2.15 TEMPERATURE SENSORS
	.1 All supply air sensors and mixed air sensors shall be 100 or 1000 OHM platinum, resistance temperature detector (RTD) type with a 7.5 m (25') averaging element.  Each RTD may be provided with an industry standard, 4-20mA, transmitter mounted at the RTD as required.  Accuracy of the RTD and transmitter shall be ± 0.3C (± 0.5F°) over a range of -7°C to 49°C (20°F to 120°F).
	.2 All return air sensors shall be RTD or thermistor type temperature detectors.  The sensor probe shall have a minimum length of 450 mm (18"). The accuracy of the sensor shall be ± 0.3C (± 0.5F°) over a range of 4°C to 66°C (40°F to 150°F).
	.3 All space sensors shall be RTD or thermistor type temperature detectors.  Sensors shall be provided with vented protective covers, mounted 1500 mm (60") from floor level.
	.4 Outdoor air sensor shall be the RTD type with a 4-20mA transmitter mounted at the sensor.  The RTD shall be mounted in a weatherproof enclosure, the 4-20mA transmitter shall be mounted inside the building within an electrical box.  The accuracy of the sensor shall be ± 0.3C (± 0.5F°) over a range of -18°C to 49°C (0°F to 120°F).

	2.16 LOW TEMPERATURE DETECTORS
	.1 Low temperature detectors shall be complete with 6.1 m (20'-4") of capillary. Wire detectors to shut down respective fan or fans should temperature over any 25 mm (1") of length drop below 2°C (36°F). Low temperature detectors shall have manual reset. Locate detectors after preheat coil or before cooling coil in air systems utilizing outside air.

	2.17 CURRENT SWITCHES
	.1 Provide solid state current DC switches with LED which operate when the level sensed by an internal current transformer exceeds the threshold value set by a four-turn adjustment.
	.2 The switch shall be capable of open-collector transistor outputs, capable of 150 mA dc continuous, 500 mA momentary.  Maximum permissible voltage between output and common in off state is 30 VDC.  Maximum voltage drop at 150 mA is 0.8 volts.

	2.18 DIGITAL WALL OR CEILING MOUNTED OCCUPANCY SENSOR SYSTEM
	.1 Wall or ceiling mounted (to suit installation) passive infrared (PIR), ultrasonic or dual technology digital (passive infrared and ultrasonic) occupancy sensor.  Furnish the Company’s system which accommodates the square-foot coverage requirements for each area controlled, utilizing room controllers, digital occupancy sensors and accessories which suit the lighting and electrical system parameters.
	.2 Digital Occupancy Sensors shall provide calibration and electronic documentation for the following features:
	.3 Digital calibration and pushbutton programming for the following variables:
	.4 Sensitivity – 0-100% in 10% increments
	.5 Time delay – 1-30 minutes in 1 minute increments
	.6 Test mode – Five second time delay
	.7 Detection technology – PIR, Ultrasonic or Dual Technology activation and/or re-activation.
	.8 Walk-through mode
	.9 Load parameters including Auto/Manual-ON, blink warning, and daylight enable/disable when photosensors are included in the DLM local network.
	.10 Two-way infrared (IR) transceiver to allow remote programming through handheld commissioning tool and control by remote personal controls.
	.11 Device Status LEDs including:
	.12 PIR Detection
	.13 Ultrasonic detection
	.14 Configuration mode
	.15 Load binding
	.16 Manual override of controlled loads.
	.17 One or two RJ-45 port(s) for connection to DLM local network.
	.18 Multiple occupancy sensors may be installed in a room by simply connecting them to the free topology DLM local network.  No additional configuration will be required.
	.19 WattStopper product numbers: LMPX, LMDX, LMPC, LMUC, LMDC

	2.19 PANELS
	.1 Control panels shall be fully enclosed cabinets with all steel constructions.  Cabinets shall have hinged door with locking latch or bolt on cover plate.  All cabinet locks shall be common keyed.
	.2 Controller Panels
	.3 Provide power supplies for control voltage power.
	.4 Dedicate 1 power supply to the DDC controller.  Other devices shall be on a separate power supply, unless the power for the control device is derived from the controller terminations.
	.5 Power supplies for controllers shall be a transformer with a fuse or circuit breaker.  Power supplies for other devices can be plain transformers.
	.6 All power supplies for 24V low voltage wiring shall be class 2 rated and less than 100VA.  If low voltage devices require more amps, then provide multiple power supplies.  If a single device requires more amps, then provide a dedicated power supply in a separate enclosure and run a separate, non-class 2 conduit to the device.
	.7 Surge transient protection shall be incorporated in design of system to protect electrical components in all DDC Controllers and operator’s workstations.
	.8 All devices in a panel shall be permanently mounted, including network switches, modems, media converters, etc.
	.9 Provide a pocket to hold documentation.
	.10 Panels shall be wall mounted or free standing and shall be as located on the mechanical drawings.
	.11 All relays, transducers etc., shall be located within the control panels.
	.12 Each DDC Controller enclosure shall have a standard duplex AC power receptacle located within the enclosure to provide power for test equipment, operation communication devices.

	2.20 NAMEPLATES
	.1 Duct and pipe mounted sensors and panels shall be provided with minimum size 75 x 25 x 3.2 mm nameplates, clearly identifying the equipment and functions with letter and number designation. Nameplates shall be mechanically secured and listed in the Operating and Maintenance manual.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install all equipment, accessories, conduit and interconnecting wiring in a neat and protected manner by skilled and qualified work persons using the latest standard practices of the industry.
	.2 Meet Owner’s requirements.
	.3 Install piping in apparatus rooms exposed, securely anchored to structure or equipment and run parallel or at right angles to structure.
	.4 Upon completion of the work, all thermostats, control valves damper operators and dampers and other devices shall be calibrated and adjusted as required to place the system in complete and satisfactory operating condition.
	.5 Cooperate with the air and water balance technicians during the balancing of the system.
	.6 Trip test high and low temperature protection devices to ensure satisfactory operation, in the presence of the Owner.
	.7 Conceal piping, serving equipment outside the apparatus rooms wherever possible, and install so that it does not interfere with other trades.
	.8 Unless otherwise specified, meet manufacturer’s latest printed instructions for materials, planned maintenance and installation methods.
	.9 Notify Consultant in writing of any conflict between these Specifications and manufacturer’s instructions.
	.10 Retain, at no additional cost to the Owner, original equipment suppliers to provide contacts that are required on the Point Schedules and in the software and sequence specified.  Provide the necessary relays, auxiliary contacts and transformers required to interconnect equipment.
	.11 All equipment installed shall be mechanically stable and, as necessary, fixed to wall or floor.  Anti vibration mounts to be provided, if required, for the proper isolation of equipment.
	.12 Install equipment so as to allow for easy maintenance access and such that it does not interfere in any way with access to adjacent equipment and personnel traffic in the surrounding space.
	.13 Install equipment in locations providing adequate ambient conditions for its specified functioning, allowing for adequate ventilation and with no condensation traps.
	.14 Shield and ground communication trunk wiring at a single end.
	.15 Do not splice trunk line.
	.16 Provide complete installation, testing, debugging and interfacing of specified software.

	3.2 CONTROL WIRING
	.1 Supply and install wiring as required for the automatic control system.  Install wiring in EMT conduit with water tight fittings in wash down areas, and otherwise comply with all requirements of the Electrical Division.  Approved plenum wire may be used for sensor and network communication wiring where it complies with appropriate building codes and regulatory authorities.
	.2 Safety control loops such as low and high temperature detectors shall be hard wired into the associated system magnetic starter.  The primary function shall not be performed by software in this case.
	.3 All IP wiring shall be terminated in RJ45 terminations.
	.4 All wiring shall be installed in the local cable management system where it is provided as cable management system where it is provided as part of the electrical divisions scope of work.
	.5 Plenum cables to be yellow jacketed for control point wiring. Cabels to be labelled at BOTH ends of wire.

	3.3 ON SITE TESTING
	.1 Provide Engineer-approved operation and acceptance testing of the complete system.  The Engineer will witness all tests.
	.2 Field Test: When installation of the system is complete, calibrate equipment and verify transmission media operation before the system is placed on-line. All testing, calibrating, adjusting and final field tests shall be completed by the installer.  Provide a detailed cross-check of each sensor within the system by making a comparison between the reading at the sensor and a standard traceable to the National Bureau of Standards.  Provide a cross-check of each control point within the system by making a comparison between the control command and the field-controlled device.  Verify that all systems are operable from local controls in the specified failure mode upon panel failure or loss of power. Submit the results of functional and diagnostic tests and calibrations to the Engineer for final system acceptance.
	.3 Compliance Inspection Checklist:  Submit in the form requested, the following items of information to the Owner's Representative and Architect/Engineer for verification of compliance to the project specifications.  Failure to comply with the specified information shall constitute non-performance of the contract.  The contractor shall submit written justification for each item in the checklist that he is unable to comply with. The Owner's Representative and the Architect/Engineer will initial and date the checklist to signify contractor's compliance before acceptance of system.

	3.4 SERVICE AND GUARANTEE
	.1 General Requirements: Provide all services, materials and equipment necessary for the successful operation of the entire BAS system for a period of one year after certified acceptance.  Provide necessary material required for the work.  Minimize impacts on facility operations when performing scheduled adjustments and non-scheduled work.
	.2 Description of Work: The adjustment and repair of the system includes all computer equipment, software updates, transmission equipment and all sensors and control devices.  Provide the manufacturer's required adjustments and all other work necessary.
	.3 Personnel: Provide qualified personnel to accomplish all work promptly and satisfactorily.  Owner shall be advised in writing of the name of the designated service representative, and of any changes in personnel.
	.4 Schedule of Work: Provide two inspections at 6-month intervals and all work required as specified.  Schedule major inspections in June and December. Inspections shall include but is not limited to the following:
	.5 Emergency Service: Owner will initiate service calls when the system is not functioning properly.  Qualified personnel shall be available to provide service to the complete system.  Furnish owner with a telephone number where service representative can be reached at all times.  Service personnel shall be at the site within 24 hours after receiving a request for service.  Restore the control system to proper operating condition within 3 days.
	.6 Operation: Performance of scheduled adjustments and repair shall verify operation of the system as demonstrated by the initial performance test.
	.7 Systems Modifications: Provide any recommendations for system modification in writing to Owner. Do not make any system modifications, including operating parameters and control settings, without prior approval of Owner. Any modifications made to the system shall be incorporated into the operations and maintenance manuals, and other documentation affected.
	.8 Software: Provide all software updates and verify operation in the system. These updates shall be accomplished in a timely manner, fully coordinated with the system operators, and shall be incorporated into the operations and maintenance manuals, and software documentation.

	3.5 INSTALLATION
	.1 Install systems and related controls in accordance with approved shop drawings and manufacturer's recommendations using factory-trained journeymen certified by the Province of Ontario.
	.2 Locate thermostat, room sensors, etc., at height and location as shown on architectural details and as required per Ontario Building Code.
	.3 Secure approval for damper motor locations and supports. Submit detail of damper motor location and support for approval. Install pilot positioners where indicated on operators.
	.4 Provide dampers and flow rings as required, for installation by the sheet metal contractor.
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	Part 1 SEQUENCE OF OPERATION
	1.1 SEQUENCE OF CONTROL
	.1 General
	.2 DDC Sensors and Devices - are listed in the Points Summary that is part of this specification. Provide 5% spare I/O capacity.
	.3 Implement the following control program concepts in full, or partial as required, to provide complete HVAC equipment control. The programs shall perform all control strategies on the basis of protecting equipment operation, saving operational energy costs, and indicating alarm conditions.
	.4 Programs, which increase the system energy consumption or cause equipment failures, will be refused and resolved by the contractor accordingly at not additional cost to Owner.
	.5 Where Optimum Start Stop (OSS) is specified, equipment shall start-up based on global outdoor temperature, space temperature, and system response to assure that comfort conditions are reached at scheduled occupancy time (occupancy schedules are defined under time programs), and operate in both heating and cooling cycles.  In all cases, the optimum start program shall operate fully stand-alone in the local GPC.
	.6 OSS shall include a Night Cycle program applying to (heating cycle only) (both heating and cooling cycle) with the outdoor air dampers closed.  The space temperature shall be used to determine the "fan on" and/or "supply heat" command to maintain a low limit of 50-55 degrees for the heating cycle and the "fan on" and "supply cooling" command to maintain 82 degrees for the cooling cycle.
	.7 Where an Economizer Cycle (EC) is specified, it shall automatically enable the economizer mode based upon an enthalpy comparison of outdoor air and return air of each AHU.
	.8 Provide general points: Outside air CO2, temperature, and humidity.
	.9 System Architecture: The control sequences will be performed by DDC controllers arranged as indicated in the following architecture diagram:
	.10 Boiler Graphic (glycol Loop Similar)

	1.2 BOILER PLANT CONTROL SEQUENCE (HARDWIRE BOILERS THRU TERMINAL STRIP)

	The VFDs for pump C-3 and C-4 will modulate to maintain the differential pressure at the differential pressure setpoint (adjustable, initially set at 70 kPa, the actual value is to be determined by the balancing contractor).  The differential pressure sensor shall be installed 2/3 of the way out in each system (to be approved by consultants). The differential pressure sensor is to be hardwired back to the local controller; sharing the sensor values over the BAS network is not allowed.
	1.3 GLYCOL HOT WATER HEATING LOOP HEATING CONTROL (HEAT EXCHANGER)
	.1 Start the hot water heating pumps C-1 and C-2 at outdoor air temperatures less than 10°C. (adj.).
	.2 Alternate circulating pump motors for wear. Pump status shall be provided via CSR. Failure of either lead/lag pump starts standby pump.
	.3 Provide a sensor in the hot water supply and return. On a call for heating open the 2-way valve to maintain loop temperature.
	.4 Monitor pump status/flow.
	.5 Monitor glycol tank level.
	.6 Provide an alarm at the OWS should the pump fail or supply or return water temperatures exceed the programmable alarm limits.
	.7 A pump status alarm occurs either if the system is enabled or the hot water supply pumps status are not obtained after one minute.

	1.4 EXHAUST FANS
	.1 Provide programmable start/stop control in three groups at the OWS.
	.2 Provide dual voltage relays for exhaust fans rated for 120V/1/60. Install dual voltage relays in accessible ceiling space adjacent to exhaust fan.
	.3 Wire through dual voltage relay or magnetic starters as indicated. Magnetic starters will be provided by the electrical contractor.
	.4 Provide override stop/start/status for fans with local control.

	1.5 GYM CEILING FANS
	.1 Provide programmable start/stop control.
	.2 Provide dual voltage relays for exhaust fans rated for 120V/1/60. Install dual voltage relays in accessible ceiling space adjacent to exhaust fan.
	.3 Wire through dual voltage relay or magnetic starters as indicated. Magnetic starters will be provided by the electrical contractor.
	.4 Provide override stop/start/status for fans with local control.
	.5 Provide two (2) remote push buttons (one on each side of gym) for disable/override.

	1.6 ROOM VAV CONTROL
	.1 The space temperature modulates the VAV box in sequence with the heating coil and radiation (if applicable) to maintain setpoint. A velocity sensor controls the air flow between min. and max. settings.
	.2 Maintain 80% minimum air flow when OA temp is less than 10º (adj).
	.3 A velocity sensor controls the air volumes between maximum and minimum.
	.4 Provide a duct sensor in the VAV discharge duct.

	1.7 RECEIVING ROOM VAV CONTROL
	.1 The space temperature modulates the VAV box in sequence with the force flow heater to maintain setpoint. A velocity sensor controls the air flow between min. and max. settings.
	.2 Maintain 80% minimum air flow when OA temp is less than 10º (adj).
	.3 A velocity sensor controls the air volumes between maximum and minimum.
	.4 Provide a duct sensor in the VAV discharge duct.

	1.8 BYPASS BOX CONTROL
	.1 Provide space sensor and operator/controller. Mount operator/controller on bypass box.
	.2 Modulate the bypass box in sequence with the radiation (if applicable) to maintain setpoint.

	1.9 DEDICATED OUTDOOR AIR UNIT – AHU-1
	.1 The AHU unit consists of a mixing section with return air, outdoor air dampers, exhaust connection, OA connection, filter sections, energy recover system, glycol heating section, dx/hot gas dehumidification, exhaust fan and supply fan. Perimeter radiation is also included as part of this sequence.
	.2 In the event of power loss, a disable command, or failure of integral heating system the outdoor air dampers and exhaust air dampers are to close, and fans, heating, cooling and mechanical heat / energy recovery system are to shut-down.
	.3 Scheduled Occupancy
	Pre-Occupancy:  The BAS shall enable the supply and return air fans 30 minutes prior to the start of the occupied period. Integral heating or dehumidification is to be enabled and commanded such that a supply discharge air temperature of 18°C is maintained.  Modulate bypass damper open. Concluding a run-time of not less than 15 minutes, the return air CO2 value shall be measured. Exhaust fan and/or dampers, when equipped, are to be enabled simultaneously with the supply and return air fans.
	Occupied:  The BAS shall enable / command on the unit to an occupied state which is defined by school occupancy times. If the measured exhaust CO2 level value is equal to or greater than 800 ppm (adj) an alarm is generated. Integral heating, dx/hot gas dehumidification and energy recovery is to be sequenced to maintain a supply discharge air temperature of 18°C.  The exhaust fan and dampers are to be enabled simultaneously with the supply air fan.
	Un-Occupied:  The BAS shall disable /command off the unit to an un-occupied state which is defined by school occupancy times.  During the un-occupied state all fans are to be shutdown, the outdoor air dampers, and exhaust air dampers are to be released and close by way of mechanical spring return (0% position).
	.4 Discharge Air High/Low Temperature:  While in the heating mode with heat stages on, an alarm will be generated whenever the discharge air temperature rises above or drops below the Discharge Air Temperature Heating High or Low limits for a duration of 1 min (adj.).
	.5 Fan System Failure Alarm:  An alarm is generated whenever the supply and/or exhaust fan fails to respond to start-stop commands. The supply and exhaust air fans are to be controlled by VFD.  Status of the fans shall be monitored using a feedback from the drive or an analogue signal from a current transformer.
	.6 Freeze Alarm: A freezestat located immediately downstream of the remote heating coil will shut down the HVAC unit and open the three way valve to full flow when it detects a temperature below its setpoint.  It will be necessary to reset the freezestat manually.
	.7 Discharge smoke detectors in the supply air streams de-energize the supply and exhaust fans upon activation.  When the OAT is less than 50 degrees F (10 degrees C), the gas heating valve and dampers modulates to maintain the mixed air temperature at 50 degrees F (10 degrees C).
	.8 Mechanical cooling low temperature protection:  If the outdoor air temperature falls below its Mechanical Cooling Lockout setpoint, it will prevent the mechanical cooling stages from being energized.
	.9 Provide motorized isolation dampers in supply & return ductwork to isolate floors when only the ground floor is used in the summer.
	.10 Provide an airflow station on each supply air ducts and an airflow station and motorized damper on each of the return air ducts to monitor and control return airflow in conjunction with the supply air flow and space pressurization sensor for each space as indicated. The return airflow shall be approximately 95% (adjustable) of the supply air flow.

	1.10 AHU-2 VARIABLE AIR VOLUME UNIT CONTROL WITH REMOTE VARIABLE FREQUENCY DRIVES (GYMNASIUM UNIT)
	.1 The air handling unit consists of a mixed air section with return fan, outdoor air, exhaust and return air dampers, filter, glycol heating section, and supply fan. The unit is DDC controlled using electronic actuation. The supply and return fan is wired through their respective remote VFD’s interlocked through the BAS control. The dampers are controlled through the BAS system.
	.2 The air handling unit is scheduled for automatic operation on a time of day basis for Occupied and Unoccupied modes.
	.3 The air handling unit operates in Warm-up, Cool-down, Occupied, Unoccupied, and Safety modes as follows (All suggested set points and settings are adjustable.):
	Warm-Up
	The supply and return fans start.  The mixing dampers are positioned for 100% return air. The 3-way glycol heating valve modulates to maintain the discharge temperature at set point. If time reaches the latest start time during the Warm-Up mode, the outdoor air damper opens to its minimum position. The system is prevented from entering the Warm-Up mode more than once per day.
	Cool-Down
	The supply and return fans start. The glycol heating valves remain closed. The free cooling stage and/or mixing dampers modulate to maintain the discharge temperature at set point. When the outside air dry bulb temperature is above the economizer changeover value, the damper is positioned for 100% return air. If time reaches the latest start time during the Cool-Down mode, the outdoor air damper opens to its minimum position or is controlled in economizer operation. The system is prevented from entering the Cool-Down mode more than once per day.
	Unoccupied Mode
	The supply and return fan is off and the mixing dampers are in the 100% recirculation position. The heating valve is open to the coil.
	Occupied Mode
	Supply and return fans run continuously.  Supply air temperature discharge sensor stages the glycol heating and the mixing dampers (for air quality and/or free cooling) in sequence to maintain setpoint which is reset from outside air temperature as follows:
	OAT SAT
	22ºC 13ºC
	10ºC 18ºC
	Mixing dampers modulate to minimum position when mixed air temperature drops below 10°C.
	Economizer high limit control positions mixing dampers to minimum position when OA-T rises above 20°C.
	Mixing dampers minimum position is 10%.


	Provide wall mounted occupancy sensors (2 similar provided by BAS contractor in Gymnasium, for occupancy control of the HVAC). During the occupied mode, supply and return fan speeds are reduced to 50% (adjustable) thru the remote VFDs when the Gymnasium, are unoccupied.
	Reset mixing damper minimum position up to a maximum 40% based on MAT.
	1.11 AHU-3 VARIABLE AIR VOLUME UNIT CONTROL WITH REMOTE VARIABLE FREQUENCY DRIVES (AHU-4 SIMILAR)
	.1 The air handling unit consists of a mixed air section with return fan, outdoor air, exhaust and return air dampers, filter, glycol heating section, dx cooling coil, and supply fan. The unit is DDC controlled using electronic actuation. The supply and return fan is wired through their respective remote VFD’s interlocked through the BAS control. The dampers are controlled through the BAS system.
	.2 The air handling unit is scheduled for automatic operation on a time of day basis for Occupied and Unoccupied modes.
	.3 The air handling unit operates in Warm-up, Cool-down, Occupied, Unoccupied, and Safety modes as follows (All suggested set points and settings are adjustable.):
	Warm-Up
	The supply and return fans start. The mixing dampers are positioned for 100% return air. The 3-way glycol heating valve modulates to maintain the discharge temperature at set point. If time reaches the latest start time during the Warm-Up mode, the outdoor air damper opens to its minimum position. The system is prevented from entering the Warm-Up mode more than once per day.
	Cool-Down
	The supply and return fans start. The glycol heating valves remain closed. The free cooling stage, dx cooling stages and/or mixing dampers modulate to maintain the discharge temperature at set point. When the outside air dry bulb temperature is above the economizer changeover value, the damper is positioned for 100% return air. If time reaches the latest start time during the Cool-Down mode, the outdoor air damper opens to its minimum position or is controlled in economizer operation. The system is prevented from entering the Cool-Down mode more than once per day.
	Unoccupied Mode
	The supply and return fan is off and the mixing dampers are in the 100% recirculation position. The heating valve is open to the coil.
	Occupied Mode
	Supply and return fans run continuously.  A duct mounted static pressure sensor located where indicated maintains duct pressure through the supply and return fan variable frequency drives. Supply air temperature discharge sensor stages the glycol heating or the DX cooling and the mixing dampers (for air quality and/or free cooling) in sequence to maintain setpoint which is reset from outside air temperature as follows:
	OAT SAT
	22ºC 13ºC
	10ºC 18ºC
	Mixing dampers modulate to minimum position when mixed air temperature drops below 10°C.
	Economizer high limit control positions mixing dampers to minimum position when OA-T rises above 20°C.
	Mixing dampers minimum position is 10%.
	Reset mixing damper minimum position up to a maximum 40% based on MAT.
	Supply air static pressure sensor controls supply fan speed to maintain setpoint (initially 1inwg) through the VFD controller. Return fan speed lags supply fan speed to maintain building pressure.
	.4 Provide an airflow station on each supply air ducts and an airflow station and motorized damper on each of the return air ducts to monitor and control return airflow in conjunction with the supply air flow and space pressurization sensor for each space as indicated. The return airflow shall be approximately 95% (adjustable) of the supply air flow.

