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PART 1 - GENERAL
1.1. GENERAL

1.1.1. This specification defines the general requirements and procedures for submittals. A
submittal is information submitted for the Consultant’s review to establish compliance
with the contract documents.

1.1.2. Detailed submittal requirements are found in the technical sections of the contract
specifications. The Consultant may request submittals in addition to those specified when
deemed necessary(to adequately describe the work covered in the respective technical
specifications at no additional cost to the Client.

1.1.3. Consultant review of‘a submittal does not relieve the Contractor of the responsibility for
compliance with the gbntract documents or any error which may exist. The Contractor is
responsible for fully complying wmiith all contract requirements and the satisfactory
construction of all work, including the heed to check, confirm, and coordinate the work
of all subcontractors for the project. Nanscompliant material incorporated in the work
willbe remioved7and replaced at the Contractor’s expense.

1.2. DEFINITIONS

1.2.1. Shop Drawings: Drawings, /diagrams, and scheduleS specifically prepared to illustrate
some portion ofthe work; Drawings prepared«by ok for the Contractor to show how
multiple systems and/interdisciplinary work will'be,integratéd and coordinated.

1.2.2. Product Data: Catalog cuts, illustrations, schedules, /diagrams, performance charts,
instructions, and brochures, which describeé and illustrate size/physi€al appearance, and
other characteristics of materialsy systems; or’equipment fof séme portion of the work.
Samples of warranty language when-the contfract fequires extended product warranties.

1.2.3. Samples: Physical examples of materials;~equipment, or workmanship that illustrate
functional and aesthetic characteristics of a madterial 0rproduct and establish standards
by which the work can be judged. Color samples’trom the manufacturer's standard line
(or custom color samples if specified) to be used in sélecting or approving colors for the
project. Field samples and mock-ups constructed to establish standards by which the
ensuing work can be judged.

1.2.4. Design Data: Calculations, mix designs, analyses, or other data pertaining to a part of
work.

1.2.5. Test Reports: Report which includes findings of a test required to be performed by the
Contractor on an actual portion of the work. Report which includes finding of a test made
at the job site or on sample taken from the job site, on portion of work during or after
installation.
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1.2.6. Certificates: Document required of Contractor, or of a manufacturer, supplier, installer,
or subcontractor through Contractor. The purpose is to document procedures,
acceptability of methods, or personnel qualifications for a portion of the work.

1.2.7. Manufacturer's Instructions: Pre-printed material describing installation of a product,

system, or material, including special notices and MSDS concerning impedances, hazards,
and safety precautions.

1.2.8. Manufacturer's Field Reports: Documentation of the testing and verification actions taken

by manufacturer's representative at the job site on a portion of the work, during or after
installation, to cahfitm compliance with manufacturer's standards or instructions. The
documentatiofi must indicate whether the material, product, or system has passed or
failed the tést.

1.2.9. Operation and Maiftenance Data: Manufacturer data that is required to operate,

maintain, troubleshoot,/and repair egquipment, including manufacturer's help, parts list,
and‘preduct line documentation., Thisidata shall be incorporated in an operations and
Maintehance-manual.

1.2.10. Closedut. Submittals: Documentation’ necesséary*to properly close out a construction

contract.{Eor example; Operation dand Maintenahce manuals, as-built drawings. Also,
submittal réquirements necessary to properdy closefout a phase of construction on a
multi-phase contfact.

1.3. SUBMITTAL REGISTER

1.3.1. The submittal register prépared by the” Contractor will7list items of,equipment and
materials for which submittals“dre required’by the specificatiohs..This list may not be all
inclusive and additional submittalsimay berequired by the specifications. The Contractor
is not relieved from supplying submittals required ty the contract documents but which
have been omitted from the submittal regjster.

1.3.2. The submittal register will serve as a schedulingdocumeént for submittals and will be used
to control submittal actions throughout the contraet-period.

1.3.3. The Contractor shall provide the initial submittal registerdn electronic format. Thereafter,
the Contractor shall track all submittals by maintaining a complete list, including
completion of all data columns, including dates on which submittals are received and
returned by the Consultant.

1.3.4. The Contractor shall update the submittal register as submittal actions occur and
maintain the submittal register at the project site until final acceptance of all work by
Client representative.
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1.3.5. The Contractor shall submit formal monthly updates to the submittal register in electronic
format. Each monthly update shall document actual submission and approval dates for
each submittal.

1.4. SUBMISSION PROCEDURES — SHOP DRAWINGS

1.4.1. The contractor shall review all shop drawings before submittal to the Consultant. This
review implies that the Contractor has determined or will determine measurements and
has verified or will verify on the site, the construction criteria, materials, catalog numbers
and similar data, and that he has reviewed and coordinated each shop drawing with the
Contractual Documents and Specifications.

1.4.2. Submit shof drawings tosthe Consultant within reasonable delays and in a logical
sequence in compliancefwith the construction schedule.

14.3. Submit for approval, all of the itends, specifically mentioned under the separate sections
of the specification, with inforpdation‘sufficient to evidence full compliance with contract
requirements. Materials, fabricatedarticlésiand the like to be installed in permanent work
shall,equal’thoséof approved submittals.

1.4.4. Submission Preparation

1.4.4.1. Each Gsubmittal Jis7to be completedand if sufficient detail to allow ready
determination of Compliance with contratt regquirements.

1.4.4.2. Collect requitéd dataifor €ach specific material, praduct, unit of work, or system
into a single submittal/, Prominently mark choicess® options, and portions
applicable to the sibmittalRartial submittals will Aot be' accepted for expedition
of construction effort.“Submittahwillbe returned withouts@view if incomplete.

1.4.4.3. All irrelevant or unnecessary data-shall be removed from the submittal to
facilitate accuracy and timely-processing. Submittals that contain the excessive
amount of irrelevant or unnecessdry datawill be returned with review.

1.4.4.4. Forward submittals in sufficient time'td permitproper consideration and approval
action by the Consultant; minimum time (gquired for Consultant's review shall be
10 business days or longer, if the submitted equipment does not match the
standard of acceptance and additional time is required for the evaluation.

1.4.4.5. Schedule submission to assure adequate lead time for procurement of contract
required items. Delays attributable to untimely and rejected submittals will not
serve as a basis for extending contract time for completion.

1.4.4.6. The Consultant's review consists in reviewing the conformity of shop drawings
with the contract documents for recommendation to the Client or Owner. The
Consultant is not liable for any responsibility for dimensions, details nor
quantities.
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1.4.4.7. After an item has been reviewed by the Consultant no change in brand or make

will be permitted unless:

1.4.4.7.1. Satisfactory written evidence is presented to, and positively reviewed by the
Consultant, that manufacturer cannot make scheduled delivery of approved
item or;

1.4.4.7.2. Item delivered has been rejected and substitution of a suitable item is an
urgent necessity or;

1.4.4.7.3. Other conditions become apparent which indicates approval of such
substitute item to be in best interest of the Client.

1.4.5. If the Contractof installs equipment or material for which he has not submitted shop
drawings for#rerification, the Consultant may, if the equipment or material is not installed
in accordance with“plans and specifications, require the equipment or material to be
removed and replaced by a compliant product at no additional cost to the Client.

1.4:6, Shop.drawings relating to products,special design systems or installations, custom
equipment_ar similar to, all®f which areynot standard or catalogued products, will be
cansidered engineering documents and as such, shall be authenticated by their author
enginger. Authentication shall be in conformityawith current Province of Ontario Laws and
By-Laws? As an example, not limited/toshop drawings of a custom air-handling unit are
covered by'the present article and as such, cofistituté engineering documents that will
require an autheptication by their author ergineen

1.4.7. When shop drawingsfare resubniitted, indicate'in writing all revisions other than those
required by the Consultant,

1.4.8. Submit for review by the Consultant, withinfeasonable delays6f the®ontract award, the
complete set of shop drawings réguired. Faxed-shop drawings are not accepted.

1.4.9. Shop drawings shall be submitted in electronic, format. The following rules must be
followed entirely:

1.4.9.1. The identification form must be included;

1.4.9.2. A shop drawing identification sheet hereby fnentioned shall be included;

1.4.9.3. A single file in PDF format for each shop drawing shall be submitted. In the case
where more than one document constitutes the drawing, they must all be
incorporated into a single file;

1.4.9.4. Printing parameters of the drawings must be incorporated in the file to assure a
scaled printing on a commercial printer;

1.4.9.5. The file must be of an excellent graphical quality;

1.4.9.6. Transmission of the shop drawings must follow the path of communication
established for the project;

1.4.9.7. A transmittal sheet shall be attached to submitted drawings.
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1.4.10. Shop drawings not following these directives will be returned to the contractor with a
"Rejected" recommendation.

1.4.11. Each shop drawing shall be presented with an identification form. The shop drawing
identification sheet shall include as a minimum the following information:

1.4.11.1. Owner's name

1.4.11.2. Project's name

1.4.11.3. Consultant’s name

1.4.11.4. Contractor's name

1.4.11.5. Name of sender

1.4.11.6. Sub cahtractor's name

1.4.11.7. Supplier'sname

1.4.11.8. Specialty

1.4.11.9. Description

1,4.11.10, Specifications sgetion nufmberand article number
1.4¢11.11{JRevision number

1.4.1942. Blank space for stampof Conformity Review.

1.4.12. Submitall shop/drawings in English, gértified for construction by the manufacturer.

1.4.13. Drawings for non-standard articles or mategials shdll be produced, especially for the
project.

1.4.14. Shop drawings shall in¢lude:

1.4.14.1. Construction detalls,. dimensions, weights{ afd  eQuipment or material
characteristics togethet, with“suppléementary informatioh such as bulletins,
illustrations and exploded4iews of econstituting parts.

1.4.14.2. Graphs, curves, capacities, efficiency and other technical data submitted by the
manufacturer or requested by the Engineer concerning the operation of the
equipment.

1.4.14.3. Wiring diagrams, single line diagrams, rinciple diagrams, control diagrams,
operating sequences and all interconnectionsiwith other systems when required.

1.4.14.4. Flow diagrams for air, water, oil, fuel, etc. if applicable.

1.4.14.5. Marketing folders or publicity brochures will not be accepted.

1.4.15. Shop drawings will be returned with one or two of the following mentions: "Reviewed",
"Modify and resubmit", "Modify as noted", "Rejected".

1.4.16. Drawings stamped "Reviewed" will not be further commented. Drawings comply with
contractual documents.
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1.4.17. Drawings stamped "Rejected" shall be done over again and resubmitted for approval.
Drawings do not comply with contractual documents.

1.4.18. Drawings stamped "Modify as noted" shall not be resubmitted. Conditionally to the
corrections indicated, drawings comply with contractual documents.

1.4.19. Drawings stamped "Modify and resubmit" shall be resubmitted, in part or in whole, as
indicated for further examination. Drawings do not comply with contractual documents.

1.4.20. Drawings stamped "Modify as noted" and "Modify and resubmit" shall be resubmitted in
part or in whole, ajindicated, for further examination. Conditionally to the corrections
indicated, drawings comply with contractual documents.

1.4.21. The Consultant’s examination,of the shop drawings does not relieve the Contractor from
supplying equipment’ conforming to current standards and bylaws and to the
requirements of this specification,

1.4.22 ©Any equipment, which is'mantfactured'without the Engineer's prior examination, may be
fejected.Assure all costs inherentto such a rejection.

1.5. SUBMISSION-SEHEDULING

1.5.1. Submittals are to be scheduled, submitted, réviewed, and returned to the Contractor
prior to the acquisition’of the material dr equipment. /Al comments marked by the
Consultant shall beCincorpo6tated«in the itend for which a submission was made. No
material or equipment shall bé @cquisitioned if the pespective subfissions was reviewed
and rejected by the Consultant

1.5.2. Coordinate scheduling, sequencing, prepdring, and proceéssifg of submittals with
performance of work so that workill not_be ‘delayed by submittal processing. Allow
time for potential re-submittal.

1.5.3. No delay costs or time extensions will be allewed for-time lost in late submittals or re-
submittals.

1.5.4. All submittals are required to be reviewed prior to théistart of the specified work activity.
1.6. AS-BUILT DOCUMENTATION

1.6.1. During progress of the Work, Contractor shall maintain a set of Record Documents and
Shop Drawings at the Site. Contractor must update these documents weekly, at a
minimum, with mark-ups of actual installations that vary from the Work as originally
shown. Contractor shall include all Drawings issued as addenda, clarifications, or Change
Orders.
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1.6.2. Contractor shall maintain and have available for review in conjunction with project
progress meetings, a current set of the marked-up Record Documents and Shop Drawings.
Availability for review and acceptability of both the format and content are prerequisites
for certification and acceptance of the Application for Payment by the Client and
Consultant.

1.6.3. Contractor must protect marked-up Record Documents from deterioration and loss in a
secure location.

1.7. RECORD DOCUMENTS EDIT LOG

1.7.1. During progress‘ofthe Work, Contractor shall update the Record Documents Edit Log each
time update$ or edits@re made, or information is added. The Record Documents Edit Log
shall be submitted tosthe“Censultant and Client prior to submitting each monthly
Application for Paymént.

1.7.2, TheRecord Documents Edit Log' shallinelude the following information as a minimum:

1.7.24¢ Ddte Edited.

1.7.2.2. Nameland Company of Person/Making Edlit.

1.7.2.3. Edit Type: RF;Change Order/Regliest for Pfeposal, Field Change, Red Line,

1.7.2.4. Supptemental Document, and ‘Revision/ASI.

1.7.2.5. Refereriece: name andnumber of the soufce document if applicable, such as
Change Order or RElnumber.

1.7.2.6. Sheet(s) Edited:

1.8. AS-BUILT DRAWINGS

1.8.1. Contractor must mark-up Drawingsthat are most compatible for showing actual physical
condition, fully and accurately and must refefence all other appearances of this Work to
the updated sheet. Contractor must “iriclude “cross-references to the Change Order
number on the updated Drawing sheet and alt'additional sheets where the Work is shown.

1.8.2. Contractor must mark-up with erasable colored/pencil, in a legible and professional
manner using separate colors where feasible, to“distinguish between changes for
different categories of Work at the same general locatiof.

1.8.3. Contractor must mark-up important additional information, which was either shown
schematically only or omitted from the Construction Documents. Contractor must give
particular attention to information on concealed work that would be difficult to identify
or measure and record at a later date.

1.8.4. The contractor shall receive from the Consultant a set of electronic files of the project,
with the engineering seal, stamp, signature and Consultant's logo removed.
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1.8.5. The contractor shall use the files as backgrounds on which all the changes recorded during
the construction phase shall be transcribed electronically.

1.8.6. Once all the changes have been transcribed on the backgrounds, the drawings shall be
electronically stamped "AS BUILT DRAWINGS" and shall be converted to pdf format and
submitted to the Consultant for review. The Contractor remains responsible for the
accuracy of the recorded information.

1.8.7. In association with Contractor’'s request for Substantial Completion inspection,
Contractor must submit one (1) electronic copy of the marked-up as-built drawings to
Client's representative.

1.9. RECORD SPECIFICATIONS

1.9.1. It is mandatory that@ll changes to specified materials, installation, warranty, etc. be
clearly and fully ‘marked withindthe applicable Specification section in a manner
acceptable to the Consultant @nd Client. Contractor shall review with the Owner and
document an acceptable proceduréearly'in the construction phase.

1.9.2. Contrfactor must give particular attention tossubstitutions, selection of options, and
similar infermation on’work where the eXact proddicts used are not clearly identified or
readily discérnible’in theoriginal Specificationsd\When@pplicable, Contractor must cross-
reference relatéd.Record, Dfawing informatién andfroductdata.

1.9.3. Contractor must neatly, transcribe and post all marked-up information to a "clean" copy
of the Specifications, ensuring“that similar types of inférmation are annotated in like
fashion throughout the Spécifications; Thé Record Spedifications shall then be converted
to pdf format and submitted“ie_the“Consultant for review. Thé Contractor remains
responsible for the accuracy of Re€ord Spécifjcations content.

1.9.4. In association with Contractor’s regdest foy, Substantial Completion inspection,
Contractor must submit the electronic versién (pdf)of the Record Specifications to the
Client representative.

1.10. OPERATION AND MAINTENANCE MANUALS

1.10.1. Submit operations and maintenance and operation data for all required equipment min.
15 days before application for Substantial Completion of the work. Substantial
Completion status for the work will not be granted in the absence of full Operations and
maintenance Information.

1.10.2. Contractor shall furnish the following equipment data content to be Included in Operating
and Maintenance Manuals:

1.10.2.1.  Description of Equipment.
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1.10.2.2.  Record Product Submittals. Clearly identify all options and accessories of actual
installed product and variations in the actual Work in comparison with submitted
information.

1.10.2.3.  Parts List. Clearly identify every part in the item of equipment with the proper
manufacturer’s name, part nomenclature and number, local source, and list price.

1.10.2.4. Recommended Spare Parts List. For each equipment item that Owner will likely
need within a 12-month period to support and operate that item of equipment.
The quantities of spare parts recommended must be based upon the quantity of
like equipment items installed under the Contract Documents.

1.10.2.5. Normal Operating Instructions. Detailed information to permit a journeyman
mechanic to adjust, start-up, operate, and shut down the equipment. Special
start-up preedutions shall be noted as well as other action items required before
the equipmenti§ putinto service.

1.10.2.6. Emergency @perating Procedures. Detailed description of the sequence of action
to be taken'in the eventfof a malfunction of the unit, either to permit a short
period of continueddoperation or emergency shutdown to prevent further
damage to the unit'@and to the system in which it is installed.

1.10.2.7/4, Préventive~Maintenance. Detailed information to cover routine and special
ihspection ‘requirements, including but wot limited to, field adjustments,
inspections/ for -wear, adjustment changes, packing wear, lubrication points,
frequéney and’specific lubrication type reglired,cleaning of the unit and type
solvent tonuse, and “such other measures yas areéhapplicable to preventive
maintenance/program,

1.10.2.8. Calibration. Detaled data on) what to calibrate, how to’ calibrate, when to
calibrate and procedures to enable checking{the equipmentafor reliability or
indications as well as data for test equipment, special todls and the location of
test points.

1.10.2.9.  Scale and Corrosion Control. Detailed information covering the prevention of and
removal of scale and corrosion.

1.10.2.10. Trouble Shooting Procedures. Detailed informadtion and procedures for detecting
and isolating malfunctions and detailed information concerning probable causes
and applicable remedies.

1.10.2.11. Removal and Installation Instructions. Detailed information concerning the logical
sequence of steps required to remove and install the item including instructions
for the use of special tools and equipment.

1.10.2.12. Disassembly and Assembly Instructions. Detailed illustrations and text to show the
logical procedure and provide the instructions necessary to disassemble and
assemble the unit properly. The text shall include all checks and special
precautions as well as the use of special tools and equipment required to perform
the assembly or disassembly.
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1.10.2.13. Repair Instructions. Detailed repair procedures to bring the equipment up to the
required operating standard including instruction for examining equipment and
parts for needed repairs and adjustments, and tests or inspections required to
determine whether old parts may be reused or must be replaced.

1.10.2.14. Special Tools and Test Equipment. Detailed list of the special tools and test
equipment needed to perform repair and maintenance for each equipment item.
The list shall contain the special tool and test equipment part number, size,
guantity, price, manufacturer’s name and address, and local supplier’s name and
address.

1.10.2.15. System Drdwings. Contractor shall furnish detailed drawings, where applicable,
that cléarly shew wiring diagrams, utility service diagrams, control diagrams,
systém schematicsppneumatic and fluid flow diagrams, etc., which pertain to the
unit function. System drawings must show major pieces of equipment, such as
chillers, boilérs, heat exchangers, pumps, air handlers, tanks, switchgear, etc., as
meaningful to the Project! Fluid flow and direction and valves with their valve tag
identification numbers must be clearly noted on drawings. Drawings must show
modifications to aflether manufacturer's standard unit when it is incorporated
intothe assembly or package unit.

1.10.3. WarrantieéssAnd Guarantees

1.10.3.1. Contratter shafl include, withingthe Operating) and Maintenance Manual
organizational structure for each system, ‘eguipmient item, or material, an
executed copy/of the specified warranty/guaranteg with warranty effective dates
covering that particular system,equipment item, orfmaterial. Contractor shall
include the manufacturer’s: warranty as “specified am@d »the installing
subcontractor’s and supplier’s guarantee for workmanship and system operation.

1.10.4. Requirements For Close-Out Manual

1.10.4.1. The Commissioning and Close-Out Manual shall include, but is not limited to, the
following:
1.10.4.1.1. Commissioning documentation, pre-funetional and functional check lists and
forms.
1.10.4.1.2. Final air balance reports produced by the Test, Adjust, and Balance Firm.
1.10.4.1.3. Completed Valve Schedule and Fire, Fire/Smoke and Smoke Damper
Schedule.
1.10.4.1.4. Owner Demonstration / Training Reports: Contractor shall furnish Training
Plan and Documentation of Owner’s personnel training regarding operation
of systems. Contractor shall include identification of parties receiving training
and date(s) of such training.
1.10.4.1.5. Electrical Test Reports (including factory tests and settings).
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1.10.4.1.6.
1.10.4.1.7.
1.10.4.1.8.
1.10.4.1.9.

Miscellaneous Equipment Test Reports (including factory tests and settings).
HVAC Calibration Reports (including duct testing reports).

Fire Alarm Test Reports.

Piping Test Reports.

1.10.4.1.10.Sewer Video Log.
1.10.4.1.11.Code-required Certifications as described within Technical Specifications.
1.10.4.1.12. Material Safety Data Sheets (MSDS) for any and all products incorporated into

the Project.

1.10.5. Miscellaneous Close-out Documents.

1.10.5.1. Contractor shall provide categories of requirements resulting in miscellaneous

wotk records includling, but not be limited to, the following:

1.10.5.1.1.

1.10,5.1.2,

1.104541.3.

1.10.5.1.4.
1.10.5.1.5.
1.10.5.1.6.
1.10.5.1.7.
1.10.5.1.8.

Required (field “ records on excavations, foundations, underground
construction, wells and,similar work.

Accurate survey shéwingylocations and elevations of underground lines,
including invert glevations of/drainage piping. Surveys establishing lines and
levels of building.

Certifications received in' lieu ofglabels on products and similar record
documentation.

Testing’and qualification of tradesmen.

Dotumented quatification of installatioh firms.

Materials testing reports.

Final inspeCtion Puneh<list and deficieney corréctions,

All original, sighed Project warranties and guarantées.

1.11. MAINTENANCE AND OPERATIONS MANUAL FORMATTING

1.11.1. Provide minimum of two (2) hard{copies“and_one electronic copy of Mechanical

Maintenance Manuals, in accordance to the following:

1.11.2. Manuals to be bound in a hard cover neatly ldabeled<"OPERATING AND MAINTENANCE
INSTRUCTIONS".

1.11.3. The Maintenance and Operations Manuals shall be divided into sections with neatly

labeled and tabbed dividers between each section. The sections to be included in the

manual are:

1.11.3.1.  Section | - General.

1.11.3.2.  Section Il - Piping and Pump Systems, Ductwork and Accessories.
1.11.3.3.  Section Il - HVAC Equipment/Electrical Equipment

1.11.3.4.  Section IV - Automatic Controls

1.11.3.5.  Section V - Air and Water Balancing
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1.11.4. The following information shall be contained within the sections:

1.11.4.1. SECTION I: A list giving name, address and telephone number of the Consultant,
Engineers, General Contractor, Mechanical Trade and Controls Trade. Written
warranties for the Mechanical Systems. A copy of the Valve directory giving
number, valve location, normal valve position, and purpose of valve. Equipment
lists and certificates shall be provided - certificates shall be signed and sealed by
the appropriate suppliers.

1.11.4.2. SECTION II, Ill: A copy of all pressure tests and operational tests. A copy of Gas
Operational Tests for gas fired equipment. A list giving name, address and
telephorie number of all suppliers. Details of chemical treatment equipment and
substances. A'copy of all reviewed Shop Drawings for all mechanical equipment
and‘ancillary deyvices\(valves, expansion tanks, pumps, strainers, plumbing, etc.).
Copies of warfanties.

1.11.4:3. SECTION IV Complete Cofitrol Diagrams, Wiring Diagrams and description of
Cantrol systemiand theffunctioning sequence of the system.

1.194.4. “/SECTION V: Complete air and hydronic balancing reports.

1.12. WITHHOLDING OF PAYMENT

1.12.1. Payment f@r,materials incorporated inthe work will not be made if required approvals
have not been'gbtained,

PART 2 - PRODUCTS (NOT APPLICABLE)

PART 3 - EXECUTION (NOT APPLICABLE)
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PART 1 - GENERAL
1.1. REQUIREMENTS INCLUDED

1.1.1. Procedures for on-site demonstration and testing of equipment and systems, including
temporary facilities.

1.2. INSTRUCTION OF CLIENT’S OPERATING PERSONNEL

1.2.1. Alldemonstrations, instructions and testing must be completed prior to Board acceptance
for beneficial use. All safety devices most pass 100 percent before the mechanical systems
can be accepteddor beneficial use.

1.2.2. Plumbing afid emergency gower systems are not included.
1.3., DEFINITIONS

1.371,. StartUp: Initial inspection, clearing, [ubrication, adjustment, and operation of equipment
and systems’ by the contr@ctor with the assistance of the representatives of the
equipment/mantfacturers.

1.3.2. Pre-Tests.:The final stage of the startp procedureThis occurs after all adjustments have
been made‘except for minar fine-tuning that can be déne during the pre-test. Serves as
verification that’the systems-are ready forshe findl test. Witnessing of pre-test by the
Consultant is not required:

1.3.3. Final Tests: Tests, witnessed by‘the Commissioning Agent or their representative, which
demonstrate that all equipfment and.systéms are in compliance fvith requirements.

1.4. QUALITY ASSURANCE

1.4.1. Experienced, trained technical servigé, personnel” who are representatives of the
equipment manufacturers and system designers shall demonstrate, provide instructions,
pre-test and final test, as specified, the followirg equipment:

1.4.1.1. Boilers and Economizers

1.4.1.2. Burners

1.4.1.3. Air Handling Equipment and VFDs

1.4.1.4. Air Conditioning/Refrigeration Equipment

1.4.1.5. Control systems and Instrumentation.

1.4.1.6. Pumps and VFDs

1.4.1.7. Safety valves

1.4.1.8. Plumbing Specialties (requiring adjustment and set-up)

1.4.2. The person responsible for programming the BAS shall demonstrate and provide
instructions on hardware, software and programming.
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1.4.3. The Board will provide a list of personnel to receive instructions and will coordinate their
attendance at agreed upon times.

1.4.4. All safety devices shall comply with the TSSA requirements.

1.5. SUBMITTALS
1.5.1. Names and qualifications of personnel performing demonstrations, instructions and tests.
1.5.2. Certification that pre testing is complete.

1.5.3. Preliminary schedulé,of all demonstrations, instructions and final tests two weeks prior
to proposed détes.

1.5.4. Provide reports withinghreezweeks after satisfactory completion of demonstrations,
instructions, and test§. List date, type of work, persons participating, amount of time, test
résults, calculations'of test results] teést data.

1.5.5."OCompleted-System Readingss Checklists yorovided by the Commissioning Agent and
completed’by the contractor, signed by @ qualified technician and dated on the date of
completion,

PART 2 - PRODUCTS (NOT APPLICABLE)
PART 3 - EXECUTION
3.1. PREPARATION FOR FINAL TESTS, DEMIONSTRATIONS, ANP INSTRUCTIONS

3.1.1. \Verify that equipment and systemsare fully operational. Compléete allStart up and pre-
test activities for all equipment ahd systems."Complete all construction and finish work.

3.1.2. Arrange for all test personnel for all eguipment to¢be continuously present during one
period of time so that all equipment ahd, systeims can be tested in their interrelated
functions. For instance, the burner in a heating system shall be tested during the boiler
testing, and instrumentation performance will be evaluated in conjunction with boiler
testing.

3.1.3. Deliver maintenance and operating manuals four weeks prior to instruction period.
3.1.4. Furnish all special tools.

3.2. FINAL TESTS
3.2.1. Demonstrate proper operation of each equipment and system.

3.2.2. Provide tests on equipment as specified in the individual specification sections.
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3.3. STARTUP AND TESTING

3.3.1. The Consultant will observe startup and contractor testing of selected equipment.
Coordinate the startup and contactor testing schedules with the Consultant. Provide a
minimum of 7 days prior notice.

3.4. DEMONSTRATIONS AND TRAINING

3.4.1. Demonstrate operation and maintenance of equipment and systems to Board personnel
no more than two weeks prior to scheduled Board operation of the equipment.

3.4.2. Use operation ahd maintenance manuals as basis of instruction. Review contents of
manuals with‘personneliin detail to explain all aspects of operation and maintenance.

3.4.3. Demonstrate start upj operation, control, adjustment, trouble shooting, servicing,
maintenance, and shut dowil of each item of equipment. Allow Government personnel
to-practice operating the equipmént under supervision of instructors.

3.4.4. “Prepare’and-insert additioial data in opérations and maintenance manuals when need
for-additionahdata.becomes apparent during instructions.

3.4.5. Submit training plansand instructorqualifications
3.5. TIME ALLOCATED FOR'DEMONSTRATIONS AND INSTRUCTIONS

3.5.1. At least 16 total instryctor hours €o-include all'new building services installed under this
project.

3.5.2. Atleast 4 total instructor houssto include BAS and computer workstation and programs.

3.5.3. Do not exceed three trainees per session, one.fotr-hour session, per day, per trainee.
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. This section specifies demolition and removal of utilities, services and equipment, as
noted on the drawings and as required for the completion of the new work.

1.2. DEFINITIONS

1.2.1. Remove: Detach items from existing construction and dispose of them off-site unless
indicated to be salvaged or reinstalled.

1.2.2. Remove and Salvage:|Detach items from existing construction, in a manner to prevent

damage, and delivef'to Owher ready for reuse or store as noted on Drawings.

1.2.3. Remove and Reinstall: Detach items from existing construction, in a manner to prevent

damage, prepare for reuse, and reinstall where indicated.

1.2.4.GExisting/to Rémain: Leave eXistingitems that are not to be removed and that are not

otherwiselindicated to be salvaged or réinstalled.

1.2.5. Dismantle: To remove by disassembling.erfdetachingan item from a surface, using gentle
methods anghequipmentito prevent damage todhe iterh.and surfaces; disposing of items
unless indicated’to besalvaged or reinstalled.

1.3. WARRANTY

1.3.1. Existing Warranties: Remeyve, replace, patch, and repair materials and surfaces cut or
damaged during demolitiony, oy methodsand with “materials ard Using approved
contractors so as not to void existing warranties. Notify warrantor before proceeding.
Existing Warranties include the following:

1.3.1.1. Roof system
1.3.1.1.1. Notify warrantor on completioiy of Selective demolition, and obtain
documentation verifying that existing system has been inspected and
warranty remains in effect. Submit documentation at Project closeout.

1.4. PROTECTION

1.4.1. Perform demolition in such manner as to eliminate hazards to persons and property; to
minimize interference with use of adjacent areas, utilities and structures or interruption
of use of such utilities; and to provide free passage to and from such adjacent areas of
structures.

1.4.2. Carry out all demolition work in a neat and orderly manner. Keep noise, dust, and similar
nuisances to a minimum. Do not collapse walls. Do not throw or drop materials.
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1.4.3. Provide safeguards, including warning signs, barricades, temporary fences, warning lights,
and other similar items that are required for protection of all personnel during demolition
and removal operations.

1.4.4. Where material indicated to be removed is suspected of containing asbestos, inform
Client's Representative immediately. Do not disturb materials suspected of containing
asbestos until asbestos content has been verified by Client.

1.4.5. Use extreme caution when cutting into shafts and chases. Shafts and chases may end
above occupied areas within building. Take all necessary precautions to prevent debris
from falling through epenings between floors during demolition operations.

1.4.6. Maintain fedces, barricades, lights, and other similar items around exposed excavations
until such excavations have heen completely filled.

14.7. Prevent debris from blocking dfainage systems (floor drains) or affecting other
mechanical and electrical systers that must remain in operation.

1.4.8. Protect bdilding.floors against damage/from demolition work. Use %" plywood covers
over/floor ‘Where (lifting, moving, rolling of removed equipment is anticipated. Be
responsible for-repairing any damage 6 flooringecaused by the work defined in this
section. Execyte repairsto the satisfaction of thé Boardat no cost to the Board.

1.4.9. Provide enclosed duyst chiteswith control gatesdfromieach floor to carry debris to truck
beds and govern flow/of materiaKinto truck. Provide overhead bridges of tight board or
prefabricated metal construction at dust chutes to protéct perSons and property from
falling debris.

1.4.10. Prevent spread of flying particlesand dust/Sprinkle rubbish and debris with water to keep
dust to a minimum. Do not use watér/if,it results in hazardous or objectionable condition
such as, but not limited to; ice, flooding; or pollytion. Vacuum and dust the work area
daily.

1.4.11. Maintain at least one stairway in each structure incusable condition to highest remaining
floor. Keep stairway free of obstructions and debris ditil that level of structure has been
removed.

1.4.12. Wherever a cutting torch or other equipment that might cause a fire is used, provide and
maintain fire extinguishers nearby ready for immediate use. Instruct all possible users in
use of fire extinguishers.

1.4.13. Keep hydrants clear and accessible at all times. Prohibit debris from accumulating within
a radius of 4500 mm (15 feet) of fire hydrants.
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1.4.14. Before beginning any demolition work, the Contractor shall survey the site and examine
the drawings and specifications to determine the extent of the work. The contractor shall
take necessary precautions to avoid damages to existing items to remain in place, to be
reused, or to remain the property of the Client.

1.4.15. Any damaged items shall be repaired or replaced as approved by the Consultant. The
Contractor shall coordinate the work of this section with all other work and shall construct
and maintain shoring, bracing, and supports as required.

1.4.16. The Contractor shall ensure that structural elements are not overloaded and shall be
responsible for inéreasing structural supports or adding new supports as may be required
as a result of afiy cutting, removal, or demolition work performed under this contract. Do
not overload structural eléments. Provide new supports and reinforcement for existing
construction weakenedl by demolition or removal works. Repairs, reinforcement, or
structural replacem@nt musthave Resident Engineer’s approval.

1.5. QUALIFICATIONS

1.5.1. Woeork of this section shall be executed by trades personnel having a minimum of 3 years’
experiehnce in‘the demolition field and/apableto deploy adequate equipment as required
to compléte the workinan efficient@nd orderly mianner.

1.6. EXAMINATION
1.6.1. Examine existing property. Détermine the nature ef materials to be removed.

1.6.2. When utilities or building¢services .aré, encountered/that’ are not indicated on the
drawings, the Consultant shalble notified prior to further worlk(in that area.

1.7. SCHEDULING

1.7.1. Coordinate the timing and duration of DEW, DHW@nd power shut-down with the Board
representatives.

1.8. MAINTAINING TRAFFIC

1.8.1. Maintain and preserve Board's access requirements withfih, to and from existing building
in areas where demolition and removal work is being carried out.

1.8.2. Do notclose, obstruct, place or store material in the building driveways and passageways.
Conduct operations with minimum interference with roads, streets, driveways, user
traffic and passageways.

1.9. HAULING OPERATIONS
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1.9.1. Maintain roadways and paving in the hauling areas clean on a daily basis and as required
by Municipal Authorities.

1.9.2. Parking is not ample or readily available in the area where the building is located.
Coordinate delivery of equipment with the Board representatives.

1.9.3. Contractor is responsible for all craning & lifting operations. It is the Contractor’s
responsibility to coordinate with the respective Municipality & pay/obtain all required
permits.

1.9.4. Contractor is respgafisible for providing a craning plan for review & approval by the Client.
1.10. INTERRUPTIONS TO CLIENT'S OPERATIONS

1.10.1. There will be absolutely'no intekruptions to the building schedule during demolition work.
Therefore, it is imperative,that operations and machine and equipment movements,
déliveries and removals are exetuted, at time or times that will permit uninterrupted
Board's, operations in andaround thepbuilding, including parking, receiving areas,
deliveries’and site and means of access and egress.

1.10.2. Wheré-interruptions of domestic cold and4iot water are necessary, coordinate with the
School Repfesentatives the timing and durationéf such interruptions.

1.11. SAFETY REQUIREMENTS

1.11.1. Coordinate posting of‘danger signsi¢anspicuously around property. Close doorways and
thoroughfares giving access to area-of-demolition with barricades.

1.11.2. Provide a competent, experiented supervisor.in charge of the Wark and on Site while
Work is in progress.

1.11.3. Should any suspect designated substance not already identified, be encountered, cease
work in the immediate area and immediatel{» report, to the Board. Board is responsible
for removal of designated substances.

1.12. WORK INCLUDED IN THIS SECTION
1.12.1. Demolition work for this project includes but is not limited to the following:

1.12.1.1. Remove existing indoor air handlers including supply fans, return fans, in the
existing Mechanical Attic space approximately as indicated.

1.12.1.2. Remove all ductwork & piping in the Mechanical Attic approximately as indicated.
Remove existing pumps, disconnect from power and controls.

1.12.1.3. Allow for removal of demolished equipment via the existing exhaust air louvre.
Temporarily remove existing exhaust louvre and enlarge wall opening as required
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to remove all demolished equipment. Upon completion re-instate louver and cap
on the interior of the mechanical attic ¢/w insulation.

1.12.1.4. Remove existing ductwork at high level in the Cafeteria space as indicated.
Remove all associated supports and hangers.

1.12.1.5. Contractor is responsible for protecting the cafeteria flooring during demolition
and construction.

1.12.1.6. Remove all power & controls wiring associated with the demolished equipment.

1.12.2. All cutting and patching associated with the removal of the ductwork to be included.

1.12.3. The temporary refmoval of any other building services as required for the installation of
the new equipment; upon completion of the work, the relocated equipment shall be
relocated Back to'the original position or left in the new position, as warranted by the
new layout.

1.12.4. The removal of the controls shall’bésdone by the controls Contractor. Contractor shall
identify andabel all controls béfore demolition, to ensure that all existing equipment that
isto remain will not be affeCted bythis work and to ensure proper connection of the new
equipmentitoytheschool.

1.12.5. All existifg, building services not affected by thi§ work shall be protected and where
necessary, maintained opefational during andé@fter the demolition work is complete. Any
accidental damage or intepruption of existirig building services not required by this project
will be promptly regaired atino additional cost®o the Owner.

PART 2 - PRODUCTS (NOT APPLICABLE)
PART 3 - EXECUTION
3.1. GENERAL

3.1.1. Atthe end of each day’s work, leave site in‘a safe condition and erect safety barriers and
lights as required. Ensure that no parts of the exXisting building are in danger of collapsing.

3.1.2. Review the requirements of new equipment to be installed. Perform all demolition work
required to allow for the new equipment to be installed, whether shown on the drawings
or not.

3.1.3. Provide any additional labour, materials and services not specifically indicated on the
drawings but required to complete the demolition work.

3.1.4. Do not disturb adjacent structures or equipment designated to remain in place.
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3.1.5. Confine operations and workers to those parts of the building which are defined on the
drawings and exercise great care not to damage existing construction beyond that
necessary for the carrying out of new work. Make good any such damage in every respect,
to the satisfaction of the Client.

3.2. DUST CONTROL

3.2.1. Prevent spread of flying particles and dust. Sprinkle rubbish and debris with water to keep
dust to a minimum. Do not use water if it results in hazardous or objectionable condition
such as, but not limited to; ice, flooding, or pollution. Vacuum and dust the work area
daily

3.3. DISPOSAL
3.3.1. Removed Items

3.3.1.1. Unless otherwise instruéted by the Client's representative, all materials from
demolition includingdrickyconcrete, stone, metals, insulation, wiring, tubing and
similarmaterials shalbbe removed

3.3.1.2. Removediitems become propgérty of Cantractor and shall be disposed of by him
daily, off thelsite to avoid accumulation dtythe demolition site. Materials that
canfiot be removed daily shall be storéd in afeas specified by the Consultant.
Contraétor shall/dispose debris in cdmpliarice withhapplicable federal, provincial
or local petmits, rules and/or regulations.

3.3.1.3. Dispose of demolished. materials in aceordancé with_the requirements of
Authorities Havin@ Jurisdiction.~At the end of/demélition work, leave site in
broom-clean conditian., Cleanexisting surfaces specified to re€eive new applied
finishes to ensure propetadherence.

3.3.2. Removed and Salvaged Items:

3.3.2.1. The Board Representative will review thé Site prior to commencement of

demolition and instruct the Contractor,in.writing, as to the items to be Removed
and Salvaged. Perform the following:

3.3.2.1.1. Clean salvaged items.

3.3.2.1.2. Pack or crate items after cleaning. Identify contents of containers.

3.3.2.1.3. Store items in a secure area until delivery to Owner.

3.3.2.1.4. Transport items to Owner's storage area location in building.

3.3.2.1.5. Protect items from damage during transport and storage.

3.3.3. Removed and Reinstalled Items:

3.3.3.1. Clean and repair items to functional condition adequate for intended reuse.
3.3.3.2. Pack or crate items after cleaning and repairing. Identify contents of containers.
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3.3.3.3. Protect items from damage during transport and storage.
3.3.3.4. Reinstall items in locations indicated. Comply with installation requirements for

new materials and equipment. Provide connections, supports, and miscellaneous
materials necessary to make item functional for use indicated.

3.3.4. Existing Items to Remain:

3.3.4.1. Protect construction indicated to remain against damage and soiling during
selective demolition. When permitted by Owner's Representative, items may be
removed to a suitable, protected storage location off-site during selective
demolitiofi @and reinstalled in their original locations after selective demolition
operations are complete.

3.4. REFRIGERANTS
34,1. Refrigerant handling requirements@re specified in Section: 23 23 00 Refrigerant Piping.
3.5. DEMOLITIONOF ARCHITECTURAL FINISHES

3.5.1. Gengéral: Demolish.and remove existing construction only to the extent required by new
construction and as indicated. Use! meth@ds required to complete the Work within
limitations’of goverhing regulations and as followis:

3.5.1.1. Neatly cut openings and holes plumb, sqdare, and true to dimensions required.
Use cutting(methods least likely to dafnage construction to remain or adjoining
construction. “Use hand teols or small“power /ools _désigned for sawing or
grinding, not hammering and €hopping, to minimize disturbance of adjacent
surfaces. Temporarily.gover openings to remain.

3.5.1.2. Cut or drill from the exposed or’finished side into ¢oncealed surfaces to avoid
marring existing finished surfaces.

3.5.1.3. Do not use cutting torches¢ without written permission from Client's
Representative. Comply with Owner’s rules'and procedures.

3.5.1.4. Locate selective demolition equipment @nd remove debris and materials so as not
to impose excessive loading on supportingwalls, floors, or framing.

3.5.1.5. Dispose of demolished items and materials promptly.

3.5.1.6. Remove all loose material from partially demolished work leaving only sound and

secure construction.

3.5.2. Plaster:
3.5.2.1. Remove loose plaster that will be exposed in finished construction. Loose plaster
is defined as plaster material of at least 2 inches by 4 inches in size that can be
moved by touch or that sounds hollow when lightly tapped with a hammer.
3.5.3. Flooring:
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3.5.3.1. Where shown, scheduled or otherwise required for application or installation of

new floor finishes or coverings, remove existing flooring tile, resilient sheet
flooring as follows:
3.5.3.1.1. Remove all traces of existing flooring materials. Remove resilient sheet and
tile flooring products
3.5.3.1.2. Remove adhesives, except those containing asbestos. Use chemical strippers
approved by manufacturer of new flooring materials, or grind concrete floor
surfaces to completely remove adhesive. Obtain Client's Representative's
approval of removal method prior to beginning removal work.
3.5.3.1.3. Do not remove vinyl composition tile or adhesives suspected of containing
ashéstos. €Client will verify asbestos content of questionable materials.
Removaldof asbestos-containing adhesives (if any) shall be undertaken
separately by the Elient
3.5.3.1.4. Clean floorslabs of dust and adhesive residue.

3.6. DEMOLITION OF.CONCRETE OR ASPHALT

3.6.1. Water uséd dufing concrete'and asphalt'work (including sweeping and saw-cutting) must
be contained-and.collected forproper disposalfDo not discharge water containing dust
or debris from concréte-or asphalt workdfto stormidrains, catch basins or to the sanitary
sewer system
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PART 1 - GENERAL
1.1. SUMMARY

1.1.1. This Section includes the following:

1.1.1.1. Gypsum board assemblies, including non-load-bearing steel framing.

1.1.1.2. Water-resistant gypsum drywall backer units installed with gypsum board
assemblies.

1.1.1.3. Cementitious backer units installed with gypsum board assemblies.

1.1.1.4. Gypsum bgard shaft-wall assembilies.
1.1.1.5. Framing

1.2. ASSEMBLY PERFORMANCE REQUIREMENTS

1.2.1. Sound Transmission'Charaeteristics: Where STC ratings are indicated, provide assemblies
with STC ratings determined and classified in accordance with ASTM E 90 and ASTM E
413, respectively.

1.2.2. FiresResistance:” Provide gypsum»board assemblies with fire-resistance ratings indicated.

1.2.3. Shaft-Wall Performancé Requirements:"Provide gypsum board shaft-wall assemblies that
are composédqof proprietaty gypsum board panels afid metal components designed for
erection from qUtside”“the "Shafts, and tHat comply with® performance requirements
specified as determined from testing manufacéturers*standard assemblies representing
those indicated for thi$ Project.

1.3. SUBMITTALS
1.3.1. Product data for each type of product specified:
1.4. QUALITY ASSURANCE

1.4.1. Fire-Test-Response Characteristics: Provide‘“assemblies. identical to those specified by
indicated GA File Numbers in GA-600 "Fire Resistance Design Manual" or design
designations in UL "Fire Resistance Directory," and) that have been tested for fire
resistance according to ASTM E 119 by an independent tésting and inspecting agency.

PART 2 - PRODUCTS
2.1. MANUFACTURERS

2.1.1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

2.1.1.1. Gypsum Board and Related Products:
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2.1.1.1.1. CertainTeed Saint-Gobain
2.1.1.1.2. Georgia-Pacific Corp.
2.1.1.1.3. Lafarge North America.
2.1.1.1.4. National Gypsum Co.
2.1.1.1.5. United States Gypsum Co.
2.1.1.2. Steel Framing and Furring:
2.1.1.2.1. Clark Dietrich Building Systems.
2.1.1.2.2. Jaimes Industries. Inc.
2.1.1.3. Gypsum Backer Units:
2.1.1.3.1. Georgi@Pacific.
2.1.1.4. Cementitious Backer Units:
2.1.1.4.1. AFinPanpinc.
2.1.1.4.2. Georgia-Pacific Corp.
2.1.1.4.3. National/Gypsum/Co.
2.1,1.4.4. United States Gypsum Cox
241,1.5. Gypsum Board Shaft-Wall Assemblies:
2.1.1.5.1. Dietrich Industfies, Inc.
2.17146.2. ~ Georgia-Pacific Corp:
2.1.1.5:3», National Gypsum Co.
2.1.1.5.4. “IUnited StatessGypsum Co.

2.2. STEEL FRAMING FOR SUSPENDED CEWINGS
2.2.1. General: Provide componentsicemplying with ASTM C 754 for conditions indicated.

2.2.2. Steel Studs for Ceiling Furring Channels: ASTM C 645, complying with the following
requirements:

2.2.2.1. Minimum Base (Uncoated)“Metal Thickness: 0.027 inch, unless otherwise
indicated.

2.2.2.2. Depth: 2-1/2 inches, unless otherwise, indicated.

2.2.2.3. Protective Coating: ASTM A 653, G 40 Hot-dip galvanized coating.

2.3. STEEL FRAMING FOR WALLS AND PARTITIONS
2.3.1. General: Provide framing shapes as indicated, and with the following finish:

2.3.1.1. Protective Coating: Manufacturer's standard corrosion-resistant coating.
2.3.1.2. Protective Coating: ASTM A 653, G 40 hot-dip galvanized coating.

2.3.2. Steel Studs and Runners: ASTM C 645, Manufacturer's standard profiles, and complying
with the following requirements:
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2.3.2.1. Minimum Base (Uncoated) Metal Thickness: As indicated on drawings, or if not

indicted, 0.0329 inch.
2.3.2.2. Minimum Depth: 3-5/8 inches, unless otherwise indicated.

2.3.3. Deflection and Firestop Track: Top runner designed to allow partition heads to expand
and contract with movement of structure above while maintaining continuity of the
assembly. Comply with requirements of ASTM C 645 except configuration, of thickness
indicated for studs and width to accommodate depth of studs indicated with flanges
offset at midpoint to accommodate gypsum board thickness.

2.3.4. Offset Configurationi Shadow-line design with offset projecting out from depth of stud.

2.3.5. Product: Subject te,compliance with requirements, a product that may be incorporated
in the Work includes, but is not limited to, "Fire Trak" manufactured by Fire Trak Corp.

23,6. Prefinished Top Track:! Proprietéry, pre-finished stud receptor track mounted to
suspénded ceiling grid. /ASTM @ 645, 25,gage galvanized steel; and as follows:

2.3.7. Accessoriés; Manufacturer's standard applied trim accessories for outside corners, wall
endsand similar conditions requiring additionaldkim for a complete, finished appearance.

2.3.8. Finish: Bakéd-on polyester paint in colorto mateh suspended ceiling grid manufacturer's
standard white;

2.3.9. Product: EliminatorTrack;Pro Products Mfg.

2.3.10. Steel Rigid Furring Channels: ASTM.C-645, hat shaped, depth@nd 0.0179-inch minimum
thickness of base (uncoated)metal, Gnless<otherwise indicated/ Providéfurring brackets
if recommended by manufacturérfor application indicated.

2.3.11. Depth: 7/8 inch.

2.3.12. Steel Flat Strap and Backing Plate: Steel shegt for blocking and bracing, length and width
as indicated, complying with ASTM A 653 or ASTM A 568, as follows:

2.3.13. Base (Uncoated) Metal Thickness: 0.0598 inch unlessotherwise indicated.
2.4. GYPSUM BOARD PRODUCTS

2.4.1. Provide gypsum board of types indicated in maximum lengths available that will minimize
end-to-end butt joints.

2.4.2. Gypsum Wallboard: ASTM C1396 and regular type for vertical surfaces, sag resistant for
horizontal surfaces, Type X where required for fire-resistance-rated assemblies.
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2.4.3. Thickness: Unless otherwise indicated, provide units that are 5/8 inch thick for all
applications except 1/2 inch thick for ceilings and soffits.

2.4.4. Gypsum Liner Panels: Proprietary liner panels as required for the specific fire-resistant-
rated gypsum board shaft-wall assemblies indicated, with moisture-resistant paper
facings.

2.4.5. Glass-Mat, Water-Resistant Gypsum Backing Board: ASTM C 1178, of type and thickness
indicated below:

2.4.5.1. Type andgThickness: Regular, 1/2 inch (12.7 mm) thick, unless otherwise
indicated.

2.4.5.2. Typé and Thickness: Type X, 5/8 inch (15.9 mm) thick, where required for fire-
resistance-rated‘@ssemblies and where indicated.

2.4.5.3. Products: Sdbject to/compliance with requirements, provide "Dens-Shield Tile
Backer" manufactured by/Georgia-Pacific Corp.

2.5. CEMENTITIOUS BACKER UNITS

2.5.1. Provide cementitious backer units complying with ANSI A118.9 and in maximum lengths
available’to minimizelend-to-end butt joints.

2.5.2. Thickness: Manufactureriscstandard thickn@ss, bdt not less than 7/16 inch, unless
otherwise indicated,

2.5.3. Width: Manufacturer's standardywidth, but not lessithan 32 inches:
2.6. TRIM ACCESSORIES

2.6.1. Accessories: Formed steel sheet zinc.coated-byhot-dip process, or rolled zinc, complying
with the requirements of ASTM C 104%Zfor cornerbéad, L, LC, U shapes.

2.6.2. One-piece control joint formed from rolled’zinc with V-shaped slot and removable strip
covering slot opening.

2.7. JOINT TREATMENT MATERIALS

2.7.1. General: Provide joint treatment materials complying with ASTM C 475 and the
recommendations of both the manufacturers of sheet products and of joint treatment
materials.

2.7.2. Joint Treatment for Gypsum Board: Provide paper reinforcing tape; and factory-
packaged, vinyl-based, jobsite- or factory-mixed products. At Contractor's option,
provide either specifically formulated taping and topping compounds or all-purpose
compounds.
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2.7.3. Joint Treatment Cementitious Backer Units: Tape and compound as recommended by
cementitious backer unit manufacturer.

2.8. MISCELLANEOUS MATERIALS

2.8.1. Acoustical Sealant for Exposed and Concealed Joints: Latex sealant complying with ASTM
C 834; and subject to compliance with requirements, one of the following products:

2.8.1.1. PL Acoustical Sealant; ChemRex, Inc.; Contech Brands.
2.8.1.2. AC-20 FTR Acoust. and Insul. Sealant; Pecora Corp.

2.8.2. Laminating AdheSive: \Special adhesive or joint compound recommended for laminating
gypsum pangels.

2.8.3. Spot Grout: ASTM C 475, setting-type joint compound recommended for spot-grouting
hollow metal door ffames.

2.8.47 Foam Gaskets: Closed-cell vinyl foam a@dhesive-backed strips, 1/8 inch thick, in width to
§Git metalstud size.

2.8.5. Sound-Attenuation Blankets: Unfacéd minefalfiber blanket insulation produced by
combining glass fibers/with thermosetting resinsdo comply with ASTM C 665 for Type |
(blankets witheut membrane facing).

2.8.6. Fasteners: Providésize and'type of screws recopimended by manufacturer for application
indicated, and as follows:

2.8.6.1. Metal and Gypsum’Boeard: Steel drill screws complying with ASEM C 1002 and of
size, corrosion resistancé.and holdingpower required to fasten steel framing and
furring members securely€o substratesinvolved.

2.8.6.2. Cementitious Backer Units: Carrosion-resistant screws recommended by panel
manufacturer.
2.8.6.3. Powder-Actuated Fasteners in Concrete: Corrosion-resistant materials suitable

for application and capable of sustaining,swithout failure, a load equal to 5 times
that imposed by ceiling construction, as determined by testing according to ASTM
E 1190.

2.9. SHAFT-WALL BASIC ASSEMBLY DESCRIPTION

2.9.1. Cavity Shaft-Wall Assemblies: Provide assemblies constructed of proprietary gypsum
liner panels inserted between steel tracks at each end of studs; with specially shaped steel
studs engaged in tracks and fitted between gypsum liner panels; and with gypsum board
on finished side or sides applied to studs in the number of layers, thicknesses and
arrangement indicated.
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2.9.2. Gypsum Liner Panel Thickness: As standard with manufacturer for gypsum board shaft-
wall assemblies indicated.

2.9.3. Stud Shape and Depth and Thickness: As standard with manufacturer for gypsum board
shaft-wall assemblies indicated; but not less than 0.0284-inch minimum base metal
thickness.

2.9.4. Room-Side Finish: As indicated.
PART 3 - EXECUTION
3.1. INSTALLING STEEL FRAMING, GENERAL

3.1.1. Steel Framing InstallationdStandard: Comply with ASTM C 754 and with ASTM C 840
requirements that appl{ to framing installation.

3.1.2. Install supplementary framing, blocking, and bracing at terminations to support fixtures,
equipment-services, heavy trim, grab 'bars, toilet accessories, furnishings, or similar
¢onstruction:” Comply with details”shown or, if not shown, with USG Co.'s "Gypsum
ConstructionHandbook."

3.1.3. Isolate stéel framing from building struéture at thé following locations:

3.1.3.1. In ceilirigs whete building structure dbuts céiling perimeter or penetrates ceiling.
3.1.3.2. Where paftition framing and wall furring abut structidire, except at floor.

3.1.4. Independently frame both.sides-of joints at building control and@xpansion joints.
3.2. INSTALLING STEEL FRAMING FOR SUSPENDED CEILINGS

3.2.1. Install suspended steel framing components in‘Sizes and at spacings indicated, but not
less than that required by the referencéd steel framing installation standard.

3.2.2. Do not connect or suspend steel framing fromyducts, pipes, or conduit, or attach to steel
roof deck.

3.2.3. Spacing: as indicated on the drawings. Default:

3.2.3.1. Framing Channel Spacing: 16 inches o.c.
3.2.3.2. Framing Channel Spacing: 24 inches o.c.

3.2.4. Installation Tolerances: Install with cross-furring members level to within 1/8 inch in 12
feet as measured both lengthwise on each member and transversely between parallel
members.

3.3. INSTALLING STEEL FRAMING FOR WALLS AND PARTITIONS
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3.3.1. |Install runners (tracks) at floors and ceilings, and structural walls and columns where
gypsum board stud assemblies abut other construction.

3.3.2. Where studs are installed directly against exterior walls, install foam gaskets between
studs and wall.

3.3.3. Installation Tolerances: Install each steel framing and furring member so that fastening
surfaces do not vary more than 1/8 inch from the plane formed by the faces of adjacent
framing.

3.3.4. Extend partition framing to height indicated. Continue framing over frames for doors and
openings and frame around ducts penetrating partitions above ceiling to provide support
for gypsumdioard.

3.3.5. Terminate partition framing as shown on Drawings; or if not shown, as follows:
3.3.5.1. At suspended cgilings.

3.3.6. nstall proprietary prefinish@d top track.

3.3.7. 6-inches above exposed face of suspended aedustic ceiling panels.

3.3.8. Full height'torstructural stupports or substrates above suspended ceilings, if any. Cut studs
1/2 inch short'gf full heéightto-provide perinieter relief.

3.3.9. |Install proprietary deflection‘and<irestop trackatfire-rated partitions, and as otherwise
indicated.

3.3.10. For STC-rated and fire-resistance-rated partitions that exténd te® the underside of
floor/roof slabs and decks or othér,continuous’solid structural slrfaces to obtain ratings,
install framing around structural arid-etherimembers extending below floor/roof slabs
and decks, as needed, to support gypsdm board closures needed to make partitions
continuous from floor to underside of solidstructure.

3.3.11. Install steel studs and furring in sizes and at spacings as follows:

3.3.11.1. Maximum spacing between studs: 16-inches o(cy;. unless otherwise indicated.
3.3.11.2. Maximum spacing between studs: 24-inches o.c., unless otherwise indicated.

3.3.12. Frame openings to comply with GA-219, and with applicable published recommendations
of gypsum board manufacturer, unless otherwise indicated. Attach vertical studs at
jambs with screws either directly to frames or to jamb anchor clips on door frames; install
runner track section (for cripple studs) at head and secure to jamb studs.

3.3.13. Install 2 studs at each jamb, unless otherwise indicated.
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3.4. APPLYING AND FINISHING GYPSUM BOARD, GENERAL

3.4.1. Gypsum Board Application and Finishing Standards: Install and finish gypsum panels to
comply with ASTM C 840 and GA-216.

3.4.2. Install gypsum panels with face side out.

3.4.3. Locate both edge or end joints over supports, except in ceiling applications where
intermediate supports or gypsum board back-blocking is provided behind end joints. Do
not place tapered edges against cut edges or ends. Stagger vertical joints on opposite
sides of partitions«®Avoid joints other than control joints at corners of framed openings
where possibles

3.4.4. Spot grout hollow metal doohframes for solid-core wood doors, hollow metal doors, and
doors over 32 inchesdvide. Apply spot grout at each jamb anchor clip and immediately
insert gypsum panéls into frames.

3.4.5” £Form(contfol and expansionfjoints at loeations indicated and as detailed, with space
between-€dgesl/of adjoining gypsum panels, as well as supporting framing behind gypsum
panefs:

3.4.6. Isolate peritneter of gypsum board partitions at structural abutments, except floors, with
1/4- to 1/2-inch;wide’spaces and trim edge§ withd.C-bead edge trim where edges of
gypsum panels are-exposed. Seal joints between edges and abutting structural surfaces
with acoustical sealaft,

3.4.7. Where STC-rated gypsum) board( assemblies are indiedted; seal construction at
perimeters, behind control and expansion/joints, openings,/and qenetrations with a
continuous bead of acoustical séalant including a bead at both faces of the partitions.
Comply with ASTM C 919 and manufagturer'stecammendations for location of edge trim
and closing off sound-flanking paths “afeund “ofr through gypsum board assemblies,
including sealing partitions above acoustical€eilings:

3.4.8. Space fasteners in gypsum panels according to réferenced gypsum board application and
finishing standard and manufacturer's recommendatigns.

3.4.9. Space screws a maximum of 12 inches o.c. for vertical applications.
3.4.10. Space fasteners in tile substrate panels a maximum of 8 inches o.c.
3.5. GYPSUM BOARD APPLICATION METHODS

3.5.1. Install gypsum wallboard panels on ceilings prior to wall/partition board application and
at right angles to framing.
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3.5.2. On partitions/walls, apply gypsum panels horizontally (perpendicular to framing), unless
parallel application is required for fire-resistance-rated assemblies. Use maximum-length
panels to minimize end joints. Stagger abutting end joints not less than one framing
member in alternate courses of board.

3.5.3. On Z-furring members, apply gypsum panels vertically (parallel to framing) with no end
joints. Locate edge joints over furring members.

3.5.4. Wall Tile Substrates: For substrates indicated to receive thin-set ceramic tile and similar
rigid applied wall finishes, comply with the following:

3.5.4.1. Install éementitious backer units to comply with ANSI A108.11 at showers, and
whefe indicatéed.

3.5.4.2. Install water-resistant'gypsum backing board panels at showers, tubs, and where
indicated. InStallwith'1/4-inch open space where panels abut other construction
or penetrations/

35,4.3. Install gypsum“wallbdard panels with tapered edges taped and finished to
produce a flat surface except at/showers, tubs, and other locations indicated to
receive Water-resistant panels;,

3.5.5. Apply gygsam panels toé supports with screws.

3.5.6. Direct-Bonding’to,Substrate: /Where gypsum panels are indicated as directly adhered to
a substrate (otherthan studs, joists, furring mémbers)or base layer of gypsum board),
comply with gypsum‘béard manufacturer's recommendations, and temporarily brace or
fasten gypsum panels untiDfastening adhesive has set.

3.6. INSTALLING TRIM ACCESSORIES

3.6.1. General: Fasten trim accessories ac¢ording to.accessory manufacturer's directions for
type, length, and spacing of fasteners.

3.6.2. Install cornerbead at external corners.

3.6.3. Install edge trim where edge of gypsum panels wauld otherwise be exposed. Provide
edge trim type with face flange formed to receive joirt gompound, except where other
types are indicated.

3.6.4. Install control joints according to ASTM C 840 and manufacturer's recommendations and
in specific locations approved by Architect for visual effect.

3.7. INSTALLATION OF GYPSUM BOARD SHAFT-WALL ASSEMBLIES
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3.7.1. General: Install gypsum board shaft-wall assemblies to comply with performance and
other requirements indicated as well as with manufacturer's installation instructions and
ASTM C 754 for installing steel framing.

3.7.2. Do not bridge building expansion joints with shaft-wall assemblies; frame both sides of
joints with furring and other support as indicated.