	1.12 REHEAT COIL CONTROL
	The space temperature sensor modulates the 2-way reheat coil heating valve to maintain setpoint.  Provide setback setpoint for unoccupied periods.
	Safeties/Alarms
	If the zone temperature is above or below the alarm levels (adjustable), an alarm will be sent to the BAS.

	1.13 RADIATION HEATING CONTROL
	.1 A space temperature sensor operating through a DDC ASC shall modulate the incremental heating valve to maintain the space temperature setpoint.

	1.14 UNIT HEATER CONTROL (FORCE FLOW HEATER SIMILAR)
	.1 A temperature sensor energizes the fan to maintain setpoint.

	1.15 MECH ROOM CONTROL (Multiple Rooms)
	.1 Provide space sensor to control exhaust fan, supply fan/motorized damper & unit heater.
	.2 On rise in space temperature the exhaust fan & supply fan/motorized damper is energized.
	.3 On drop in space temperature the unit heater is energized.

	1.16 MAIN ELECTRICAL ROOM CONTROL
	.1 Provide space sensor to control exhaust fans, motorized damper, and force flow heater.
	.2 On rise in space temperature the exhaust fan and motorized damper are energized.
	.3 On drop in space temperature the force flow heater is energized.

	1.17 MAIN LAN ROOM CONTROL (ELEVATOR MACHINE ROOM SIMILAR)
	.1 Provide space sensor to sequence the control of the exhaust fan, indoor fan coil AC unit and outdoor condensing unit on rise in room temperature.

	1.18 LAN ROOM CONTROL (EF-4, Multiple Rooms)
	.1 Provide reverse acting thermostat to control exhaust fan on rise in room temperature.

	1.19 DOMESTIC HOT WATER (CHILDCARE DOMESTIC HOT WATER SIMILAR)
	.1 Provide programmable stop/start control of the recirc pumps including pump status.
	.2 Provide supply temperature indication (multiple).

	1.20 LIGHTING CONTROL
	.1 Provide programmable control of sixteen (16) lighting/plug control network through the OWS. Connect to nearest electrical lighting control segment manager where indicated:
	.2 Provide a photo cell to inhibit the operation of the exterior lighting circuits a light levels above the photocell setpoint.

	1.21 SECURITY SYSTEM MONITORING TO BAS
	.1 Provide digital input from security system.
	.2 When building security armed all corridor and gym lighting control shuts off 20 minutes after alarm system armed.
	.3 When building security armed all AHU’s, Exhaust Fans, and heating systems shall be changed to unoccupied mode immediately when armed regardless of scheduled times.
	.4 All critical alarms as determined by school board to be sent to security via a digital output.

	1.22 BUILDING LOW TEMPERATURE
	.1 All space sensors shall be capable of indicating building low temperature. Alarm building low temperatures at OWS.

	1.23 FIRE ALARM
	.1 Provide connection to fire alarm panel.

	1.24 DOMESTIC WATER BOOSTER PUMP
	.1 Provide connection to booster pump to provide alarm monitoring and status.

	1.25 EVAC CONTROL
	.1 Provide remote pushbutton control (normally closed) in principal office for software shutdown of all fans. Final location to be determined on site.

	1.26 POINTS LIST
	.1 The points list appended here to shall be read in conjunction with the drawings and specification. Should the control functions be indicated in the specification and not indicated on the points list or indicated in the points list and not in the specification, it does not relieve in the contractor in provide a complete system. It is the contractor’s responsibility to ensure the BAS system is installed and operates as specified.
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	26 01 13-22336 Electrical Supplemental Tender Form
	Part 1 General
	1.1 INSTRUCTIONS TO BIDDERS
	.1 The Electrical Supplemental Tender Form must be submitted to the architect and consultant (dei@deiassociates.ca) within 2 hours of tender closing. Electrical contractors shall identify all sub-contractors he/she intends to use and must complete all information requested. The requisite information shall be given at the office of the Consultant. Contractor shall sign and date this page and initial and date each page thereafter.
	.2 Should the Electrical Supplemental Form not be submitted then the contractor shall use Basis of Design manufacturers as listed.
	.3 CONTRACTOR
	.4 SUB-CONTRACTORS
	The Contractor shall state below the name of the Public Address, Security, Co-ordination Study, Computer Network, Life Safety Systems Commissioning Agent Sub-contractor he intends to use, which shall not be changed without the consent of the Consultant.
	Public Address ___________________________________
	Security ___________________________________
	Co-ordination Study ___________________________________
	Computer Network ___________________________________
	Life Safety Systems Commissioning Agent ______________________
	.5 The Stipulated Bid Sum shall be for the basis of design manufacturer or supplier equipment only, unless otherwise indicated. Where a choice of this equipment is given, this Contractor shall indicate the supplier or manufacturer he intends to use. Where no choice is indicated, the basis of design supplier or equipment shall be used.
	.6 Equipment or materials manufactured by firms named in the following listing only shall be deemed equal to the equipment or material specified, provided the equipment or material will have capacity, performance, rating, construction, physical dimensions, accessories and features which, in the opinion of the Consultant, are equal to those of the specified equipment or material. The Electrical Contractor shall not indicate equipment, materials or suppliers which are not listed.
	.7 Where modifications to the work of other trades are required as a result or part of the alternative offered, include the cost of said modifications in the work.
	.8 Submit the following list of basis of design and alternative suppliers in accordance with the bid requirements:
	.9 LABOUR RATES

	1.2 ELECTRICAL TENDER PRICE (EXCLUDING HST)
	.1 Having carefully examined all Drawings and Specifications and the Addenda to the Drawings and Specifications, and having carefully examined the sites and all conditions affecting the work, we, the undersigned thereby offer to provide all plant, labour, materials and incidentals required to complete the work of all trades for:  All the work specified for herein for
	the Total Stipulated Price of: $
	(in writing)
	in lawful money of Canada; included in which are all applicable excise taxes, custom duties, freight, exchange, and all other charges. HST is not included.



	26 01 15-22336 Electrical Allowances and Fees
	Part 1 General
	1.1 GENERAL INSTRUCTIONS
	.1 Comply with the General Conditions, Supplementary Conditions, and all of General Requirements, Mechanical and Electrical Divisions.

	1.2 CASH ALLOWANCES (HST EXCLUDED)
	.1 Refer to Division 1 specifications for utility, stage lighting and AV, public address, security, communications system, Bell service, Longhouse, and site sewage pump cash allowances.
	.2 Electrical contractor shall be responsible for coordinating a service agreement with the local electrical utility.

	1.3 FEES
	.1 The contractor is to determine general inspection fees with Electrical Safety Authority and include as part of tender.
	.2 A submission has been made (if required by this scope of project) by the consultant to the Electrical Safety Authority for review of this project. The payment of the required review costs will be coordinated by the consultant. A copy of the Electrical Safety Authority review report will be forwarded to the successful contractor for information and action. Contractor will not be responsible for these review costs.

	1.4 EQUIPMENT ALLOWANCES
	.1 The electrical contractor is to review all specification sections forming part of the electrical bid documents and include additional equipment or components, as well as all associated installation costs and testing costs as noted, in the electrical bid price.



	26 01 16-22336 Electrical Contract General Requirements
	Part 1 General
	1.1 GENERAL
	.1 This Section covers items common to Electrical Divisions.
	.2 This section supplements requirements of Division 1.
	.3 Furnish labour, materials, and equipment necessary for completion of work as described in contract documents.

	1.2 INTENT
	.1 Mention herein or indication on Drawings of articles, materials, operations, or methods requires: supply of each item mentioned or indicated, of quality, or subject to qualifications noted; installation according to conditions stated: and, performance of each operation prescribed with furnishing of necessary labour, equipment, and incidentals for electrical work.
	.2 Where used, words “Section” and “Division” shall also include other Subcontractors engaged on site to perform work to make building and site complete in all respects.
	.3 Where used, word “supply” shall mean furnishing to site in location required or directed complete with accessory parts.
	.4 Where used, word “install” shall mean secured in place and connected up for operation as noted or directed.
	.5 Where used, word “provide” shall mean supply and install as each is described above.

	1.3 TENDERS
	.1 Complete Supplemental Tender Form including list of equipment and materials to be used on this project and forming part of tender documents.
	.2 Submit Supplemental Tender Form as noted.
	.3 Submit tender based on specified described equipment or Alternates listed.
	.4 State in Tender, names of all Subcontractors proposed for work under this Division.

	1.4 LIABILITY INSURANCE
	.1 This contractor must maintain and produce at the request of the consultant proof of proper insurance to fully protect the Owner, the Consultant and the Contractor from any and all claims due to accidents, misfortunes, acts of God, etc.

	1.5 DRAWINGS
	.1 Electrical Drawings do not show structural and related details. Take information involving accurate measurement of building from building drawings, or at building. Make, without additional charge, any necessary changes or additions to runs of conduits and ducts to accommodate structural conditions. Location of conduits and other equipment may be altered by the Consultant without extra charge provided change is made before installation and does not necessitate major additional material.
	.2 As work progresses and before installing fixtures and other fittings and equipment which may interfere with interior treatment and use of building, provide detail drawings or obtain directions for exact location of such equipment and fitments.
	.3 Electrical drawings are diagrammatic. Where required work is not shown or only shown diagrammatically, install same at maximum height in space to conserve head room (minimum 2200 mm (88") clear) and interfere as little as possible with free use of space through which they can pass. Conceal wiring, conduits and ducts in furred spaces, ceilings and walls unless specifically shown otherwise. Install work close to structure so furring will be small as practical.
	.4 Before commencing work, check and verify all sizes, locations, grades, elevations, levels and dimensions to ensure proper and correct installation. Verify existing/municipal services.
	.5 Locate all electrical equipment in such a manner as to facilitate easy and safe access to and maintenance and replacement of any part.
	.6 In every place where there is indicated space reserved for future or other equipment, leave such space clear, and install services so that necessary installation and connections can be made for any such apparatus. Obtain instructions whenever necessary for this purpose.
	.7 Relocate equipment and/or material installed but not co-ordinated with work of other Sections as directed, without extra charge.
	.8 Where drawings are done in metric and product not available in metric, the corresponding imperial trade size shall be utilized.

	1.6 INTERFERENCE AND COORDINATION DRAWINGS
	.1 Prepare interference and equipment placing drawings to ensure that all components will be properly accommodated within the constructed spaces provided.
	.2 Prepare drawings to indicate coordination and methods of installation of a system with other systems where their relationship is critical. Ensure that all details of equipment apparatus, and connections are coordinated.
	.3 Ensure that clearances required by jurisdictional authorities and clearances for proper maintenance are indicated on drawings.
	.4 Upon consultant’s request submit copies of interference drawings to the consultant.
	.5 Due to the nature of the building and the complexity of the building systems provide the following:
	.6 Provide CAD drawings (minimum file version AutoCAD 2013) in addition to hard copies.

	1.7 QUALITY ASSURANCE
	.1 The installations of the division must conform to the latest edition of the Electrical Safety Code as well as its supplemental bulletins and instructions.  Provide materials and labour necessary to comply with rules, regulations, and ordinances.
	.2 Complete underground systems in accordance with CSA C22.3 No. 7-94 except where specified otherwise.
	.3 Abbreviations for electrical terms: to CSA Z85-1983.
	.4 In case of differences between building codes, provincial laws, local ordinances, utility company regulations, and Contract Documents, the most stringent shall govern. Promptly notify Consultant in writing of such differences.

	1.8 ALTERNATES AND SUBSTITUTIONS
	.1 Throughout these sections are lists of “Alternate Equipment” manufacturers acceptable to Consultant if their product meets characteristics of specified described equipment.
	.2 Each bidder may elect to use “Alternate Equipment” from lists of Alternates where listed.  Include for any additional costs to suit Alternated used.  Prices are not required in Tender for Alternates listed except where specifically noted as “Separate Price”.  Complete the Supplementary Tender Form.
	.3 When two or more suppliers/manufacturers are named in the Bid Documents, only one supplier/manufacturer of the products named will be acceptable; however, it is the responsibility of this Division to ensure “Alternate Equipment” fits space allocated and gives performance specified.  If an “Alternate Equipment” unit is proposed and does not fit space allotted nor equal specified product in Consultant’s opinion, supply of specified described equipment will be required without change in Contract amount.  Only manufacturers listed will be accepted for their product listing.  All other manufacturers shall be quoted as substitution stating conditions and credit amount.
	.4 If item of material specified is unobtainable, state in Tender proposed substitute and amount added or deducted for its use.  Extra monies will not be paid for substitutions after Contract has been awarded.

	1.9 EXAMINATION
	.1 Site Reviews
	.2 Drawings:
	.3 Ensure that items to be furnished fit space available.  Make necessary field measurements to ascertain space requirements including those for connections and furnish and install equipment of size and shape so final installation shall suit true intent and meaning of Contract Documents.  If approval is received by Addendum or Change Order to use other than originally specified items, be responsible for specified capacities and for ensuring that items to be furnished will fit space available.

	1.10 SEQUENCING AND SCHEDULING
	.1 It is understood that while Drawings are to be followed as closely as circumstances permit, this Division will be held responsible for installation of systems according to the true intent and meaning of Contract Documents.  Anything not clear or in conflict will be explained by making application to Consultant.  Should conditions arise where certain changes would be advisable, secure Consultant's approval of these changes before proceeding with work.
	.2 Coordinate work of various trades in installing interrelated work.  Before installation of electrical items, make proper provision to avoid interferences in a manner approved by Consultant.  Changes required in work specified in these sections caused by neglect to do so shall be made at no cost to Owner.
	.3 Arrange fixtures, conduit, ducts, and equipment to permit ready access to junction boxes, starters, motors, control components, and to clear openings of doors and access panels.
	.4 Furnish and install inserts and supports required by these sections unless otherwise noted.  Furnish sleeves, inserts, supports, and equipment that are an integral part of other Divisions of the Work to Sections involved in sufficient time to be built into construction as the Work proceeds.  Locate these items and see that they are properly installed.  Expense resulting from improper location or installation of items above shall be borne by the electrical trade.
	.5 Adjust locations of ducts, conduits, equipment, fixtures, etc., to accommodate work from interferences anticipated and encountered.  Determine exact route and location of each conduit and duct prior to installation.

	1.11 DRAW BREAKDOWN
	.1 This Contractor MUST submit a breakdown of the tender price into classifications to the satisfaction of the Consultant, with the aggregate of the breakdown totaling the total contract amount. Each item must be broken out into material and labour costs.  Progress claims, when submitted are to be itemized against each item of the draw breakdown.  This shall be done in table form showing contract amount, amount this draw, total to date, % complete and balance.
	.2 Breakdown shall be as follows:
	.3 The breakdown must be approved by the Consultant prior to submission of the first draw.
	.4 Breakdowns not complying to the above will not be approved.
	.5 Breakdown must indicate total contract amount.
	.6 Mobilization amount may only be drawn when all required shop drawings have been reviewed by the consultant.

	1.12 SHOP DRAWINGS AND PRODUCT DATA
	.1 General
	.2 Submissions shall be submitted electronically as per the following directions:

	1.13 CARE, OPERATION AND START-UP
	.1 Instruct Consultant and operating personnel in the operation, care, and maintenance of equipment.
	.2 Arrange and pay for services of manufacturer's factory service engineer to supervise start-up of installation, check, adjust, balance, and calibrate components.
	.3 Provide these services for such period, and for as many visits as necessary to put equipment in operation and ensure that operating personnel are conversant with all aspects of its care and operation.

	1.14 VOLTAGE RATINGS
	.1 Operating voltages: to CAN3-C235-83.
	.2 Motors, electric heating, control and distribution devices and equipment to operate satisfactorily at 60 Hz within normal operating limits established by above standard.  Equipment to operate in extreme operating conditions established in above standard without damage to equipment.

	1.15 PERMITS, FEES, AND INSPECTION
	.1 A submission has been made (if required by this scope of project) by the consultant to the Electrical Safety Authority for review of this project. The payment of the required review costs will be co-ordinated by the consultant. A copy of the Electrical Safety Authority review report will be forwarded to the successful contractor for information and action.
	.2 The contractor is required to include in his tender all required inspection costs by the Electrical Safety Authority. Permit application is the responsibility of the contractor.
	.3 Reproduce drawings and specifications required by Electrical Safety Authority at no cost.
	.4 Notify Consultant of changes required by Electrical Safety Authority prior to making changes.
	.5 Furnish Certificates of Acceptance to Engineer from Electrical Safety Authority and other authorities having jurisdiction upon completion of work.
	.6 This contractor must furnish any certificates required to indicate that the work completed conforms with laws and regulations of authorities having jurisdiction.

	1.16 MATERIALS AND EQUIPMENT
	.1 Equipment and material to be CSA certified. Where there is no alternative to supplying equipment which is not CSA certified, obtain special approval from Electrical Safety Authority.
	.2 Factory assemble control panels and component assemblies.

	1.17 ELECTRIC MOTORS, EQUIPMENT, AND CONTROLS
	.1 Supplier and installer responsibility is indicated in the Equipment Wiring Schedule on electrical drawings.
	.2 Control wiring and conduit is specified in the Electrical specifications except for conduit, wiring and connections below 50 V, which are related to control systems specified in the Mechanical specifications.

	1.18 FINISHES
	.1 Shop finish metal enclosure surfaces by application of rust resistant primer inside and outside, and at least two coats of finish enamel.
	.2 Clean and touch up surfaces of shop-painted equipment scratched or marred during shipment or installation, to match original paint.
	.3 Clean and prime exposed non-galvanized hangers, racks, fastenings, and conduits etc. to prevent rusting.

	1.19 EQUIPMENT IDENTIFICATION
	.1 Identify electrical equipment with nameplates as follows:
	.2 Nameplates:
	.3 Wording on nameplates labels to be approved by Consultant prior to manufacture.
	.4 Allow for average of twenty-five (25) letters per nameplate.
	.5 Identification to be English.
	.6 Nameplates for terminal cabinets and junction boxes to indicate system and/or voltage characteristics.
	.7 Nameplates for disconnects, starters and contactors must indicate equipment being controlled and voltage.
	.8 Nameplates for transformers must indicate transformer label as indicated and capacity, primary, and secondary voltages.
	.9 Nameplates for equipment connected to emergency services are to be red in colour.

	1.20 WIRING IDENTIFICATION
	1.21 CONDUIT AND CABLE IDENTIFICATION
	.1 Colour code conduits, boxes, and metallic sheathed cables.
	.2 Code with plastic tape or paint at points where conduit or cable enters wall, ceiling, or floor, and at 15 m (45') intervals.
	.3 Colour bands must be 25 mm (1") wide.
	.4 This contractor must paint all system junction boxes and covers in conformance with the above schedule.

	1.22 PROTECTION OF OPENINGS
	.1 Protect equipment and systems openings from dirt, dust, and other foreign materials with materials appropriate to system.

	1.23 WIRING TERMINATIONS
	.1 Lugs, terminals, screws used for termination of wiring to be suitable for either copper or aluminum conductors.

	1.24 MANUFACTURERS AND CSA LABELS
	.1 All labels must be visible and legible after equipment is installed.

	1.25 WARNING SIGNS
	.1 To meet requirements of Electrical Safety Authority and Consultant.
	.2 Provide porcelain enamel signs, with a minimum size of 175 mm x 250 mm (7" x 10").

	1.26 LOCATION OF OUTLETS
	.1 Do not install outlets back-to-back in wall; allow minimum 150 mm (6") horizontal clearance between boxes.
	.2 Change location of outlets at no extra cost or credit, providing distance does not exceed 3 m (10'), and information is given before installation.
	.3 Locate light switches on latch side of doors. Locate disconnect devices in mechanical and elevator machine rooms on latch side of door.

	1.27 MOUNTING HEIGHTS
	.1 Mounting height of equipment is from finished floor to centreline of equipment unless specified or indicated otherwise. Coordinate with block coursing (if applicable).
	.2 If mounting height of equipment is not specified or indicated, verify before proceeding with installation.
	.3 Install electrical equipment at following heights unless indicated otherwise.

	1.28 LOAD BALANCE
	.1 Measure phase current to panelboards with normal loads (lighting) operating at time of acceptance. Adjust branch circuit connections as required to obtain best balance of current between phases and record changes.
	.2 Measure phase voltages at loads and adjust transformer taps to within 2% of rated voltage of equipment.
	.3 Submit, at completion of work, report listing phase and neutral currents on panelboards, dry-core transformers and motor control centres, operating under normal load.  State hour and date on which each load was measured, and voltage at time of test.

	1.29 CONDUIT AND CABLE INSTALLATION
	.1 Install conduit and sleeves prior to pouring of concrete. Sleeves through concrete shall be schedule 40 steel pipe, sized for free passage of conduit, and protruding 50 mm (2") beyond either side.
	.2 Install cables, conduits, and fittings to be embedded or plastered over, neatly and close to building structure so furring can be kept to minimum.

	1.30 FIELD QUALITY CONTROL
	.1 Conduct and pay for following tests:
	.2 Furnish manufacturer's certificate or letter confirming that entire installation as it pertains to each system has been installed to manufacturer's instructions.
	.3 Insulation resistance testing.
	.4 Carry out tests in presence of Consultant.
	.5 Provide instruments, meters, equipment, and personnel required to conduct tests during and at conclusion of project.
	.6 Submit test results for Consultant's review.

	1.31 CO-ORDINATION OF PROTECTIVE DEVICES
	.1 Ensure circuit protective devices such as overcurrent trips, relays and fuses are installed to required values and settings as indicated on drawings or as determined from co-ordination study.

	1.32 GUARANTEE AND WARRANTY
	.1 At the substantial completion stage of this project this Contractor must provide a written guarantee indicating that any defects, not due to ordinary wear and tear or improper use which occur within the first year from the date of substantial completion will be corrected at the contractor’s expense.
	.2 If the electrical sub-contractor’s office is 50 kilometers (30 miles) or more from the project site, the sub-contractor is to provide a service/warranty work agreement for warranty period with a local electrical sub-contractor approved by Consultant. Include copy of service/warranty agreement in warranty section of operation and maintenance manual.
	.3 Warranty period shall start from date of substantial completion.
	.4 Refer to individual specification sections for information on any special manufacturer’s equipment warranties.

	1.33 SYSTEM START UP
	.1 Provide consultant with written notice verifying all equipment operation and installation is complete prior to scheduled start-up period.
	.2 Start up shall be in presence of the following: owner or representative, contractor, and manufacturer’s representative. Each person shall witness and sign off each piece of equipment. Consultant’s attendance will be determined by consultant.
	.3 Arrange with all parties and provide 72 hours notice for start up procedure.
	.4 Simulate system start up and shut down and verify operation of each piece of equipment.
	.5 These tests are to demonstrate that the systems and equipment installed are operational as specified.
	.6 The contractor must describe during the start up session the required maintenance for each piece of equipment according to the manufacturer.
	.7 The contractor must provide all necessary tools (including a digital multimeter) to successfully complete the start up procedure.

	1.34 OPERATION AND MAINTENANCE MANUAL
	.1 Provide operation and maintenance data for incorporation into manual as specified in other Sections of this Division.
	.2 Operation and maintenance manual to be approved by, and final copies deposited with, Consultant before final inspection.
	.3 Each manual must include (in “tabbed” sections) the following:
	.4 Final Submittals:

	1.35 AS-BUILT DRAWINGS
	.1 Site records:
	.2 As-built drawings:

	1.36 DEMONSTRATION AND OPERATING AND MAINTENANCE INSTRUCTIONS
	.1 Supply tools, equipment and personnel to demonstrate and instruct operating and maintenance personnel in operating, controlling, adjusting, trouble-shooting and servicing of all systems and equipment during regular work hours, prior to acceptance.
	.2 Manufacturers or their representatives are to provide demonstrations and instructions.
	.3 Use operation and maintenance manual, As-built drawings, audio visual aids, etc. as part of instruction materials.
	.4 Instruction duration time requirements as specified in appropriate sections.
	.5 Where deemed necessary, Consultants may record these demonstrations on video tape for future reference.

	1.37 SUBSTANTIAL PERFORMANCE
	.1 Complete the following to the satisfaction of the consultant prior to submission of substantial performance.

	1.38 TRIAL USAGE
	.1 Consultant or owner may use equipment and systems for test purposes prior to acceptance. Supply labour, material, and instruments required for testing.