3.7.3. At penetrations in shaft wall, maintain fire-resistance rating of entire shaft-wall assembly
by installing supplementary steel framing around perimeter of penetration and fire
protection behind boxes containing wiring devices similar items.

3.8. FINISHING GYPSUM BOARD ASSEMBLIES

3.8.1. Levels of Gypsum BeardfFinish: Provide the following levels of gypsum board finish per
GA-214.

3.82. Level 1 for ceiling plenum areass concealed areas, and where indicated, unless a higher
level 6Pfinish.is required¥or fife-resistance-rated assemblies and sound-rated assemblies.

3.8.3. Level4 forgypsum board surfaces, unléss otherwise indicated.

3.8.4. Level 5 fafr gypsum board the following'surfaces sihere wood, stone, or cast plastic trim
or base are indicted:

3.8.4.1. At gypsuricolumnienclosures.
3.8.4.2. Where wall segments are léss.than 48-inches wide!
3.8.4.3. Where indicated.

3.8.5. Where Level 1 gypsum board firlish is indicated, embed tape if joint compound.

3.8.6. For Level 4 gypsum board finish, @émbed tape in joint compound and apply first, fill
(second), and finish (third) coats of joint’'compound over joints, angles, fastener heads,
and accessories. Touch up and sand betwéen coats and after last coat as needed to
produce a surface free of visual defects and ready for decoration.

3.8.7. Where Level 5 gypsum board finish is indicated, aftefapplication of embedding, fill and
finish coats, apply a thin, uniform skim coat of joint compound over entire surface. Touch
up and sand between coats and after last coat as needed to produce a surface free of
visual defects, tool marks, and ridges and ready for decoration.

3.8.8. Finish cementitious backer units to comply with unit manufacturer's directions.
3.9. IDENTIFICATION

3.9.1. Provide permanent identification of all assemblies requiring opening protectives including
fire walls, fire barriers, fire partitions, and smoke barriers.
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3.9.2. Install in accordance with the requirements of Michigan Building Code chapter 7.

3.9.3. Location:

3.9.3.1. Locate in accessible concealed spaces above finished ceiling. In locations without
accessible concealed location, coordinate location with architect.
3.9.3.2. Locate within 15 feet of the end of each wall and at intervals not exceeding 30

feet measured horizontally along the assembly.
3.9.4. Signage requirements:

3.9.4.1. Lettering:
3.9.4.1.1. 3éinch.minimum; 3/8-inch stroke width.
3.9.4.1.2. “Color: Red on‘white background
3.9.4.2. Verbiage incofporating project specific hourly rating. Refer to life safety plan for
rating requirements:
3.9.4.2.1. | _FIRE RATED ASSEMBLY (" HR) - PROTECT ALL OPENING
3,9.4.2.2. ~SMOKE BARRIER - PROTECT ALL OPENINGS
3.9.4.2.3. V/CLEANING AND PROTECTION
3.9.4.3. Prompily remove any residual joint. cempound from adjacent surfaces.
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. Work of this Section includes all labor, materials, equipment, and services necessary to
complete the painting and finishing as shown on the construction documents and/or
specified herein, including, but not limited to, the following:

1.1.1.1. Prime coats which may be applied in shop under other sections.

1.1.1.2. Prime painting unprimed surfaces to be painted under this Section.

1.1.1.3. Painting itéms furnished with a prime coat of paint, including touching up of or
repairing of abraded, damaged or rusted prime coats applied by others.

1.1.1.4. Painting ferralus metal (except stainless steel) exposed to view.

1.1.1.5. Painting galvaniZed fekrous metals exposed to view.

1.1.1.6. Painting intefior concrete floors, concrete block exposed to view.

1.1.177: Painting gypsum drywall €xpesed to view.

¥,1.8. Painting of wood expoéed to view, except items which are specified to be painted
or/finished under other Sections/0f these specifications. Back painting of all wood
in contactwith concrete) masohnry or other moisture areas.

1.1.1.9. Painting pipes; pipe coverings, conduit, dugts, insulation, hangers, supports and
other. mechanical;and electricalitems an@ equipment exposed to view.

1.1.1.10. Paintifig, surfaces above, behind orf below  grilles, gratings, diffusers, louvers
lighting fixtures, and thé'like, whichare €xposed to view through these items.

1.1.1.11. Painting inclu@les shéllacs, stains, varnishes, coatings specified, and striping or
markers and idehtity markings.

1.1.1.12. Incidental painting’and touching up as required to produceproper finish for
painted surfaces, including touching lup.of factory finisheddtems.

1.1.1.13.  Painting of any surface nét specifically.mentioned to be painted herein or on
construction documents, but’for which“painting is obviously necessary to
complete the job, or work which*d@dmes within the intent of these specifications,
is to be included as though specified:

1.2. RELATED WORK

1.2.1. Division 23 - Heating, Ventilation and Air Conditioning{HVAC): Shop prime painting of
steel and ferrous metals.

1.3. SUBMITTALS
1.3.1. Submit in accordance with Section: 01 33 23 Shop Drawings, Product Data, and Samples.

1.3.1.1. Painter qualifications.
1.3.1.2. Product Data: For each paint system specified. Include block fillers and primers.
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1.3.1.3. Material List: Provide an inclusive list of required coating materials. Indicate each

material and cross-reference specific coating, finish system, and application.
Identify each material by manufacturer's catalog number and general
classification.

1.3.1.4. Manufacturer's Information: Provide manufacturer's technical information,
including label analysis, statement of VOC content and instructions for handling,
storing, and applying each coating material proposed for use.

1.3.1.5. Samples for Initial Selection: Manufacturer's color charts showing the full range
of colors available for each type of finish-coat material indicated.

1.3.1.6. Samples fafVerification: Of each color and material to be applied, with texture
to simulate actual conditions.

1.4. DELIVERY AND STORAGE
L.4.1. Deliver materials ta@fsite in'manufacturer's sealed container marked to show following:

¥4,1.1. Name of manufacturef.
1.4.422, Product type.

1.4.1.3: Batchynumber.

1.4.1.4. Instructions for use.
1.4.1.5. Safety precautions.

1.4.2. In addition to manufacturer'slabel, providé alabel legibly printed as following:

1.4.2.1. Surface upon which materialis to be applied.
1.4.2.2. Specify Coat TypeS) Primej-body;finish; etc.

1.4.3. Maintain space for storage, afild handiing lof, painting materialsfand equipment in a
ventilated, neat and orderly condition”to prevent spontaneous combustion from
occurring or igniting adjacent items.

1.4.4. Store materials at site at least 24 hours befare,usingat a temperature between 7 and 30
degrees C (45 and 85 degrees F).

1.5. QUALITY ASSURANCE

1.5.1. Qualification of Painters: Use only qualified journeyman painters for the mixing and
application of paint on exposed surfaces. Submit evidence that key personnel have
successfully performed surface preparation and application of coating on a minimum of
three (3) similar projects within the past three (3) years.

1.5.2. Paint Coordination: Provide finish coats which are compatible with the prime paints used.
Review other Sections of these specifications in which prime paints are to be provided to
ensure compatibility of the total coatings system for the various substrates. Upon request
from other subcontractors, furnish information on the characteristics of the finish
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materials proposed to be used, to ensure that compatible prime coats are used. Provide
barrier coats over incompatible primers or remove and re-prime as required. Notify the
Contracting Officer Representative (COR) in writing of any anticipated problems using the
coating systems as specified with substrates primed by others.

1.6. DEFINITIONS
1.6.1. General: Standard coating terms defined in ASTM D 16 apply to this Section.

1.6.2. Flat refers to a lusterless or matte finish with a gloss range below 15 when measured at
an 85-degree metef:

1.6.3. Eggshell refefs tolow:sheen finish with a gloss range between 5 and 20 when measured
at a 60-degree meter.

1.6.4. Satin refers to lowzsheen finish with a gloss range between 15 and 35 when measured at
a 60-degree meter.

1.6.5. “Semigloss refers to mediuf-sheen finish with a gloss range between 30 and 65 when
medsured ata 60-degree meter.

1.6.6. Full glosséefers to’high=sheen finishiwith a gloss 4@nge more than 65 when measured at
a 60-degree‘meter.

1.6.7. The term "exposed surfaces” includes areas visible when peffmanent or built-in fixtures,
convector covers, covers for finhedstube radiation)grilles, and similar components are in
place. Extend coatings in(these areas;-as required, to maintaifi the system integrity and
provide desired protection.

1.7. MAINTENANCE MATERIAL SUBMITTALS

1.7.1. Furnish extra materials, from the same-groduct run, that match products installed and
that are packaged with protective coverig for Storage and identified with labels
describing contents.

1.7.2. Paint: 5 percent, but not less than 1 gallon of each material and color applied.
1.8. QUALITY ASSURANCE

1.8.1. Manufacturers and Products: The products and manufacturers specified in this Section
establish the standard of quality for the Work. Subject to compliance with all
requirements, provide specified products from the manufacturers named in Part 2.

1.8.2. Reference Standards: Products in this section shall be built, tested, and installed in
compliance with the specified quality assurance standards; latest editions, unless noted
otherwise.
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1.8.3. ASTM D16 Standard Terminology for Paint, Related Coatings, Materials, and Applications.

1.8.4. Source Limitations: Obtain block fillers, primers, and undercoat materials for each coating
system from the same manufacturer as the finish coats.

1.9. DELIVERY, STORAGE, AND HANDLING

1.9.1. Deliver materials to the Project Site in manufacturer's original, unopened packages and
containers bearing manufacturer's name and label.

1.9.2. Store materials not in use in tightly covered containers in a well-ventilated area at a
minimum ambiefit temperature of 45 deg F. Maintain containers used in storage in a
clean conditién, free of foreign materials and residue.

1.9.3. Protect from freezing./Keep storage area neat and orderly. Remove oily rags and waste
daily. Take necessdry measures to ensure that workers and work areas are protected
from fire and health hazards resulting from handling, mixing, and application.

1.10. SITE CONDITIONS

1.10.1. Apply/water-based paints only when the temiperature of surfaces to be painted and
surrounding air temperatures are betwéen 50 and 90 deg F.

1.10.2. Apply solvent=thinned paints-anly when the'temperature ef surfaces to be painted and
surrounding air téefmperatures are-between 45 and 95 deg F.

1.10.3. Do not apply paint in snow, rain/fog,0r mist; or when the relative humidity exceeds 85
percent; or at temperaturés/less than 5 deg F above the dew point; orto damp or wet
surfaces.

1.10.4. Painting may continue during inclerment weather4f surfaces and areas to be painted are
enclosed and heated within temperattre limits specified by manufacturer during
application and drying periods.

PART 2 - PRODUCTS
2.1. STANDARDS OF ACCEPTANCE

2.1.1. Products: Subject to compliance with requirements, provide one of the products in the
paint schedules.

2.1.2. Use ready-mixed (including colors), except two component epoxies, polyurethanes,
polyesters, paints having metallic powders packaged separately and paints requiring
specified additives.
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2.1.3. Where no requirements are given in the referenced specifications for primers, use
primers with pigment and vehicle, compatible with substrate and finish coats specified.

2.1.4. Provide undercoat paint produced by the same manufacturer as the finish coats. Use only
thinners approved by the paint manufacturer, and use only to recommended limits.

2.1.5. Manufacturers:

2.1.5.1. Benjamin Moore & Co.

2.1.5.2. Sherwin-Williams Co

2.1.5.3. Internation@l Protective Coatings.
2.1.5.4. O'Leary/Paint Co.

2.1.5.5. PPGindustrieS, Inc.

2.1.5.6. Pratt & LambertPaints.

2.1.5.7. Tnemec.

2.2. PAINT MATERIALS, GENERAL
2.2.1. Material Compatibility:

2.2.2. Provide/materials for use that are conipatiblé with ane another and substrates indicated,
under conditions of servige and application as démonstrated by manufacturer, based on
testing and field\experience:

2.2.3. VOC Content for Interior Paints:” For interior paints and coatings applied at Project site,
the following VOC limits, exclusive'©f.colorants added t¢ a tintdbase, when calculated
according to 40 CFR 59, Subpart D (EPAMethod 24)].

2.2.3.1. Flat Paints and Coatings:Z50 g/l

2.2.3.2. Nonflat Paints and Coatings#150 g/L)

2.2.3.3. Dry-Fog Coatings: 400 g/L.

2.2.3.4. Primers, Sealers, and Undercoater$:;»200 g/L.

2.2.3.5. Anticorrosive and Antirust Paints Appliéd to Férrous Metals: 250 g/L.
2.2.3.6. Zinc-Rich Industrial Maintenance Primers?340 g/L.

2.2.3.7. Pretreatment Wash Primers: 420 g/L.

2.2.3.8. Floor Coatings: 100 g/L.

2.2.3.9. Shellacs, Clear: 730 g/L.

2.2.3.10. Shellacs, Pigmented: 550 g/L.

2.2.4. Material Quality: Provide manufacturer's best-quality paint material of the various
coating types specified. Paint-material containers not displaying manufacturer's product
identification will not be acceptable.

2.2.5. Do not use products containing isocyanate compounds.
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PART 3 - EXECUTION
3.1. EXAMINATION AND PREPARATION

3.1.1. Safety: Observe required safety regulations and manufacturer's warning and instructions
for storage, handling and application of painting materials.

3.1.2. Take necessary precautions to protect personnel and property from hazards due to falls,
injuries, toxic fumes, fire, explosion, or other harm.

3.1.3. Deposit soiled cleaning rags and waste materials in metal containers approved for that
purpose. Disposé of'stich items off the site at end of each day’s work.

3.1.4. Examine sdbstrates, areas,»and conditions, with the Applicator present, under which
painting will be performed for eompliance with paint application requirements.

3.L5. Do-not begin to apply /paint until unsatisfactory conditions have been corrected and
surfaces receiving paintare théroughly. dry.

3.1.6. Start of painting will be construed as the Applicator's acceptance of surfaces and
conditions within & particular area.

3.1.7. Provide sevén,days'inotice to the Owner's Representative prior to the application of epoxy
paints.

3.1.8. Coordination of Work: Review .other Sections in which prifners are provided to ensure
compatibility of the total system-for'various substrates. ©On reguest; furnish information
on characteristics of finish materials to eAsure use of campatible primers.

3.1.9. Notify the Consultant about anticipated| problems using the fmaterials specified over
substrates primed by others.

3.1.10. General:

3.1.10.1. Remove hardware and hardware accessories, plates, machined surfaces, lighting
fixtures, and similar items already installedthat are not to be painted. If removal
is impractical or impossible because of the siZe or weight of the item, provide
surface-applied protection before surface preparation and painting.

3.1.10.2. After completing painting operations in each space or area, reinstall items
removed using workers skilled in the trades involved.

3.1.10.3.  Repair Of Existing Plaster and Drywall Surfaces: Spackle and sand smooth minor
surface imperfections in existing drywall and plaster surfaces. Repair is limited to
imperfections of not more than 2 sq. inches in area and 3/8 inch in depth.

3.1.11. Cleaning, General:
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3.1.11.1. Before applying paint or other surface treatments, clean the substrates of
substances that could impair the bond of the various coatings. Remove oil and
grease before cleaning.

3.1.11.2.  Schedule cleaning and painting so dust and other contaminants from the cleaning
process will not fall on wet, newly painted surfaces.

3.1.11.3.  Clean previously painted surfaces to remove dirt, masking tape, labels, adhesives,
and other materials that would either be deleterious to adhesion of, or show
through, new paint.

3.1.12. Surface Preparation: Clean and prepare surfaces to be painted according to
manufacturer's #writtén instructions for each particular substrate condition and as
specified.

3.1.12.1. Provide barrier'coats‘@ver incompatible primers or remove and reprime.

3.1.12.2.  For coatingé applieddver previously painted surfaces, test application to check
for lifting and other adhésion problems. Perform test in an isolated area where
practicable.

3.1.13. Coricrete and Cementitious Materials:

3.1.13.1. P{epare concréte, concrete/masonry blo€k, cement plaster, and mineral-fiber-
reinfarced cementpanel surfaces tode painteds, Remove efflorescence, chalk,
dust, dirti'grease;.oils,and release agentsd Roughen'as required to remove glaze.
If hardenerS)or séalers”liave been dsed to improve curing, use mechanical
methods of surface preparation.

3.1.13.2.  Use abrasive blast=gleaningimethods if recomménded by paint manufacturer.

3.1.13.3. Determine alkalinity aixd moisture cantent of surfaces by performing appropriate
tests. If surfaces are sufficiently’atkaline to cause the finish paint to blister and
burn, correct this condition-before“application. Do not paint surfaces where
moisture content exceeds that pérmittedin manufacturer's written instructions.

3.1.13.4. Clean concrete floors to be painted4vith a 5°percent solution of muriatic acid or
other etching cleaner. Flush the floor with,cleah water to remove acid, neutralize
with ammonia, rinse, allow to dry, and vacuum before painting.

3.1.14. Ferrous Metals:

3.1.14.1. Clean ungalvanized ferrous-metal surfaces that have not been shop coated;
remove oil, grease, dirt, loose mill scale, and other foreign substances. Use
solvent or mechanical cleaning methods that comply with the Steel Structures
Painting Council's (SSPC) recommendations.

3.1.14.2. Treat bare and sandblasted or pickled clean metal with a metal treatment wash
coat before priming.
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3.1.14.3. Touch up bare areas and shop-applied prime coats that have been damaged.
Wire-brush, clean with solvents recommended by paint manufacturer, and touch
up with the same primer as the shop coat.

3.1.15. Galvanized Surfaces:

3.1.15.1.  Clean galvanized surfaces with nonpetroleum-based solvents so surface is free of
oil and surface contaminants. Remove pretreatment from galvanized sheet metal
fabricated from coil stock by mechanical methods.

3.1.16. Materials Preparation:

3.1.16.1. Mixahd prepare paint materials according to manufacturer's written instructions.

3.1.16.2. Maintain containérs used in mixing and applying paint in a clean condition, free
of foreign materials and residue.

3.1.16:3.  Stir material before application to produce a mixture of uniform density. Stir as
reguired during application. "Do, not stir surface film into material. If necessary,
remove surface film@nd strain material before using.

3.1.164, Us€onlythinners apptoved by paint manufacturer and only within recommended
limits

3.2. ATMOSPHERIC AND,SURFACE CONDITIONS:
3.2.1. Do not apply coating whenairor substrate condifionsiare:

3.2.1.1. Less than 3 degrees C {5'degrees F) above dew point.

3.2.1.2. Below 10 degrees-@)(50 degrees’F) or over 35 degrées € (95 degrees F), unless
specifically pre-approved by the Consultant and the productmianufacturer. Under
no circumstances are application”<conditions {0 exceed manufacturer
recommendations.

3.2.1.3. When the relative humidity excéeds 85-percent; or to damp or wet surfaces;
unless otherwise permitted by the pdint manufacturer’s printed instructions.

3.2.1.4. Maintain interior temperatures until paint dries-hard.

3.2.1.5. Do no exterior painting when it is windy and.dusty.

3.2.1.6. Do not paint in direct sunlight or on surfaces that the sun will warm.

3.2.1.7. Apply only on clean, dry and frost free surfaces except as follows:

3.2.1.7.1. Apply water thinned acrylic and cementitious paints to damp (not wet)
surfaces only when allowed by manufacturer's printed instructions.

3.2.1.7.2. Concrete and masonry when permitted by manufacturer’s
recommendations, dampen surfaces to which water thinned acrylic and
cementitious paints are applied with a fine mist of water on hot dry days to
prevent excessive suction and to cool surface.

3.3. SURFACE PREPARATION:
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3.3.1. General:
3.3.1.1. The Contractor shall be held wholly responsible for the finished appearance and

satisfactory completion of painting work. Properly prepare all surfaces to receive
paint, which includes cleaning, sanding, and touching-up of all prime coats
applied under other Sections of the work. Broom clean all spaces before painting
is started. All surfaces to be painted or finished are to be completely dry, clean

and smooth.

3.3.1.2. See other sections of specifications for specified surface conditions and prime
coat.

3.3.1.3. Performdpreparation and cleaning procedures in strict accordance with the paint
manufacturer’s instructions and as herein specified, for each particular substrate
condition.

3.3.1.4. Clean surface§ before applying paint or surface treatments with materials and

methods campatible withfsubstrate and specified finish. Remove any residue
remaining from cleaning agents used. Do not use solvents, acid, or steam on
¢oncrete and masonry. Schedulethe cleaning and painting so that dust and other
contaminants from the, cleaning process will not fall in wet, newly painted
surfaces:

3.4. GENERAL WORKMANSHIP REQUIREMENTS

3.4.1. Paint exposed surfaces of-all new work, exceptavhere,the paint schedules or provisions
of this Section indicate that“a surface or material is not to be painted or is to remain
natural. If the schedules,do not/indicate color or finish,/the Cehsultant will select from
standard colors and finishes@vailable:.

3.4.2. Application may be by brush or rolter. Spray application only upon acceptance from the
Client’s Representative in writing.

3.4.3. Protect work at all times. Protect all adjacemt. work and materials by suitable covering or
other method during progress of work. Upon‘€Cempléetion of the work, remove all paint
and varnish spots from floors, glass and other surfaces. Remove from the premises all
rubbish and accumulated materials of whatever natufe not caused by others and leave
work in a clean condition.

3.4.4. Materials are to be applied under adequate illumination, evenly spread and flowed on
smoothly to avoid runs, sags, holidays, brush marks, air bubbles and excessive roller
stipple.

3.4.5. Apply materials with a coverage to hide substrate completely. When color, stain, dirt or
undercoats show through final coat of paint, the surface is to be covered by additional
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coats until the paint film is of uniform finish, color, appearance and coverage, at no
additional cost to the Government.

3.4.6. All coats are to be dry to manufacturer’s recommendations before applying succeeding
coats.

3.4.7. Walls: Where walls are scheduled, include the following surfaces in addition, unless
otherwise indicated:

3.4.7.1. Surfaces of wall mounted items previously painted in existing construction.

3.4.7.2. Exposed pbrtions of pipes, ducts, conduit, outlet and junction boxes and
convector covers (regardless of factory finish).

3.4.7.3. Columns, beth engaged and free-standing within the scheduled area.

3.4.7.4. Access panels.

3.4.7.5. Doors and déor frames.

3.4.7.6: Gypsum fascia and soffits

34,7.7. Woodwork andtrim.

3.4.78, Handrails, including brackets and escutcheons.

3.4.8. Ceilings) Whereceilings are scheduled, include'the following in addition to ceilings, unless
otherwisé€'indicated:

3.4.8.1. Surfaces’ af ceiling mounted items pfeviously painted in existing construction.
3.4.8.2. Access panels.
3.4.8.3. Gypsum ceilihgs, soffits, faseia and trim.

3.4.8.4. Exposed portions(f.structural-slabs.
3.4.8.5. Exposed interior steéland iron-work,
3.4.8.6. Exposed portions of pip€sy ducts; conduit, junction baxest

3.4.9. Where floors are scheduled, include the-following i’addition to floors, unless otherwise
indicated:

3.4.9.1. Base band 4-inches above finished floor.
3.4.9.2. Base band 6-inches above finished floor.

3.4.9.3. Where stairwell walls are scheduled, include 'the following in addition to walls,
unless otherwise indicated:

3.4.9.4, Exposed portions of stringers, risers, support brackets, tread and landing pan
edges.

3.4.9.5. Underside of stairs, including tread and landing pans.
3.4.9.6. Handrails, guards and infill panels.
3.4.9.7. Exposed anchors and fasteners.

3.4.10. Mechanical Work: Painting of mechanical work is limited to the following:
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3.4.10.1. Exterior: Unless otherwise indicated, paint the following:
3.4.10.1.1. Structural supports for mechanical equipment.
3.4.10.1.2. Mechanical equipment (except pre-finished equipment).
3.4.10.1.3. Piping (except insulated piping), pipe hangers, and supports.
3.4.10.1.4. Ductwork.
3.4.10.1.5. Accessory items.

3.4.11. Interior Occupied Areas and Stairways:

3.4.11.1. Unless otherwise indicated, paint the following when exposed to view in finished
construction:
3.4.11.1.1. Stfucturalsupports for mechanical equipment.
3.4.11.1.2.€« Mechanical eguipment (except pre-finished equipment).
3.4.11.1.3. Piping (exeépt insulated piping), pipe hangers, and supports.
3.4.11.1.4. Convector covers.
3.4/11.1.5, Ductwork.
3.4.11.1.6.CInsulation on pipé andhductwaork.
374:11.1.7, AcCessory items.
3.4.Y11.8. Fire suppression system piping.

3.4.12. Interior Sefvice Areas (Equipment Rooms, Mechdnical Rooms, and Utility Spaces):

3.4.12.1. Unless ofherwisé indicated, paint the following items when exposed to view in
finished construction:
3.4.12.1.1. Floors and equipment support pads
3.4.12.1.2. Structural suppérts forsmechanical equipment.
3.4.12.1.3. Mechanical equipirient (except/gre-finished equipment)s
3.4.12.1.4. Piping (except insulatéd piping), pipe hangers, and supports.
3.4.12.1.5. Accessory items.
3.4.12.1.6. Fire suppression system piping.

3.4.13. Interior Spaces, Concealed Above Acoustic Ceilings:

3.4.13.1. Unless otherwise indicated, paint the following:
3.4.13.1.1. Fire suppression piping, 3-inch diameter aniddarger.

3.4.14. Electrical Work:

3.4.14.1.  Painting of electrical work is limited to the following:
3.4.14.1.1. Exterior: Unless otherwise indicated, paint the following:
3.4.14.1.2. Structural supports for electrical equipment, including unpainted cut ends of
Unistrut.
3.4.14.1.3. Interior Occupied Areas: Unless otherwise indicated, paint the following
when items exposed to view in finished construction:
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3.4.15. Structural supports for electrical equipment.

3.4.15.1. Interior Service Areas (Equipment Rooms, Stairs and Utility Spaces): Unless
otherwise indicated, paint the following items exposed to when view in finished
construction: Structural supports for electrical equipment.

3.4.16. Miscellaneous

3.4.16.1. Painting of any surface not specifically mentioned to be painted herein or on
construction documents, but for which painting is obviously necessary to
complete the job, or work which comes within the intent of these specifications,
is to bedncluded as though specified.

3.5. APPLICATION

3.5.1. General:

35.1.1. Apply paint according40 manufacturer's written instructions. Use applicators and
techhigues best suited for'substrate and type of material being applied.

3.5.1.2: Paint-colors, surface treatments, and finishes are indicated in the schedules,
specificationsor drawings.

3.5.1.3. Do’ not paint~over dirt, rust, scale, grease, moisture, scuffed surfaces, or
conditions detfimental to formation6f a dur@ble paint film.

3.5.1.4. Provide finish coats thatare compatibleavith primerswused.

3.5.1.5. The term "exposed stirfaces)' includes areas visible when permanent or built-in

fixtures, convector, covers, cavers for finned-tube radiation, grilles, and similar
components are inplace. Extendoatings in these @reasf as required, to maintain
the system integrity arid provide desired protection.

3.5.1.6. Paint surfaces behind movable egquipment and furniture the same as similar
exposed surfaces. Before the-final instatlation of equipment, paint surfaces
behind permanently fixed equipment or fdrniture with prime coat only.

3.5.1.7. Paint interior surfaces of ducts with*a/flat, nofispecular black paint where visible
through registers or grilles.

3.5.1.8. Paint back sides of access panels and remavable or hinged covers to match
exposed surfaces.

3.5.1.9. Finish exterior doors on tops, bottoms, and side edges the same as exterior faces.

3.5.1.10. Finish interior of wall and base cabinets and similar field-finished casework to
match exterior.

3.5.1.11. Brackets and Standards: Paint standards before installation of brackets, and allow
to dry thoroughly. Paint brackets before installation on standards.

3.5.1.12. Sand lightly between each succeeding enamel or varnish coat.
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3.5.2. Scheduling Painting: Apply first coat to surfaces that have been cleaned, pretreated, or
otherwise prepared for painting as soon as practicable after preparation and before
subsequent surface deterioration.

3.5.3. The number of coats and the film thickness required are the same regardless of
application method. Do not apply succeeding coats until the previous coat has cured as
recommended by the manufacturer. If sanding is required to produce a smooth, even
surface according to manufacturer's written instructions, sand between applications.

3.5.4. Omit primer on metal surfaces that have been shop primed and touchup painted.

3.5.5. Ifundercoats, stains, arother conditions show through final coat of paint, apply additional
coats until paintfilm.s of uniform finish, color, and appearance. Give special attention to
ensure edges, corners, gfevices, welds, and exposed fasteners receive a dry film thickness
equivalent to that offlat surfaces.

3.5.6~_ Allow sufficient time betweenuccessive coats to permit proper drying. Do not recoat
surfacesuntil paint has dried to where it/feels firm, does not deform or feel sticky under
meoderate thumbpressure, andwhere application of another coat of paint does not cause
the uridercoatste lift'or lose adhesion;

3.5.7. Application’Procedures: Apply paints and caatingssby brush, roller, spray, or other
applicators acecording to/manufacturer's written instructions.

3.5.7.1. Brushes: Usétbrusheshestsuited for the type of material applied. Use brush of
appropriate size‘for the'surface or item being painted.
3.5.7.2. Rollers: Use rollers. of carpet, velvet baclki or high-pile sheep's wool as
recommended by the rManufacturer for the material ahd teXture required.
3.5.7.3. Spray Equipment: Use airless spray-equipgment only with the express approval of
the Owner; use spray equipment with ofifice size as recommended by the
manufacturer for the material andstexturérequired. Spray apply coating to the
following items:
3.5.7.3.1. Shelf standards and brackets.
3.5.7.3.2. Laboratory bench reagent shelving supgorts and brackets.

3.5.8. Minimum Coating Thickness: Apply paint materials no thinner than manufacturer's
recommended spreading rate. Provide the total dry film thickness of the entire system
as recommended by the manufacturer.

3.5.9. Block Fillers: Apply block fillers to concrete masonry block at a rate to ensure complete
coverage with pores filled.
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3.5.10. Block Filler for Special High-Build, Tile-Like Application: In indicated rooms and areas,
apply block filler in accordance with manufacturer's written instructions, and the
following special requirements:

3.5.11. Below-Ceiling Application: Apply multiple coats of block filler, sufficient in number to fill
all voids in concrete masonry walls, in preparation for specified topcoat applications
resulting in a finished surface coating that is without voids and tile-like. Apply coating
using airless spray followed by back-rolling to force material into voids. Remove excess
material by squeegeeing the surface. Remove excess material from masonry joints with a
paint brush.

3.5.12. Prime Coats:/ Before applying finish coats, apply a prime coat of material, as
recommen@ed bythe manlfacturer, to material that is required to be painted or finished
and that has not beendrime coated by others. Recoat primed and sealed surfaces where
evidence of suctionfspots erdinsealed areas in first coat appears, to ensure a finish coat
with no burn through of ether défectsidue to insufficient sealing.

3.5.13. Pigmented (Opaque) Finishes: Completely cover surfaces as necessary to provide a
smooth, opaquelsurface of uniform finish, color, appearance, and coverage. Cloudiness,
spottingholidays, laps, brush marks,/funsg8ags, ropiness, or other surface imperfections
will not be“acceptable.

3.5.14. Transparent (Clear) Finishes: Use multiple‘coats 40 produce a glass-smooth surface film
of even luster. Provide a finish'free of laps, €uns, cloudin&ss, color irregularity, brush
marks, orange peel, naikholes, or other surface imperfections.

3.5.15. Provide satin finish for final ¢6ats.

3.5.16. Stipple Enamel Finish: Roll and redistribute-paint to an evenand fine texture. Leave no
evidence of rolling, such as laps, irregularity in téxture, skid marks, or other surface
imperfections.

3.5.17. Completed Work: Match approved samples fof'colortexture, and coverage. Remove,
refinish, or repaint work not complying with requirements.

3.6. ADJUSTING, CLEANING, PROTECTION

3.6.1. Cleanup: At the end of each workday, remove empty cans, rags, rubbish, and other
discarded paint materials from the site. Conform to the following:

3.6.1.1. After completing painting, clean glass and paint-spattered surfaces. Remove
spattered paint by washing and scraping. Be careful not to scratch or damage
adjacent finished surfaces.

3.6.1.2. Dispose wash water from latex paint to the sanitary sewer. Excess latex paint
shall be salvaged for reuse or solidified for disposal with other construction
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materials. Dry empty latex paint cans and dispose with other construction
materials. Arrange for disposal of alkyd paints and solvents.

3.6.2. Protect work of other trades, whether being painted or not, against damage by painting.
Correct damage by cleaning, repairing or replacing, and repainting, as approved by
Architect.

3.6.3. Provide "Wet Paint" signs to protect newly painted finishes. Remove temporary
protective wrappings provided by others to protect their work after completing painting
operations.

3.6.4. At completion©f construction activities of other trades, touch up and restore damaged
or defaced paintedisurfaces. Comply with procedures specified in PDCA P1.

3.7. INTERIOR PAINT SCHEDULE

3.74. Interior Paint Systems, General: “Apply coatings at manufacturer's recommended
spreading rate to achieve indicated dry film thicknesses.

3.7.1.1: Where “UIndustrial” coating jis indicated, provide Moore's "Industrial and
Maintenance~Coatings" products;”or equivalent of other, listed approved
mahufacturers:

3.7.1.2. Wheré »"Professional” coating is dhdicated, provide Moore's "Professional

Coatings" products; orequivalent of‘other, listed approved manufacturers.
3.7.2. Colors: Match colors indicated.in the specifications)drawings

3.7.3. In the absence of specific“instructions“pertaining to“finishing colors) adhere to the
following:

3.7.4. Concrete (non-wear surfaces):

3.7.4.1. Provide indicated "Professional" of¢'Industrial" coating systems over interior
concrete and brick masonry surfaces:
3.7.4.2. Low-Luster, Acrylic Blended Latex Finish: Two finish coats over a primer.
3.7.4.2.1. Primer Coat: 100% acrylic, interior primef;total dry film thickness of not less
than 0.95 mils.

3.7.4.2.2. Finish Coats: Eggshell, acrylic-latex, interior enamel; total dry film thickness
of not less than 2.6 mils.

3.7.4.3. Semi-Gloss, Vinyl Acrylic Latex Finish: Two finish coats over a primer.
3.7.4.3.1. Primer Coat: 100% acrylic, interior primer; total dry film thickness of not less
than 0.95 mils.

3.7.4.3.2. Finish Coats: Semi-gloss, acrylic-latex, interior enamel; total dry film
thickness of not less than 2.2 mils.
3.7.4.4, Semi-Gloss, Acrylic Epoxy Finish: Two finish coats over a primer.
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3.7.4.4.1. Primer Coat: 100% acrylic, interior primer; total dry film thickness of not less
than 0.95 mils.

3.7.4.4.2. Finish Coats: High gloss two-component polyamide epoxy; total dry
thickness 4.0 mils.

3.7.5. Concrete (wear surfaces):

3.7.5.1. Provide the indicated "Industrial" coating systems over interior concrete floor
surfaces:
3.7.5.2. High Gloss 100% Solids Epoxy Finish: Two finish coats over an undercoat.
3.7.5.2.1. Undefcoat: Semi-gloss, moisture-tolerant, waterborne polyamide epoxy
sealer; total dry thickness 1.5 mils.
3.7.5.2.2. <Finish"Coats: «Semi-gloss polyamide epoxy with sand admixture to produce
light non-slip textuke; total dry thickness 2.5 mils.

3.7.6. Concrete Masonry Units:

3.796.1. Provide the indicate@ "Prafessional’ or "Industrial" coating systems over interior
concretémasonry block units:

3.7.6.2. Low-Luster,/Acrylic-Enamel Finish: TWo finish coats over a block filler for new
work.

3.7.6.2.1. Block Filler(new work only): Highduild latexblock filler; dry film thickness of
not'léss than'8.5 mils.
3.7.6.2.2. Primer ((over ‘éxisting painted sdrfaces):” Acrylic-latex primer; dry film
thickness ofunot less'than 1.2 mils.
3.7.6.2.3. Finish Coats: “Low-lustér. (eggshell), acrylicdlateX, interior enamel; total dry
film thickness of net less than 2.6 mils.
3.7.6.3. Semi-Gloss, Vinyl Acrylic Tatex Finish: Fwo finish coats (over a block filler for new

work).

3.7.6.3.1. Block Filler (new work only]:», High~build latex block filler; total dry film
thickness of not less than 8.5 mifs

3.7.6.3.2. Primer (over existing painted suffaces): Acrylic-latex primer; dry film
thickness of not less than 1.2 mils.

3.7.6.3.3. Finish Coats: Semi-gloss, acrylic-latex, dinterior enamel; total dry film
thickness of not less than 2.0 mils.

3.7.6.4. Semi-Gloss, Acrylic Epoxy Finish: Two finish coats over a primer.

3.7.6.4.1. Block Filler (new work only): Waterborne high solids epoxy block filler; dry
film thickness of not less than 9.8 mils.

3.7.6.4.2. Primer (over existing painted surfaces): Acrylic-latex primer; dry film

thickness of not less than 1.2 mils.
3.7.6.4.3. Finish Coats: Semi-gloss, two-component acrylic epoxy coating; total dry film
thickness of not less than 3.0 mils.
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3.7.6.5. High Gloss, High-Build, Polyamide Epoxy Enamel Finish: Two finish coats over
multiple coats of block filler.
3.7.6.5.1. Block Filler: Waterborne high solids epoxy block filler; dry film thickness of
not less than 9.8 mils per coat.
3.7.6.5.2. Second and Third Coats: High gloss two component polyamide epoxy

enamel; total dry film thickness of not less than 4 mils.
3.7.7. Gypsum Board and Plaster:

3.7.7.1. Provide the indicated "Professional" or "Industrial" coating systems over interior
gypsum board and plaster surfaces:
3.7.7.2. Low-Ldster, Acrylic-Enamel Finish: Two finish coats over a primer.

3.7.7.2.1. <Primer: Latexsbased, interior primer; total dry film thickness of not less than
1.2 mils.

3.7.7.2.2. Finish €oats: keW-luster (eggshell), acrylic-latex, interior enamel; total dry
film thickness of notdess than 2.6 mils.

3:%9.3. Semigloss, Acrylic-Ené@mel Einish: ATwo finish coats over a primer.
377:7.3.17) Primer: Latex-based, interigr primer; total dry film thickness of not less than
1.2 mils.

3.7.7.3.2.~ Finish-Coats: Semigloss, acrylic-latex, interior enamel; total dry film thickness
of not less than.2.4 mils.
3.7.7.4. Waterborne AcrylicEpoxy Finish: Talo finish coats ever a primer.

3.7.7.4.1. Primek: Acryliclatex primer; dry filén thickness of hot less than 1.2 mils.
3.7.7.4.2. Finish Coats: Semi‘gloss,two-component acrylic epoxy.coating; total dry film
thickness of rot.less than 3.0)mils.
3.7.7.5. High Gloss, High-Build},Polyamide<Epoxy Enamel Finish: Twd finish coats over

primer.
3.7.7.5.1. Finish Coats: Full-gloss{olyamide epoxy enamel; total dry film thickness of
not less than 4 mils.

3.7.8. Ferrous Metal:

3.7.8.1. Provide the indicated "Professional" or "Industrial" coating systems over factory-
primed ferrous metal:
3.7.8.2. Low-Luster, Acrylic-Enamel Finish: Two finish coats over a factory-applied primer,

or indicated primer as applicable.
3.7.8.2.1. Primer (for factory-unprimed work): Waterborne, rust-inhibitive, acrylic
primer; total dry film thickness of not less than 2.0 mils.
3.7.8.2.2. Finish Coats: Low-luster (eggshell), acrylic-latex, interior enamel; total dry
film thickness of not less than 2.6 mils.
3.7.8.3. Semigloss, Acrylic-Enamel Finish: Two finish coats over a factory-applied primer,

or indicated primer as applicable.
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3.7.8.3.1. Primer (for factory-unprimed work): Waterborne, rust-inhibitive, acrylic
primer; total dry film thickness of not less than 2.0 mils.

3.7.8.3.2. Finish Coats: Semi-gloss, acrylic-latex, interior enamel; total dry film
thickness of not less than 2.0 mils.

3.7.8.4. Epoxy Finish: Two finish coats over a factory-applied primer coat, or indicated
primer as applicable.

3.7.8.4.1. Primer for Factory-Unprimed Metals: Waterborne acrylic epoxy primer; total
dry film thickness of not less than 2 mils.

3.7.8.4.2. Finish Coats: Full-gloss acrylic epoxy; total dry film thickness of not less than
2.0 mils:

3.7.9. Zinc-Coatedetal:

3.7.9.1. Provide the indicated "Professional" or "Industrial" coating systems over zinc-
coated metal:
3,7.9.2. Low-Luster, Acrylic-Enandel Finish: Two finish coats over a factory-applied primer,

or indicated primer a8 applicable,
377:9.2.17] Primer (for factemy-unpriméd work): Quick-drying, rust-inhibitive, acrylic-
enamel primer; total dry fila thickn@ss of not less than 1.8 mils.
3.7.9.2.2_» Second and-Third Coats:/Low luster (eggshell), acrylic-latex, interior enamel;
total dry film/ithickness of not less than 2.6 mils.
3.7.9.3. Semigléss, Acrylic-Enamel Finish: Talio finish coats over a factory-applied primer,

or indicated-primer.as applicable.
3.7.9.3.1. Primer (fof factory>unprimed work): » Quick4drying,orust-inhibitive, alkyd-
based primeri_tatal dryfilm thickness of notdessthan 1.8 mils.
3.7.9.3.2. Second and Third Coats:/ Semisgloss, acryliczlatex, interiof eramel; total dry
film thickness of notidess than]2.0 mils.
3.7.9.4. Epoxy Finish: Two finish coeats over a.factory-applied primer coat, or indicated
primer as applicable.
3.7.9.4.1. Primer (for factory-unprimed Zific-coated metal): Waterborne acrylic epoxy
primer; total dry film thickness of Hot less‘than 4 mils.
3.7.9.4.2. Finish Coats: Full-gloss acrylic epoxy;total dry film thickness of not less than
3.0 mils.

3.8. EXTERIOR PAINT

3.8.1. Exterior Paint Systems, General: Products of Benjamin Moore are listed below, unless
otherwise indicated. Provide indicated products or, subject to compliance with
requirements, equivalent products of other approved manufacturers. Apply coatings at
manufacturer's recommended spreading rate to achieve indicated dry film thicknesses.

3.8.2. Where "Industrial" coating is indicated, provide Moore's "Industrial and Maintenance
Coatings" products; or equivalent of other, listed approved manufacturers.
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3.8.3. Where "Professional" coating is indicated, provide Moore's "Professional Coatings"
products; or equivalent of other, listed approved manufacturers.

3.8.4. Concrete and Cement Plaster (for Non-Wear Surfaces):

3.8.5. Provide the indicated "Professional" coating systems over exterior concrete, cement
plaster surfaces:

3.8.5.1. Flat Alkyd-Modified Vinyl Acrylic Latex Finish: Two finish coats over a primer.

3.8.5.1.1. Primer: Alkali-resistant, exterior, acrylic-latex sealer; total dry film thickness
of notdéss than 0.7 mils.

3.8.5.1.2. FiniSh Coats: Flat, exterior, alkyd modified vinyl acrylic latex paint; total dry
film thickness of not less than 2.4 mils.

3.8.6. Concrete Masonry Units:

3.8.6.1. Provide the indicated “Proféssional" coating systems over exterior concrete
masonry units:
3.8.67% Flat Latex Based Finish: Two finish coats over a block filler.

3.8.6/2.1. 'Block'Filler: High-perforndance, latex block filler; total dry mill thickness of
not-ess than 8.1 mils.

3.8.6.2.2. "Finish Coats:/Flat, exterior, acrylicdatex pdint; total dry film thickness of not
lessthan 2.4/mils:

3.8.7. Ferrous Metal:

3.8.7.1. Provide the indicated, "Professiohal” or "Industrial’.cdating systems over exterior
ferrous metal.
3.8.7.2. Low Luster, Alkyd-EnamélFinish:”Fwofinish coats ovier a factory-applied primer,

or an alkyd primer as applicabte.
3.8.7.2.1. Primer (unprimed work only): Quick-drying, rust-inhibitive, alkyd-based
primer, as recommended by thé'manufacturer for this substrate; total dry
film thickness of not less than 1.3 mils,
3.8.7.2.2. Finish Coats: Semigloss, alkyd, exteriorenamel; total dry film thickness of not
less than 2.6 mils.
3.8.7.3. High Gloss, Alkyd-Enamel Finish: Two finish coats over a factory-applied primer,

or an alkyd primer as applicable.
3.8.7.3.1. Primer (unprimed work only): Quick-drying, rust-inhibitive, alkyd-based
primer, as recommended by the manufacturer for this substrate; total dry
film thickness of not less than 1.3 mils.
3.8.7.3.2. Finish Coats: High gloss, alkyd, exterior enamel; total dry film thickness of not
less than 3.4 mils.
3.8.7.4. Polyurethane Finish: Two finish coats over an alkyd primer.
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3.8.7.4.1. Primer: Alkyd primer formulated with a rust-inhibiting agent; total dry film
thickness of not less than 2.0 mils.

3.8.7.4.2. First and Second Coats: High gloss urethane alkyd enamel; total dry film
thickness of not less than 4.0 mils.

3.8.8. Zinc-Coated Metal:

3.8.8.1. Provide the indicated "Professional"” or "Industrial" coating systems over exterior
zinc-coated (galvanized) metal surfaces:
3.8.8.2. Low Luster, Alkyd-Enamel Finish: Two finish coats over a factory-applied primer,

or a galvahized metal primer as applicable.
3.8.8.2.1. Pgimer (unprimed work only): Quick-drying, rust-inhibitive, alkyd-based
primer, as reebmmended by the manufacturer for this substrate; total dry
film thicknéss of not less than 1.3 mils.
3.8.8.2.2. Finish oats: bkew luster, alkyd, exterior enamel; total dry film thickness of
not less than 2.6 mils.
3.8(8.3. High' Gloss, Alkyd-Endmel Einish: fiwo finish coats over a factory-applied primer,

of|a galvanized metal primer as@pplicable.
3.8.83.1. Primer (for factory-unprimed work): Quick-drying, rust-inhibitive, alkyd-
based primer; total dry filmdhickness dfinot less than 1.6 mils.
3.8.8.3.2. "Second”and Third Coats: High gla§s, extérior, alkyd enamel; total dry film
thickness of not-less than 3.4 mils.
3.8.8.4. Polyurethane, Finish:y Two finish coats gver a‘acrylaté primer.

3.8.8.4.1. Primer: Elastomeric-acrylate primerformulated with_ a rust-inhibiting agent;
total dry film thickness-af not less than 0.1 miils.

3.8.8.4.2. First and Second(Finish ‘Coats:/High gloss urethané alkyd‘enamel; total dry
film thickness of notidess than4.0 mils.

3.8.9. Aluminum:

3.8.9.1. Provide the indicated "Industrial”fcoating system over exterior aluminum
surfaces:
3.8.9.2. Polyurethane Finish: Two finish coats overaracrylate primer.

3.8.9.2.1. Primer: Elastomeric acrylate primer formuiated with a rust-inhibiting agent;
total dry film thickness of not less than 0.1 mils.

3.8.9.2.2. Finish Coats: High gloss urethane alkyd enamel; total dry film thickness of not
less than 4.0 mils.

3.8.9.3. Acrylic Finish: Two direct to metal coats over appropriately prepared surface.

3.8.9.3.1. Surface preparation: Cleaned with Super Spec HP Oil & Grease Emulsifier
(P83) to remove contaminants.

3.8.9.3.2. Direct to metal primer and finish Coats: Low luster direct to metal acrylic;
total dry film thickness of not less than 4.0 mils.
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3.9. PROTECTION CLEAN UP, AND TOUCH-UP:

3.9.1. Protect work from paint droppings and spattering by use of masking, drop cloths, removal
of items or by other approved methods.

3.9.2. Upon completion, clean paint from hardware, glass and other surfaces and items not
required to be painted of paint drops or smears.

3.9.3. Before final inspection, touch-up or refinished in a manner to produce solid even color
and finish texture, free from defects in work which was damaged or discolored.
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PART 1 - GENERAL
1.1. DESCRIPTION
1.1.1. The requirements of this Section apply to all sections of Division 23.
1.2. DEFINITIONS
1.2.1. Exposed: Piping, ductwork, and equipment exposed to view in finished rooms.
1.2.2. Option or optional: Contractor's choice of an alternate material or method.
1.3. RELATED WORK
1.3.1. Section: 0133 23 Shop Drawings, Product Data, and Samples.
1.3.2. Section: 22 05 53 Idéntification for Plumbing Piping and Equipment.
1.3.3{ Section: 23:05 13 Commaon Mator Requirements for HVAC Equipment.
1.3.4. Seétion: 23/05°48 Vibration and Seismic/Controls for HVAC.
1.3.5. Section:23 05 93 Testing, Adjusting and Balancing Fer HVAC.
1.3.6. Section: 23 07400 HVAC Insulation.
1.4. QUALITY ASSURANCE

1.4.1. Mechanical, electrical andhyassociated-systems shall be safe, #éliable, efficient, durable,
easily and safely operable/zand mgintainable, easily. and safely aceessible, and in
compliance with applicable codgs, as specified: The systems ghall‘be comprised of high
quality institutional-class and industrial-class“products of“manufacturers that are
experienced specialists in the required-productlinesi"All construction firms and personnel
shall be experienced and qualified specialists,in industrial and institutional HVAC.

1.5. PRODUCTS CRITERIA

1.5.1. Standard Products: Material and equipment shallybe the standard products of a
manufacturer regularly engaged in the manufacture of the products for at least 3 years
(or longer as specified elsewhere). The design, model and size of each item shall have
been in satisfactory and efficient operation on at least three installations for
approximately three years. However, digital electronics devices, software and systems
such as controls, instruments, computer work station, shall be the current generation of
technology and basic design that has a proven satisfactory service record of at least three
years. See other specification sections for any exceptions and/or additional requirements.

Project #: 2025-07



SAB Engineering Inc. Section 23 05 00
TLDSB HALIBURTON HIGHLANDS SS COMMON WORK RESULTS FOR HVAC
HVAC Upgrade (Cafeteria & Kitchen) Page |5

1.5.2. All items furnished shall be free from defects that would adversely affect the
performance, maintainability and appearance of individual components and overall
assembly.

1.5.3. Conform to codes and standards as required by the specifications. Conform to local codes,
if required by local authorities such as the natural gas supplier, if the local codes are more
stringent than those specified. Refer any conflicts to the Consultant.

1.5.4. Multiple Units: When two or more units of materials or equipment of the same type or
class are required, these units shall be products of one manufacturer.

1.5.5. Assembled Units: Manufacturers of equipment assemblies, which use components made
by others, assume'cemplete responsibility for the final assembled product.

1.5.6. Nameplates: Nameplate bearing manufacturer's name or identifiable trademark shall be
securely affixed in_a conspicuousiplace on equipment, or name or trademark cast
integhally with equipment, stamped orotherwise permanently marked on each item of
equipment.

1.5.7. Asbestos praducts‘or equipment or materials cantaining asbestos shall not be used.
1.6. EQUIPMENT SERVICE ORGANIZATIONS

1.6.1. HVAC: Products'dnd systems(shall be suppérted by service organizations that maintain a
complete inventory(f, repairparts-and are located within 50 miiles to the site.

1.6.2. HVAC Mechanical Systens) Welding: Before any welding is_pérformed, contractor shall
submit a certificate certifyingithat welders-comply withthe following réguirements:

1.6.2.1. Qualify welding processesénd operators/for piping according to ASME "Boiler and
Pressure Vessel Code", SectiohIX, "Weldingiand Brazing Qualifications".
1.6.2.2. Comply with provisions of ASME‘B31 series"Code for Pressure Piping".

1.7. EXECUTION (INSTALLATION, CONSTRUCTION) QUALITY

1.7.1. Apply and install all items in accordance with manufacturer's written instructions. Refer
conflicts between the manufacturer's instructions aid the contract drawings and
specifications to the Consultant for resolution.

1.7.2. Provide complete layout drawings, schematics, diagrams, sections, notes and
specifications as required to allow for competitive bidding and construction. Do not
commence construction work on any system until the layout drawings have been
approved.
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1.8. DUTIES OF MECHANICAL CONTRACTOR

1.8.1.

1.8.

1.8.

1.8.

1.8.

The mechanical contractor shall assume the responsibilities and duties of a general
contractor including but not limited to the ones described below:

1.1. Superintendence

1.8.1.1.1. Provide full time on-site superintendent personnel and supporting staff with
proven experience in project of similar value and complexity.

1.8.1.1.2. Site superintendent shall have over-all authority to speak for and represent
the mechanical contractor.

1.2. Coordination

1.8.1.2.1. Coordinate the work with all the sub-trades involved to ensure that the work
will be carried©ut on schedule and in proper sequence.

1.8.1.2.2. Take compléete responsibility for all remedial work that results from failure to
coordin@te anpaspect aof the mechanical work prior to its fabrication and/or
installation/

1.8.1.2.3. (Take responsibilify fonthe delivery of equipment necessary to complete the
work,in accordance with the approved schedule.

1.3. Staffing and Scheduling

1.8.1.3.Y.~ Within seven days after theaWard of th€&contract, the Mechanical Contractor
shall provideito.the Board representative the following information:

. Appointment of official repfesentatives in the project.

. Schedule ofdvork:.

. Delivery schedule forspecified equipmentt

. Requirements for‘temparary facilities, site signs, storage, etc.

1.4. Work Completion Méeting
1.8.1.4.1. Prior to application fof SubstahtialPerformance ¢f the Work, the mechanical
contractor shall participate in the'také-over meeting. Agenda to include the

following:
. Review of outstanding deficiéncies.
° Submission of maintenance manuals, Warranties and as-built drawings.
. Results of performance tests and deéscribed further in this section.
. Scheduling of training to Board’s personnel.

1.9. COMMISSIONING

1.9.1.

1.9.2.

The Board may at its discretion use a third party as a commissioning agent for the
construction portion of the work. The requirement for commissioning shall be included in
the front-end documents of the bidders’ package.

If commissioning is included, the contractor shall provide all manpower and will take into
account all the hours required to participate in the commissioning process including
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meetings with the commissioning agent, completion of forms and check-lists,
verifications, simulations, rectifications of deficiencies and other activities associated with
the commissioning process.

1.10. SCHEDULING OF WORK

1.10.1.

For all work to be performed under this contract, adhere to Construction Schedule agreed
upon with the Board.

1.11. INTENT

1.11.1.

2.11.2.

1.11.3.

Bidders for this Miork shall include for all labor, material, equipment and all other related
cost including all applicable taxes (except HST) and fees to provide the work as indicated
on the drawings.

Misinterpretation of any regdirement of the drawings and specifications will not relieve
the’Mechanical Contractor of reSponsibility. If in any doubt, the Mechanical Contractor
shall contactthe Consultant fér written clarification prior to submitting a bid for the Work.

Theseope of work for this projeet includes but is not limited to:

1.11.3.1. Deémolition work

1.11.3.1.1. Refer to Section 02-41-00 for demélitionscope of work.

1.11.3.2. New Lavéut Work

1.11.3.2.1. Provide(ew ro6ftop’units as indicated onthe dfawings. Provide all new roof
curb, minimum 18”7 high..Include for all associatedsafeofing and structural
work.

1.11.3.2.2. Provide new ductwark in‘the Cafeteria & Kitchen approximately as indicated
on the drawings. Connect new ‘ductwork to fiew RTU’s on roof above.
Connect to existing approximately asiindicated (where applicable). Insulate
all new supply ductwork in thle mechanical attic space.

1.11.3.2.3. Allow for temporary removal 6f'the drywall ceiling in the Kitchen area as
required to install the new ductwork. Remove existing lights and other
devices attached to the ceiling as required to complete the new installation.

1.11.3.2.4. Provide structural steel reinforcement’as per the structural drawings.
Remove all services attached the OWSJ as required to complete the steel
work. Reinstall back on to OWSJ upon completion.

1.11.3.2.5. Provide air balancing for new HVAC equipment to the values noted.

1.11.3.2.6. Provide duct cleaning for ductwork associated with new rooftop units.

1.11.3.2.7. Provide new liquid propane gas lines for new RTUs. Connect to existing on
the Cafeteria roof, complete with new PRVs. Paint all new gas piping.

1.11.3.2.8. Paint all new exposed ductwork in the Cafeteria to match existing roof deck
colour.
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1.11.3.2.9. Provide new power and control connections for new equipment. Include for
all required wiring, conduit, and support.

1.12. INTERFERENCES

1.12.1. The mechanical drawings do not show all the architectural and structural details, and any
information involving accurate measuring of the building shall be taken from the building
drawings or at the building. Make without additional change, any necessary changes or
additions to the runs of drains, pipes, ducts, etc., to accommodate the above conditions.
The location of equipment may be altered without charge providing the change is made
before installatiod and does not necessitate major additional material.

1.12.2. Wherever differences occur between specifications, riser diagrams or schematics and
drawings, the maximumfconditions shall govern and the bid shall be based on whichever
information indicates$ thegreater cost.

1.12/3. Field'yerifications of dimensions on plahs shall be made since actual locations, distances,
and levels will be governeddy actual field eonditions.

1.12.4. Discrépancies between different plang, or between plans and actual field conditions, or
between’ plans-and $Specifications shallspromptlyfbe brought to the attention of the
Consultant for a decision;

1.12.5. Install all mechaniieal serviges“including but'notéxclusive todrains, pipes, and ducts, to
conserve headroom“dnd intérfere.as little as possible with the free use of the space
through which they pass.. All drains; pipes, ducts, etc./ particularly those which may
interfere with the inside tréatment.of the building, or conflicting with other trades, shall
be installed only after the locations have béeh.approved by the Cohsultant. Special care
shall be taken in the installation of.all mechanical services including, but not exclusive to
drains, pipes, and ducts, which are to/be concealéed, to see that they come within the
finished lines of floors, walls, and ceilings."Where stch drains, pipes, ducts, etc., have been
installed in such a manner as to cause interference, théy shall be removed and re installed
in suitable locations without extra cost to the Bodd.

1.12.6. Before commencing work, check and verify all grade and invert elevations, stacks, levels,
and dimensions, to ensure proper and correct installation of the work.

1.12.7. In every place where there is space indicated as reserved for future or other equipment,
leave such space clear, install blank offs, shut off valves with blind flanges and other work
so that the necessary connections can be made without any stoppages to the system.
Consult with the consultant whenever necessary for this purpose.

1.12.8. In addition to the work specifically mentioned in the Specifications and shown on the
drawings, provide all other items that are obviously necessary to make a complete
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working installation, including those required by the Authorities Having Jurisdiction over
the work.

1.12.9. The mechanical plans show approximate locations for wall mounted devices. Obtain
Consultant's approval of mounting heights and locations before commencement of work.

1.13. EXAMINE SITE

1.13.1. Examine the site and the local conditions affecting the work prior to submission of the

tender price. Examine carefully all drawings and the complete specifications to ensure
that the work can e satisfactorily carried out as shown. No allowance will be made later
for any expensés incurked through the failure to make these examinations or to report
any such dis€repanei€s in writing to the Consultant.

1.14. INTERFERENCE AND SLEEVING DRAWINGS

1.94,1. Submit complete consolidated dnd ceordinated interference drawings for all new air
handling systems, and for existing'systems,that are in the same areas.

1.14.2. Thesdrawingsshallinclude plan views, glevations and sections of all systems and shall be
on a stale of not less.than 1:200. Clearly idéntify and dimension the proposed locations
of the pringipal it€ms of equipment. The drawings shall clearly show locations and
adequate clearance for/all’'equipment, ductwork, piping, valves, control panels and other
items. Show the -access-means for all itemsf requiring access for operations and
maintenance. Providé/detailed layout drawings‘@hall piping'and duct systems.

1.14.3. Do not install equipment foundations, equipment, ductivosk or piping until interference
drawings have been approved,

1.15. WARRANTY

1.15.1. All work completed under this contract SHall carry-a min. 1 years’ warranty (labour and
material) from the date of substantial compféetion.

1.15.2. All equipment supplied under this contract shall,carry a 2 years’ warranty. Where
certain equipment specifications call for a for a longérwarranty on certain components,
the longest period shall apply.

1.16. SUBMITTALS

1.16.1. Submit documentation in accordance with Section: 01 33 23 Shop Drawings, Product
Data, and Samples, and with requirements in the individual specification sections.

1.16.2. Contractor shall make all necessary field measurements and investigations to assure that
the equipment and assemblies will meet contract requirements.
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1.16.3. If equipment is submitted which differs in arrangement from that shown, provide
drawings that show the rearrangement of all associated systems. Approval will be given
only if all features of the equipment and associated systems, including accessibility, are
equivalent to that required by the contract.

1.16.4. Prior to submitting shop drawings for approval, contractor shall certify in writing that
manufacturers of all major items of equipment have each reviewed drawings and
specifications, and have jointly coordinated and properly integrated their equipment and
controls to provide a complete and efficient installation.

1.16.5. Submittals and shép drawings for interdependent items, containing applicable descriptive
information, shall be) furnished together and complete in a group. Coordinate and
properly idtegrate materi@ls and equipment in each group to provide a completely
compatible and efficient.

1.16.6. Manufacturer's Literature and Daia:

1.166.1. “/Submit all information ‘péertaining to the performance and capacity of the
equipment.

1.16.6.2. "/ Submit all information pertaining t6 methods of connection to piping and
dGigtwork;/electrical wiring, €ontrols anddoise generated by the equipment (as
applieable tothe pfoject).

1.16.6.3. Submit 'b&lt drive-with the driven éguipmént. Submit selection data for specific
drives whet requested bythe Consultdnt.

1.16.6.4. Submit electric. motor/data" and variable »>speed drives@lata with the driven
equipment.

1.16.6.5. Equipment and matetrials identification.

1.16.6.6.  Fire-stopping materials.

1.16.6.7. Hangers, inserts, supports andbracing, forboth indoor and outdoor installations.
Where applicable, provide load tatings and deflection for spring supports and
hangers.

1.16.6.8. Wall, floor, and ceiling plates.

1.16.7. HVAC Maintenance Data and Operating Instructions:

1.16.7.1.  Provide a listing of recommended replacement parts for keeping in stock supply,
including sources of supply, for equipment. Include in the listing belts for
equipment: Belt manufacturer, model number, size and style, and distinguished
whether of multiple belt sets.

1.16.7.2.  Provide copies of approved HVAC equipment submittals to the Testing, Adjusting
and Balancing Subcontractor.

1.17. MATERIALS AND STANDARDS OF ACCEPTANCE
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1.17.1. Where materials, equipment, apparatus, or other products are specified by the
manufacturer, brand name, type or catalogue number, such designation is to establish
standards of desired quality style or dimensions and shall be the basis of the Bid. Materials
so specified shall be furnished under this Contract.