	1.39 REVISION TO CONTRACT
	.1 Provide the following for each item in a given change notice:

	1.40 EQUIPMENT SUPPORTS
	.1 Equipment supports supplied by equipment manufacturer: shall be installed by the electrical contractor.
	.2 Equipment supports not supplied by equipment manufacturer: fabricate from structural grade steel meeting requirements of - Structural Steel Section. Submit structural calculations with shop drawings if necessary.
	.3 Mount base mounted equipment on chamfered edge housekeeping pads, minimum of 100 mm (4") high and 150 mm (6") larger than equipment dimensions all around.  This installation of this pad shall be the responsibility of the electrical contractor.
	.4 This contractor shall be responsible for providing all anchor bolts and associated formed concrete bases for lighting standards as detailed.

	1.41 SLEEVES
	.1 Pipe sleeves: at points where pipes pass through masonry, concrete, or fire rated assemblies and as indicated.
	.2 Schedule 40 steel pipe.
	.3 Sleeves with annular fin continuously welded at midpoint:
	.4 Sizes: minimum 6 mm (1/4") clearance all around, between sleeve and conduit.
	.5 Terminate sleeves flush with surface of concrete and masonry walls, concrete floors on grade and 25 mm (1") above other floors.
	.6 Through foundation walls PVC sleeves are acceptable.
	.7 Fill voids around pipes:

	1.42 FIRESTOPPING
	.1 Firestopping material and installation within annular space between conduits, ducts, and adjacent fire separation.
	.2 Provide materials and systems capable of maintaining effective barrier against flame, smoke, and gases.
	.3 Comply with the requirements of CAN4-S115-M35, and do not exceed opening sized for which they have been tested.
	.4 Systems to have an F or FT rating (as applicable) not less than the fire protection rating required for closures in a fire separation.
	.5 Provide “firewrap” blanket around services penetrating firewalls. Extent of blanket must correspond to ULC recommendations. In general wrap individual conduits with approved firewrap materials on each side of firewall. Refer to architectural drawings for FT ratings. Provide 1 and/or 2 layers of firewrap with transverse and longitudinal seams overlapped and/or butted (second layer offset from first layer). Cut edges are to be sealed with aluminum foil tape. Provide 50 mm stainless steel banding at 200 mm intervals. Install firewrap to manufacturers’ recommendations for proper FT rating. Acceptable manufacturers are 3M Firemaster ductwrap or approved equal.
	.6 The firestopping materials are not to shrink, slump or sag and be free of asbestos, halogens and volatile solvents.
	.7 Firestopping materials are to consist of a component sealant applied with a conventional caulking gun and trowel.
	.8 Firestop materials are to be capable of receiving finish materials in those areas, which are exposed and scheduled to receive finishes.
	.9 Firestopping shall be inspected and approved by local authority prior to concealment or enclosure.
	.10 Install material and components in accordance with ULC certification, manufacturers instructions and local authority.
	.11 Submit product literature and installation material on firestopping in shop drawing and product data manual.
	.12 Acceptable manufacturers:
	Note:  Fire stop material must conform to requirements of local authorities having jurisdiction. Contractor to confirm prior to application and ensure material used is compatible with that used by other trades on site.
	.13 Ensure firestop manufacturer representative performs on site inspections and certifies installation. Submit inspection reports/certification at time of substantial completion.

	1.43 PAINTING
	.1 Refer to Section Interior Painting and specified elsewhere.
	.2 Apply at least one coat of corrosion resistant primer paint to ferrous supports and site fabricated work.
	.3 Prime and touch up marred finished paintwork to match original.
	.4 Restore to new condition, or replace equipment at discretion of consultant, finishes which have been damaged too extensively to be merely primed and touched up.

	1.44 ACCESS DOORS
	.1 Supply access doors to concealed electrical equipment for operating, inspecting, adjusting and servicing.
	.2 Flush mounted 600 mm x 600 mm (24" x 24") for body entry and 300 mm x 300 mm (12" x 12") for hand entry unless otherwise noted. Doors to open 180º, have rounded safety corners, concealed hinges, screwdriver latches and anchor straps.
	.3 Material:
	.4 Installation:
	.5 Acceptable materials:

	1.45 DELIVERY STORAGE & HANDLING
	.1 Follow Manufacturer's directions in delivery, storage, and protection, of equipment and materials. Contractor to include all costs associated with delivery storage and handling in tender price.
	.2 Deliver equipment and material to site and tightly cover and protect against dirt, water, and chemical or mechanical injury, but have readily accessible for inspection.  Store items subject to moisture damage (such as controls) in dry, heated space.

	1.46 REPAIR, CUTTING, CORING AND RESTORATION
	.1 Be responsible for required digging, cutting, and patching incident to work of this Division and make required repairs afterwards to satisfaction of Consultant.  Cut carefully to minimize necessity for repairs to existing work.  Do not cut beams, columns, or trusses.
	.2 Patch and repair walls, floors, ceilings, and roofs with materials of same quality and appearance as adjacent surfaces unless otherwise shown.  Surface finishes shall exactly match existing finishes of same materials.
	.3 Each Section of this Division shall bear expense of cutting, patching, repairing, and replacing of work of other Sections required because of its fault, error, tardiness, or because of damage done by it.
	.4 Cutting, patching, repairing, and replacing pavements, sidewalks, roads, and curbs to permit installation of work of this Division is responsibility of Section installing work.
	.5 Slots, cores and openings through floors, walls, ceilings, and roofs shall be provided by this contractor but performed by a trade specializing in this type of work. This Division shall see that they are properly located and do any cutting and patching caused by its neglect to do so.

	1.47 CLEANING
	.1 Clean interior and exterior of all electrical equipment provided including light fixture lenses.
	.2 In preparation for final acceptance, clean and refurbish all equipment and leave in operating condition.

	1.48 OWNER SUPPLIED EQUIPMENT
	.1 Connect to equipment supplied by the owner and make operable.

	1.49 ENCLOSURES
	.1 This contractor must ensure that all electrical equipment mounted in sprinklered areas is provided with an enclosure in conformance with the Electrical Safety Code.

	1.50 PHASING OF WORK
	This work for this project shall be constructed in phases. Refer to the architectural drawings for phasing information and details. Misinterpretation of the drawings with respect to the extent of the phasing of the work shall not relieve the contractor of the work required to complete the entire contract.



	26 01 20-22336 Commissioning and Integrated Testing of Life Safety and Fire Protection Systems
	Part 1 General
	1.1 INTENT
	.1 Life safety and fire protection systems are to be installed to comply with the provisions of the current Ontario Building and Fire Codes. As a result, testing of these integrated systems must be performed as a whole to ensure the proper operation and inter-relationship between systems (functional testing).
	.2 The testing is to provide functional verification and documented confirmation that these building systems satisfy the intent of the Building Code.
	.3 These systems as applicable to any given project include but are not limited to fire alarm, sprinkler system and associated valves, standpipe, smoke control, ventilation, and pressurization systems, door hold open devices, elevator recalls, and smoke and fire dampers.

	1.2 GENERAL
	.1 This testing process is the responsibility of the Integrated Testing Firm as a sub-contractor to the electrical trade. Electrical trade to include all costs associated with the Integrated Testing Coordinator in contract.
	.2 This process must be co-ordinated with suppliers and sub-contractors associated with these systems (mechanical and/or electrical).
	.3 This process must be co-ordinated with the project construction schedule and be completed, including all associated documentation, prior to the consultant’s certification of the project for occupancy.
	.4 All applicable contractors, sub-contractors, and suppliers are to include all required costs in their respective tender costs.
	.5 All work is to be performed in accordance with CAN/ULC S1001-2011. Special consideration is to be given to the Sample Integrated Testing Plan (ITP), the review of life safety system design documents, and the provision of test plans and reports.
	.6 The work to be performed by this contractor is also described in CAN/ULC S1001-2011.
	.7 Refer to CAN/ULC S1001-11 Rev1-2019 Informative Annex (C) for Sample Integrated Testing Plan (ITP).

	1.3 QUALITY ASSURANCE
	.1 The following criteria must be met in order to be considered an acceptable Integrated Testing Coordinator for this project:
	.2 For bidder information only, experienced Life Safety Systems Testing Firms include these listed below or local branches of the companies noted in the vicinity of this project:
	.3 Other firms to these listed above, who feel they are capable, must submit in writing, to the Consultant’s office confirmation of the items listed in the criteria above, a minimum of one week prior to tender close in order to be considered as a bidder.

	1.4 GENERAL REQUIREMENTS
	.1 The Commissioning Process shall generally encompass and co-ordinate the following key areas:

	1.5 RESPONSIBILITIES
	.1 General Contractor:
	.2 Mechanical Contractor:
	.3 Electrical Contractor:
	.4 Equipment Manufacturers:
	.5 Design Engineer:


	Part 2 Commissioning Process
	2.1 OPERATIONS AND MAINTENANCE MANUALS
	.1 Furnish Final, reviewed Operation and Maintenance Manuals to the Consultant fourteen (14) days prior to scheduled Functional Performance Tests.

	2.2 FUNCTIONAL PERFORMANCE TEST
	.1 The contractor shall be responsible for the Functional Performance Tests. These tests ensure that all equipment and systems are installed in accordance with the Specifications, Drawings, and manufacturers’ requirements.
	.2 The contractor shall be responsible for co-ordinating schedule for Functional tests of various equipment and systems.
	.3 In the Functional Test, all noted systems and sub-systems shall be checked for the following:



	26 05 19-22336 Wires and Cables
	Part 1 General
	1.1 REFERENCES
	.1 CSA C22.2 No.0.3-92, Test Methods for Electrical Wires and Cables.
	.2 CAN/CSA-C22.2 No.131-M89(R1994), Type TECK 90 Cable.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with Electrical General Requirements Section.


	Part 2 Products
	2.1 BUILDING WIRES
	.1 Conductors: stranded for 10 AWG and larger.
	.2 Minimum size: 12 AWG.
	.3 Copper conductors: size as indicated, with 600 V insulation of chemically cross-linked thermosetting polyethylene material 90°C (194ºF) rated T90 for indoor above grade installations and RW90 for below grade installations.

	2.2 TECK CABLE
	.1 Cable: to CAN/CSA-C22.2 No.131.
	.2 Conductors:
	.3 Inner jacket: polyvinyl chloride material.
	.4 Armour: aluminum.
	.5 Overall covering: polyvinyl chloride material.
	.6 Fastenings:
	.7 Connectors must be suitable for:

	2.3 ARMOURED CABLES
	.1 Conductors: insulated, copper minimum size as indicated above.
	.2 Type: AC90 (minimum size 12 AWG).
	.3 Armour: interlocking type fabricated from aluminum strip.
	.4 Connectors must be suitable for installed environment and approved for use with armoured cable.


	Part 3 Execution
	3.1 INSTALLATION OF BUILDING WIRES
	.1 Install wiring from source to load through raceways as specified.
	.2 Provide separate neutral conductors for all lighting circuits and circuits originating from surge protected panels. Size raceways accordingly.

	3.2 INSTALLATION OF TECK CABLE 0 - 1000 V
	.1 Group cables wherever possible on channels.
	.2 Terminate cables in accordance with Wire and Box Connectors - 0 - 1000 V Section.

	3.3 INSTALLATION OF ARMOURED CABLES
	.1 Group cables wherever possible.
	.2 Terminate cables in accordance with Wire and Box Connectors - 0 - 1000 V Section.
	.3 These cables are to be installed in concealed locations only.  These concealed locations are considered to be stud walls and “drops” to stud walls, lighting fixtures, and ceiling mounted devices.
	.4 These “drops’ shall not be permitted to exceed 2.4 m (8'-0").  To limit these “drops” to lengths noted above provide additional branch wiring in conduit.



	26 05 20-22336 Junction and Pull Boxes
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data for cabinets in accordance with Electrical General Requirements Section.


	Part 2 Products
	2.1 MATERIALS
	.1 Junction and pull boxes must conform to CSA C22.2 No. 40 (latest edition)

	2.2 JUNCTION AND PULL BOXES
	.1 Welded steel construction with screw-on flat covers for surface mounting.
	.2 Covers with 25 mm (1") minimum extension all around, for flush-mounted pull and junction boxes.


	Part 3 Execution
	3.1 JUNCTION AND PULL BOXES INSTALLATION
	.1 Install pull boxes in inconspicuous but accessible locations.
	.2 Install junction and pull boxes so as not to exceed 30 m (100') of conduit run between pull boxes and in conformance with the Electrical Safety Code.

	3.2 IDENTIFICATION
	.1 Provide equipment identification in accordance with General Electrical Requirements Section.
	.2 Install size 2 identification labels indicating system name, voltage, and phase.



	26 05 21-22336 Outlet Boxes, Conduit Boxes, and Fittings
	Part 1 General
	1.1 REFERENCES
	.1 Outlet boxes, conduit boxes, and fittings must conform to CSA C22.2 No. 18 (latest edition).


	Part 2 Products
	2.1 OUTLET AND CONDUIT BOXES GENERAL
	.1 Size boxes in accordance with CSA C22.1.
	.2 102 mm (4") square or larger outlet boxes as required for special devices.
	.3 Gang boxes where wiring devices are grouped.
	.4 Blank cover plates for boxes without wiring devices.
	.5 347 V outlet boxes for 347 V switching devices.
	.6 Combination boxes with barriers where outlets for more than one system are grouped.

	2.2 SHEET STEEL OUTLET BOXES
	.1 Electro-galvanized steel single and multi gang flush device boxes for flush installation, minimum size 76 mm x 50 mm x 64 mm (3" x 2" x 2½") or as indicated. 102 mm (4") square outlet boxes when more than one conduit enters one side with extension and plaster rings as required. Iberville 1104 Series.
	.2 Electro-galvanized steel utility boxes for outlets connected to surface-mounted EMT conduit in utility rooms, minimum size 102 mm x 57 mm x 38 mm (4" x 2¼" x 1½"). Iberville 1110 Series.
	.3 102 mm (4") square or octagonal outlet boxes for lighting fixture outlets.
	.4 102 mm (4") square outlet boxes with extension and plaster rings for flush mounting devices in finished tile walls.

	2.3 MASONRY BOXES
	.1 Electro-galvanized steel masonry single and multi gang boxes for devices flush mounted in exposed block walls.

	2.4 CONCRETE BOXES
	.1 Electro-galvanized sheet steel concrete type boxes for flush mount in concrete with matching extension and plaster rings as required.

	2.5 FLOOR BOXES
	.1 Flush floor boxes where indicated shall be complete with the following features:
	.2 Manufacturers:

	2.6 CONDUIT BOXES
	.1 Cast FS or FD feraloy boxes with factory-threaded hubs and mounting feet for surface wiring of switches and receptacle in areas (other than utility rooms) where surface conduit is used.

	2.7 OUTLET BOXES FOR NON-METALLIC SHEATHED CABLE
	.1 Electro-galvanized, sectional, screw ganging steel boxes, minimum size 76 mm 50 mm x 63 mm (3" x 2" x 2-1/2") with two double clamps to take non-metallic sheathed cables.

	2.8 FITTINGS- GENERAL
	.1 Bushing and connectors with nylon insulated throats.
	.2 Knock-out fillers to prevent entry of debris.
	.3 Conduit outlet bodies for conduit up to 32 mm (1- 1/4") and pull boxes for larger conduits.
	.4 Double locknuts and insulated bushings on sheet metal boxes.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Support boxes independently of connecting conduits.
	.2 Fill boxes with paper, sponges or foam or similar approved material to prevent entry of debris during construction. Remove upon completion of work.
	.3 For flush installations mount outlets flush with finished wall using plaster rings to permit wall finish to come within 6 mm (1/4") of opening.
	.4 Provide correct size of openings in boxes for conduit, mineral insulated and armoured cable connections. Reducing washers are not allowed.
	.5 Outlets if unwired are to be provided with blank coverplates to suit related sections of this specification.



	26 05 22-22336 Wire and Box Connectors - 0 - 1000 V
	Part 1 General
	1.1 REFERENCES
	.1 CSA C22.2 No.65-1956(R1965) Wire Connectors.


	Part 2 Products
	2.1 MATERIALS
	.1 Pressure type wire connectors: with current carrying parts of copper sized to fit copper conductors as indicated.
	.2 Fixture type splicing connectors: with current carrying parts of copper sized to fit copper conductors 10 AWG or less.
	.3 Clamps or connectors for armoured cable, mineral insulated cable, and flexible conduit, as required.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Remove insulation carefully from ends of conductors and:



	26 05 26-22336 Grounding Secondary
	Part 1 General
	Part 2 Products
	2.1 MATERIALS
	.1 Grounding equipment must conform to CSA C22.2 No 41 (latest edition).

	2.2 EQUIPMENT
	.1 Clamps for grounding of conductor: size as required to electrically conductive underground water pipe and electrically conductive metal gas piping.
	.2 Rod electrodes: copper clad steel 19 mm (3/4") diameter by 3 m (10') long.
	.3 Plate electrodes: galvanized steel, surface area 0.2 m2, minimum 1.6 mm thick.
	.4 Insulated grounding conductors: green with insulation type that matches specified phase conductors.  Gauge shall be in conformance with the latest edition of the Electrical Safety Code to suit required installation conditions.
	.5 Ground bus: copper, size as indicated, complete with insulated supports, fastenings, connectors.
	.6 Non-corroding accessories necessary for grounding system, type, size, material as indicated, including but not necessarily limited to:


	Part 3 Execution
	3.1 INSTALLATION GENERAL
	.1 Install complete permanent, continuous grounding system including, electrodes, conductors, connectors, accessories. Where EMT is used, run ground wire in conduit.
	.2 Install connectors in accordance with manufacturer's instructions.
	.3 Protect exposed grounding conductors from mechanical injury.
	.4 Make buried connections, and connections to conductive water main, electrodes, using copper welding by thermit process inspectable wrought copper compression connectors to ANSI/IEEE 837.
	.5 Use mechanical connectors for grounding connections to equipment provided with lugs.
	.6 Soldered joints not permitted.
	.7 Install bonding wire for flexible conduit, connected at both ends to grounding bushing, solderless lug, clamp or cup washer and screw. Neatly cleat bonding wire to exterior of flexible conduit.
	.8 Install separate ground conductor to outdoor lighting standards.
	.9 Ground pad mounted transformers as detailed on the drawings.

	3.2 ELECTRODES
	.1 Make ground connections to continuously conductive underground water pipe on street side of water meter. This shall apply to the installation or replacement of building water service.
	.2 Install water meter shunt.
	.3 Make ground connections to continuously conductive metal gas piping system.  This shall apply to installation or replacement of gas appliances, as well as installation or modification of a building gas piping system.
	.4 Corrugated metal tubing shall not be used as a bonding means for the gas piping system.
	.5 Install concrete encased electrodes in building foundation footings, with terminal connected to grounding network.
	.6 Install rod or plate electrodes and make grounding connections.
	.7 Bond separate, multiple electrodes together.
	.8 Use #2/0 copper conductors for connections to electrodes.  Size in conformance with the Electrical Safety Code.

	3.3 EQUIPMENT GROUNDING
	.1 Install grounding connections to typical equipment included in, but not necessarily limited to following list. Service equipment, transformers, switchgear, duct systems, frames of motors, motor control centres, starters, control panels, building steel work, generators, elevators and escalators, distribution panels, and outdoor lighting.

	3.4 COMMUNICATION SYSTEMS
	.1 Install grounding connections for telephone, sound, fire alarm, computer network systems as follows:

	3.5 FIELD QUALITY CONTROL
	.1 Perform tests in accordance with Electrical General Requirements Section.
	.2 Perform ground continuity and resistance tests using method appropriate to site conditions and to approval of local authority having jurisdiction over installation.
	.3 Perform tests before energizing electrical system.
	.4 Disconnect ground fault indicator during tests.



	26 05 33-22336 Conduits, Conduit Fastenings and Conduit Fittings
	Part 1 General
	1.1 REFERENCES
	.1 Canadian Standards Association (CSA)


	Part 2 Products
	2.1 CONDUITS
	.1 Epoxy coated conduit: to CSA C22.2 No.45, with zinc coating and corrosion resistant epoxy finish inside and outside.
	.2 Electrical metallic tubing (EMT) with couplings: to CSA C22.2 No.83.
	.3 Rigid PVC conduit: to CSA C22.2 No.211.2.
	.4 Flexible metal conduit: to CSA C22.2 No.56, aluminum, and liquid-tight flexible metal.
	.5 Flexible PVC conduit: to CAN/CSA C22.2 No.227.3, ENT.

	2.2 CONDUIT FASTENINGS
	.1 One hole steel straps to secure surface conduits 53 mm (2") and smaller. Two hole steel straps for conduits larger than 53 mm (2").
	.2 Beam clamps to secure conduits to exposed steel work.
	.3 Channel type supports for two or more conduits at 1.5 m (5'0") oc.
	.4 Threaded rods, 6 mm (1/4") diameter, to support suspended channels.

	2.3 CONDUIT FITTINGS
	.1 EMT fittings shall be set screw style (steel).
	.2 Flexible metal conduit fittings shall be screw-in type.
	.3 Liquid type flexible metal conduit fittings shall be sealtite type.
	.4 PVC fittings shall be PVC type complete with PVC adaptors at all boxes.
	.5 Coating: same as conduit.
	.6 Factory "ells" where 90° bends are required for 27 mm (1") and larger conduits.
	.7 Where bushings are noted to be provided they must be “screwed” type fastened to a conduit connector. Push-fit or glued in place bushings will NOT be accepted.

	2.4 FISH CORD
	.1 Nylon twine.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install conduits to conserve headroom in exposed locations and cause minimum interference in spaces through which they pass.
	.2 Conceal conduits except in mechanical/ electrical service rooms and in unfinished areas.
	.3 Use electrical metallic tubing (EMT) for all branch circuits unless specified otherwise.
	.4 Use rigid PVC conduit underground and in kitchen areas.
	.5 Use flexible metal conduit for connection to motors in dry areas, connection to recessed fixtures without a prewired outlet box, connection to surface or recessed fixtures, work in movable metal partitions.
	.6 Use liquid tight flexible metal conduit for connection to motors or vibrating equipment in damp, wet or corrosive locations and for connections to kitchen equipment.
	.7 Conduits terminating at electrical equipment in sprinklered areas are to be provided with insulated compression style connectors equal to Thomas & Betts Cat. #TC8XXSC or approved equal.
	.8 Minimum conduit size for branch circuits shall be 21 mm (3/4"). Single drops from ceiling mounted junction boxes down to a light switch or duplex receptacle may be reduced to 16 mm (½").
	.9 Bend conduit cold. Replace conduit if kinked or flattened more than 1/10th of its original diameter.
	.10 Mechanically bend steel conduit over 27 mm (1") diameter.
	.11 Install fish cord in empty conduits.
	.12 Run 2- 27 mm (1") spare conduits up to accessible ceiling space and 1- 27 mm (1") spare conduits down to accessible ceiling space below from each flush panel. Terminate these conduits in 152 mm x 152 mm x 102 mm (6" x 6" x 4") junction boxes in ceiling space.
	.13 Remove and replace blocked conduit sections. Do not use liquids to clean out conduits.
	.14 Dry conduits out before installing wire.

	3.2 SURFACE CONDUITS
	.1 Run parallel or perpendicular to building lines.
	.2 Locate conduits behind infrared or gas fired heaters with 1.5 m (5') clearance.
	.3 Run conduits in flanged portion of structural steel.
	.4 Group conduits wherever possible on suspended or surface channels.
	.5 Do not pass conduits through structural members except as indicated.
	.6 Do not locate conduits less than 75 mm (3") parallel to steam or hot water lines with minimum of 25 mm (1") at crossovers.
	.7 Do not fasten surface conduit to roof deck. Provide standoffs or supports as manufactured by Caddy or use unistrut trapeze fastened to structure.

	3.3 CONCEALED CONDUITS
	.1 Do not install horizontal runs in masonry walls.
	.2 Do not install conduits in terrazzo or concrete toppings.

	3.4 CONDUITS IN CAST-IN-PLACE CONCRETE
	.1 Locate to suit reinforcing steel. Install in centre one third of slab.
	.2 Protect conduits from damage where they stub out of concrete.
	.3 Install sleeves where conduits pass through slab or wall.
	.4 Provide oversized sleeve for conduits passing through waterproof membrane, before membrane is installed. Use cold mastic between sleeve and conduit.
	.5 Do not place conduits in slabs in which slab thickness is less than 4 times conduit diameter.
	.6 Encase conduits completely in concrete with minimum 27 mm (1") concrete cover.
	.7 Organize conduits in slab to minimize cross-overs.

	3.5 CONDUITS IN CAST-IN-PLACE SLABS ON GRADE
	.1 Run conduits 27 mm (1") and larger 300 mm (12") below slab (measured from top of slab to bottom of conduit) and encased in 78 mm (3") sand envelope.

	3.6 CONDUITS UNDERGROUND
	.1 Slope conduits to provide drainage.



	26 05 43-22336 Installation of Cables in Trenches and Ducts
	Part 1 General
	Part 2 Products
	2.1 MATERIALS
	.1 Rigid PVC ducts must conform to CSA C22.2 No. 211.0, 211.1 and 211.2 (latest edition).
	.2 Ducts and/or cables must be excavated, bedded, reinforced, encased and backfilled as per details on the drawings.

	2.2 DUCT
	.1 Ducts indicated for encasement in concrete must be type DB-2.  Ipex “Super Duct” or approved equal.
	.2 Ducts indicated for direct burial must be type SCEPTER.  Ipex “Scepter” rigid PVC duct or approved equal.

	2.3 DUCT FITTINGS
	.1 Fittings required to provide a complete continuous ductbank installation shall include but not be limited to, couplings, bell end fitting, caps, adapters, base and intermediate spacers.
	.2 Small or large angle couplings will be required where noted on the drawings.
	.3 Expansion joints are to be provided when running ducts in concrete across expansion joints and where exposed on roofs or exterior of buildings.


	Part 3 Execution
	3.1 BASIC INSTALLATION
	.1 Excavate trench along route as indicated and at a depth to suit cables and/or ducts as detailed.
	.2 If required, trench is to be pumped to maintain excavation free of water.
	.3 Import granular fill and place in bottom of trench.  Compact to provide a firm level base.
	.4 Quantity and arrangement of ducts must be provided according to drawing details.
	.5 When ducts terminate at buildings or precast bases provide bell end fittings.
	.6 When terminating a ductbank for future extension terminate each duct with a coupling.  If ducts are encased in concrete set coupling flush with end of concrete.
	.7 Attach ducts to spacers using non-metallic materials.
	.8 Provide concrete as detailed.  Pour concrete down sides of ductbank to ensure spaces around and under ducts are filled first.
	.9 Concrete must obtain 50% of its specified strength prior to backfilling.
	.10 Backfilling must be imported granular ‘A’ material.
	.11 Backfill must be placed as 150 mm (6”) compacted lifts.
	.12 Excess excavated material must be removed from site by this contractor.
	.13 Ensure ducts indicated to be installed along a curb line are installed at least 600 mm (24") from that curb line.

	3.2 DIRECT BURIAL OF DUCTS
	.1 After sand bed specified is in place, lay ducts maintaining 75 mm (3") clearance from each side of trench to nearest duct. Do not pull cable into trench.
	.2 Provide offsets for thermal action and minor earth movements. Offset ducts 150 mm (6") for each 60 m (200') run, maintaining minimum duct separation and bending radius requirements.
	.3 Underground cable splices not acceptable.
	.4 Duct separation:

	3.3 CABLE INSTALLATION IN DUCTS
	.1 Install cables as indicated in ducts.
	.2 Do not pull spliced cables inside ducts.
	.3 Install multiple cables in duct simultaneously.
	.4 Use CSA approved lubricants of type compatible with cable jacket to reduce pulling tension.
	.5 To facilitate matching of colour coded multi-conductor control cables reel off in same direction during installation.
	.6 Before pulling cable into ducts and until cables are properly terminated, seal ends of cables with moisture seal tape.
	.7 After installation of cables, seal duct ends with duct sealing compound.

	3.4 FIELD QUALITY CONTROL
	.1 Perform tests using qualified personnel. Provide necessary instruments and equipment.
	.2 Check phase rotation and identify each phase conductor of each feeder.
	.3 Check each feeder for continuity, short circuits and grounds. Ensure resistance to ground of circuits is not less than 50 mega ohms.
	.4 Pre-acceptance tests.
	.5 Provide Consultant with list of test results showing location at which each test was made, circuit tested and result of each test.
	.6 Remove and replace entire length of cable if cable fails to meet any of test criteria.
	.7 The Consultant requires a minimum of 48 hours notice to inspect at his discretion the following; ductbank excavation, bedding and duct placement, pouring and/or placement of ductbank encasement.



	26 05 74-22336 Short Circuit Coordination Study Arc Flash Hazard Analysis
	Part 1 General
	1.1 GENERAL REQUIREMENTS
	.1 The studies must be submitted to the Consultant prior to receiving final approval of the distribution equipment shop drawings and/or prior to release of equipment for manufacturing. If formal completion of the studies may cause delay in equipment manufacturing, approval from the Consultant may be obtained for a preliminary submittal of sufficient study data to ensure that the selection of device ratings and characteristics will be satisfactory.
	.2 The studies shall include all portions of the electrical distribution system from the normal power source or sources down to and including the smallest adjustable trip circuit breaker in the distribution system. Normal system connections and those, which result in maximum fault conditions, shall be adequately covered in the study.
	.3 The firm should be currently involved in high- and low-voltage power system evaluation. The study must be performed, stamped, and signed by a registered professional engineer in the Province of Ontario. Credentials of the individual(s) performing the study and background of the firm shall be submitted to the Consultant for approval prior to start of the work. A minimum of five (5) years experience in power system analysis is required for the individual in charge of the project.
	.4 The firm performing the study should demonstrate capability and experience to provide assistance during start up as required.

	1.2 DATA COLLECTION FOR THE STUDY
	.1 The Contractor shall provide the required data for preparation of the studies. The Consultant performing the system studies shall furnish the Contractor with a listing of the required data immediately after award of the contract.
	.2 The Contractor shall expedite collection of the data to assure completion of the studies as required for final approval of the distribution equipment shop drawings and/or prior to release of the equipment for manufacturing.
	.3 Data collected for the study, including correspondence with local utility, shall be included with study report.


	Part 2 Products
	2.1 SHORT CIRCUIT AND PROTECTIVE DEVICE EVALUATION AND COORDINATION STUDY
	.1 The short-circuit study shall be performed with the aid of a digital computer program and shall be in accordance with the latest applicable IEEE and ANSI standards.
	.2 In the short-circuit study, provide calculation methods and assumptions, the base per unit quantities selected, one-line diagrams, source impedance data including power company system characteristics, typical calculations, tabulations of calculation quantities and results, conclusions, and recommendations. Calculate short-circuit interrupting and momentary (when applicable) duties for an assumed 3-phase bolted fault at each supply switchgear lineup, unit substation primary and secondary terminals, low-voltage switchgear lineup, switchboard, motor control center, distribution panelboard, pertinent branch circuit panelboard, and other significant overcurrent protective device locations throughout the system. Provide a ground fault current study for the same system areas, including the associated zero sequence impedance data. Include in tabulations fault impedance, X to R ratios, asymmetry factors, motor fault contribution, short circuit kVA, and symmetrical and asymmetrical fault currents.
	.3 In the protective device coordination study, provide time-current curves graphically indicating the coordination proposed for the system, centered on conventional, full-size, log-log forms. Include with each curve sheet a complete title and one-line diagram with legend identifying the specific portion of the system covered by that particular curve sheet. Include a detailed description of each protective device identifying its type, function, manufacturer, and time-current characteristics. Tabulate recommended device tap, time dial, pickup, instantaneous, and time delay settings.
	.4 Include on the curve sheets power company relay and fuse characteristics, medium-voltage equipment protective relay and fuse characteristics, low-voltage equipment circuit breaker trip device characteristics, pertinent transformer characteristics, pertinent motor and generator characteristics, and characteristics of other system load protective devices. In addition, include all devices down to the largest branch circuit and largest feeder circuit breaker in each motor control center, and main breaker in branch panelboards.
	Include all adjustable settings for ground fault protective devices. Include manufacturing tolerance and damage bands in plotted fuse characteristics. Show transformer full load currents, transformer magnetizing inrush, ANSI transformer withstand parameters, and significant symmetrical fault currents. Terminate device characteristic curves at a point reflecting the maximum symmetrical fault current to which the device is exposed.
	.5 Select each primary protective device required for a delta-wye connected transformer so that its characteristic or operating band is within the transformer characteristics, including a point equal to 58 percent of the ANSI withstand point to provide secondary line-to-ground fault protection. Separate transformer primary protective device characteristic curves from associated secondary device characteristics by a 16 percent current margin to provide proper coordination and protection in the event of secondary line-to-line faults. Separate medium-voltage relay characteristic curves from curves for other devices by at least a 0.4-second time margin.
	.6 Include complete fault calculations as specified herein based on contract documents.
	.7 Submit qualifications of individual(s) who will perform the work for approval prior to commencement of the studies. Provide studies in conjunction with equipment submittals to verify equipment ratings required. Submit the study to Consultant for review prior to delivery of the study to the Owner. Make all additions or changes as required by the reviewer.
	.8 Utilize equipment load data for the study obtained by the Contractor from contract documents, including contract addendum’s issued prior to bid openings.
	.9 Include fault contribution of all motors in the study. Notify the Consultant in writing of circuit protective devices not properly rated for fault conditions.
	.10 When emergency generator is provided, include phase and ground coordination of the generator protective devices. Show the generator decrement curve and damage curve along with the operating characteristic of the protective devices. Contractor shall obtain the information from the generator manufacturer and include the generator actual impedance value, time constants and current boost data in the study. Do not use typical values for the generator.
	.11 Evaluate proper operation of the ground relays in 4-wire distributions with more than one main service circuit breaker, or when generators are provided, and discuss the neutral grounds and ground fault current flows during a neutral to ground fault.
	.12 For motor control circuits, show the MCC full-load current plus symmetrical and asymmetrical of the largest motor starting current and time to ensure protective devices will not trip during major or group start operation.

	2.2 ARC FLASH HAZARD ANALYSIS
	.1 The contractor shall furnish an Arc Flash Hazard Analysis Study per NFPA 70E – Standard for Electrical Safety in the Workplace, reference Article 130.3 and Annex D and CSA Z462-(latest edition).
	.2 The arc flash hazard analysis shall be performed according to the IEEE 1584 equations that are presented in NFPA70E-2004, Annex D.
	.3 When appropriate, the short circuit calculations and the clearing times of the phase overcurrent devices will be retrieved from the short-circuit and coordination study model. Alternative methods shall be presented in the proposal.
	.4 The flash protection boundary and the incident energy shall be calculated at all significant locations in the electrical distribution system (switchboards, switchgear, motor-control centers, panelboards, busway and splitters) where work could be performed on energized parts.
	.5 The Arc-Flash Hazard Analysis shall include all significant locations in 240 volt and 208 volt systems fed from transformers equal to or greater than 125 kVA.
	.6 Safe working distances shall be specified for calculated fault locations based upon the calculated arc flash boundary considering an incident energy of 1.2 cal/cm2.
	.7 The Arc Flash Hazard analysis shall include calculations for maximum and minimum contributions of fault current magnitude. The minimum calculation shall assume that the utility contribution is at a minimum and shall assume a minimum motor load. Conversely, the maximum calculation shall assume a maximum contribution from the utility and shall assume motors to be operating under full-load conditions.
	.8 Arc flash computation shall include both line and load side of main breaker calculations, where necessary.
	.9 Arc Flash calculations shall be based on actual overcurrent protective device clearing time. Maximum clearing time will be capped at 2 seconds based on IEEE 1584-latest edition section B.1.2.

	2.3 STUDY REPORT
	.1 The results of the power system study shall be summarized in a final report.  Submit report in accordance with Electrical General Requirements Section as a shop drawing.
	.2 The report shall include the following sections:


	Part 3 Execution
	3.1 POWER COMPANY APPROVAL
	.1 Copies of the final report must be submitted to the power company for their review and approval. Approved copies of the report shall be submitted to the Consultant.

	3.2 FIELD SETTINGS
	.1 The Contractor shall perform field adjustments of the protective devices as required to place the equipment in final operating condition. The settings shall be in accordance with the approved short-circuit study, protective device evaluation study, and protective device coordination study.
	.2 Necessary field settings of devices and adjustments and minor modifications to equipment to accomplish conformance with the approved short-circuit and protective device coordination study shall be carried out by the Contractor at no additional cost to the Owner.
	.3 At the completion of the project, configure settings and install equipment labels. On company letterhead, the contractor is to prepare a certification letter indicating at minimum:

	3.3 ARC FLASH WARNING LABELS
	.1 The vendor shall provide a 3.5 in. x 5 in. thermal transfer type label of high adhesion polyester for each work location analyzed.
	.2 The label shall have an orange header with the wording, “WARNING, ARC FLASH HAZARD”, and shall include the following information:
	.3 Labels shall be machine printed, with no field markings.
	.4 Arc flash labels shall be provided in the following manner and all labels shall be based on recommended overcurrent device settings.
	.5 Labels shall be field installed by the firm providing the Arc Flashing Hazard Analysis.

	3.4 SERIES RATING LABELS
	.1 Provide lamicoid labels where recommended by study. Labels for series rating with panelboards shall be indicated on feeder breaker as “SERIES RATING BREAKER”. Refer to section 26 24 16.

	3.5 ACCEPTABLE TESTING FIRMS
	.1 MVA Engineering (519) 668-4698
	.2 GT Woods (905) 272-1696
	.3 Brosz & Associates (905) 472-6660
	.4 K-Tek Electro-services Ltd. (905) 640-0660 ext. 228



	26 05 75-22336 Auxiliary Systems
	Part 1 General
	1.1 SHOP DRAWINGS
	.1 Submit shop drawings for each system in Conformance with The Electrical General Requirements Section.

	1.2 PRODUCT/MAINTENANCE DATA
	.1 Submit product/maintenance data for each system for inclusion in maintenance manual conforming to The General Electrical Requirements Section.

	1.3 SCOPE
	.1 The scope of this Section will include the following systems.


	Part 2 Products
	2.1 HAND DRYERS
	.1 Hand dryers where noted on the drawings are to be supplied and installed by this Division with the following features:

	2.2 CABLE MANAGEMENT SYSTEM
	.1 The system where noted shall be a continuous, rigid, welded steel ladder style cable management system with the following features:
	.2 The necessary hardware, including splice connectors and support components furnished by manufacturer.
	.3 The product shall be Cablofil Cat. #06-1D80-x-12.
	.4 The manufacturer shall be:
	.5 Approved equals:

	2.3 SECURITY AND ACCESS CONTROL ROUGH-IN
	.1 Provide conduit from device and outlet locations to cable management systems as noted on drawings.
	.2 Outlets if unwired are to be provided with blank coverplates to suit related sections of this specification.
	.3 Provide grounding of equipment as noted on drawings.
	.4 Security and access control systems installation shall be by Owner’s approved vendor as part of separate tender.
	.5 Refer to Telecommunication Network Installations and Security System sections for additional requirements.

	2.4 TELECOMMUNICATION NETWORK SYSTEM ROUGH-IN
	.1 Outlets where noted shall be single gang flush mounted in wall or surface raceways.
	.2 Outlets if unwired are to be provided with blank coverplates to suit related sections of this specification.
	.3 Provide a #6 insulated green ground conductor from main service ground to voice equipment backboard located on drawings.
	.4 Security and access control systems installation shall be by Owner’s approved vendor as part of separate tender.
	.5 Refer to Telecommunication Network Installations section for additional requirements.

	2.5 MISCELLANEOUS CLOCKS
	.1 Room and/or office clocks shall be surface mounted 300 mm (12”) round style, battery operated. Finish to suit Architect.
	.2 Library and general purpose room clocks shall be surface mounted 375 mm (15”) round style, battery operated. General purpose room clocks must be provided with wire guard. Finish to suit Architect.
	.3 Manufacturers shall be as follows:
	.4 Corridor digital clocks are “system style” and are specified and connected as part of the public address system.

	2.6 DESTRATIFICATION FANS AND CONTROLS
	.1 General purpose fans in the gym to be provided with the following features:
	.2 Single fan variable speed controller shall be Banvil Cat. #100P c/w colour and coverplate to suit this specification.
	.3 Multiple fan variable speed controller shall be Banvil Cat. [#105F (up to 4 fans), 150F (up to 8 fans), or 200F (up to 12 fans)] c/w colour and coverplate to suit this specification.
	.4 Approved equal:
	.5 Decorative fans as indicated are to be provided with the following features:

	2.7 PUBLIC ADDRESS SYSTEM ROUGH-IN
	.1 Provide conduit from device and outlet locations to cable management systems as noted on drawings.
	.2 Outlets if unwired are to be provided with blank coverplates to suit related sections of this specification.
	.3 Provide grounding of equipment as noted on drawings.
	.4 Public address system installation shall be by Owner’s approved vendor as part of separate tender.

	2.8 CABLE REELS
	.1 Cable reels are to be provided with the following features.

	2.9 OCCUPANCY SENSORS
	.1 Where noted on drawings the wall mounted (passive technology) occupancy sensor used in storage and service rooms shall be either:
	.2 Where noted on the drawings, the wall mounted switch style occupancy sensor used in Showers, Washrooms, Administrative Offices and Seminar/Meeting Rooms shall be a dual technology switch with either single or double relay (circuit) as noted on the drawings. Colour to suit architect.
	Note: For dual relay switches, program the sensor for 15 minute off delay, enabled walk-thru, audible alert enabled, relay 1 on mode: auto on, relay 2 on mode: manual on.
	.3 Provide other occupancy sensors to suit the detail on the drawings.
	.4 All sensors shall be set to 5 minutes “delay to off” unless otherwise directed.

	2.10 THEATRICAL LIGHTING TRACK AND FIXTURES
	.1 The stage lighting system shall consist of pre-wired receptacle channels, fixtures, fixture guards, relay panel and DMX controls.
	.2 The pre-wired receptacle channels where noted are to be supplied, in length and configuration noted, by the specified supplier and be complete with the following features:
	.3 The LED type fixtures where noted shall be complete with the following features:
	.4 Control system shall operate via DMX 512 wiring, with power controlled to receptacle channels via relay panel.  Stage lighting system supplier shall include 1 lot of DXM wiring, to be installed by electrical trade, as well as OPTO DMX splitters.
	.5 Control system shall be Strand Lighting Vision.net with the following components:
	.6 The specified system is available from:
	Scenework – Attn. Ron Foley
	67 Watson Rd. South,
	Guelph, Ontario N1L 1E3
	Note further: Proposed alternates must be submitted, a minimum of 10 days prior to tender close, to the consultant for consideration.

	2.11 SUB-METERING (CARMA) SYSTEM
	.1 Provide conduit and cabling from sub-metering device locations for electricity, gas, and water in locations as noted on drawings.
	.2 Connections shall consist of cabling provided by this trade as detailed on design drawings, in conduit as shown, and with sufficient slack conductors to be terminated by sub-metering (Carma) vendor.
	.3 Coordinate with sub-metering (Carma) vendor.
	.4 Sub-metering (Carma) system sub-meters and equipment, connections, startup and commissioning shall be by Owner’s approved vendor as part of cash allowance per Division 1 specifications.


	Part 3 Execution
	3.1 HAND DRYERS
	.1 Install and connect hand dryers in conformance with manufacturer’s recommendations.
	.2 Hand dryers are to be mounted at a height to suit age of expected users’. Unless otherwise noted confirm height with manufacturer, owner, Architect, and/or consultant prior to rough in.
	.3 Once installed this contractor is to caulk the joint between dryer and wall surface with a bead of white silicone.
	.4 Attaching cable to any t-bar support rods is not acceptable.

	3.2 CABLE MANAGEMENT SYSTEM
	.1 Install cable management system at locations indicated on the drawings and in accordance with manufacturer’s instructions.
	.2 Support system every 2.4 m (8'-0") unless system is used within a telecommunication room. In that situation support every 1.5 m (5'-0").
	.3 Cut wires in accordance with manufacturer’s instructions.
	.4 Cut wires with side action bolt cutters to ensure integrity of galvanic protective layer. Cut using side action bolt cutters (Cablofil Cat. #Coupfil).
	.5 Cut each wire with 1 clean cut to eliminate grinding or touch-up.
	.6 Install cable management system using hardware, splice connectors, support components, and accessories furnished by manufacturer.
	.7 Suspend from structure or intermediate unistrut channel spanning across the corridor where access to structure is not available due to the concentration of mechanical ductwork and/or piping.
	.8 Ground cable tray with continuous ground per O.E.S.C. and manufacturer instructions. Test to ensure minimum 5 ohms resistance.
	.9 Locate cable management system minimum 9" from EMI sources including but not limited to fluorescent lights, transformers, motors, and power cables.

	3.3 SECURITY AND ACCESS CONTROL ROUGH-IN
	.1 Outlets are to be provided for devices with conduit as detailed on drawings.
	.2 Conduits terminated into ceiling spaces must be within 1m of cable management of tray.

	3.4 TELECOMMUNICATION NETWORK SYSTEM ROUGH-IN
	.1 Install incoming service ducts and terminate as noted.
	.2 Provide backboard as noted complete with ground connection to main service ground.
	.3 Conduits terminated into ceiling spaces must be within 3m (10') of zone conduits (if applicable).
	.4 Ensure specified zone conduits are installed back to service backboard.
	.5 Outlets are to be installed complete with 25 mm (1") conduit to corridor ceiling space or nearest zone conduit (if applicable).
	.6 Provide insulated bushings on all conduits terminated in ceiling space.
	.7 A 25mm (1") conduit is to be installed from elevator machine room to voice service backboard.
	.8 Refer to Telecommunication Network Installations Section for additional requirements.

	3.5 MISCELLANEOUS CLOCKS
	.1 Ensure clocks are installed where noted complete with batteries and all necessary mounting hardware.
	.2 Set clocks to proper time of day and ensure all are operational at the time of final inspection.

	3.6 DESTRATIFICATION FANS AND CONTROLS
	.1 Ensure fans and controls are installed in conformance with manufacturer recommendations.
	.2 Where noted install wireguards to be level. Fasten wireguards to structure NOT roof deck. Provide intermediate unistrut supports to suit.
	.3 Demonstrate fan operation at the time of final inspection.
	.4 Contractor is to remove manufacturer’s label prior to installation.

	3.7 PUBLIC ADDRESS SYSTEM ROUGH-IN
	.1 Conduits terminated into ceiling spaces must be within 1m (10') of cable management tray.
	.2 Outlets are to be installed complete with 25 mm (1") conduit to corridor ceiling space or nearest cable management tray.
	.3 Provide insulated bushings on all conduits terminated in ceiling space.
	.4 Electrical contractor shall obtain speaker back boxes from School Board vender for installation into ceiling tiles, block walls, etc.

	3.8 CABLE REELS
	.1 Install as per manufacturer instructions securely to ceiling.
	.2 Install duplex receptacle adjacent and connect to circuit noted.

	3.9 OCCUPANCY SENSORS
	.1 Install power packs in accessible maintenance areas.
	.2 Provide access doors if power packs are installed above drywall ceilings.
	.3 Install sensors in gym where noted on plan at mid height of wall.
	.4 It shall be the contractor’s responsibility to locate and aim sensors in the correct location required for complete and proper coverage within the range of coverage as per the manufacturer’s recommendations. The locations and quantities of sensors shown on the drawings are diagrammatic and indicate only the rooms which are to be provided with sensors. The contractor shall provide additional sensors if required to properly and completely cover the respective rooms.
	.5 It is the contractor’s responsibility to arrange a pre-installation meeting with the manufacturer’s factory authorized representative, at the facility, to verify placement to sensors and installation criteria.
	.6 The contractor shall also provide the on-site training necessary to familiarize the owner’s personnel with the operation, use, adjustment and problem solving diagnosis of the occupancy sensing devices systems.
	.7 Upon completion of the installation, the system shall be completely commissioned by the manufacturer’s factory authorized technician who will verify all adjustments and sensor placement to ensure a trouble-free occupancy-based lighting control. Submit commissioning report with closeout documents.

	3.10 THEATRICAL LIGHTING TRACK AND FIXTURES
	.1 Provide wiring as detailed in a complete conduit system.
	.2 Contractor shall furnish all equipment, labour, system setup and other services necessary for the proper installation of the devices as indicated on the drawings and specified herein.

	3.11 SUB-METERING (CARMA) SYSTEM
	.1 Electrical contractor shall provide conduit and cabling as detailed on drawings for sub-metering (Carma) equipment and sub-meters.
	.2 Coordinate final sub-meter locations with mechanical division for gas and water sub-meters.



	26 05 76-22336 Electric Heating Systems
	Part 1 General
	1.1 REFERENCES
	.1 Heaters must conform to CSA 22.2 No.46 (latest edition).

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with the Electrical General Requirements Section.
	.2 Product data to include:

	1.3 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for all heating system components for incorporation into manual as specified in the Electrical General Requirements Section.