1.17.2. Where two or more designations are listed, the contractor shall choose one of those listed
and state the choice made on the Bid Form (where applicable). Note that the basis of
design equipment has specific physical characteristics in terms of footprint and clearances
requirements. Inclusion of a manufacturer other than the one for the Basis of Design in
the Standard of Acceptance is not an automatic approval for submission of equipment
which cannot befinstalled due to specific site conditions.

1.18. MATERIAL SUBSTITUTIONS

1.18.1. After execution of thé Contract, requests for substitution of materials or makes other than
those specifically named inthe Céntract Documents may be reviewed and approved by
the Consultant, subjectto Board’s review and acceptance of the financial credits involved.

1.18.2. Inthe absence ofsuch express @approvalby the Consultant, the Mechanical Contractor will
be held'to furnish specified items undér the base bid as the standard of acceptance.

1.18.3. If equipmernit’is submitted which differsin arrangementfrom that specified/shown on the
documents, prduide drawings that show the rearfangement of all associated systems.
Approval will be given onlyif-all features of £he equipment and associated systems,
including accessibility,Zare equivaleni-to that requited by the contract.

1.19. CODES, PERMITS, FEES AND CONNECTIONS

1.19.1. Conform to Federal, Provincial and Municipal régulations and{erform work in accordance
with requirements of By Laws and Regulations'in force in area where the building is to be
erected.

1.19.2. Apply for, obtain, and pay for all permits, fees/and séfvice connections for the work and
the inspections required by Authorities Having Jurisdiction in the area where the work
will take place

1.19.3. Where applicable, apply for, obtain, and pay for all permits, fees and service connections
for the work and the inspections required by Authorities Having Jurisdiction in the area
where the work will take place, including TSSA and ESA. Where applicable, have the work
inspected and certified by PV [Boilers and Pressure Vessels Reg], OE [Operating Engineers
Reg.] and FS [Fuel Safety Reg.] branches of TSSA. At the end of the work, the new plant
shall be fully TSSA certified.

1.19.4. For information, a specific code or standard might be mentioned. This information must
not be taken as the only code or standard applicable.
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1.19.5. When part of equipment does not bear the required CSA label, the contractor shall obtain
from CSA or Hydro Electric Power Commission, when that part of the equipment is an
electric component, a special approval and pay the applicable fees.

1.19.6. Furnish necessary certificates as evidence that the work installed conforms with laws and
regulations of Authorities having jurisdiction. Changes in work requested by an Authority
having jurisdiction shall be carried out without charge.

1.20. CONSULTANT'S INSTRUCTIONS

1.20.1. During constructiofisthe Consultant will issue such instructions as may be necessary for
verification and‘correction of the work. These instructions shall be binding as part of the
specification.

1.21. ADDITIONAL WORK AND CHANGES

1.23;1. Unless a written ordern, reviewéd byathe Consultant and countersigned or otherwise
approved by the Board Représentative, no additional work shall be undertaken by the
Contractor.

1.22. DELIVERY, STORAGE'AND'HANDLING
1.22.1. Protection ofEquipment:

1.22.1.1. Equipment.and material placed on the job siteishall f&@main in the custody of the
Contractor until phased .acgeptance, whether or dot the Board has reimbursed
the Contractor for, the /equipment and matgrial.«The Contractor is solely
responsible for the/grotection ‘of/such equipment ahd matérial against any
damage.

1.22.1.2. Place damaged equipmentdn first(class] new operating condition; or, replace
same as determined and directéd by the:Consultant. Such repair or replacement
shall be at no additional cost to thé-Board:

1.22.1.3.  Protect interiors of new equipment and. pipingcsystems against entry of foreign
matter. Clean both inside and outside befare painting or placing equipment in
operation.

1.22.1.4.  Existing equipment and piping being worked on¥y the Contractor shall be under
the custody and responsibility of the Contractor and shall be protected as
required for new work.

1.22.2. Cleanliness of Piping and Equipment Systems:

1.22.2.1. Exercise care in storage and handling of equipment and piping material to be
incorporated in the work. Remove debris arising from cutting, threading and
welding of piping.
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1.22.2.2.  Piping systems shall be flushed, blown or pigged as necessary to deliver clean
systems.

1.22.2.3. Clean interior of all tanks prior to delivery for beneficial use by the Board.

1.22.2.4. Boilers shall be left clean following final internal inspection by Board insurance
representative or inspector.

1.22.2.5. Contractor shall be fully responsible for all costs, damage, and delay arising from
failure to provide clean systems.

1.23. HAULING OPERATIONS

1.23.1. Maintain roadways and paving in the hauling areas clean on a daily basis and as required
by Municipal Authorities.

1.23.2. Parking is not ample of readily available in the area where the building is located.
Coordinate delivery6f equipment with the Board representatives.

1.23/3. Contractor_is responsible forall craning & lifting operations. It is the Contractor’s
responsibility to coordinatefwith the respective Municipality & pay/obtain all required
permits.

1.23.4. Contractor.is responsible for providing a«cfaning plah,for review & approval by the Client.
1.24. JOB CONDITIONS — WORK INVEXISTING BUILDING

1.24.1. Building Operation:(Board @mployees will be€ontinuously/operating and managing all
facilities, including temporary faciliti€s, that servethe building.

1.24.2. Maintenance of Service: Schedule all’work/to permit continuols servi€e as required by
the Board.

1.24.3. Services Interruptions: Limited servicé.interruptions, as required for interconnections of
new and existing systems, will be coordinated with'the Board and permitted by the Board
during the agreed-upon schedule of interrugtion. Provide at least one week advance
notice to the Board representatives.

1.24.4. Phasing of Work: Comply with all requirements shown en drawings or specified.

1.24.5. Building Working Environment: Maintain the architectural and structural integrity of the
building and the working environment at all times. Maintain the interior of building at 18
degrees C (65 degrees F) minimum. Limit the opening of doors, windows or other access
openings to brief periods as necessary for rigging purposes. No storm water or ground
water leakage permitted. Provide daily clean up of construction and demolition debris on
all floor surfaces and on all equipment being operated by the Board.
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1.24.6. Acceptance of Work for Board Operation: As new facilities are made available for
operation and these facilities are of beneficial use to the Board, inspections will be made
and tests will be performed. Based on the inspections, a list of contract deficiencies will
be issued to the Contractor. After correction of deficiencies as necessary for beneficial
use, the Consultant will process necessary acceptance and the equipment will then be
under the control and operation of Board personnel.

PART 2 - PRODUCTS
2.1. FACTORY-ASSEMBLED PRODUCTS
2.1.1. Provide maximum standardization of components to reduce spare part requirements.

2.1.2. Manufacturers of equipnientiassemblies that include components made by others shall
assume complete responsibility for final assembled unit.

2.43. Allcomponents of an agsembleddunit heed not be products of same manufacturer.
2.1.4. Constittent parts that are dlike shall be products of a single manufacturer.

2.1.5. Compobnents=shall be compatible with each®other and with the total assembly for
intended&ervice:

2.1.6. Contractor shallguarantee performance of assemblies of components, and shall repair or
replace elements @f-the assemblies as required to deliver spécified performance of the
complete assembly.

2.1.7. Components of equipmeritsshall <bear ‘manufacturer!s Aame/and trademark, model
number, serial number and performance ‘data on a name platedSecurely affixed in a
conspicuous place, or cast integraldvith, stamped.or otherwise permanently marked upon
the components of the equipment.

2.1.8. Major items of equipment, which serve the’same fufiction, must be the same make and
model. Exceptions will be permitted if performatice reguirements cannot be met.

2.2. COMPATIBILITY OF RELATED EQUIPMENT

2.2.1. Equipment and materials installed shall be compatible in all respects with other items
being furnished and with existing items so that the result will be a complete and fully
operational plant that conforms to contract requirements.

2.3. BELT DRIVES

2.3.1. Type: ANSI/RMA standard V belts with proper motor pulley and driven sheave. Belts shall
be constructed of reinforced cord and rubber.
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2.3.2. Dimensions, rating and selection standards: ANSI/RMA IP 20 and IP 21.

2.3.3.  Minimum Horsepower Rating: Motor horsepower plus recommended ANSI/RMA service
factor (not less than 20 percent) in addition to the ANSI/RMA allowances for pitch
diameter, center distance, and arc of contact.

2.3.4. Maximum Speed: 25 m/s (5000 feet per minute).

2.3.5. Adjustment Provisions: For alignment and ANSI/RMA standard allowances for installation
and take up.

2.3.6. Drives may utiliZe a single V Belt (any cross section) when it is the manufacturer's
standard.

2.3.7. Multiple Belts: Match&d to ANSI/RMA specified limits by measurement on a belt
measuring fixture. Seal matehed sets together to prevent mixing or partial loss of sets.
Réplacement, when necessary, shall'be an entire set of new matched belts.

2.3.8. “‘Sheavesiand-Pulleys:

2.3.8.1. Material; Pressed steel, or close grained cast iron.

2.3.8.2. Bore: Fixed orbushing type for Securing td shaft with keys.
2.3.8.3. Balahged: Statically’and dynamically.

2.3.8.4. roove spacing for driving and drivefi pulleys shall be’the same.
2.3.8.5. Drive Types{Based6n AR|435.

2.3.9. Provide adjustable pitch anfixed pitch-drive as follows:

2.3.9.1. Fan speeds up to 1800°RPM: 7.5kW (10 horsepower) and.smaller.
2.3.9.2. Fan speeds over 1800 RPM: 2.2 kW (3 horsepower) and smaller.
2.3.9.3. Provide fixed pitch drives for drives larger than those listed above.

2.3.10. The final fan speeds required to just meet‘the system CFM and pressure requirements,
without throttling, shall be determined by adjustment of a temporary adjustable pitch
motor sheave or by fan law calculation if a fixed pitch drive is used initially.

2.4. DRIVE GUARDS

2.4.1. For machinery and equipment, provide guards as shown in AMCA 410 for belts, chains,
couplings, pulleys, sheaves, shafts, gears and other moving parts regardless of height
above the floor to prevent damage to equipment and injury to personnel. Drive guards
may be excluded where motors and drives are inside factory fabricated air handling unit
casings.

2.4.2. Pump shafts and couplings shall be fully guarded by a sheet steel guard, covering coupling
and shaft but not bearings. Material shall be minimum 16-gage sheet steel; ends shall be
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braked and drilled and attached to pump base with minimum of four 6 mm (1/4-inch)
bolts. Reinforce guard as necessary to prevent side play forcing guard onto couplings.

2.4.3. V-belt and sheave assemblies shall be totally enclosed, firmly mounted, non-resonant.
Guard shall be an assembly of minimum 22-gage sheet steel and expanded or perforated
metal to permit observation of belts. 25 mm (one-inch) diameter hole shall be provided
at each shaft centerline to permit speed measurement.

2.4.4. Materials: Sheet steel, cast iron, expanded metal or wire mesh rigidly secured so as to be
removable without disassembling pipe, duct, or electrical connections to equipment.

2.4.5. Access for Speetl Measurement: 25 mm (One inch) diameter hole at each shaft center.
2.5. LIFTING ATTACHMENTS

2.5.1. Provide equipmentdwith suitable lifting attachments to enable equipment to be lifted in
its_hormal position. Lifting attachments shall withstand any handling conditions that
might'be encountered, withodt bending ordistortion of shape, such as rapid lowering and
braking of/load!

2.6. EQUIPMENTREQUIREMENTS AND INSTALLATION

2.6.1. Permit equiprient maintenance and disassembly by ¥Se of unions or flanges to minimize
disturbance to'donnecting piping and ddet systems and without interference from
building structure of bther’'équipment.

2.6.2. Provide accessible means)for lubricating equipment ificluding permanent lubricated
bearings.

2.6.3. For all base mounted boilers, pumps, compressors, air handling units, fans and other
rotating equipment, provide chamfered.edge heusékeeping pads a minimum of 4" high
and 4" larger than equipment dimension$sall argund. Work shall be performed by the
trades specializing in this work.

2.6.4. Pipedrainlines, overflows and safety relief vents td.drains. If the horizontal drains present
a tripping hazard, use aluminum checkered plate covérs:

2.6.5. Line up equipment, rectangular cleanouts and similar items with building walls wherever
possible.

2.7. ELECTRIC MOTORS

2.7.1. All material and equipment furnished and installation methods shall conform to the
requirements of Section: 23 05 13 Common Motor Requirements for HVAC Equipment,
and Section: 26 05 19 Low-Voltage Electrical Power Conductors and Cables, Provide all
electrical wiring, conduit, and devices necessary for the proper connection, protection
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and operation of the systems. Provide special energy efficient premium efficiency type
motors as scheduled.

2.8. VARIABLE SPEED MOTOR CONTROLLERS
2.8.1. Refer to Section: 26 05 00 Common Work Results for Electrical for specifications.

2.8.2. The combination of controller and motor shall be provided by the manufacturer of the
driven equipment, such as pumps and fans, and shall be rated for 100 percent output
performance. Multiple units of the same class of equipment, i.e. air handlers, fans,
pumps, shall be prdduct of a single manufacturer.

2.8.3. Motors shallfbe premium efficiency type and be approved by the motor controller
manufacturer. The “controllér-motor combination shall be guaranteed to provide full
motor nameplate harSepower in variable frequency operation. Both driving and driven
motor/fan sheaves'shall/be fixed pifeh.

2.8.47 «Controller (shall not add an¥y current or voltage transients to the input AC power
distribution system, DDC contrels, sensitive medical equipment, etc., nor shall be affected
fromYbther devices on the AC power system.

2.8.5. Controller$hall be-provided with the following oferating features and accessories:

2.8.5.1. Suitablefor variable torque load.

2.8.5.2. Provide thefmal magneticcircuit breaker or fused switch with external operator
and incoming line fusés/)Pravide output line reactors ondine between drive and
motor for motors-aver 50/HP or where the distancé between the breaker and
motor exceeds 50 feet,

2.9. EQUIPMENT AND MATERIALS IDENTIFICATION
2.9.1. Refer to Section: 23 05 53 Identification fefyHVACRiping and Equipment.
2.10. FIRESTOPPING

2.10.1. Provide either factory built (Firestop Devices) or ‘field installed (through-Penetration
Firestop Systems) to form a specific building system maiitaining required integrity of the
fire barrier and stop the passage of gases or smoke. Firestop systems to accommodate
building movements without impairing their integrity.

2.10.2. Through-penetration firestop systems and firestop devices tested in accordance with
ASTM E814 or UL 1479 using the "F" or "T" rating to maintain the same rating and integrity
as the fire barrier being sealed. "T" ratings are not required for penetrations smaller than
or equal to 101 mm (4 inches) nominal pipe or 0.01 square meter (16 square inches) in
overall cross sectional area.
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2.10.3. Firestop sealants used for firestopping or smoke sealing to have the following properties:

2.10.3.1. Contain no flammable or toxic solvents.

2.10.3.2. Release no dangerous or flammable out gassing during the drying or curing of
products.

2.10.3.3. Water-resistant after drying or curing and unaffected by high humidity,
condensation or transient water exposure.

2.10.3.4. When installed in exposed areas, capable of being sanded and finished with
similar surface treatments as used on the surrounding wall or floor surface.

2.10.4. Firestopping systémhor devices used for penetrations by glass pipe, plastic pipe or
conduits, unericlased cables, or other non-metallic materials to have following properties:

2.10.4.1. Classified for usé with'the particular type of penetrating material used.

2.10.4.2. Penetrations’ containing loose electrical cables, computer data cables, and
communications cables/ protected using firestopping systems that allow
unrestricted cable chafiges without damage to the seal.

2.10.5. Maximum‘flame’spread of 25.@nd smoke development of 50 when tested in accordance
with ASTM E84/ or UL723. Material tobe an approved firestopping material as listed in UL
Fire Resistance Divectafy or by a nationally recogriized testing laboratory.

2.10.6. FM, UL, or WH+ated or/tested by an approvéd labofatoryinaccordance with ASTM E814.

2.10.7. Materials to be nontéxic and-nonhcarcinogen at all stages/of application or during fire
conditions and to not contain hazardaus chemicals. Provide firestop material that is free
from Ethylene Glycol, PCB, MK, and<asbestos.

2.10.8. For firestopping exposed to view, traffic, moisture, and{physical damage, provide
products that do not deteriorate whenexposed ta these conditions.

2.10.8.1. For piping penetrations for plumbing and wet-pipe sprinkler systems, provide
moisture-resistant through-penetratiorfirestopsystems.

2.10.8.2.  For floor penetrations with annular spacésexceeding 101 mm (4 inches) or more
in width and exposed to possible loading anf traffic, provide firestop systems
capable of supporting the floor loads involved é&ither by installing floor plates or
by other means acceptable to the firestop manufacturer.

2.10.8.3.  For penetrations involving insulated piping, provide through-penetration firestop
systems not requiring removal of insulation.

2.11. GALVANIZED REPAIR COMPOUND
2.11.1. Mil. Spec. DOD P 21035B, paint form.

2.12. HVAC PIPE AND EQUIPMENT SUPPORTS AND RESTRAINTS
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2.12.1. Vibration Isolators: Refer to Section: 23 05 48 Vibration and Seismic Controls for HVAC.
2.12.2. Supports for Roof Mounted ltems:

2.12.2.1. Equipment: Refer to details on mechanical and structural drawings.
2.12.2.2. Pipe Supports: Refer to details on the drawings.
2.12.2.3.  Supports for Indoor Mounted ltems

2.12.2.3.1. Attachment to Concrete Building Construction:

° Concrete insert: MSS SP-58, Type 18.

. Self drilling expansion shields and machine bolt expansion anchors:
Permitted inhconcrete not less than 102 mm (four inches) thick when
appraved by the Consultant for each job condition.

o Power driven fasténers: Permitted in existing concrete or masonry not
less than 102 shm (foubinches) thick when approved by the Consultant
for each job' condition.

2.1292.3.277 Attachment to SteelBuilding Construction:

° Welded attachment: MSS SPE8, Type 22.

) Begm ‘clamps: MSS SP-58, Types20, 21, 28 or 29. Type 23 C clamp may
be used for~individual coppér tubifig up. to 23mm (7/8 inch) outside
diameter:

2.12.2.3.3. Attachment to existing structure: Support from/existing floor/roof frame

. Attachment to Wood.Construction:Wood screws oblag bolts.

° Hanger Rods>zHot rolled steel, ASTM A36 of A575 for allowable load listed
in MSS SP 58. Fdr piping, provide adjustment means for controlling level
or slope. Types 13or.15 turn buckles shall provide 38 mm (1 1/2 inches)
minimum of adjustment and incorporate locknuts. All thread rods are
acceptable.

2.12.2.3.4. Hangers Supporting Multiple Pipes (Trapeze Hangers): Galvanized, cold
formed, lipped steel channel horizontal member, not less than 41 mm by 41
mm (1 5/8 inches by 1 5/8 inches), 2.7 mm, (No. 12 gage), designed to accept
special spring held, hardened steel nuts. Nétqermitted for steam supply and
condensate piping.

2.12.2.3.5. Allowable hanger load: Manufacturers rating less 91kg (200 pounds).

2.12.2.3.6. Guide individual pipes on the horizontal member of every other trapeze
hanger with 6 mm (1/4 inch) U bolt fabricated from steel rod. Provide Type
40 insulation shield, secured by two 13mm (1/2 inch) galvanized steel bands,
or preinsulated calcium silicate shield for insulated piping at each hanger.

2.12.3. Supports for Piping Systems:
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2.12.3.1. Select hangers sized to encircle insulation on insulated piping. Refer to Section 23
07 11 for insulation thickness. To protect insulation, provide Type 39 saddles for
roller type supports or pre-insulated calcium silicate shields. Provide Type 40
insulation shield or pre-insulated calcium silicate shield at all other types of
supports and hangers including those for pre-insulated piping.

2.12.4. Piping Systems (MSS SP 58):

2.12.4.1. Standard clevis hanger: Type 1; provide locknut.
2.12.4.2. Riser clamps: Type 8.

2.12.4.3. Wall brackets: Types 31, 32 or 33.

2.12.4.4. RollerSupports: Type 41, 43, 44 and 46.
2.12.4.5. Saddle support: Type 36, 37 or 38.

2.12.4.6. Turnbuckle: Types 13'0x 15. Preinsulate.
2.12.4.7. U bolt clamp: Typen24.

2.12°52,Copper, Tube:

2.12.51, Hangers/ clamps and other support material in contact with tubing shall be
painted with copper colored epoxyspaint, plastic coated or taped with non-
adhesive-isolation tape to prevént electralysis.

2.12.5.2.  For vertical rdns use epoxy painted orflastic€oated riser clamps.

2.12.5.3.  For suppbdrting tlpe tostrut: Provitle epaky painted pipe straps for copper tube
or plastic inSerted vibration isolation clamps.

2.12.6. Insulated Lines: Provide pfresinsulated-calcium silicate shieldssized for copper tube.

2.12.7. Supports for plastic or glass pipifig: As recomiriended by the pipe manufacturer with black
rubber tape extending one inch beyond steel support or clamp.

2.12.8. Piping with Vertical Expansion and Contrdction:

2.12.8.1. Movement up to 20 mm (3/4 inch): Typé;51 or&2wariable spring unit with integral
turn buckle and load indicator.

2.12.8.2. Movement more than 20 mm (3/4 inch): Typ&54 or 55 constant support unit with
integral adjusting nut, turn buckle and travel position indicator.

2.12.8.3. Convertor and Expansion Tank Hangers: May be Type 1 sized for the shell
diameter. Insulation where required will cover the hangers.

2.12.9. For pipe sizes larger than (50 mm) 2-inches:

2.12.9.1. Pre-insulated Calcium Silicate Shields:
2.12.9.1.1. Provide 360 degree water resistant high density 965 kPa (140 psi)
compressive strength calcium silicate shields encased in galvanized metal.
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2.12.9.1.2. Pre-insulated calcium silicate shields to be installed at the point of support
during erection.

2.12.9.1.3. Shield thickness shall match the pipe insulation.

2.12.9.1.4. The type of shield is selected by the temperature of the pipe, the load it

must carry, and the type of support it will be used with.

2.12.9.1.5. Shields for supporting chilled or cold water shall have insulation that extends
a minimum of 1 inch past the sheet metal. Provide for an adequate vapor
barrier in chilled lines.

2.12.9.1.6. The pre-insulated calcium silicate shield shall support the maximum
allowable water filled span as indicated in MSS-SP 69. To support the load,
thefshields may have one or more of the following features: structural inserts
4138 kPa'(6004psi) compressive strength, an extra bottom metal shield, or
formed stru€tural steel (ASTM A36) wear plates welded to the bottom sheet
metal jacket.

2.12.9.1.7. Shields may be usedn steel clevis hanger type supports, roller supports or
flat surfaces

2.13. PIPE PENETRATIONS —<ROOFS
2.13.1. Refer to“details on,thedrawings
2.14. PIPE PENETRATIONS FHROUGH INTERIOR BUILDING ELEMENTS

2.14.1. Install sleeves during)constructionfor other th@n blocked ot floor openings for risers in
mechanical bays.

2.14.2. To prevent accidental liquid spills frompassing to a lower level/providé the following:

2.14.2.1. For sleeves: Extend sleevé 25 mm {oné4nch) above finished floor and provide
sealant for watertight joint.

2.14.2.2.  For blocked out floor openings:*Provide”40 mm (1% inch) angle set in silicone
adhesive around opening.

2.14.2.3. For drilled penetrations: Provide 40 mni(1% inch) angle ring or square set in
silicone adhesive around penetration.

2.14.3. Penetrations are not allowed through beams or ribs, but may be installed in concrete
beam flanges. Any deviation from these requirements must receive prior approval of
Consultant.

2.14.4. Sheet Metal, Plastic, or Moisture resistant Fiber Sleeves: Provide for pipe passing through
floors, interior walls, and partitions, unless brass or steel pipe sleeves are specifically
called for below.
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2.14.5. Cast Iron or Zinc Coated Pipe Sleeves: Provide for pipe passing through exterior walls
below grade. Make space between sleeve and pipe watertight with a modular or link
rubber seal. Seal shall be applied at both ends of sleeve.

2.14.6. Galvanized Steel or an alternate Black Iron Pipe with asphalt coating Sleeves: Provide for
pipe passing through concrete beam flanges, except where brass pipe sleeves are called
for. Provide sleeve for pipe passing through floor of mechanical rooms, laundry work
rooms, and animal rooms above basement. Except in mechanical rooms, connect sleeve
with floor plate.

2.14.7. Brass Pipe Sleeves: Provide for pipe passing through quarry tile, terrazzo or ceramic tile
floors. Connegt sleeve with floor plate.

2.14.8. Sleeves are not required forwall hydrants for fire department connections or in drywall
construction.

2.14/9. Sleeve Clearance: Sleeve through floors, walls, partitions, and beam flanges shall be one
inch greater(in diameter than extebnal diameter of pipe. Sleeve for pipe with insulation
shall,be large enpugh to accommodate/the insulation. Interior openings shall be caulked
tight With firesstopping material and/sealantio prevent the spread of fire, smoke, and
gases.

2.15. DUCT PENETRATIONS;- ROOFS

2.15.1. Provide curbs for roofimountéd piping, ductwork @nd equipment. Curbs shall be 18 inches
high with continuously ‘welded-seams) built-in cant strip, intefior baffle with acoustic
insulation, curb bottom, hihged curb<adapter.

2.15.2. Refer to details on mechanical andsstructUral drawings.
2.16. DUCT PENETRATIONS — INTERIOR BUILDING ELEMENTS

2.16.1. Provide sheet metal sleeves min 150 mm (67) raised’above the penetrated floors. Seal
space between sleeves and ducts.

2.16.2. For penetrations through fire rated building elements)refer to details on the drawings.

2.16.3. Provide firestopping for openings through fire and smoke barriers, maintaining minimum
required rating of floor, ceiling or wall assembly.

2.17. SPECIAL TOOLS AND LUBRICANTS

2.17.1. Furnish, and turn over to the Board, tools not readily available commercially, that are
required for disassembly or adjustment of equipment and machinery furnished.
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2.17.2. Grease Guns with Attachments for Applicable Fittings: One for each type of grease
required for each motor or other equipment.

2.17.3. Refrigerant Tools: Provide system charging/Evacuation equipment, gauges, fittings, and
tools required for maintenance of furnished equipment.

2.17.4. Tool Containers: Hardwood or metal, permanently identified for intended service and
mounted, or located, where directed by the Consultant.

2.17.5. Lubricants: A minimum of 0.95 L (one quart) of oil, and 0.45 kg (one pound) of grease, of
equipment manufaeturer's recommended grade and type, in unopened containers and
properly identified aste use for each different application.

2.18. WALL, FLOOR AND CEILING PLATES

2.18.1. Material and Type:Chrome plated brass or chrome plated steel, one piece or split type
with concealed hinge, with set sérew for fastening to pipe, or sleeve. Use plates that fit
tight @round. pipes, cover epenihgs around pipes and cover the entire pipe sleeve
prejection,

2.18.2. Thickness; Notdessthan 2.4 mm (3/32 inch) for tloor plates. For wall and ceiling plates,
not less thdn,0.64mm*(0.025-inch) for up to 804nm (3.inch pipe), 0.89 mm (0.035-inch)
for larger pip€.

2.18.3. Locations: Use whefe_ pipe“penetrates floors, walls and ceilings in exposed locations, in
finished areas only. Provide a watertight joint in spaces where brass or steel pipe sleeves
are specified.

PART 3 - EXECUTION
3.1. ARRANGEMENT AND INSTALLATION OF EQUIPMENT AND PIPING

3.1.1. Coordinate location of piping, sleeves, inserts; hangets, ductwork and equipment. Locate
piping, sleeves, inserts, hangers, ductwork amd_equipment clear of windows, doors,
openings, light outlets, and other services and.utilities. Prepare equipment layout
drawings to coordinate proper location and personnéliaccess of all facilities. Submit the
interference drawings for review as required by Part 1. Follow manufacturer's published
recommendations for installation methods not otherwise specified.

3.1.2. Operating Personnel Access and Observation Provisions: Select and arrange all equipment
and systems to provide clear view and easy access, without use of portable ladders, for
maintenance and operation of all devices including, temperature but not limited to: all
equipment items, valves, filters, strainers, transmitters, sensors, control devices. All gages
and indicators shall be clearly visible by personnel standing on the floor or on permanent
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platforms. Do not reduce or change maintenance and operating space and access
provisions that are shown on the drawings.

3.2. THERMOMETERS AND PRESSURE GAUGES

3.2.1. General:
3.2.1.1. Locate direct reading thermometers and gauges for reading from floor or
platform.
3.2.1.2. Provide remote reading thermometers and gauges where direct reading

instrument§cannot be satisfactorily located.
3.2.1.3. Locatedengraved lamacoid nameplate as specified in Section Identification,
identifyingmédium,adjacent to thermometers and gauges.

3.2.2. Thermometers:

3.2.2.1. Industrial, 9" adjustablefangle, cast aluminum case, CGSB standard CAN/CGSB-
14(4-M88 red reading mercury, dens front tube, white scale black embossed
figures/clear glass or acrylic window, tapered aluminum stem.

3.2.2.2. Scaleshall be suitable for 2 times the temperature range of service. Scale shall be
c¢ombined Celsius and Fahrenheits

3.2.2.3. Staldard of/Acceptance: Weiss, Ashcroft, Trerie.

3.2.3. Pressure Gauges:

3.2.3.1. 5" dial, solid front blow odt.back, fibreglass reinforcedypolypropylene case,
phosphor bronze baurdontubeand brass 1/4" N.P.J¢socket, bottom connection,
stainless steel rotary type movement, gauge to be registered with the Provincial
Boiler and Pressure Vessél Safety‘Branchywith a registration number and conform
to ANSI B40.1. Accuracy to be:grade A",

3.2.3.2. On pumps liquid filled gauges shdll be utilized.

3.2.3.3. Standard of Acceptance: Weiss, Ashetoft, Trérice.

3.2.3.4. Provide bronze stop cock, bronze bar stack %” N.P.T. bronze porous core pressure
snubber for pulsating operation and diaph¥agm for corrosive service.

3.2.3.5. Use materials compatible with system requiréments.

3.2.4. Gauges shall have combined kilopascal and psi scales.
3.3. EQUIPMENT AND PIPING SUPPORT

3.3.1. Coordinate structural systems necessary for pipe and equipment support with pipe and
equipment locations to permit proper installation.

3.3.2. Location of pipe sleeves, trenches and chases shall be accurately coordinated with
equipment and piping locations.
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3.3.3. Cutting Holes:

3.3.3.1. Cut holes through concrete and masonry by rotary core drill. Pneumatic hammer,
impact electric, and hand or manual hammer type drill will not be allowed, except
as permitted by Consultant where working area space is limited.

3.3.3.2. Locate holes to avoid interference with structural members such as beams or
grade beams. Holes shall be laid out in advance and drilling done only after
approval by Consultant. If the Contractor considers it necessary to drill through
structural members, this matter shall be referred to Consultant for approval.

3.3.3.3. Do not penetrate membrane waterproofing.

3.4. ITEMS NOT SHOWN@BUT REQUIRED

3.4.1. Interconnection of Instrumentation or Control Devices: Generally, electrical and
pneumatic interconn@ctions are not shown but must be provided.

3.472,.. Mingy Piping: Generally, smalldiametéx pipe runs from drips and drains, water cooling,
and other sefvice are not shown but must be provided.

3.4.3. Electfical and-Pneumatic Intercennection of Controls and Instruments: This generally not
shown bUt must_be ptovided. This jncludes inter€onnections of sensors, transmitters,
transducersy/controel  devices, control and in§trumefitation panels, instruments and
computer workstations-Comply with NFPA-70.

3.5. PROTECTION AND CLEANING

3.5.1. Equipment and materials-shall be<carefully handled, propérly stored, and adequately
protected to prevent damagesbefore and. during installation] in_aécordance with the
manufacturer's recommendatiofis»and as approved by thé Consultant. Damaged or
defective items in the opinion of thé-Consultant, shall be replaced.

3.5.2. Protect all finished parts of equipment, sich as shafts and bearings where accessible,
from rust prior to operation by means of protestive grease coating and wrapping. Close
pipe openings with caps or plugs during installatioh-Tightly cover and protect fixtures and
equipment against dirt, water chemical, or mechanicdl injury. At completion of all work
thoroughly clean fixtures, exposed materials and equipment.

3.6. WORK N EXISTING BUILDING

3.6.1. Make alterations to existing service piping at times that will least interfere with normal
operation of the facility.

3.6.2. Cutrequired openings through existing masonry and reinforced concrete using diamond
core drills. Use of pneumatic hammer type drills, impact type electric drills, and hand or
manual hammer type drills, will be permitted only with approval of the Board. Locate
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openings that will least effect structural slabs, columns, ribs or beams. Refer to the
Consultant for determination of proper design for openings through structural sections
and opening layouts approval, prior to cutting or drilling into structure. After Consultant's
approval, carefully cut opening through construction no larger than absolutely necessary
for the required installation.

3.6.3. Switchgear/Electrical Equipment Drip Protection: Every effort shall be made to eliminate
the installation of pipe above electrical and telephone switchgear. If this is not possible,
encase pipe in a second pipe with a minimum of joints. Installation of piping, ductwork,
leak protection apparatus or other installations foreign to the electrical installation shall
be located in thé space equal to the width and depth of the equipment and extending
from to a height of 1.8 m (6 ft.) above the equipment to ceiling structure, whichever is
lower (NFPA'70).

3.6.4. Inaccessible Equipnient:

36,4.1. Where the Board detérmines that the Contractor has installed equipment not
convenijently accessible for opgration and maintenance, equipment shall be
removed_and reinstalled or /remedial. action performed as directed at no
additional cost to the Board.

3.6.4.2. Thé,term’”/econveniently accessible" isddefined as capable of being reached
withoutclimbihg "or crawling underf or owér ebstacles such as motors, fans,
pumps, beltguards; transformers, high voltage lines,piping, and ductwork.

3.7. TEMPORARY PIPING AND EQUIPMENT

3.7.1. Continuity of operation of existing facilities will generally require temporary installation
or relocation of equipment and piping.

3.7.2. The Contractor shall provide all required-facilities in‘accordance with the requirements of
phased construction and maintenance ‘ofy service> All piping and equipment shall be
properly supported, sloped to drain, operate without excessive stress, and shall be
insulated where injury can occur to personnel by.€ontact with operating facilities.

3.7.3. Temporary facilities and piping shall be completelyj~removed and any openings in
structures sealed. Provide necessary blind flanges and caps to seal open piping remaining
in service.

3.8. RIGGING

3.8.1. Designis based on application of available equipment. Openings in building structures are
planned to accommodate design scheme.
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3.8.2. Alternative methods of equipment delivery may be offered by Contractor and will be
considered by Board under specified restrictions of phasing and maintenance of service
as well as structural integrity of the building.

3.8.3. Close all openings in the building when not required for rigging operations to maintain
proper environment in the facility for Board operation and maintenance of service.

3.8.4. Contractor shall provide all facilities required to deliver specified equipment and place on
foundations. Attachments to structures for rigging purposes and support of equipment
on structures shall be Contractor's full responsibility. Upon request, the Board will check
structure adequa€y and advise Contractor of recommended restrictions.

3.8.5. Contractorghall“check all clearances, weight limitations and shall offer a rigging plan
designed by a Registered Professional Engineer. All modifications to structures, including
reinforcement there6f, shall be at Contractor's cost, time and responsibility.

3.8°6~_ Rigging plan and methods shall'be reférred to Consultant for evaluation prior to actual
work.

3.8.7. Restore building to original condition dpon completion of rigging work.
3.9. PIPE AND EQUIPNMENT SUPPORTS

3.9.1. Where hanger spacing does not correspond with40oist or rily spacing, use structural steel
channels secured directly t¢-joist and rib struéture that will correspond to the required
hanger spacing, and then suspend the.equipment @nd piping fromixthe channels. Drill or
burn holes in structural stegh only‘with the prior approval ofdhe Consultant.

3.9.2. Use of chain, wire or strap hangers; wood for-blocking, stays afd bracing; or, hangers
suspended from piping above will'not be permitted. Replace'or thoroughly clean rusty
products and paint with zinc primer.

3.9.3. Use hanger rods that are straight and vertical4 Turnbuckles for vertical adjustments may
be omitted where limited space prevents use. Provide'a minimum of 15 mm (1/2 inch)
clearance between pipe or piping covering and adjacent work.

3.9.4. HVAC Horizontal Pipe Support Spacing: Refer to MSS SP*69. Provide additional supports
at valves, strainers, in line pumps and other heavy components. Provide a support within
one foot of each elbow.

3.9.5. HVAC Vertical Pipe Supports:

3.9.5.1. Up to 150 mm (6 inch pipe), 9 m (30 feet) long, bolt riser clamps to the pipe below
couplings, or welded to the pipe and rests supports securely on the building
structure.
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3.9.5.2. Vertical pipe larger than the foregoing, support on base elbows or tees, or

substantial pipe legs extending to the building structure.
3.9.6. Overhead Supports:

3.9.6.1. The basic structural system of the building is designed to sustain the loads
imposed by equipment and piping to be supported overhead.

3.9.6.2. Provide steel structural members, in addition to those shown, of adequate
capability to support the imposed loads, located in accordance with the final
approved layout of equipment and piping.

3.9.7. Tubing and capillary systems shall be supported in channel troughs.
3.9.8. Floor Supports:

3.9.8.1. Provide caricrete bases, cancrete anchor blocks and pedestals, and structural
steel systems for support of éguipment and piping. Anchor and dowel concrete
bases and structural systems’ to, resist forces under operating and seismic
conditions (if applicable) without excessive displacement or structural failure.

3.9.8.2. Do not locate or install bases and supports until equipment mounted thereon has
been approved.Size bases ta matth equipifient mounted thereon plus 50 mm (2
inchyexcesson all edges. Boiler foundations shdll have horizontal dimensions that
exceedBailer base frame dimensions by at'least 150 mm (6 inches) on all sides.
Refer to structural/drawings. Bases shall be neatly finished and smoothed, shall
have chamfered edgesat thetop, and shallbe suitable forpainting.

3.9.9. All equipment shall be shimmed, leveled,firmly anchoréd, @nd gfouted.with epoxy grout.
Anchor bolts shall be placed irisleeves,) anchored to the bases. Fill'the annular space
between sleeves and bolts with a granularmaterial to permitalignment and realignment.

3.10. CLEANING AND PAINTING

3.10.1. Prior to final inspection and acceptance of thé plant andfacilities for beneficial use by the
Board, the plant facilities, equipment and systems shall be thoroughly cleaned and
painted.

3.10.2. In addition, the following special conditions apply:

3.10.2.1. Cleaning shall be thorough. Use solvents, cleaning materials and methods
recommended by the manufacturers for the specific tasks. Remove all rust prior
to painting and from surfaces to remain unpainted. Repair scratches, scuffs, and
abrasions prior to applying prime and finish coats.

3.10.3. Material And Equipment Not To Be Painted Includes:
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3.10.3.1. Motors, controllers, control switches, and safety switches.
3.10.3.2.  Control and interlock devices.

3.10.3.3. Regulators.

3.10.3.4.  Pressure reducing valves.

3.10.3.5.  Control valves and thermostatic elements.

3.10.3.6.  Lubrication devices and grease fittings.

3.10.3.7. Copper, brass, aluminum, stainless steel and bronze surfaces.
3.10.3.8. Valve stems and rotating shafts.

3.10.3.9.  Pressure gauges and thermometers.

3.10.3.10. Glass.

3.10.3.11. Nameglates.

3.10.4. Control and'instrument p@nels shall be cleaned, damaged surfaces repaired, and shall be
touched-up with matehing paint obtained from panel manufacturer.

3.16;,5. Pumps, motors, steel and cast irén bases, and coupling guards shall be cleaned, and shall
be toliched-Up with the same coloras utilized by the pump manufacturer

3.10.6. Temporary Facilities: Apply paiabto surfaces that do not have existing finish coats.

3.10.7. Final resdl shall<be smooth, even<colored, evefi-textured factory finish on all items.
Completely repaint the entire piece of equipmént if n€céssary to achieve this.

3.11. IDENTIFICATION SIGNS
3.11.1. Refer to Section: 23 05 53.ldentification for HVAC Piping and Eguipment.
3.12. MOTOR AND DRIVE ALIGNMENT

3.12.1. Belt Drive: Set driving and driven' ghafts parallel-and align so that the corresponding
grooves are in the same plane.

3.12.2. Direct connect Drive: Securely mount motoriim accurate alignment so that shafts are free
from both angular and parallel misalighment when both motor and driven machine are
operating at normal temperatures.

3.13. LUBRICATION

3.13.1. Lubricate all devices requiring lubrication prior to initial operation. Field-check all devices
for proper lubrication.

3.13.2. Equip all devices with required lubrication fittings or devices. Provide a minimum of one
liter (one quart) of oil and 0.5 kg (one pound) of grease of manufacturer's recommended
grade and type for each different application; also provide 12 grease sticks for lubricated
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plug valves. Deliver all materials to Consultant in unopened containers that are properly
identified as to application.

3.13.3. Provide a separate grease gun with attachments for applicable fittings for each type of
grease applied.

3.13.4. All lubrication points shall be accessible without disassembling equipment, except to
remove access plates.

3.14. CONCRETE

3.14.1. All concrete work required to complete this project, whether shown on the drawings or
not, shall bethe Contractor’s responsibility.

3.14.2. Refer to this specificatién section for requirements for housekeeping pad.
3.157METALS

3.15.1GAll steel construction requiréd for the completion of this project, whether shown on the
drawings of not;shall be the'Contractor’s responsibility.

3.16. CUTTING, PATCHING, ROOFING, AND X-RAY

3.16.1. All cutting, patehing,-roofing and X-Rays reQuireddfor the completion of this project
whether shown“on, the drawings or not, shall e the Contractor’s responsibility. The
cutting and patching-work shall. be performed in accordancé with the following:

3.16.1.1.  All cutting and patching shall beCldone by the trades@pecializing in the materials
to be cut.

3.16.1.2.  Allflashing and equipmerit suppofts orithe roof shallfe @orie in strict accordance
with the Board standards by-Beard-approved roofing contractors only.

3.16.1.3.  Should any cutting, roofing and/at,repaiting of finished surfaces be required, the
Sub-trade contractor for the Contfactor .shall employ the particular trades
engaged on the site for this type of work:

3.16.1.4. None of the roofing work shall affect any ¢uprent roof warranty. Coordinate with
the Board representative the status of the roof;/and if under warranty, coordinate
all the work with the warranty holder.

3.16.1.5. Supporting members of any floor, wall or the building structure shall be cut only
in such a location and manner as approved by the Consultant.

3.16.1.6. Where slabs in the portions of the building which are existing must be saw-cut or
core drilled, all locations shall be x-rayed prior to saw-cutting or core-drilling. All
x-raying shall be done by personnel qualified in the use of the type of equipment
required to x-ray the saw-cuts shall be permitted to perform this work on the site.
No allowance will be made later for expenses incurred through the failure of
performing these x-rays.
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3.17. OPERATING AND MAINTENANCE MANUALS
3.17.1. Refer to Section: 01 33 23 Shop Drawings, Product Data, and Samples.
3.18. CLOSE-OUT DOCUMENTATION

3.18.1. 10 (ten) days prior to substantial performance of work obtain documentation and/or
prepare certification of the following items and submit them to the Board representative:

3.18.1.1. Allinspection certificates.

3.18.1.2. Guarantee certificates as called for under "Warranty".

3.18.1.3. Record drawings.

3.18.1.4. Operating.and Maintenance Manuals.

3.18.1.5. Testcertifications as ealled for under "Testing".

3.18.1.6. Provide a signéd statement to the effect that all tests for mechanical systems and
equipment have been comipletely carried out in the Trade Sections of these
Specifications and to the manbfacturer's recommendations, and in accordance
withithe requiremerits of allauth@bities having jurisdiction.

3.19. COMMISSIONING

3.19.1. Where apfllicableé/Jand _the commissioning précess .is part of the project, provide
commissioning documentation and all the mahpowef required for all inspection, start up,
and contractor testing required above and regdirediby thesChecklists provided by the
Commissioning Agent

3.19.2. Coordinate with the Commissioning Agént if the start up arid opéeration of the installed
equipment is part of larger systems which reguire additional testing@nd verification.

3.20. STARTUP AND TEMPORARY OPERATION

3.20.1. Startup equipment as described in eqGipment”specifications. Verify that vibration is
within specified tolerance prior to extended‘operation:

3.21. OPERATING AND PERFORMANCE TESTS

3.21.1. Prior to the final inspection, perform required tests a$ 'specified and submit the test
reports and records to the Consultant. The timing of the tests shall be arranged to suit
the convenience of the Consultant, and the manner and duration shall be as the
Consultant deems necessary. Record the daily start and stop times, operating hours and
functions performed. Ensure that the performance tests are witnessed by the Consultant.

3.21.2. Should evidence of malfunction in any tested system, or piece of equipment or
component part thereof, occur during or as a result of tests, make proper corrections,
repairs or replacements, and repeat tests at no additional cost to the Board.
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3.21.3. At the successful completion of Performance Tests and all testing and balancing, make
the systems ready for final inspection and subsequent acceptance of the Board. Replace
and clean filters, flush out lines and equipment, remove and clean strainers, fill liquid
systems and purge air. Provide water treatment to pipes and report in accordance to
current by-laws. Disinfect all domestic water as required by current by-laws and
Authorities Having Jurisdiction.

3.21.4. When completion of certain work or system occurs at a time when final control settings
and adjustments cannot be properly made to make performance tests, then make
performance tests for heating systems and for cooling systems respectively during first
actual seasonal dse ofrespective systems following completion of work.

3.22. INSTRUCTIONS TO BOARD PERSONNEL

3.22.1. Provide in accordangé with Section: 01 79 00 Demonstration and Training.
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PART 1 - GENERAL

1.1.

1.2.

1.3.

1.4.

DESCRIPTION

1.1.1. This section specifies the furnishing, installation and connection of motors for HVAC
equipment.

RELATED WORK

1.2.1. Section: 01 33 23 Shop Drawings, Product Data, and Samples.

1.2.2. Section: 23 05 00€ommon Work Results for HVAC.

1.2.3. Section: 2605 00 Conmimon,Work Results for Electrical.

1.2.4. Section: 26 05 19 Low<Veoltage Electrical Power Conductors and Cables.
SUBMITTALS

1.3.1. “Submit‘in-accordance with&ection: 01 33 23 Shop Drawings, Product Data, and Samples,
andsSection: 260500 Common Work Results for Electrical.

1.3.2. Shop Drawings:

1.3.2.1. ProvideD documentation to demdnstraté compliance with drawings and
specifications.

1.3.2.2. Include electrical ratings, “efficiency, bearing data, power factor, frame size,
dimensions, mounting details, materials, "horsépowef, voltage, phase, speed
(RPM), enclosure, starting characteristics, torque charaéteristieS)code letter, full
load and locked rotor current, serviceé factor, and lubrication method.

1.3.3. Manuals:

1.3.3.1. Submit simultaneously with the shop drawings, companion copies of complete
installation, maintenance and operating’manuals, including technical data sheets
and application data.

1.3.3.2. Certification: Two weeks prior to final inspection, unless otherwise noted, submit
four copies of the following certification to the Resident Engineer:

1.3.3.3. Certification that the motors have been applied, installed, adjusted, lubricated,
and tested according to manufacturer published recommendations.

APPLICABLE PUBLICATIONS

1.4.1. The publications listed below form a part of this specification to the extent referenced.
The publications are referenced in the text by the basic designation only.

1.4.2. National Electrical Manufacturers Association (NEMA):
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1.4.2.1. MG 1-2006 Rev. 1 2009 Motors and Generators
1.4.2.2. MG 2—-2001Rev. 1 2007 Safety Standard for Construction and Guide for Selection,
Installation and Use of Electric Motors and Generators

1.4.3. National Fire Protection Association (NFPA):

1.4.3.1. 70-latest National Electrical Code (NEC)
1.4.4. Institute of Electrical and Electronics Engineers (IEEE):

1.4.4.1. 112-04 Standard Test Procedure for Polyphase Induction Motors and Generators
1.4.5. American Sociéty of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE):

1.4.5.1. 90.1-latest Energy. Standard for Buildings Except Low-Rise Residential
Buildings

1.5. STANDARDS OF ACCEPTANCE
1.5.1. Baldor ElettricCompany
1.5.2. Leeson.Electric
1.5.3. General Electric
1.5.4. Dayton
PART 2 - PRODUCTS
2.1. MOTORS

2.1.1. All material and equipment furnished and jinstallation methods shall conform to the
requirements of Section 26 29 11, LOW=VOLTAGE MOTOR STARTERS; and Section 26 05
19, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES (600 VOLTS AND
BELOW). Provide all electrical wiring, conddit; and“devices necessary for the proper
connection, protection and operation of the systems. Provide premium efficiency type
motors as scheduled. Unless otherwise specified for-dparticular application, use electric
motors with the following requirements.

2.1.2. Single phase Motors: Motors for centrifugal fans and pumps may be split phase or
permanent split capacitor (PSC) type. Provide capacitor-start type for hard starting
applications.

2.1.3. Electrically Commutated motor (EC Type): Motor shall be brushless DC type specifically
designed for applications with heavy duty ball bearings and electronic commutation. The
motor shall be speed controllable down to 20% of full speed and 85% efficient at all
speeds.
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2.1.4. Poly-phase Motors: NEMA Design B, Squirrel cage, induction type.

2.1.5. Two Speed Motors: Each two-speed motor shall have two separate windings. Provide a
time- delay (20 seconds minimum) relay for switching from high to low speed.

2.1.6. Number of phases shall be as follows:

2.1.6.1. Motors, less than 373 W (1/2 HP): Single phase.
2.1.6.2. Motors, 373 W (1/2 HP) and larger: 3 phase.
2.1.6.3. Exceptions:
2.1.6.3.1. Hermetically sealed motors.
2.1.6.3.2. Wheére specified otherwise on the equipment schedules
2.1.6.3.3. AMotors,for equipment assemblies, less than 746 W (one HP), may be single
phase providedthe manufacturer of the proposed assemblies cannot supply
the assembliés with three phase motors.

2.177.. Motors shall be designed for opérating the connected loads continuously in a 40°C (104°F)
environment, where the motors are installed, without exceeding the NEMA standard
temperature risés for the motohinsulation. If the motors exceed 40°C (104°F), the motors
shall Beyatedfor theactual ambient temperatures.

2.1.8. Motor designs, as indicated by the NEMA code lettefs, shall be coordinated with the
connected load§’to assure ddequate starting and rdnning torque.

2.2. MOTOR ENCLOSURES
2.2.1. Shall be the NEMA types asspecified and/or shown on the dfawings.

2.2.2. Where the types of motor enclaSures are not shown on the drawings, they shall be the
NEMA types, which are most suitablefor the environmental conditions where the motors
are being installed.

2.2.3. Enclosure requirements for certain conditiohsfare as follows:

2.2.3.1. Motors located outdoors, indoors in wet,or high humidity locations, or in
unfiltered airstreams shall be totally encloseditype.

2.2.3.2. Where motors are located in an NEC 511 classified area, provide TEFC explosion
proof motor enclosures.

2.2.3.3. Where motors are located in a corrosive environment, provide TEFC enclosures
with corrosion resistant finish.

2.2.3.4. Enclosures shall be primed and finish coated at the factory with manufacturer's
prime coat and standard finish.

2.2.4. Special Requirements:
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2.2.4.1. Where motor power requirements of equipment furnished deviate from power

shown on plans, provide electrical service designed under the requirements of
NFPA 70 without additional time or cost to the Client.

2.2.4.2. Assemblies of motors, starters, controls and interlocks on factory assembled and

wired devices shall be in accordance with the requirements of this specification.

2.2.5. Wire and cable materials specified in the electrical division of the specifications shall be
modified as follows:
2.2.5.1. Wiring material located where temperatures can exceed 71 degrees C (160

degrees F) shall be stranded copper with Teflon FEP insulation with jacket. This
includés wiring on the boilers.

2.2.5.2. Other wiring at boilers and to control panels shall be NFPA 70 designation THWN.
2.2.5.3. Provide shielde@ conductors or wiring in separate conduits for all instrumentation

and contralsystemsavberesrecommended by manufacturer of equipment.

2.2.6~,Select-motpr sizes so that thednotors do not operate into the service factor at maximum
teéquired-loads,on the driven equipment. Motors on pumps shall be sized for non-
ovetleading at all points on the pump performance curves.
2.2.7. Motors lesgthan3 HP:
2.2.7.1. Steel ori¢ast iromotor frames, cast@lumin@im, cashiron, or steel end plates, steel
or cast irén-terminal box, copper windings. Motor nameplates shall be steel,
engraved-type;riveted<to motor.
2.2.7.2. Bearings: Regreasable with-relief plugs, pre-lubricated ball bearings suitable for
radial and thrust loading of the application, with grease fittings, selected for a
minimum L-10bearing liféof 26,280 hours, for belted@nd direct drive.
2.2.8. Motors 3 HP and above:
2.2.8.1. Cast iron motor frame and mountingfeet, castiron end plates (bells), steel or cast
iron terminal box, copper windings. Motor nameplates shall be stainless steel
engraved type, riveted to the motor.
2.2.8.2. Bearings shall be regreasable with relief plags, pre-lubricated ball bearings
suitable for radial and thrust loading of the application, with grease fittings. Rated
for an L-10 life of 40,000 hours (belted) or 130,000 hours (direct connected).
2.2.9. Bearing life calculations shall be per ABMA 9, and for belted applications shall be based
on the maximum external side load limits for belted applications per NEMA MG-1 Table
14-1A. L-10 life calculations for vertical motors and horizontal motors mounted in the
vertical position shall consider the application’s thrust loading.
2.2.10. TEFC motors shall also include an external shaft slinger on drive end.
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2.2.11. Motors shall not exceed dBA levels listed in NEMA MG-1 54 PART 9 Tables 9-1 and 9-3, at
all speeds.

2.2.12. Motors utilized with variable frequency drives shall be rated “inverter-duty” per NEMA
Standard, MG1, Part 31.4.4.2. Provide motor shaft grounding apparatus that will protect

bearings from damage from stray currents.

2.3. ENERGY EFFICIENT MOTORS (MOTOR EFFICIENCIES):

2.3.1. All permanently wired polyphase motors of 746 Watts (1 HP) or more shall meet the
minimum full-load@fficiencies as indicated in the following table.

2.3.2. Motors of 746 Watts or more with open, drip-proof or totally enclosed fan-cooled

enclosures shall be NEMA premium efficiency type, unless otherwise indicated.

2.3.3. Motors provided as‘an integfal part of motor driven equipment are excluded from this

requirement if a minimum seasofial anoverall efficiency requirement is indicated for that

equipmentby the provisions®f anether section.

Minimum Premium Efficiencies Minimum Premium Efficiencies
Ogpen Drip+Proof Totally Enclosed Fan-Cooled
Rating 1200 1800 3600 Rating 1200 1800 3600
kW (HP) RPM RPM RPM kwi (HP) RPM RPM RPM
0.746 (1) 82.5% 85.5% 77.0% 0.74611) 8205% 85.5% 77.0%
1.12 (1.5) 86.5% 86.5% 84.0% 1.12 (1.5) 87.5% 86.5% 84.0%
1.49 (2) 87.5% 86.5% 85.5% 1.4942) 88.5% 86.5% 85.5%
2.24(3) 88.5% 89.5% 85.5% 2.24(3) 89.5% 89.5% 86.5%
3.73 (5) 89.5% 89.5% 86.5% 3773.(5) 89.5% 89.5% 88.5%
5.60 (7.5) 90.2% 91.0% 88.5% 5.60 (7.5} 91.0% 91.7% 89.5%
7.46 (10) 91.7% 91.7% 89.5% 7.46 (10) 91.0% 91.7% 90.2%
11.2 (15) 91.7% 93.0% 90.2% 11.2 (15) 91.7% 92.4% 91.0%
14.9 (20) 92.4% 93.0% 91.0% 14.9 (20) 91.7% 93.0% 91.0%
18.7 (25) 93.0% 93.6% 91.7% 18.7 (25) 93.0% 93.6% 91.7%
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22.4 (30) 93.6% 94.1% 91.7% 22.4 (30) 93.0% 93.6% 91.7%
29.8 (40) 94.1% 94.1% 92.4% 29.8 (40) 94.1% 94.1% 92.4%
37.3(50) 94.1% 94.5% 93.0% 37.3(50) 94.1% 94.5% 93.0%
44.8 (60) 94.5% 95.0% 93.6% 44.8 (60) 94.5% 95.0% 93.6%
56.9 (75) 94.5% 95.0% 93.6% 56.9 (75) 94.5% 95.4% 93.6%
74.6 (100) 95.0% 95.4% 93.6% 74.6 (100) 95.0% 95.4% 94.1%
93.3 (125) 95.0% 95.4% 94.1% 93.3 (125) 95.0% 95.4% 95.0%
112 (150) 95.4% 958% 94.1% 112 (150) 95.8% 95.8% 95.0%

2.3.4£. Minimum/Power Factok at Full’lLload and Rated Voltage: 90 percent at 1200 RPM, 1800
RRM and 3600 RPM.

PART 3 - EXECUTION
3.1. INSTALLATION

Install motors in accordance withbmanufacturer’s recommendatiohs, the NEC, NEMA, as shown on the
drawings and/or as required by othérsections of these specifications.

3.2. FIELD TESTS

3.2.1. Perform an electric insulation resistance Jest using a megohmmeteron all motors after
installation, before start-up. All shalltest free from.grounds.

3.2.2. Perform Load test in accordance with ANSI/IEEE. 112, Test Method B, to determine
freedom from electrical or mechanical defects,and compliance with performance data.

3.2.3. Insulation Resistance: Not less than one half meg=ohm between stator conductors and
frame, to be determined at the time of final inspectiof

3.2.4. All test data shall be complied into a report form for each motor and provided to the
contracting officer or their representative.

3.3. STARTUP AND TESTING

3.3.1. The Commissioning Agent will observe startup and contractor testing of all equipment.
Coordinate the startup and contractor testing schedules with Resident Engineer and
Commissioning Agent. Provide a minimum of 7 days prior notice.
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1.1. DESCRIPTION

1.1.1. This section specifies the application of noise and vibration control techniques to boiler
plant rotating equipment including pumps, fans, compressors and motors.

1.2. RELATED WORK
1.2.1. Section: 01 33 23 Shop Drawings, Product Data, and Samples.
1.3. SUBMITTALS

1.3.1. Submit in accordafice,with Section: 01 33 23 Shop Drawings, Product Data, and Samples.

1.3.1.1. Nojsé and \ibration Control Devices; include with the equipment submittals.

1.3.1.2. Provide separaté shop drawings for each isolated system complete with
performancefandproduct data.

1.3.173: Submit typeof isolator, sizé, height when uncompressed and maximum allowable

static deflectionweight of all isalated equipment, loads on each isolator and static
deflectjon of each i§olatorunder the specific design load.

1.3.1.4: Submit marked up plansindicating all locations where pipes are to be isolated in
mechanicalrooms and as speCifieds

1.4. APPLICABLE PUBLICATIONS

1.4.1. The publications listed bélow form a part of this specificatignyto the extent referenced.
The publications are feferenced in the text by basie.designation only.

1.4.2. ASHRAE - 1995 - HVAC Applications, Chapter 43 - “Sound afd Vibration Control”.

1.5. SCOPE OF WORK

1.5.1. Provide vibration control items for isolating vibration of mechanical equipment, piping
and ductwork.

1.5.2. Provide all hangers, isolators, bases, pads, sleeves.and other devices specified, required,
or detailed for the project. Include all vibration isolation system elements as
recommended by the equipment manufacturer’s reptesentative to make a complete,
correct and safe installation. Supply and install all incidental materials needed.

1.6. QUALITY ASSURANCE

1.6.1. Work of this section shall be performed by skilled workers who are experienced in the
necessary crafts to meet the requirements of this Section.
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1.6.2. Provide field supervision and inspection to assure proper installation, adjustment and
performance. Replace any isolators that are found to resonate with the supported
equipment.

1.6.3. As a minimum provide vibration control per ASHRAE - 1995 - HVAC Applications, Chapter
43 - “Sound and Vibration Control”.

1.6.4. Isolators shall be selected, installed and adjusted to prevent the transmission of
objectionable vibration and noise to the building structure.

1.6.5. The size and numbérof mounts and hangers shall be chosen to meet these specifications,
even if not spe€ifically’shown on the plans. Brackets, rails, bases, braces, etc., shall be
provided asfheeded for a camplete and correct installation.

1.7. ACCEPTABLE MANUFACTURERS

1.774. Subject to compliance with the Contract Documents, manufacturers for products
specified in this Section shallde ohe of the following:

1.7.1.1: Kiretics' Noise Controls.
1.7.1.2. Masondndustries, Inc.
1.7.1.3. Vibron Ltd:

PART 2 - PRODUCTS
2.1. SUSPENDED VIBRATION ISOLATION

2.1.1. Combination isolation hanger assembly with neoprenednsért

2.1.1.1. Vibration isolators for stspended equipment with{mihimum static deflection
requirement exceeding 0.4"“{20 mmy,>and where both high and low frequency
vibrations are to be isolated, shallbe hangers consisting of a laterally stable spring
in series with an elastomer-in-shearifnsert complete with load transfer plates and
assembled in a stamped or welded steel bracket.

2.1.1.2. The bracket shall be finished with an polyester powder coating. The manufacturer
shall provide independent laboratory testing’showing that the bracket with this
finish has endured a minimum of 1,000 hours of exposure to salt spray fog testing
per ASTM B117 without signs of corrosion.

2.1.1.3. The elastomer insert shall be molded from oil-resistant compounds and shall be
color coded to indicate load capacity and selected to operate within its published
load range.

2.1.1.4. The spring element shall have a minimum lateral stiffness of 1.0 times the rated

vertical stiffness.
2.1.1.5. Springs shall be color coded or otherwise identified to indicate load capacity.
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2.1.1.6. The hanger bracket shall be designed to carry a 500% overload without failure
and to allow a support rod misalignment through a 30° arc without metal-to-
metal contact or other short circuit.

2.1.1.7. The 1" and 2" hanger brackets shall incorporate spring caps with indexed steps
which correspond to the washer diameter of appropriately sized hanger rod to
keep the rod centered in the spring cap and reduce rod misalignment. The spring
caps are protected under U.S. patent number 5,653,426.

2.1.1.8. Isolation hangers shall be selected by the manufacturer for each specific
application to comply with deflection requirements as shown on the Vibration
Isolation Séhedule or as indicated on the project documents.

2.1.1.9. Applications: Suspended mechanical equipment such as in-line fans, cabinet fans,
andpipingrard ductwork in close proximity to mechanical equipment.

2.1.1.10. Standard of Aceéptance: Kinetics Noise Control SRH series.

2:41,2. Neoprene Isolatiori Hangers

21421, Vibration isolators with maximumistatic deflection requirements under operating
load conditions not'exceeding 0.57" (15 mm) shall be hangers consisting of an
elastamer-in-shear insert encdsed in awielded steel bracket and provided with a
stamped load transfer cap.

2.1.2.2. The'élastomier insert shall be molded frém oil s€sistant compounds, shall be color
coded g indicate Ioad capacity and&elected to operate within its published load
range.

2.1.2.3. The hanger bracket shall be’designed to carry a 500% overload without failure
and to allow support rod misalignment through a 30°@rc without metal-to-metal
contact or other shorfcircuit!

2.1.2.4, Isolation hangers shall“be seledted. by the manufacturer for each specific
application to comply with deflection.réguirements as shown on the Vibration
Isolation Schedule or as indicated-on thedproject documents.

2.1.2.5. Applications: isolation of vibration produced by suspended mechanical
equipment, in-line and exhaust fans, dtdétwork, piping.

2.1.2.6. Standard of Acceptance: Kinetics Noise Coftrol SRH series.

2.1.3. Piping Hangers Spring Vibration isolators

2.1.3.1. Vibration isolators for suspended equipment with minimum static deflection
requirement exceeding 0.4" (10 mm), and where both high and low frequency
vibrations are to be isolated, shall be hangers consisting of a laterally stable spring
in series with an elastomer-in-shear insert complete with load transfer plates and
assembled in a stamped or welded steel bracket.

2.1.3.2. The bracket shall be finished with a polyester powder coating. The manufacturer
shall provide independent laboratory testing showing that the bracket with this
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finish has endured a minimum of 1,000 hours of exposure to salt spray fog testing
per ASTM B117 without signs of corrosion.

2.1.3.3. The elastomer insert shall be molded from oil-resistant compounds and shall be
color coded to indicate load capacity and selected to operate within its published
load range.

2.1.3.4. The spring element shall have a minimum lateral stiffness of 1.0 times the rated

vertical stiffness.

2.1.3.5. Springs shall be color coded or otherwise identified to indicate load capacity.

2.1.3.6. The hanger bracket shall be designed to carry a 500% overload without failure
and to alldw a support rod misalignment through a 30° arc without metal-to-
metal gontact or other short circuit.

2.1.3.7. Thefl" andw2" hanger brackets shall incorporate spring caps with indexed steps
which corresporid to the washer diameter of appropriately sized hanger rod to
keep the rod'centered in the spring cap and reduce rod misalignment. The spring
caps are protected underdJ.Sypatent number 5,653,426.

2:1.3.8. Isofation hangets shdll be selected by the manufacturer for each specific
application to comply. with defléction requirements as shown on the Vibration
Isolation‘Schedule or as indicated on the project documents.

2.1.3.9. Application: Airst three pipe _hdhgers wpstream/downstream of pumping
eqUipment.

2.1.3.10. The combinatidn isalation hanger assemblydwith neoprene insert shall be Model
SRH, as manufactured by Kinetics NoiseLontrel, Inc.

2.2. FLOOR MOUNTED VIBRATION.ISOLATION

2.2.1. Restrained Spring Isolators

2.2.1.1. Vibration isolators for eqéipment which/is subject te load variations and large
external or torquing forces shall,consist oflarge diameter laterally stabile steel
springs assembled into welded ste@l housing assemblies designed to limit vertical
movement of the supported equipment,

2.2.1.2. Housing assemblies shall be fabricated steel members and shall consist of a top
load plate complete with adjusting and leveling bolts, vertical restraints, isolation
washers and a bottom plate with internal non-skid noise isolation pads. Housing
shall be electrozinc plated or hot dip galvanized for corrosion resistance. Housing
should be designed to provide a constant free and operating height within 1/8"
(0.06 mm).

2.2.1.3. Spring elements shall have a lateral stiffness greater than 1.2 times the rated
vertical stiffness and shall be designed to provide a minimum of 50% overload
capacity. Non-welded spring elements shall be polyester powder coated, and
shall have a 1000 hr rating when tested in accordance with ASTM B-117.
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2.2.1.4. All springs shall have a minimum additional travel to solid equal to 50% of the

rated deflection. All springs except internal nested springs shall have an outside
diameter not less than 0.8 of the compressed height of the spring. Ends of springs
shall be square and ground for stability. Laterally stable springs shall have kx/ky
ratios of at least 0.9. All springs shall be fully color-coded to indicate capacity —
color striping is not considered adequate.

2.2.1.5. Corrosion Protection: All springs shall be powder-coated enamel. Housings shall
be galvanized, powder-coated enamel, or painted with rust-resistant paint. Hot-
dipped galvanized housings shall be provided as indicated on the Schedule

2.2.1.6. Operatingétatic deflections are available up to 4" (102 mm) to compensate for
long span flexible floor structures and maintain a high degree of noise and
vibration iselation,

2.2.1.7. Springs shall e selected to provide maximum deflections; select from
manufacturer's literature based on supported equipment weight. Springs shall be
color coded or atherwiseddentified to indicate load capacity.

2:2,1.8. Vertically restrained spring isolation mounts are recommended as a noise and
vibration isolator for heavy-mechanical equipment, or when the equipment to be
isolated hds. significant.¢hanges of weight during maintenance operations, and for
equipment subjected to modérates@xternalsforces or wind loads, such as such as
chillets, cooling tawers, condensing units'largerthan 50 ton capacity, air handlers
and utility typelexhaust fans larger than 10,000 ¢fm capacity, and similar.

2.2.1.9. Standardscof Acceptanée; Kinetics Nose' Controls FRS, (supported weight up to
1,500 kg) or FLS seri€s {supported equipment weight above 1,500 kg).

2.2.2. Neoprene Isolation Pads

2.2.2.1. Isolation pads shall be single ribbed or.crossed, doublé ritbed elastomer-in-shear
pads, in combination with) steel—shims> when required, having maximum
deflections between 0.08" to 014"

2.2.2.2. All pads shall be true elastomer-in=shear using alternately higher and lower ribs
to provide effective vibration isolation;,and shall be molded using 2500 PSI (176
kg/cm?2) tensile strength, oil resistant compounds with no color additives.

2.2.2.3. Pads shall be 45 to 65 durometer and designed’to permit 60 or 120 PSI (4.2 or 8.4
kg/cm2) loading at maximum rated deflections.

2.2.2.4, When two isolation pads are laminated, they shall be separated by, and bonded
to, a galvanized steel shim plate.

2.2.2.5. Application: floor/concrete curb/sleeper mounted equipment such as boilers
pumps, utility type exhaust fans of less than 10,000 cfm capacity, condensing units
of less than 50 ton capacity, condensers/fluid coolers, and similar

2.2.2.6. Standard of Acceptance: Kinetics Noise Control models NPS, NPD, NGS or NGD to
suit weight of equipment and max. deflection rates.
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2.2.3. Elastomeric Isolation Mounts

2.2.3.1. One-piece molded neoprene mounts with encapsulated metal inserts, color
coded to identify capacity, with non-skid ribs on the bottom load surfaces. Each
isolator incorporates two bolt-down holes on the bottom load surface and a
tapped steel load top plate for attachment to the supported equipment. The
neoprene is highly oil resistant and has been designed to operate within the strain
limits of the isolator to provide maximum isolation and longest life expectancy
possible using neoprene compounds.

2.2.3.2. Isolation meunts are designed for up to 0.5" (13 mm) deflection, available in four
sizes and eleven capacities from 55 Ibs. to 4,000 Ibs. (25 kg to 1814 kg).

2.2.3.3. Standard ef Acceptance: Kinetics Noise Control model RDS.

2.2.4. Inertia Base Pads

2.2.4% Isolation bases shall'be canstructed of concrete cast into fabricated inertia base
frames, the steel members of'which are designed and supplied by the isolator
manufacturer. Thé concrete shall be poured into a welded steel frame,
inCorporating prelocated equipment anchor bolts, 1/2-in (13 mm) diameter
reinforcing ‘bars on nominal’ 8-ing(203 mm) centers each way, and recessed
isolator mounting brackets to'reduce the'mounting height of the equipment, and
reduce the footprintiof the base. Thedthicknéss of the base shall be a minimum of
8% of the Jongest’span between isolatogs, at least 6 in. (152 mm), or as indicated
on the drawirigs. Where inertia bases arewsed to mount pumps, the bases shall
be sized to suppogt pipingelbows.

2.2.4.2. Applications: Support-of heawy equipment where prevenhting neise transmission
to adjacent spaces is“critical(Inertia, bases are usgd td support mechanical
equipment, reduce equipient vibration, provide for attachment of vibration
isolators, prevent differential‘mevement between driving and driven members,
reduce rocking by lowering equipment{center of gravity, reduce motion of
equipment during start-up and shut-déwn, act'to reduce reaction movement due
to operating loads on equipment, and act{as a noise barrier.

2.2.4.3. Typical uses for inertia base frames, with polired concrete and supported by noise
and vibration isolators, include use with“-g@pen-type centrifugal chillers,
reciprocating air and refrigeration compressors, chillers, and heat pumps, close-
coupled and base-mounted pumps, centrifugal fans, internal combustion engines,
and similar types of equipment.

2.2.4.4, Standard of Acceptance: Kinetics Noise Control model CIB-L

2.2.5. Vibration isolator Rails

2.2.5.1. Spring components shall be 1"/25 mm for air handling equipment/condensing
units and 2"/50 mm deflection for cooling towers/chillers, free-standing, un-

Project #: 2025-07



SAB Engineering Inc. Section 23 05 48
TLDSB HALIBURTON HIGHLANDS SS VIBRATION AND SEISMIC CONTROLS FOR HVAC
HVAC Upgrade (Cafeteria & Kitchen) Page |8

housed, laterally stable steel springs. Springs shall have a lateral stiffness greater
than 1.0 times the rated vertical stiffness and shall be designed for 50% overload
to solid.

2.2.5.2. Springs shall be color coded to indicate load capacity.

2.2.5.3. Rails shall provide continuous support for the rooftop equipment and shall be
designed to provide isolation against casing-radiated vibration in the rooftop
equipment housing and structure borne vibration from rotating and mechanical
equipment in the rooftop package.

2.2.5.4. Rail assembly shall consist of extruded aluminum top and bottom members
connected®y spring isolators and a continuous air- and water-tight seal. The seal
shall bé a beaded elastomeric material retained in a keyway along the top
extrusion, Thé weather strip shall be sealed along the bottom with an aluminum
fascia strip.

2.2.5.5. Rail assemblies shall incorporate means for attachment to the building and the
supported equipment ard shall incorporate additional stiffening members if
necessary to assure stability.

2.2.56. Vibration isolators®shall be selected by the manufacturer for each specific
application~to comply ‘with deflection requirements as shown on the Vibration
Isolation)Schedule or as indicatedoh the preject documents.

2.2.5.7. Application;  designed and “engineered to isolate packaged roof mounted
equipment from 'the roof structdre. Typical applications: cooling tower,
condensing-units, roof mounted air handling equipmeént and similar

2.2.5.8. Where specified, the'vibration isolation'tails shall have a positive elastomeric air
and weather seal-permitting(the inside of the dnit te'be used as a return air
plenum. The KSR mates withothe inside of thel manufatturers'scurb eliminating
any internal interference:

2.2.5.9. Standard of Acceptance: Kinetics Noise Control Model'KSR

2.3. PIPING CONNECTIONS

2.3.1. Flexible Piping Connectors

2.3.1.1. Flexible Braided Hose Connectors — HVAC Systems

2.3.1.1.1. Type 321 Stainless Steel Hose with type 304<Stainless Steel Outer Braid and
150# Carbon Steel Flat Faced Drilled Bolting Flanges

2.3.1.1.2. Length:229 mm (9") to 356" (14") depending on diameter. max. lateral offset:
10 mm (0.125")

2.3.1.1.3. Application: piping connected to rotating equipment to reduce the
transmission of noise and vibration, and to eliminate stresses in piping
systems due to misalignment and thermal movement of the piping, where
fluid temperature may exceed 90°C.

2.3.1.1.4. Standard of Acceptance: Kinetics Noise Control model BFMC-FFF
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2.3.1.2. Refrigerant Piping Flexible Hose Connectors
2.3.1.2.1. Bronze flexible bellows with bronze braided outer cover and shall have
bronze female copper sweat ends.
2.3.1.2.2. Standards of Acceptance: Kinetics Nose Control model BFMC-CFE

2.3.2. Twin Sphere Neoprene Connector

2.3.2.1. Made of molded EPDM reinforced with nylon tire cord and shall have mild steel
floating flanges. Use control rods to limit deflections and movements to within
the prescribed values indicated by the manufacturer.

2.3.2.2. Axial comipression: 50 mm (2"). Axial elongation: 30 mm (1.25"). Transverse
moveient: 40 mm (1.5")

2.3.2.3. Application: piping'cennected to rotating equipment piping connected to rotating
equipment to4educe the transmission of noise and vibration, and to eliminate
stresses ingpiping systems_due to misalignment and thermal movement of the
piping, where fluid températukes remain in the -10 deg. Cto 90 deg. C (14 deg. F
to 190 deg. F).

2.3.24 Standatrd of Acceptanee: Kinetics Noise Control model FTC

2.4, DUCTWORKCONNECTIONS

2.4.1. Ductwork Flexible Connector

2.4.1.1. Fully welded, match drilled carbon stéel flanges eQuipped with backing bars
fastened in plate with:zinc'plated hardware and EPDM flex membrane material.
Acoustically rated),design-.shall, be used whére called for on the design
documentation, with@n absorptive/acoustic fill'and EPRIV outér barrier.

2.4.1.2. EPDM Flexible materialiZ/8" thick layered EPDM flgx miembrane with internal
nylon scrim for superior teaf)strength. Résistant to ozone and UV exposure and
cold cracking (suitable for outd@or use).

2.4.1.3. Aerodynamic protective metal flowAiner for air streams in excess of 6,000 cfm.

2.4.1.4. Construction: flange to flange distance?200 mm(8") static mode. Lateral and axial
movement: +/- 12.5 mm (1/2 inch). Operating temperature: up to 100 deg. C (212
deg. F)

2.4.1.5. Application: between fans (intake and discharge)'and ductwork.

2.4.1.6. Exception: not required for air handling units where fans are internally isolated

2.4.1.7. Standard of Acceptance: Kinetics Noise Control model Kineflex

PART 3 - EXECUTION

3.1. GENERAL
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3.1.1. Statically and dynamically balance all pumps, fans, compressors and drivers. Align shafts
of pumps, fans, and drivers to limit noise and vibration to specified values. Level and
anchor equipment as necessary to achieve and maintain alignment.

3.1.2. All equipment mounted on vibration isolators springs shall have a minimum operating
clearance of 2 inches between the bottom of the equipment or inertia base (and height
saving bracket) and the concrete housekeeping pad (or bolt heads) beneath the
equipment.

3.1.3. Check the clearance to ensure that no scraps have been left to short circuit the vibration
isolators.

3.1.4. Provide a minimumyef 4'inches between isolated equipment and the walls, ceiling, floors,
columns and any other quipment not installed on vibration isolators.

34.5. Piping, ductwork, conduit or mechdhical equipment shall not be hung from or supported
on other equipment, pipes, or ductwaorkinstalled on vibration isolators.

3.1.6. Equipment connected to water or othér fluid piping shall be erected on isolators or
isolated foundations at correct opgrating heights prior to connection of piping.
Equipment should be‘blocked-up with temporary shims to final operating height. When
the system’is assembled and fluid is added,«the isalators shall be adjusted to allow
removal of theshims.

3.1.7. All mechanical equipthent not.specifically identified in this specification that contains
rotating or vibration elements‘shall>be installed on neofreneqsolators as appropriate.
Provide supporting steel structure between isolators and équipment ifisolator does not
readily connect to equipment.

3.2. FLOOR MOUNTED PUMPS

3.2.1. Neoprene Isolation pads with or without ifértia concrete pads — as specified or shown on
the drawings.

3.3. FLOOR MOUNTED BOILERS
3.3.1. Neoprene isolation pads — select to suit equipment weight.
3.4. FLOOR MOUNTED FANS AND AIR HANDLING EQUIPMENT

3.4.1. Neoprene isolation pads (less than 10,000 cfm), restrained springs (above 10,000 cfm)
with or without inertia concrete pads, as specified or shown on the drawings. Secure
springs to equipment and pads.

3.5. FLOOR OR ROOF MOUNTED CHILLERS/COOLING TOWERS
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3.5.1. Restrained springs or vibration isolation rails, number and location of springs coordinated
with the equipment manufacturer and selected to suit equipment weight. For indoor
equipment, use inertia isolation pads where shown on the drawings. Secure springs or
rails to equipment and support structure (outdoors) or pads (indoors).

3.6. PIPING ISOLATION

3.6.1. Use flexible hoses or neoprene vibration isolators at all connections between piping and
equipment containing rotating parts (pumps, air handlers, chillers, cooling towers, etc).
Applicable to refrigerant piping as well. Do not use neoprene isolators outdoors or where
fluid temperature§ témperature not suitable.

3.6.2. Use restraified ‘spririg isolators for the first three piping supports upstream and
downstream of each puimp.

3.7 €EILING’'SUSPENDED EQUIPMENT
3.7.17 «£Restrained(spring isolators orfneoprene iselation pads, as indicated on the drawings
3.8. AIR COOLED CONDENSING UNITS

3.8.1. Neoprené-pad or<elastomeric mounts Secured tofthe support structure and equipment
base rails (I€ssithan 50 ton<capacity). Select based on€quipment weight.

3.8.2. Restrained spring§ lor vibration »isolator railsdsecuréd to /the support structure and
equipment base rails”{gver 50 ton capacity). Selectbased oh equipment weight.

3.9. AIR COOLED CONDENSING UNITS

3.9.1. Neoprene pad or elastomeric mounts secured-to the suppoft structure and equipment
base rails

3.10. ROOFTOP AIR HANDLING UNITS AND UTILITY TYPE EXHAUST FANS
3.10.1. Vibration isolation rails (where specified)

3.11. DUCT CONNECTORS
3.11.1. Atall connections between fans and ductwork, where not provided by the manufacturer.
3.11.2. Exception: kitchen grease exhaust ductwork connection to exhaust fan.

3.12. ELECTRICAL CONNECTIONS

3.12.1. All wiring connections to mechanical equipment on vibration isolators (either spring or
neoprene type) shall be made with a minimum 36 inch long flexible liquid-tight conduit in
a 360° loop. Coordinate wiring connections with the electrical sub-trade.
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3.13. INSPECTION

3.13.1. Supplier shall inspect and approve the installation of the vibration isolators and shall
submit a report to the Client which verifies that all of the isolation equipment has been
properly installed and that the installation is in full conformance with the specification.
The report shall record the vibration isolator identification and model or type.

3.13.2. For isolators containing steel springs the report shall also record the size and
uncompressed height, design static deflection and measured static deflection of the
isolators provided.
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PART 1 - GENERAL
1.1. RELATED DOCUMENTS
1.1.1. Drawings and general provisions of the Contract apply to this Section.
1.1.1.1. Section: 23 31 13 Metal Ducts.
1.2. SUMMARY
1.2.1. Section Includes:

1.2.1.1. Equipmént labels.
1.2.1.2. Warhing signs and labels.
1.2.1.3. Pipe labels.

1.2.1.4. Valve tags.

1.2.175; Duct labels.

1.2.2.GFor BASidentification, alsodeferto, requirements of Section: 23 09 00 Instrumentation
and ContralforAVAC.

1.3. SUBMITTAL
1.3.1. Product DataiFar eachtype-of product indicated.
PART 2 - PRODUCTS
2.1. STANDARDS OF ACCEPTANCE
2.1.1.1. Brady, Kolbi, or Panduit
2.2. EQUIPMENT LABELS

2.2.1.1. Metal Labels for Equipment:

2.2.1.1.1. Material and Thickness: Brass, 0.032-inch minimum thickness, and having
pre-drilled or stamped holes for attachment hardware.

2.2.1.1.2. Minimum Label Size: Length and width“ary for required label content, but
not less than 2-1/2 by 3/4 inch.

2.2.1.1.3. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less
than 24 inches, 1/2 inch for viewing distances up to 72 inches, and
proportionately larger lettering for greater viewing distances. Include
secondary lettering two-thirds to three-fourths the size of principal lettering.

2.2.2. Fasteners: Stainless-steel rivets or self-tapping screws.

2.2.3. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.
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2.2.4. Plastic Labels for Equipment:
2.2.4.1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical

2.3.

engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.

2.2.4.2. Letter Color: White.

2.2.4.3. Background Color: Black.

2.2.4.4, Maximum Temperature: Able to withstand temperatures up to 160 deg F.

2.2.4.5. Minimum Label Size: Length and width vary for required label content, but not
less than 2-1/2 by 3/4 inch.

2.2.4.6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, /2 inch for viewing distances up to 72 inches, and proportionately larger
lettefing for greater viewing distances. Include secondary lettering two-thirds to
three-fourths thefsize,of principal lettering.

2.2.5. Fasteners: Stainlesststeel rivets or self-tapping screws.
2.2.6l~,AdhesiveContact-type permahent adhesive, compatible with label and with substrate.

2.2.7. Label Content: Include equipment's Drawing designation or unique equipment number,
Drawifag numbers where equipment i§ indicatéd (plans, details, and schedules), plus the
Specification Section ndmber and title Where equipment is specified.

2.2.8. Labelis to also“indicatélarea and type of serfice being provided.

2.2.8.1. For Example’AHU - 34 floérs\1-4
2.2.8.2. P3 HW Hot Water.Pump- building perimeter

2.2.9. Equipment Label Schedule: Far,each itemof equipmentto be labeléd, on 8-1/2-by-11-
inch bond paper. Tabulate eqGipment /identification nunibér ‘and identify Drawing
numbers where equipment is indicated {plans,~details, and schedules), plus the
Specification Section number and title whére equipment is specified. Equipment schedule
shall be included in operation and maintenarnce datat

WARNING SIGNS AND LABELS

2.3.1. Material and Thickness: Multilayer, multicolor, plastic.abels for mechanical engraving,
1/8 inch thick, and having predrilled holes for attachment hardware.

2.3.2. Letter Color: White.
2.3.3. Background Color: Red.
2.3.4. Maximum Temperature: Able to withstand temperatures up to 160 deg F.

2.3.5. Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.
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2.3.6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches,
1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for
greater viewing distances. Include secondary lettering two-thirds to three-fourths the size
of principal lettering.

2.3.7. Fasteners: Stainless-steel rivets or self-tapping screws.
2.3.8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

2.3.9. Label Content: Include caution and warning information, plus emergency notification
instructions.

2.4. PIPE LABELS

2.4.1. General Requirements’ for Manufactured Pipe Labels: Preprinted, color-coded, with
lettering indicatingfservice,#showing flow direction, and area served (i.e. perimeter
héating hot water).

2.4.2. “self-Adhesive” Pipe Labels: Printed plastic with contact-type, permanent-adhesive
backing.

2.4.3. Pipe Label Contents: Iriclude identification of piping service using same designations or
abbreviations.as used on'Drawings, pipe size, dnd andrrow indicating flow direction.

2.4.4. Flow-Direction Arfows: Integral with piping syStem-service lettering to accommodate
both directions, or aSzeparaté unit,on each pipéylabel té indicate flow direction, and
visible all around pipe.

2.4.5. Lettering Size: At least 1-1/2 inches high:
2.4.6. All piping, except that piping which isswithin-ifnaccéssible chases, shall be identified.

2.4.7. Each marker background shall be appropriately color.coded with a clearly printed legend
to identify the contents of the pipe in Cenformance with the “Scheme for the
Identification of Piping Systems” (ASME A13.1-1984%,).

2.4.8. Set mark snap-around markers shall be used for ovefall diameters up to 6” and strap
around markers shall be used above 6” overall diameters.

2.4.9. Markers shall be located:

2.4.9.1. Adjacent to each valve

2.4.9.2. At each branch

2.4.9.3. At each cap for future

2.4.9.4. At each riser takeoff,

2.4.9.5. At each pipe passage through wall (each side)
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2.4.9.6. At each pipe passage at 20’ — 0” intervals maximum.

2.4.9.7. At each piece of equipment.
2.4.9.8. At all access doors.
2.4.9.9. A minimum of one (1) marker shall be provided at each room.

2.5. VALVE TAGS

2.5.1. Valve tags shall be according to project valve specification section(s). Unless required
differently in project valve specification section(s), valve tags to be minimum 1.5" round
brass, attached with metallic chains.

2.6. DUCT LABELS

2.6.1. Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch thick, and haying predrilled holes for attachment hardware.

2.6.1.1. Letter Color: White.

2:641.2. Background Color: Red.

2.6.153¢ Mbximlm Temperature: Able tg withstand temperatures up to 160 deg F.

2.6.1.4. Minimum: Label Size: Length ahd widthavary for required label content, but not
less thar 2-1/2.by 3/4 inch.

2.6.1.5. Mirimum LetterSize: 1/4 inch for name®f unitéif viewing distance is less than 24
inches; /2 inchforviewing distances up ta72 inches, and proportionately larger
lettering far-greaterviewing distances.dncludesecondary lettering two-thirds to
three-fourths the size of principal lettering:

2.6.2. Fasteners: Stainless-steel rivets or self-tapping screws.
2.6.3. Adhesive: Contact-type permanehniradhesive, compatible with label and with substrate.

2.6.4. Duct Label Contents: Include identification of“duct service using same designations or
abbreviations as used on Drawings, duct size,.and‘anarrow indicating flow direction.

2.6.5. Flow-Direction Arrows: Integral with duct system®ervice lettering to accommodate both
directions, or as separate unit on each duct label to indicate flow direction.

2.6.6. Lettering Size: At least 1-1/2 inches high.
2.6.7. Markers shall be located:

2.6.7.1. Adjacent to each air handling equipment
2.6.7.2. At each branch

2.6.7.3. At each cap for future

2.6.7.4. At each riser takeoff,

2.6.7.5. At each duct passage through wall (each side)
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2.6.7.6. On each duct straight run at 20’ — 0” intervals maximum.
2.6.7.7. At all access doors.
2.6.7.8. A minimum of one (1) marker shall be provided at each room.

2.7. OTHER SPECIALIZED LABELING AND REQUIREMENTS

2.7.1. Fire damper access panels shall be permanently identified on the exterior by labels not
less than 2" in height reading "FIRE DAMPER".

2.7.2. Smoke damper access panels shall be permanently identified on the exterior by labels not
less than 2" in height reading "SMOKE DAMPER".

2.7.3. Combinationffire/smoke damper access panels shall be permanently identified on the
exterior by labels notlesstthan 2" in height reading "RESETTABLE FIRE/SMOKE DAMPER".
Mark the other access'panels ['"FIRE/SMOKE DAMPER."

2.74. Itéems listed in items 1-3 above, will alse be listed on a full size, laminated print and left in
the main mechanical room as‘indieated above.

2.7.5. Ducf staticipressure sensors shall be permanently identified on the exterior by labels not
less thany2" in height reading "STATIC PRESSURE SENSOR".

2.7.6. Humidity sehsars in ductwork shall be permafientlyddentified on the exterior by labels
not less than 2"ifrheight'reading "HUMIDITY SENSOR".

2.7.7. Abbreviations: No abbyeviations tobe used.

2.7.8. All smoke and fire damper igeations are t6 be posted as a pdf on the DDC system per fan
system. This information is alsoAo be located.in the fire command eénter for the building.
Coordinate with other trades to mdke sure'this happens, and'support as required via that
coordination.

2.8. STENCILING
2.8.1. Not allowed.
PART 3 - EXECUTION
3.1. PREPARATION

3.1.1. Clean piping and equipment surfaces of substances that could impair bond of
identification devices, including dirt, oil, grease, release agents, and incompatible
primers, paints, and encapsulants.

3.2. EQUIPMENT LABEL INSTALLATION

3.2.1. Install or permanently fasten labels on each major item of mechanical equipment.
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3.2.2. Locate equipment labels where accessible and visible.
3.3. VALVE TAG INSTALLATION AND DOCUMENTATION

3.3.1. Tagvalves according to project valve specification section(s), and provide typed list (loose
and framed under glass) per same specification section(s).

3.3.2. A valve tag schedule is to be mounted in each mechanical room and on every floor (for
that respective floor) in a location to be determined by the Consultant

3.3.3. Each valve tag schedule will have an associated architectural print showing each valve
location.

3.3.4. At project €ompletion twe additional hard copies are to be provided in addition to an
electronic copy.

3.3.5. Two copies of the mechanical piging, flow diagram will be supplied. All prints that are
supplied that are located in méchanical fooms are to be laminated.

3.3.6. Pipe tags that are the first isolation for a utility in a mechanical room or building need to
have iadicatedwhere the next upstreaim valvesis located and the associated valve number
indicateddon the valve'tag.

3.3.7. Thisis applicable for all utility-isolation valves for each mechanical room space.
3.4. DUCT LABEL INSTALLATION

3.4.1. |Install self-adhesive duct“labels with pefmanent adhesive.oh air ducts in the following
color codes:

3.4.1.1. Blue: For cold-air supply ducts.

3.4.1.2. Yellow: For hot-air supply ducts:

3.4.1.3. Green: For exhaust-, outside-, reliefs, return-,.and mixed-air ducts.
3.4.1.4. ASME A13.1 Colors and Designs: For hazardous.material exhaust.

3.4.2. Locate labels at maximum intervals of 10 feet, at eVéry change in direction, and within 3'
of wall and floor penetrations on both sides of same.

3.4.3. Along with all other ducting on the job, label toxic exhaust.
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. Testing, adjusting, and balancing (TAB) of heating, ventilating and air conditioning (HVAC)
systems. TAB includes the following:

1.1.1.1. Planning systematic TAB procedures.

1.1.1.2. Design Review Report.

1.1.1.3. Systems Inspection report.

1.1.1.4. Duct Air Le@kage test report.

1.1.1.5. Systems Readiness Report.

1.1.1.6. Balaheing air’ and awvater distribution systems; adjustment of total system to
provide designd performance; and testing performance of equipment and
automatic cantrols.

1.1.177: Recording and reporting résults.

1.1.2. OPefinitions:

1.1.2.1. TAB!_Testifg, Adjusting and Balancingsthe process of checking and adjusting
HVYAC systemSto meet design ohjéctives.

1.1.2.2. AABC; Associated Air Balance Council.

1.1.2.3. NEBB:Nationdl/Environmental Balaricing Bdreau:

1.1.3. Hydronic Systems: Intludes chilled water, condenser water/ heating hot water and glycol
water systems as applicable to the pragject.

1.1.4. Air Systems: Includes all outside airosupply, air, return air, £xhaust air and relief air
systems, as applicable to the projeet.

1.1.5. Flow rate tolerance: The allowable percéntage variation, minus to plus, of actual flow rate
from values (design) in the contract documents.

1.2. RELATED WORK
1.2.1. Section: 23 05 00 Common Work Results for HVAC.
1.2.2. Section: 23 31 13 Metal Ducts.

1.3. QUALITY ASSURANCE
1.3.1. Qualifications:

1.3.1.1. TAB Agency: The TAB agency shall be a subcontractor of the General Contractor
and shall report to and be paid by the General Contractor.
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1.3.1.2. The TAB agency shall be either a certified member of AABC or certified by the
NEBB to perform TAB service for HVAC, water balancing and vibrations and sound
testing of equipment. The certification shall be maintained for the entire duration
of duties specified herein. If, for any reason, the agency loses subject certification
during this period, the General Contractor shallimmediately notify the Consultant
and submit another TAB firm for approval.

1.3.2. TAB Specialist: The TAB specialist shall be either a member of AABC or an experienced
technician of the Agency certified by NEBB. The certification shall be maintained for the
entire duration of duties specified herein.

1.3.3. TAB Specialistéhall bejidentified by the General Contractor within 10 days after the notice
to proceed{ The TAB specidlist will be coordinating, scheduling and reporting all TAB work
and related activitiesf and ‘will provide necessary information as required by the
Consultant. The responsibilities would specifically include:

¥3,3.1. Shall directly supervise all TAB'work.

1.3.322, Shallsign the TAB réports that bearthe seal of the TAB standard. The reports shall
be‘accompanied by report forms and schematic drawings required by the TAB
standard, AABC or NEBB.

1.3.3.3. Wauld follow all.TAB work through its satisfactory completion.

1.3.3.4. Shall previde final myarkings of settings of alllHVAG,adjustment devices.

1.3.3.5. Permanently markJocation of duct test gorts.

1.3.4. Al TAB technicians pefferming-actual TAB work shalbbe experieneéd and must have done
satisfactory work on a minithum 6f<3.projects comparableqfi size and complexity to this
project. Consultant is to ensure that-the Tab Technicians arg qualified before work is
performed. The lead technician shall be certified by AABC ordNEBB

1.3.5. Test Equipment Criteria: The instrumentation  shall meet the accuracy/calibration
requirements established by AABC National’Standards or by NEBB Procedural Standards
for Testing, Adjusting and Balancing of “Environmental Systems and instrument
manufacturer. Provide calibration history of thecdnstruments to be used for test and
balance purpose.

1.3.6. Tab Criteria:

1.3.6.1. Flow rate tolerance: Following tolerances are allowed. For tolerances not
mentioned herein follow ASHRAE Handbook "HVAC Applications", Chapter 36, as
a guideline. Air Filter resistance during tests, artificially imposed if necessary, shall
be at least 100 percent of manufacturer recommended change over pressure
drop values for pre-filters and after-filters.

1.3.6.2. Tolerances:
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1.3.7.

1.3.6.2.1. Air handling unit and all other fans, cubic meters/min (cubic feet per minute):
+/-5% of design values noted in the equipment schedules.

1.3.6.2.2. Air terminal units (maximum values): +/-5% of the design values noted on the
equipment schedules.

1.3.6.2.3. Exhaust hoods/cabinets: 0% to +10% of the design values noted on the
equipment schedules

1.3.6.2.4. Minimum outside air: 0% to +10% of the design values noted on the
equipment schedules

1.3.6.2.5. Individual room air outlets and inlets, and air flow rates not mentioned
aboves+/-5% of the design values noted on the equipment schedules.

1.3.6.2.6. Hedting hot water pumps and hot water coils: +/-5% of the design values
hoted on‘the equipment schedules.

1.3.6.2.7. Chilled watér andcondenser water pumps: 0% to +5% of the design values
noted o the equipment schedules

1.36.2.8. Chilled water coils: 0% t0,+5% of the design values noted on the equipment
schedules.

1¥.3.6.2.9.) Heat output capacities: 0% to +10% of the design values noted on the
equipment schedules

1.3.6.2:18, Cooling” eutput capacitiés: «#/-5% of the design values noted on the
equipment schedules

Typical TAB procedures‘and results shall be deménstrated to the Consultant for one air
distribution system{including all>fans, threé terminal units, three rooms randomly
selected by the Consultant) and’‘onechydronic system (pumps andithree coils) as follows:

1.3.7.1. When field TAB work(egins.
1.3.7.2. During each partial finaldinspection and the final inspection for the project if

requested by the Board

1.4. SUBMITTALS

1.4.1. Submitin accordance with Section: 01 33 23 Shop.Drawings, Product Data, and Samples.
1.4.2. Submit names and qualifications of TAB agency and™FAB specialists within 10 days after
the notice to proceed. Submit information on three recefitly completed projects and a list
of proposed test equipment.
1.4.3. Submit Following for Review and Approval:
1.4.3.1. Design Review Report within 10 days after the award of contract from the General
Contractor.
1.4.3.2. Systems inspection report on equipment and installation for conformance with
design.
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1.4.3.3. Duct Air Leakage Test Report.
1.4.3.4. Systems Readiness Report.

1.4.4. Intermediate and Final TAB reports covering flow balance and adjustments, performance
tests, vibration tests and sound tests.

1.4.5. Include in final reports uncorrected installation deficiencies noted during TAB and
applicable explanatory comments on test results that differ from design requirements.

1.4.6. Prior to request for Final or Partial Final inspection, submit completed Test and Balance
report for the areat

1.5. APPLICABLE PUBLICATIONS

1.5.1. The following publicatiéns form a part of this specification to the extent indicated by the
reference thereto.dn textythie publications are referenced to by the acronym of the
organization.

1.5:441. American Society df Heating, Refrigerating and Air Conditioning Engineers, Inc.
(ASHRAE):
1.5.1.2. 2007 '/HVAC~Applications ASHRAE"Handbook, Chapter 37, Testing, Adjusting,
ahd Balancihg and Chapter 47, Sound and Vibration Control
1.5.1.3. Associated Air/Balance Council (AABG):
1.5.1.3.1. AABC National Standards for Total SyStem\Balance
1.5.1.3.2. NationalEnvironmental-Balancing Bukeau (NEBB):
1.5.1.3.3. 7th Edition 2005 “Procedural Standards for/Testing, Adjusting, Balancing of
Environmental’Systems
1.5.1.3.4. 2nd Edition 2006 ““/IProcedural Standards for the Meastrement of Sound and
Vibration
1.5.1.3.5. 3rd Edition 2009  Procedural Standards for Whole Building Systems
Commissioning of New Constrigction
1.5.1.4. Sheet Metal and Air Conditioning Contiractors/National Association (SMACNA):
1.5.1.4.1. 3rd Edition 2002  HVAC SYSTEMS Tésting, Adjusting and Balancing

PART 2 - PRODUCTS
2.1. PLUGS
2.1.1. Provide plastic plugs to seal holes drilled in ductwork for test purposes.
2.2. INSULATION REPAIR MATERIAL
2.2.1. See Section: 23 07 00 HVAC Insulation.

2.2.2. Provide for repair of insulation removed or damaged for TAB work.
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PART 3 - EXECUTION
3.1. GENERAL

3.1.1. Obtain applicable contract documents and copies of approved submittals for HVAC
equipment and automatic control systems.

3.1.2. Coordinate all balancing work with the BAS vendor. Where balancing variable flow
systems, fine tune the pressure differential sensor settings to ensure that all end users
receive adequate water and air flows.

3.2. DESIGN REVIEW REPORT

3.2.1. The TAB Sfecialist Shall réuiew the Contract Plans and specifications and advise the
Consultant of any design deficiencies that would prevent the HVAC systems from
effectively operating in aceertdance,with the sequence of operation specified or prevent
the’effective and accurate TAB_6f theysystem. The TAB Specialist shall provide a report
individually_listing each defi¢iency. and the corresponding proposed corrective action
hecessaryfor proper system @peration.

3.3. SYSTEMS INSPECTION REPORT
3.3.1. Inspect equipiment and installation for conformarice mith.design.

3.3.2. Theinspection and.reportate to be done after pipingahd air distribution equipment is on
site and piping/duct installation.has begun, but'well in advance of performance testing
and balancing work. The (purpose’of the inspection is to identify and report deviations
from design and ensure that’systemsrwill'\be ready for TAB at theé appropriate time.

3.3.3. Reports: Follow check list format‘deyelopéd-by/AABC, NEBB or SMACNA, supplemented
by narrative comments, with emphasis on air~Bandling units and fans. Check for
conformance with submittals. Verify that-diffuserand register sizes are correct. Check air
terminal unit installation including their ductsizes androuting.

3.4. DUCT AIR LEAKAGE TEST REPORT

3.4.1. TAB Agency shall perform the leakage test as outlined in¥'Duct leakage Tests and Repairs"
in Section: 23 31 13 Metal Ducts.

3.5. SYSTEM READINESS REPORT

3.5.1. The TAB Contractor shall measure existing air and water flow rates associated with
existing systems utilized to serve renovated areas as indicated on drawings. Submit
report of findings to Consultant.
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3.5.2. Inspect each System to ensure that it is complete including installation and operation of
controls. Submit report to Consultant in standard format and forms prepared and or
approved by the Commissioning Agent, as applicable to the project.

3.5.3. Verify that all items such as ductwork piping, ports, terminals, connectors, etc., that is
required for TAB are installed. Provide a report to the Consultant.

3.6. TAB REPORTS

3.6.1. The TAB contractor shall provide raw data immediately in writing to the Consultant if
there is a problemdh,achieving intended results before submitting a formal report.

3.6.2. Ifover 20 pertentof readings in the intermediate report fall outside the acceptable range,
the TAB report shall'be cafisidered invalid and all contract TAB work shall be repeated and
re-submitted for appréval at no additional cost to the Board.

3.63. Donot proceed with the remaining systems until intermediate reports are reviewed by
the Consultant.

3.7. TAB PROCEDURES

3.7.1. Tab shallbg performedin accordance withthe reguirement of the Standard under which
TAB agency is/certified by gither AABC or NEBB.

3.7.2. General: During TAB.all related system compofients shall bé&in full operation. Fan and
pump rotation, motordoads and.edquipment vibration shall be checked and corrected as
necessary before proceeding with/TAB-Set controls and/or ble€k off parts of distribution
systems to simulate design oferation-of varjable volume airor water syStems for test and
balance work.

3.7.3. For air handling systems, perform (balancing~ work when the building envelope is
substantially completed (windows and dédys installed, ceilings completed, transfer grilles
installed)

3.7.4. For air handling systems equipped with hydronic.components, make air and hydronic
balancing at the same time.

3.7.5. Air Balance and Equipment Test: Include air handling units, fans, terminal units, fan coil
units, room diffusers/outlets/inlets, computer room AC units, and laboratory fume hoods
and biological safety cabinets.

3.7.6. Artificially load air filters by partial blanking to produce air pressure drop of
manufacturer’s recommended pressure drop.

3.7.7. Adjust fan speeds to provide design air flow.
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3.7.8. Test and balance systems in all specified modes of operation, including variable volume,

economizer, and fire emergency modes. Verify that dampers and other controls function
properly.

3.7.9. \Variable air volume (VAV) systems:

3.7.9.1.

Not applicable to this project

3.7.10. Water Balance and Equipment Test: Include circulating pumps, convertors, heat

exchangers, boilers, coils, coolers and condensers

3.7.10.1.
3.7.10.2.

3.7.10.3.

Adjust fléw rates for equipment.

Primdry secondary (variable volume) systems: Balance systems at design water

flowand then verify that variable flow controls function as designed.

Record final measurements for hydronic equipment on performance data sheets.

Include entering and leavifg water temperatures for heating and cooling coils,

and for convertors. Inglude entering and leaving air temperatures (DB/WB for

coolihg coils) for dir handling Auhits and reheat coils. Make air and water

temperature measurements at/the same time.

3.8. LOCATION OF MIEASUREMENTS AND MEASURED PARAMETERS

3.8.1. Perform hydrénic measuréments at each:

3.8.1.1.
3.8.1.2.
3.8.1.3.
3.8.1.4.
3.8.1.5.

Boiler

Coil

Heat Exchanger
Control Valve
Balancing Valve

3.8.2. Perform air measurements at each:

3.8.2.1.
3.8.2.2.
3.8.2.3.
3.8.2.4.
3.8.2.5.
3.8.2.6.

Fan/Air Handling System discharge
Exhaust fan

Coil

Fresh air/Exhaust damper
Terminal unit

Air distribution equipment

3.8.3. Measured parameters

3.8.3.1.
3.8.3.2.
3.8.3.3.
3.8.3.4.

Air flows

Hydronic flows

Temperatures entering/leaving coils (hydronic and air)

Pressure drops at each measured equipment/device (hydronic and air)
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3.8.3.5. Electric Power drawn by electrical equipment

3.9. MARKING OF SETTINGS

3.9.1. Following approval of Tab final Report, the setting of all HVAC adjustment devices
including valves, splitters and dampers shall be permanently marked by the TAB Specialist
so that adjustment can be restored if disturbed at any time. Style and colors used for
markings shall be coordinated with the Consultant.

3.10. IDENTIFICATION OF TEST PORTS

3.10.1. The TAB Specialist shall permanently and legibly identify the location points of duct test
ports. If theductwork has exterior insulation, the identification shall be made on the
exterior sideof the insulationyAll penetrations through ductwork and ductwork insulation
shall be sealed to prevent air leaks and maintain integrity of vapor barrier.
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. Field applied insulation for thermal efficiency and condensation control for HVAC piping,
ductwork and equipment.

1.1.2. Re-insulation of HVAC piping, ductwork and equipment after asbestos abatement.
1.1.3. Definitions

1.1.3.1. ASJ: All sefviee jacket, white finish facing or jacket.

1.1.3.2. Air corditioned space: Space having air temperature and/or humidity controlled
by fnechaniéal equipment.

1.1.3.3. Cold: Equipmeiit or piping handling media at design temperature of 16 degrees C
(60 degreesF) or below.

1.1.3.4. Concealed: Piping aboveeilings and in chases, interstitial space, and pipe chases.

17148.5. Exposed: Piping“andfequipmentaexposed to view in finished areas including
mechanical equipment rooms or exposed to outdoor weather. Shafts, chases,
interstitial spaces, unfinished/attics, crawl spaces and pipe basements are not
considered finished areas.

1.1.3.6. Hoti/hlot water equipment or piping h@ndling'media above 41 degrees C (105
degrees-k).

1.1.3.7. Thermal cénductance: Heat flow rate thirough materials.

1.1.3.8. Thermal Conddctivity' (k). Watt per meter, per degree C (BTU per inch thickness,
per hour, per square foot,/per-degree F temperaturedifference).

1.1.3.9. Vapor Retarder (Vapor Barrier):—/A material “which setardsfthe transmission
(migration) of water vapar. Performance of the vapgar retarder is rated in terms
of permeance (perms). or th& purpose. of/this specification, vapor retarders shall
have a maximum published perfneance’of 0.1 perms and vapor barriers shall have
a maximum published permeance’af,0.00Pperms.

1.2. RELATED WORK
1.2.1. Section: 23 05 00 Common Work Results for HVAC.
1.2.2. Section: 23 31 13 Metal Ducts.
1.3. QUALITY ASSURANCE
1.3.1. Comply with OBC requirements for flame spread and smoke development rates.

1.3.2. Specified k factors are at 24 degrees C (75 degrees F) mean temperature unless stated
otherwise. For pipe, use insulation manufacturer's published heat flow tables. For
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domestic hot water supply and return, run out insulation and condensation control
insulation, no thickness adjustment need be made.

1.3.3. All materials shall be compatible and suitable for service temperature, and shall not
contribute to corrosion or otherwise attack surface to which applied in either the wet or
dry state.

1.3.4. Every package or standard container of insulation or accessories delivered to the job site
for use must have a manufacturer's stamp or label giving the name of the manufacturer
and description of the material

1.4. SUBMITTALS
1.4.1. Submitin accordance with Section: 01 33 23 Shop Drawings, Product Data, and Samples.

1.4.2. Shop Drawings:

Y42.1. AltZinformation, clearly presented, shall be included to determine compliance
with'drawings and §pecifications‘and ASTM, federal and military specifications.

1.4.2.2: Insulatioh/-materials:“ Specify/ each type used and state surface burning
characteéristics,

1.4.2.3. Inslation’facings,and jackets: Each typedised.

1.4.2.4. Insulation accessorymaterials: Each tyype uséd.

1.4.2.5. Manufacturer's ‘installation and fitting fabrication, instructions for flexible

unicellular instlation:
1.4.2.6. Make reference‘to.applicablespecification‘paragraph ndmbers for coordination.

1.5. STORAGE AND HANDLING OF MATERIAL

1.5.1. Store materials in clean and dry environment, pipe covering jackets shall be clean and
unmarred. Place adhesives in original Containérs, Maintain ambient temperatures and
conditions as required by printed instructiohs.of manufacturers of adhesives, mastics and
finishing cements.

1.6. APPLICABLE PUBLICATIONS

1.6.1. The publications listed below form a part of this specification to the extent referenced.
The publications are referenced in the text by basic designation only.

1.6.2. National Fire Protection Association (NFPA):

1.6.2.1. 101-09 Life Safety Code
1.6.2.2. 251-06 Standard methods of Tests of Fire Endurance of Building Construction
Materials
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1.6.2.3. 255-06 Standard Method of tests of Surface Burning Characteristics of Building
Materials

1.6.3. Underwriters Laboratories, Inc (UL):

1.6.3.1. 723 UL Standard for Safety Test for Surface Burning Characteristics of Building
Materials with Revision of 08/03

1.6.4. Manufacturer’s Standardization Society of the Valve and Fitting Industry (MSS):
1.6.4.1. SP58-2002 Pipe Hangers and Supports Materials, Design, and Manufacture
1.7. STANDARDS OF ACCEPTANCE
1.7.1. Owens/Corning, Knauf,4ohns Mansville
PART 2 4PRODUCTS
2.1. DUCTWORKINSULATION
2.1.1. Application

2.1.1.1. Adl.concealed’ductwork, of exposed indmechanical rooms conveying air at
tempeératures above 30°C or below 189C and4uhning through heated spaces.
2.1.1.2. All ductWwork runhingthrough unheéated spaces (attics)

2.1.1.3. All exhaust-air ductwork-3m upstream@f the point of discharge to the outdoors
2.1.1.4. All fresh air supply duétwork

2.1.1.5. All ductwork mounted outdoors

2.1.1.6. All combustion air duetwork

2.1.2. Round Ductwork or Rectangular Ductwork < any-side less than'750 mm (30”)

2.1.2.1. Insulate ductwork with 40 mm (1%%) thick;blanket-type, fiberglass insulation with
factory-applied vapor barrier, and 2% stapling’and taping flange along one edge.
Insulation: ASTM C553, density of 0.75p conductivity of 0.32. Vapor barrier:
aluminum foil, permeance of 0.02, and{jpuncture resistance of 50 units.
Composite flame spread/ smoke density of 25/50.
2.1.2.2. Apply insulation from outlet of air handling equipment to air distribution
equipment
2.1.2.3. Jacket
2.1.2.3.1. Apply for exposed ductwork a zero permeability, all weather, multi-layered
laminate coated with a cold weather acrylic adhesive, superior resistance to
weathering, mold, UV and extreme environmental conditions. Designed for
use as a vapour barrier for insulation cladding and jacketing applications.
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2.1.2.3.2. Zero permeability vapour barrier for insulation cladding and jacketing

applications

2.1.2.3.3. Cold weather acrylic adhesive applies easily at temperatures as cold as -23°C

(-10°F)

2.1.2.3.4. Puncture and Tear resistant

2.1.2.3.5. Self-Adhesive material installs easily with no offsite fabrication required

2.1.2.3.6. Cuts and installs easily on-site, no special tools required

2.1.2.3.7. Flexible, strong, reinforced insulation cladding
2.1.2.3.8. Standard Acceptance: 3M™ VentureClad™ Insulation Jacketing

2.1.3. Round Ductwork’- Outdoor

2.1.3.1.

2.1.3:%

Instlate ductworkdmith 50 mm (2") thick, blanket-type, fiberglass insulation with
factory-applied'vapor barrier, and 2" stapling and taping flange along one edge.
Insulation: AASTM €553, density of 0.75, conductivity of 0.32. Vapor barrier:
aluminum foil,/ permeahce  of 0.02, and puncture resistance of 50 units.
Composite flame spréad/ smoke density of 25/50.

Jacket

2.1.32,1. Azero‘permeability, all weather, mitlti-layered laminate coated with a cold

weather acrylic adhesive, superior resistance to weathering, mold, UV and
éxtreme environmental conditionsd Desigiied for use as a vapour barrier for
instation cladding and jacketing applications.

2.1.3.2.2. Zero permeabijlity-vapour barries’ for “insulation cladding and jacketing

applications

2.1.3.2.3. Cold weather(acrylic adhesive applies easily at teiperatures as cold as -23°C

(-10°F)

2.1.3.2.4. Puncture and Tear resistant

2.1.3.2.5. Self-Adhesive material'ifistalls easily"Wwith no offsite fabrication required

2.1.3.2.6. Cuts and installs easily on-site, no spécial tools required

2.1.3.2.7. Flexible, strong, reinforced insulation cladding
2.1.3.2.8. Standard Acceptance: 3M™ VentureClad™ Jnsulation Jacketing

2.1.4. Rectangular Ductwork —any side larger than 750 mini(30”)

2.1.4.1.

2.1.4.2.

In mechanical equipment rooms and all other areas where visible without
removing ceilings or opening access panels, insulate ductwork with 40 mm (1 %4”
thick) rigid, fiberglass insulation board ASTM C612 Class 2, conductivity of 0.26,
density of 3.0. with factory-applied vapor barrier. Vapor barrier: laminated white
kraft paper, aluminum foil, glass fiber reinforcement, permeance of 0.02, and
puncture resistance of 50 units. Composite flame spread/ smoke density of 25/50.
In ceiling spaces, building shafts, and other locations where not visible, insulate
ductwork with 1-1/2" thick, blanket-type, fiberglass insulation with factory-
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2.1.4.3.

applied vapor barrier, and 2" stapling and taping flange along one edge.
Insulation: ASTM C553, density of 0.75, conductivity of 0.23 @75F. Vapor barrier:
laminated white kraft paper, aluminum foil, glass fiber reinforcement, permeance
of 0.02, and puncture resistance of 50 units. Composite flame spread/ smoke
density of 25/50.

Jacket

2.1.4.3.1. Apply on exposed ductwork a zero permeability, all weather, multi-layered

laminate coated with a cold weather acrylic adhesive, superior resistance to
weathering, mold, UV and extreme environmental conditions. Designed for
use as@wapour barrier for insulation cladding and jacketing applications.

2.1.4.3.2. Zerd permeability vapour barrier for insulation cladding and jacketing

applications

2.1.4.3.3. Cold weathér acrylic adhesive applies easily at temperatures as cold as -23°C

(-10°F)

2.44.3.4. Puncture and Tear resistant

2.1.43.5.7 ~Self Adhesive matérial installs easily with no offsite fabrication required

2.1.4.3.6. Cuts and installs easily'on-site, no special tools required

2.1743.7. “Flexible, strong, reinforced'insulation cladding
2.1.4.3:8», StandardAcceptance: 3M™ VeftureClad™ Insulation Jacketing

2.1.5. Outdoor RectangularlfDuctwork — any size

2.1.5.1.

2.15.2.

2.1.5.3.

Insulate ductwork with’50. mm (2" thic¢k) rigid) fibefglass insulation board with
factory-applied’vapor'barrierslnsulation:’ASTM C612 Class.2, conductivity of 0.26,
density of 3.0.

Vapor barrier: lamipated “'white7 kraft paper, aluminumd foil, glass fiber
reinforcement, permeahge of-0.02,”and puncturé résistance of 50 units.
Composite flame spread/ sndoke density 6f25/50.

Jacket

2.1.5.3.1. A zero permeability, all weathet; multi-layered laminate coated with a cold

weather acrylic adhesive, superiof resistance to weathering, mold, UV and
extreme environmental conditions. DeSigned for use as a vapour barrier for
insulation cladding and jacketing applications.

2.1.5.3.2. Zero permeability vapour barrier for insulation cladding and jacketing

applications

2.1.5.3.3. Cold weather acrylic adhesive applies easily at temperatures as cold as -23°C

(-10°F)

2.1.5.3.4. Puncture and Tear resistant

2.1.5.3.5. Self Adhesive material installs easily with no offsite fabrication required

2.1.5.3.6. Cuts and installs easily on-site, no special tools required

2.1.5.3.7. Flexible, strong, reinforced insulation cladding
2.1.5.3.8. Standard Acceptance: 3M™ VentureClad™ Insulation Jacketing
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2.1.6. Accessories

2.1.6.1. Closure Materials: Butt strips, bands, wires, staples, mastics, adhesives; pressure-
sensitive tapes.

2.1.6.2. Support Materials: Hanger straps, hanger rods, saddles, support rings.

2.1.6.3. Contact adhesive: quick-setting, non-flammabile fire resistive adhesive to adhere
fibrous glass to ducts. Flame spread 15 smoke development 0.

PART 3 - EXECUTION
3.1. GENERAL REQUIREMENTS

3.1.1. Required pressure tests of piping and ductwork joints and connections shall be completed
and the work approved by the Consultant for application of insulation. Surface shall be
clean and dry with allfereign materials, such as dirt, oil, loose scale and rust removed.

3.42. Except for specific exceptions, inSulate,all specified equipment, and piping (pipe, fittings,
valves, accéssories). Insulate€achpipe individually. Do not use scrap pieces of insulation
where a fdll length section wilkfit.

3.1.3. Insulation_matenials shall be installed ina first class manner with smooth and even
surfaces, with jackets and facings drawn tight add smoothly cemented down at all laps.
Insulation shall’be contindous through all sleeves and apenings, except at fire dampers
and duct heaters (NFPAQ0AY, ¥apor retarderséhallhbe continuous and uninterrupted
throughout systemswith operatingtemperature 16 degrees € (60 degrees F) and below.
Lap and seal vapor barrier-over‘ends and exposed edges of insulation. Anchors, supports
and other metal projections/throughdinsdlation on col@ strfaces shallbe insulated and
vapor sealed for a minimum lefgth of 150 mm (6 inches).

3.1.4. Install vapor stops at all insulation-terminationsion either side of valves, pumps and
equipment and particularly in straight lengths of pipe insulation.

3.1.5. Construct insulation on parts of equipment Sdch as'chilled water pumps and heads of
chillers, convertors and heat exchangers that-ymust be opened periodically for
maintenance or repair, so insulation can be removiéd and replaced without damage.
Install insulation with bolted 1 mm thick (20 gage) galvdnized steel or aluminum covers
as complete units, or in sections, with all necessary supports, and split to coincide with
flange/split of the equipment.

3.1.6. Insulation on hot piping and equipment shall be terminated square at items not to be
insulated, access openings and nameplates. Cover all exposed raw insulation with white
sealer or jacket material.
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3.1.7. Protect all insulations outside of buildings with aluminum jacket using lock joint or other
approved system for a continuous weather tight system. Access doors and other items
requiring maintenance or access shall be removable and sealable.

3.1.8. Elbows, flanges and other fittings shall be insulated with the same material as is used on
the pipe straights.

3.1.9. Hot piping work not to be insulated:

3.1.9.1. Factory pre-insulated components.

3.1.9.2. Over equipfnent nameplates.

3.1.9.3. Vibratigh control devices

3.1.9.4. Air chambersf unions, strainers, check valves, flow regulators.

3.1.9.5. Pot feeders, filtration cartridges
34.10. Ductwork not to bé insulated:

37110.1. O ndoor return ductwark
3.1.162. Exhaustair ductwork up to3 m (10 ft) prior to existing the building

3.1.11. Firestdp Ripe insulation:

3.1.11.1. Provide firestopping insulation at fire&nd smoke barriers through penetrations.
Fire stopfping instlation shall be ULdisted.
3.1.11.2. Pipe penetrations requiring fire stop ifnsulation’incldding, but not limited to the
following:
3.1.11.2.1. Pipe risers thraugh floofs
3.1.11.2.2. Pipe chase walls and floors
3.1.11.2.3. Smoke partitions
3.1.11.2.4. Fire partitions
3.1.11.2.5. Freeze protection of above 'grade outdoor piping (over heat tracing tape): 20
mm (0.75) thick insulation, for d@lpipe sizes 75 mm(3 inches) and smaller and
25 mm(linch) thick insulation for larger pipes. Provide metal jackets for all
pipes. Provide where indicated on the'drawings

3.1.12. Provide vapor barrier jackets over insulation as follows:

3.1.12.1.  All piping and ductwork exposed to outdoor weather.
3.1.12.2.  All interior piping and ductwork conveying fluids exposed to outdoor air (i.e. in
attics, ventilated (not air conditioned) spaces, etc.

3.1.13. Provide metal jackets over insulation as follows:

3.1.13.1. All HVAC piping and ductwork exposed to outdoor weather.
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3.2. INSULATION INSTALLATION

3.2.1. Molded Mineral Fiber Pipe and Tubing Covering:

3.2.1.1. Fit insulation to pipe, aligning longitudinal joints. Seal longitudinal joint laps and
circumferential butt strips by rubbing hard with a nylon sealing tool to assure a
positive seal. Staples may be used to assist in securing insulation. Seal all vapor
retarder penetrations on cold piping with a generous application of vapor barrier
mastic. Provide inserts and install with metal insulation shields at outside pipe
supports. Install freeze protection insulation over heating cable.

3.2.2. Flexible Mineral Fiber Blanket - Ductwork:

3.2.2.1. Adhere insulation to metal with 75 mm (3 inch) wide strips of insulation bonding
adhesive at 200 mm (8 inches) on center all around duct. Additionally secure
insulation {0 bottom of duéts exceeding 600 mm (24 inches) in width with pins
welded or adhered on#450 mm, (18 inch) centers. Secure washers on pins. Butt
insulation edges and sealjoints with laps and butt strips. Staples may be used to
assist in7securing insulation. Séal all vapor retarder penetrations with mastic.
Sagging duct: insulation will not besdtceptable. Install firestop duct insulation
where required.

3.2.2.2. Blanket insulation-shall be tightly sealéd at all joints and seams. Insulation shall
be cut lafiger than dictwork perimeter ta‘allow maximum thickness on all areas
and avoid éxtessivercompression. All jeints shall be over lapped at least 2" and
stapled in place, The stapléd.seams shall be sealed withha minimum 3" wide
pressure sensitivetape designed for use with the duct jnsulation. All breaks in
the vapor barrier facing shall>also’ie sealed with thé tapef The underside of
ductwork 18" or greater iprwidth,land vertical surfaces 48" or greater shall have
the insulation additionally sécured Wwith <mechanical fasteners and speed clips
spaced approximately 12" on cerdter. The protruding ends of the fasteners shall
be cut off flush after the speed clipsa@re installed, and then sealed with the same
tape as specified above.

3.2.2.3. Finished installation shall provide a continuous and effective vapor barrier.

3.2.2.4. Supply air ductwork to be insulated includes ‘imain and branch ducts from AHU
discharge to room supply outlets, and the bodies of ceiling outlets to prevent
condensation. Insulate sound attenuator units, coil casings and damper frames.
To prevent condensation, insulate trapeze type supports and angle iron hangers
for flat oval ducts that are in direct contact with metal duct.

3.2.3. Rigid Board Mineral Fiber Insulation - Ductwork

3.2.3.1. Apply board on pins spaced not more than 300 mm (12 inches) on center each
way, and not less than 75 mm (3 inches) from each edge of board. In addition to

Project #: 2025-07



SAB Engineering Inc. Section 23 07 00
TLDSB HALIBURTON HIGHLANDS SS HVAC INSULATION
HVAC Upgrade (Cafeteria & Kitchen) Page |10

pins, apply insulation bonding adhesive to entire underside of horizontal metal
surfaces. Butt insulation edges tightly and seal all joints with laps and butt strips.
After applying speed clips cut pins off flush and apply vapor seal patches over
clips.

3.2.3.2. Insulation shall be scored, beveled or mitered to provide tight joints and be
secured to equipment with bands spaced 225 mm (9 inches) on center for
irregular surfaces or with pins and clips on flat surfaces. Use corner beads to
protect edges of insulation.

3.2.3.3. For hot equipment: Stretch 25 mm (1 inch) mesh wire, with edges wire laced
together, @Ver insulation and finish with insulating and finishing cement applied
in oneoat, 6.mm (1/4 inch) thick, trowel led to a smooth finish.

3.2.3.4. Forgtold equipment: Apply meshed glass fabric in a tack coat 1.5 to 1.7 square
meter per liter{60 to 70 square feet per gallon) of vapor mastic and finish with
mastic at 0.3 to 04 square meter per liter (12 to 15 square feet per gallon) over
the entire fabrig surface,

3.2.4. YPhuct Wrap forKitchen Hood GreaséDucts:

3.2.4.1. Not Applicable.

3.2.5. Flexible Eldstomeric Cellular Thermalinsulation:

3.2.5.1. Not applicable
3.3. INSULATION JOINTS

3.3.1. Allinsulation joints should‘bie sealéd with pressure-sensitive joifit sealing tape to match
the insulation facing. Rub hardwith a plastic/sealing tool to affectaftight bond.