	Part 2 Products
	2.1 BASEBOARD CONVECTORS
	.1 Heaters shall be standard wattage density with connection box at one end. Element through-type fitted with aluminum convector vanes and resistor wire enclosed in mineral insulation in copper coated steel sheath.
	.2 Element locked to cabinet and supported at additional points throughout length to allow for linear expansion with non-metallic supports.
	.3 Cabinets shall be bottom inlet/outlet front panel 1.6 mm (3/32") thick, finished in baked enamel, (colour to suit architect).  Integral air diffusion reflector with wireway at bottom.
	.4 Blank cabinet sections where specified shall be complete with wireway in all sections including splice plates, to match heater cabinets in all respects for continuous baseboard effect as indicated.
	.5 Controls shall be (as indicated) either wall mounted remote thermostats or integral 2 pole thermostats to control load of heater specified.

	2.2 UNIT HEATERS
	.1 Unit heater shall be horizontal discharge complete with adjustable louvers finished to match cabinet.
	.2 Fan type unit heaters must be provided with built-in high-heat limit protection.
	.3 Fan motor must be permanently lubricated ball bearing type with resilient mount. Built-in fan motor thermal overload protection.
	.4 Hangers shall be as indicated on drawings.
	.5 Elements shall be mineral insulated copper coated steel sheath with aluminum brazed fins.
	.6 Cabinet shall be steel fitted with brackets for rod or wall mounting.  Phosphatized and finished with baked enamel finish to suit architect.
	.7 Controls shall be (as indicated) either wall mounted remote thermostats or integral 2 pole thermostats to control load of heater specified. Integral magnetic contactors (if specified) are to be provided to suit load.

	2.3 CABINET CONVECTOR HEATERS
	.1 Wall mounted cabinet shall be front inlet/front outlet 1.6 mm (3/32") thick front steel panel. Phosphatized and finished with baked enamel.  Finish colour to suit architect. Pre-drilled back for securing to wall.
	.2 Elements shall be mineral insulated with copper sheath and pressed-on fins, secured and free-floating for expansion.
	.3 Controls shall be (as indicated) either wall mounted remote thermostats or integral 2 pole thermostats to control load of heater specified.

	2.4 FORCED AIR WALL HEATERS
	.1 Forced air wall heaters, wall or ceiling mounted as noted complete with T-bar mounting frame. Heater shall be commercial type as follows:
	.2 Controls:

	2.5 THERMOSTATS
	.1 Line voltage thermostats in finished areas as indicated shall be complete with the following features:

	2.6 APPROVED MANUFACTURERS
	.1 Approved manufacturers shall be:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install baseboard convector heaters, blank sections, and controls. When wireway is used, remove knock-outs and insert insulating bushing between each unit. Install grounding wire to maintain ground integrity between heating, blank, and auxiliary sections.
	.2 Suspend unit heaters from ceiling or mount on wall as indicated.
	.3 Install cabinet convectors as indicated.
	.4 Install force flow heaters as indicated.

	3.2 FIELD QUALITY CONTROL
	.1 Perform tests in accordance with Electrical General Requirements Section.
	.2 Ensure that heaters and controls operate correctly.
	.3 On fan powered units:



	26 22 13-22336 Dry Type Transformers
	Part 1 General
	1.1 REFERENCES
	.1 Dry type transformers must conform to CSA C22.2 No.47 and C9 (latest edition).
	.2 Dry type transformers must conform to CSA C802 (latest edition).
	.3 Dry type transformers must be in accordance with Ontario Green Energy Act 2018 (NRCan 2018) DOE 2016.

	1.2 PRODUCT DATA
	.1 Submit product data in accordance with Electrical General Requirements Section.


	Part 2 Products
	2.1 TRANSFORMERS
	.1 Transformers to be of one manufacturer throughout project.
	.2 Ratings and characteristics shall be as indicated on riser diagrams.
	.3 Aluminum winding.
	.4 Transformers are to be ventilated dry type style with 4-2½% taps (2 F.C.B.N. and 2 F.C.A.N.)
	.5 Maximum permissible sound levels shall be as follows:
	.6 All transformers with a K factor of 4 or above must be electro-static shielded.
	.7 Transformers with a K-factor of 4 or above must include a secondary neutral bus that is sized at twice the rated secondary phase current.
	.8 Transformer enclosure shall be EEMAC/NEMA 3R ventilated complete with removable front panel.
	.9 Provide vibration isolators equal to Korfund R series, Mason ND-B, or approved equal. “Colour” of vibration isolators shall be based on weight of transformers.

	2.2 EQUIPMENT IDENTIFICATION
	.1 Provide equipment identification in accordance with Electrical General Requirements Section.
	.2 Label must indicate:

	2.3 ACCEPTABLE MANUFACTURERS:

	Part 3 Execution
	3.1 INSTALLATION
	.1 Primary and secondary feeders are to be connected using flexible conduit.
	.2 Transformers with a rating up to and including 75 KVA are permitted to be wall mounted provided mounting method is a suitably sized angle iron frame secured to structure (i.e. masonry wall, steel columns, etc. NOT metal siding).
	.3 The above rating of transformers may also be suspended from structure only on a unistrut trapeze as detailed.
	.4 Transformers above 75 KVA must be floor mounted.
	.5 Floor mounted transformers are to be mounted/secured to a concrete pad suitably sized to suit the transformer.  This pad is the responsibility of this contractor and must be provided in conformance with the standard of Division 1 specifications for poured in place concrete.
	.6 All transformers must be mounted on vibration isolators selected based on transformer weight.
	.7 Ensure adequate clearance around transformer for ventilation as per the Electrical Safety Code.
	.8 Loosen isolation pad bolts until no compression is visible.
	.9 Install transformers in level upright position.
	.10 Remove shipping supports only after transformer is installed and just before putting into service.
	.11 Make primary and secondary connections in accordance with wiring diagram.
	.12 Energize transformers after installation is complete.



	26 24 13-22336 Service Entrance Board
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with Electrical General Requirements Section.
	.2 Indicate on shop drawings.

	1.2 MAINTENANCE DATA
	.1 Provide maintenance data for service entrance board for incorporation into manual specified in the Electrical General Requirements Section.
	.2 Submit 5 copies of maintenance data for complete assembly including components.

	1.3 MAINTENANCE MATERIALS
	.1 Include:

	1.4 SOURCE QUALITY CONTROL
	.1 Consultant to witness final factory tests if requested.
	.2 Notify Consultant in writing 5 days in advance that service entrance board is ready for testing.
	.3 Submit 5 copies of certified test results.


	Part 2 Products
	2.1 SERVICE ENTRANCE BOARD
	.1 Service entrance board must conform to CSA C222 No. 31 (latest edition).
	.2 Rating: 600V, 3 phase, 4 wire, 600A, short circuit current (kA rms symmetrical as noted on distribution riser).
	.3 Cubicles: wall-mounted/free standing, dead front, size as indicated, hinged access panels with captive knurled thumbscrews (front access only), EEMAC2 rating (sprinkler hood).
	.4 Main section to contain:
	Breakers as noted complete with kA interrupting capacity to match mains.
	Barriered section for supply authority metering components.
	Digital metering unit as specified.
	NOTE: Refer to Moulded Case Circuit Breakers section for specifications regarding the required breakers.
	.5 Distribution section to contain breakers as noted complete with kA interrupting capacity to match mains.
	NOTE: Refer to Moulded Case Circuit Breakers section for specifications regarding the required breakers.
	.6 Bus bars and main connections: copper.
	.7 Bus bars from load terminals of main device through metering section to distribution section.
	.8 Bus bars are to have identified colour coded phases.

	2.2 GROUNDING
	.1 Aluminum ground bus extending full width of cubicles and located at bottom.
	.2 Lugs at each end for grounding cable. Contractor to size lug.

	2.3 POWER SUPPLY AUTHORITY METERING
	.1 Separate compartment and rigid metal raceway for exclusive use of power supply authority metering.
	.2 Mounting accessories and wiring for metering supplied by power supply authority:

	2.4 FINISHES
	.1 Apply finishes in accordance with the Electrical General Requirements Section.

	2.5 EQUIPMENT IDENTIFICATION
	.1 Provide equipment identification in accordance with Electrical General Requirements Section.
	.2 Nameplates:

	2.6 ACCEPTABLE PRODUCTS
	.1 Quick Ship
	.2 Maximum 2000A
	.3 Digital Metering Units
	.4 Digital metering units shall be complete with MOD BUS (BACnet) communication module for interface of monitored parameters to BAS. Coordinate output with BAS contractor.
	.5 Manufacturer is to include for representative to visit the site to fully commission the meter.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Locate service entrance board and fasten to wall/housekeeping pad.
	.2 Connect main secondary service to line terminals of main device.
	.3 Connect load terminals of distribution devices to feeders.
	.4 Check factory made connections for mechanical security and electrical continuity.
	.5 Run grounding conductors from ground bus to building ground to suit the Electrical Safety Code.
	.6 Check trip unit settings against co-ordination study to ensure proper working and protection of components.
	.7 Co-ordinate with local supply authority and board manufacturer for shipment and installation of metering components at board manufacture’s fabrication plant.



	26 24 16-22336 Panelboards
	Part 1 General
	1.1 PRODUCT DATA
	.1 Submit product data in accordance with Electrical General Requirements Section.
	.2 Drawings to include electrical detail of panel, branch breaker type, quantity, ampacity, and enclosure dimension.


	Part 2 Products
	2.1 PANELBOARDS
	.1 Panel boards must conform to CSA C22.2 No. 29 (latest edition).
	.2 Panelboards: product of one manufacturer.
	.3 Install circuit breakers in panelboards before shipment.
	.4 In addition to CSA requirements manufacturer's nameplate must show fault current that panel including breakers has been built to withstand.  Series rating is acceptable – submit information with shop drawings. Provide lamicoid label on feeder breaker. Lamicoid label to state “Series Rating Breaker.” Lamicoid label to be size 2.
	.5 Bus and breakers must be rated for symmetrical interrupting capacity r as indicated.
	.6 Sequence phase bussing with odd numbered breakers on left and even on right, with each breaker identified by permanent number identification as to circuit number and phase.
	.7 Panelboard mains, number of circuits, and number and size of branch circuit breakers as indicated.
	.8 Two keys for each panelboard and key panelboards alike.
	.9 Copper bus with neutral of same ampere rating as mains.
	.10 Mains must be suitable for bolt-on breakers. Provide main (if applicable) and branch breakers as bolt-on style.
	.11 Trim with concealed front bolts and hinges.
	.12 Trim and door finish must be baked grey enamel.
	.13 All panels regardless of voltage and amperage must be provided with a lockable door.
	.14 Branch circuit panelboards (250 AMP or smaller) must be one of the following:
	.15 Branch circuit panelboards indicated to be complete with an external surge protective device shall include a suitably sized branch circuit breaker for the surge protective device as noted on panel schedule, and per surge protective device manufacturer recommendations.  Surge protective device shall be provided as specified in section 26 43 13, unless noted otherwise.
	.16 Power distribution circuit breaker panelboards (400 AMP or larger) must be one of the following:

	2.2 BREAKERS
	.1 Breakers: to Moulded Case Circuit Breakers Section.
	.2 Breakers with thermal and magnetic tripping in panelboards except as indicated otherwise.
	.3 Main breaker (as specified) must be separately mounted on top or bottom of panel to suit cable entry. When mounted vertically, down position should open breaker.
	.4 Lock-on devices for fire alarm, stairway, exit and night light circuits.

	2.3 EQUIPMENT IDENTIFICATION
	.1 Provide equipment identification in accordance with Electrical General Requirements Section.
	.2 Nameplate for each panelboard size 4 engraved description as indicated. In finished areas install label on inside of panel, and in service areas install label on exterior of panel.
	.3 Nameplate for each circuit in distribution panelboards size 2 engraved “name of load” as indicated.
	.4 Complete circuit directory with typewritten legend showing location of each circuit. Include a copy of the directories in the maintenance manuals.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Locate panelboards as indicated and mount securely, plumb, true and square, to adjoining surfaces.
	.2 Install surface mounted panelboards direct mount on wall. In any locations where the panel is being installed on non-block wall, install on plywood backboards. Where practical, group panelboards on common backboard.  Plywood shall be 21mm (3/4”) fire rated or painted with intumescent fire block paint having a minimum of 1h rating, unless noted otherwise.
	.3 Mount panelboards to height specified in Electrical General Requirements Section or as indicated.
	.4 Connect loads to circuits.
	.5 Connect neutral conductors to common neutral bus.
	.6 Mount external surge protective devices as close as possible to panelboard and associated branch breaker to minimize lead lengths and per manufacturers recommendations.  Provide modified panel trim for flush mount applications as required to suit.
	.7 Install series rating lamicoids adjacent to all breakers utilized to achieve series ratings.



	26 24 17-22336 Moulded Case Circuit Breakers
	Part 1 General
	1.1 PRODUCT DATA
	.1 Submit product data in accordance with Electrical General Requirements Section.


	Part 2 Products
	2.1 BREAKERS GENERAL
	.1 Moulded case circuit breakers must conform to CSA C22.1 No.5.1-M91 (latest edition.)
	.2 Bolt-on moulded case circuit breaker quick-make, quick-break type, for manual and automatic operation.
	.3 Common-trip breakers: with single handle for multi-pole applications.
	.4 Unless otherwise indicated moulded case circuit breaker to operate automatically by means of thermal and magnetic tripping devices to provide inverse time current tripping and instantaneous tripping for short circuit protection.
	.5 Moulded case circuit breakers 250 Amps and above are to operate by means of a solid-state trip unit with associated current monitors and self-powered shunt trip to provide inverse time current trip under overload condition, and long time, short time, instantaneous tripping for phase and ground fault short circuit protection (if indicated or applicable by the Electrical Safety Code versus the breaker amperage). Unless otherwise specified, complete system selective co-ordination shall be provided by the individually adjustable time/current curve shaping elements as following:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install circuit breakers as indicated complete with all necessary mounting hardware and filler panels if necessary.
	.2 Provie lamicoid labels for series rating breakers. Lamicoid label to state “Series Rating Breaker.” Lamicoid to be size 2.



	26 24 19-22336 Motor Control Centre
	Part 1 General
	1.1 REFERENCES
	.1 CAN/CSA-Q9000-92, Quality Management and Quality Assurance Standards – Guidelines for Selection and Use.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings in accordance with Electrical General Requirements Section.
	.2 Indicate:

	1.3 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for motor control centre for incorporation into manual specified in Electrical General Requirements Section.
	.2 Include data for each type and style of starter.

	1.4 MAINTENANCE MATERIALS
	.1 Include:

	1.5 SOURCE QUALITY CONTROL
	.1 Provide manufacturer's type test certificates including short circuit fault damage certification up to short circuit values specified under bus bracing.
	.2 Consultant (at his discretion) to witness standard factory testing of complete motor control centre including operation of switches, circuit breakers, starters and controls.
	.3 Manufacturer to provide proof of quality control program in accordance with CAN/CSA-Q9000.


	Part 2 Products
	2.1 SUPPLY CHARACTERISTICS
	.1 600V, 400 A, 60 Hz, 3 phase, 4 wire, grounded.
	NOTE: Provide MCC with bus to suit neutral feed conductor.

	2.2 GENERAL DESCRIPTION
	.1 Compartmentalized vertical sections with common power busbars.
	.2 Floor mounting, free standing, enclosed dead front.
	.3 Indoor EEMAC enclosure (sprinklerhood).
	.4 Class I Type B.

	2.3 VERTICAL SECTION CONSTRUCTION
	.1 Independent vertical sections fabricated from rolled flat steel sheets bolted together to form rigid, completely enclosed assembly.
	.2 Each vertical section divided into compartment units as indicated.
	.3 Each unit to have complete top and bottom steel plate for isolation between units.
	.4 Horizontal wireways, equipped with cable supports, across top and bottom, extending full width of motor control centre, isolated from busbars by steel barriers.
	.5 Vertical wireways complete with doors for load and control conductors extending full height of vertical sections, and equipped with cable tie supports.  Installation wiring to units accessible with doors open and units in place.
	.6 Openings, with removable coverplates, in side of vertical sections for horizontal wiring between sections.
	.7 Incoming cables to enter as indicated.
	.8 Provision for outgoing cables to exit via top or bottom by way of terminals.
	.9 Removable lifting means.
	.10 Provision for future extension of both ends of motor control centre including busbars without need for further drilling, cutting or preparation in field.
	.11 Divide assembly for shipment to site complete with hardware and instructions for re-assembly.

	2.4 SILLS
	.1 Continuous 100 mm (4") channel iron floor sills for mounting bases with 19 mm (3/4") diameter holes for bolts.

	2.5 BUSBARS
	.1 Main horizontal and branch vertical, three phase and neutral high conductivity copper busbars in separate compartment self-cooled, extending entire width and height of motor control centre, supported on insulators, and rated:
	.2 Branch vertical busbars for distribution of power to units in vertical sections.
	.3 No other cables, wires, equipment in main and branch busbar compartments.
	.4 Brace buswork to withstand effects of short-circuit current of rms symmetrical rating as noted on the drawings.
	.5 Bus supports: with high dielectric strength, low moisture absorption, high impact material and long creepage surface designed to discourage collection of dust.

	2.6 GROUND BUS
	.1 Copper ground bus extending entire width of motor control centre.
	.2 Vertical ground bus strap, full height of section, tied to horizontal ground bus, engaged by plug-in unit ground slab.

	2.7 MOTOR STARTERS AND DEVICES
	.1 Magnetic and combination magnetic starters of size, type, rating and enclosure type as indicated with components as follows:
	.2 Accessories:
	.3 All starters and devices must be capable of interrupting a fault current as noted on the drawings.
	.4 Provide NEMA style starters only. IEC starters or half size starters will not be accepted.
	.5 Each starter shall be equipped with a fusible switch, a fused control power transformer, two (2) indicating lights, control device as per the Equipment Wiring Schedule, two (2)-N/O and two (2)-N/C contacts (including spares), unless otherwise scheduled on the drawings. Device panel to have space to accommodate six oil-tite pilot-control devices or indicating ammeters, voltmeters, or elapsed time meters.
	.6 Individual feeder and starter disconnect switches shall be quick-make, quick-break gang operated type utilizing Class J fuse clips. The fused switch shall have a 200, 000 AIC at rated voltage.

	2.8 STARTER UNIT COMPARTMENT
	.1 Units EEMAC size 5 and smaller shall be combination starter style complete with self-disconnect. Guide rail supports for units to ensure that stabs make positive contact with vertical bus. Provision for units to be installed or removed, off load, while buses energized.
	.2 Unit mounting:
	.3 External operating handle of circuit switch interlocked with door to prevent door opening with switch in "on" position.  Provision for three (3) padlocks to lock operating handle in "off" position and lock door closed.
	.4 Hinge unit doors on same side.
	.5 Overload relays manually reset from front with door closed.
	.6 Pushbuttons and indicating lights mounted on door front as scheduled.
	.7 Devices and components by one manufacturer to facilitate maintenance.
	.8 Pull-apart terminal blocks for power and control to allow removal of starter units without removal of field wiring.

	2.9 WIRING IDENTIFICATION
	.1 Provide wiring identification in accordance with Electrical General Requirements Section.

	2.10 EQUIPMENT IDENTIFICATION
	.1 Provide equipment identification in accordance with Electrical General Requirements Section.

	2.11 FINISHES
	.1 Paint motor control centre exterior light grey and interiors white.

	2.12 ACCEPTABLE MANUFACTURERS
	.1 Acceptable manufacturers shall include:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Set and secure motor control centre in place on channel bases, rigid, plumb, and square to building floor and wall.
	.2 Make field power and control connections as indicated.
	.3 Ensure correct overload heater elements are installed.

	3.2 FIELD QUALITY CONTROL
	.1 Perform tests in accordance with Electrical General Requirements Section.
	.2 Ensure moving and working parts are lubricated where required.
	.3 Operate starters in sequence to prove satisfactory performance of motor control centre during 8-h period.



	26 27 26-22336 Wiring Devices
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings and product data in accordance with Electrical General Requirements Section.


	Part 2 Products
	2.1 SWITCHES
	.1 General purpose AC switches must conform to CSA C22.2 No. 111 (latest edition).
	.2 15 or 20 A, 120 V, single pole, three-way, four-way, keyed, or motor rated switches complete with pilot light.
	.3 Manually-operated general purpose ac switches with following features:
	.4 Toggle operated fully rated for tungsten filament and fluorescent lamps, and up to 80% of rated capacity of motor loads.
	.5 Switches of one manufacturer throughout project.
	.6 Acceptable materials:
	single pole: Hubbell Cat # HBL1201 [HBL2101 (decora)] Series
	three way:  Hubbell Cat # HBL1203 [HBL2103 (decora)] Series
	four way: Hubbell Cat # HBL1204 [HBL2124 (decora)] Series
	Keyed:  Hubbell Cat. #HBL1221 Series complete with 2 keys per switch
	(Keys):  Hubbell Cat. #HBL1209
	Motor rated: Hubbell Cat. #HBL1221PL [HBL2121 PL (decora)] c/w pilot light (20 A):
	.7 Acceptable alternate manufacturers include:

	2.2 RECEPTACLES
	.1 Receptacles, plugs, and other similar wiring devices must conform to CSA 22.2 No 42 (latest edition).
	.2 Duplex receptacles, CSA type 5-15 R, 125 V, 15 A, U ground, with following features (20A where noted):
	.3 Other receptacles with ampacity and voltage as indicated.
	.4 Receptacles of one manufacturer throughout project.
	.5 Acceptable materials:
	.6 Acceptable alternate manufacturers include:

	2.3 COVER PLATES
	.1 Cover plates from one manufacturer throughout project.
	.2 Sheet steel utility box cover for wiring devices installed in surface-mounted utility boxes.
	.3 Stainless steel, brushed, 1 mm (1/32") thick cover plates for wiring devices mounted in flush-mounted outlet box.
	.4 Sheet metal cover plates for wiring devices mounted in surface-mounted FS or FD type conduit boxes.
	.5 Weatherproof cover plates complete with gaskets and “heavy-duty in use” covers in conformance with the Electrical Safety Authority. Provide product equal to Intermatic Cat. #WP5100C.
	.6 Where noted on plans for exterior weatherproof GFCI receptacles at grade, provide extra-duty single gang horizontal die cast receptacle covers. NEMA 3R rated complete with lockable hasp and reinforced hinge. Suitable for use with 12-gauge cord sets. Intermatic Cat. # WP1010HMXD or equal.

	2.4 DIMMER CONTROL
	.1 Dimmers are to be provided complete with the following features:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Switches:
	.2 Receptacles:
	.3 Cover plates:
	.4 Dimmer:



	26 28 13-22336 Fuses - Low Voltage
	Part 1 General
	1.1 REFERENCES
	.1 Canadian Standards Association (CSA)

	1.2 MAINTENANCE MATERIAL
	.1 Three spare fuses of each type and size installed.

	1.3 DELIVERY AND STORAGE
	.1 Ship fuses in original containers.
	.2 Store fuses in original containers in moisture free location.


	Part 2 Products
	2.1 FUSES GENERAL
	.1 Fuses: product of one manufacturer for entire project.
	.2 Fuses specified below must conform to CSA C22.2 No. 106 (latest edition).  Fuses conforming to standard C22.2 No. 106-1953 will be rejected.
	.3 Fuses must provide a fully co-ordinated system for both overload and fault conditions.

	2.2 FUSE TYPES
	.1 Class L fuses (formerly HRC-L ) for ratings 601-6000 A..
	.2 Class J fuses (formerly HRCI- J).
	.3 Class R fuses (formerly HRCI- R). For UL Class RK1 fuses, peak let-through current and I²t values not to exceed limits of UL 198E-1982, table 10.2.

	2.3 ACCEPTABLE PRODUCTS
	.1 Service Entrance:
	1-600 A: Mersen Type CJ
	601-6000 A: Mersen Type CL
	.2 Motor Protection:
	1-600 A: Mersen Type AJT
	601-2000 A:  Mersen Type A4BT
	.3 Other acceptable manufacturers:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install fuses in mounting devices immediately before energizing circuit.
	.2 Ensure correct fuses fitted to physically matched mounting devices.
	.3 Ensure correct fuses fitted to assigned electrical circuit.



	26 28 16-22336 Disconnect Switches
	Part 1 General
	1.1 PRODUCT DATA
	.1 Submit product data in accordance with Electrical General Requirements Section.


	Part 2 Products
	2.1 DISCONNECT SWITCHES
	.1 Enclosed manual air break switches must conform to CSA C22.1 No.4 (latest edition).
	.2 Fuseholder assemblies must conform to CSA C22.2 No.39 (latest edition).
	.3 Fusible, and/or non-fusible, horsepower rated disconnect switches, size as indicated.
	.4 Provision for padlocking in off switch position by three locks.
	.5 Mechanically interlocked door to prevent opening when handle in ON position.
	.6 Fuses: size as indicated, to Fuses - Low Voltage Section.
	.7 Fuseholders: relocatable and suitable without adaptors, for type and size of fuse indicated.
	.8 Quick-make, quick-break action.
	.9 ON-OFF switch position indication on switch enclosure cover.
	.10 Disconnects feeding elevator controllers must be equipped with two auxiliary contacts approved by the elevator supplier.
	.11 Service entrance rated with fault bracing and fusing as required.

	2.2 EQUIPMENT IDENTIFICATION
	.1 Provide equipment identification in accordance with Electrical General Requirements Section.
	.2 Indicate name of load controlled on size 4 nameplate.

	2.3 ACCEPTABLE MANUFACTURERS
	Manufacturer General Purpose Weather Proof
	Eaton IHD Series 3HD Series
	Schneider Electric Type A Series Type R Series
	Siemens ID Series NFR/FR Series


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install disconnect switches complete with fuses if applicable.
	.2 Connect auxiliary contacts to elevator controller using conduit, wire and route approved by the elevator supplier.



	26 29 13-22336 Starters and Contactors
	Part 1 General
	1.1 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings in accordance with Electrical General Requirements Section.
	.2 Indicate:

	1.2 OPERATION AND MAINTENANCE DATA
	.1 Provide operation and maintenance data for incorporation into manual specified in Electrical General Requirements Section.
	.2 Include operation and maintenance data for each type and style of starter/contactor.

	1.3 MAINTENANCE MATERIALS
	.1 Provide maintenance materials in accordance with Electrical General Requirements Section.
	.2 Provide listed spare parts for each different size and type of starter:


	Part 2 Products
	2.1 MATERIALS
	.1 Starters: must conform to CSAC22.2 No. 14 (latest edition) and EEMAC E14-1.
	.2 Control transformers must conform to CSAC22.2 No. 66 (latest edition).
	.3 Auto-transformers must conform to CSAC22.2 No 47 (latest edition).
	.4 Contactors must conform to CSA C22.2 No. 14 (latest edition).
	.5 Half size starters will not be accepted. NEMA and IEC rated starters are acceptable.

	2.2 MANUAL MOTOR STARTERS
	.1 Single and Three phase manual motor starters of size, type, rating, and enclosure type as indicated, with components as follows:

	2.3 FULL VOLTAGE MAGNETIC STARTERS
	.1 Magnetic and combination magnetic starters of size, type, rating, and enclosure type as indicated with components as follows:
	.2 Combination type starters to include fused disconnect switch with operating lever on outside of enclosure to control disconnect, and provision for:
	.3 Accessories:

	2.4 CONTROL TRANSFORMER
	.1 Single phase, dry type, control transformer with primary voltage as indicated and secondary voltage to suit remote control device, complete with secondary fuse, installed in with starter as indicated.
	.2 Size control transformer for control circuit load plus 20% spare capacity.

	2.5 CONTACTORS
	.1 Electrically held and controlled by pilot devices as indicated and rated for type of load controlled.
	.2 Complete with 2 normally open and 2 normally closed auxiliary contacts unless indicated otherwise.
	.3 Mount in CSA Enclosure 1 unless otherwise indicated.
	.4 Include following options in cover:
	.5 Control transformer: mounted in contactor enclosure.
	.6 Contactors must be definite purpose.

	2.6 FINISHES
	.1 Apply finishes to enclosure in accordance with Electrical General Requirements Section.

	2.7 EQUIPMENT IDENTIFICATION
	.1 Provide equipment identification in accordance with Electrical General Requirements Section.
	.2 Manual starter designation label: black plate, white letters, size 1, engraved as indicated.
	.3 Magnetic starter designation label: black plate, white letters, size 2, engraved as indicated.
	.4 Contactor designation label:
	black plate, white letters, size 4, indicating name of load controlled.

	2.8 ACCEPTABLE MANUFACTURERS
	.1 The acceptable manufacturers are as follows:


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install starters, connect power and control as indicated.
	.2 Ensure correct fuses and overload devices elements installed.

	3.2 FIELD QUALITY CONTROL
	.1 Perform tests in accordance with Electrical General Requirements Section.
	.2 Operate switches, contactors to verify correct functioning.
	.3 Perform starting and stopping sequences of contactors and relays.
	.4 Check that sequence controls, interlocking with other separate related starters, equipment, control devices, operate as indicated.
	.5 Install contactors and connect auxiliary control devices.



	26 43 13-22336 Surge Protection Devices
	Part 1 General
	1.1 SUMMARY
	.1 The specifications in this section describe the electrical and mechanical requirements for a protection system provided by high-energy transient voltage surge suppressors.  The specified system shall provide effective, high-energy surge current diversion and be suitable for application in ANSI/IEEE C62.4.1.1 Category A, B and C environments (as tested by ANSI/IEEE C62).

	1.2 STANDARDS
	.1 The specified system shall be designed, manufactured, tested, and installed in compliance with the following codes and standards:

	1.3 ENVIRONMENTAL REQUIREMENTS
	.1 The operating temperature range shall be -40° to 70° C (-40° to 160° F).
	.2 No appreciable magnetic fields shall be generated.

	1.4 SUBMITTALS
	.1 Product Data:  Provide catalog sheets showing voltage, physical size, IEEE let through voltage for each waveform listed, UL1449 latest revision, latest edition, suppressed voltage ratings, dimensions showing construction, lifting and support points, enclosure details, per mode and per phase peak surge current, modes of discrete suppression circuitry, warranty period and replacement terms, conductor size, conductor type and lead length.
	.2 Submit product data for all components and accessories per section 26 01 16 ‘Electrical General Requirements’.
	.3 Manufacturer’s Installation Instructions:  Indicate application conditions and limitations of use stipulated by product testing agency specified under Regulatory Requirements.  Include instructions for storage, handling, protection, examination, preparation, installation, and starting of product.  Indicate maximum size of circuit breaker or fuse to be connected for each unit.
	.4 List and detail all protection systems such as fuses, disconnecting means and protective features.
	.5 Provide verification that the SPD device complies with the required UL1449 latest edition, latest revision, and CSA approvals.
	.6 Provide actual let through voltage test data in the form of oscillograph results for the ANSI/IEEE C62.41 Category C3 & C1 (combination wave) and A1 (ringwave) tested in accordance with ANSI/IEEE C62.45.
	.7 Provide spectrum analysis of each unit based on MIL-STD-220A test procedures between 10 kHz and 100 kHz verifying the devices noise attenuation equals or exceeds 40 dB at 100 kHz.
	.8 Provide test report from a recognized independent testing laboratory verifying the suppressor components can survive published surge current rating on a per mode basis using the IEEE C 62.41, 8x20 microsecond current wave.  Test data must be on a complete SPD with internal fusing in place.  Test data on an individual module is not acceptable.

	1.5 QUALITY ASSURANCE AND WARRANTY
	.1 The panel mounted SPD and supporting components shall be guaranteed by the manufacturer to be free of defects in material and workmanship for a period of thirty (30) years from the date of substantial completion of service and activation of the system to which the suppressor is attached.  Additionally, during the applicable warranty period, any SPD which fails due to any electrical anomaly, including lightning, shall be repaired or replaced by the manufacturer without charge.  Special or optional warranties in excess of the unit’s standard warranty for purposes of this bid are not acceptable.
	.2 The warranty must specifically provide for unlimited free replacements of the SPD in the event of failure caused by the effects of lightning and all other electrical anomalies.  The warranty shall cover the entire device, not just various components, such as modules only. Special warranties for the purpose of this bid are not allowed.
	.3 If the SPD units supplied do not meet the specifications as written, contractor will remove units and re-install approved SPD units to the satisfaction of the consultant. Contractor will be responsible for any and all costs associated with re-installation.


	Part 2 Products
	2.1 PERFORMANCE
	.1 The SPD shall be listed by ETL, UL, or other nationally recognized test laboratory to UL’s 1283 and UL’s 1449 standards (latest edition), and not merely the components or modules.  All SPD’s shall be Type 1 for use in Type 1 and Type 2 locations.
	.2 The SPD shall protect all modes L-G, L-N, L-L, and N-G, have discrete suppression circuitry in L-G, L-N and N-G, and have bidirectional, positive and negative impulse protection.  Line-to-neutral-to-ground protection is not acceptable where line-to-ground is specified, and accordingly reduced mode units with suppression circuitry built into only 4 modes are not acceptable. In delta systems, line-to-ground-to-line protection is not acceptable where line-to-line is specified.
	.3 Obtain all surge suppression devices through one source from a single manufacturer.
	.4 The maximum continuous operating voltage (MCOV) of all components shall not be less than 125% for a 120V system and 120% for 208 systems, and 115% for 347 and 600V systems.
	.5 All SPD’s shall be equipped with a comprehensive monitoring system which shall include a visual LCD panel display providing information on unit status and phase loss/protection loss.
	.6 Each design configuration shall have the maximum single pulse surge current capacity per mode verified through testing at an independent, nationally recognized test laboratory.  The manufacturer must submit a test report on a unit which was tested with internal over current fusing in place.  The test shall include a UL1449 Second Edition surge defined as a 1.2 X 50 µsec 6000V open circuit voltage waveform and an 8 X 20 µsec 500A short circuit current waveform to benchmark the unit’s suppression voltage, followed by a single pulse surge of maximum rated surge current magnitude with an approximated 8 X 20 µsec waveform.  To complete the test, another UL1449 surge shall be applied to verify the unit’s survival.  Compliance is achieved if the suppression voltage found from the two UL1449 surges does not vary by more than +10%.  Test data on an individual module is not acceptable.
	.7 SPD manufacturer shall be Total Protection Solutions Canada, as provided by Innosys Power Inc. and represented by Medgar LCI (Contact Scott McGregor, Ph: 519-500-7120).

	2.2 SERVICE ENTRANCE PROTECTION
	.1 The SPD for this location shall be as indicated on project drawings.  SPD shall be separate from panelboard.  Integral SPD shall not be acceptable.  SPD’s shall be certified to UL1283 and UL 1449 (latest edition). Type 1 for use in Type 1 or Type 2 locations.  All SPD units shall be RoHS compliant.
	Medium to High Exposure: 1200 to 2000 amps  Service entrance panels shall be protected by a 300Ka Total Protection Solutions panel mounted SPD, model TK-ST300-3Y600-L for 347/600 wye (4W+G) volt panels and model TK-ST300-3Y208-L for 120/208 wye (4W+G) volt panels.
	.2 The manufacturer shall provide written specifications showing let-through voltage of the unit with six inches of lead length (at the module or at the lug data is not acceptable as it does not represent true "as installed" performance) pursuant to ANSI/IEEE C62.41 and C62.45, 2002, categories C1and C3 bi-wave, 90 degree phase angle, positive polarity, measurements in peak voltage from the zero reference, all dynamic tests except N-G, and UL suppressed voltage ratings, all of which shall be no higher than:
	.3 The unit shall have a peak surge current of no less than 200kA/mode, 8 X 20 us waveform, single impulse, independently verified.
	.4 Internal Fusing - Over current Protection
	.5 The suppressor shall include Form C dry contacts (N.O. or N.C.) for remote monitoring capability, and shall have at minimum a EEMAC 2 steel enclosure.
	.6 The SPD shall have an internal audible alarm with mute on front cover.
	.7 SPD’s for service entrance locations shall have a transient event counter with LCD panel display and reset button on the front cover.
	.8 When SPD lead lengths exceed four (4) feet, low impedance cable (LIC) supplied by the SPD manufacturer shall be utilized. LIC shall have effective lead impedance min. 75% less than standard cable, and shall have nominal impedance, capacitance and inductance values that do not exceed the following:
	Nominal Impedance (@10kHz, ohms/ft) Nominal Capacitance
	(pf/ft) Nominal Inductance
	SPDs shall be installed such that lead length is minimized.

	2.3 DISTRIBUTION PANEL AND MOTOR CONTROL CENTER PROTECTION
	.1 SPD(s) for this location shall be as indicated on project drawings.  SPD shall be separate from panel board.  Integral SPD shall not be acceptable.  SPD’s shall be certified to UL 1283 and UL1449 (latest edition). Type 1 for use in Type 1 and Type 2 locations.
	.2 Distribution Panels and MCCs shall be protected by a Total Protection Solutions panel mounted SPD, model TK-ST160-600NN-FL for 600 (3W+G) volt panels, model TK-ST160-3Y600-FL for 347/600 (4W+G) volt panels and model TK-ST160-3Y208-FL for 120/208 (4W+G) volt panels.
	.3 The manufacturer shall provide written specifications showing let-through voltage of the unit with six inches of lead length (at the module or at the lug data is not acceptable as it does not represent true "as installed" performance) pursuant to ANSI/IEEE C62.41 and C62.45, 2002, categories B3/C1 and C3 bi-wave, 90 degree phase angle, positive polarity, measurements in peak voltage from the zero reference, all dynamic tests except N-G, and UL suppressed voltage ratings, all of which shall be no higher than:
	ANSI/IEEE C62.41-1991 Measured Limiting Voltage
	B3/C1 Impulse (6kV, 3kA)
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 502V 627V 864V 568V
	347/600 (3Y600) 1090V 1144V 2017V 1155V
	C3 Impulse (20kV, 10kA)
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 907V 1173V 1267V 1090V
	347/600 (3Y600) 1537V 1707V 2470V 1800V
	UL Voltage Protection Ratings
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 800V 800V 1200V 800V
	347/600 (3Y600) 1500V 1500V 2500V 1500V
	.4 The unit shall have a peak surge current of no less than 160kA/phase, 80kA/mode, 8 X 20 us waveform, single impulse, verified by third party test reports.
	.5 Internal Fusing - Over current Protection
	.6 The suppressor shall include Form C dry contacts (N.O. or N.C.) for remote monitoring capability, and shall have at minimum a Nema 4 steel enclosure.
	.7 The SPD shall have an internal audible alarm with mute on front cover.

	2.4 SUBPANEL AND LIGHTING PANEL PROTECTION
	.1 SPD(s) for this location shall be as indicated on project drawings.  SPD shall be separate from panel board.  Integral SPD shall not be acceptable.  SPD’s shall be certified to UL1283 and UL1449 (latest edition). Type 1 for use in Type 1 and Type 2 locations.
	.2 Subpanels and lighting panels shall be protected by a panel mounted SPD, TK-LP120-3Y208-L-F for 120/208 (4W+G) volt recessed panels and TK-TT2-065-3Y208-FL for surface mounted panels.
	.3 The manufacturer shall provide written specifications showing let-through voltage of the unit with six inches of lead length (at the module or at the lug data is not acceptable as it does not represent true "as installed" performance) pursuant to ANSI/IEEE C62.41 and C62.45, 2002, categories A1 & A3 ring wave, 180 degree phase angle, category B3 Ringwave, and UL suppressed voltage ratings, 90 degree phase angle, positive polarity, measurements in peak voltage from the zero reference, all dynamic tests except N-G, which shall be no higher than:
	ANSI/IEEE C62.41-1991 Measured Limiting Voltage
	A1 Ring Wave (2kV, 67A)  Tested at 180 degree phase angle
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 29V 46V 39V 40V
	A3 Ring Wave (6kV, 200A) Tested at 180 degree phase angle
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 56V 61V 88V 112V
	B3 Ring Wave (6kV, 500A) Tested at 90 degree phase angle
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 437V 592V 612V 324V
	UL Voltage Protection Ratings
	Voltage (Voltage Code) L-N L-G L-L N-G
	120/208 (3Y208) 700V 700V 1000V 700V
	.4 The unit shall have a peak surge current of no less than 120kA/phase, 60kA/mode, 8 X 20 us waveform, single impulse, verified by third party test reports.
	.5 Internal Fusing - Over current Protection
	.6 The SPD shall be capable of attenuating internally generated ringing type transients and noise, and shall have an enhanced transient filter supported by a specification sheet which lists the IEEE A1 Ring Wave let-through levels no higher than those set forth above.
	.7 Due to space limitations, the enclosure shall not exceed 4.0” D x 4.0” W x 10.3” H to allow close-to-the load installation on flush mount panels and between adjacent panel board.  For recessed panels, a flush mount cover plate shall be provided with each unit along with a flush mount accessory kit Cat. #LP-FMP.
	.8 The suppressor shall include Form C dry contacts (N.O. or N.C.) for remote monitoring capability, and shall have at minimum a Nema 1 steel enclosure.
	.9 The SPD shall have an internal audible alarm with mute on front cover.

	2.5 PHONE LINE PROTECTION
	.1 The telephone line surge suppressors shall be Total Protection Solutions model TK-CT2-190TLP4-TB for 4 pair. Coordinate with owner IT representative for phone service characteristics. Provide a minimum of terminal block suppression units to handle a minimum of telephone lines.
	.2 The unit shall be listed under UL 497A, Standard for Secondary Protectors for Communications Circuits.
	.3 The unit shall have a data transmission rate up to 16.0Mbps.
	.4 Each conductor shall have less than 1 ohm of internal series resistance per wire
	.5 Each pair of conductors shall have a peak surge current of no less than 2,000 amps, 8 x 20 us waveform.
	.6 The suppressor shall come standard with not less than a ten year warranty which provides for unlimited free replacements of damaged units. Special warranties in excess of the unit's standard warranty for purposes of this bid are not acceptable.
	.7 The maximum let-through voltage on an IEC 10 x 700 us impulse (2kV/80A) shall be 240 volts tip-ring, 240 volts tip to ground,  and 240 volts ring to ground.
	.8 The response time of the components of the unit shall be less than one nanosecond.
	.9 Obtain all surge suppression devices through one source from a single manufacturer.
	.10 For quality assurance, manufacturer must provide proof that manufacturer has been regularly engaged in the design, manufacturing and testing of SPD’s of the types and ratings required for a period of not less than five years.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install the SPD’s with the conductors as short and straight as practically possible.
	.2 Follow the SPD manufacturer’s recommended installation practice as outlined in the equipment installation manual. The electrical contractor shall ensure that all neutral conductors are bonded to the system ground at the service entrance or the serving isolation transformer prior to installation of the associated SPD.
	.3 Main service entrance units shall be installed on a 60 amp breaker that meets or exceeds the fault current rating of the switchgear.
	.4 Distribution, branch panel, and motor control center units shall be installed on 30 amp dedicated circuit breakers, or, where indicated, shall be wired directly to the main lugs or feed through lugs, or wired directly to the bus bars.
	.5 The installing contractor shall comply with all applicable codes.
	.6 SPD units shall be wired such that connection cable lead lengths are minimized. SPD manufacturer to advise installing contractor on required locations of low impedance cables (LICs).
	.7 SPD manufacturer shall include in tender for pre-installation visit to the job site to confirm recommended installation methods. Indicate provision for this visit on shop drawing submission.
	.8 The entire SPD installation must be inspected by an authorized manufacturer’s representative and supply certificate of completion. This cost shall be included in the tender price. Indicate provision for this inspection on shop drawing submission.



	26 51 13-22336 Lighting Equipment
	Part 1 General
	1.1 REFERENCES
	.1 American National Standards Institute/Institute of Electrical and Electronics Engineers (ANSI/IEEE)
	.2 American Society for Testing and Materials (ASTM)
	.3 United States of America, Federal Communications Commission (FCC)
	.4 IESNA LM-79-08, IES Electrical Method for the Electrical and Photometric Measurements of Solid State Lighting Products.

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings in accordance with Electrical General Requirements Section for all light fixtures supplied under this contract.
	.2 Submit complete photometric data prepared by independent testing laboratory for luminaires where specified, for review by Consultant.
	.3 Photometric data to include: VCP Table spacing criterion.

	1.3 SCOPE
	.1 This contractor is responsible to supply and install all lighting fixtures as scheduled and/or indicated including lamp and those accessories required for a complete lighting system.  This contractor must coordinate lighting installations with all other Divisions of this project.
	.2 All fixtures must be CSA approved or approved at this contractor’s expense by the Special Inspection Division of the Electrical Safety Authority.

	1.4 GUARANTEE
	.1 Guarantees for materials replacement shall be as follows from date of substantial completion.
	.2 The labour required to replace these ballasts, lamps or drivers must be included in the above guarantee, however only for the extent of the contract guarantee and warranty period as noted in Electrical General Requirements.


	Part 2 Products
	2.1 FIXTURE CONSTRUCTION
	.1 Fixtures must be constructed of 20 gauge (minimum) cold rolled steel. All metal edges require smooth finish.
	.2 Light leaks must be prevented by providing gasketting, stops, and barriers.
	.3 Fixtures must be finished in high reflective baked white enamel. This surface must have a reflectance of not less than 85%.
	.4 All fixtures operating on 347 Volts must be provided with an integral disconnecting means conforming to Rule #30-308(4) of the Electrical Safety Code.

	2.2 FIXTURE LENS
	.1 Unless otherwise noted fixture lenses shall be as follows:

	2.3 LED FIXTURES
	.1 Fixture LED’s must be tested in conformance with IESNA LM80 standard.
	.2 LED’s must be selected using a binning algorithm to ensure colour and lumen output of a given fixture are consistent, as well as meet or surpass ANSI C78.377 specification for the rated lifetime of the fixture. Colour accuracy between products must be within a 2-step MacAdam ellipse.
	.3 Luminaires must be tested to IESNA LM79 by an independent approved laboratory.
	.4 Luminaires must be tested prior to shipping.
	.5 Luminaires must be ULC certified and approved for use in Canada.
	.6 Fixtures must maintain a minimum of 90% of their initial light output for 60,000 hours. Submit test results upon request.
	.7 Lumen values indicated for fixtures in the project documents are to be considered as “absolute” or “delivered” values.
	.8 Other than for specialty fixtures, and unless otherwise indicated, the maximum driver current is to be 750 mA.

	2.4 STANDARD EXIT LIGHTING UNITS
	.1 Exit lighting units must conform to CSA C860, CSA 22.2 No. 141 (latest edition).
	.2 Housing: extruded aluminum housing, white finish.
	.3 Face and back plates: extruded aluminum.
	.4 Lamps: 2W LED.
	.5 Operation: 25 years.
	.6 Units are to be provided with three (3) pictogram legends indicating “left from here”, “straight from here”, and “right from here”.
	.7 Face plate to remain captive for relamping.

	2.5 SELF-POWERED COMBINATION EXIT/EMERGENCY LIGHTING UNITS
	.1 Exit lighting units must conform to CSA C860, CSA 22.2 No. 141 (latest edition).
	.2 Housing:  extruded aluminum housing. White Finish.
	.3 Face and back plates: extruded aluminum.
	.4 Lamps 2W LED (EXIT).
	.5 Operation: 25 year life.
	.6 Units are to be provided with three (3) pictogram legends indicating “left from here”, “straight from here”, and “right from here”.
	.7 Face plate to remain captive for relamping.
	.8 Supply voltage: as noted on drawings.
	.9 Output voltage: 12 V DC.
	.10 Battery: sealed maintenance free 10 year life.
	.11 Charger: solid state, voltage/current regulated, inverse temperature compensated, short circuit protected, with regulated output of plus or minus 0.01 V for plus or minus 10% V input variation.
	.12 Solid state transfer circuit.
	.13 Signal lights: “AC Power On” condition and “charging” condition.
	.14 Lamp heads: integral on unit, 345º horizontal and 180º vertical adjustment.  Lamp type: minimum 4 watt LED.
	.15 Mounting: suitable for universal mounting directly on junction box and complete with knockouts for conduit.  Removable or hinged front panel for easy access to batteries.
	.16 Cabinet: finish: white.
	.17 Auxiliary equipment:

	2.6 EMERGENCY LIGHTING UNITS
	.1 Emergency lighting units must conform to CSA C22.2 No 141 (latest edition).
	.2 Supply voltage: as noted on drawings.
	.3 Output voltage: 12 V DC.
	.4 Battery: sealed, maintenance free, 10 year life.
	Note:  Battery units must be capable of supplying the wattage indicated for a minimum of 30 minutes.
	.5 Charger: solid state, multi rate, voltage/current regulated, inverse temperature compensated, short circuit protected with regulated output of plus or minus 0.01 V for plus or minus 10% input variations.
	.6 Solid state transfer circuit.
	.7 Low voltage disconnect: solid state, modular, operates at 80% battery output voltage.
	.8 Signal lights: “AC Power ON” condition and “charging” condition.
	.9 Lamp heads: integral on unit, 345º horizontal and 180º vertical adjustment.  Lamp type: minimum 4 watt LED.
	.10 Cabinet suitable for direct of shelf mounting to wall and complete with knockouts for conduit. Removable or hinged front panel for easy access to batteries.
	.11 Auxiliary equipment:

	2.7 REMOTE EMERGENCY LIGHTING FIXTURES
	.1 Remote emergency lighting fixtures must conform to CSA C22.2 No141 (latest edition).
	.2 Fixtures shall be small “micro” size or recessed style as indicated in the Light Fixture Schedule.
	.3 Fixtures must be adjustable type heads with canopy.
	.4 Fixtures are to be provided with protective lexan cube when specified in the Light Fixture Schedule.
	.5 Unless otherwise indicated surface mounted fixtures in washrooms, locker rooms, changerooms, and gymnasiums must be provided with wire guard.