3.3.2. Recommended practice: 3" (76mm)“wide tape oniflat surfaces or where edges are ship-
lapped and stapled. Use 5" (102mm) widé tape inlieu of ship-lapping.

3.3.3. All sheet metal joints must be sealed prior to‘isulating:
3.4. INSULATION AT DUCT SUPPORTS

3.4.1. Refer to and conform strictly to insulation and protection jacket manufacturers’
instructions.

3.4.2. To properly insulate through a roof top duct support; lift duct off of support, insulate duct
through the support, install protection jacket through the support and add an additional
layer of protection jacket 6" wide on the bottom and both sides at the point of contact
with the support system.
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3.4.3. Whenitis not possible to lift a duct off the rooftop supports, it is necessary to incorporate
the support system into the insulation system by encapsulating the supports with
insulation. This same system must be used if duct supports are screwed onto the
ductwork

3.5. FIELD-APPLIED JACKET APPLICATION

3.5.1. Apply PVC jacket on piping insulation where indicated, with 1 inch (25 mm) overlap at
longitudinal seams and end joints. Seal with manufacturer's recommended adhesive.

3.5.2.  Apply aluminum jacket where indicated (piping and ductwork) and on all piping/ductwork
located outdogfs, with) 2-inch (50 mm) overlap at longitudinal seams and end joints.
Overlap longitudinaléeams, arranged to shed water. Seal end joints with weatherproof
sealant recommended &y insulation manufacturer. Secure jacket with stainless-steel
band 12 inches (300dnm)o.c./and at end joints. Provide vapor-barrier jackets. Aluminum
jackets shall have seams/located bélow the horizontal plane of the horizontal piping route.
Insulate fittings, joints, and #lalves with, insulation of like material and thickness as
adjoining pip€, and cover with aluminun jackets.

3.6. OUTDOOR DYCTWORK ~ RECTANGULAR

3.6.1. All roof-topductwork to'must be designed andduilt with adequate slope (watershed) to
prevent pondirgwvater/ Ponding water is defined aé water that stays in place for greater
than 24 hours.
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PART 1 - GENERAL
1.1. GENERAL

1.1.1. This section of the specification shall be read in conjunction with and shall be governed
by the requirements outlined in Section: 23 05 00 Common Work Results for HVAC.

1.1.2. The Building Automation System (BAS) shall be capable of integrating multiple building
functions, including equipment supervision and control, alarm management, energy
management, and trend data collection. The BAS shall be the latest generation system
available from the fistallation contractor that has been previously reviewed and accepted
by the Board.

1.1.3. Perform an‘in-depthreviéw of all existing control components associated with the work
scope (e.g. controllers; cantrol valves, control dampers, linkages, actuators, pipe and duct
sensors, flow switches, etc.).

1.1.4° xdmmediately report any defective ar inopgrative components to the Consultant.

1.1.5. Co-@rdinate andsupervise thework of all sub-contractors required to complete the scope
of work/as specified’inthe contract documents.

1.1.6. The Control$-Centractor and all sub-contractors shall e@mploy only certified trades persons
to carry out all agplicablé wotk.

1.1.7. Provide all necessary7controllwiring and hardware to £omplete the entire project,
including but not limited t0, wiring,-fittings, connectors, £onduits, hangers/supports, box
covers, and all other accessdries required-to ensure complete, safe and fully operational
systems.

1.1.8. The BAS at minimum, shall incorporate)the followirig integrated features, functions, and
services:

1.1.8.1. Operator information, alarm management and<ontrol function.

1.1.8.2. As-built drawings in a separate PDF file, td-de retrievable by the Operator at any
given time using the BAS interface.

1.1.8.3. Control access

1.1.8.4. Information management, including monitoring, transmission, archiving, retrieval
and reporting functions

1.1.8.5. Diagnostic monitoring and reporting of BAS functions

1.1.8.6. Offsite monitoring and management access

1.1.8.7. Energy Management
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1.2. APPROVED CONTROL SYSTEMS
1.2.1. Johnson Controls (JCI)
1.3. SCOPE OF WORK
1.3.1. The general outline of the scope of work includes but is not limited to the following:

1.3.1.1. Remove all existing controls associated with the demolished equipment. Remove
all existing actuators, valves, controllers, panels, pneumatic tubing, gauges,
sensors, etc.

1.3.1.2. Supply and-install all the new BAS components (sensors, actuators, valves,
operdtors, wiring, relays, controllers, panels, etc) required to make the new
rooftop unit'systémsioperate in accordance with the sequences indicated on the
drawings.

1.3.1.3. Remove any redundant tinders and associated wiring and devices controlling the
demolished equipment

1.321.4. Update existing programming and user interface as required to match the
sequence of operationiindicated on the drawings; c/w graphical displays on the
Board‘main,server to match the new€quipment layout and configuration.

1.3.1.5. Ptovide all necéssary powerwifing and hardware to complete the entire project,
inclading bat, ‘not  limited to, Wwirings fittings, connectors, conduits,
hangers/Supports, box covers, BAS contfol panels, and all other accessories
required to énsure complete, safe and fully operational systems. This shall include
the power wiring for allthe'eguipment.

1.3.1.6. Make good all surfates affectedby the work.

1.3.1.7. Arrange for ElectricabAuthority. inspection of all ele€tricalwerk done by the
Control Sub- Contractor// Submit they Certificate ©f Inspection and Product
Approval Certificate with the“as built’‘documentation.

1.3.1.8. Provide new wiring.

1.3.1.9. Update software and graphical intetface as reguired.

1.3.1.10. All line and low voltage wiring shall be rlin,in EMT metal conduit.

1.3.1.11. Control wiring installed in exposed areas-{common areas, mechanical rooms,
outdoors) shall be run in IMC rigid metal conduit

1.3.1.12. Control wiring installed in the ceiling space shall be plenum rated and does not
require rigid conduit. Any controls wiring in ceiling spaces is to be run in a cable
management tray, and transitions from the tray shall neatly follow the building
structure and any wall penetrations must be sleeved in conduit with nylon
bushings.

1.3.1.13. Include all wiring, conduit, piping, installation, materials, supervision and labor
including calibration, commissioning software programming and data base
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generation, and additional work necessary to provide a complete and fully
operating system to the approval of the Consultant.

1.3.1.14.  Controls sub-contractor shall coordinate with the electrical sub-contractor for the
location of breakers and junction boxes from which power to the control’s
equipment will be provided. The over-all responsibility for providing and
coordinating power supply to the controls equipment rests with the mechanical
contractor in his capacity as general contractor.

1.3.1.15. The BAS shall be completed in all details not necessarily defined or shown on the
drawings but as may be reasonably inferred as necessary to complete each
system and provide operating service in an acceptable manner.

1.3.1.16. Upon gompletion of the installation, all control equipment supplied under this
control shalldbe adjusted to place the system in complete operating condition
subject to the @wner's.approval. All adjustments shall be made in co-ordination
with the TAB sub-contractor responsible for balancing the air and water systems
where required

1:3,1.17-Forvariable flow systéms\(air or hydronic), coordinate the final settings of VFDs
and pressure differeéntial setpoints with the TAB contractor, to achieve the design
flows noted in the equipment schedules.

1.3.1.18. ““When removing existing equipment, it'is the responsibility of the contractor to
ensSure the'integrity of the BAS commufiication line that must remain intact to
ensurethe proper function of the remaindef of the school BAS system.

1.4. QUALITY ASSURANCE

1.4.1. Base bid basis of design products‘referenced under this' Section establish the minimum
acceptable standards of proddct quality, fedtures and performance.

1.4.2. Work of this Section shall be provided by ‘arrecognized contractor regularly employed in
the installation and wiring of BAS and-temperaturér-control system and equipment. The
Board will provide a list of acceptable Contfactors to bid the work (see Boards list of Pre-
Qualified contractors).

1.5. CODES AND STANDARDS

1.5.1. Work, materials, and equipment shall comply with the m©st restrictive of local, state, and
federal authorities' codes and ordinances or these plans and specifications. As a
minimum, the installation shall comply with current editions in effect 30 days prior to
receipt of bids of the following codes:

1.5.1.1. National Electric Code (NEC)

1.5.1.2. International Building Code (IBC)
1.5.1.2.1. Section 719 Ducts and Air Transfer Openings
1.5.1.2.2. Section 907 Fire Alarm and Detection Systems
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1.6.

1.7.

1.5.1.2.3. Section 909 Smoke Control Systems
1.5.1.3. Division 23 Mechanical
1.5.1.4. International Mechanical Code (IMC)
1.5.1.5. ANSI/ASHRAE 135-2004: Data Communication Protocol for Building Automation
and Control Systems (BACNET)

APPROVED CONTROL SYSTEM MANUFACTURERS
1.6.1. Only approved building automation systems will be accepted.
EQUIPMENT INSTALLED BY. OTHERS (where applicable to project)

1.7.1. Asrequired,the fellowing equipment shall be supplied as noted and installed by qualified
sub trades as part ofthis€ontract:

1.7.2. Supply by Mechaniéal Contractor/Power wiring by Electrical Contractor/Controls wiring
by Controls Contractor:

1.7.24. Variable Speed Drives, where not integral part of mechanical equipment
1.7.3. SupplyMechanicalContractor / Install = Mech@nieal Contractor
1.7.3.1. Automatic control dampers (not suppligd withdpackaged equipment)

1.7.4. Supply Mech. Cohtractor/.install Control Contraétor /. wiredsby Control Contractor (not
supplied with packaged equipment)

1.7.4.1. Damper Actuators
1.7.5. Supply by Control Contractor /install by Mech,Contractor/ wireddby Control Contractor

1.7.5.1. Automatic Controls Valves & Adtuators
1.7.5.2. Space temperature sensors

1.7.6. Supply and wired by Control Contractor/ installed by Mechanical Contractor
1.7.6.1. Temperature Sensing Wells

1.7.7. Supply by Mech. Contractor/ installed by Mech. Contractor/ wired by Control, Contractor
1.7.7.1. Air and Hydronic Flow and Pressure sensors

1.7.8. The final completeness of all required components to make equipment operational as
indicated on the sequences of operation including wiring, setting and adjustment remains
as the final the responsibility of the mechanical contractor acting as the general
contractor.
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1.8. SUBMITTALS

1.8.1. Provide three copies of shop drawings and other submittals on hardware, software, and
equipment to be installed or furnished. Drawings should be 11” x 17” prints.

1.8.2. Provide submittals within 6 weeks of contract award.
1.8.3. Begin no work until submittals have been approved for conformity with design intent.

1.8.4. Provide drawings using AutoCAD 2007 (or newer) in following formats: original, pdf and
print.

1.8.5. Submittal appfoval does not relieve Contractor of responsibility to supply sufficient
materials t6 compléete work:

1.8.6. Provide submittals on thefollowing:

1:8.6.1: Product Submittals. Clearly indicate applicable data on manufacturer's cut sheets
by highlighting or by othermeans.General catalogs shall not be accepted as cut
sheets o fulfill submittal requirements. Select and show submittal quantities
appropriate to scope of work,

1.8.6.2. Network-<Architecture.  Risef diagram§ showing control network layout,
confégtions o, allxnetwork devices, gdmmudication protocols, network speeds
and wireltypes7_Include schematic diagfams of €ontrol, communication, and
power wiririg for céntral system instdllation.“Show interface wiring to control

system.

1.8.6.3. Schematics. Schematic diagram, of each controlled system. Label all control
points with point names,

1.8.6.4. Wiring diagrams including,complete power system, dntérlocks, control and data
communications.

1.8.6.5. Programming code listing for al-¢ontroliers

1.8.6.6. Manufacturers’ data/specification shieets and catalogue cuts for all material and
equipment supplied.

1.8.6.7. Floor plan schematic diagrams indicating field sensor and controller locations.

1.8.6.8. Valve Schedule. Indicate system and dévice designation, product name,

manufacturer, and model numbers (both valve and actuator), quantities, sizes, Cv
(design and actual), pressure drop, close-off pressure, configuration, ports, and
line sizes of each supplied valve and existing control valve.

1.8.6.9. Damper Schedule. Indicate system and device designation, product name,
manufacturer, size, and model numbers (both damper and actuator) of each
supplied damper/actuator and existing control damper/actuator.

1.8.6.10. Room and Equipment Schedules. Indicate controller type, address, model
number, object names, setpoints, and room location.
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1.8.6.11. Instrumentation list (Bill of Materials) for each controlled system. List each

control system element in a table. Show element name, type of device,
manufacturer, model number, and product data sheet number.

1.8.6.12. Manufacturer's description and technical data such as performance curves,

product specifications, and installation and maintenance instructions for items
listed below and for relevant items not listed below:

1.8.6.12.1. Direct digital controllers (controller panels)

1.8.6.12.2. Transducers and transmitters

1.8.6.12.3. Sensors (include accuracy data)

1.8.6.12.4. ActuatOrs

1.8.6.12.5. Valves

1.8.6.12.6. Z;Dampers

1.8.6.12.7. Relays andswitches

1.8.6.12.8. Controlganels

1.8,6.12.9. Power supplies

1.8.6712.10-Batteries

1.8.6.12°11, Operator interface equipment

1.87642.12: Wirihg

1.8.6.13. “~“Caomplete description of contrelfsystems operation including sequences of

operation“and -points-lists for each gbntrolasystem. Include and reference
schematic diagram«of controlled syStem. Alist 1/©. points and software points
specifiedimthis section Indicate alarmg@d anditrendgd points.

1.8.6.14. Wiring diagrafgs andlayouts for each control panell Show termination numbers.

1.8.6.15.  Schematic wiring diagram of €ach controlled systém. Label control elements and

terminals. Where a‘ebntrol€lemént is also shown on céntrol system schematic,
use the same name.

1.8.6.16. BACnet Protocol Implenentation Confermance Statement (PICS) for each

submitted type of controller andhoperator interface.

1.8.7. Schedules
1.8.7.1. Construction Schedule of work provided’@ithin one month of contract award,
indicating:

1.8.7.1.1. Intended sequence of work items

1.8.7.1.2. Start date of each work item

1.8.7.1.3. Duration of each work item

1.8.7.1.4. Planned delivery dates for ordered material and equipment and expected
lead times.

1.8.7.1.5. Milestones indicating possible restraints on work by other trades or
situations.
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1.8.8. Monthly written status reports indicating work completed and revisions to expected
delivery dates. Include updated schedule of work.

1.9. PROJECT RECORD DOCUMENTS

1.9.1. Submit three copies of record (as-built) documents upon completion of installation for
approval prior to final completion. Submittal shall consist of:

1.9.1.1. As-built versions of submittal shop drawings should be 11” x 17” prints. Provide
drawings using AutoCAD 2007 (or newer) in following formats: original, pdf and
print.
1.9.1.2. Testingd and “Commissioning Reports and Checklists. Completed versions of
reports, checklistspand trend logs used to meet requirements of this section
(Control System@emanstration and Acceptance).
1.9.1.3. An Information sheet/that contains:
1.9:1.3.1. School name and addfess
1.9.93:2./ /A brief deseriptigh of the” control details. i.e. total # of points, list of
equipment coritrals and which panels they a connected to.
1.971.3.3. <Panél’s, information» i.e. part numbers for panels used and their serial
nurbefrs,and revision # (if applicable)
1.9.1.3.4."7|Softwate version
1.9.1.3.5. Maodem telephone number
1.9.1.3.6. Warranty startdateand duration
1.9.1.3.7. BAS contractor NameS address, and Phone number
1.9.1.4. Detailed sequence-of operatian for each controlléd systém.
1.9.1.5. Control schematics'for each<system. Includingéa Systemi Architecture indicating
the type and modéll,number, for, all BAS componénts, the proposed
interconnection and location.of all'panels; network connection and key peripheral
devices (workstations, modems;-printers, répeaters, etc)
1.9.1.6. BAS Points List indicating the parfél ID, panel location, hardware address, point
acronym, point description, field deviée.type;/point type (i.e. AO/DO/AI/DI), end
device fail position, end device manufactiire and model number and wire tag ID.

1.9.1.7. Floor plan with the location of all field mounted control devices.
1.9.1.8. Programming code for all DDC controllers.
1.9.1.9. Wiring diagrams including complete power system, interlocks, control and data

communications.

1.9.1.10. Manufacturers’ data/specification sheets and catalogue cuts for all material and
equipment supplied. This section shall include a summary sheet that indicates all
BAS Device, Manufacturers’, model number, and quantity of each used on this
job.

1.9.1.11. Automatic control valves and dampers where required.

Project #: 2025-07



SAB Engineering Inc. Section 23 09 00
TLDSB HALIBURTON HIGHLANDS SS INSTRUMENTATION AND CONTROL FOR HVAC
HVAC Upgrade (Cafeteria & Kitchen) Page |10

1.9.1.12. Commissioning list including the name of the commissioning agent of the BAS
Contractor, his signature and the date of commissioning.

1.9.1.13. Licensed BAS workstation software.

1.9.1.14. BAS programming database stored on a USB memory stick.

1.10. WARRANTY
1.10.1. Warrant work as follows:

1.10.1.1.  Alllabour and material (hardware and software) supplied under this contract shall
be warrantéd free from defects for a period of two (2) years after final completion
and acceptance. Control system failures during the warranty period shall be
adjuSted, repaired,.or replaced at no additional cost to the Board. The Contractor
shall respond tofBoardirequest for warranty service within one (1) business day.

1.10.1.2. The final comipletion and substantial performance date shall be the date of the
project turnover meetings

1720.1.3~ Al awork shall have aéingle warranty date, even when the Board has received
beneficial use of pdrt of the systém in advance of the final completion date.

1.10.1.47,4 Thé contractor shall be respansible for correcting any deficiencies, errors or
omissiahs in operating stratégiesgprogramming code, system functionality or
pafameters and.operator workstation graphics.during the warranty period.

1.11. BOARD OWNERSHIP OF'PROPRIETARY MATERIAL

1.11.1. Project-specific software and< dotumentation “shall become Board's property. This
includes, but is not limitedto:

1.11.1.1. Record drawings / Docuinentation

1.11.1.2. Database

1.11.1.3. Application programming code-(Two copies and two licenses of Engineering
(Program) Tool)

1.11.1.4. All documentation.

1.12. FACILITIES WITH EXISTING BUILDING AUTOMATION SYSTEM

1.12.1. Where a facility has an existing BAS that is to be replated, modified or upgraded, the
Controls Contractor shall be responsible for ensuring that the entire system (hardware,
programming and system graphics) and all integral parts (new and re-used) are in
conformance with all requirements of the specifications outlined herein.

1.12.2. Ensure complete interoperability and compatibility between new and existing DDC
systems and components. Provide system firmware and/or hardware upgrades to
existing DDC panels/modules where required to ensure a complete working system to the
satisfaction of the Consultant.
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1.12.3. Where an existing DDC panel is re-used, ensure that sufficient controller memory is
present to provide for all specified control functions. Provide memory and/or panel
upgrades where required to meet system memory requirements.

1.12.4. Provide new network communication wiring for interconnection between all DDC panels
and interfaces.

1.12.5. Existing control wiring and conduits may be re-used only where they comply with the
requirements of these specifications and where approved by the Consultant.

1.12.6. Ensure that all re-uSed DDC panels/modules are upgraded to the latest version of system
firmware and system operating software.

1.12.7. Provide complete commissioning and verification of all re-used automation input/output
points, end devices and components.

1.42.8. Provide new labeling fof wiring, devicés and equipment where existing labelling does not
meet the réequirements of these specifications.

1.13. CRITICAL'ALARM<CONTROL SEQUENCES

1.13.1. Critical alatms are/displayed on the plant operatof’s PC. Critical alarms warn the building
operators abaut critical control problems thatdequire'immediate attention.

1.13.2. Critical alarms shall be activated for the following reasons:

1.13.2.1.  a boiler or air handler status has not responded to contfol by the FMS for more
than 5 minutes

1.13.2.2.  a VFD status has not résponded to control by the FMS/for miore than 5 minutes

1.13.2.3.  a heating pump or boiler‘gump status has not responded to control by the FMS
for more than 10 minutes

1.13.2.4.  aboiler flame ignition failed

1.13.2.5. a boiler low water cut off has shut thefboiler

1.13.2.6.  a boiler high limit temperature has shut the boiler

1.13.2.7. FMS low limit temperature controller has tripped

1.13.2.8.  FMS supply fan and return fan status has been‘QFF

1.13.2.9. aspace temperature has read below 160C for more than 10 minutes

1.13.2.10. the radiation supply water temperature is more than 100C below the supply
water low limit for 1 hour during heating season (as determined by OAT)

1.13.2.11. return water temperature in the radiation and glycol loops has dropped 100C
below the low limit.

1.13.3. The remote alarm shall remain in effect until all of the critical alarm conditions are
cleared.

Project #: 2025-07



SAB Engineering Inc. Section 23 09 00
TLDSB HALIBURTON HIGHLANDS SS INSTRUMENTATION AND CONTROL FOR HVAC
HVAC Upgrade (Cafeteria & Kitchen) Page |12

1.13.4. The remote alarm shall be disabled when the outside air temperature is above 100C.
PART 2 - PRODUCTS
2.1. CONTROLLERS
2.1.1. General.

2.1.1.1. Provide Building Controllers (BC), Advanced Application Controllers (AAC),
Application Specific Controllers (ASC), Smart Actuators (SA), and Smart Sensors
(SS) as required to achieve performance specified herein.

2.1.1.2. Every deVice in the system which executes control logic and directly controls
HVAE equipment must conform to a standard BACnet Device profile as specified
in ANSI/ASHRAE( 135-2004, BACnet Annex L. Unless otherwise specified,
hardwired actliators and sensors may be used in lieu of BACnet Smart Actuators
and SmartSensors.

2.1.2.. #<BACNET,

2.1.2.1: Building Controllers (BCs): Each BC shall conform to BACnet Building Controller
(B-BC)’device profile as specified indANSI/ASHRAE 135-2004, BACnet Annex L and
shdll be listéd as a certified B-BC'in the BACret Testing Laboratories (BTL) Product
Listing:

2.1.2.2. Advanced Application/Cantrollers (AACS). Each AAG, shall conform to BACnet
Advanced Apgplicatign. Controller (B-AAC) device profile as specified in
ANSI/ASHRAE 135-2004,/BACriet Annex L and shall be listed as a certified B-AAC
in the BACnet Testing Laboratories (BTL) Produét Listing

2.1.2.3. Application Specific Cantrollefs) (ASCs). Each ASC ghallfconform to BACnet
Application Specific Contrdller (B-ASE) device profile as specified in ANSI/ASHRAE
135-2004, BACnet Annex L and.shall be’listed as a certified B-ASC in the BACnet
Testing Laboratories (BTL) ProductiListing:

2.1.2.4. Smart Actuators (SAs). Each SA shall.¢onformto BACnet Smart Actuator (B-SA)
device profile as specified in ANSI/ASHRAE 135-2004, BACnet Annex L and shall
be listed as a certified B-SA in the BACnet_Testing Laboratories (BTL) Product
Listing.

2.1.2.5. Smart Sensors (SSs). Each SS shall conform to BACnet Smart Sensor (B-SS) device
profile as specified in ANSI/ASHRAE 135-2004, BACnet Annex L and shall be listed
as a certified B-SS in the BACnet Testing Laboratories (BTL) Product Listing.

2.1.3. BACNET Communication.

2.1.3.1. Each BC shall reside on or be connected to a BACnet network using ISO 8802-3
(Ethernet) Data Link/Physical layer protocol and BACnet/IP addressing.
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2.1.3.2. BACnet routing shall be performed by BCs or other BACnet device routers as
necessary to connect BCs to networks of AACs and ASCs.

2.1.3.3. Each AAC shall reside on a BACnet network using ISO 8802-3 (Ethernet) Data
Link/Physical layer protocol with BACnet/IP addressing, or it shall reside on a
BACnet network using the ARCNET or MS/TP Data Link/Physical layer protocol.

2.1.3.4. Each ASC shall reside on a BACnet network using the ARCNET or MS/TP Data
Link/Physical layer protocol.

2.1.3.5. Each SA shall reside on a BACnet network using the ARCNET or MS/TP Data
Link/Physical layer protocol.

2.1.3.6. Each SS shall reside on a BACnet network using ISO 8802-3 (Ethernet) Data
Link/Phisical“layer protocol with BACnet/IP addressing, or it shall reside on a
BAGhet network using ARCNET or MS/TP Data Link/Physical layer protocol.

2.2. COMMUNICATION

2.24. Control products, communicatief media, connectors, repeaters, hubs, and routers shall
comprise a BACnet internetwork. Eontroller and operator interface communication shall
canform to ANSI/ASHRAE Standard 1352004, BACnet.

2.2.2. Install'new wiring and\network devicés asa@quiredsto provide a complete and workable
control network.

2.2.3. Each controller'shall have-a communication portffor.temporary connection to a laptop
computer or other éperatofiinterface. Connection shall’support memory downloads and
other commissioning and troublésheoting operatians.

2.2.4. Internetwork operator interface andrvaluejpassing shall be transparerit to internetwork
architecture.

2.2.5. An operator interface connected to a egntroller’shall’allow the operator to interface with
each internetwork controller as if directly-¢onnectéd. Controller information such as data,
status, and control algorithms shall be viewadble and editable from each internetwork
controller.

2.2.6. Inputs, outputs, and control variables used to integrat&control strategies across multiple
controllers shall be readable by each controller on the internetwork. Program and test all
cross-controller links required to execute control strategies specified in this section. An
authorized operator shall be able to edit cross-controller links by typing a standard object
address or by using a point-and-click interface.

2.2.7. Controllers with real-time clocks shall use the BACnet Time Synchronization service.
System shall automatically synchronize system clocks daily from an operator-designated
controller via the internetwork. If applicable, system shall automatically adjust for
daylight saving and standard time.
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2.2.8. System shall be expandable to at least twice the required input and output objects with
additional controllers, associated devices, and wiring.

2.3. CONNECTION TO THE BOARD SERVER

2.3.1. Advise the Board representative of the proposed location of the system router/gateway
panel within the facility The controls vendor shall Provide a communication cable (RJ45)
between the BAS Controller and the schools HUB under the Board supervision and comply
with the Board standard and he shall connect the BAS to the Board server and WAN and
confirm that network access to the BAS has been established.

2.4. BOARD CENTRAL SERVER
2.4.1. New site databases'shalldie installed on the designated central TLDSB central server.

2.4.2. Provide written ngtificationdto the TLDSB representative prior to installing new site
databases to the TLDSB/server. Do nohinstall software or make any changes to the server
without thé written consent 6f the TLDSBirepresentative.

2.4.3. Setp and‘configure the serversoftware and area routers (where required) to allow for
seamléssiaccessto the,site BAS via the TLDSB WAN.

2.4.4. Coordinate all~activities related to the centrdl server with the TLDSB representatives.
Provide the TLDSB with’detailed documefitationfrelated to _any changes made to the
server software, setfings or‘protocols

2.5. LOCAL SERVICE PORTS

2.5.1. Every DDC panel shall be provided witha local.network access port‘to connect to laptop
computer. A user connected to thé local aceess/port shall have the same level of system
access and functionality as being connected to the site workstation PC.

2.5.2. Where BAS points (4 or more) are located ina'mechafical room that does not have a local
BAS panel installed, a remote network access poft shallbe provided. The access port shall
be installed in a hinged metal enclosure with key-lock set and lamacoid ID label.

2.6. COMMUNICATION
2.6.1. Service Port

2.6.1.1. Each controller shall provide a service communication port for connection to a
Portable Operator's Terminal. Connection shall be extended to space
temperature sensor ports where shown on drawings.

2.6.2. Signal Management

Project #: 2025-07



SAB Engineering Inc. Section 23 09 00

TLDSB HALIBURTON HIGHLANDS SS INSTRUMENTATION AND CONTROL FOR HVAC
HVAC Upgrade (Cafeteria & Kitchen) Page |15
2.6.2.1. BC and ASC operating systems shall manage input and output communication

signals to allow distributed controllers to share real and virtual object information
and to allow for central monitoring and alarms.

2.6.3. Data Sharing
2.6.3.1. Each BC and AAC shall share data as required with each networked BC and AAC.
2.6.4. Stand-Alone Operation

2.6.4.1. Each piece of equipment specified in this section Appendix A shall be controlled
by a sifigle \controller to provide stand-alone control in the event of
communieation failure. All 1/O points specified for a piece of equipment shall be
integral to its cofitroller. Provide stable and reliable stand-alone control using
default values‘or other method for values normally read over the network.

2.655. Environment

2.6.541. Controller hardwaré shall be suitable for anticipated ambient conditions.

2.6.5.2: Controllérs.used outdoors or/in wet ambient conditions shall be mounted in
waterproofienclosures and shall besfated for operation at -29°C to 60°C (-20°F to
140°F).

2.6.5.3. Controllers used “incconditioned space shall he, mounted in dust-protective

enclosures-and shall be rated for operatién at0°C to 50°C (32°F to 120°F).
2.6.6. Keypad

2.6.6.1. Provide a local keypadand display-for each BC and AAC/Operatonshall be able to
use keypad to view and'edit datas Keypad and display shall require password to
prevent unauthorized use.Af the mandfacturer does not normally provide a
keypad and display for each BCand AAC; provide the software and any interface
cabling needed to use a laptop computer-as.a Portable Operator's Terminal for
the system.

2.6.7. Real-Time Clock
2.6.7.1. Controllers that perform scheduling shall have areal-time clock
2.6.8. Serviceability

2.6.8.1. Controllers shall have diagnostic LEDs for power, communication, and processor.

2.6.8.2. Wires shall be connected to a field-removable modular terminal strip or to a
termination card connected by a ribbon cable.

2.6.8.3. Each BC and AAC shall continually check its processor and memory circuit status
and shall generate an alarm on abnormal operation. System shall continuously
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check controller network and generate alarm for each controller that fails to
respond.

2.6.9. Memory

2.6.9.1. Controller memory shall support operating system, database, and programming
requirements.

2.6.9.2. Each BC and AAC shall retain BIOS and application programming for at least 72
hours in the event of power loss.

2.6.9.3. Each ASC and SA shall use nonvolatile memory and shall retain BIOS and
applicatioh programming in the event of power loss. System shall automatically
downldad dynamic control parameters following power loss.

2.6.9.4. Each controllershalbhave a min. 25% spare memory to allow for future expansion.

2.6.9.5. Immunity to Pawer andiNoise. Controllers shall be able to operate at 90% to 110%
of nominaldvoltage.rating and shall perform an orderly shutdown below 80%
nominal voltage. Operation shall be protected against electrical noise of 5 to 120
Hzand from keyed radios up to 5AV at 1 m (3 ft).

2.6.10. Transformén-ASCpower supplyshall bé fused or current limiting and shall be rated at a
minimum.of 125% of ASC power consumption.

2.7. INPUT AND OUTPUTNTERFACE
2.7.1. General. Hard-wiré input and output points to BCs, AAGs, ASCS; or SAs.

2.7.2. Protection. Shorting an input oreutput point to itself, to anotherpoint, or to ground shall
cause no controller damage;.Input<or gutput point dontact with up<sto 24 V for any
duration shall cause no controllér damage.

2.7.3. Digital Inputs. Digital inputs shall nenijtor the on‘and off signal from a remote device.
Digital inputs shall provide a wetting cufrent of>at least 12 mA and shall be protected
against contact bounce and noise. Digital inputs shall.sense dry contact closure without
application of power external to the controller.

2.7.4. Pulse Accumulation Inputs. Pulse accumulation ingdts shall conform to binary input
requirements and shall accumulate up to 10 pulses per second.

2.7.5. Analog Inputs. Analog inputs shall monitor low-voltage (0-10 Vdc), current (4-20 mA), or
resistance (thermistor or RTD) signals. Analog inputs shall be compatible with and field
configurable to commonly available sensing devices.

2.7.6. Digital Outputs. Digital outputs shall send an on-or-off signal for on and off control.
Building Controller Digital outputs shall have three-position (on-off-auto) override
switches and status lights. Outputs shall be selectable for normally open or normally
closed operation.
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2.7.7. Analog Outputs. Analog outputs shall send a modulating 0-10 Vdc or 4-20 mA signal as
required to properly control output devices. Analog outputs shall not drift more than 0.4%
of range annually.

2.7.8. Tri-State Outputs. Control three-point floating electronic actuators without feedback with
tri-state outputs (two coordinated binary outputs). Tri-State outputs may be used to
provide analog output control in zone control and terminal unit control applications such
as VAV terminal units, duct-mounted heating coils, and zone dampers.

2.7.9. Universal Inputs and Outputs. Inputs and outputs that can be designated as either binary
or analog in softw@areshall conform to the provisions of this section that are appropriate
for their desighated use,

2.8. POWER SUPPLIES AND LINE FILTERING

2:8.1. Allelectronic equipment shall be cafaplete with all necessary devices to safeguard against
voltage spikes, fluctuations, ordny othér power line anomalies, which might damage the
equipment.

2.8.2. Power Supplies. Cantrol transformers/shall bedL listed. Furnish Class 2 current-limiting
type orAurnish-overscurrent protectiondin primary,and secondary circuits for Class 2
service in aetordance with. NEC requirementsd Limit«&€ennected loads to 80% of rated
capacity.

2.8.3. DC power supply output shalirmatch,output current and voltage requirements. Unit shall
be full-wave rectifier type with, output ripple of 5.00 mV.ahaximum peak-to-peak.
Regulation shall be 1.0% lingzand load combined, with! 100-microsecond response time
for 50% load changes. Unit shall have built-in over-voltage and ovér-current protection
and shall be able to withstand 150%,current-ovérload for at least three seconds without
trip-out or failure.

2.8.4. Unit shall operate between 0°C and 50°C (322F and 120°F). EM/RF shall meet FCC Class B
and VDE 0871 for Class B and MILSTD 810C for shock and vibration.

2.8.5. Line voltage units shall be UL recognized and CSA listed.
2.8.6. Power Line Filtering.

2.8.6.1. Provide internal or external transient voltage and surge suppression for
workstations and controllers. Surge protection shall have:
2.8.6.1.1. Dielectric strength of 1000 V minimum
2.8.6.1.2. Response time of 10 nanoseconds or less
2.8.6.1.3. Transverse mode noise attenuation of 65 dB or greater
2.8.6.1.4. Common mode noise attenuation of 150 dB or greater at 40-100 Hz
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2.9. AUXILIARY CONTROL DEVICES

2.9.1. Automatic Control Valves

2.9.1.1.

2.9.1.2.

Automatic control valves, shall be globe type valves. Valves and actuators shall
be ordered as one factory-assembled and tested unit. Control ball valves will not
be accepted.

Submit to the Consultant for review the following information for each valve:

2.9.1.2.1. Valve type and size

2.9.1.2.2. Connection type

2.9.1.2.3. Linesize

2.9.1.2.4. Valve manufacturer and model number
2.9.1.2.5. < Valve'flow cogefficient

2.9.1.2.6. Design flow

2.9.1.2.7. Pressuré drop acfoss valve.

2.9/1.2.8. , Maximum close-off gressure

2.9.1.2/9. CActuator manufatturérand medel number

2:9:1.2.10) Actuator maximum torque

2.9.13.

2.9.1.4.

2.9.15.

2.9.1.6.
2.9.1.7.

2.9.1.8.

2.9.1.9.

2.9.1.10.

2.9.1.11.

Valves2”(50mm) and smallerhall be.ednstructed of bronze. Valves 24” (65mm)
dnd largérshall-have iron bodies@nd bronzZéymountings.

All 'edntrol walves shall have ‘stainlessfsteel Stems. The bronze in bodies and
bonnets’ef all’bronze valves shall gonfornd to ASTM B62 for valves rated up to
150psig (1035 Kpa)«working pressure @hd to ASTM/B61 for valves rated at 200
psig (1380 Kpa) working. pressure. The bedies and bonnets of iron body valves
shall conform to ASTM A126, Class B.

Control valve discs anhd'seats shall b€ of bronze for 100 °C or lessflbid temperature
and of stainless steel forfluid temperatures above 100 “C.

The control valves shall have tight shut-offo Flat disk valves are not acceptable.
Control valves 2” (50mm) and simaller shall be complete with screwed ends type,
except for bronze valves installéedZin soldered copper piping which shall be
complete with soldering ends. Controhvalvesclarger than 2” (50mm) shall be
complete with flanged end type and propér flanged adapters to copper shall be
provided where flanged valves are installed inj¢copper piping.

The water control valves shall be sized for a preSsure drop of 6 ft. water column
or as indicated on mechanical drawings.

Each automatic control valve must provide the design output and flow rates at
pressure drops compatible with equipment selected.

Each automatic control valve must be suitable for the particular system working
pressure.

Each automatic control valve shall be fitted with a position indicator.

Project #: 2025-07



SAB Engineering Inc. Section 23 09 00
TLDSB HALIBURTON HIGHLANDS SS INSTRUMENTATION AND CONTROL FOR HVAC
HVAC Upgrade (Cafeteria & Kitchen) Page |19

2.9.1.12. All the same type control valves shall be the products of a single manufacturer
and have the manufacturer’s name, pressure rating and size clearly marked on
the outside of the body.
2.9.1.13. All heating valves: default position shall be fully open to the coil.
2.9.1.14. Valves providing two-position service shall be quick opening. Two-way valves
shall have replaceable disc or ball.
2.9.1.15. Close-off (Differential) Pressure Rating. Valve actuator and trim shall provide the
following minimum close-off pressure ratings.
2.9.1.16. Two-way: 150% of total system (pump) head.
2.9.1.17. Three-wayi 300% of pressure differential between ports A and B at design flow or
100% of total'system (pump) head.
2.9.1.18. Poris. Valvesfroviding modulating service shall have equal percentage ports.
2.9.1.19. Sizing.
2.9.1.19.1. Two-positionservice: line size.
2.9)1.19.2. Two-way modulatingfservice: select pressure drop equal to the greatest of
twice the pressuré drop through heat exchanger (load), 50% of the pressure
difference between supply and return mains, or 35 kPa (5 psi).
2.97149.3.° Threesway modulating sertice: select pressure drop equal to the smaller of
twice the<pressure drop through the coil exchanger (load) or 35 kPa (5 psi).
2.9.1.20. Standard of Acceptance: Belimo

2.9.2. Electric Damperahd Valve Actuators.

2.9.2.1. Stall Protectiofi. Mechanicalor electronie stall protection.shall prevent actuator
damage throughdut.the actuator's rotation.

2.9.2.2. Spring-return Mechatism. Actuatofs used for pawer-failure,dieating and safety
applications shall have ‘an internal mechanical spring-réturn mechanism or an
uninterruptible power supply)(UPS);-unléss otherwise specified

2.9.2.3. Signal and Range. Proportional.actuators, shall accept a 0-10 Vdc or a 0-20 mA
control signal and shall have a 2-10/dc or4-20 mA operating range. (Floating
motor actuators may be substituted for proportional actuators in terminal unit
applications as described in paragraph 2.6H))

2.9.2.4. Wiring. 24 Vac and 24 Vdc actuators shall opefate on Class 2 wiring.

2.9.2.5. Manual Positioning. Operators shall be able to manually position each actuator
when the actuator is not powered. Non-spring-return actuators shall have an
external manual gear release. Spring-return actuators with more than 7 Nem (60
in.-Ib) torque capacity shall have a manual crank.

2.9.2.6. Standard of Acceptance: Belimo

2.9.3. Positive positioning Relays.
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2.9.3.1. Whenever a controller has to proportion more than one motor on a single

damper, a positive positioning relay must be used. Whenever a controller has to
sequence two or more devices, such as valves or dampers, and for all damper
operators on modulating dampers, positive positioning relays must be used.
Sequencing by spring ranges alone will not be acceptable. Positive positioning
relays have positive mechanical feedback of the controlled device, ratio relays are
not acceptable.

2.9.4. Switches

2.9.4.1. Pressure électric switches have diaphragm operated D.P.D.T. snap acting contacts
with électrical rating suitable for applications as specified. Pressure electric
switches withstand wp to 25 psig. And are provided with adjustable cut-in and
cutout settingstbetween 3 and 20 psig.

2.9.4.2. Water flow!switches'are general purpose with a paddle actuated snap acting
D.P.D.T. switch fated at46 amp. 120/1/60 A.C.
2.9(4.3. Air_proving (differefitial \pressure) switches utilize a differential pressure

activated, diaphragmhactuated/ snap acting D.P.D.T. switch rated at 9.8 amp
120/4/60°A.C. full load."Select/differential pressure range to suit the application
dnd setpointds-adjustable. Mount switcheésywith diaphragm in a vertical plane.
Switéhes are CSA/approved.

2.9.44. Install fminimum’positioning switches inside local cabinets and lock switches after
system balahcing.

2.9.4.5. Damper end ‘switches are "DPDT, lever operated, activated by damper blade
movement and mbunted-sectrely on damper framie. Switches have contact
ratings of 5A at 120 VVAC and’are CSA approved.

2.9.5. Electronic Temperature Sensors

2.9.5.1. All mixed air sensors are 1000 ohfm nickél; resistance temperature detector (RTD)
type with a twenty-five foot averaging,elemént. Accuracy of the RTD sensor shall
be +/-0.6°C over a range of —=7°C to 49°€ (19°F to 120°F).

2.9.5.2. All supply and return air sensors are 1008-ohm nickel RTD type temperature
detectors. The sensor probe has a minimum lehgth of 450mm (18"). The accuracy
of the sensor is +/-0.6°C over a range of 4°C to 66°C (39°F to 151°F).

2.9.5.3. All space sensors (unless noted differently on drawings) are 1000 ohm nickel RTD
type temperature detectors. All space sensors are provided with vented
protective covers, local temperature adjustment of +/-1°C from setpoint, built in
occupancy sensor. There shall be no temperature display.

2.9.5.4. Local temperature adjustment is by two cap touch buttons and LED scale (no
actual temperature gradients will be accepted). The accuracy of the sensor is +/-
0.6°C over a range of 4°C to 49°C (39°F to 120°F).
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2.9.5.5. All space sensors for vestibules, corridors and other high traffic areas shall be

nickel RTD stainless steel plate temperature sensor 100 ohm. Equal to Enercorp.

2.9.5.6. All liquid immersed sensors are 1000 ohm nickel RTD type temperature detectors.
Each sensor is provided with a stainless steel well, suitable for the working
temperature and pressure of the fluid. The accuracy of the sensor is +/- 0.6°C over
a range of —=7°C to 49°C (19°F to 120°F).

2.9.5.7. Outdoor air sensor is the 1000 ohm nickel RTD type temperature detector. The
RTD sensor is mounted in a weatherproof enclosure. The accuracy of the sensor
is +/- 0.6°C over a range of —40°C to 40°C (-40°F to 120°F).

2.9.5.8. All sensorgélements other than those for space sensors shall be housed in a
factoryémade stainless-steel sheath.

2.9.5.9. All sénsorsish@all besalibrated and linearized. Include a written documentation of
individual sensafs for kecords.

2:9,6. Duct Averaging Temperature Sensors

2.9¢6.1. Provide plenum moufted mixed air temperature averaging type sensors with the
following minimum characteristics:
2.9.611L1. Constructed of FT6 plenum ratedhcable incorporating a minimum of 9
temperature sensors epricapSulated af 'equal distances along the 24 foot
length of the element. The assembly acts as a single sensor reporting the
avérage temperature from all in@ividudl sensors.
2.9.6.1.2. End-té-gnd accuracy+/- 0.3 °C.
2.9.6.1.3. Mount in @zigzagmanher to provide continuols coverage of the entire duct
cross-sectionalarea.
2.9.6.1.4. The use of thermistor typesensars is required.
2.9.6.2. Standard of Acceptance“Greystone

2.9.7. Outdoor Air Temperature Sensors

2.9.7.1. Provide outdoor air temperature ,sensors, with the following minimum
characteristics:
2.9.7.1.1. Each sensor shall be 10Kohm thermistet/probe
2.9.7.1.2. Provide two sensors for each site.
2.9.7.1.3. Both sensors shall be mounted inside a heavy-duty (blow-proof) solar shield.
2.9.7.1.4. Provide a heavy-duty, metal, wire guard.
2.9.7.2. Standard of Acceptance: Greystone

2.9.8. CO; Sensor

2.9.8.1. Provide CO, sensors for either wall or duct mounting applications as specified.
Provide a heavy duty metal guard to protect the sensor when mounted on walls.
Provide the factory-supplied duct mounting kit for all duct mount applications.
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2.9.8.2. The sensor shall be microprocessor controlled, fully digital, non-dispersive dual

wavelength infrared technology with temperature compensation. The device
output shall be 4 to 20mA.

2.9.8.3. The sensor shall have a measurement range of 0 to 3000ppm with an accuracy of
+/-25ppm in the 15-30C range. Long term stability shall be no greater than 20
ppm per year. The user selectable range shall be 0 to 1500ppm.

2.9.8.4. Install the sensor in accordance with all manufacturer’s instructions. Wall
mounted sensors shall be installed at a minimum height of 72” above the finished
floor. Sensors shall not be mounted on an outside wall, close to a window, door
or in draft@reas with direct airflow.

2.9.8.5. The stafidard of acceptance shall be Greystone

2.9.9. Air Differential Pressure ransmitters

2.9.9.1. Provide differential«pressure transmitters to sense differential pressure and
convert to a proportiodal electrical output in applications such as pressure
independent Variablé AirVolume, terminals, S/A duct static pressure, etc. The
differential pressurerange is selected to match the applications. Select materials
suitable for.the measured variable,<i®. water and air, and to withstand a
minimurm_of twice the normal working pressure.

2.9.9.2. Each’sensor’is provided with an industry standard 4-20 mA transmitter, mounted
at the'sensor nat the'SCU or paneldnless ifi @ finished area. The transmitter and
sensor have-a combined accuracy of 0.5% of the différential pressure range.

2.9.9.3. Static pressuré pickups-within finished“@reas aré in blank thermostat cases.
Outside static préssure reference heads are completé with a wind baffle cap to
eliminate wind pressure effects.-The static pressure g£ontralleris of the slack
diaphragm type with a minimumZsetpoint range of .04 in€hes to 6.0 inches W.G.

2.9.10. Liquid Pressure Differential Transmitters

2.9.10.1. The differential pressure transmittéf'is designed with dual remote sensors that
enable it to accept high pressure in ranges up to 500 PSI. All models are rated for
overload pressure 2X the maximum fully seale range and burst pressure is 5X the
maximum full scaled range. Features include field selectable pressure ranges and
output signal types, output reversal and slow damping, port swapping and
bidirectional measurements for the most flexible applications. The output signal
is factory calibrated and temperature compensated for the highest start-up
accuracy.

2.9.10.2. Provide a 3-valve manifold assembly (optional kit to be ordered with sensor) to
facilitate sensor servicing and maintenance.
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2.9.10.3. Coordinate with the mechanical contractor to provide a pressure tap complete
with shut-off valve and “pig tail” tubing (primed with water) for each sensor used
to monitor steam pressure.
2.9.10.4. Specifications:
2.9.10.4.1. Power Supply: 24 Vac/dc + 10% (non-isolated half-wave rectified)
2.9.10.4.2. Output Signal: 4-20 mA sourcing, 0-5/0-10 Vdc (switch selectable)
2.9.10.4.3. LCD:35x 15 mm (1.4 x 0.6"), 2-line x 8-character
2.9.10.4.4. Accuracy: + 1% full scale of selected range (range 4 is + 2%)
2.9.10.4.5. Stability: + 0.25% FS typical (1 year)
2.9.10.4.6. Pressufe Ranges: 4 per model (menu selectable)
2.9.10.4.7. Media Compatibility: 17-4 PH stainless steel
2.9.10.4.8. 4Proof PreSsures2X highest range per model
2.9.10.4.9. Burst Pressure: 20X highest range per model
2.9.10.4.10.Pressurg Cycles: > 100 million
2.9)10.4.11.Sensor Operating Range:»40 to 105°C (-40 to 221°F)
2.9.104.12-Operating ‘Envirofiment: 0 to 50°C (32 to 122°F), 10 to 90 %RH non-
condensing
2.9710.4.13: Pressure Connectiorn: 1/4"MNPT male
2.9.10:4,44.Sensor Hausing: IP67
2.9.10.4.15,Remote Sensor Cable: S: FI-6 plenui rated, A: Armored Flexible S/S
2.9.10.4.16. Wiring Conhection: 14-22 AWG strew términal block
2.9.10.4.17.Enclosare: Polycarbonate, UL94-V0,AP6E5 (NEMAAX)
2.9.10.5. Standard of Ateeptance: Greystone DP seties

2.9.11. Control Relays

2.9.11.1. Control relays are DPDT-for contriol of electrical startérs and equipment where
shown on the Point Schedulé)
2.9.11.2. Coil voltage matches the Unit Controller<Contacts are rated at 5A at 120 VAC.

2.9.12. Time Delay Relays

2.9.12.1. Time delay relays shall be solid-state plug-in type, UL listed, and shall have
adjustable time delay. Delay shall be adjustable +100% from setpoint shown.
Contact rating, configuration, and coil voltage shall be suitable for application.
Provide NEMA 1 enclosure for relays not installed in local control panel.
2.9.12.2. Standard of Acceptance: Enercorp

2.9.13. Override Timers

2.9.13.1. Unless implemented in control software, override timers shall be spring-wound
line voltage, UL Listed, with contact rating and configuration required by
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application. Provide 0-6 hour calibrated dial unless otherwise specified. Flush
mount timer on local control panel face or where shown.

2.9.14. Current Transmitters

2.9.14.1. AC current transmitters shall be self-powered, combination split-core current
transformer type with built-in rectifier and high-gain servo amplifier with 4-20 mA
two-wire output. Full-scale unit ranges shall be 10 A, 20 A, 50 A, 100 A, 150 A, and
200 A, with internal zero and span adjustment. Unit accuracy shall be £1% full-
scale at 500 ohm maximum burden.

2.9.14.2. Transmittér shall meet or exceed ANSI/ISA S50.1 requirements and shall be
UL/CSA recognized.

2.9.14.3.  Unit shall'be split-€ore type for clamp-on installation on existing wiring.

2.9.15. Current Transformer§

2/9.15:1) AC current transformefs shallhbe UL/CSA recognized and shall be completely
encased (except fopterminals) infapproved plastic material.

2.9.15.2, Transformers shall be @vailable/invarious current ratios and shall be selected for
*1% accuracy at 5 A full-scale/outputs

2.9.15.3. Use fixed-coré" transformérs® for new wiring installation and split-core
transfermersfor existing wiring installation.

2.9.16. Voltage Transmittérs

2.9.16.1. AC voltage transmitters-shallbe self-powered single-leép (two-wire) type, 4-20
mA output with zefg-and span adjustment.

2.9.16.2.  Adjustable full-scale unhitrangesshallbe 100-130 Vac,200-250Vac, 250-330 Vac,
and 400-600 Vac. Unit accuracy shall'be +1% full-scale at 500 ohm maximum
burden.

2.9.16.3. Transmitters shall meet or exce€d ANSI/ISA S50.1 requirements and shall be
UL/CSA recognized at 600 Vac rating:

2.9.17. Voltage Transformers

2.9.17.1. AC voltage transformers shall be UL/CSA recoghized, 600 Vac rated, and shall
have built-in fuse protection.

2.9.17.2. Transformers shall be suitable for ambient temperatures of 4°C-55°C (40°F-130°F)
and shall provide +0.5% accuracy at 24 Vac and 5 VA load.

2.9.17.3. Windings (except for terminals) shall be completely enclosed with metal or
plastic.

2.9.18. Power Monitors
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2.9.18.1. Power monitors shall be three-phase type and shall have three-phase disconnect
and shorting switch assembly, UL listed voltage transformers, and UL listed split-
core current transformers.

2.9.18.2. Power monitors shall provide selectable output: rate pulse for kWh reading or 4-
20 mA for kW reading. Power monitors shall operate with 5 A current inputs and
maximum error of £2% at 1.0 power factor or £2.5% at 0.5 power factor.

2.9.19. Current Switches

2.9.19.1. Current-operated switches shall be self-powered, solid-state with adjustable trip
current. Seleet switches to match application current and DDC system output
requiréments.

2.9.20. Current Sensors (Analog)

2.9.20:1. Current seénsors (CT) shalltbe used for status monitoring of all motor-driven
equipment, where spegified.

2.9020.2. ~/Fechnical Performarce — Output should be only 4-20mA only. Voltage output will
not’be atcepted. End-te-end agcuracy +/- 1% of full scale at each range.

2.9.20.3. "/The current sensors shall be mountéd inside the starter cabinets whenever
possible.~If, this'is not possible due to space limitation, provide an enclosure to
housedhe sensor.

2.9.20.4. Standardfof Accéptance: Enercorp

2.9.21. Status Relays (Solid State)

2.9.21.1. The status relays shall be mounted inside newly provided enclosures mounted
near the respective equipment/starter cabinets.

2.9.21.2. Standard of Acceptance: Omron Low-Valtage Space Thermostats. Low-voltage
space thermostats shall be 24/\/, bimetal-Gperated, mercury-switch type, with
adjustable or fixed anticipation hedter, concealed setpoint adjustment, 13°C-30°C
(55°F-85°F) setpoint range, 1°C (2°F),maximum differential, and vented ABS
plastic cover.

2.9.22. Fire stopping and Smoke Seal Materials

2.9.22.1. Asbestos-free elastomeric materials tested, listed and labelled by ULC in
accordance with CAN4-S115-M85, for installation in U.L.C. designated
firestopping and smoke seal Systems. These Systems shall provide a positive fire,
water and smoke seal and a fire- resistance rating (flame, smoke hose stream and
temperature) not less than the fire resistance rating of surrounding construction.

2.9.22.2. Materials shall form ULC listed or UL classified assemblies and be compatible with
abutting dissimilar materials and finishes.

2.9.22.3. Standard of Acceptance:
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2.9.22.3.1. 3M Canada Limited
2.9.22.3.2. A/D Fire Protection System Ltd.
2.9.22.3.3. Fire Stop System

2.9.23. Wall Opening Covering Plates

2.9.23.1.  All hole covering plates used on this project shall be stainless steel 18-8 chrome
metal alloy, type 302, non-magnetic type for finished areas and pressed steel for
unfinished areas. Finish brush marks shall be run in a vertical direction.

2.9.24. Access Doors

2.9.24.1. Access doors dnstalled in unfinished areas shall be constructed of 12 ga prime
coated steel"and’ of\stainless steel for all areas finished with tile or marble
surfaces.
2.9.24:2. Access dodrs shall'be complete with 180? opening door, round safety corners,
concealed hinges, screwdriver latches, plaster lock and anchor straps.
2.9024.3. ~/Access doors shall bé 24'x 24’ or A2/x 18’ as per site condition.
2.9.244, Access doors in fire rated construction shall be ULC listed and labeled and of a
rating¥o maintain the fire separationdhtegrity.
2.9.24.5. Standardof Acteptance:
2.9.24.5.1. Zurn Inddstries'Canada Limited
2.9.24.5.2. LeHage Industries Limited
2.9.24.5.3. Acudor@corn Limited:

2.9.25. Local Control Panels

2.9.25.1. Indoor control panels‘shall be“fully enclosed NEMA ¥ construction with hinged
door key-lock latch and rémovable-subpanels. A common key shall open each
control panel and sub-panel.

2.9.25.2. Prewire internal and face-moufited dévice connections with color-coded
stranded conductors tie-wrapped orineatly/installed in plastic troughs. Field
connection terminals shall be UL listed f6r 600 V service, individually identified
per control and interlock drawings, with adéquate clearance for field wiring.

2.9.25.3.  Each local panel shall have a control power seurce power switch (on-off) with
over current protection.

2.10. FAIL STATE POSITION OF OUTPUTS

2.10.1. Unless specified otherwise, configure BAS output points for the following fail state (e.g.
device position upon panel failure):

2.10.1.1. All Fans OFF
2.10.1.2. Heating Valves Full heat to terminal device
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2.10.1.3.  Mixing Dampers Full recirculation air
2.10.1.4. Face/Bypass Dampers Full to face
2.10.1.5. Zone Dampers Full heat
2.10.1.6. Heating Pumps ON (except boiler belly pumps)
2.10.1.7. Boiler Belly Pumps OFF
2.10.1.8. Variable Frequency Drives ON, minimum programmed speed
2.10.1.9. Lighting Relays Last State
2.10.1.10. Boilers (1 stage) ON
2.10.1.11. Boilers (Multi-stage) LOW ON, HIGH OFF
2.10.1.12. Cooling Eglipment OFF
2.10.1.13. Electrig’Heating OFF
2.10.1.14. Domestic Hot Water Pumps OFF
2.10.1.15. Roof-top Gas Burners OFF

2.11AN CABLING

2.11.1,

2.11.2.

2.11.3.

2.11.4.

2.11.5.

2.11.6.

2.11.7.

2.11.8.

All LAN cablihg shall be Category \has defined by EIA/TIA 568A. The contractor shall test
allocabling, tolverify that' 200Mb bandwidth is supported. See commissioning
requirements.

Cabling shall,.be 4pair, 100 ohm UTP, #24 AWG solid.copper conductor PVC insulated,
with blue or grey colotr caoded jacket. FT6dated cable shall be used unless otherwise
required to meet'building’codes or by-laws.

Data outlets shall be R}5, 8 pin) cofinectors, with 50 microns ofthard gold over nickel,
minimum durability of 7504hating cycles-and contact pressure of 100 grams per contact.
Transmission characteristics shéll meet TSB-40 Category V.

Provide one RJ45 data outlet adjaceit to each.dévice to be terminated (e.g. workstation
PC, DDC panel, hub, etc.) Use a flexible'patch’cable to connect from the data outlet to
the end device. For Delta Controls instalfations;’ provide a duplex data outlet at the
workstation PC to accommodate the remote security key-wiring. LAN cabling shall not be
directly terminated to any device.

Provide protection from EMI sources in accordance with . €SA-T530 article 4

The contractor shall test all cabling to verify conformance with TIA /EIA TSB-67 - Basic Link
Test using a Level 2, bi-directional tester. See commissioning requirements.

Where there are more than 2-90 degree in a conduit run, provide a pull box between
sections so that there are two bends or less in any one section.

Where a conduit run requires a reverse bend, between 100 degrees and 180 degrees,
insert a pull box at each bend having an angle from 100 degrees to 180 degrees.
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2.11.9. Ream all conduit ends and install insulated bushings on each end.

2.11.10. Terminate all conduits that protrude through the structural floor 2” above the
concrete base.

2.11.11. Do not use a pull box in lieu of a conduit bend. Align conduits that enter a pull
box from opposite ends with each other.

2.11.12. FIBER OPTIC CABLE SYSTEM

2.11.13. Optical Cable. Optical cables shall be duplex 900 mm tight-buffer construction
designed for intr@-building environments. Sheath shall be UL listed OFNP in accordance
with NEC Arti€le 770. Optical fiber shall meet the requirements of FDDI, ANSI X3T9.5 PMD
for 62.5/125mm.

2.11.14. Connectorst Field teriminate optical fibers with ST type connectors. Connectors
shall have ceramic ferrules and mietal bayonet latching bodies.

2.12. WIRING)AND RACEWAYS

2.12.1. Generah, Provide copper wiring, plentm cabl€, and raceways as specified in applicable
sections df Division,26:

2.12.2. Insulated wire4shall use copper conductofs anddshall“be UL listed for 90°C (200°F)
minimum service.

PART 3 - EXECUTION
3.1. EXAMINATION

3.1.1. Thoroughly examine project plans for control device and equipment locations. Report
discrepancies, conflicts, or omissions t@ Consultant for resolution before starting rough-
in work.

3.1.2. Inspect site to verify that equipment can be installed*as shown. Report discrepancies,
conflicts, or omissions to Consultant for resolutiontiefore starting rough-in work.

3.1.3. Examine drawings and specifications for work of others. Report inadequate headroom or
space conditions or other discrepancies to Consultant and obtain written instructions for
changes necessary to accommodate this Section’s work with work of others. Controls
Contractor shall perform at his expense necessary changes in specified work caused by
failure or neglect to report discrepancies.

3.2. PROTECTION
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3.2.1. Controls Contractor shall protect against and be liable for damage to work and to material
caused by Contractor's work or employees.

3.2.2. Controls Contractor shall be responsible for work and equipment until inspected, tested,
and accepted. Protect material not immediately installed. Close open ends of work with
temporary covers or plugs during storage and construction to prevent entry of foreign
objects.

3.3. COORDINATION

3.3.1. Site.
3.3.1.1. Assist in eoordinating space conditions to accommodate the work of each trade
where work'will e installed near or will interfere with work of other trades. If
installation without ceordination causes interference with work of other trades,
Contractorishall/correct conditions without extra charge.
3.3.1.2. Coordinate and schedule workwith other work in the same area and with work

depehdent upon otlier work to facilitate mutual progress.

3.3.2. LifeSafety.

3.3.2.1. Duct,smokeé, detectors required for airghandler shutdown are provided under
Divisian,16 and/or/are existing. Inteflock smoke,detectors to air handlers for
shutdown;

3.3.2.2. Smoke dampérs andjactdators required for duct smoke isolation are provided
under Division 23 and/6r’are existing. Interlock smoke.d@ampers to air handlers

3.3.2.3. Coordination with‘Qther Controls. Integrate with'and /£oordinate controls and
control devices furnishied or installed-by others as follows.

3.3.24. Communication media and equiprment shall be provided as specified herein

3.3.2.5. Each supplier of a controls praduct shall configure, program, start up, and test

that product to meet the sequences of operation described herein regardless of
where within the contract documentstthose products are described.

3.3.2.6. Coordinate and resolve incompatibility® issues that arise between control
products provided under this section and those provided under other sections or
divisions of this specification.

3.3.2.7. The contractor is responsible for providing all controls described in the contract
documents regardless of where within the contract documents these controls are
described.

3.3.2.8. Controls Contractor shall be responsible for integration of control products

provided by multiple suppliers regardless of where integration is described within
the contract documents.

3.4. GENERAL WORKMANSHIP
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3.4.1. Install equipment, piping, and wiring or raceway horizontally, vertically, and parallel to
walls wherever possible.

3.4.2. Provide sufficient slack and flexible connections to allow for piping and equipment
vibration isolation.

3.4.3. Install equipment in readily accessible locations as defined by National Electrical Code
(NEC) Chapter 1 Article 100 Part A.

3.4.4. Verify wiring integrity to ensure continuity and freedom from shorts and ground faults.

3.4.5. Equipment, instéllation, and wiring shall comply with industry specifications and
standards and local codes for performance, reliability, and compatibility.

3.5. FIELD QUALITY CONTROL

3.5.1. Work, materials, and eguipmentdshall comply with rules and regulations of applicable
local,/state;~and federal codes and ordinances as identified in this section (Codes and
Standards).

3.5.2. Continually menitorfield installation for code€ompliance and workmanship quality.

3.5.3. Contractorshall arfang€ for work ‘inspectioi by lécal or state authorities having
jurisdiction ovef’the work.

3.6. EXISTING EQUIPMENT

3.6.1. Wiring. Interconnecting centrol wiring shall be removed and shall become Contractor's
property unless specifically neted or shown' to be reused.

3.6.2. Local Control Panels. Remove and detjver existing control panels to Board.

3.6.3. Repair. Unless otherwise directed, Contraetor is not-responsible for repair or replacement
of existing energy equipment and systefs,, valves, dampers, or actuators. Notify
Consultant in writing immediately of existing equipment that requires maintenance.

3.6.4. Indicator Gauges. Ensure operation of and recalibrat€eifer reasonable accuracy or replace
existing gauges.

3.6.5. Room Thermostats. Remove and deliver existing room thermostats to Board unless
otherwise noted. Patch and finish holes and marks left by removal to match existing walls.

3.6.6. Electronic Sensors and Transmitters. Remove and deliver existing sensors and
transmitters to Board.

3.6.7. Controllers and Auxiliary Electronic Devices. Remove and deliver existing controllers and
auxiliary electronic devices to Board.
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3.6.8. Damper Actuators, Linkages, and Appurtenances: Remove and deliver existing damper
actuators, linkages and appurtenances to Board.

3.6.9. Control Valves. Replace existing control valves with new. Deliver removed control valves
to Board.

3.6.10. Existing System Operating Schedule. Existing mechanical system may be disabled during
this work.

3.6.11. Maintain fan scheduling using existing or temporary time clocks or control systems
throughout the costrol system installation.

3.6.12. Modify existifig starter control circuits if necessary to provide hand-off-auto control of
each controlled starter. Farnish new starters or starter control packages as required.

3.6.13. Patch holes and fini§h to match existing walls.

3.6.14- At Board's request, items to bé delivered to Board shall instead be properly disposed of.
Hazardous materials shall{be disposed in accordance with current regulations and
applicable by-laws;,

3.7. WIRING

3.7.1. Control and intérlock wiringland installationghall cofmply with national and local electrical
codes, and manufacturer'syrecommendations.

3.7.2. NEC Class 1 (line voltage). wiring’/shall'be UL listed'in approveddfaceway as specified by
NEC.

3.7.3. All wiring shall be installed in EMT conduit-untess specified athérwise. Exposed wiring in
finished areas (e.g. corridors, classroems, gymnasidms, etc.) shall be installed in wiremold
(colour to match surrounding area)

3.7.4. Wiring from DDC controllers to sensors and‘actuators and control system network and
low voltage wiring running in accessible ceilings may be installed using LVT cable. Where
the ceiling is used as a return air plenum, plenum rated cable shall be used in lieu of LVT
cable.

3.7.5. Install EMT and cable at right angles to building lines, securely fastened, and in accordance
with current electrical codes and standards.

3.7.6. Power and control wiring shall be copper conductor (RW90). For power wiring, provide
#12 AWG (minimum) with a 3% maximum voltage drop in accordance with CEC
requirements. Control wiring shall be a minimum of #14 AWG, unless otherwise specified.
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3.7.7. The wires smaller than 18 gauge shall not be used and will not be accepted on the project
except for: wiring between terminal computer devices, wire in standard communication
cables, such as printers and short haul modems, wire used in communication networks,
i.e. any cable transferring digital data, using twisted shielded pairs.

3.7.8. The wiring from panels to devices shall be installed without splices. The use of crimp
connectors is not allowed when connecting field wiring to sensor or device leads. The use
of wire nuts is acceptable in this application.

3.7.9. Power for control system shall not be obtained by tapping into miscellaneous circuits that
could be inadveriently switched off. Only dedicated circuit(s) shall power the control
system. Provide additional breakers or electrical panels as required.

3.7.10. Mount transformers an@ other peripheral equipment in panels located in serviceable
areas. Provide line-side breakers/fuses for each transformer.

3.7.11. All'120 VAC power for any contfols equipment shall be from dedicated circuits. Provide
a,breaker lock for each brea@ker used to'supply the control system. Update the panel
cireuit directoryx

3.7.12. A dedicated power circuit may be used46 power DRC panels and equipment within the
same or adjoining mechanical rooms. “The use 6f 6ne gdower circuit to power DDC panels
distributed thrdughout/the building is not acceptahble.

3.7.13. The controller may befjpoweréd.from the equipment that it is directly controlling (i.e. heat
pump, rooftop unit) only,if the-controller controls'no other eglipment and the power
supply to the controller remains energized independently 6f unit operation or status.

3.7.14. Provide all required code gauge boxes, connectars and otherlwifing accessories.

3.7.15. For all DC wiring, positive conductors Ghall be’ WHITE or RED in colour while negative
conductors shall be BLACK in colour.

3.8. COMMUNICATION WIRING

3.8.1. Communication wiring shall be low-voltage Class 2 wiring and shall comply with Article
3.7 (Wiring).

3.8.2. Install communication wiring in separate raceways and enclosures from other Class 2
wiring.
3.8.3. During installation do not exceed maximum cable pulling, tension, or bend radius

specified by the cable manufacturer.

3.8.4. Verify entire network's integrity following cable installation using appropriate tests for
each cable.
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3.8.5. Install lightning arrestor according to manufacturer's recommendations between cable
and ground where a cable enters or exits a building.

3.8.6. Each run of communication wiring shall be a continuous length without splices when that
length is commercially available. Runs longer than commercially available lengths shall
have as few splices as possible using commercially available lengths.

3.8.7. Label communication wiring to indicate origination and destination.

3.8.8. Ground coaxial cable according to NEC regulations article on "Communications Circuits,
Cable, and ProtectdrGrounding."

3.8.9. BACnet MS/IP communications wiring shall be installed in accordance with ASHRAE/ANSI
Standard 135. Thisincludés but is not limited to:

3.8.9.1. The network shall usé shielded, twisted-pair cable with characteristic impedance
between 100 and 120 olims. Ristributed capacitance between conductors shall
be(ess than 100 pF pér meter (30ypF per foot.)

3.8.9:2 The makimum length of an MS/TP segment is 1200 meters (4000 ft) with AWG 18
cable/The use of greater distances and/er different wire gauges shall comply with
the electricakspecifications of EIA®485.

3.8.9.3. TheZrmaximum number of nodes per segmentéhall be 32, as specified in the EIA
485 stadard. Additional nodes may‘be acebmmaodated by the use of repeaters.

3.8.9.4. An MS/TPEJA-485 network shall have nd T connectigns.

3.9. FIBER OPTIC CABLE

3.9.1. During installation do not“exceedumaximum pulling tensions«8pecified by cable
manufacturer. Post-installation? residual cable tension{ shall be within cable
manufacturer's specifications.

3.9.2. |Install cabling and associated components‘according.to manufacturers' instructions. Do
not exceed minimum cable and unjacketed. fibét <bend radii specified by cable
manufacturer.

3.10. INSTALLATION OF SENSORS
3.10.1. Install sensors according to manufacturer's recommendations.
3.10.2. Mount sensors rigidly and adequately for operating environment.

3.10.3. Install room temperature sensors on concealed junction boxes properly supported by wall
framing.

3.10.4. Air seal wires attached to sensors in their raceways or in the wall to prevent sensor
readings from being affected by air transmitted from other areas.
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3.10.5. Use averaging sensors in mixing plenums and hot and cold decks. Install averaging sensors
in a serpentine manner vertically across duct. Support each bend with a capillary clip.

3.10.6. Install mixing plenum low-limit sensors in a serpentine manner horizontally across duct.
Support each bend with a capillary clip. Provide 3 m (1 ft) of sensing element for each 1
m2 (1 ft2) of coil area.

3.10.7. Install pipe-mounted temperature sensors in wells. Install liquid temperature sensors
with heat-conducting fluid in thermal wells.

3.10.8. Install outdoor airftemperature sensors on north wall at designated location with sun
shield complete with“metal cover cage.

3.10.9. Differential*Air Static Pressure.

3.10.9.1. Supply Duct StatieyPressure. Pipe high-pressure tap to duct using a pitot tube.
Make pressure tap connéctions according to manufacturer's recommendations.

3.10.9.2. (U Return Duct Static Pressure. Pipeyhigh-pressure tap to duct using a pitot tube.
Mpake pressure tap cohnections@according to manufacturer's recommendations.

3.10.9.37],,Building Static Pressure. Pipe/pressuressensor's low-pressure port to the static
pressure _port’located on the attside ofdthe building through a high-volume
accUmulator. Pipe high-pressure port td a location behind a thermostat cover.

3.10.9.4. Piping“4o.pressure transducer preséure ports shall contain a capped test port
adjacent to transducer:

3.10.9.5. Pressure transducers,cexcept.those controlling VAV boxes, shall be located in
control panels, nabon monitoréd.equipment or gn ductwork. Mount transducers
in a vibration-free loGation accessibfe for servicewithout use ofladders or special
equipment.

3.10.9.6. Mount gauge tees adjacent’to air‘and ‘water differential pressure taps. Install
shut-off valves before tee for water gauges.

3.10.9.7. Smoke detectors, freezestats, highspressure cut-offs, and other safety switches
shall be hard-wired to de-energize eqlipment<as described in the sequence of
operation. Switches shall require manual’reset. Provide contacts that allow DDC
software to monitor safety switch status.

3.10.9.8. Install humidity sensors for duct mounted hdmidifiers at least 3 m (10 ft)
downstream of the humidifier. Do not install filters between the humidifier and
the sensor.

3.11. FLOW SWITCH INSTALLATION
3.11.1. Use correct paddle for pipe diameter.

3.11.2. Adjust flow switch according to manufacturer's instructions.
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3.12. ACTUATORS
3.12.1. General. Mount actuators and adapters according to manufacturer's recommendations.
3.12.2. Electric and Electronic

3.12.2.1. Damper Actuators. Mount actuators directly on damper shaft or jackshaft unless
shown as a linkage installation. Link actuators according to manufacturer's
recommendations.

3.12.2.2. For low-leakage dampers with seals, mount actuator with a minimum 5° travel
available fdhdamper seal tightening.

3.12.2.3. To comfpress seals when spring-return actuators are used on normally closed
dandpers, pewer actuator to approximately 5° open position, manually close the
damper, then tighten linkage.

3.12.2.4. Check operdtionyof /damper-actuator combination to confirm that actuator
modulates ‘damper smoo6thly throughout stroke to both open and closed
positions.

3.122.5. "Provide necessary faounting hardware and linkages for actuator installation.

3.12.2.6/4 Valve-Actuators. Connect actuators to valves with adapters approved by actuator
manufacturer;, Actuators and adapters shall be mounted following the actuator
mapufacturer's recommendations.

3.13. WARNING LABELS

3.13.1. Affix permanent warhihg labels to‘equipment that can be automatically started by the
control system.

3.13.2. Labels shall use white lettering{l.2-point type or larger) on a réd background.

3.13.2.1. Warning labels shall read as‘fetows.

CAUTION
Thiseguipmentis operatingundepgutomaticcontrol and may start or stop
atany time without warning. Switch@isconnect to "Off" position before
servicing,

3.13.2.2.  Affix permanent warning labels to motor startérs and control panels that are
connected to multiple power sources utilizing separate disconnects.

3.13.2.3.  Labels shall use white lettering (12-point type or larger) on a red background.

3.13.2.4. Warning labels shall read as follows.

CAUTION
This equipment is fed from more than one power source with separate
disconnects, Disconnect all power sources hefore servicing,
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3.14. IDENTIFICATION OF HARDWARE AND WIRING

3.14.1. Label wiring and cabling, including that within factory-fabricated panels, with control
system address or termination number at each end within 5 cm (2 in.) of termination.

3.14.2. Label pneumatic tubing at each end within 5 cm (2 in.) of termination with a descriptive
identifier.

3.14.3. Permanently label or code each point of field terminal strips to show instrument or item
served.

3.14.4. Label control parelsiwmith minimum 1 cm (% in.) letters on laminated plastic nameplates.

3.14.5. Label eachdcontrol €ompofient with a permanent label. Label plug-in components such
that label remains statiénary during component replacement.

3.14.6. Label room sensorsrelatedto terhinal boxes or valves with nameplates.

3.14.7GManufacturers' nameplatest and UL or/CSA labels shall be visible and legible after
equipmentis installed.

3.14.8. Label identifiers-shalkimatch record documents.
3.14.9. Controllers

3.149.1. Provide a“separatei-contreller for eath AHU or gther HVAC system. A DDC
controller may controlmoréthan one systém proyided that all points associated
with the system arerassigned tothe same DDC gontréller: Points used for control
loop reset, such as ‘eutside’air or space temperature, are’ exempt from this
requirement.

3.14.9.2. Building Controllers and Custom Application Controllers shall be selected to
provide the required I/O point ‘eapacity tequired to monitor all of the hardware
points listed in Appendix A (Sequenceés of Operation).

3.15. PROGRAMMING

3.15.1. Point Naming. Name points as shown on the equipmént, points list provided with each
sequence of operation. See drawings. If character limitations or space restrictions make
it advisable to shorten the name, the abbreviations given in Appendix C may be used.
Where multiple points with the same name reside in the same controller, each point
name may be customized with its associated Program Object number. For example, "Zone
Temp 1" for Zone 1, "Zone Temp 2" for Zone 2.

3.15.2. Software Programming. Programming shall provide actions for each possible situation.
Graphic- or parameter-based programs shall be documented. Text-based programs shall
be modular, structured, and commented to clearly describe each section of the program.
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3.15.3. Application Programming. Provide application programming that adheres to sequences
of operation specified in in this section. Program documentation or comment statements
shall reflect language used in sequences of operation.

3.15.4. System Programming. Provide system programming necessary for system operation.
3.15.5. Operator Interface.

3.15.5.1. Standard Graphics. Provide graphics as specified in this section. Show on each
equipment graphic input and output points and relevant calculated points such
as indicatedion the applicable Points List in this section and on the drawings. Point
information onigraphics shall dynamically update.

3.15.5.2. Install, initialize, start up, and troubleshoot operator interface software and
functions (including operating system software, operator interface database, and
third-party séftware installation and integration required for successful operator
interface operation) as deScribed in this section.

3.16. SEQUENCES OF OPERATION
3.16.1. As ndted on'the drawings, together with the listief control points.
3.17. EQUIPMENT ENCLOSURES AND LOCATIONS

3.17.1. Provide new enclosuresfor all field equipmént (e.gt DDC panels, transducers, relays, etc.).
Enclosures shall be@quippéd witha hinged déor and latcht Provide a BOARD-standard
key/lock set for each eénclosure.

3.17.2. Mount all enclosures in serviceable areas ef mechanical rooms/storagé sooms or janitor
closets. Obtain written approvdlof the-Gonsultant prior to nodnting any enclosure in
ceiling spaces or more than 5’-6” abgye the'finistied floor.

3.17.3. All transformers and power supplies for/controlequipment shall be installed in new
dedicated metal cabinets with hinged, lockable covers located in the proximity of their
dedicated controller cabinets.

3.17.4. Include within a DDC panel enclosure one 120 VAC duplex receptacle for portable PC
power, if the controller cabinet is located further than 5°-0” from the nearest wall
receptacle.

3.17.5. Ensure that enclosures are sized to allow for ease of servicing of all equipment contained
within. Enclosures containing DDC panels shall be sized to allow for the installation of the
maximum allowable number of expansion panels/boards. Do not mount other
equipment in a manner that may interfere with the future installation of expansion
panels/boards.
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3.17.6. For enclosures containing pneumatic transducers or devices, provide one pressure gauge
(174" dial, 0-30psi) for the main air line supply.

3.18. IDENTIFICATION AND LABELING OF CONTROL EQUIPMENT

3.18.1. All panels must have a lamicoid tag (min. 3”"x1”) affixed to the front face indicating panel
designation and function (i.e. “BAS Panel 1” or “Relay Panel 3”).

3.18.2. All field sensors or devices must have a lamicoid tag (min. 3”"x1”) attached with tie-wrap
or adhesive indicating the point software name and hardware address (i.e. AHU1-MAT,
2.IP4). Tags mustdie secured by screws where mounted outside of the building, in un-
heated spacesn high humidity areas or where subject to vibration.

3.18.3. Room sensors or other sénsors in finished areas must have a lamicoid tag affixed to the
front cover. This tagshall be minimum 1”x %" and indicate the point software name and
hardware address.

3.18.4 <All deviceswithin a field'enclésuréshall be identified via a label or tag.

3.18.5. AlI*BAS panel, power sources must belidentified by a label (min. 3”x1”) indicating the
source-pewer panel’designation and gircuitfiumber, (i.e. “120vac fed from LP-2A cct #1).

3.18.6. All field control equipment panels fed from miore th@n'one power source must have a
warning label onthe front.cover.

3.18.7. All wires shall be identified with the.hardware ‘address with a band-type self-adhesive
strips or clip-on plastic wife markers at’both ends.

3.18.8. All rotating equipment controfléd by the) BAS shall have a tag or label affixed indicating
that the equipment may start without warhing.

3.18.9. The location of the phone line manager-shall be‘indicated via a label affixed to the inside
cover of the modem enclosure or BAS panel,

3.18.10. All BAS panels will be supplied with a point’s list sheet (within a plastic sleeve)
attached to the inside door.

3.18.11. The points list shall identify the following for each point:

3.18.11.1. Panel number.
3.18.11.2. Panel location.
3.18.11.3. Hardware address.
3.18.11.4. Software name.
3.18.11.5. Point description.
3.18.11.6. Field device type.
3.18.11.7. Point type (i.e. Al or DO).
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3.18.11.8. Device fail position.
3.18.11.9. Device manufacturer.
3.18.11.10. Model number or reference.
3.18.11.11. Wire tag reference.

3.18.12. Provide laminated wiring diagrams for all field mounted relay enclosures.
Securely attach to the inside door. Identify power panels and circuit numbers of the
equipment being controlled.

3.18.13. Provide laminated wiring diagrams or modify existing equipment wiring diagrams
wherever the BAS interfaces to other equipment. (e.g. boilers, chillers, etc.). Securely
attach to the ifiside ofithe respective control cabinet.

3.18.14. Provide lamacaid labels indicating the required operating sequences, on the
boilers and valves, Mihere, the boiler plants have manual or automatic isolating valves.
Submit actual wording to the Consultant for approval prior to fabrication and installation.

3.18.1%: Provide lamacoid orfmachihe labgls (as outlined above) for all interposing relays
orcontactors used in control‘ciscuits. The labels shall include the related point software
name’ahd hardware’address

3.18.16. Provide a [amacoid.label to identify the'locatidh, of concealed devices above the
ceiling space. "NMount the label on the ceiling grid 7bar or a, permanent surface adjacent
to the devices. The label shall contain the wording “BAS Devices Above”.

3.18.17. Provide lamacoid Jabels‘for all-duxiliary HVAC equipment{e.g. force flow cabinets,
unit ventilators, unit heatér,swindow>)AC units, etc.) cantrolled/by theBAS. Mount the
labels in the vicinity of the existing thermostat or power switch for the unit. The label
shall contain the wording “Under BAS Control”-

3.18.18. Where directed by the Consultant, pfovide any and all additional labelling,
diagrams. schematics or instructions as maye, required to facilitate the correct operation
and maintenance of controlled building systems.

3.19. SYSTEM HARDWARE COMMISSIONING

3.19.1. This contractor shall be responsible for the “end to end” commissioning, testing,
verification and start-up of the complete control system hardware including panels,
sensors, transducers, end devices, relays and wiring. Where applicable, this shall include
any points from an existing and/or re-used automation system in the building.

3.19.2. The contractor shall conduct the hardware commissioning at the facility.
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3.19.3. When the site hardware installation is 100% completed (including all labeling and
documentation), the contractor shall provide written notification to the Board to
schedule the hardware commissioning dates for each facility.

3.19.4. Board reserves the right, at its sole discretion, to discontinue site commissioning at any
time if any part of the site hardware installation is found to be incomplete on the date of
commissioning. If this occurs, the Contractor shall assume responsibility for any
additional costs related to rescheduling of the site commissioning.

3.19.5. The Contractor shall prepare a hardware commissioning report containing the following
information and téstresults:

3.19.5.1. Analog inputs (i.es temperatures, pressure, etc.) shall be verified with an
approved calibration device. All actual temperature readings should be with +/-
1C of the readings observed at the workstation. Record calibration adjustments
and settings.

3419.5.2.- Analog outputs shall e verified by manually commanding the output channel
from-the operator Workstation t@ two or more positions within the 0-100% range
and (verifying the actual position of the actuator or device. All devices shall
operate over their entire 0-100% rafige from.a minimum control range of 10-90%.
RetGoerd thelactual output scale'range (ehannel output voltage versus controller
command) for’éach/analogue end device

3.19.5.3.  Digital outputs shall be verified by witnessingithe actual start/stop operation of
the equipment,undericontrol.

3.19.5.4. Digital inputs shallbe verified by witnessing the Status®f the input point as the
equipment is manually, cycled>onand off.

3.19.5.5. Identify any existing équipment)(valves, dampers, fan starters, etc..) that are
inoperative or require maintenanceor repair.

3.19.5.6. The BAS field panel power source shall"'betoggled on and off to ensure reboot
functionality and power down mémory rétention of all parameters. During the
power down test, all controlled system outputs shall go to their fail-safe position.

3.19.5.7. The hardware commissioning report «fhust be signed and dated by the
Contractor’s technician performing thétests and participating Board
representative.

3.19.5.8. Include with the hardware commissioning report a site floor plan indicating the
location of all equipment installed in concealed or recessed locations (e.g.
interposing relays in ceiling spaces).

3.19.5.9. Provide testing of all LAN cabling to ensure that 100Mb bandwidth is supported.

3.19.5.10. Verify conformance with TIA /EIA TSB-67 - Basic Link Test using a Level 2, bi-
directional tester. Provide all equipment necessary to carry out the required
tests.
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3.19.5.11. The Contractor shall prepare a software commissioning report containing the
following information and test results:

3.19.6. Alarms and Interlocks.

3.19.6.1. Check each alarm with an appropriate signal at a value that will trip the alarm.

3.19.6.2. Trip interlocks using field contacts to check logic and to ensure that actuators fail
in the proper direction.

3.19.6.3. Tests interlock actions by simulating alarm conditions to check initiating value of
variable and interlock action.

3.19.7. Record all out€of-seasen or unverified points in the commissioning report as “non-
commissiopéd”.

3.19.8. Verify PID loop tuning‘parameters by applying a step change to the current setpoint and
observing the response of the cahtrolled device. Setpoint should be reached in an
acceptable period of time withéut excessive cycling or hunting of the controlled device.
Providée/a graph of the trenddesponse to sebpoint change for important controlled devices
(evgvalves1-inch or larger, dampers on major air handlers, etc.)

3.19.9. Provide €enfirmationbthat a series of teSt alarms‘has been successfully received at a
designated‘témote monitoring workstations.

3.19.10. The software commissigning report mustbe signed and dated by the Contractor’s
technician performing/the tests.and-participating Board repfesentative.

3.19.11. At the completiori<of site commissioning, subfmitsfour/(4) copies of each the
hardware and software commissioning reports to the Board.

3.20. SUBSTANTIAL COMPLETION INSPECTION

3.20.1.1. At the completion of the site hafdware inspection, the Contractor shall test and
verify that the system programming,igraphics and alarm software is operating
correctly and is in compliance all requirements of the specifications.

3.20.1.2. The Contractor shall provide written notification to the Board that the site is
ready for the Substantial Completion Inspectioh by the Consultant.

3.20.1.3. At the conclusion of the Substantial Completion Inspection, the Consultant shall
issue a comprehensive site deficiency report to the Contractor for his immediate
action.

3.20.1.4. The Contractor shall correct all items noted in the site deficiency report within
ten (10) business days of receipt.

3.20.1.5. The Contractor shall provide written notification to the Board that all items on
the Consultant’s site deficiency report have been corrected.

3.21. CONTROL SYSTEM DEMONSTRATION AND ACCEPTANCE
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3.21.1. Demonstration. Prior to acceptance, perform the following performance tests to
demonstrate system operation and compliance with specification after and in addition to
tests specified above. Provide Consultant with log documenting completion of Substantial
Completion Inspection.

3.21.2. Consultant and Board Representative will be present to observe and review system
demonstration. Notify Consultant and Board Representative at least 10 days before
system demonstration begins.

3.21.3. Demonstration shall follow process submitted and approved. Complete approved
checklists and forfs for each system as part of system demonstration.

3.21.4. Demonstraté actualfield operation of each sequence of operation as specified herein.
Provide at least two pérsons, equipped with two-way communication. Demonstrate
calibration and respghse of any input and output points requested by Consultant. Provide
and operate test equipment requifedito prove proper system operation.

3.21.50DBemonstrate compliance with sequences of operation through each operational mode.
3.21.6. Demdnstrate.complete operation of opéerator interface.
3.21.7. Demonstrate eachof the following.

3.21.7.1. DDCloogresportise. Supply graphical trend data output showing each DDC loop's
response ta_a, setpoint change represénting ‘an actuator position change of at
least 25% of full tange “Trend’sampling rate shall be from 1@seconds to 3 minutes,
depending on loop’speed."Bach sample's trend datashallshow setpoint, actuator
position, and controlled,variable values. Consultant will requite further tuning of
each loop that displays unreasonably under- or over{damped control.

3.21.7.2.  Building fire alarm system interface.

3.21.7.3. Trend logs for each system. Trend data shall indicate setpoints, operating points,
valve positions, and other data as specified-in the points list provided with each
sequence of operation. Each log shall cever thrée 48-hour periods and shall have
a sample frequency not less than 10 minutes.or as specified on its points list. Logs
shall be accessible through system's operator interface and shall be retrievable
for use in other software programs.

3.21.8. Tests that fail to demonstrate proper system operation shall be repeated after Contractor
makes necessary repairs or revisions to hardware or software to successfully complete
each test.

3.21.9. Acceptance.

3.21.9.1. Aftertests described in this specification are performed to the satisfaction of both
Consultant and Board, Consultant will accept control system as meeting
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completion requirements. Consultant may exempt tests from completion
requirements that cannot be performed due to circumstances beyond
Contractor's control. Consultant will provide written statement of each exempted
test. Exempted tests shall be performed as part of warranty.

3.21.10. System shall not be accepted until completed demonstration forms and checklists
are submitted and approved as required.

3.22. CLEANING

3.22.1. Each day clean updebris resulting from work. Remove packaging material as soon as its
contents have been removed. Collect waste and place in designated location.

3.22.2. On completion of work id each area, clean work debris and equipment. Keep areas free
from dust, dirt, and débris.

3.22,3. On.completion of work/check eguipment furnished under this section for paint damage.
Repair damaged factory-finiShedypaint £o match adjacent areas. Replace deformed
tabinets and ericlosures with hew matefial and repaint to match adjacent areas.

3.23. TRAINING

3.23.1. Provide training for(a, designated staff of BOard'sdrepresentatives. Training shall be
provided via self-paced’training, web-ba§ed orfcomputer-based training, classroom
training, or a combifation oftraining methods¢

3.23.2. Training shall enable studénts to accomplish the following objéctives.

3.23.2.1.  Proficiently operate system.

3.23.2.2. Understand control systend architécture/and configuration.

3.23.2.3. Understand DDC system compgnents.

3.23.2.4. Understand system operation, ‘irdeludingDDC system control and optimizing
routines (algorithms)

3.23.2.5. Operate workstation and peripherals

3.23.2.6. Log on and off system

3.23.2.7.  Access graphics, point reports, and logs

3.23.2.8.  Adjust and change system set-points, time schedules, and holiday schedules

3.23.2.9. Recognize common HVAC system malfunctions by observing system graphics,
trend graphs, and other system tools

3.23.2.10. Understand system drawings and Operation and Maintenance manual

3.23.2.11. Understand job layout and location of control components

3.23.2.12. Access data from DDC controllers

3.23.2.13. Operate portable operator's terminals

3.23.2.14. Create and change system graphics
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3.23.2.15. Create, delete, and modify alarms, including configuring alarm reactions
3.23.2.16. Create, delete, and modify point trend logs (graphs) and multi-point trend graphs
3.23.2.17. Configure and run reports

3.23.2.18. Add, remove, and modify system's physical points

3.23.2.19. Create, modify, and delete application programming

3.23.2.20. Add operator interface stations

3.23.2.21. Add a new controller to system

3.23.2.22. Download firmware and advanced applications programming to a controller
3.23.2.23. Configure and calibrate I/O points

3.23.2.24. Maintain software and prepare backups

3.23.2.25. Interface with joeb-specific, third-party operator software

3.23.2.26. Add‘new usefs andsunderstand password security procedures

3.23.3. Divide presentation of objectives into three sessions (1-13, 14-23, and 24-26). Participants
will attend one or more of sessions, depending on knowledge level required.

3.23.3.1. U Day-to-day Operators (objectives/1-13)

3.23:32. Advanced Operators (ebjectives 1-13 and 14-23)

3.23.3.37],,System Managers and Administrators {ebjectives 1-13 and 14-26)

3.23.3.4. Previde courSecoutline and materials Proyide one copy of training material per
studént.

3.23.3.5. Instructors shallbe factory-trained dnd expérienced in presenting this material.

3.23.3.6.  Perform classroomitraining using a netwiork of Workidgcontrollers representative
of installed hardware.
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PART 1 - GENERAL
1.1. RELATED DOCUMENTS

1.1.1. Drawings and general provisions of the Contract, including General Conditions apply to
this Section.

1.1.2. Specifications throughout all Divisions of the Project Manual are directly applicable to this
Section, and this Section is directly applicable to them.

1.2. SUMMARY

1.2.1. This section caVers the complete natural gas system installation, within and to five (5) feet
beyond building perimetef unless noted otherwise on Contract Drawings, including but
not limited to piping,4egulators, unions, valves, installation, testing and other normal
parts that make the systemsicomplete, operable, code compliant and acceptable to the
authorities having jurisdiction.

1.3. REFERENCE STANDARDS

1.3.1. The ldtest published: edition of a referencesShall be applicable to this Project unless
identifiedby a specificedition date.

1.3.2. All reference amgndments @dopted prior t@ the effective date of this Contract shall be
applicable to this Prpject.

1.3.3. All materials, installation’and workmariship shall comply with the@pplicable requirements
and standards addressed within the following referencés:

1.3.3.1. CSA B-149.1 Latest Edition
1.3.3.2. NFPA 54, National Fuel Gas Code, Latest Edition.
1.3.3.3. American Society of MechanicalEngineérs (ASME): (Copyrighted Society)
1.3.3.3.1. A13.1-96 Scheme for Identifi¢ation of Piping Systems
1.3.3.3.2. B16.398 Malleable Iron Threaded Fittings ANSI/ASME
1.3.3.3.3. B16.901 Factory-Made Wrought Steel Buttwelding Fittings
1.3.3.3.4. B16.11 01 Forged Steel Fittings, Socket-Welding and Threaded ANSI/ASME
1.3.3.3.5. B16.15-85(R 1994) Cast Bronze Threaded Fittings ANSI/ASME
1.3.3.3.6. B31.8-01 Gas Transmission and Distribution Piping Systems ANSI/ASME
1.3.3.4. American Society for Testing and Materials (ASTM):
1.3.3.4.1. A47-99 Ferritic Malleable Iron Castings Revision 1989
1.3.3.4.2. A53-02 Pipe, Steel, Black And Hot-Dipped, Zinc-coated Welded and
Seamless
1.3.3.4.3. A183-83(R1998) Carbon Steel Track Bolts and Nuts
1.3.3.4.4. A536-84(R1999) E1  Ductile Iron Castings
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1.3.3.4.5. A733-03 Welded and Seamless Carbon Steel and Austenitic Stainless Steel
Pipe Nipples
1.3.3.4.6. B687-99 Brass, Copper, and Chromium-Plated Pipe Nipples

1.4. QUALITY ASSURANCE

1.4.1. All materials, equipment and Work shall meet or exceed all applicable federal, state and
local requirements and conform to codes and ordinances of authorities having
jurisdiction.

1.4.2. Valves: Manufactufer’'s name, size, standards compliance and pressure rating clearly
marked on outside ofvalve body.

1.4.3. Welding Materials“and Pfocedures: Conform to ASME Code and applicable state labor
regulations.

1.474. Manufacturer Qualifications: Gompany specializing in manufacturing the Products
specified in_this section with#ninimmum three (3) years documented experience.

1.5. SUBMITTALS
1.5.1. Product Bata:

1.5.1.1. Provideicode and standards compliance verification, manufacturer's product data
and rating§ bn pip€ materials, pipe fittings, regulators,valves and accessories.
1.5.1.2. Manufacturef's Literatdre d@nd Data:
1.5.1.2.1. Pipe & Fittings)
1.5.1.2.2. Valves.
1.5.1.2.3. Strainers.
1.5.1.2.4. Allitems listed in Part 2¢#Products.

1.5.2. Record Documents:

1.5.2.1. Submit test reports and inspection “certification for all natural gas systems
installed under this Contract.

1.5.2.2. Submit manufacturer's data reports for all material used in coating and wrapping.

1.5.2.3. Submit welder’s certifications prior to any shop or field fabrication. Welder’s
certifications shall be current within six (6) months of submission.

1.5.2.4. Record actual locations of valves, regulators, etc. and prepare valve charts.

1.5.2.5. Provide full written description of manufacturer’s warranty.

1.5.3. Operation and Maintenance Data:

1.5.3.1. Include installation instructions, spare parts lists, exploded assembly views
manufacturer’s recommended maintenance.
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1.6. DELIVERY, STORAGE AND HANDLING

1.6.1. Accept valves on site in shipping containers with labeling in place, inspect for damage and
store with a minimum of handling. Store plastic piping under cover out of direct sunlight.
Do not store materials directly on the ground.

1.6.2. Provide temporary protective coating on cast iron and steel valves.

1.6.3. Provide temporary end caps and closures on piping and fittings. Maintain in place until
installation.

1.6.4. Protect piping syStems,.from entry of foreign materials by temporary covers, completing
sections of th& work and isolating parts of completed system.

1.7. EXTRA MATERIALS

17:1. Provide one (1) plug valve wrench for every ten (10) plug valves sized 50 mm (2 inches)
and‘smaller;;minimum of one,Provide each plug valve sized 65 mm (2% inches) and larger
With a wrench'incorporating a setscrew.

PART 2 - PRODUCTS
2.1. GENERAL

2.1.1. All materials shall meet or.exceed all applicable s&ferenced standards, federal, state and
local requirements;Zand cenform~to codes“and ordinances of authorities having
jurisdiction.

2.1.2. Natural gas pressures shall net.exceed 345 kPa (5 psi)‘gauge on custormer side of the
meter.

2.1.3. Pipe joint compound shall be lead-fifée, nor-toxic, non-hardening, insoluble in the
presence of natural gas and compliant with-ANSI/NSE 61. Temperature service range of -
15 degrees F to +400 degrees F.

2.2. PIPING

2.2.1. Above Ground Piping Outside of Building (Including roof}):

2.2.1.1. Piping 50 mm (2 inches) and smaller shall be seamless Schedule 40 black steel,
ASTM A106 or ASTM A53 Type "S", Grade A or B, with Class 150 black malleable
iron threaded fittings conforming to ASME B16.3.

2.2.1.2. Piping 65 mm (2% inches) and larger shall be Type "S" seamless or Type "E"
electric resistance welded Schedule 40 black steel, ASTM A53, Grade A or B, with
Schedule 40 wrought carbon steel fittings, ASTM A 234 and butt weld joints.
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2.2.1.3. Provide field applied primer and outdoor-grade yellow epoxy paint coating on all

pipe and fittings. Galvanizing shall not be considered adequate protection.

2.2.2. Above Ground Piping Exposed Inside of Building:

2.2.2.1. Piping 50 mm (2 inches) and smaller shall be seamless Schedule 40 black steel,
ASTM A106 or ASTM A53 Type "S", Grade A or B, with Class 150 black malleable
iron threaded fittings conforming to ASME B16.3.

2.2.2.2. Piping 65 mm (2% inches) and larger shall be Type "S" seamless or Type "E"
electric resistance welded Schedule 40 black steel, ASTM A53, Grade A or B, with
Schedule40 wrought carbon steel fittings, ASTM A 234 and butt weld joints.

2.2.2.3. Providé field applied primer and yellow epoxy paint coating on all pipe and
fittings. Galvanizingshall not be considered adequate protection.

2.3., EXCEPTIONS:

2.371. All'exposed piping 50 mm (2 inghes) andismaller located within areas utilized as return air
plenums:-shall have weldeddjoints with Schedule 40 socket welded forged steel fittings
conforming'to ASME B16.11.

2.3.2. All exposed piping,5@5mm (2 inches)/and@malier sérving laboratories from main natural
gas riser to€ach emergency shut-off valve shall havéwelded joints with Schedule 40
socket weldedferged steel fittings conformifig to ASME B16.11.

2.3.3. Above Ground Piping!Concealed<lnside of Building (Includes above all ceilings, within
partitions, within chases; and all-non-gocessible locations):

2.3.3.1. Piping 50 mm (2 inches) and smaller shall be seamlesé Sche@ule 40 black steel,
ASTM A106 or ASTM A53Type "S",Grade A or B, withdwelded joints with Schedule
40 socket welded forged steelAfjttings‘conforming to ASME B16.11.

2.3.3.2. Piping 65 mm (2% inches) and-darger shall be Type "S" seamless or Type "E"
electric resistance welded Schedule’40 black‘steel, ASTM A53, Grade A or B, with
Schedule 40 wrought carbon steel fittings, ASTM A 234 and butt weld joints.

2.4. VALVES
2.4.1. All valves shall be designed, manufactured and approved for natural gas service.
2.4.2. Standards of Acceptance: Nibco, Magnatrol, Emerson

2.4.3. Line Shut-off Valves sizes 50 mm (2 inches) and smaller shall be iron body lubricated plug
valve conforming to ASTM-A-126, U.L. Listed and A.G.A. Approved for natural gas service
with threaded ends, wrench operation, rated for 200 WOG service pressure and —20 to
200 degrees F.
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2.4.4. Line Shut-off Valves sizes 65 mm (2% inches) and larger shall be iron body lubricated plug
valve conforming to ASTM-A-126, U.L. Listed and A.G.A. Approved for natural gas service
with flanged ends, wrench operation, rated for 200 WOG service pressure and —20 to 200
degrees F.

2.4.5. Appliance/Equipment Shut-off Valves at local connections sizes 2 inches and smaller shall
be bronze body, full port ball or butterfly type, U.L. Listed and A.G.A. Approved for natural
gas service with threaded ends, quarter turn lever handle operation, rated for 175 W.0.G.
service pressure and 30 to 275 degrees F.

2.4.6. Manual Emergency Shut-off Valves sizes 2 inches and smaller shall be bronze body, full
port ball or butterfly type, U.L. Listed and A.G.A. Approved for natural gas service with
threaded efids, quartertushlever handle operation, rated for 175 W.0.G. service pressure
and 30 to 275 degreesd.

Z.47. Automatic Emergency Shut-off Valves shall be U.L. Listed F.M. Approved for natural gas
serviee; 2way electrically tripped solenoid type; fail safe closed; manual reset; Type 1
solenoid-enclosure; NBR se@ls and disc; stainless steel core tube and springs; copper coil.

2.5. STRAINERS

2.5.1. Provide onigh pressure/side of pressure redu€ing valles, on inlet side of indicating and
control instruments and edquipment subject to sediment damage and where shown on
drawings. Strainerlelement/shall be removablevithoutidiscahhection of piping.

2.5.2. Gas Lines: "Y" type with' removable mesh lined brass straiher sleéve.,

2.5.3. Body: Smaller than 80 mm (34inches), brass.or bronze; 80 mmA3 inehies) and larger, cast
iron or semi steel.

2.6. PRESSURE REGULATORS

2.6.1. All pressure regulators shall be designed, manufactured and approved for natural gas
service.

2.6.2. Vent all pressure regulators to the outdoors, in accordance with TSSA and CSA-B-149.1
requirements. Terminate vents with approved caps and insect screens as per TSSA
requirements and CSA B-149.1 provisions.

2.6.3. Segregate regulators vents by pressure levels; do not gang-vent vents from regulators
serving different pressure gas piping. Size common vents as per CSA B-149.1 provisions.

2.6.4. Pressure regulators for individual service lines shall be capable of reducing distribution
line pressure to pressures required for users. Pressure relief shall be set at a lower
pressure than would cause unsafe operation of any connected user. Regulator shall have
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a single port with orifice diameter no greater than that recommended by manufacturer
for the maximum gas pressure at the regulator inlet. Regulator vent valve shall be of
resilient materials designed to withstand flow conditions when pressed against valve port.
Regulator shall be capable of limiting build-up of pressure under no-flow conditions to 50
percent or less of the discharge pressure maintained under flow conditions. Commercial
grade diaphragm type with internal relief valve, vent valve, cast iron body, Buna-N
diaphragm.

2.6.5. Install pressure gauge adjacent to and downstream of each line pressure regulator.
2.6.6. Standard of Accegtance: Rockwell, Fisher.
2.7. UNIONS

2.7.1. Unionsin 2 inches and'smallen in ferrous lines shall be right and left hand nipple/coupling
assembly, or ASMEB16.39, Class 150, malleable iron with brass-to-iron seat, ground joint,
and.threaded ends, 2-1/2 inchés and larger shall be ground flange unions. Companion
flanges/on lines at various_items of,equipment, machines and pieces of apparatus may
serve as unionsto permit disconnection of piping.

2.7.2. Unions eonnecting fefrous pipe to copperor brassgipe shall be dielectric type.

2.7.3. Above grade flexible'stainless steel appliance/equipmenticonnectors shall conform with
AGA under the“ANSI Z21.69”Standard. Hose shall be braided stainless steel with a
polyolefin heat-shrinkftubingwith‘high flame-retardant qualities. Hose shall be equipped
with malleable iron unions and,spring loaded brass Quick-link ecouplings. An easily
accessible manual shut-off'valve shalbbednstalled ahead of all hose connections. Specify
T&S Brass "Safe-T-Link" or apptrdyved equal.

2.8. FLANGES

2.8.1. Al 150 Ib. and 300 Ib. ANSI flanges shall bedomestically manufactured, weld neck forged
carbon steel, conforming to ANSI B16.5 and ASTM A 181 Grade | or Il or A 105 71. Slip on
flanges shall not be used. Each fitting shall be stamped as specified by ANSI B16.9 and, in
addition, shall have the laboratory control numberistenciled on each fitting for ready
reference as to physical properties and chemical compasition of the material. Complete
test reports may be required for any fitting selected at random.

2.8.2. Flanges which have been machined, remarked, painted or otherwise produced
domestically from imported forges will not be acceptable. Flanges shall have the
manufacturer’s trademark permanently identified in accordance with MSS SP 25.
Contractor shall submit data for firm certifying compliance with these Specifications.

2.8.3. Bolts used shall be carbon steel bolts with semi finished hexagon nuts of American
Standard Heavy dimensions. All thread rods will not be an acceptable for flange bolts.
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Bolts shall have a tensile strength of 60,000 psi and an elastic limit of 30,000 psi. Flat-
faced flanges shall be required to match flanges on pumps, check valves, strainers, etc.
Only one manufacturer of weld flanges will be approved for each project.

2.8.4. All flanges shall be gasketed. Contractor shall place gasket between flanges of flanged
joints. Gaskets shall fit within the bolt circle on raised face flanges and shall be full face
on flat face flanges. Gaskets shall be cut from 1/16 inch thick, non metallic, non asbestos
gasket material suitable for operating temperatures from 150 degrees F to +75 degrees
F, Klingersil C-4400, Manville Style 60 service sheet packing, or approved equal.

2.9. LABORATORY NATURALK GAS PIPING

2.9.1. All natural gés pipingéserving labs from main natural gas riser shall be routed exposed to
view below ceiling and painted yellow.

29,2. Install emergency ‘gas shut-off valle in each line serving individual laboratory rooms.
Locate shut-off actuatar withid lab area adjacent to each room exit at 1,500 mm (60
inches)/above finished flodr. Location /of emergency shut-off shall be accessible to
oceupantsfor shutting off the natural gas supply under emergency conditions.

2.9.3. Gas pipirigijoints’shalibe welded from mdin raturalgas riser to each emergency shut-off
valve. Piping’from the emergency shutoff valyé to théoutlets shall be assembled with
threaded fittings. provided<all joints are gxposed to view or within the confines of
laboratory furnitufe-

2.9.4. |Install flexible stainless“steel appliance/equipment conpectorg@t éach fume hood and
biological safety cabinet requiring hatural gas service. Gonhectofs shall.not be concealed
within or extended through wadl), floor or pattition and shalllbedécated entirely in the
same room as the connected equipment. Provide an accessible shut-off valve not less
than the nominal size of the equipmeht.connector,immediately ahead of the connector.

2.10. EXPANSION COMPENSATORS
2.10.1. For piping 50 mm (2”) and less: refer to details shown in CSA-B149.1
2.10.2. For Piping 65 mm (2%4”) and larger:

2.10.2.1. CGA-Approved Flexible Hose Expansion Loops for Fuel Applications

2.10.2.1.1. Provide flexible hose expansion loop(s) as required to accommodate any
thermal expansion, contraction, building settlement, or seismic movement of
the piping system.

2.10.2.1.2. Flexible hose expansion loops shall be manufactured complete with two
parallel sections of corrugated metal house, compatible braid, 180 deg return
bend, with inlet and outlet connections. Field fabricated loops shall not be
acceptable.
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2.10.2.1.3. Flexible loops shall be capable of movement in the £X, £Y, and +Z planes.

2.10.2.1.4. Flexible hose expansion loops shall impart no thrust loads to system support,
anchors or building structure.

2.10.2.1.5. Materials

. Fittings shall be standard weight, Carbon Steel conforming to ASTM A234
/ ASME B16.9

. Corrugated Hose; Stainless Steel, Type 321

. Braid; 304 Stainless Steel.

. End fittings shall carbon steel plate flanges with 150 Ib. drilling.

. Fléxible hose expansion loops for gas service up to 4” shall be CSA / AGA

listed'and be in conformance with UL-536.
2.10.2.1.6.<Standard of Acteptance: Metraflex, Flexonics

PART 3 - EXECUTION
3.1. PREPARATION
3.1.1. 'Ream pip€ ends and remove cutting burfs, Bevel plain end ferrous pipe.
3.1.2. Remove ¢uttingoil,Scale and dirt, ondnside@nd outside of piping, before assembly.
3.2. EQUIPMENT CONNECTIONS

3.2.1. Provide specified' connections, shutoff valves, régulaters anéhunions at each and every
appliance and piece afequipment réquiring natural gas.

3.2.2. Provide and install union type connegtions at all equipment to pérmit removal of service
piping.

3.2.3. Gas service connections shall have @/diameter atdeast one pipe size larger than that of
the inlet connection to the equipmentsas previded by the manufacturer and be of
adequate size to provide the total input demand of the connected equipment.

3.2.4. Provide listed and labeled appliance connectorsiscomplying with ANSI Z21.69 and listed
for use with food service equipment having castérs; or that is otherwise subject to
movement for cleaning, and other large movable equipmént. Connectors shall have listed
and labeled quick-disconnect devices and shall have retaining cables attached to
structures and equipment. Connectors shall not be concealed within or extended through
wall, floor or partition and shall be located entirely in the same room as the connected
equipment. Provide an accessible shut-off valve not less than the nominal size of the
equipment connector, immediately ahead of the connector.

3.2.5. Rigid metallic pipe and fittings shall be used at service connections to all stationary
equipment.
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3.3. FLEXIBLE HOSE EXPANSION LOOPS

3.3.1. Install and guide per manufacturers’ installation instructions.

3.3.2. Flexible hose expansion loop return fitting shall be supported to allow movement
3.4. PIPING INSTALLATION

3.4.1. |Installation shall meet or exceed all applicable provincial and local requirements,
referenced standards and conform to codes and ordinances of authorities having
jurisdiction.

3.4.2. Allinstallationéhall be in accordance with manufacturer’s published recommendations.

3.4.3. Provide support for and connections to natural gas service meter in accordance with
requirements of thedCSA\B-149.1 Latest Edition and utility company recommendations,
whichever is stricter.

3.4.4.GSlope pipingdown in directién of flow todow points.
3.4.5. Use’eteentricreducers at pipe size change installed to provide positive drainage.
3.4.6. Provide cle@rance’for access for maintenance of £guipment, valves and fitting

3.4.7. Distribution piping shall’be as short and a§ diregt as practicable between the point of
delivery and the outlets.

3.4.8. All above ground gas piping sha)l bé-electrically contiduousf@and bonded to electrical
system ground conductor in‘accordahnce with NFPA 70.

3.4.9. Provide and install union type fittings at propet/points to permit dismantling or removal
of pipe. No unions will be required in),welded>lines except at equipment connections.
Where union type fittings are necessary-for piping dismantling purposes, right and left
nipples and couplings shall be used. Flangésj ground-joint unions or approved flexible
appliance connectors may be used at exposed fixture, appliance or equipment
connections.

3.4.10. Provide dielectric isolation device where copper lines connect to ferrous lines or
equipment, such as dielectric coupling or dielectric flange fitting.

3.4.11. Valves, regulators, flanges, union type fittings and similar appurtenances shall be
accessible for operation and servicing and shall not be located above ceilings, within
chases, walls/partitions, spaces utilized as return air plenums or non-accessible locations.

3.4.12. Route piping in orderly manner and maintain gradient. Install piping to conserve building
space. Group piping whenever practical at common elevations.
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3.4.13. Install piping to allow for expansion and contraction without stressing pipe, joints, or
connected equipment. Refer to TSSA requirements at CSA-B149.1 provisions for distance
between expansion joints.

3.4.14. Make service connections at the top of the main, whenever the depth of the main is
sufficient to allow top connections. When service connections cannot be made at the top
of the main, they shall be made on the side of the main no lower than the horizontal
midpoint of the gas main.

3.4.15. Close nipples, bushing and cross type fittings shall not be installed in any gas piping
system.

3.4.16. Slope piping and arrange to drain at low points. Install drip/sediment traps at points
where condensate andddebris, may collect. Locate drip/sediment traps where readily
accessible for cleanirig and emptying. Do not install where condensate would be subject
tofreezing. Construct drip/sedimént traps using tee fitting with capped nipple connected
to bettom outlet. Use minimdm-length nipple of 3 pipe diameters, but not less than 4
inches Tong,-and same size€ as connected pipe. Cap shall be screwed pattern, black,
staridard weight{_malleable iron>Install'with adequate space for removal of cap.

3.4.17. Install valVes for shut off and to isolate équipment, parts of systems, or vertical risers. All
valves shall ‘b located, such.that servicing an@l operation is possible. All flanged valves
shown in horizonfal lineswith.the valve stefn shall'be positioned so that the valve stem is
inclined one bolt hole above the horizontal osition. Scréw pattern valves placed in
horizontal lines shall be installed'with their valve stems inclined at@n angle of a minimum
of 30 degrees above the h@bizontakposition. All valvesust be/true and straight at the
time the system is tested and’ifispected foirfinal acceptance. Yalves$Shall be installed as
nearly as possible to the locationsindicatédin the Contract Dfawings. Any change in valve
location must be so indicated on the-Record Drawings.

3.4.18. Install line shut-off valve at each branch cannectien/to riser. Branch line shut-off valves
shall be automatic type where indicated on Drawings:

3.4.19. Provide adequate clearance for access to and operation of all valves.

3.4.20. Install valves with stems upright or horizontal, not inverted unless required otherwise by
the valve manufacturer.

3.4.21. Pipe vents from gas pressure reducing valves and pipe casing sleeves to the exterior of
the building and terminated with outlet turned down and capped with corrosion resistant
insect screen. Vent terminations shall be at least seven feet above grade or pedestrian
traffic and a minimum three (3) feet above or twenty five (25) feet horizontally from all
air intakes or building openings.
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3.5. GAS PRESSURE

3.5.1. Coordinate and review with the local gas supplier the existing meter and main gas
regulator. Confirm with the local gas supplier that the current meter and regulator are
suitable for the equipment installed under this project, taking into account all other
existing gas-fired appliances.

3.5.2. Where applicable to the project, the new gas burners require a min. of 7” w.g. (1.74 kPa)
gas pressure when firing at maximum rate. Ensure that the existing gas metering station
is adjusted so that all burners receive this pressure when firing at maximum rate and the
other gas fired appliances are operational.

3.5.3. Refer to thefcash allewance section of these specifications.
3.6. PIPE HANGERS, SUPPORTS AND ACCESSORIES

3.64. Allpiping shall be supported as @ntatio. Gas Code recommendations (CSA B-149.1) or the
following (Whichever is moredestrictive):

3.6.1.1: Aboye ground horizontal natural gas and encasement piping shall be supported
at intervals‘of-no greater than 1,800 mm (6,ft) for % inch piping, 2,400 mm (8 ft)
for{3/4 inch, and.1 inch piping and 3,000 mm,(10 ft) for 1% inches and larger
piping; Merticall pipirig shall be suppdrted at' eachyfloor level and at intervals as
specifiedfor horizontal piping. Provide additional supports at fittings as required
by TSSA and-CSA B-149.1 {atest edition.

3.6.2. Indoor Pipe Supports

3.6.2.1. Shop Painting and Platingy Hangers, supports, rods, idserts and accessories used
for pipe supports shall be'stiop coated“with red lead or zinc chromate primer
paint. Electroplated copper hanger rods, hangers and accessories may be used
with copper tubing.
3.6.2.2. Floor, Wall and Ceiling Plates, Supports;)Hangeérs:
3.6.2.2.1. Solid or split unplated cast iron.
3.6.2.2.2. All plates shall be provided with set screws.
3.6.2.2.3. Pipe Hangers: Height adjustable clevis type.
3.6.2.2.4. Adjustable Floor Rests and Base Flanges: Steel.
3.6.2.2.5. Concrete Inserts: "Universal" or continuous slotted type.
3.6.2.2.6. Hanger Rods: Mild, low carbon steel, fully threaded or Threaded at each end
with two removable nuts at each end for positioning rod and hanger and
locking each in place.
3.6.2.2.7. Riser Clamps: Malleable iron or steel.
3.6.2.2.8. Rollers: Cast iron.
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3.6.2.2.9. Self-drilling type expansion shields shall be "Phillips" type, with case
hardened steel expander plugs.

3.6.2.3. Hangers and supports utilized with insulated pipe and tubing shall have 180
degree (min.) metal protection shield centered on and welded to the hanger and
support. The shield shall be 4 inches in length and be 16 gauge steel. The shield
shall be sized for the insulation.

3.6.2.4. Miscellaneous Materials: As specified and/or required for proper installation of
hangers, supports and accessories. Provide all necessary auxiliary steel to provide
that support.

3.6.2.5. Install cast‘@scutcheon with set screw at each wall, floor and ceiling penetration
in exposed finished locations and within cabinets and millwork.

3.6.2.6. Exténsion bars shall.not be used for supporting gas or encasement piping. Gas or
encasement piping shall not be used to support any other piping or component.

376,3. Outdoor Pipe Supports (Roof)

3.643.1. The roof block is apfassembled product comprised of two major components
including, the suppottyshell which is a one piece, UV resistent, thermoplastic
injection molded Polypropyléne Impaét, Copolymer and the Type 3, 20 psi
éxtruded polystyrene non-marring base.

3.6.3.2. Thesupport'shell/(shown left, inverteddvithout base) is designed with an interior
web créating eight symmetrical cavities. Desigh maximizes support strength while
substantially-reducing the overall weighit.

3.6.3.3. Interior cavities allow'for.expansion and contraction underextreme temperature
conditions over its lifetime. The lower portion’ of the onepiece support shell
incorporates a %” ‘high wall>which reduces UV exposurefto the extruded
polystyrene base.

3.6.3.4. Min. mounting height above the roef;300cmm (12”). Use two 12.7 mm electro-
zinc all threaded rod risers and 25 mm galvanized slotted channel to achieve
required pipe mounting height.

3.6.3.5. Supply metallic galvanized straps to s€cure pipé to supports and screw on both
sides into the support blocks. Use a coars€)screw with a large head diameter to
maximize retention.

3.6.3.6. Standard of Acceptance: Dura-Block DBE Series, ‘Quick-Block

3.7. WALLS AND FLOOR PENETRATIONS
3.7.1. Provide metallic sleeves at all locations where the gas line passes through floor or wall.
3.7.2. Provide fire stopping material in the annular space between the gas line and the sleeve.

3.7.3. Waterproofing: At floor penetrations, completely seal clearances around the pipe and
make watertight with sealant.
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3.8. IDENTIFICATION
3.8.1. All gas piping shall be primed and painted yellow. For outdoors, use outdoor grade paint.

3.8.2. Piping conveying gas at pressures above 6.9 kPa (1 psi) shall be identified as per the TSSA
requirements.

3.9. INSTALLATION OF WELDED PIPING

3.9.1. Piping and fittings shall be welded and fabricated in accordance with ASME/ANSI the
latest editions of Standard B32.1 for all systems. Machine beveling in shop is preferred.
Field beveling mdy be'done by flame cutting to recognized standards.

3.9.2. Ensure complete pénetration of deposited metal with base metal. Provide filler metal
suitable for use with b@se metal. Maintain inside of fittings free from globules of weld
metal. All welded pipe joihts(shall be made by the fusion welding process, employing a
metallic arc or gas welding pro€ess."All pipes shall have the ends beveled 37-% inch
degrees andall joints shall befalighed true\before welding. Except as specified otherwise,
alfehanges in direction, intersection of dines, reduction in pipe size and the like shall be
madé with factorysfabricated weldingfittings. Mitering of pipe to form elbows, notching
of straight~runs'to form tees, or any similar construttion will not be permitted.

3.9.3. Align piping afidhequigments<so that no part is offsetfmore,than 1/16 inch. Set all fittings
and joints square and trie and preserve alignmentiduringawelding operation. Use of
alignment rods insideipe isprohibited.

3.9.4. Contractor shall not permitany weld te“project within thesipe/so as to restrict it. Tack
welds, if used, must be of the/same material and made by the sanié procedure as the
completed weld. Otherwise, remoye tack'welded during welding operation.

3.9.5. Do not split, bend, flatten or otherwise damage’piping before, during or after installation.

3.9.6. Remove dirt, scale and other foreign mattér.from the inside of piping, by swabbing or
flushing, prior to the connection of other piping sections, fittings, valves or equipment.

3.9.7. In no cases shall Schedule 40 pipe be welded with Iéss-than three passes including one
stringer/root, one filler and one lacer. Schedule 80 pipe shall be welded with not less than
four passes including one stringer/root, two filler and one lacer. In all cases, however, the
weld must be filled before the cap weld is added.

3.9.8. Weld Testing:

3.9.8.1. At the Client’s request, all welds may be subject to inspection, visual and/or x-ray,
for compliance with Specifications. The Client will employ a testing laboratory for
the purposes of performing said inspections and/or x-ray testing. Initial visual and
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x-ray inspections will be provided by the Client. The Contractor shall be
responsible for all labor, material and travel expenses involved in the re-
inspection and retesting of any welds found to be unacceptable. In addition, the
Contractor shall be responsible for the costs involved in any and all additional
testing required or recommended by ASME/ANSI Standards B31.1 and B31.3 due
to the discovery of poor, unacceptable or rejected welds.

3.9.8.2. Welds lacking penetration, containing excessive porosity or cracks, or are found
to be unacceptable for any reason, must be removed and replaced with an
original quality weld as specified herein.

3.10. TESTING

3.10.1. All natural‘gas systems shéall be inspected, tested, purged and placed into operation in
accordance with NFPA®S4 and as required herein.

3.10.2. All-necessary apparatus for condlcting tests shall be furnished by the Contractor and
comply, withithe requirements‘of NFPA 54.

3.10.3. Albnew roudgh-imdistribution‘piping and affected portions of existing systems connected
to, shall be subjected to a pneumatic test préssure utilizing clean, dry air and must be
demonstrated tobe absolutely tightwhen subjectedto the pressures and time durations
listed hereinZAll equipment.and components desigiied\for operating pressures of less
than the test preSsure shall not be connectédto the piping system during test.

3.10.4. Systems on which theZhormal<opetating pressureiis less than 3.45 kPa (0.5 psi) gauge
(psig), the test pressure Shall be/34.5'kPa (5.0 psig) and the time interval shall be 30
minutes.

3.10.5. Systems on which the normal opefating pressurezis between 3.45 kPa (0.5 psig) and 34.5
kPa (5.0 psig), the test pressure shall be-1.5 times thé normal operating pressure or 34.5
kPa (5.0 psig), whichever is greater, and the time“interval shall be 30 minutes.

3.10.6. Systems on which the normal operating pressure’is 34.5kPa (5.0 psig) or greater, the test
pressure shall be 1.5 times the normal operating préssure, and the time interval shall be
one (1) hour.

3.10.7. After testing is complete, the entire gas system shall be purged with dry nitrogen to
eliminate all air, debris and moisture from the piping before natural gas is introduced into
the system.

3.10.8. After successful results of pressure test and purging have been completed, a leakage test
shall be performed in accordance with NFPA 54 Appendix D.
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3.10.9. Connect, inspect and purge gas utilization equipment, lab hook-ups, outlets, etc., and
place into operation only after successful results of pressure test, leakage test and purging
have been completed and accepted.

3.10.10. In all instances in which leaks are then found, they shall be eliminated in the manner
designated by the Client’s duly authorized representative. Testing operations shall be
repeated until gas-piping systems are absolutely tight at the pneumatic test pressures
indicated above.

3.10.11. The Contractor shall make all arrangements to assure the Consultant and/or
Commissioning Agent view the final test and that a certificate is provided from the
Inspectors verifying that the installation meets requirements.

3.10.12. Pressure test gas piping sleeve system with clean, dry compressed air at 15 psig by
temporarily sealing dll openings between gas carrier pipe and sleeve and vent openings.
Sleeve systems must be demonstrated to be absolutely tight when subjected to this
pressure fora period of four hours.
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PART 1 - GENERAL
1.1. DESCRIPTION
1.1.1. Ductwork and accessories for HVAC including the following:

1.1.1.1. Supply air, return air, outside air, exhaust, make-up air, and relief systems.
1.1.1.2. Exhaust duct for chemical fume hoods, kitchen hood exhaust (grease) and “wet
exhaust” ducts.

1.1.2. Section Includes:

1.1.2.1. Ductwork matetials, plenums, construction, fabrication, and support
1.1.2.2. Galvanized Steel ddetwork (rectangular, round)

1.1.2.3. Stainless steel ductwaork.

1.1.2.4. Aluminum ductwork

1,1.2.5. Grease exhaust/ductwork.

17142.6. Leak-proof ductwork

1.1.2:7 Réinforting and supports.

1.1.2.8. Flexible duct,

1.1.2.9. Special'ductwork constructioh including exhiaust plenums;
1.1.2.10. Duct/sealants:

1.1.2.11. Ductwadrk sealing, inspection, and le@kage tésting.
1.1.2.12. Ductwork aceessories.

1.1.3. Section does not include:
1.1.3.1. Dust or particle collection ductwork
1.1.4. Definitions:

1.1.4.1. SMACNA standards as used insthis “specification means the HVAC Duct
Construction Standards, Metal And Flexible.

1.1.4.2. Seal or sealing: use of liquid or mastic sealant, with or without compatible tape
overlay, or gasketing of flanged joints, to kéep air leakage at duct joints, seams
and connections to an acceptable minimum.