	2.8 ACCEPTABLE LIGHTING MANUFACTURERS
	.1 Refer to the light fixture schedule as indicated on drawings.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Locate and install luminaires as indicated. Luminaires are not to be supported from the roof deck. Provide additional unistrut support channel and/or support from structure. Co-ordinate with consultant on site.
	.2 Ball align hangers must be provided for rod suspended fixtures.
	.3 Fixtures surface mounted to suspended ceilings must be secured through ceiling assembly to cross member supports.  These supports are to be steel channels or angles independently secured to structure using # 12 “jack” chain.  Each chain must be secured so no fixture weight is added to the ceiling assembly.
	.4 Plaster frames/flange kits must be provided by this Division for fixtures recessed in plaster and/or drywall ceilings.
	.5 Where specified, fixtures to be chain hung shall be hung using “jack” chain with a capacity to suit the fixture weight.  Branch circuit wiring feeding these fixtures shall be AC90 cable “ty-wrapped” at 900mm (36") intervals along length of drop.  Final appearance must be neat and professional.
	.6 Install exit lighting units with illuminated faces and chevrons/arrows indicating path(s) of exit as indicated. Unless otherwise noted install exit fixtures at 2400 mm (8' 0") above finished floor.
	.7 Install emergency lighting units and associated remote mounted fixtures as indicated.
	.8 Direct “heads” on units and remote mounted fixtures to illuminate path(s) of exit.
	.9 Install emergency lighting units and remote fixtures at 300mm (12") below finished ceiling, unless indicated otherwise.
	.10 Provide a 15 A 120 V duplex receptacle (connected to circuit indicated) adjacent to unit.  This receptacle connection is to be no lower than 8' 0" (2400 mm) AFF.
	.11 Special installation: Secure fixtures to structure to conform to the Electrical Safety Code using “jack chain” NOT ceiling suspension wire. Where coreslab is used, suspension point must be independent of the one used for suspension of the ceiling assembly. As an alternate to jack chain the contractor may use a pre-manufactured aircraft cable suspension and fastening system as manufactured by Gripple (Gripple Cat. #HF02-10F2). Provide minimum 2 per fixture.
	.12 All battery units are to be provided with a visible lamicoid label indicating the unit number as per drawings.

	3.2 WIRING
	.1 Connect luminaires to lighting circuits as indicated.
	.2 Connect exit fixtures to exit lighting circuits and unit equipment (if applicable).
	.3 Connect unit equipment to circuits as indicated.
	.4 All wiring of remote emergency fixtures shall be minimum #10 T90 for each circuit and run in conduit.  Wiring must be sized in conformance with manufacturer’s recommendations for distances required.

	3.3 LUMINAIRE ALIGNMENT
	.1 Align luminaires mounted in continuous rows to form straight uninterrupted line.
	.2 Align luminaires mounted individually parallel or perpendicular to building grid lines.

	3.4 DELIVERIES
	.1 Fixtures are to be completely assembled at the manufacturer’s plant and delivered to the project site in original unitized containers. Ensure that a dry, protected and secure space is available for proper storage before scheduling delivery of fixtures.

	3.5 TESTING/CERTIFICATION
	.1 At the completion of the project and in the presence of the consultant, test all exit and emergency fixtures. On company letterhead, the contractor is to prepare a chart indicating:
	.2 Provide “Integrated Testing” of this life safety system in conformance with the noted specification section. Include all associated costs in tender.

	3.6 EQUIPMENT ALLOWANCES
	.1 The manufacturer and electrical contractor are to allow in their bid the cost to add four (4) additional standard exit lighting units to be installed and tested in locations as directed by the consultant. Note: This installation and test will be occurring after the initial testing/certification testing is complete.



	26 51 16-22336 Digital Occupancy & Daylight Control Systems
	Part 1 General
	1.1 REFERENCES
	.1 American National Standards Institute/Institute of Electrical and Electronic Engineers (ANSI/IEEE).
	.2 Underwriter Laboratories of Canada (ULC).
	.3 International Electrotechnical Commission.
	.4 International Organization for Standardization (ISO).
	.5 National Electrical Manufacturers Association (NEMA).

	1.2 SHOP DRAWINGS AND PRODUCT DATA
	.1 Submit shop drawings in accordance with Section 26 01 16.
	.2 Submit composite wiring diagrams and control schedule for each room control circuit type as proposed to be installed.  Include load type, sequence of operation, sensor parameters, time delays, sensitivities and daylighting set points.
	.3 Catalog cut sheets with performance specifications demonstrating compliance with specified requirements.

	1.3 SCOPE
	.1 This contractor is responsible to supply and install all equipment and control wiring as specified for the digital occupancy and daylight control systems.  This contractor must coordinate these control systems with the lighting fixtures being supplied for the project to ensure intended function as specified.
	.2 Control Intent: Control Intent includes, but is not limited to:
	.3 All equipment must be CSA approved or approved at this contractor’s expense by the Special Inspection Division of the Electrical Safety Authority.
	.4 Reference section 26 51 13 for Lighting information.
	.5 Reference section 26 05 75 for line voltage occupancy sensors and switches (hard wired analog).

	1.4 SYSTEM DESCRIPTION AND OPERATION
	.1 The Digital Lighting Control (room level) as defined under this section covers the following equipment:

	1.5 LIGHTING CONTROL APPLICATIONS
	.1 Provide a minimum application of intended lighting control functions as detailed on design drawings and specified herein.  Control functions shall include the following:

	1.6 WARRANTY
	.1 Provide a five-year complete manufacturer’s warranty on all products to be free of manufacturers’ defects.
	.2 The labour required to replace these products must be included in the above warranty, however only for the extent of the contract guarantee and warranty period as noted in Electrical General Requirements.

	1.7 QUALITY ASSURANCE
	.1 Manufacturer: Minimum 10-years experience in manufacture of lighting controls.


	Part 2 Products
	2.1 MANUFACTURERS
	.1 Basis of design product: WattStopper Digital Lighting Management (DLM).   Acceptable alternates are subject to compliance and prior approval with specified requirements of this section, as one of the following:
	.2 Substitutions:

	2.2 DIGITAL WALL OR CEILING MOUNTED OCCUPANCY SENSOR SYSTEM
	.1 Wall or ceiling mounted (to suit installation) passive infrared (PIR), ultrasonic or dual technology digital (passive infrared and ultrasonic) occupancy sensor.  Furnish the Company’s system which accommodates the square-foot coverage requirements for each area controlled, utilizing room controllers, digital occupancy sensors and accessories which suit the lighting and electrical system parameters.
	.2 Digital Occupancy Sensors shall provide calibration and electronic documentation for the following features:
	.3 Multiple occupancy sensors may be installed in a room by simply connecting them to the free topology DLM local network.  No additional configuration will be required.
	WattStopper product numbers: LMPX, LMDX, LMPC, LMUC, LMDC

	2.3 DIGITAL WALL SWITCHES
	.1 Low voltage momentary pushbutton switches in 1, 2, 3, 4, 5, and 8 button configuration; colour per architect, compatible with wall plates with decorator opening.  Wall switches shall include the following features:
	.2 Multiple digital wall switches may be installed in a room by simply connecting them to the free topology DLM local network.  No additional configuration will be required to achieve multi-way switching.
	.3 The following switch attributes may be changed or selected using a wireless configuration tool:
	.4 Two RJ-45 ports for connection to DLM local network.
	.5 Multiple digital wall switches may be installed in a room by simply connecting them to the free topology DLM local network.  No additional configuration will be required to achieve multi-way switching.
	.6 WattStopper product numbers: LMSW-101, LMSW-102, LMSW-103, LMSW-104, LMSW-105, LMSW-108, LMDM-101.

	2.4 DIGITAL POWER PACKS (ROOM CONTROLLERS)
	.1 Room Controllers automatically bind the room loads to the connected devices in the space without commissioning or the use of any tools. Room Controllers shall be provided to match the room lighting load and control requirements. The controllers will be simple to install and will not have, dip switches, potentiometers or require special configuration. The control units will include the following features:
	.2 On/Off Room Controllers shall include:
	.3 On/Off Room/Dimming enhanced Room Controllers shall include:

	2.5 DIGITAL PHOTO SENSORS
	.1 Digital photosensors work with room controllers to provide automatic switching or dimming daylight harvesting capabilities for any load type connected to a room controller. Closed loop photosensors measure the ambient light in the space and control a single lighting zone.
	.2 Digital photosensors include the following features:
	.3 Closed loop digital photosensors include the following additional features:

	2.6 DIGITAL ROOM CONTROL SYSTEMS
	.1 Digital occupancy and daylight control system designed to control a small area of a building (room level).  Digital devices connect to the room controller(s) using CAT 5e cables (LMRJ) with RJ-45 connectors which provide both data and power to room devices.  Features of the system shall include:

	2.7 CONFIGURATIONS TOOLS
	.1 A configuration tool facilitates optional customization of digital lighting control system featuring infrared communications.
	.2 Features and functionality of the wireless configuration tool shall include:
	.3 WattStopper Product Numbers: LMCT-100, LMCI-100/LMCS-100

	2.8 NETWORK BRIDGE
	.1 Network bridge module connects a DLM local network to a BACnet-compliant segment network for communication between rooms, relay panels and a segment manager or BAS. Each local network shall include a network bridge component to provide a connection to the local network room devices. Network bridge shall use industry standard BACnet MS/TP network communication and an optically isolated EIA/TIA RS-485 transceiver.

	2.9 SEGMENT MANAGER
	.1 For networked applications, the Digital Lighting Management system shall include at least one segment manager to manage network communication. It shall be capable of serving up a graphical user interface via a standard web browser utilizing either unencrypted TCP/IP traffic via a configurable port (default is 80) or 256 bit AES encrypted SSL TCP/IP traffic via a configurable port (default is 443).
	.2 Each segment manager shall have integral support for at least three segment networks. Segment networks may alternately be connected to the segment manger via external BACnet-to-IP interface routers and switches, using standard Ethernet structured wiring. Each router shall accommodate one segment network. Provide the quantity of routers and switches as shown on the Drawings.
	.3 Operational features of the Segment Manager shall include the following:
	.4 Segment Manager v2.2 and later shall support multiple DLM rooms as follows:
	.5 Wattstopper Product Numbers: LMSM-3E, LMSM-6E, LM-SUPERVISOR, NB-ROUTER, NB-SWITCH, NE-SWITCH-8, NB-SWITCH-16.

	2.10 PROGRAMMING, CONFIGURATION AND DOCUMENTATION SOFTWARE
	.1 PC-native application for optional programming of detailed technician-level parameter information for all DLM products, including all parameters not accessible via BACnet and the handled IR configuration tool. Software must be capable of accessing room-level parameter information locally within the room when connected via the optional LMCI-100 USB programming adapter, or globally for many segment networks simultaneously utilizing standard BACnet/IP communication.
	.2 Additional parameters exposed through this method include but are not limited to:
	.3 Generation of reports at the whole file, partial file, or room level. Reports include but are not limited to:
	.4 Network-wide programming of parameter data in a spreadsheet-like programming environment including but not limited to the following operations:
	.5 Network-wide firmware upgrading remotely via the BACnet/IP network.
	.6 Wattstopper Product Number: LMCS-100, LMCI-100

	2.11 DLM SEGMENT NETWORK
	.1 Provide a segment network using linear topology, BACnet-based MS/TP subnet to connect DLM local networks (rooms) and LMCP relay panels for centralized control.
	.2 Wattstopper Product Number: LM-MSTP, LM-MSTP-W, LM-MSTP-B, LM-MSTP-DB

	2.12 SYSTEM INPUT/OUTPUT
	.1 Provide a means to allow seamless integration with third party devices to provide additional functionality to the Digital Lighting Management system via low voltage input/output interface.  Wattstopper Product Number: LMIN-104.
	.2 Provide a means to integrate analog occupancy sensors to the Digital Lighting Management system via low voltage analog sensor input module. Wattstopper Product Number: LMIO-201.


	Part 3 Execution
	3.1 INSTALLATION
	.1 Install the work of this Section in accordance with manufacturer’s printed instructions unless otherwise indicated.
	.2 When using wire for connections other than the DLM local network (LMRJ Cat 5e with RJ-45 connectors), provide detailed point to point wiring diagrams for every termination.  Provide wire specifications and wire colors to simplify contactor termination requirements.
	.3 Calibrate all sensor time delays and sensitivity to guarantee proper detection of occupants and energy savings.
	.4 Install power packs in accessible maintenance areas unless noted otherwise. Provide access doors if power packs are installed above drywall ceilings.
	.5 Install sensors in gym where noted on plan at mid-height of wall.
	.6 It shall be the contractor’s responsibility to locate and aim sensors in the correct location required for complete and proper coverage within the range of coverage as per the manufacturer’s recommendations. The locations and quantities of sensors shown on the drawings are diagrammatic and indicate only the rooms which are to be provided with sensors. The contractor shall provide additional sensors if required to properly and completely cover the respective rooms.
	.7 Provide written or computer-generated documentation on the commissioning of the system including room by room description including:
	.8 Re-commissioning – After 30 days from occupancy re-calibrate all sensor time delays and sensitivities to meet the Owner’s Project Requirements. Provide a detailed report to the Architect / Owner of re-commissioning activity.

	3.2 FACTORY COMMISSIONING
	.1 Upon completion of the installation, the system shall be commissioned by the manufacturer's factory authorized representative who will verify a complete fully functional system.
	.2 The electrical contractor shall provide both the manufacturer and the electrical engineer with ten working days written notice of the system startup and adjustment date.
	.3 Upon completion of the system commissioning the factory-authorized technician shall provide the proper training to the owner's personnel on the adjustment and maintenance of the system.
	.4 Factory commissioning shall include functional testing and documentation of the control system conforming to the “Functional Testing” requirements included in the current ASHRAE standard. This cost shall be included in the Tender Price.



	27 00 10-22336 Computer General Requirements
	Part 1 General
	1.1 GENERAL REQUIREMENTS
	.1 The General Conditions, Supplementary Conditions, and Division 1 are a part of this Specification and shall apply to this Division.

	1.2 REGULATIONS
	.1 All work shall conform to the latest Codes, requirements and approval of the Authorities having jurisdiction and shall be subject to acceptance by the Consultant.

	1.3 INTENT
	.1 Mention herein, or indication on the Drawings of articles, materials, operations, or methods requires that all such items shall be provided in the quality and quantity required, and that the operations shall be performed according to the methods prescribed, complete with all necessary labour and incidentals.
	.2 These Specifications shall be considered as an integral part of the accompanying Drawings. Any item or subject omitted from either the Specifications or the Drawings but which is mentioned or reasonably specified in the other shall be considered as properly and sufficiently specified and shall be provided.

	1.4 SCOPE OF WORK
	.1 Provide new computer system as described below and as shown on the drawings.
	.2 For each computer outlet provide computer jacks, computer cables and connect to patch panels as shown on electrical drawings.
	.3 Computer wires shall run in existing computer conduits (terminated in ceiling space) and cable trays as shown on electrical drawings. Run computer wires between rooms through existing sleeves and support them with J-hooks. (J-hooks shall be independently suspended from the building structure suspension. J-hooks from ceiling rods, ducts, supports, etc. are not acceptable.
	.4 Provide patch panels/ports and patch cords at each computer hub location.
	.5 For more information refer to electrical drawings and Section 27 01 00, Computer System Components.

	1.5 PERMITS, FEES, AND INSPECTIONS
	.1 Apply for all permits, provide all test certificates and pay all fees to Authorities having jurisdiction regarding the installation, inspection and operation of the electrical system.

	1.6 DEFINITIONS AND INTERPRETATIONS
	.1 Where the term "Provide" is used, it shall be understood to include labour, materials, and services necessary to supply and install items or work referred to.
	.2 Where the term "Instructions" or "As Instructed" or "Where Instructed" is used, it shall be understood to mean as instructed by the Consultant including supplementary instruction notices and job site instruction notices.
	.3 Where the term "Listed" is used, it shall be understood to mean that the materials or equipment has been tested in accordance with applicable standards and methods and has been approved and listed for the intended use by a testing company approved by the Authorities having jurisdiction.
	.4 Where the term "Approved" or "Approval" is used, it shall be understood to mean approved by Authorities having jurisdiction as conforming to Codes, Standards, By-Laws, etc.
	.5 Where the term "Acceptable" or "Acceptance" is used, it shall be understood to mean acceptable to the Consultant as conforming together to the requirements of the contract documents.
	.6 Where the term "Submit for Review" or "Submit Notice" is used, it shall be understood to mean submit to the Consultant.
	.7 Where the term "Subject to Review" is used, it shall be understood to mean work shall be laid out for review by the Consultant. No work shall proceed until instructions have been obtained from the Consultant. Submit further information, shop drawings, samples etc. as specified and as may be requested by the Consultants.
	.8 Where the term "Accessible" is used, it shall be understood to mean reachable by person with tools as required and where obstacles may be removed and replaced without cutting or breaking out materials.

	1.7 EXISTING CONDITIONS
	.1 Visit the site and examine existing conditions affecting the work.
	.2 No allowance will be allowed later due to failure of this Division to make this examination.

	1.8 STANDARDS
	.1 Makes and quality of the materials used shall be approved by the Consultants having jurisdiction.
	.2 Products and materials provided shall be new and free from all defects. Related materials shall be of the same manufacturer throughout the Project.
	.3 Products and materials called for on the drawings or in the specifications by trade names, manufacturer names and catalogue reference are those which shall be used on the basis of the Tender.
	.4 Alternative products and materials to those specified shall only be considered if they are shown in the Tender as a material variation with an appropriate price adjustment. The Consultant reserves the right to accept or reject any alternative without explanation.

	1.9 WORKMANSHIP
	.1 All work shall be executed in a workmanlike manner and present a neat mechanical appearance.

	1.10 COORDINATION
	.1 Fully understand the functions of the systems specified and have no doubts with regardto the extent of the Contract.
	.2 Examine the Electrical drawings and become fully familiar with the work of other Divisions.
	.3 Co-ordinate with all Divisions providing equipment and services and ensure that there is no conflict.
	.4 Arrange equipment in proper relation with other apparatus, the building construction, the Architectural finish, and with all work specified.
	.5 Provide all equipment in time to co-ordinate with the overall progress of the project and proceed with the work as quickly as conditions permit.
	.6 Where space is shown for future equipment leave such space clear and ensure that the necessary connections can be made to the future equipment.
	.7 Failure to fully understand Drawings and allow for the work of other Divisions or where relocations are necessary due to lack of co-ordination between Divisions shall be remedied at the expense of this Division.

	1.11 PROTECTION
	.1 Protect all finished and unfinished work from damage due to carrying out the work specified.
	.2 Repair all damage resulting from execution of the work to the satisfaction of the Consultant.
	.3 Should the project be stopped for any cause, provide all necessary protection to prevent damage by weather or other causes while such stoppage exists.

	1.12 HANDLING AND STORAGE
	.1 Materials and equipment shall be handled and stored in such a manner so that no damage shall be done to the materials, the structure of the building, or surrounding property.
	.2 Packaged or bundled materials and equipment shall be stored in dry weathertight secure enclosures in original undamaged condition with manufacturer's seals and labels intact.
	.3 All metals shall be protected against corrosion and bending.
	.4 Storage of materials, equipment, etc., in the building structure shall not be permitted, unless otherwise noted.

	1.13 DRAYAGE, HOISTING, AND SCAFFOLDING
	.1 Provide the drayage, hoisting, scaffolding, warehousing, and demurrage for the equipment and materials provided by this Division.

	1.14 MINOR FIELD CHANGES
	.1 The location, arrangement and connection of equipment and materials as shown on the drawings represents a close approximation to the intent and requirements of the Contract.
	.2 The right is reserved to make reasonable changes required to accommodate conditions arising during the progress of the work. Such changes, if made prior to the installation, shall be done at no additional cost, unless the location, arrangement or connection is more than five feet from that shown on the drawings.

	1.15 CLEANING
	.1 Clean the interior and exterior of all equipment and remove any debris during construction.
	.2 Inspect and clean all systems and equipment prior to energizing and ensure that they are safe.
	.3 Perform a complete and thorough clean-up to the exterior and interiors of all systems and equipment before the final inspection. The interiors shall be cleaned using an industrial vacuum cleaner.

	1.16 TEMPORARY AND TRIAL USAGE
	.1 When it is claimed that a portion of the work is completed and in accordance with the Drawings and Specifications, the Owner shall have the privilege of temporary and trial usage for a reasonable length of time for making a complete and thorough test of the portion of the work completed.
	.2 Temporary or trial usage by the Owner of any electrical device, machinery, apparatus, equipment or any other work or materials supplied under this Contract before final completion and written acceptance, is not to be construed as evidence of acceptance of same.

	1.17 MANUALS
	.1 Prior to requesting final inspection submit three manuals in 8½" x 11" looseleaf, 3-ring binders which shall include the following:
	.2 Submit one (1) USB for electronic copy of final reviewed manuals in addition to hard copies.

	1.18 FINAL INSPECTION
	.1 Confirm in writing, two weeks prior to when the final inspection can be performed, the following:
	.2 Defects or deficiencies found during the final inspection shall be corrected immediately.



	27 01 00-22336 Computer System Components
	Part 1 General
	1.1 GENERAL
	.1 Refer to Section 27 00 10, Computer General Requirements.
	.2 The cabling system layout, routing and design shall meet or exceed TIA/EIA and BICSI Standards.
	.3 Submit samples of connectors, faceplates, patch panels, fiber enclosures, and cable with shop drawings. Do not order components unless approved by Consultant.
	.4 Prepare and submit "As-Built" drawings to the approval of the Consultant.

	1.2 STANDARDS
	.1 Telecommunications service work shall comply with the following:
	.2 All work must be installed by system manufacturer's certified system installers/vendors who are certified and experienced in implementing the selected data cabling system and to perform related testing programs.

	1.3 WARRANTY
	.1 The system manufacturer (Panduit) shall provide a minimum twenty-five (25) year warranty including parts and labour on all passive components including the structural cabling system. These warranties shall be provided in written certificate form.
	.2 The system manufacturer shall provide to the Owner that in event of the demise or failure of the installing certified system installer/vendor, the manufacturer shall be responsible for providing another certified system installer/vendor to fulfill the remainder of the warranty conditions.
	.3 The Contractor shall provide a guaranteed twenty-four (24) hour response time to any warranty claims.
	.4 Contractors must ensure that the selected network cabling component manufacturer and the wiring manufacturer must have contractual relationships to ensure that the system warranty is a one point of contact, true "end-to-end" structured cabling system warranty.


	Part 2 Products
	2.1 CABLING
	.1 The horizontal cabling to workstations shall be FT6 rated (i.e. suitable for use in plenum environments), UTP cable and shall comply with EIA/TIA 568B requirements for category 6A transmission. The cable specification shall be:
	.2 The cabling running between LAN rooms shall be fiber cables as shown on the drawings.
	.3 All fiber cable shall be plenum rated (FT6) indoor tight buffered 50um OM3 multi-mode fiber cable.
	.4 Terminate all twelve (12) strand fiber cables at both ends in each rack.
	.5 All fiber components and fiber cable shall carry a twenty-five-year warranty by the same company warranting the copper solution horizontal solution.
	.6 Approved manufacturers are Panduit, part number FODPX12Y.

	2.2 COPPER CABLE TERMINATIONS
	.1 The "Structured Cabling Plant" is an end-to-end solution which includes the data communications outlet and patch cord at the workstation and the patch panel and patch cords at the Telecom room.

	2.3 DATA OUTLETS
	.1 Modular outlets shall meet the following specifications:

	2.4 PATCH PANELS
	.1 Patch panels located in the LAN rooms shall be Panduit Mini-Com CPPL series 48 port patch panel, rack mountable and Category 6A certified. Each connector module shall be Panduit CJ6X88TG** and feature T568A (TIA/EIA) eight pin outs. The RJ-45 jack and shall be terminated using a forward motion without the use of a punch down tool. The panels shall mount onto standard TIA/ EIA 19 inch equipment racks and shall have the capability to be stacked in larger systems. For quantity of ports refer to electrical drawings.
	.2 The patch panel system shall include all required accessories such as bezels, connectors, jumpers, and retaining rings, interlay racking panels, horizontal wire managers etc. to provide for patch cord management.
	.3 Patch panels shall be high-density modular, 48 ports, Category 6 Panduit CPPL series.

	2.5 PATCH CORDS
	.1 Copper patch cords shall be No. 24-28 AWG stranded copper, category 6A, TIA/EIA wired with 3' (1.0m) length at the patch panel end. At workstations provide Category 6 modular line cords of 10' (3m) lengths. Provide a quantity of one hundred and fifty (150) patch panel patch cords. Panduit part # UTP28X3**, UTP6AX3**. Provide a quantity of one hundred and fifty (150) workstation patch cords. Panduit part# UTP28X10**, UTP6AX10**.
	.2 Patch cords (3'-0" long) shall be numbered at both ends at rack.
	.3 Fiber patch cords shall be Panduit LC to LC dual riser rated OM3 type unless otherwise approved by the Owner. Panduit part# FX2ERLNLNSNM003

	2.6 COMPUTER RACKS AND CABLE MANAGERS
	.1 Equipment racks shall be heavy-duty type, standard EIA 19" relay racks. Racks shall be fitted with horizontal and vertical cable management as specified.
	.2 The racks shall include the following:
	.3 The racks shall be of size and quantity to accommodate the respective number of patch panel ports to suit the number of required drops, the quantity of network electronic components as directed by Owner, the future uninterruptible power supply unit and an additional 25% spare capacity for future expansion. In first floor main hub room two data racks will be installed. One will be used for electronics only and the other for patch panels.
	.4 Two (2) shelves shall be supplied for each rack equal to Panduit model NFSHLF18x18.
	.5 Acceptable rack manufacturers are Panduit, CPI.
	.6 Fiber Enclosures:
	.7 Fiber Adapters and Connectors:

	2.7 ACCEPTABLE CONNECTIVITY AND CABLE MANUFACTURER
	.1 The base specified system manufacturer shall be Panduit Network Connectivity Group.
	.2 Acceptable Installers:


	Part 3 Execution
	3.1 INSTALLATION OF NETWORK CABLING - GENERAL
	.1 All cables must be properly handled and installed in accordance with the manufacturer's specifications. Undue pulling tension, abrasion or rough handling must be avoided to ensure that the cables will permit transmission up to the design speed of 10Gb/s. All cables must be installed without splices or cuts to ensure the elimination of reflections, discontinuities, impedance mismatches, etc. The maximum horizontal length from the workstation to the Telecom room shall not exceed 300' (90m).
	.2 Wiring shall be mechanically protected by runs in cable tray or downdrops in conduits.

	3.2 INSTALLATION OF PATCH PANELS AND ACCESSORIES
	.1 Provide patch panels onto racks in locations as shown. Provide terminating hardware and connectors to suit incoming and outgoing cabling. Clearly identify each port. Install all devices in accordance with system manufacturer's requirements.

	3.3 COPPER CABLE INSTALLATION
	.1 All horizontal, UTP cables shall be continuous from end to end with no splices. Horizontal cables shall be installed in Star topology, emanating from the rack mounted patch panel(s) and terminating on data outlet faceplates in classroom or other workstation locations. The maximum length for horizontal cables shall not exceed 295' (90m). The maximum length for patch cords at workstations shall not exceed 25' (7m). The maximum length for patch cords at the patch panel shall not exceed 10' (3m). Tak-Tape wrap shall be used on wiring bundles. Nylon cable ties are not acceptable.
	.2 Unless otherwise noted, all horizontal cabling shall be installed in conduit, or run in cable tray. The following criteria must be met for conduit installation:
	.3 Conduits shall be installed following building lines. Under no circumstances shall cables or conduits be fastened to suspended ceiling support systems. Conduits shall be supported to building structure independent of other support systems.
	.4 All conduit systems shall be left with a nylon fish string to allow for future additional cables.
	.5 Bending radius shall not be tighter than the greater of 1 inch or four (4) times the cable diameter.
	.6 Terminations shall involve as little outer jacket removal as possible and cable pairs "untwisting" shall not exceed 1/2" (13mm). No conductors shall be visible at the rear of the TX connector.
	.7 Slack cable must be provided to allow for minor workstation relocations. A coil of slack cable of an approximate 6' (2m) length shall be provided at workstation locations.

	3.4 PENETRATION THROUGH FIREWALLS
	.1 A conduit sleeve shall be provided where horizontal cables penetrate firewalls. The conduit sleeve shall be sized at 40% fill ratio with a plastic bushing at both ends.
	.2 After the conduit sleeve is installed, the opening around the conduit shall be filled with ULC listed firestop and smoke seal materials.

	3.5 INSTALLATION OF OUTLETS
	.1 Single data outlet shall receive one (1) 4-pair of Category 6, FT-6 rated cables. Each dual data outlet shall receive two (2) 4-pair cables. Outlets with 4 jacks shall receive four (4) 4-pair cables. Each cable shall be tested and identified with the faceplate also identified. All outlets shall be mounted 12" (300mm) above finished floor unless mounted above a counter or other work area. All jacks shall be wired and connected back to respective racks in LAN closets.

	3.6 SEPARATION OF DATA COMMUNICATION CABLES FROM SOURCES OF ELECTROMAGNETIC INTERFERENCE
	.1 All data communication cables shall be separated from sources of electromagnetic radiation in accordance with TIA Standard Proposal SP-2072 and the following:

	3.7 INSTALLATION OF RACKS
	.1 Provide racks where shown on drawings and secure to wall/floor/ceiling as required.
	.2 In locations where more than one rack is required, butt multiple racks together. Provide wiring channel interconnection such that wiring from jacks and wiring from jacks and wiring from rack to another is not exposed. Provide enclosed wiring channel for cabling runs along walls/ceiling to racks.
	.3 All wiring shall be run neatly bundled with wiring management channels.
	.4 Properly ground racks to room ground bus.

	3.8 SYSTEM IDENTIFICATION
	.1 A complete identification system shall be provided that clearly designates the following as per TIA 606 requirements:
	.2 Cable Identification
	.3 Faceplate
	.4 Patch Panel and Patch Cord Identification
	.5 Identification Log
	.6 As-Builts

	3.9 COORDINATION WITH NETWORK INTEGRATOR
	.1 Coordinate work with the work of the School Board's Network Integrator.
	.2 The Network Integrator must be present on site to witness and coordinate the required system testing. The cabling Contractor and the Network Integrator must together perform a job walk through upon completion of testing, together sign the cabling test reports to verify that network cabling is properly installed and performs to acceptable School Board Standards.

	3.10 CABLE TESTING AND SYSTEM CERTIFICATION
	.1 The structure cabling system certification shall include 100% cable testing and verification for a 1Gb/S solution for Cat 6a and 10Gb/S for fibre and shall be tested to level 2 link test standards with a Fluke 4000 or Omniscanner type devices.
	.2 The verification of each cable shall be performed by the Contractor and shall be documented in original tester format and on a cable testing sheet which shall form part of the disk and hard copy documentation supplied at the end of the installation.
	.3 Testing Procedures



	27 41 16.1-22336 Public Address System
	Part 1 General
	1.1 GENERAL SCOPE
	.1 The contractor shall furnish all equipment, accessories and material required for the installation of a comprehensive Public Address Communication system n strict compliance with these specifications and applicable contract drawings.  Any material and/or equipment necessary for the proper operation of the system, which is not specified or described herein, shall be deemed part of this specification.
	.2 All components and work shall be included in the scope of work of the electrical division.

	1.2 SHOP DRAWINGS
	.1 Submit shop drawings and product data in accordance with the Electrical General Requirements Section.
	.2 This data is to include a full system riser diagram indicating every proposed device including wiring requirements.

	1.3 OPERATION AND MAINTENANCE DATA
	.1 Submit data for inclusion in maintenance manuals specified in the Electrical General Requirements Section.
	.2 Data must include parts list, maintenance and manufacturer contact numbers.
	.3 Manufacturer to provide circuit diagrams, software programs, passwords, etc. to owners.

	1.4 MANUFACTURER
	.1 Supply and install P. A. System equipment Simplex Cat. #5120 complete with master time control module, conduit, back boxes, outlet boxes, wiring, devices, jacks, etc. as shown on the drawings and as specified herein.
	.2 The equipment described herein and furnished per these specifications shall be the product of one manufacturer.  All reference to model numbers and other detailed descriptive data is intended to establish standards of design, performance, and quality, as required.

	1.5 SYSTEM REQUIREMENTS
	.1 The core school system shall be a complete fully integrated communication system capable of providing a complete operational Public Address, Intercom System, Clock System.
	.2 The master clock controller is to be provided which can accept both hardwired and wireless secondary clocks to suit the provided Public Address system.
	.3 A sound system shall be provided for the Stage/Gym Area as described herein.
	.4 P.A. system integration with VOIP system shall be by school board as part of Cash Allowance.
	.5 Main telephone switch, handsets, analog modules to interface telephone system to VOIP system and P.A. system, along with UPS shall be by school board as part of Cash Allowance.

	1.6 QUALIFICATIONS
	.1 The system shall be supplied by the manufacturer's authorized installer who is qualified in the proper installation, operation, and service of the system.  For reference, a qualified P.A. system installer shall be Surefoot.
	.2 Other qualified P.A. system installers are welcome to bid provided they are a Simplex system certified installer and approved by the School Board.

	1.7 EQUIPMENT WARRANTY
	.1 The contractor shall warrant the equipment to be new and free from defects in material and workmanship, and will, within one year from date of installation, repair or replace any equipment found to be defective. This warranty shall not apply to any equipment which has been subject to misuse, abuse, negligence, accident, or unauthorized modification.

	1.8 TRAINING
	.1 The installer shall instruct personnel designated by the owner in the proper use, basic care, and maintenance of the equipment. Such training shall be provided as an integral component of the system.

	1.9 FEATURES AND FUNCTIONS
	.1 The integrated public address system shall include the following basic equipment:
	.2 The system will be used to perform public address, intercom functions to zoned areas and two-way intercommunications to call stations. The following will be included:
	.3 Music Sources:
	.4 Analog Telephone handsets will be provided in classroom control panels as shown on plans. Provide RJ-11 telephone jack complete with wiring from telephone switch terminals.
	.5 Analog handsets shall be Cortelco Cat. #255444VBA2OM complete with RJ-11 wall jack and mounting brackets cover plate.
	.6 Telephone wiring to elevator controller, utility meter, and fax/photocopier (document centre) in locations shown.


	Part 2 Products
	2.1 CONSOLE
	.1 Control Rack containing all related equipment, but not limited to the following:
	.2 Locate the control rack in the school’s main office area as shown on plans. All equipment to be rack mounted type.
	.3 Equipment Rack containing all related equipment, but not limited to the following:
	.4 Locate the equipment rack in the ground floor LAN room as shown on plans.

	2.2 PERIPHERAL DEVICES
	.1 Emergency call switches and two-way speakers will be required in all barrier free, universal and inclusive washrooms & student washroom stalls as noted.
	.2 Public Address system shall interface to Call Assistance System provided for Universal Washrooms.

	2.3 SPEAKERS
	.1 Classroom speakers in millwork control panels, gym, service rooms, inclusive and barrier free washrooms shall be 8” dual cone style, two-way operation, 10W.
	.2 Corridor, stairwells & common area speakers shall be recessed style suitable for t-bar ceilings, one-way operation, speakers.
	.3 All interior speaker baffles are to be bright white.
	.4 Speakers will be zoned according to board standards, with a minimum of twenty four (24) zones and two (2) levels of paging, but generally by areas on the following basis:
	.5 All zones consisting of a wall millwork modular control panel shall be complete with two-way speaker, call switch and some analog telephone handset (only as shown on plans) for two-way communication.

	2.4 TERMINAL BLOCKS
	.1 All conductors for telephone system wiring, analog telephone handsets, and P.A. system shall be terminated on main distributing frame (MDF) BIX blocks.
	.2 Provide separate groups of BIX blocks within respective floor LAN rooms for telephone system wiring, analog telephone handset wiring, and P.A. system wiring, allowing cross patching cables between the input and output BIX blocks.

	2.5 CONDUCTORS
	.1 At every room modular control panel provide all call switches/speakers and analog phone handsets with wiring that is to include a total be 4 twisted pair for speaker, call switch, analog handset (for rooms as indicated on drawings), and spare.
	.2 At every speaker location provide all amplified speaker circuits shall be connected, using wiring that is to include 2 twisted pairs for line level audio and for 24V DC power.
	.3 All administrative phones wiring shall be equal to Southwest Wire and Cable Inc. Cat. #141295. Administrative phone handsets are not to be included in scope and are part of cash allowance.
	.4 All constant voltage speaker circuits shall be connected, using a twisted shielded pair.
	.5 At each analog telephone handset location (Cortelco #255444VBA2OM) provide Category 3 wiring complete with RJ-11 wall jack and mounting brackets cover plate.
	.6 Manufacturer to determine proper wire gauge to suit circuit loading and lengths. Wiring shall be done per manufacturer's recommendation. All cables to be labeled by room.

	2.6 GYM SOUND SYSTEM
	.1 Provide all associated components for Gymnasium sound System as listed herein.
	.2 Mounted in an equipment rack with casters and lockable doors, the system consists of:
	.3 Gym Sound System shall be able to be silenced automatically whenever the school P.A. system delivers emergency All-Call announcement.
	.4 The system will interface with FM radio frequency assistive listening system, by means of an area transmitter.
	.5 Included in the system are two microphones, complete with stand and cord.
	.6 Provision for a projector jack is to be made via floor boxes as shown on design drawings.
	.7 Provide two back boxes and conduit centered on the stage apron for microphone and data.
	.8 Provide required relays/contacts and connect Gymnasium sound system to the Fire Alarm system bridging control. Gymnasium sound system shall be shut down on activation of Fire Alarm system.

	2.7 ASSISTIVE LISTENING SYSTEM
	.1 Connect to the Stage/Gym sound system to the assistive listening system as specified in section 26 05 75 Auxiliary Systems.


	Part 3 Execution
	3.1 DIVISION OF WORK
	.1 While all work included under this specification is the complete responsibility of the contractor, the division of actual work listed following shall occur.
	.2 The conduit, outlets, terminal cabinets, pull cords etc., which form part of the rough-in work shall be furnished and installed completely by the electrical contractor. The wiring and balance of the system, including installation of speakers and equipment, making all connections, etc., shall be performed by the manufacturer's authorized representative.
	The entire responsibility of the system, its operation, function, testing shall be the responsibility of the manufacturer's authorized representative.

	3.2 EQUIPMENT MANUFACTURER’S REPRESENTATIVE
	.1 All work described herein to be done by the manufacturer's authorized representative shall be provided by a documented factory authorized representative of the basic line of equipment to be utilized.

	3.3 INSTALLATION
	.1 All major equipment components shall be fully pluggable by means of multi-pin receptacles and matching plugs to provide for ease of maintenance and service.
	.2 Protection of cables:   Cables within terminal cabinets, equipment racks, etc., shall be grouped and bundled (harnessed) as to type and laced with No. 12 cord waxed linen lacing twine or T & B "Ty-Rap" cable.
	.3 Cable identification:  Cable conductors shall be colour coded and individual cables shall be individually identified.  Each cable identification shall be a unique number located approximately 1-1/2" from cable connection at both ends of cable.   Numbers shall be approximately 1/4" in height.    These unique numbers shall appear on the As-Built Drawings. Voice cables and jacks must be labeled with the LAN room # and cable #.  Voice cables and jacks for the utility meter and elevator phone shall be on the BIX terminal strip.
	.4 Shielding:  Cable shielding shall be connected to common ground at point of lowest audio level and shall be free from ground at any other point. Cable shields shall be terminated in same manner as conductors.
	.5 Provide complete "in service" instructions of system operation to school personnel.



	28 16 16.1-22336 Security and Access Controls System
	Part 1 General
	1.1 SHOP DRAWINGS
	.1 Submit shop drawings for each system in conformance with the Electrical General Requirements.

	1.2 PRODUCT/MAINTENANCE DATA
	.1 Submit product/maintenance data for inclusion in maintenance manual conforming to the Electrical General Requirements.

	1.3 SCOPE
	.1 The contractor shall install and provide all labour, material, equipment, necessary to implement a complete security system consisting of central control panel, remote keypad stations, motion detectors, alarm sirens, and door alarm contacts as described in the following specification.  The contractor is permitted to engage sub-contracts on all of the requirements of the alarm system.
	.2 Where applicable, system shall monitor additionally, building system conditions such as:
	.3 All cable and wiring must conform to Electrical Safety Code and applicable Building codes.
	.4 All wiring shall be installed in conduit and cable tray provided.
	.5 No exposed wiring is permitted, wiring must be fished where technically possible, and if not concealed it must be installed in raceway.
	.6 The contractor is to be in attendance during inspection and testing of the system installation.
	.7 Electrical Division to carry all costs in their tender related to security work installation by qualified installer and be responsible for all work and coordination related to security work installation.
	.8 The system shall be in accordance with the board standards. The system shall be included in the scope of work in the electrical division.
	.9 Safe Welcome (camera entry) system equipment for school and daycare spaces shall be included in the scope of work in the electrical division.

	1.4 CONTRACTORS
	.1 All bidders shall be qualified to work on DMP Cat. # XR550N panels, Canadian version.
	.2 Security system sub-contractors shall be one of the following:

	1.5 Related Systems (Access Control, CCTV)
	.1 The contractor shall install and provide all labour, material for CCTV camera rough-ins.  CCTV system equipment, devices, and cabling to be part of cash allowance.
	.2 Access control system complete with rough-ins, devices, cabling, and equipment and connections to security system to be part of cash allowance.  Devices noted on plans are for reference only.


	Part 2 Products
	2.1 CONTROL PANEL
	.1 The control panel shall be as manufactured by DMP Cat. # XR550N-ULC complete with 8/16 zone expanders DMP Cat. #714-8 & 714-16 in Cat. #340 lockable enclosures. Expanders to be located in nearest LAN rooms or service rooms near field devices/equipment such as building automation panel, ducts to future portables, etc.
	.2 Output devices will be located at the security panel and in proximity to main building automation panel to provide controls for lighting, heat, BF doors, siren output and other requirements, DMP Cat. # 716.  Exact locations to be confirmed with School Board.
	.3 Keypads shall be DMP Cat. #7073 at building entrances and DMP Cat. # 630F at fire alarm panel as part of ULC monitoring connection requirements. Provide a quantity of keypads as shown on plans.
	.4 The alarm control is mandatory and may not be substituted.
	.5 The system shall be capable of partitioning. The school and any partitions will report to the central station on different account numbers. Each system will transmit signals for opening, closing, and alarms. All trouble signals will be transmitted on the account identification of the school.
	.6 Further information of the system programming will be supplied to the contractor by the monitoring company.
	.7 All end of line resistors for the detection circuits are to be installed inside the detector.
	.8 Each device is to be placed on a separate and dedicated zone. The placement of more than one device on a zone will not be accepted. Zone descriptions to be provided in writing to Board Security Department, monitoring station and school by successful bidder.
	.9 Cellular DSM communicator shall be provided DMP Cat. # 463.

	2.2 INTRUSION DETECTION DEVICES
	.1 All motion detectors shall dual-tech passive IR / microwave.
	.2 Corridor motion detectors shall be Honeywell Cat. # DT6100T or Bosch Cat. # ISC-PDL1-WC30.
	.3 Room motion detectors shall be Honeywell Cat. # DT435T, DT7435 or Bosch Cat. # ISC-BDL2-W12 or Optex Cat. # DX40/60.
	.4 Vestibule motion detectors shall be short range style Bosch Cat. # ISC-BDL2-WP6.
	.5 Detectors installed in areas susceptible to damage must have protective cages installed. (i.e. Gymnasium)
	.6 All intrusion detection devices shall be programmed as instant zones.

	2.3 FIRE ALARM
	.1 The Fire Alarm system shall interface to the main security control panel via the CAN/ULC S561 monitoring panel.
	.2 CAN/ULC S561 monitoring to be provided and installed for monitoring of fire signals.

	2.4 SIGNALLING DEVICES
	.1 When the system is armed there shall be sound emitted in both the main entrance areas of the school and by security sirens as shown on plans.
	.2 Sirens will only sound upon detection of an alarm from security field devices.

	2.5 DOOR CONTACTS
	.1 Door contacts shall be a wide gap 2.5cm concealed contact GE Interlogix Cat. # 1078 or GRI Cat. # 180 series with magnet.
	.2 Overhead door contacts, where applicable, will be a surface mounted wide gap contact GE Interlogix Cat. # 220 or 2315 or Tane Cat. # 66 series.

	2.6 WIRING
	.1 A complete conduit and cable management system shall be provided by the Electrical Contractor.
	.2 All necessary cable will be supplied and installed by the security installer. All wiring requirements must be confirmed with the system manufacturer specifications.
	.3 Each wire shall be identified on both ends with a wire number system.
	.4 All work must be in clean and neat, with high workmanship standards.
	.5 Must follow manufacturer’s recommendation on ground all panels and boards.
	.6 All cable shield wiring should be grounded on one end only (typically the board or panel side only).
	.7 Provide sets of contact closures and interconnect cabling for connection to low voltage lighting control system to signal armed/disarmed system status as well as alarm state.  When an alarm is tripped all corridor, stairwell and service room lights to turn on to full brightness.

	2.7 MONITORING
	.1 Monitoring of the system shall be by way of a dual line digital dialer communicator and cellular module installed and operating in conformance with the standards noted in OBC 3.2.4.7.4. Submit ULC certificate certifying installation and monitoring.

	2.8 SAFE WELCOME ENTRY SYSTEM
	.1 Include provision of Safe Welcome (camera entry) System for school and daycare entrances, as noted on design drawings.  Systems shall be c/w camera, power supplies, master & secondary monitoring stations, switches, etc. for a complete system per board standards.  Separate systems shall be provided for the school and daycare areas.
	.2 Include installation of all cabling, connections, and testing of this entry system.
	.3 Conduit system and power connections provided by electrical contractor.


	Part 3 Execution
	3.1 INSTALLATION
	.1 All controllers and expansion cards should be located all together in a reasonably positioned service room. Controllers and/or expansion cards shall not be installed in ceiling spaces.
	.2 Install backboxes and conduit network to cable management tray system as indicated.
	.3 Cable installation, termination and testing shall be by security sub-contractor.
	.4 Detectors and sensors are to be installed in by single gang box at proposed device location complete with 21mm conduit to device junction box in ceiling space/wall.
	.5 CCTV cameras are to be roughed-in to single gang box at proposed device location with 21mm conduit to cable management tray including pull string.
	.6 Detectors and sensors are to be located above finished floor per manufacturer’s recommendations at indicated locations.
	.7 Keypads are to be installed in a single gang device box install at 1.2m (4’-0”) above finished floor at indicated location.
	.8 All components installation and final wiring terminations will be performed by the installing contractor.

	3.2 TESTING
	.1 The security sub-contractor must provide inspection, initial test, required adjustments, commissioning verification and certification of the system.
	.2 Furnish upon completion of work, a letter as evidence that such tests and instructions have been performed to owners satisfaction, and to indicate that:
	.3 System complies with system supplier’s recommendations.
	.4 The warranty on all new equipment installed on the alarm system is for a five-year period from the date of project substantial completion.
	.5 The fire monitoring system is ULC certified.
	.6 The warranty will include replacement on materials including all labour charges.
	.7 Provide “integrated testing” of this life safety system in accordance with the noted specification section. Include all associated costs in tender.

	3.3 INSTRUCTION TO OPERATORS
	.1 Perform a final test of all circuits in the presence of the owner’s representative and instruct his operating personnel on operation of various equipment. All final tests must be performed at the convenience of these individuals. Provide a minimum of 4 hours of in-service training for the system.
	.2 Supply booklets and complete schematic of the system for future maintenance of the equipment. All zones to be marked on floor plans supplied by owner. Schematic and zone floor plans must be turned over to the owner’s representative during final test and verification.
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