1.1.4.3. Duct pressure classification: SMACNA HVAC Duct Construction Standards, Metal
and Flexible.

1.1.4.4. Exposed duct: exposed to view in a finished room

1.1.4.5. Outdoor duct: exposed to weather.
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1.2. QUALITY ASSURANCE

1.2.1.

1.2.2.

1.2.3.

1.2.4.

Reference Standards: Products in this section shall be built, tested, and installed in
compliance with the following quality assurance standards; latest editions, unless noted
otherwise.

Duct system construction and installation: referenced SMACNA standards are the
minimum acceptable quality.

Duct sealing, air leakage criteria, and air leakage tests: ducts shall be sealed as per duct
sealing requiremerits of SMACNA HVAC air duct leakage test manual for duct pressure
classes shown gh the'drawings.

Duct accessories exposed to the air stream, such as dampers of all types (except smoke
dampers) and accesspenings, shall be of the same material as the duct or provide at
least the same levél of corrosion reSistance.

1.3. SUBMITTALS

1.3.1.

1.3.
1.3.

Provide the following information and product data:

1.1. Séalants-and gaskets
1.2. Accéssdoors

1.3.1.3. Hangers.@nd supports
1.3.1.4. Duct fittings

1.3.1.5. Turning vanes
1.3.1.6. Flexible duct

1.3.1.7. Volume control dampers
1.3.1.8. Fire and smoke dampers
1.3.2. Applicable Publications

1.3.2.1. American Society for Testing and Materials (ASTM):

1.3.2.1.1. A16799(2009) Standard Specification for Stainless and Heat Resisting
Chromium Nickel Steel Plate, Sheet, and Strip

1.3.2.1.2. A653-09 Standard Specification for Ste€l Sheet, Zinc Coated (Galvanized)
or Zinc-lron Alloy coated (Galvannealed) by the Hot-Dip process

1.3.2.1.3. A1011-09a Standard Specification for Steel, Sheet and Strip, Hot rolled,
Carbon, structural, High-Strength Low-Alloy, High Strength Low-Alloy with
Improved Formability, and Ultra-High Strength

1.3.2.1.4. B20907 Standard Specification for Aluminum and Aluminum Alloy Sheet
and Plate

1.3.2.1.5. (C1071-05el Standard Specification for Fibrous Glass Duct Lining
Insulation (Thermal and Sound Absorbing Material)
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1.3.

1.3.2.1.6. E84-09a Standard Test Method for Surface Burning Characteristics of
Building Materials

2.2, National Fire Protection Association (NFPA):

1.3.2.2.1. 90A-09 Standard for the Installation of Air Conditioning and Ventilating
Systems

1.3.2.2.2. 96-08Standard for Ventilation Control and Fire Protection of Commercial
Cooking Operations

1.3.2.2.3. E. Sheet Metal and Air Conditioning Contractors National Association
(SMACNA):

1.3.2.2.4. 2nd Edition — 2005 HVAC Duct Construction Standards, Metal and
Flexible

1.3.2.2.5. AstEditieh - 1985 HVAC Air Duct Leakage Test Manual

1.3.2.2.6. 6th Edition# 2003 Fibrous Glass Duct Construction Standards

1.3.2.3. Underwriter$ Laboeratories, Inc. (UL):

1.3:2.3.1. 18108 Factory MadeAir Ducts and Air Connectors
1.3.2:3:2.7 7555 06 Standdrd for Fire Dampers
¥.3.2.3.377 555506  Standard for Smoke Dampers

1.4. WARRANTY

1.4.1.

Provide a complete'partsiand labor warranty fof @ minithum of one year from the date of
Substantial Completion.

PART 2 - PRODUCTS

2.1. GENERAL USE DUCTWORK

2.1.1. General: Except for systems specified otherwise; construct ductsg€asings, and accessories
of galvanized sheet steel of lock<forming /quality to ASTM A653, coating G90; or,
aluminum sheet, ASTM B209, alloy 1100,,30030r 5052.

2.1.2. Specified Corrosion Resistant Systems: Stainless steel sheet, ASTM A167, Class 302 or 304,
Condition A (annealed) Finish No. 4 for exposed{ducts and Finish No. 2B for concealed
duct or ducts located in mechanical rooms.

2.1.3. Approved factory made joints may be used.

2.1.4. Provide fittings, branches, inlets and outlets in such a manner that air turbulence is
reduced to a minimum.

2.1.5. Rectangular Duct Construction

2.1.5.1. Rectangular duct longitudinal seams shall be Pittsburgh lock 3/8 in. minimum

pocket. Crossbreak or bead rectangular ductwork

Project #: 2025-07



SAB Engineering Inc. Section 2331 13
TLDSB HALIBURTON HIGHLANDS SS METAL DUCTS
HVAC Upgrade (Cafeteria & Kitchen) Page |5

2.1.5.2. Thickness shall be the more restrictive between the SMACANA Standards and the
following:
2.1.5.2.1. Ducts through 12 in. wide: 24 Gage
2.1.5.2.2. Ducts 13 in. through 30 in. wide: 22 Gage.
2.1.5.2.3. Ducts 31 in. through 84 in. wide: 20 Gage.
2.1.5.2.4. Ducts 84 in. and larger: 18 Gage
2.1.5.3. Elbows
2.1.5.3.1. Unless shown otherwise on the drawings, install a 1.5 times width to
centerline radius elbow (full radius elbow). Where not possible, use lesser
radii ednfigurations, with 'radius-proportional' splitter vanes permanently
installed within.
2.1.5.3.2. Onlywhere shown specifically on the drawings, provide square elbows with
double thickness vanes.
2.1.5.4. Transitions
2.4)5.4.1. Limit transition angles (for each side) to 15 degrees diverging and 30 degrees
converging.
2.1.55. Offsets;
2.1°545.1. “Radiused elbows, as’indicated.
2.1.5.6. Take-Off Fittings:
2.1.5.6.1. “LEor take-offs carrying more thand25 percent of duct main, provide an
irficreasing’branch_elbow with an inside’ radius equal to branch duct width.
Size branch and main,at elbow for equalvelocity
2.1.5.6.2. For take<offs cafrying<25 percent ok, less offduct main, provide flanged
increased area,branch take-off (45 degree entry,/'shoe" type) or 45 degree
lateral wye takégffs. Conical<ittings shall be used for spiralpround, and oval
ductwork.
2.1.5.6.3. For take-offs directly to side outlet ferregister or grille, provide an increased
area tap. For take-offs dire¢tly to diffusers see appropriate SMACNA figures.
2.1.5.7. Turning vanes
2.1.5.7.1. Install double wall, airfoil, 2 inchxadius‘vanes in ducts with vane runner
length 18" or greater and air velocityJess than 2000 fpm. Install double wall,
airfoil, 4-1/2 inch radius vanes in ducts with,vane runner length 18" or greater
and air velocity 2000 fpm or greater.
2.1.5.7.2. If duct size changes in a mitered elbow, use single wall type vanes with a
trailing edge extension. If duct size changes in a radius elbow or if short radius
elbows must be used, install sheet metal turning vanes in accordance with
SMACNA Chart 4-1 and Figure 4-9.

2.1.6. Round Duct Construction
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2.1.6.1. All round and oval duct shall be manufactured of spiral lock seams. Ductwork up

2.1

2.1.

to 12 in. diameter and 2 in. w.g. can be manufactured with longitudinal lock
seams.

6.2. Minimum galvanized rectangular duct gage shall be the more restrictive between
the SMACANA Standards and the following:

2.1.6.2.1. Ducts less than 10" diam: 26 ga spiro duct without ribs

2.1.6.2.2. Ducts 12" to 16" in. diam: 24 Gage

2.1.6.2.3. Ducts 18" through 24" diam: 22 Gage.

2.1.6.2.4. Ducts 26 in. through 30" diam: 20 Gage.

2.1.6.2.5. Ducts32" diam and larger: 18 Gage

6.3. Tees sh@ll'be canical. Laterals shall be straight. Taps through 10 in. diameter in
sizefshall_have a machine drawn entrance and fittings shall have longitudinal
seams, continudusly. welded. Both sides of welds shall be primed with zinc
chromate. Tdp entrances shall be free of weld build-up.

2.1.64. Elbows in diameters 2 in.£hrough 10 in. shall be stamped or pleated. Elbows shall

be 5 gore for 90 degrées and 3'gore for 45 degrees. Elbows shall have 1.5 times
widthto centerline‘radius (full radius elbow).

2.1.6.5: Flanges, ‘@ccess doors and taps/into spiral ducts shall be factory fabricated.

2.1.6.6. Field joints indiameters through 481n. shallbe made with 2 in. long slip-fit, sleeve

colpling, orflanges. Duct sealer to bed@pplied on male end connectors before
insertion and afterwards to cover thé entirg joint and sheet metal screws. Sheet
metal screws shatkbe’installed at a maximum 300 mn spacing, with a minimum
of 3 screws pérjoint:

2.1.6.7. Ductwork 48 in. diameter'andover, and for all sizes wheré disassembly or removal

is required, shall be'jéined with flanges.

2.2. SEALING CLASSIFICATION

2.2.1.

2.2.2.

2.2.3.

2.2.4.

Sealant: Elastomeric compound, gun of.brush grade, maximum 25 flame spread and 50
smoke developed (dry state) compourided specifically for sealing ductwork as
recommended by the manufacturer. Generally>provide-liquid sealant, with or without
compatible tape, for low clearance slip joints and‘h@avy, permanently elastic, mastic type
where clearances are larger. Oil base caulking and glazing compounds are not acceptable
because they do not retain elasticity and bond.

Tape: Use only tape specifically designated by the sealant manufacturer and apply only
over wet sealant. Pressure sensitive tape shall not be used on bare metal or on dry
sealant.

Gaskets in Flanged Joints: Soft neoprene.

Sealing classification as per the following table
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SEAL
CLASS SEALING REQUIREMENTS STATIC PRESSURE ALLOWABLE LEAKAGE RATE
ﬂ;trii:j:’;glO(Ijuuccttjs(l_r;t:salI -4” to +4” w.g. 1% of total design air flow at
A & (1,000 to +1,000 4” w.g. (+1,000 Pa)
and all duct wall .
) Pa) operating pressure
penetrations
5 - ;
B All traverse duct joints, all -3”to +3” w.g. ;j’v\cl)f tcziz;lsdoe;f)noalgrgx at
longitudinal duct seams (-750 to +750 Pa) & P &
pressure
” " 1.5% of total design air flow
C All traverse duct joints ~2"to+2" w.g. at 2” w.g. (+500 Pa)
J (-500 to +500 Pa) &
operating pressure
” " 5% of total design air flow at
D Not sealed to+1"we. 1” w.g. (+250 Pa) operatin
(-250 to +250 Pa) 8 perating
pressure

Note: Dust collection exhaust duetwork not included.
2.3. PRESSURE‘CLASSIFICATIONS

2.3.1. Ductwork!/material shall be“constructéd in accordance with SMACNA ratings for the
following pressure’ classifications. Seal classifications shall be in accordance with the
followingétable:

DUCTWORK OPERATING PRESSURE SEAL CLASS REMARKS

-3"to0+3"' w.g.

All supply ductwork (-7500+750,Pa) B

All return ductwork "2 0 +27 8. C
(-500*t0 +500.Ra)

All exhaust ductwork 2" 10 ¥Z7 w.g. C
(-500 to +500 Pa)

All other ductwork not -1” to +1” w.g- b

listed herein (-250 to +250 Pa)

2.4. LIQUID TIGHT DUCTWORK

2.4.1. Applications

2.4.1.1. Exhaust from showers, kitchen dishwashers
2.4.1.2. All outdoor mounted ductwork
2.4.1.3. All swimming pool supply and return/exhaust ductwork

2.4.2. Duct construction:

2.4.2.1. Outdoor ductwork: Min. 18 ga carbon steel continuous external weld for all seams

and joints. Provide neoprene gaskets at flanged connections. Where ducts are not
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self draining back to the equipment, provide low point drain pocket with copper
drain pipe to sanitary sewer. Provide access door in side of duct at drain pockets.
2.4.2.2. Indoor ductwork: Min. thickness of 0.040 in. aluminum alloy 3003H-14 capable of
double seaming without fracture, or 316L stainless steel. Ductwork shall be

continuously welded and watertight. Pitch duct to low point drains. Pipe drains
to floor drains or utility sinks.

2.5. KITCHEN GREASE EXHAUST DUCTWORK

2.5.1. Exhaust Ducts: Construct in compliance with NFPA 96, including supports, insulation,
clearance from ceimbustible materials, location of access doors and grease collection.

2.5.2. Material: 16 mm (16 gage) steel sheet (black iron), ASTM A1011, or 1.3 mm (18 gage)
stainless steel. Use stainlesssteel for exposed duct in occupied areas. See Optional Duct
Materials.

2.5.32 Construction: Liquid tight with£€ontinuous external weld for all seams and joints. Where
ducts are not self draining dack tothe equipment, provide low point drain pocket with
copper drain_pipe, to sanitary sewer. Provide access doors or panels for duct cleaning
inside’of horizontal duct at drain pockets, at«6 m*(20 feet) intervals, and at each change
of direction.

2.5.4. Refer to SMACNA, "Guidelinesfor Welding Sheet Métal" fonapplicable requirements.

2.5.5. Access doors or paréls shallibe <of\the same ‘material and thickness of the duct with
gaskets and sealants that,are rated 815 degrees C(1500/degrees F)and shall be grease-
tight.

2.5.6. Locate access doors at 6 m (20 feet) intervals and at each changé in duct direction.
2.5.7. Stainless Steel Ductwork

2.5.7.1. Min 18 ga thickness

2.5.7.2. Concealed stainless steel ductwork shall ltave an ASTM mill rolled No.1 or No.2 D
finish.
2.5.7.3. Exposed stainless steel ductwork shall have an‘ASTM mill rolled No.2 B finish, or

as indicated. Welds shall be ground smooth and final brushed with stainless steel
wire brushes. Welds on exposed stainless steel ductwork shall be free of stain,
burn-through, or discoloration.

2.5.8. Optional duct construction:

2.5.8.1. Double-wall factory-built grease duct, UL labeled and complying with NFPA 96
may be furnished in lieu of specified materials for kitchen and grill hood exhaust.
Installation and accessories shall comply with the manufacturers catalog data.
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Outer jacket of exposed ductwork shall be stainless steel. Square and rectangular
duct shown in the drawings will have to be converted to equivalent round size.
2.5.8.2. Complete with all pre-manufactured accessories to meet NFPA-96 requirements.
Each section shall bear the UL(C) label.
2.5.8.3. Standard of Acceptance: CaptiveAir, Duravent

2.6. LABORATORY HOOD DUCTWORK

2.6.1. Laboratory Hood, Exhaust and Associated Ductwork: 1.3 mm (18 gage) all welded
Stainless steel.

2.6.2. Stainless Steel Ductwaork

2.6.2.1. Minimum stainless steel rectangular duct gauge shall be 18 gauge, for welding.

2.6.2.2. ASTM A167, type 316L.

2.6.2.3. Concealed‘stainless steel ddetwork shall have an ASTM mill rolled No.1 or No.2 D
finish.

2.6.2.4. Expased stainless stéel ductwork/shall have an ASTM mill rolled No.2 B finish, or

as'indicated. Welds shall be grotind smooth and final brushed with stainless steel
wire brushes. Welds on exposed staifless steel ductwork shall be free of stain,
bGin-throtigh,<or discoloration to tHe ~satisfaction of the University's
Representative/Project Design Engineér.

2.6.2.1. Screws afid rivets_shall'be stainless'steel,

2.7. PLENUMS

2.7.1. Intake and Exhaust plenums.shall4e double wall with® 2" in{ thick«duct liner, G-90
galvanized steel solid inner Wall (gauge per specified duct/minifmum standards) and
minimum 18 gauge, G-90 galvanizéd steel‘outer/wall.

2.8. FLEXIBLE AIR DUCT

2.8.1. General: Factory fabricated, complying with NEPA 90Afar connectors not passing through
floors of buildings. Flexible ducts shall not penettate any fire or smoke barrier which is
required to have a fire resistance rating of one hour“r more. Flexible duct length shall
not exceed 1.5 m (5 feet). Provide insulated acoustical™@ir duct connectors in supply air
duct systems and elsewhere as shown.

2.8.2. Flexible ducts shall be listed by Underwriters Laboratories, Inc., complying with UL 181.
Ducts larger than 200 mm (8 inches) in diameter shall be Class 1. Ducts 200 mm (8 inches)
in diameter and smaller may be Class 1 or Class 2.

2.8.3. Insulated Flexible Air Duct: Factory made including mineral fiber insulation with maximum
C factor of 0.25 at 24 degrees C (75 degrees F) mean temperature, encased with a low
permeability moisture barrier outer jacket, having a puncture resistance of not less than
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50 Beach Units. Acoustic insertion loss shall not be less than 3 dB per 300 mm (foot) of
straight duct, at 500 Hz, based on 150 mm (6 inch) duct, of 750 m/min (2500 fpm).

2.8.4. Application Criteria:

2.8.4.1. Temperature range: -18 to 93 degrees C (0 to 200 degrees F) internal.

2.8.4.2. Maximum working velocity: 1200 m/min (4000 feet per minute).

2.8.4.3. Minimum working pressure, inches of water gage: 2500 Pa (10 inches) positive,
500 Pa (2 inches) negative.

2.8.5. Duct Clamps: 100 pércent nylon strap, 80 kg (175 pounds) minimum loop tensile strength
manufactured for this purpose or stainless steel strap with cadmium plated worm gear
tightening device nApply elamps with sealant and as approved for UL 181, Class 1
installation.

2.9.72DUCT ACCESS DOORS

2.9.1° «Provide access doors, sized ard located formaintenance work, upstream, in the following
lecations:

2.9.1.1. Each in<duct ceil (hydronic or/DX)

2.9.1.2. Eadh duct’mounted coil and humidifier.

2.9.1.3. Each fire, damper (forlink service), smoke damperand automatic control damper.
2.9.1.4. Each duct mounted smoke detector:

2.9.2. Openings shall be as large as feasiblé in small ducts, 300 mm by300 mm (12 inch by 12
inch) minimum where possible. Access/sections in insulated ducts shall be double wall,
insulated. Transparent shatterproof coversiare preferredfor udinsulated ducts.

2.9.3. Forrectangular ducts: Refer to SMAENA HVAC.Duct Construction Standards (Figure 2 12).

2.9.4. For round and flat oval duct: Refer to SMACNA HVAC duct Construction Standards (Figure
2-11).

2.9.5. Access doors to be designed and constructed for thie pressure class of the duct in which
the door is to be installed. Doors in exposed areas shallibe hinged type with cam sash lock.
Hinges shall be aluminum or steel full length continuous*piano type. Doors in concealed
spaces shall be secured in place with cam sash latches.

2.9.6. For both hinged and non-hinged doors provide sufficient number of camp sash latches to
provide air tight seal when door is closed. Do not use hinged doors in concealed spaces if
this will restrict access.

2.9.7. Use minimum 1” deep 24 gauge galvanized steel double wall access doors with minimum
24 gauge galvanized steel frames. For non-galvanized ductwork, use minimum 1” deep
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double wall access door with frame that shall use materials of construction identical to
adjacent ductwork.

2.9.8. Provide double neoprene gasket that shall provide seals from the frame to the door and
frame to the duct. When access doors are installed in insulated ductwork or equipment
provide insulated doors with insulation equivalent to what is provided for adjacent
ductwork or equipment. Access doors constructed with sheet metal screw fasteners will
not be accepted.

2.10. VOLUME CONTROL DAMPERS (MANUAL ADJUSTMENT)

2.10.1. Single or multisblade‘in . opposed arrangement, as detailed in SMACNA Standards. Refer
to SMACNA¢DetailFigure 2-12 for Single Blade and Figure 2.13 for Multi-blade Volume
Dampers.

2. 1TANSTRUMENT TEST FITTINGS

2.11.17.«Manufactured type with'a minimum 50 mm (two inch) length for insulated duct, and a
finimum25 mm (one inch)length for duct not insulated. Test hole shall have a flat gasket
for réctangular, duéts and a concave gasket foraound ducts at the base, and a screw cap
to preventair leakage;

2.11.2. Provide instrdment test hales at each ductr casifig mounted temperature sensor or
transmitter, and“at-entering and leaving side of&ach heating,coil, cooling coil, and heat
recovery unit.

2.12. DUCTWORK HANGERS AND SUPPORTS

2.12.1. Generally, hang and support duc¢twork ‘per the latest edition/0f<SMACNA. Additionally,
adhere to the more specific requirements found‘in-this specification section, the Related
Sections, and as indicated on the project'drawings.

2.12.2. Hanging duct, equipment, or accessories with/tables or wires is prohibited.
2.12.3. Provide vibration isolation as specified in Related Section.

2.12.4. Ductwork shall be supported and anchored to structufe so that horizontal ducts are
without sag or sway, vertical ducts without buckle and all ducts are free from
deformation, collapse or vibration

2.12.5. Upper hanger attachments:

2.12.5.1.  For concrete: manufactured concrete inserts.
2.12.5.1.1. Standard of Acceptance: Myatt fig 485.

2.12.5.2.  For concrete after concrete pour:
2.12.5.2.1. Expanded concrete anchors shall be made of steel.
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2.12.5.3. Powder actuated fasteners shall only be utilized for slabs that are thicker than
100 mm (4") and shall not be utilized in lightweight aggregate concretes.
2.12.5.4. Holes for expanding fasteners shall be drilled either by a carbide bit or by the
teeth on the fastener itself. Expansion shield shall be “set" by driving it into the
hole and expanding it with a conical plug.
2.12.5.5.  For steel joist: manufactured joist clamp or steel plate washer.
2.12.5.5.1. Standard of Acceptance: Grinnell fig 61 or 86 for joist clamps.
2.12.5.6. For steel beams: manufactured beam clamps:
2.12.5.6.1. Standard of Acceptance: Grinnell fig. 60

2.12.6. Support un-insulated rectangular ducts in sizes up to 600 mm (24 in.) by non-perforated
galvanized st€el strap or by trapeze hangers. Support insulated rectangular ducts and
ducts largerthan 36'in. with trapeze hangers. Straps shall be one gauge thicker that the
duct material being sdpported.

2.72;7. Support rectangular ducts in sizés 350.mm (26 in) and larger by galvanized steel angle
with black(galvanized steel x0ds te. ASHRAE and SMACNA. Space the angle supports in
accordance with,the followingitable:

DUCT SIZE ANGLE SIZE{mm) | ROD SIZE (mm)
Up4o,750 mm (30%) 25 X25% 3 6
800-1500’mm (32”-607) 40x40x 3 10
1500-2400 fmm (60"<96™) 50 x 504¢ 5 10
> 2400 mm.(96") 50x50x6 10

2.12.8. For round ductwork the'duct shall be supported asfollows:

2.12.8.1.1. For duct dimensions 900 mim (36" single strap hangersafe acceptable.
2.12.8.1.2. For duct dimensions/over 900 mm (36") use d&rapeze hangers with rods
provided on both sides ofithe duct:
2.12.8.2.  Minimum hanger sizes shall be in"accordance with Table 4-2 of SMACNA.
2.12.8.3. Loading on trapeze bars shall be in a¢cordance with Table 4-3 of SMACNA

2.12.9. Install supports on both ends of duct turns, branth-fittings and transitions.

2.12.10. Do not hang ductwork from piping, ducts, other tradés hangers, existing hangers, or
equipment.

2.12.11. Provide supports on each side of any duct mounted equipment or device, including fans,
coils, dampers, etc, to permit removal of item without removal of adjacent duct sections.

2.12.12. Provide supplemental steel required to support ductwork in shafts, mechanical rooms
or on the floor where structural steel is not properly positioned.
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2.12.13. Beam clamps shall be double sided on ducts over 36 in. by 36 in. Use double sided or
single sided beam clamps with retaining clips on all other sizes.

2.12.14. Do not modify existing structural steel without approval and a structural engineer’s
review.

2.12.15. Provide clamping systems that are compatible with the structural steel system of the
building.

2.12.16. Use angle iron "V" construction supports or similarly rigid construction for vertical
ducting that requirés lateral support.

2.12.17. Ductwork mounted on roof or otherwise exposed to elements shall be supported with
non-penetrating supports cohstructed of galvanized steel angles and channels, regardless
of duct size. Standard®@f Acceptance: Portable Pipe Hangers (Canada)

2.12,18. Proyide angle sway bracing ard diagonal cross bracing to the structure to provide
support against maximum lateral loads that may be imposed on the ductwork installed
downstream of _fan discharges and duttwork exposed to wind loads, and any other
locatibns expased to lateral loads.

PART 3 - EXECUTION
3.1. INSTALLATION

3.1.1. Comply with provisiofis’of Section 23,05 00 Commoen Work'Results.for HVAC, particularly
regarding coordination with,other/trades.and work in existingduildings.

3.1.2. Comply with the provisions of Séction 2307 11 HVAC System lhsulation.

3.1.3. Drawings show the general layout“of, ductwork<and accessories but do not show all
required fittings and offsets that may be-plecessaty to connect ducts to equipment, boxes,
diffusers, grilles, etc., and to coordinate withtother trades. Fabricate ductwork based on
field measurements. Provide all necessary fittings and offsets at no additional cost to the
government. Coordinate with other trades for space available and relative location of
HVAC equipment and accessories on ceiling grid. Duct-sizes on the drawings are inside
dimensions which shall be altered by Contractor to other dimensions with the same air
handling characteristics where necessary to avoid interferences and clearance difficulties.

3.1.4. Ductwork shall be installed to true alignment, parallel or perpendicular to adjacent
building walls, floors and ceilings, to present a neat and workmanlike appearance.

3.1.5. Provide duct transitions, offsets and connections to dampers, coils, and other equipment
in accordance with SMACNA Standards, Section Il. Provide streamliner, when an
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obstruction cannot be avoided and must be taken in by a duct. Repair galvanized areas
with galvanizing repair compound.

3.1.6. Provide bolted construction and tie rod reinforcement in accordance with SMACNA
Standards.

3.1.7. Construct casings, eliminators, and pipe penetrations in accordance with SMACNA
Standards, Chapter 6. Design casing access doors to swing against air pressure so that
pressure helps to maintain a tight seal.

3.1.8. Install duct hangersiand supports in accordance with SMACNA Standards, Chapter 4.

3.1.9. For ductwork mounted outdoors, install duct with slight lateral pitch to prevent water
ponding ontop of duct.

3.1.10. Install special equipfment itemis in ductwork systems including, but not limited to: control
dampers, thermometers, airflowdmneasuring devices and other related items, according to
manufacturer's recommendations:

3.1.11. Seal/gpenings around duct penétrations of floors and fire rated partitions with fire stop
material as required by NFPA 90A.

3.1.12. Flexible duét/dnstallation:Refer to SMACNA Standards, Chapter 3. Ducts shall be
continuous, singlé pieces/notlover 1.5 m (54€eet) lahg (NFPA'90A), as straight and short as
feasible, adequatelySupported. Centerline radius of bends shall be not less than two duct
diameters. Make conhections with<clamps as recommended by?»SMACNA. Clamp per
SMACNA with one clamp oftthe c6ré duct.and one on thé insulation jacket. Flexible ducts
shall not penetrate floors, or any chase or partition designated/as a fife or smoke barrier,
including corridor partitions fire“rated one hour or two holr. Support ducts SMACNA
Standards.

3.1.13. Where diffusers, registers and grilles cann@t be installed to avoid seeing inside the duct,
paint the inside of the duct with flat black paint’to reduce visibility.

3.1.14. Protection and Cleaning:

3.1.14.1. Adequately protect equipment and materials against physical damage. Place
equipment in first class operating condition, or return to source of supply for
repair or replacement, as determined by the Consultant. Protect equipment and
ducts during construction against entry of foreign matter to the inside and clean
both inside and outside before operation and painting. When new ducts are
connected to existing ductwork, clean both new and existing ductwork by
mopping and vacuum cleaning inside and outside before operation.

3.2. DUCT LEAKAGE TESTS AND REPAIR
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3.2.1. Ductwork leakage testing shall be performed by the Testing and Balancing Contractor. For
maximum leakage rates, refer to pressure classifications and sealing classifications
included in part 2 of these specifications

3.2.2. Ductwork leakage testing shall be performed for the entire air distribution system
(including all supply, return, exhaust and relief ductwork), section by section, including
fans, coils and filter sections.

3.2.3. All ductwork shall be leak tested first before enclosed in a shaft or covered in other
inaccessible areas.

3.2.4. If any portion of the duct system tested fails to meet the permissible leakage level, the
Contractor shall réetify sealing of ductwork to bring it into compliance and shall retest it
until acceptable leakagefis demonstrated to the Resident Engineer.

32,5. All tests and necessary repairs shalhbe completed prior to insulation or concealment of
ductwork.

3.2.6. Dusct Leakage Testing Procedures:

3.2.6.1. Prior tofabrication and installationg@develop and submit for approval a ductwork
testing plar, indicating locations of tempérary caps, surface area of ductwork test
sectiohs, test/pressure, leakage class and allowable leakage in cubic feet per
minute.

3.2.6.2. Notify the Clight’'s Represéntative at leasti2 days prior to each test.

3.2.6.3. Provide all blank-off plates, flanges, and safing required«o isolate each section of
duct to be tested.

3.2.6.4. Provide necessary testing appafratus.

3.2.6.5. For all ducts, pressurize ductwork to the specified pressure class and inspect

ductwork for visual and audible-leaks, and 1eaks perceptible to a hand 2 in. from
duct. Reseal all perceptible leaks‘dntil acééptable to Client’s Representative.
3.2.6.6. After completing visual and audiblefinspection, conduct measured ductwork
leakage tests at the specified pressure class for the duct. Reseal and retest as
required until successfully achieving the specified leakage class.
3.2.6.7. Submit leakage test report for approval, using SMAACNA or other approved form.
3.2.6.8. Make sure all openings used for testing flow and temperatures by TAB Contractor
are sealed properly.

3.3. DUCT PAINTING

3.3.1. Where the interior of duct is visible through grilles, registers, diffusers or other air
diffusion devices, paint the interior flat black. Coordinate work with Architectural Trade.
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3.3.2. For plenum returns, where equipment and structure above ceiling is visible through
return air grilles, provide black sheet metal baffle with turned edges suspended from
building construction. Size and position the baffle to prevent restriction of air flow. Where
space above ceiling precludes use of a baffle, paint visible building surfaces flat black.

3.4. DUCTWORK EXPOSED TO WIND VELOCITY

3.4.1. Provide additional support and bracing to all exposed ductwork installed on the roof or
outside the building to withstand wind velocity of145 km/h (90 mph).

3.4.2. All bracing to be to‘be stamped and sealed by a licensed Structural Professional Engineer
and submittedfor review. All engineering services required for additional strapping to be
provided byfthe roefduct support manufacturer and paid for by the Contractor.
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PART 1 - GENERAL
1.1. DESCRIPTION
1.1.1. Air Outlets and Inlets: Diffusers, Registers, and Grilles.
1.2. RELATED WORK
1.2.1. Section: 01 33 23 Shop Drawings, Product Data, and Samples.
1.2.2. Section: 23 05 93 Testing, Adjusting and Balancing For HVAC.
1.3. REFERENCE STANDARDS

1.3.1. The latest published edition,of a reference shall be applicable to this Project unless
identified by a specifi¢’edition date.

1.322. AllLreference amendments adopted prior to the effective date of this Contract shall be
applicable to this Project.

1.3.3. Almaterials installation and woskmanghip shall comply with the applicable requirements
and standards’addréssed within the following references:

1.3.3.1. AMEA,500 "Test Method for Louvers, Dampers and Shutters.

1.3.3.2. ANSI/NFERA 90A”/Installation of Air€onditioning and Ventilating Systems.

1.3.3.3. ARI 890 — Rating of Air Diffusers and Aif Diffuser Assémblies.

1.3.3.4. ASHRAE 70 Method ‘of'Testing for Rating the Aif Flow_Performance of Outlets
and Inlets.

1.3.3.5. SMACNA 1035 - HVAGBuct Construetion Standards - Metal afd Flexible.

1.4. QUALITY ASSURANCE
1.4.1. Test and rate performance of air outlets a#d inletsiin accordance with ASHRAE 70.
1.4.2. Test and rate performance of louvers in accordance with-AMCA 500.
1.4.3. Fire Safety Code: Comply with NFPA 90A.
1.5. SUBMITTALS
1.5.1. All air distribution equipment to be the product of the same manufacturer.

1.5.2. Submit in accordance with Section: 01 33 23 Shop Drawings, Product Data, and Samples
the following:

1.5.2.1. Manufacturer's name and model number
1.5.2.2. Identification as referenced in the documents
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1.5.2.3. Capacities/ratings

1.5.2.4. Materials of construction

1.5.2.5. Sound ratings

1.5.2.6. Dimensions

1.5.2.7. Finish

1.5.2.8. Color selection charts where applicable
1.5.2.9. Manufacturer's installation instructions

1.5.2.10. Mounting methods and frames
PART 2 - PRODUCTS
2.1. ADJUSTABLE SQUARE CONE DIFFUSERS - FIRE RATED
2.1.1. General

2.1.11. The squaré cone diffuserfshall be supplied to deliver a 360 degree radial,
harizontal airflow pattefn. The eones and backpan shall be one-piece die-formed
withsmooth, aerodyramiecally designed surfaces and no corner joints. This
contouréd, design shalhprotect the ceiling and help to prevent smudging and
streaking.

2.1.2. Constructiof

2.1.2.1. Diffusersshall be’steel construction, and shall consist of a seamless, one-piece,
precision formed batkpan that incorporates a round inlet collar of sufficient
length for connecting rigid orAlexible duct'and ap outerframe which is recessed
from the ceiling pldane.to allow for field adjustment of the airflow discharge from
fully horizontal to fully¥ertical:

2.1.2.2. An inner cone assembly shall,consistof [3.cones] or [optional 4 cones] which drop
below the ceiling plane to aSsure optimalVAV air diffusion performance. The
inner cone assembly shall be completelyremovable from the diffuser face to
allow for full access to any dampers‘oii ather ductwork components located near
the diffuser neck.

2.1.2.3. Non-protrusive airflow directional tabs shalltbe provided on the back of the inner
cones which may be positioned for either horizental or vertical discharge.

2.1.2.4. The diffuser ceiling module and neck size shall be as indicated on the drawings
and equipment schedules.

2.1.3. Paint Specification:

2.1.3.1. Paint finish shall be as per the architectural finishing schedule. All components
shall have a baked-on powder coat finish.
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2.1.3.2. The paint finish must demonstrate no degradation when tested in accordance

with ASTM D1308 (covered and spot immersion) and ASTM D4752 (MEK double
rub) paint durability tests.

2.1.3.3. The paint film thickness shall be a minimum of 2.0 mils.
2.1.3.4. The finish shall have a hardness of 2H.
2.1.3.5. The finish shall withstand a minimum salt spray exposure of 500 hours with no

measurable creep in accordance with ASTM D1654, and 1000 hours of exposure
with no rusting or blistering as per ASTM D610 and ASTM D714.

2.1.3.6. The finish shall have an impact resistance of 80 inch-pounds.
2.1.3.7. All compaoriénts shall have a custom finish in a color to match a customer supplied
samplel

2.1.4. Damper:

2.1.4.1. The diffusef shall beSupplied with a galvanized steel, non-adjustable, butterfly-
type ceiling radiation dampet.

2.1.5. “ThermalBlanket:

2.1.5.1. iThe diffusershall be externally wrappéd with a non-asbestos thermal blanket.
2.1.6. Fusible Link:

2.1.6.1. The diffuser shall’be supplied with afusible link rated for 165 degrees Fahrenheit.
2.1.7. Mounting Frame:

2.1.7.1. The diffuser mounting frame. shall be suitable for Jay-in_eiysurface mount
applications with a 15/16:inch firerrated T-bar frame style.

2.1.8. Volume Control:

2.1.8.1. The diffuser shall be supplied with“a’steel voJume control damper that is room
side adjustable with an allen key for balancing.

2.1.9. Standard of Acceptance: E.H.Price model SCDA-FR, Tifus, Ruskin
2.2. ROUND CONE DIFFUSER - ADJUSTABLE DISCHARGE PATTERN

2.2.1. Round ceiling diffusers aluminum with steel screws, adjustable. The diffusers shall have
four cones and round neck inlets of the sizes and mounting types shown on the plans and
outlet schedule.

2.2.2. Round diffusers shall be constructed of 0.051 aluminum. The airflow discharge pattern
shall be field adjustable from horizontal to vertical by extending or retracting the inner
three cones.
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2.2.3. These three cones shall be constructed as a single inner assembly and must be easily
removable using a spring lock mechanism.

2.2.4. Vertical to horizontal discharge pattern must be achieved by one of three adjustment
methods as follows:

2.2.4.1. Type 1. The inner cone assembly can be removed and repositioned by means of
adjusting screws.

2.2.4.2. Type 2. The inner cone assembly can be adjusted by sliding the cones up or down.

2.2.4.3. Type 3. The center cone can be rotated clockwise or counterclockwise to move

the conesfupior down.
2.2.5. Volume Control

2.2.5.1. Round dampér shall|be constructed of heavy gauge steel. Damper must be
operable ffem the face of the diffuser. A retainer cable shall be provided to allow
theinner core assembly to hangduring maintenance of diffusers with a neck size
of 12’inches or greater.

2.2.6. Finish

2.2.6.1. Thé finish’shall-be as per the architectural finishing schedule.

2.2.6.2. The fitish shalll béran anodic acrylicdpaint, daked,at 315°F for 30 minutes. The
pencil hatdness must te'HB to H.

2.2.6.3. The paint must pass“a,100-hour ASTMB117 CorraSive Environments Salt Spray
Test without creepage,‘blistering or deterioration of filimi. The paint must pass a
250-hour ASTM D870 Watérdmmersion Test. The paint snust also pass the ASTM
D2794 Reverse Impact’@racking Test/with a 50-inch paunddorce applied.

2.2.7. Standard of Acceptance: E.h.Price medel ARCD,.Titus, Ruskin
PART 3 - EXECUTION
3.1. GENERAL
3.1.1. Allinstallation shall be in accordance with manufacturers published recommendations.

3.1.2. Check location of air outlets and inlets and make necessary adjustments in position to
conform to architectural features, reflected ceiling plans, symmetry, and lighting
arrangement. Coordinate location of air distribution equipment with lighting fixtures, fire
alarm and PA devices.

3.1.3. Install air outlets and inlets to ductwork with airtight connection.

3.1.4. Provide balancing dampers on duct take off to diffusers, grilles and registers, regardless
of whether dampers are specified as part of the diffuser, grille, or register assembly.
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3.1.5. Provide all specialties and frames for air distribution devices as required for proper
installation in ceiling type as indicated on Architectural Drawings. Provide all cutting and
patching of T-bars, gypsum board, and other ceiling systems as required for installation

of air devices.

3.1.6. Where diffusers, registers and grilles cannot be installed to avoid seeing inside duct, paint
inside of duct with flat black paint to reduce visibility.

Project #: 2025-07



SAB Engineering Inc. Section 23 75 00

TLDSB HALIBURTON HIGHLANDS SS CUSTOM-PACKAGED OUTDOOR HVAC EQUIPMENT
HVAC Upgrade (Cafeteria & Kitchen) Page |1
Table of Contents
PART 1 - GENERAL ..ttt ettt ettt e e e e e bttt e e e e e s e bt et e e e e e e e e s s e beeeeeeseasnnneneeeeeesaanan 2
1.1. DESCRIPTION ..eteeieeeieeiit ettt ettt ettt e e e e s et e e e e e e e bttt e e e e e e s amnereeeeeeeseannraneeeeessanns 2
1.2. RELATED WORK ..ottt ettt ettt ettt e e e e e ettt e e e e e e embb s e e e e e s e sennnreneeeeeesannn 2
1.3. QUALITY ASSURANCE ... s snenes 2
1.4. SUBIMI T TALS s ssssannnnnnnnnes 3
1.5. APPLICABLE PUBLICATIONS ... e e e e e e e e e e e e e e e e e e e e e e e e e e e e 4
1.6. STANDARD OF ACCERTANGCEN......cottiiiiite ettt e e e re e e e e e e e s ee e e e e e s e e nnenee 5
1.7. BASIS OF DESIGN e ettt ettt e e e e e et e e e e e e s et e e e e e e s e nnreaeeeeeeeenas 5
1.8. WARRANTY Lottt ettt ettt et e e et e e e e e et e e e e e e e s annreeeeeeeseennan 5

PART 2 -PRODUCTS ..cceeteiiiiiireieiieereiiiereedinnsersereeeeesfioreti e ceeeeeieteeeeeeeeeteeeteeeteeeeeeeeeeeteteeeeeeeeeeeeeeeeeseseseeeeeseeeeseees 5
2.1. GENER AL ke e et e B e 5
2.2. CASING S s e e e e e 5
2.3. ACCESS DOQRS .../t eeeneeeeeeeeeeeee it sl ettt e e e et e e e e e e 7
2.4. INSULATION ....0ltye oo e it e 7
2.5. FILTERS. oot 0 e i e 7
2.6. FAN SECTIONS....cooviiiiiieeiilen e e i e e it 7
2.7. DAMPERS. ...t Sl 8
2.8. INDIRECT GAS FIRED AUXILIARY HEATING SECTION ...uevvvveeeeneesiiiee e, 8
2.9. DX COIL et eeeeieeeeeeeeeeeveeeee e e T ettt Sttt ettt e e e e e e e e e e e e 9
2.10. COMPRESSORS .....cuiiiiiieieeeiiieeeeeee et e e 10
2.11.  OUTDOOR COIL...iiriiiieeiiiiiiiiiereeeeerirreeeeee e il e e 10
2,120 HEAT WHEEL oottt D@ ettt s s 10
2.13.  CONTROLS PANEL....ottiiiiiiiiiiiieeeieeiiceeeceeirrceeee e S0 ettt e e s 12
2.14.  CONTROL SEQUENCE.......cciiiiiitieiteee ettt e e e e tee e e e s s e seieee S e e e e s e ee e e e e e e e snnereeeeeeesesannnnes 12
2.15.  NON-FUSED DISCONNECT & ELECTRICAL....ccevctitiiriiieeeniiieeesiireesssieeesssereessseneeesssseeessssneeesas 14
2.16.  HAIL GUARDS ...ttt ettt e e e e e ettt e e e e e e ettt e e e e e e e nnbbeeeeeeeesanssbeeeeeeasesannnnnes 15
2.17.  CONVENIENCE OUTLET cciiiiiiittieee ettt st e e e st e e e s s s smnrre e e e e e s s e snnnnee 15
PART 3 - EXECUTION ...ttt ettt ettt e e s et e e e e s s e et e e e e e s smsnre et e e e e s e sannnraeeeeens 15
3.1. INSTALLATION. ...ttt ettt e e e s s st e e e e e s s b et e e e e e s e smnnreeeeeeas 15
3.2. STARTUP SERVICES ....ceiiiiiiiiittie ettt ettt e e e e s ettt e e e e e e s nbbe et e e e e e e s ansreneeeeeeesannnnes 16

Project #: 2025-07



SAB Engineering Inc. Section 23 75 00
TLDSB HALIBURTON HIGHLANDS SS CUSTOM-PACKAGED OUTDOOR HVAC EQUIPMENT
HVAC Upgrade (Cafeteria & Kitchen) Page |2

PART 1 - GENERAL
1.1. DESCRIPTION
1.1.1. Roof top air handling units including integral components specified herein.

1.1.2. Definitions: Roof Top Air Handling Unit: A factory fabricated assembly consisting of fan,
coils, filters, and other necessary equipment to perform one or more of the following
functions of circulating, cleaning, heating, cooling, humidifying, dehumidifying, and
mixing of air. Design capacities of units shall be as scheduled on the drawings.

1.2. RELATED WORK
1.2.1. Section 23 05 00 COMMON WORK RESULTS FOR HVAC
1.272, Section 2309 00 INSTRUMENTATION'AND CONTROL FOR HVAC
1.2.3. Seetion 23 05 93 TAB
1.3. QUALITY ASSURANCE
1.3.1. Air HandlingllJnits Certification

1.3.1.1. Air Handling Unitsswith:Housed Centrifugal Fahs: Th@&air handling units shall be
certified in ac¢cordandecwith AHRI 430 anditested/rated in accordance with AHRI
260.
1.3.1.2. Air Handling Units with PlenGm, Fans:
1.3.1.2.1. Air Handling Units With a single Plenum Fan shall'be€ertified in accordance
with AHRI 430 and testedyrated in accerdance with AHRI 260.
1.3.1.2.2. Air handling Units with Multiple Fans in‘an Array shall be tested and rated in
accordance with AHRI 430 and’AHRI 260,
1.3.1.3. Heating, Cooling, and Air Handling Capacity“and Performance Standards: AHRI
430, AHRI 410, ASHRAE 51, and AMCA 210:

1.3.2. Performance Criteria:

1.3.2.1. The fan BHP shall include all system effects for all fans and v-belt drive losses for
housed centrifugal fans.
1.3.2.2. The fan motor shall be selected within the rated nameplate capacity, without
relying upon NEMA Standard Service Factor.
1.3.2.3. Select the fan operating point as follows:
1.3.2.3.1. Forward Curve and Axial Flow Fans: Right hand side of peak pressure point.
1.3.2.3.2. Air Foil, Backward Inclined, or Tubular Fans Including Plenum Fans: At or near
the peak static efficiency but at an appropriate distance from the stall line.
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1.3.3. Operating Limits: AMCA 99 and Manufacturer’s Recommendations.

1.3.4.

Units shall be factory-fabricated, assembled, and tested by a manufacturer, in business of
manufacturing similar air-handling units for at least five (5) years.

1.4. SUBMITTALS

1.4.1.

1.4.2.

The contractor shall furnish a complete submission for all roof top units covered in the
project. The submission shall include all information listed below. Partial and incomplete
submissions shall be rejected without reviews.

Manufacturer's dterature and Data:

1.4.2.1. Subimittals shall'include fans, drives, motors, coils, mixing box with outside/return

air dampers, filier housings and all other related accessories. The contractor shall
provide custom; drawings showing total air handling unit assembly including
dimensions, opérating wéightaccess sections, flexible connections, door swings,
controls penetrations, eleetrical disconnect, lights, duplex receptacles, switches,
wiring//utility connection points, unit support system, vibration isolators, drain
pan,.pressdre drops through each compenent (filter, coil etc) and rigging points.

1.4.2.2. Submittal drawings of sectiong®r compdnent only, will not be acceptable.

Contractor shallyalso submit perforpdance /data including performance test
results;i’charts,/curves or certified computer  selection data; data sheets;
fabrication.and insulatien~details; if thefunit eapnot be shipped in one piece, the
contractor shall indicate the~-number of pieces that each unit will have to be
broken into to méeet.shipping andjob site rigging/fequifements. This data shall be
submitted in hard cofgies andiimelectronic version compatible.t6 AutoCAD version
used by the VA at the tirae of submission.

1.4.2.3. Submit sound power levels/in each/ectave band for fan and at entrance and

discharge of equipment at scheduled conditions.

1.4.2.4. Provide fan curves showing Liters/Second (cubic feet per minute), static pressure,

efficiency, and horsepower for design point of operation and at maximum design
Liters/Second (cubic feet per minute) and’210 percent of design static pressure.

1.4.2.5. Submit total fan static pressure, external statio pressure, for RTU including total,

1.4.3.

1.4.4.

inlet and discharge pressures, and itemized{specified internal losses and
unspecified internal losses. Refer to air handling unit schedule on drawings.

Maintenance and operating manuals. Include instructions for lubrication, filter
replacement, motor and drive replacement, spare part lists, and wiring diagrams.

Submit shipping information that clearly indicates how the units will be shipped in
compliance with the descriptions below.
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1.4.4.1.

1.4.4.2.

1.4.4.3.

1.4.44.

Units shall be shipped in one (1) piece where possible and in shrink wrapping to
protect the unit from dirt, moisture and/or road salt.

If not shipped in one (1) piece, provide manufacturer approved shipping splits
where required for installation or to meet shipping and/or job site rigging
requirements in modular sections. Indicate clearly that the shipping splits shown
in the submittals have been verified to accommodate the construction
constraints for rigging as required to complete installation and removal of any
section for replacement through available access without adversely affecting
other sections.

If shipping“splits are provided, each component shall be individually shrink
wrapped to protect the unit and all necessary hardware (e.g. bolts, gaskets etc.)
willdbeincludéd toassemble unit on site.

Lifting lugs willde provided to facilitate rigging on shipping splits and joining of
segments. |fthe unitcannot be shipped in one piece, the contractor shall indicate
the number of pieces that eaeh unit will have to be broken into to meet shipping
andjob site rigging reduirements.

1.5. APPLICABLE PUBLICATIONS

1.5.1. The publications’listed below form a part of this specification to the extent referenced.

The publications are referenced in the text by the basi€ designation only.

1.5.2. Air Conditioning, Heating,/and"RefrigerationInstitute (AHRI):

1.5.2.1.
1.5.2.2.
1.5.2.3.

260-01 Sound Rating ofDucted Air Moving and Canditionifig Equipment
410 01 Standard forForced<Circtiation Air-Heating@nd Air-Cooling Coils
430 09 Standard for Central Station/Air Handling Units

1.5.3. Air Moving and Conditioning Association (AMEA)!

1.5.3.1.

210 07 Laboratory Methods of Testing Fansfor Rating

1.5.4. American Society of Heating, Refrigerating and Air, Conditioning Engineers (ASHRAE):

1.5.4.1.
1.54.2.

51 2007 Laboratory Methods of Testing Fansfor Rating
National Fire Protection Association (NFPA):

1.5.5. NFPA 90A Standard for Installation of Air Conditioning and Ventilating Systems, 2009
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1.6. STANDARD OF ACCEPTANCE

1.6.1. AAON (Basis of Design)
1.6.2. Trane

1.6.3. Daikin

1.6.4. EngineeredAir

1.7. BASIS OF DESIGN

1.7.1.

1.2,

Basis of Designfequipment is custom manufactured to match accurately the existing
support strdctures,and logation of roof mounted ductwork, access points and power
supplies.

Any other manufaCtured itém submitted as an equal shall have to match exactly the
footprint, capacity, weight and4ll othercharacteristics of the Basis of Design Equipment.
Any discrepancy noted at sh@p drawings submission will result in immediate rejection.

1.8. WARRANTY

1.8.1.

The warranty period, shall, commence at'the datefof initial start up and shall continue for
a period of étwo (2)ye€ar.not to exceed eightéen (18) months from shipment.
Manufacturer’s Warrantyshallinclude partsonlys

PART 2 - PRODUCTS

2.1. GENERAL

2.1.1. Units shall consist of filter section,'supply airfan'section, exhaust fans (as applicable), high
efficiency indirect gas heating sectioh, DX ‘ceoling section, fan sections, motorized
dampers, economizer section c¢/w motofized damper relief, control panel, and all other
components required for complete installation.

2.2. CASING

2.2.1. All cabinet walls, access doors, and roof shall be fahficated of double wall, impact
resistant, rigid polyurethane foam panels.

2.2.2. Unit insulation shall have a minimum thermal resistance R-value of 13. Foam insulation
shall have a minimum density of 2 pounds/cubic foot and shall be tested in accordance
with ASTM D1929-11 for a minimum flash ignition temperature of 610°F.

2.2.3. Unit construction shall be double wall with G90 galvanized steel on both sides and a

thermal break. Double wall construction with a thermal break prevents moisture
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accumulation on the insulation, provides a cleanable interior, reduces heat transfer
through the panel, and prevents exterior condensation on the panel.

2.2.4. Unit shall be designed to reduce air leakage and infiltration through the cabinet. Cabinet
leakage shall not exceed 1% of total airflow when tested at 3 times the minimum external
static pressure provided in AHRI Standard 340/360. Panel deflection shall not exceed
L/240 ratio at 125% of design static pressure, at a maximum 8 inches of positive or
negative static pressure, to reduce air leakage. Deflection shall be measured at the
midpoint of the panel height and width. Continuous sealing shall be included between
panels and between access doors and openings to reduce air leakage. Piping and electrical
conduit through&abinet panels shall include sealing to reduce air leakage.

2.2.5. Roof of thé air tunnel shall ke sloped to provide complete drainage. Cabinet shall have
rain break overhangs abhove access doors.

2.2.6. Access to filters, dampers, cooling coils, heaters, energy recovery wheels, and electrical
and‘eontrols components shall be through hinged access doors with quarter turn, zinc
cast, lockable’handles. Fulitlength stainless steel piano hinges shall be included on the
doors:.

2.2.7. Exterior gaint finish shall be capable‘ofwithstanding at least 2,500 hours, with no visible
corrosive effects, when tested in a salt spray and fég atmosphere in accordance with
ASTM B 117-95tést procedure.

2.2.8. Units with cooling coils’shall in€ludé-double slopedi304 stainless steel drain pans.

2.2.9. Unit shall be provided with'base dischargé and return aiir 6penings. All epenings through
the base pan of the unit shall Have upturned/flanges of at least 1/2dnch in height around
the opening.

2.2.10. Unit shall include lifting lugs on the top of the unit:
2.2.11. Unit base pan shall be provided with 1/2 inch’thick foam.insulation.

2.2.12. Unit shall include factory installed, painted galvanizéd steel condenser coil guards on the
face of the condenser coil.

2.2.13. The following components shall be provided with a 22 gauge (.85mm) solid galvanized
metal or 24 gauge (.70mm) perforated (40% free area) galvanized metal liner over
insulated areas:

2.2.13.1. Fan Sections: solid liner
2.2.13.2.  Filter Sections: perforated liner
2.2.13.3.  All Access Sections: solid liner
2.2.13.4.  All hydronic/DX coils:  solid liner
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2.2.13.5. Gas heat exchanger:  solid liner
2.3. ACCESS DOORS
2.3.1. Units shall be provided with access doors to the following components:

2.3.1.1. Fan and motors and control panels
2.3.1.2. Filters

2.3.1.3. Dampers and Operators

2.3.1.4. Access Plenums

2.3.2. Access Doors shdll be large enough for easy access. Removal of screwed wall panels will
not be acceptable. All doors shall have a standard (re-rod) hold open latch arrangement,
which will provide stiffenéd support for the door during wind days.

2.3.3. Provide hinged accéss doorsysfully lined, quarter-turn handles, operable from both sides
foraall units at and over/48 in. (1220mm) high.

2.3.4. “Whenevey, possible, hinged@ccess doorsto areas of negative pressure shall open out, and
to areas of‘positive pressure shall open in. Where space constrictions require the use of
outwatdyopening doors to an area of positive pressure, a clear warning label must be
affixed.

2.4. INSULATION
2.4.1. All units shall be intefnally insulated-with:

2.4.1.1. 2” (50mm) thick 3Hb./cu.ft. {48kg./cu.m.) density; neoprene coated fibre glass
thermal insulation. Minitnum vatueof R-13.

2.4.1.2. Insulation shall be secured to metal panels with a fire retardant adhesive and
welded steel pins at 16” (400MM) o/c. JAltfongitudinal insulation joints and butt
ends shall be covered by a sheetymetal/break to prevent erosion of exposed
edges. Drain pans and all floor areaS:shall beinsulated on the underside.

2.5. FILTERS

2.5.1. Unit shall include 4 inch thick, pleated panel filters witli'an ASHRAEMERYV rating of 13,
upstream of the cooling coil. Unit shall also include 2 inch thick, pleated panel pre filters
with an ASHRAE MERV rating of 8, upstream of the 4 inch standard filters.

2.5.2. Unit shall include a clogged filter switch.
2.5.3. Unit shall include a Magnehelic gauge mounted in the controls compartment.

2.6. FAN SECTIONS
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2.6.1. 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.

2.6.2. Supply fan motor shall be direct drive type with factory installed variable frequency drive.
All motors shall be thermally protected.

2.6.3. Motor, fan bearings and drive assembly shall be located inside the fan plenum to minimize
bearing wear and toyallow for internal vibration isolation of the fan-motor assembly,
where required.

2.6.4. All fans shall be mountéd onrubber vibration isolators, to reduce the transmission of
noise.

2.6.5._ Fan/motor on supply motor shall be rated for fan duty, open drip proof, super high
efficient/{equal to CSA 390 M 1985)T-frame, and 208 Volt, 3 Phase, 60 Cycle.

2.7. DAMPERS

2.7.1. The unit shall have-a factory installed@andintegrated 100% outdoor air hood with damper
controlled by@ direct-coupled actuator and 2 permanentiand washable aluminum mesh
filters accessible'through-a-hinged access door.

2.7.2. Intake damper dampef insulated) extruded aluminibm, opposed.blade type respectively,
to be Tamco 9000 series. Bamper-actuators to be Belimo model AF24(s) or AF120(s) ¢/w
manual over ride option.

2.8. INDIRECT GAS FIRED AUXILIARY HEATINGSECTION

2.8.1. Heating units shall have an indirect propafie gas’heating section that is C-ETL, approved
for both sea level and high-altitude areas. ThHe entiré assembly shall be approved and
labelled by a nationally recognized certification agency.

2.8.2. Operating natural propane pressure at unit(s) manifold,shall be minimum 7" (1750 Pa)
w.C.

2.8.3. Propane fired units shall be approved for operation in -40F (-40C) locations.

2.8.4. Heat exchanger shall be a primary drum and multi-tube secondary assembly constructed
of titanium stainless steel with multi-plane metal turbulators, and shall be of a floating
stress relieved design. Heat exchanger shall be provided with condensate drain
connection. The heat exchanger casing shall have 1" (25mm) of insulation between the
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outer cabinet and inner liner. Blower assemblies close coupled to duct furnace type heat
exchangers are not acceptable.

2.8.5. Units with high efficiency heat exchangers shall be tested and certified to ANSI standards
to provide a minimum of 80% efficiency throughout the entire operating range. The
manufacturer shall be routinely engaged in the manufacture of this type of high efficiency
equipment.

2.8.6. The burner assembly shall be a blow through positive pressure type with an intermittent
pilot ignition system to provide a high seasonal efficiency. Flame surveillance shall be
with a solid stategorogrammed flame relay c¢/w flame rod. The burner and gas train shall
be in a cabinet enclosure. Insulation in the burner section shall be covered by a heat
reflective galvanized steel liner. Atmospheric burners, or burners requiring power
assisted venting are noat acceptable.

2.8.7. Unit discharge air control shall in€lude 10:1 turndown (HT burner). The high turndown
burherminimum input'shall bé capable’of controlling at 6.7% of its rated input without
@n-off ¢ycling:

2.8.8. Installation and venting provisions myst be.imfaccordance with local gas codes. Venting
shall folloWw;AL29-4C special venting forhigh 90%£&fficient heat exchanger

2.9. DXCOIL

2.9.1. Internally finned, inchicoppertubés:mechanically bonded t@ a configured aluminum plate
fin shall be standard.

2.9.2. Coils shall be leak tested at the’factory to ensure the pressurefintegfity. The evaporator
coil shall be leak tested to 500 psigs/and pressuretested to 500 psig.

2.9.3. Coils shall be designed for use with R-454B refrigerant and constructed of copper tubes
with aluminum fins mechanically bonded terthe tubes and galvanized steel end casings.
Fin design shall be sine wave rippled.

2.9.4. Coils shall be hydrogen or helium leak tested.
2.9.5. Coils shall be furnished with factory installed expansion valves.

2.9.6. A stainless steel double-sloped condensate drain pan with provision for through the unit
wall condensate drain is standard.

2.9.7. Unit shall be configured as an air-source heat pump. Each refrigeration circuit shall be
equipped with a factory installed liquid line filter drier with check valve, reversing valve,
accumulator, and expansion valves on both the indoor and outdoor coils. Reversing valve
shall energize during the heat pump cooling mode of operation.
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2.9.8. Each refrigeration circuit shall be equipped with a liquid line sight glass.
2.10. COMPRESSORS

2.10.1. Unit shall have a direct-drive hermetic, digital scroll type compressors with centrifugal
type oil pumps. Motor shall be suction gas-cooled and shall have a voltage utilization
range of plus or minus 10 percent of unit nameplate voltage.

2.10.2. Internal overloads shall be provided with the scroll compressors. Compressor shall be able
to fully modulate from 20% to 100%.

2.10.3. Crankcase heatefs shall be included as standard.
2.11. OUTDOOR COIL
2.11.1. Fin & Tube Coil

2:11.11~ Internally finned, coppér tubessmechanically bonded to a configured aluminum
plate’fin shall be stafidard.

2.11.12.,, Coils shall be leak tested at the factory to ensure the pressure integrity. The
evaporator coil shall be leak tgsted tad500 psig and pressure tested to 500 psig.

2.11.1.3. The condenser<coil shall have afin designdwvith slight gaps for ease of cleaning.

2.11.2. Outdoor fans

2.11.2.1. Shall be direct drive'¥erticaldischarge design withdow-noise corrosion resistant
glass reinforced polypropylene)propellors, powder coated wire discharge guards
with electro-platedmotor mounting brackets.

2.11.2.2.  Fans shall be statically‘ahd dynamically.balanced.

2.12. HEAT WHEEL

2.12.1. Unit shall contain a factory mounted an@ tested energy recovery wheel. The energy
recovery wheel shall be mounted in a rigid fratwe containing the wheel drive motor, drive
belt, wheel seals and bearings. Frame shall slide’eut for service and removal from the
cabinet.

2.12.2. The energy recovery component shall incorporate a rotary wheel in an insulated cassette
frame complete with seals, drive motor and drive belt.

2.12.3. Units shall contain two 64 in. energy recovery wheels with a 2 in. minimum media
thickness oriented in a "V" formation in the factory assembled cabinet.

2.12.4. The energy recovery cassette shall be an Underwriters Laboratories Recognized
Component for electrical and fire safety. The wheel drive motor shall be an Underwriters
Laboratory Recognized Component and shall be mounted in the cassette frame and
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supplied with a service connector or junction box. Thermal performance shall be certified
by the manufacturer in accordance with ASHRAE Standard 84, Method of Testing Air-to-
Air Heat Exchangers and AHRI Standard 1060, Rating Air-to-Air Energy Recovery
Ventilation Equipment. Cassettes shall be listed in the AHRI Certified Products.

2.12.5. Energy recovery wheel cassette shall carry a 5 year non-prorated warranty, from the date
of original equipment shipment from the factory. The first 12 months from the date of
equipment startup, or 18 months from the date of original equipment shipment from the
factory, whichever is less, shall be covered under the standard limited parts warranty. The
remaining period of the warranty shall be covered by Airxchange. The 5 year warranty
applies to all pafts and components of the cassette, with the exception of the motor,
which shall carry an 18 month warranty. Warranty shall cover material and workmanship
that prove defective, withinythe specified warranty period, provided the Airxchange
written instructions for Installation, Operation, and Maintenance have been followed.
Warranty excludes‘parts associated with routine maintenance, such as belts. Refer to the
Airxchange Energy Recovery CaSsette Limited Warranty Certificate.

2.12.6. Uit shallinclude 2 inch thicky, pleated/panel outside air filters with an ASHRAE MERV
rating.of 8, upstream of the wheels.

2.12.7. Hinged serlice accéss doors shall allow access tothe wheel.

2.12.7.1. PolymerEnergy-Recovery Wheels

2.12.7.1.1. Shall bé&provided with removable energy transfer matrix. Wheel frame
construction shall*be a<welded hub, spoke and rimfassembly of stainless,
plated and/or“voated<steeland shall befselfsupporting without matrix
segments in place’/Segments shall be removable without the use of tools to
facilitate maintenance”and ¢leaning, Wheel be@arings shall be selected to
provide an L-10 life in excess of 400,00040urs. Rim shall be continuous rolled
stainless steel and the whee€l,shall’bé connected to the shaft by means of
taper locks.

2.12.7.1.2. All diameter and perimeter seals shall be{provided as part of the cassette
assembly and shall be factory set. Drive, belts of stretch urethane shall be
provided for wheel rim drive.

2.12.7.1.3. Polymer Energy recovery wheel cassette shall carry a 5 year non-prorated
warranty, from the date of original equipment shipment from the factory.
The first 12 months from the date of equipment startup, or 18 months from
the date of original equipment shipment from the factory, whichever is less,
shall be covered under the standard limited parts warranty. The remaining
period of the warranty shall be covered by Airxchange. The 5-year warranty
applies to all parts and components of the cassette, with the exception of the
motor, which shall carry an 18 month warranty. Warranty shall cover material
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and workmanship that prove defective, within the specified warranty period,
provided the Airxchange written instructions for installation, operation and
maintenance have been followed. Warranty excludes parts associated with
routine maintenance, such as belts. Refer to the Airxchange Energy Recovery
Cassette Limited Warranty Certificate.

2.12.7.1.4. Total energy recovery wheels shall be coated with silica gel desiccant
permanently bonded by a process without the use of binders or adhesives,
which may degrade desiccant performance. The substrate shall be
lightweight polymer and shall not degrade nor require additional coatings for
application in marine or coastal environments. Coated segments shall be
washable with detergent or alkaline coil cleaner and water. Desiccant shall
hot disselve nor deliquesce in the presence of water or high humidity.

2.13. CONTROLS PANEL

2.1371. Units.shall be factory wired and téstedpand shall be certified by ETL, with C.S.A. approved
components,

2.13.2. Wiring shall/be in‘accordance with thé Canadian Electrical Code, Part 1, and pertinent
sectiohs af Part’2 of the Code pertaining tedpecificequipment type and purpose.

2.13.3. All electrical-circuits Shall <indergo a dielectrj¢ strength test (CSA C22.2-0), and shall be
factory tested and checked as:to proper fufiction.

2.13.4. Pre-wired units shall be&ar an approved bilingual label withall'the necessary identification
marks, electrical data, and’any cautions as required by the Caniadian Electrical Code, Part
2.

2.13.5. Provide a system of motor control, including-all necessary terminal blocks, motor
contacts, motor overload protection,,grounding dgs, control transformers, auxiliary
contacts and terminals for the connection/of extérnal control devices or relays.

2.13.6. Automatic controls shall be housed in a contro¥panel mounted in or on the air handling
unit, which will meet the C.S.A. standard of the specific installation.

2.13.7. Provide unit mounted non-fused disconnect switch.

2.13.8. Provide factory wired GFl service receptacle. Contractor shall provide 120/1/60 power

2.14. CONTROL SEQUENCE

2.14.1. The new equipment shall be capable of interfacing with the existing building BAS. At the
very minimum, the BAS shall be capable of:
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2.14.1.1. Setting the discharged air or return air setpoint
2.14.1.2. Be capable of operating the fresh air of the equipment

2.14.2. The equipment sequences of operation shall match the ones described on the drawings
(BAS diagrams)

2.14.3. Solid state analyzer complete with proportional and integral control and with a discharge
air sensor to maintain set point temperature and provide rapid response to incremental
changes in discharge air temperature. Combustion air motor speed varies in response to
the modulation of gas flow to provide optimum fuel/air mixture and efficiency at all
conditions.

2.14.4. Combustion‘efficieney of heat exchangers shall increase 4 — 5% from high fire to low fire
on units incorporating410:1 turndown (HT Burner). Heat exchangers shall provide a
minimum of 80% effiCieney throughout the entire operating range.

2.14/5. Alternate manufacturers unitsazhich'do,not incorporate a variable speed combustion air
blower/shall’have a moduldting gas valyé and a combustion air damper with a linear
linkage connectéd to an actuater which‘has a minimum of 100 steps of control.

2.14.6. Controllérs shaltinclude the following stafdard features:

2.14.6.1. linear{gas and|combustion air flow' obtairded wvia a built-in solid state linear
algorithm

2.14.6.2. -40F (-40C) mihimum opetrating ambient temperature

2.14.6.3. four (4) air change-pre-purge on units with‘over 400 MBH (117 kw) input

2.14.6.4. post purge

2.14.6.5. interrupted pilot

2.14.6.6. self-check on start-up to“make sUre aitzproving and discharge air sensors are
operating within design tolerances

2.14.6.7. low fire start

2.14.6.8. controlled burner start-up and shut ddwn

2.14.6.9. diagnostic lights for ease of set-up and sefvice

2.14.6.10. blower contactor that starts fan after burnetpre-purge

2.14.6.11. damper contact that allows fan to start after damper opens, damper to close after
fan stops and damper to close on flame failure

2.14.6.12. non-recycling auto by-pass low limit that has built-in sensor checking

2.14.6.13. built-in alternate blower and damper functions and set back temperatures for
unoccupied mode operation using a single room thermostat

2.14.7. Provide a discharge air low limit equipped with an automatic by-pass time delay to allow
for cold weather start-up. On a heating system failure this device will shut down the fan
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and close the outdoor air damper. This device shall require automatic resetting by
interrupting the electrical circuit through the BMS.

2.14.8. Provide additional dry contact points to be hardwired to BAS on site:

2.14.8.1. Unit On/Off

2.14.8.2. Heat On/Off

2.14.8.3. Cool On/Off

2.14.8.4. Setpoint adjustment 0-10VDC
2.14.8.5. VFDs 0-10VDC (where applicable)
2.14.8.6. Damper signal 0-10VDC for fresh air
2.14.8.7. Dampér feedback signals

2.14.8.8. Gefieral Alarm

2.14.8.9. Burner Status

2.14.8.10. Dirty Filterdndication

2.148: Refér/also’to control sequencifg of systém in Controls Section. BAS control components
provided-by controls contréctor shall befield installed.

2.14.10. Adjustable’ frequency drive (Wheresdpplicable) shall be factory supplied and
installed in/a NEMA, 1enclosure and‘shall'be labeléd by an approved testing agency such
as UL.

2.14.11. Unit mourtéed manual VED bypass switeh locks eut VED) fan runs on maximum set

volume. Bypass switch7and allinteriack contacts are factory mounted and pre-wired.
2.14.12. Line and load reacters.required for all 460 and 575 volt applications.
2.14.13. For safety, minimum CFW/ef 35% shali’be set on gas fired hieat exchangers
2.15. NON-FUSED DISCONNECT & ELECTRICAL

2.15.1. Air-source heat pump shall include an optimized ‘start defrost cycle to prevent frost
accumulation on the outdoor coil during heat pump heating operation and to minimized
defrost cycle energy usage. If the temperature of thé gutdoor heat exchanger and/or the
suction line is less than a predetermined value, a deferred defrost cycle is initiated
wherein the defrost cycle starts after a variable, continuously optimizing, time interval
has elapsed. The defrost cycle is terminated when the relative temperatures of the
outdoor heat exchanger and/or the suction line indicate that sufficient frost is melted
from the heat exchanger to ensure adequate time between successive defrost cycles for
optimizing the efficiency and reliability of the system, or after a predetermined time
interval has elapsed, whichever condition occurs first. During defrost cycle all
compressors shall energize, reversing valves shall de-energize, and auxiliary heat shall
energize.
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2.15.2. 3-pole, molded case, HACR circuit breaker with provisions for through the base electrical
connections shall be factory installed. Wiring shall be from the circuit breaker to the unit
high voltage terminal block.

2.15.3. The switch shall be UL/CSA agency recognized.
2.15.4. The circuit breaker will be sized as per NEC and UL guidelines.

2.15.5. Factory wired voltage/phase monitor shall be included as standard. In the event of the
following the unit shall shut down and upon correction of the fault condition the unit will
reset and restart adtomatically:

2.15.5.1. Phasé unbalance protection: Factory set 2%
2.15.5.2. Over/under/browh out voltage protection: +/- 10% of nameplate voltage
2.15.5.3. Phase loss/reyersal

2.16. HAIL GUARDS

2.16.1. Hail guards shall be installed on the 6utside of the condenser coil. The guards shall consist
of pérforated-metal, of the same gauge and colour as the unit itself.

2.16.2. Airflow through -the hail guards shall hiot be restricted due to location or size of the
perforations.

2.16.3. Guards shall be removablée’to accommodate coil cleaning.
2.17. CONVENIENCE OUTLET

2.17.1. Apowered 120volt, 15 amp, Zplug convenience outlet shall befactony installed. A service
receptacle disconnect shall be installed.

2.17.2. The convenience outlet shall be powered from’a dedicated power source different than
the unit.

PART 3 - EXECUTION
3.1. INSTALLATION

3.1.1. Prior to submission of shop drawings, the manufacturer shall inspect the site and
accurately measure the existing steel supports and location of roof mounted ductwork.

3.1.2. The new equipment shall accurately match the footprint of the existing one, so that no
adjustment of the existing steel structure shall be necessary. All access doors shall be on
sides not obstructed by ductwork or other building elements.

3.1.3. Make all connections to power, automation and gas. Connect unit to ductwork.
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3.1.4. Assemble and install roof top unit components in strict accordance with manufacturer’s
instructions. Unit to be completely level.

3.1.5. Repair painted units by touch up of all scratches with finish paint material. Vacuum the
interior of air-handling units clean prior to operation.

3.1.6. Leakage and test requirements for roof top units shall be the same as specified for
ductwork except leakage shall not exceed Leakage Class (CL) 12 listed in SMACNA HVAC
Air Duct Leakage Test Manual when tested at 1.5 times the design static pressure. Repair
casing air leaks that can be heard or felt during normal operation and to meet test
requirements.

3.1.7. Seal and/of fill“all.6penings between the casing and RTU components and utility
connections to preventdir leakage or bypass.

3.227STARTUP SERVICES

3.2.17 £ The airhandling unit shall nét bexoperated for any purpose, temporary or permanent,
Gntil ductorlkis clean, filtersiare in place, bearings are lubricated and fan has been test
run Under observation.

3.2.2. An authoriZed factdry representative shall startdip, test and certify the final installation
and applicatiensspecifig calibration of control compénents. Items to be verified include
fan performance’over entire operating range, naise and vibration testing, verification of
proper alignment, overall inspection of the installation, Board’s staff training, etc.
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PART 1 - GENERAL
1.1. DESCRIPTION
1.1.1. This section applies to all sections of Division 26 - Electrical.

1.1.2. Furnish and install electrical systems, materials, equipment, and accessories in
accordance with the specifications and drawings. Capacities and ratings of motors,
transformers, conductors and cable, switchboards, switchgear, panelboards, motor
control centers, generators, automatic transfer switches, and other items and
arrangements for the specified items are shown on the drawings.

1.1.3. Electrical serfice entrance equipment and arrangements for temporary and permanent
connectionsto the electric utility company’s system shall conform to the electric utility
company's requiremefts. Coordinate fuses, circuit breakers and relays with the electric
utility company’s System, and obfain electric utility company approval for sizes and
settings of these devices.

1.1.4. Conductof  ampacities specified or shown on the drawings are based on copper
conddctors, ‘with"the conduit and rageways sized per NEC. Aluminum conductors are
prohibitéd.

1.2. MINIMUM REQUIREMENTS

1.2.1. Canadian Electrical(Safety€ode; {CESC), National Electricdl Code (NEC), Underwriters
Laboratories, Inc. (UL), and ‘National Fire Protection Associatién (NFPA) codes and
standards are the minimum¢requirements for materials anddnstallation.

1.2.2. The drawings and specificationsshall govern'inrthose instancés where requirements are
greater than those stated in the above codés/and standards.

1.3. TEST STANDARDS

1.3.1. All materials and equipment shall be listed;" labeled, or certified by a Nationally
Recognized Testing Laboratory (NRTL) to meet Underwriters Laboratories, Inc. (UL),
standards where test standards have been establishéd=Materials and equipment which
are not covered by UL standards will be accepted, providing that materials and equipment
are listed, labeled, certified or otherwise determined to meet the safety requirements of
a NRTL. Materials and equipment which no NRTL accepts, certifies, lists, labels, or
determines to be safe, will be considered if inspected or tested in accordance with
national industrial standards, such as ANSI, NEMA, and NETA. Evidence of compliance
shall include certified test reports and definitive shop drawings.

1.4. DEFINITIONS
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1.4.1. Listed: Materials and equipment included in a list published by an organization that is
acceptable to the Authority Having Jurisdiction and concerned with evaluation of
products or services, that maintains periodic inspection of production or listed materials
and equipment or periodic evaluation of services, and whose listing states that the
materials and equipment either meets appropriate designated standards or has been
tested and found suitable for a specified purpose.

1.4.2. Labeled: Materials and equipment to which has been attached a label, symbol, or other
identifying mark of an organization that is acceptable to the Authority Having Jurisdiction
and concerned with product evaluation, that maintains periodic inspection of production
of labeled matefials'and equipment, and by who's labeling the manufacturer indicates
compliance miith appropriate standards or performance in a specified manner.

1.4.3. “Concealed” means hiflden from normal sight in furred spaces, shafts, ceiling spaces,
walls, or partitions AMiringraceways, and electrical boxes for all new or relocated devices
shall be concealed.

1.4.4. ““Exposed”’ means work norfmally visible to any person standing, sitting, or otherwise using
the'ogcupiedspace, including work in éguipment rooms, tunnels, and similar spaces.

1.4.5. “Provide”{and alltensées) means supply‘and instali for a complete, operational, and code-
compliant system, including. all devices/equigment@s specified complete with wiring,
raceways (conduit), electrical-boxes, and dll othef accessories required for a complete,
operational, and codé,compliantiinstallation.

1.4.6. “Install” (and all tenses) miéans secure-in-position, connett as@Specified, test, and verify.
1.4.7. “Supply” means to supply all deVices/equipment to the responsibleftrade.

1.4.8. “Remove” means to isolate, disconneet, disassemble, remove, and dispose of all devices,
equipment, wiring, raceways, and connections to gther equipment all the way to the main
source. Patch and make good all surfaces affécted by‘the removal. Include for all disposal
costs in the tender price.

1.4.9. The term "approved", "approval”, etc., shall be “Gfiderstood to mean approved by
authorities having jurisdiction as conforming to Codes, Standards, By-laws, etc.

1.4.10. The term “accessible” shall be understood to mean readily accessible by a person using
necessary tools but without cutting or breaking out material.

1.4.11. Theterm “listed” shall be understood to mean that the materials or equipment have been
tested in accordance with applicable standards, and have been approved and listed for
their intended use by a testing company approved by the Authorities having jurisdiction.
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1.4.12. Theterm “listed” shall be understood to mean that the materials or equipment have been
tested in accordance with applicable standards, and have been approved and listed for
their intended use by a testing company approved by the Authorities having jurisdiction

1.4.13. Where used, wordings such as "approved, to approval, as directed, permitted,
permission, accepted, acceptance”, shall mean: approved, directed, permitted, accepted,
by an authorized representative of the Owner. and Install: material, equipment and labor
shall be provided as required to make the equipment or system fully operational. Include
all required wiring, conduit and other electrical devices as required, whether shown on
the drawings, specified herein or not.

1.4.14. Certified: Matérials and equipment which:

1.4.14.1. Have been testéd and\found to meet nationally recognized standards or to be
safe for use.fi a specified manner.
1.4.14:2. Bear a label; tag, or otherfecoerd of certification.

1.5. QUALIFICATIONS (PRODUCTS AND SERVICES)

1.5.1. Mandfacturer’s Qualifications: The manufacturer shall regularly and currently produce,
as one of the manufacturer's principal products, thie materials and equipment specified
for this project, and shall have manufactured he materials and equipment for at least
three years.

1.5.2. Product Qualificatior:

1.5.2.1. Manufacturer's materials <and<“equipment shall«#have been in satisfactory
operation, on three installations of similar size and typeas this project, for at least
three years.

1.5.2.2. Service Qualifications: There, shall“*be a, permanent service organization
maintained or trained by the mafufacturer which will render satisfactory service
to this installation within eight houts of receipt of notification that service is
needed. Submit name and address of service ofganizations.

1.6. APPLICABLE PUBLICATIONS, CODES AND STANDARDS

1.6.1. Applicable publications listed in all Sections of Division 26 are the latest issue, unless
otherwise noted.

1.6.2. Products specified in all sections of Division 26 shall comply with the applicable
publications listed in each section.

1.6.3. Publications:
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1.6.3.1. CAN/CSA (C22.1-015, Canadian Electrical Code Part 1 (23nd Edition), Safety
Standard for Electrical Installations.

1.6.3.2. Ontario Electrical Safety Code 26th Edition / 2015 or later.

1.6.3.3. CAN3-C235-83 (R2010), Preferred Voltage Levels for AC Systems, 0 to 50,000V.

1.6.3.4. National Building Code of Canada.

1.6.3.5. National Fire Code of Canada.

1.6.3.6. Ontario Building Code 2012.

1.6.3.7. National Fire Protection Code NFPA-70

1.7. MANUFACTURED PRODUCTS

1.7.1. Materials andfequipment furnished shall be of current production by manufacturers
regularly efigaged in the shanufacture of such items, and for which replacement parts
shall be available.

1.2:2. When more than one unit of the same class or type of materials and equipment is
reqlired, such units shall be the product of a single manufacturer.

1.7.3. Equipment/Assemblies and Carponents:

1.7.3.1. Components©of an assembled®unit neéd not be products of the same
mafndfacturer.
1.7.3.2. Manufdeturers.of équipment assemblies,Awhich include components made by

others, shall-assume-complete responsibility for the final assembled unit.

1.7.4. Components shall be compatible with) each other‘and with thé total assembly for the
intended service.

1.7.5. Constituent parts which are similaizshall be théproduct of a single'manufacturer.

1.7.6. Factory wiring and terminals shall be idéntified-on the equipment being furnished and on
all wiring diagrams.

1.7.7. When Factory Testing Is Specified:

1.7.7.1. The Board shall have the option of witnessingfactory tests. The Contractor shall
notify the Board a minimum of 15 working days prior to the manufacturer’s
performing the factory tests.

1.7.7.2. When materials and equipment fail factory tests, and re-testing and re-inspection
is required, the Contractor shall be liable for all additional expenses for the Board
to witness re-testing.

1.8. VARIATIONS FROM CONTRACT REQUIREMENTS
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1.8.1. Where the Board or the Contractor requests variations from the contract requirements,
the connecting work and related components shall include, but not be limited to additions
or changes to branch circuits, circuit protective devices, conduits, wire, feeders, controls,
panels and installation methods.

1.9. MATERIALS AND EQUIPMENT PROTECTION

1.9.1. Materials and equipment shall be protected during shipment and storage against physical
damage, vermin, dirt, corrosive substances, fumes, moisture, cold and rain.

1.9.2. Store materials andhequipment indoors in clean dry space with uniform temperature to
prevent condenSation.

1.9.3. During installation, equipfent shall be protected against entry of foreign matter, and be
vacuum-cleaned bothfinside and outside before testing and operating. Compressed air
shall not be used to clean equipmént. Remove loose packing and flammable materials
from'inside equipment/

1.9.4. DBamagedequipment shall be repaired or replaced, as determined by the Consultant.

1.9.5. Painted’/surfaces shall-be protected with fa€tory installed removable heavy kraft paper,
sheet vinyVor, equal.

1.9.6. Damaged paint@n equipment shall be refinished with the same quality of paint and
workmanship as uséd by thé-manufacturer so fepaired areas are not obvious.

1.10. WORK PERFORMANCE

1.10.1. All electrical work shall comply™jth thefrequirements of CESC/NFPA 70 (NEC), NFPA 70B,
NFPA 70E, OSHA Part 1910 subpart J,— General'Environmental Controls, OSHA Part 1910
subpart K — Medical and First Aid, and_-OSHA Part 1910 subpart S — Electrical, in addition
to other references required by contract.

1.10.2. Job site safety and worker safety is the responsibility of'the Contractor.

1.10.3. Electrical work shall be accomplished with all affectedircuits or equipment de-energized.
When an electrical outage cannot be accomplished in this'manner for the required work,
the following requirements are mandatory:

1.10.4. Electricians must use full protective equipment (i.e., certified and tested insulating
material to cover exposed energized electrical components, certified and tested insulated
tools, etc.) while working on energized systems in accordance with NFPA 70E.

1.10.5. Work on energized circuits or equipment cannot begin until prior written approval is
obtained from the Consultant
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1.10.6. For work that affects existing electrical systems, arrange, phase and perform work to
assure minimal interference with normal functioning of the facility.

1.10.7. New work shall be installed and connected to existing work neatly, safely and
professionally. Disturbed or damaged work shall be replaced or repaired to its prior
conditions.

1.10.8. Coordinate location of equipment and conduit with other trades to minimize
interference.

1.11. COORDINATION AND INTERFERENCE DRAWINGS

1.11.1. Provide inforimation and cooperate with the General/Mechanical Contractor for the
preparation‘of interferenée and coordination drawings.

1.11.2. Interference and ce@rdinatiof drawings to be provided in order to make clear the Work
intended or to show how it affegts other trades.

1.11.3. interference‘and coordination drawings to be provided for:

1.11.3.1. ¥»Mechahical, Electrical, Communications Rooms
1.11.3.2.  Sétyice cofridofs and tunnel§

1.11.3.3.  Corrider, lobbies‘and all public spaces

1.11.3.4. Crawl spdces

1.11.3.5. Attic spaces

1.11.3.6. Underground Trenches

1.11.3.7. Raised floor spaces

1.12. EQUIPMENT INSTALLATION AND REQUIREMENTS
1.12.1. Equipment location shall be as close ds/practicalto4ocations shown on the drawings.
1.12.2. Working clearances shall not be less than spgcified in the CEC.
1.12.3. Inaccessible Equipment:

1.12.3.1. Where the Consultant determines that the Cdntractor has installed equipment
not readily accessible for operation and maintenance, the equipment shall be
removed and reinstalled as directed at no additional cost to the Board.

1.12.3.2. "Readily accessible” is defined as being capable of being reached quickly for
operation, maintenance, or inspections without the use of ladders, or without
climbing or crawling under or over obstacles such as, but not limited to, motors,
pumps, belt guards, transformers, piping, ductwork, conduit and raceways.

1.12.4. Electrical service entrance equipment and arrangements for temporary and permanent
connections to the electric utility company’s system shall conform to the electric utility
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company's requirements. Coordinate fuses, circuit breakers and relays with the electric
utility company’s system, and obtain electric utility company approval for sizes and
settings of these devices.

1.13. EQUIPMENT IDENTIFICATION

1.13.1. In addition to the requirements of the CEC, install an identification sign which clearly
indicates information required for use and maintenance of items such as switchboards
and switchgear, panelboards, cabinets, motor controllers, fused and non-fused safety
switches, generators, automatic transfer switches, separately enclosed circuit breakers,
individual breakefs and controllers in switchboards, switchgear and motor control
assemblies, cahtrol devices and other significant equipment.

1.13.2. Identification signs forf{Normal Power System equipment shall be laminated black
phenolic resin with atwhite core with engraved lettering. Identification signs for Essential
Electrical System (EES) equipment; asidefined in the NEC, shall be laminated red phenolic
resiiqwith a-white core'with efigraved-léttering. Lettering shall be a minimum of 12 mm
(@2 inch) high. Identification signs shall indicate equipment designation, rated bus
amperage,voltage,-number of phases, Aiumber of wires, and type of EES power branch as
applicable. SecUre hameplates with screwss

1.13.3. Install adhesive. arc flash warning labels on alléguipméntas required by NFPA 70E. Label
shall indicate th& arc hazard boundary (inches); working distance (inches), arc flash
incident energy at(the working distance (cdlories/cm?2), /required PPE category and
description including the glove rating; voltage rating of thé equipment, limited approach
distance (inches), restrictéd approdch distance (incheg), pfohibited approach distance
(inches), equipment/bus namé/date prepared, and manufactufer nafme and address.

1.14. SUBMITTALS

1.14.1. All submittals shall include copies of adeduate déscriptive literature, catalog cuts, shop
drawings, test reports, certifications, samplésjland other data necessary for the Board to
ascertain that the proposed materials and efuipment comply with drawing and
specification requirements. Catalog cuts submittéd, for approval shall be legible and
clearly identify specific materials and equipment being'submitted.

1.14.2. Submittals for individual systems and equipment assemblies which consist of more than
one item or component shall be made for the system or assembly as a whole. Partial
submittals will not be considered for approval.

1.14.3. The Consultant's approval shall be obtained for all materials and equipment before
delivery to the job site. Delivery, storage or installation of materials and equipment which
has not had prior approval will not be permitted.
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1.14.4. The submittals shall include the following:

1.14.4.1. Information that confirms compliance with contract requirements. Include the
manufacturer's name, model or catalog numbers, catalog information, technical
data sheets, shop drawings, manuals, pictures, nameplate data, and test reports
as required.

1.14.4.2. Elementary and interconnection wiring diagrams for communication and signal
systems, control systems, and equipment assemblies. All terminal points and
wiring shall be identified on wiring diagrams.

1.14.4.3.  Parts list which shall include information for replacement parts and ordering
instructiéns, as recommended by the equipment manufacturer.

1.14.5. Maintenan€e and Qperatign\Manuals:

1.14.5.1. Submit as reduired for systems and equipment specified in the technical sections.
Furnish in hardcover bindérser an approved equivalent.

¥24.5.2~ Insgribe the followingd@entification on the cover: the words "MAINTENANCE AND
OPERATION MANUAL," the name and location of the system, material,
equipment;, building, ‘name of Contractor, and contract name and number.
Includé’in theymanual the namesg@ddresses, and telephone numbers of each
subeontractor installing the system or equipment and the local representatives
for thé material or equipment.

1.14.5.3.  Provide a-table of.conténts and assemblé the manuahto conform to the table of
contents, witlitab sheets placed beforeinstructigns covering the subject. The
instructions shall be legible and easily read; withdargesheets of drawings folded
in.

1.14.6. The manuals shall include:

1.14.6.1. Internal and interconnecting Wiring and control diagrams with data to explain
detailed operation and control of the.equipment.

1.14.6.2. A control sequence describing start-up; eperation, and shutdown.

1.14.6.3.  Description of the function of each principal item of equipment.

1.14.6.4. Installation instructions.

1.14.6.5. Safety precautions for operation and maintenance.

1.14.6.6. Diagrams and illustrations.

1.14.6.7. Periodic maintenance and testing procedures and frequencies, including
replacement parts numbers.

1.14.6.8. Performance data.

1.14.6.9. Pictorial "exploded" parts list with part numbers. Emphasis shall be placed on the
use of special tools and instruments. The list shall indicate sources of supply,
recommended spare and replacement parts, and name of servicing organization.
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1.14.6.10. List of factory approved or qualified permanent servicing organizations for
equipment repair and periodic testing and maintenance, including addresses and
factory certification qualifications.

1.14.6.11. Approvals will be based on complete submission of shop drawings, manuals, test
reports, certifications, and samples as applicable.

1.15. RECORD DRAWINGS

1.15.1. The Consultant will provide to the Electrical Contractor one set of AutoCad computer files
and one set of white prints of all drawings relating to the work of this contract, for the
purpose of preparingirecord drawings. As the job progresses, mark up the white prints to
accurately indicate installed work, i.e. location and elevations, etc. On completion of the
work, the Electrical Contrattor to transfer the information neatly onto the computer files
based on AutoCad 2007 or higher, and submit the electronic files and one set of prints for
review and commeiit. Correct the files as directed by the Consultant and hand these over
to-the Board, together with a set'of white prints, on completion.

1.15.2. Record,as thé job progresses, all“appraved changes and deviations made to any work
shown on the original contract drawings whether by addenda, requested changes, job
instructions, and changes due to job conditions.

1.15.3. Indicate on“the drawings’all conduits, pulléboxess junction boxes, empty conduits,
concealed main.and sub-feeder. conduits dnd any other equipment not clearly in view,
with exact dimensidns for future reference. Tie dimensions(by measurement to existing
topographical features, and incllde ¢hanges in direetions/@as well@s,at least three points
on straight runs of conduits{on raceways:

1.15.4. All conduits in slabs, under slab afd direct’buried are to be shoiwn@nthe Record drawings.

1.15.5. Record drawings to be kept up to date'and be available for checking at any time by Boards
and Consultant. Progress draws will not b® reviewed unless the record drawing set is up
to date.

1.15.6. All equipment schedules, panel schedules, system'schedules, riser diagrams, details, etc.
to be updated to reflect the as installed condition ahd included as part of the record
drawing submission.

1.15.7. Provide a schedule indicating the protective device trip setting of all Air Circuit Breakers
and Electronic Solid State Circuit Breakers which are reflected on each of the Power
Distribution Single Line Riser Diagram drawings. The protective device trip settings that
are to be listed in the schedule are to be those which are based upon the final reviewed
and accepted version of the short circuit and protection and coordination as well as the
arc flash study.
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1.15.8. Branch circuiting, lighting zoning, switching, etc. methodology to be the same as that
indicated on the electrical contract documents that are issued for construction.

1.15.9. Electrical record drawings to be submitted in both AutoCad and PDF format.

1.15.10. Record drawings will not be reviewed for acceptance until project substantial
completion has been issued.

1.16. ACCEPTANCE CHECKS AND TESTS
1.16.1. The Contractor shall furnish the instruments, materials, and labor for tests.

1.16.2. Where systemS are comprised of components specified in more than one section of
Division 264 the ConfractorShall coordinate the installation, testing, and adjustment of all
components betweenfarious manufacturer’s representatives and technicians so that a
complete, functional, and epérational system is delivered to the Board.

1.163- Whéntestresults indicate anydefects, the Contractor shall repair or replace the defective
fMaterigls-or equipment, an@ repeatthe tests. Repair, replacement, and retesting shall be
accomplishiedatno. additional‘cost to the Board.

1.17. CODES, PERMITS AND INSPECTIONS

1.17.1. All work to meét or exceedthe latest requiréments of the Codes and Standards as listed
in PART 1 of thése spetifications, suppleménts, local idspection bulletins and all
Authorities Having Jurisdiction:

1.17.2. Arrange for inspection of dlfwork<and pay all fees in this¥egard. On cempletion of the
work, deliver the final unconditional/certificate of approval ofethe Electrical Safety
Authority (ESA).

1.17.3. It is hereby agreed that all requirements meet"€AN/CSA requirements and a complete
installation in accordance with these requirements t6 be provided.

1.17.4. Keep a permanent record of each inspection made by the Electrical Safety Authority
showing the date, inspector's name, scope of the inspection and statement of special
decisions or permissions granted. Make these records available to the Consultant at any
time, and turn them over at completion of the work.

1.18. WARRANTY

1.18.1. All work performed and all equipment and material furnished under this Division shall be
free from defects and shall remain so for a period of one year from the date of acceptance
of the entire installation by the Board’s representative.

1.19. INSTRUCTION
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1.19.1. Instruction to designated Board personnel shall be provided for the particular equipment
or system as required in each associated technical specification section.

1.19.2. Furnish the services of competent instructors to give full instruction in the adjustment,
operation, and maintenance of the specified equipment and system, including pertinent
safety requirements. Instructors shall be thoroughly familiar with all aspects of the
installation, and shall be trained in operating theory as well as practical operation and
maintenance procedures.

1.19.3. Atraining schedule shall be developed and submitted by the Contractor and approved by
the Consultant atdeast 15 days prior to the planned training.

PART 2 - PRODUCTS
2.1. MATERIALS AND EQUIPMENT
2.9, Allmaterials and equipment to bé new.and free from defects.

2.1.2. "l material and equipment ta be CAN/GSA certified. Where CAN/CSA certified material
andéquipment is not available, ©btain special approval from authority having jurisdiction
beforedeliveryto site-and submit such approvalas.described in PART 1 - SUBMITTALS.

2.1.3. Where matetfials, equipment, apparatus, of othef products are specified by the
manufacturer, brand name, type or catalogue number, such designation is to establish
the standards of désired quality,sstyle or dimensions’and(to be the basis of the Bid.
Furnish materials so specified ‘under:this Contract'unless changeddby mutual agreement.
Where two or more desighations are listed, the Electrical«€ontractor to choose one of
those listed.

2.1.4. Where the use of equivalent, alternate or substitGte equipmentalters the design or space
requirements indicated on the plans, the'Electrical Contractor for this contract to include
all items of cost for the revised design and‘Construction, including the cost of all the other
trades involved.

2.1.5. Acceptance of the proposed equivalents, alternates(or, substitutions to be subject to the
review by the Consultant, and if requested, the Elécixical Contractor to submit for
inspection, samples of both the specified and the proposed alternate items.

2.1.6. In all cases where the use of equivalents, alternates or substitutions is permitted, the
Electrical Contractor to bear any extra costs of evaluating the quality of materials and the
equipment to be installed.

2.2. EQUIVALENTS AND ALTERNATES
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2.2.1. Should the Electrical Contractor propose to furnish material and equipment other than
those specified, he is to apply in writing to the Consultant for approval of equivalents at
least ten working days prior to the closing of Bids, submitting with his request for
approval, complete descriptive and technical data on the item or items he proposes to
furnish. Approval for changes in the base bid specifications will be considered only upon
the individual requests of the Electrical Contractor. No blanket approval for equipment
will be given to suppliers, distributors or contractors.

2.2.2. Unless requests for changes in base bid specifications are received and approved prior to
the opening of the bids, as defined above, the Electrical Contractor will be held to furnish
all specified itefns uhder his base bid. After the Contract is awarded, changes in
specifications will. be made only as defined in the Article dealing with Material
Substitution:

2.2.3. Replace unspecified materials or rejected equivalents and alternates built into the work
with specified or accepted materials@tno additional cost to the Owner.

2.2.4. 1fany material or equipmenit being considered for substitution involves additional design,
architecturalor'éngineering feesor other costs in checking whether or not the substitute
material jor equipmentis suitable for/the project, such fees or costs to be paid for by the
Electrical Gontractor: A minimum of five hundred dollars ($500.00) to be applied to each
piece of devi€enor equipment requested fof reviet. There is no guarantee that the
reviewed product will be accepted by the Board®r thereviewing Consultant.

2.3. MATERIAL SUBSTITUTION

2.3.1. After award of the Contract]fequestscfor-substitution ‘of matefials ofdmnakes other than
those specifically named in the Contract Bocuments may be consiélered by the Consultant
subject to the following:

2.3.1.1. The specified material cannot beZ/deliveréd to the job in time to complete the
work in proper sequence to work of*gther trades, due to conditions beyond the
control of the Electrical Contractor.

2.3.1.2. Requests for substitutions to be accompaniéd by documentary proof of equality,
difference in price and delivery, if any, in the form of certified quotations from
suppliers of both specified and proposed equipment.

2.3.1.3. In case of difference in price, the Owner is to receive all benefit of the difference
in cost involved in any substitution and the Contract altered by change order to
credit the Owner with any savings so obtained.

2.3.1.4. Materials and equipment substituted or offered as alternatives to have spare
parts and servicing available and to fit into the space allocation shown on the
drawings.
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2.3.1.5. If any material or equipment being considered for substitution involves additional

design, architectural or engineering fees or other costs in checking whether or
not the substitute material or equipment is suitable for the project, such fees or
costs to be paid for by the Electrical Contractor. A minimum of five hundred
dollars ($500.00) to be applied to each piece of device or equipment requested
for review. There is no guarantee that the reviewed product will be accepted by
the Board or the reviewing Consultant.

2.4. WARNING SIGNS

2.4.1. Warning Signs: in aéeordance with requirements of Authority Having Jurisdiction and
Consultants.

2.4.2. Comply with Health €anada/Workplace Hazardous Materials Information System
(WHMIS).

2.473, Provide warning labels in both English @nd French where project requires.
2.5. FINISHES

2.5.1. Shop fidish metal enclosure surfaces by application of rust resistant primer inside and
outside, and-two coats of finish enamel.

2.5.2. Paint outdoor elgetrical‘distribution equipment gréen finisbh'to EEMAC Y1-2.
2.5.3. Paint indoor normal power distribution equipmentenclosures light grey to EEMAC 2Y-1.
2.5.4. Paintindoor emergency power “Life Safety” distribution equipmeént enclosures Red.

2.5.5. Paint indoor emergency powery Non-life Safety” distribution equipment enclosures
International Orange, RAL #2009.

2.5.6. Paint indoor UPS power distribution equipfent enclosures Blue, RAL #5017.
2.6. CAN/CSA/NEMA RATING

2.6.1. All electrical equipment provided for this project to Be-CAN/CSA/NEMA Rated only. IEC
Rated equipment is not acceptable and will not be accepted.

PART 3 - EXECUTION
3.1. INSTALLATION

3.1.1. Comply with all Codes and Standards listed in PART 1 — GENERAL.
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3.1.2. Comply with manufacturer's written data, including product technical bulletins, product
catalog installation instructions, product carton installation instructions, MSDS, and
product datasheets.

3.1.3. Protect electrical equipment from dust and dirt. Plug or cap openings of conduits, fixtures
and equipment during construction with approved materials for such use.

3.1.4. The Electrical Contractor to be responsible for the layout of the work of this contract, and
for any damage caused to site or existing building, or other Contracts by improper location
or carrying out of this work.

3.1.5. Ensure the promptinstallation of the work of this contract in advance of concrete pouring
or similar work.

3.1.6. No conduits for any péwer or systems to be permitted to be installed within the concrete
slabs or concrete walls for this projeet except in select identified areas as per the drawings
andspecifications.

3.1.7. Fdenish items-fo be "built-in",in amplé time and give any necessary information and
assistance ineonnéction with the building-in ofdhe same.

3.1.8. Manufactufed products supplied with instructions for their use to be used in strict
accordance with,those’instructions.

3.1.9. Ensure that all equipment aind material is ordefed in time td meet the building schedule.
Provide a schedule of équipment)deliveries to the Construction Manager within the time
limit stipulated.

3.2. SITE SERVICES

3.2.1. Site services: acquire a full working (khowledge of-the building site, services and any
existing conditions thereon that may impact the project implementation. Review and
examine the contract drawings and schedul€s,of all trades prior to bid submittal to ensure
full knowledge of the contract scope of work is‘aspertained.

3.2.2. The location of equipment indicated or specified iSreonsidered approximate. Review
proposed locations with Consultant prior to installation.

3.2.3. Locate equipment, piping, duct and/or conduit to provide minimum interference and
maximum usable space and in accordance with manufacturer's recommendations for
safety, access and maintenance.

3.3. CONTRACTOR'S SHOP

3.3.1. Provide job site office, workshop, tools, scaffolds, material storage, etc., as required to
complete the work of this contract and as directed by the Consultant.
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3.3.2. The electrical contractor’s office should as a minimum have the following capabilities,
Phone, fax, email, High speed internet connection, router with a spare port and patch
cable in order that the consultant can access the internet to deal with project related
issues, copier and printer.

3.4. TEMPORARY SERVICES

3.4.1. Provide temporary electrical services with all poles, transformer and protection
equipment from the locations as coordinated with the Owner. Provide all power panels
at various locations on the site required to perform the work and as specified by the
Consultant. All tefmperary services must be coordinated with the Owner. Do not use the
permanent sefvice ofi new or existing building for temporary power for construction
unless specific written appfoval is obtained from the Consultant and coordinated with the
Board

3.5. "ACCESS TO ELECTRICAL EQUIPMENT, JUNCTION BOXES AND PULL BOXES

3.5.1. CClear acecess/of a minimumfof 1 meter /Mmust be provided for all electrical equipment,
junction boxes and pull boxes.

3.5.2. All junction boxes, and-pull boxes to be"within 600mm of an access panel or access
luminaire and be easily accessed.

3.5.3. All electrical boxes-that have free sides (IE: no cédnduits entering or leaving a side) to be
kept clear in order to’germit'installation of conduits at a latér date. Hence free sides of all
electrical boxes to be clear.of other canduits and services.

3.6. NAMEPLATES

3.6.1. Ensure manufacturer's nameplates/CAN/CSA labels and identification nameplates are
visible and legible after equipment is installed.

3.7. LOCK OFF TABS
3.7.1. Provide lock off tabs on all panel boards for circuits.that serve:

3.7.1.1. Emergency lighting;
3.7.1.2. Exit lighting;

3.7.1.3. Fire alarm equipment
3.7.1.4. Security equipment.

3.8. FIRESTOPPING

3.8.1. Where cables, sleeves or conduits, pass through floors and fire rated walls pack space
between wiring and sleeve or opening and seal with Hilti fire stopping system that is
appropriate. The fire stopping installation must meet one of the approved details as
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required to meet the rating of the assembly. Contact the Hilti representative to ensure
that the installation meet Hilti requirements.

3.8.2. Care must be taken to keep integrity of all assemblies and maintain good finishes of
surrounding areas, use tape for finish at edges when apply fire stopping materials. Provide
at the end of the project a letter from Hilti indicating that the installation meets all
requirements.

3.8.3. Meetall requirements of the Codes and fire proofing requirements as specified within the
Contract Documents.

3.8.4. Provide Shop drawings for the various Fire stopping assemblies that will be utilized on the
project to achieve thé fire rating for construction assemblies or methods.

3.8.5. Refer (where applicable) to architectural drawings for fire separation diagrams. Such
drawings may not'be issued as gart of the electrical documents; it is the electrical
contractor's obligation/to revieWw all“contract documentation of all involved disciplines
(drawings and specifications).

3.9. BASES AND'SUPPORTS

3.9.1. Where corduit and equipment are located on avalls or slabs which will not permit the
support of eqlipment/provide suitable supparts to the building structure. Supports to be
constructed of stegl members-or of steel pipe and fittings designed to safely support the
equipment.

3.9.2. All equipment bases to be’set on‘pads of kinetic pre-caompréssed fiberglass or vibration
isolators sized to suit the equipment whichithey ought to'suppért.

3.10. INSERTS, SLEEVES AND CURBS
3.10.1. Provide all inserts, sleeves and curbs required for‘the work of this contract.

3.10.2. Use only factory made threaded or toggle type inserts as required for support and
anchors, properly sized for the load to be carried./Place inserts only in portions of the
main structure and not in any finishing material.

3.10.3. Use factory made expansion shields where inserts cannot be placed, but only where
approved by the Structural Engineer and only for loads of 50 kg or less.

3.10.4. Do not use powder activated tools unless with written permission of the Board’s
Representative.

3.10.5. Supply and locate all inserts, holes, anchor bolts and sleeves in time when walls, floors
and roof are erected.
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3.10.6. Size sleeves to provide 25 mm clearance all around.

3.10.7. Pack all sleeves between the conduit or cable passing through the sleeve and the sleeve
and all spare sleeves with loose fiberglass insulation. Seal the annular space both sides as
follows:

3.10.7.1.  Forall horizontal sleeves in exposed areas, use a seal of equal or better fire rating
than the wall to be sealed.

3.10.7.2. For all horizontal concealed sleeves through fire walls and through walls
separating areas of different air pressure, use a permanently resilient silicone
base or edquahsealing compound.

3.10.7.3.  For all' vertical sleeves through roofs, washrooms, janitor closets, equipment
rooms, use permi@anently resilient silicone base or equal compound, non-
flammable and waterproof. Ensure that the seal is compatible with floor and
ceiling finishes. Check the room finishes schedules for further information.

3.11. CUT-PATCH-AND MAKE GOOD

3.11.1. Al drilling/ cutting, patching,»concreté curbs, housekeeping pads and similar work
required. for installation of the specifiéd systems shall be done under this contract.

3.11.2. Do not use’gowder actuated tools using explaSives, dnless permitted expressly by the
Board in writing:

3.11.3. All cutting of steel shall be by‘mechanical cutters or saws. Torches and abrasives will only
be permitted if there is no.alternativePrior to using torchés or abirasives obtain Hot Work
Permit in accordance with the.Board’ hot work proceduré.

3.11.4. Scan the walls/floor slabs using¥ground | penetrating radar (GPR) technology prior to
making openings to determine the présence and location of embedded conduits or rebar.
Clean the floors/walls immediately after’core drilling/saw cutting is complete. All core
drilling and loud and/or prolonged drillingshall be done after normal working hours
(during silent hours) or as permitted by the “hammer drilling” schedule and 48 hour lead
notice is to be provided to the building Ownerjto confirm contractor has met all
mandatory conditions.

3.11.5. Core drilling through floors and walls shall be done with diamond drills only. The use of
pneumatic hammers will not be permitted.

3.11.6. Patch and make good all surfaces cut, damaged or disturbed to the Board 's approval.
Match existing material, colour, finish and texture.

3.11.7. Welding and cutting: conform to Ontario Health and Safety Act O.Reg. 213/91 amended
to O.Reg. 628/05 Construction Projects. Obtain a Hot Work Permit from the PM prior to
welding and cutting operations. Follow the PM’s hot work procedures.
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3.11.8. Do not dispose of cement, mortar, plaster or other similar materials into drainage system.
Contractor shall be liable for all costs associated with cleanup and reinstatement to
original condition after doing so.

3.11.9. Dispose of sediment-containing liquids such as those resulting from core drilling or
concrete cutting into designated drains. Flush drain with sufficient quantity of clean water
to ensure that drain is free-flowing and unobstructed. Be liable for all costs associated
with cleanup and reinstatement of drain and piping to original condition if found to be
blocked by sediment.

3.11.10. Firestop 4ll penetrations through wall and floor assemblies with Hilti Firestop
solutions havifig a fire resistance rating not less than the assembly penetrated, colour:
red. Unless otherwise notéd, use the following assembly ratings: floors 2-hours; walls
except around stairwadys — 1% hours; walls around stairways: 2 — hours. Submit to
Consultant for approval /thesproposed system detail sheets bearing the UL/CUL system
number. Provide specified firestépping.compound on both sides of assembly penetrated
regardless of UL/CUL detail réquirements!

3.12. REMOVALS AND DEMOLITION

3.12.1. The drawings indicate<the general scope of electfical removals. Verify on site the exact
requirements.and extent'of removals.

3.12.2. Visit the site to determinethe extent of all remdvals.

3.12.3. Maintain, retain and make goed, as<required all“existing systéms; branch wiring and
feeders intended to remairoperational in"areas which dre @ffected by these renovations.

3.12.4. Schedule all demolition work withsprojectmanager prior tolany service interruption in
occupied building area.

3.12.5. All shutdowns of existing base building systems shall be coordinated with the Board’s
representative. Pay for any cost incurred. All bilding Services to remain fully operational
during construction. Include in tender for off hours to install new breaker in existing
panels and connection for feeders.

3.12.6. Remove electrical equipment as required complete with wiring up to associated panel.
Remove all electrical components to be demolished or to be relocated and make safe all
wiring. Hand over removed items to owner if requested. Dispose of the equipment
properly which Owner does not wish to retain. Update existing panel directory which is
affected.

3.12.7. Inform the Consultant and the Board immediately if any contaminated materials are
found on site. Remove the items so that they can be packed and removed from the site.
Provide assistance and cooperation for the complete removal.
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3.12.8. The contractor shall be responsible to relocate any existing electrical equipment and/or
wiring that will interfere with new construction.

3.12.9. The contractor shall be responsible for reconnection of any services that are to remain
and have been disconnected during the course of demolition or construction.

3.12.10. All systems and components which are affected by the renovation shall remain
operational subsequent to project completion. Reinstate immediately any services
disrupted during demolition not intended to be removed as part of this contract at no
extra cost.

3.12.11. Retain£ontinuity of service of the fire alarm system to all occupied areas of the
building.

3.12.12. The contractof shall advise security in the event that fire alarm system continuity
is’disrupted such that a fire watch.an commence immediately.

3.12.13 Repair all damages dfside,and outside of the renovated areas caused by the
demolition/coristruction without extra dost to the Owner.

3.13. REMOVED MATERIAL

3.13.1. All material fémovedduringdemolition shall bécomedhéproperty of the Contractor. The
contractor shallSremové_material from the site’ and dispose of in accordance with
provincial regulations. Under noscircumstanées is the contractor to use the building
Owner’s refuse contaifers for‘disposal.

3.14. NUMBER AND LOCATION OF OUTLETS

3.14.1. Provide outlets for power and systems of the number and in‘the locations shown on the
drawings. Locate all outlets accuratély with respect to building lines and in centering
outlets due allowance to be made for overhiead pipes, ducts, equipment and for variations
in wall or ceiling finishes, window trim, paneling, etc. When necessary, make adjustments
to ensure that all outlets are properly centered.

3.14.2. The location of any outlet may be changed without extra,cost or credit providing that the
new location is within 6 metres (20 feet) of that originally’shown on the drawings and that
instructions for the change are issued before installation of the outlet.

3.14.3. Do not mount outlet boxes in walls and partitions back-to-back and provide a minimum
of 150 mm (6 inch) between boxes. Provide acoustic insulating medium in conduits which
join boxes on opposite sides of same wall or partition. Acoustic properties of the wall to
be matched or exceeded. Where applicable, for acoustically sensitive/critical rooms,
more spacing separation and acoustic box seal is required. Refer to acoustic specifications
and electrical drawings for detailed requirements.

Project #: 2025-07



SAB Engineering Inc. Section 26 05 00
TLDSB HALIBURTON HIGHLANDS SS COMMON WORK RESULTS FOR ELECTRICAL
HVAC Upgrade (Cafeteria & Kitchen) Page |22

3.15. MOUNTING HEIGHTS

3.15.1. The mounting height of equipment is measured from the finished floor to the centerline
of the equipment unless specified or otherwise indicated.

3.15.2. If the mounting height of any equipment is not indicated, verify the mounting height
before proceeding with the installation.

3.15.3. Install electrical equipment at the following mounting heights unless otherwise detailed
or indicated. Refer to Architectural reflected ceiling plans, elevations, sections and details
for final device locdtion and to confirm all mounting heights.

3.15.4. All device méunting heights and orientation to be coordinated and confirmed by the
Prime Consultant prior tefinstallation.

3.15.4.1. Local switches ancheantrol devices: 1100 mm (42 inch)
3.15.4.2.,  Wall receptacles:
3.15.4.2.1.CGeneral: 400 mm((15 inch)
3715.4.2.2], Aboye top of counters or backsplash: 175 mm (7 inch)
3.154.2.3. In.mechanical rooms: 1400 mm (55qnch)

3.15.5. Panelboards:

3.15.5.1. 1800 mmi*(70 inch) to the top excépt that the panelboard not to be lower than
150 mm (6°inch) above the floor.

3.15.5.2. Where multipfe _panelboards are mounted together, align the tops of all the
panelboards or trims with the highest panelboard détermining the height.

3.15.6. Fire alarm system pull stations: 200 mm/{48inch)

3.15.6.1.  Fire alarm system speakers/strobes: 2300 mm (90 inch) and at least 150 mm (6
inch) below the ceiling measured-te the top of device, or on ceiling.

3.15.6.2.  Fire Alarm System end of line resistorsfas per.code requirements. EOL resistors to
be grouped in service spaces.

3.15.6.3.  Fire fighter’s phone: 1400 mm (55 inch) @measured to the centerline of the
enclosure.

3.15.7. Individual starters:

3.15.7.1. 1500 mm (60 inch) to the top.
3.15.7.2. Where multiple starters are mounted together, align the tops of all the starters
or trims with the highest starter determining the height.

3.15.8. Splitters: 100 mm (4 inch) below the lowest equipment connected to the splitter.

3.16. MECHANICAL AND ELECTRICAL CO-ORDINATION OF RESPONSIBILITIES
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3.16.1. The following is a list of mechanical and electrical responsibilities for the above
mentioned project:

3.16.1.1. The Electrical Contractor to provide all starters or combinations
starters/disconnects (fused or non-fused, as specified) for Mechanical Motors
along with Line and Load side power wiring with the exception of Packaged
Mechanical Equipment or Units.

3.16.1.2. Where so specified, Packaged Mechanical Equipment to be provided with its own
integral disconnect(s), starters(s) or unit mounted VFD(s). With respect to
Packaged Mechanical Equipment or Units the Electrical Contractor to provide the
Line Side' power wiring and connection(s) to the equipment connection point(s).

3.16.1.3. TheElecthical.,Contractor to provide equipment isolation disconnect switches for
all ‘remote “meghanical equipment unless otherwise indicated within the
Mechanical Céntract Documents or unless equipment is already furnished with a
local disconnect. Where dpplicable, weather-proof enclosures shall be used.
Remote definition: notdn sight,as per NFPA-70 article 430.102

3.1641.4. /All BAS equipment ahd devieces, to be supplied by the BAS vendor and installed by
theé‘mechanical Contractor.

3.16.1.5. "/The Mechanical Contractor to'provide all'control wiring, BAS wiring, and 120 volt
control wiring for Mechanical Eguipment®r Units.

3.16.1.6. The'Mechanical Centractor to provide@ll motors:

3.16.1.7. The Electrical Contractor to provide all fire alarm interface wiring to the
Mechanical Eguipmient ot Units for fire'alarm Fan Shut Down, Fan Start-up as and
for fire alarm Smoke Control

3.16.1.8.  The Electrical Contractor ta‘provide all fire alarph wifing.

3.16.1.9. The Electrical Contractor to pravide]all relays for inteffacedo control wiring for
fan shutdown and fan stdrt up for‘air+andling units used as part of the smoke
control system(s).

3.16.1.10. The Mechanical Contractor to pfovide all’relays as required by the Mechanical
Equipment or Units to connect to thé yarious building systems.

3.16.1.11. The Mechanical Contractor to provide elegtric pipe heat tracing which to be based
upon the self-limited type and be at 208 valts 1 Phase. The Electrical Contractor
to provide 208 volts 1 Phase power connection(g) for the electric pipe heat tracing
system(s). The Mechanical Contractor to provide loads requirements of the heat
tracing to the Electrical Contractor prior to final power connection.

3.16.1.12. The Mechanical Contractor to provide electric heating, associated controls and
control wiring. The Electrical Contractor to provide the Line Side power
connection to the electric heating. The Mechanical Contractor to provide any
framing required for recessed electric heating.

3.16.1.13. Separate Variable Frequency Drives (VFDs) to be provided by the Mechanical
Contractor. Should the Mechanical Contractor change or modify motor sizes from
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what is specified within the Bid Documents during any stage of this project the
Mechanical Contractor will be responsible to cover all associated electrical costs
such as revised motor starter and feeds, etc.

3.17. FLASHING

3.17.1. Coordinate with requirements for roofing, waterproofing and flashing with the Roofing
Contractor.

3.17.2. Flash electrical parts passing through or built into a roof, an outside wall or a waterproof
floor.

3.17.3. Provide 8-poiind sheet lead flashing for cast iron or wrought iron sleeves passing through
roof.

3.17.4. Flashing shall suit goof angletand shall extend minimum 450 mm (18 inch) on all sides.
Leave flashing as directed by the Reofing Contractor for him to build into roofing,
rendering a watertight connettion:

3.17.5. Provide counter(flashing on ‘stacks, ducts and_pipes passing through roof to fit over
flashirig’or curb:

3.17.6. Provide sleeves passing through outside wallsdvith ledd or copper flashing as directed.
3.18. SYSTEM STARTUP

3.18.1. Inform Consultant and“operating petsonnel in operation, café and maintenance of
systems, system equipmentand compongnts.

3.18.2. Arrange and pay for services of manufacturer'sfactory service'engineer to supervise start-
up of installation, check, adjust, balange and¢alibrate components and instruct operating
personnel.

3.18.3. 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 will aspects
of its care and operation.

3.19. CLEANING

3.19.1. Clean and touch up surfaces of shop-painted equipment scratched or marred during
shipment or installation, to match original paint.

3.19.2. Clean and prime exposed non-galvanized hangers, racks and fastenings to prevent
rusting.
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3.19.3. During the performance of the work and on the completion, remove from the site and
premises all debris, rubbish and waste materials caused by the performance of the work
for this contract. Remove all tools and surplus materials after completion and acceptance
of the work.

3.19.4. Vacuum all equipment thoroughly at the time of final acceptance of the work. Clean
plastic components and exposed components of luminaires in accordance with the

manufacturer's recommendation.
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. This section specifies the furnishing, installation, connection, and testing of the electrical
conductors and cables for use in electrical systems rated 600 V and below, indicated as
cable(s), conductor(s), wire, or wiring in this section.

1.2. RELATED WORK
1.2.1. Section: 26 05 00 Common Work Results for Electrical.
1.2.2. Section: 26 0526 Grounding and Bonding for Electrical Systems.
1.2.3. Section: 26 05 33 Raceway and,Boxes for Electrical Systems.
1.3.ZFACTORYX TESTS

1.3.17 «Conductors and cables shall bé theroughly.tested at the factory per NEMA to ensure that
there areno eléctrical defectsaFactory tésts shall be certified.

1.4. SUBMITTALS
1.4.1. Shop Drawirigs:

1.4.1.1. Submit sufficient=information to demdnstrate, compliance with drawings and
specifications’

1.4.1.2. Submit the following data for @approval:

1.4.1.3. Electrical ratings and/insulation-type for each conductorand cable.

1.4.1.4. Splicing materials and pulling lubricant,

1.4.2. Certifications: Two weeks prior to finalinspection, stibmit the following.

1.4.2.1. Certification by the manufacturer that the cenductors and cables conform to the
requirements of the drawings and specifications.

1.4.2.2. Certification by the Contractor that the coriductors and cables have been properly
installed, adjusted, and tested.

1.5. APPLICABLE PUBLICATIONS

1.5.1. Publications listed below (including amendments, addenda, revisions, supplements and
errata) form a part of this specification to the extent referenced. Publications are reference
in the text by designation only.

1.5.1.1. CAN/CSA-C22.2 NO.38-10, Thermoset-Insulated Wire and Cables (Tri-national
1.5.1.2. standard, with UL 44 and ANCE NMX-J-451).
1.5.1.3. CAN/CSA C22.2 NO.51-09, Armored Cables.
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1.5.1.4. CAN/CSA C22.2 NO.75-08, Thermoplastic-Insulated Wires and Cables (Trinational
1.5.1.5. standard, with UL 83 and NMX-J-010-ANCE-2008).
1.5.1.6. CAN/CSA C22.2 NO.124-04 (R2009), Mineral-Insulated Cable.
1.5.1.7. CAN/CSA C22.2 NO.131-07, Type TECK 90 Cable.
1.5.1.8. CAN/CSA C22.2 NO. 239-09, Control and Instrumentation Cables.
1.5.1.9. American Society of Testing Material (ASTM):

1.5.1.9.1. D2301-10 Standard Specification for Vinyl Chloride Plastic Pressure-

Sensitive Electrical Insulating Tape

1.5.1.9.2. D2304-10 Test Method for Thermal Endurance of Rigid Electrical Insulating

Materials

1.5.1.9.3. D3005-10 \Low-Temperature Resistant Vinyl Chloride Plastic Pressure-

1.5.1.10.

Sensitivelectrical Insulating Tape
National Electrical Manhufacturers Association (NEMA):

1.5.1.10.1. WC70-09 Poewer Cables Rated 2000 Volts or Less for the Distribution of

Electrical Energy

1.5,1.11- National Fire Pratectigh Association (NFPA):
¥5.1.111 70-11 National Electrical Code (NEC)
1.5.1.12¥4, Undenwriters Laboratories, Inc/(UL):
1.5.1.13. “~44-10 Thermoset-lnsulated Wiresaand Cables
1.5.1.14. 83408 Thermoplastie=InsulatedWiresand Cables
1.5.1.15. 467-07 Grotnding and Bonding Equipment
1.5.1.16. 486A-486B-03 Wire Connectors
1.5.1.17. 486C-04 Splicing. Wire Connectors
1.5.1.18. 486D-05 Sealed Wire Connector Systems
1.5.1.19. 486E-09Equipment "Wiring* Terminals for Use{with~ Aluminunm, and/or Copper
Conductors
1.5.1.20. 514B-04 Conduit, Tubing, and)Cable Fittings

PART 2 - PRODUCTS

2.1. CONDUCTORS AND CABLES

2.1.1. Conductors and cables shall be in accordance with NEMA, UL, as specified herein, and as

shown on the drawings.

2.1.2. All conductors shall be copper.

2.1.3. Single Conductor and Cable:

2.1.3.1.

2.1.3.2.

No. 12 AWG: Minimum size, except where smaller sizes are specified herein or
shown on the drawings.
No. 8 AWG and larger: Stranded.
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2.1.3.3. No. 10 AWG and smaller: Solid; except shall be stranded for final connection to
motors, transformers, and vibrating equipment.

2.1.4. Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be used for isolated power systems.
2.2. SPLICES
2.2.1. Splices shall be in accordance with NEC and UL.

2.2.2. Above Ground Splices for No. 10 AWG and Smaller:

2.2.2.1. Solderless; serew on, reusable pressure cable type, with integral insulation,
approved for copper and aluminum conductors.

2.2.2.2. Thé integral insul@tor shall have a skirt to completely cover the stripped
conductors.

2.2.2.3. The numbef, size»and combination of conductors used with the connector, as

listed on the manufacturér's packaging, shall be strictly followed.
2.2.3. “Kbove Ground Splices for N@. 8 AWG to No. 4/0 AWG:

2.2.3.1. Compréssion; hex screw, or bolt clamp type of high conductivity and corrosion
résistant-material, listed for @se'with coppér and aluminum conductors.

2.2.3.2. Insufate with’matebials approved fordthe pafticular use, location, voltage, and
temperatlire. Insulation level shall(bhe not léss than the insulation level of the
conductors being joined.

2.2.3.3. Splice and insulation shall be‘product of the same manufacturer.

2.2.3.4. All bolts, nuts, and“ashersised-with splices shall be'cadmium-plated.

2.2.4. Above Ground Splices for 250 kcril and'Largeér:

2.2.4.1. Long barrel “butt-splice” or “slekve” type compression connectors, with minimum
of two compression indents per‘wire, listed for use with copper and aluminum
conductors.

2.2.4.2. Insulate with materials approved for the»particular use, location, voltage, and

temperature. Insulation level shall be not less than the insulation level of the
conductors being joined.
2.2.4.3. Splice and insulation shall be product of the same manufacturer.

2.3. CONNECTORS AND TERMINATIONS

2.3.1. Mechanical type of high conductivity and corrosion resistant material, listed for use with
copper and aluminum conductors.
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2.3.2. Long barrel compression type of high conductivity and corrosion resistant material, with
minimum of two compression indents per wire, listed for use with copper and aluminum
conductors.

2.3.3. All bolts, nuts, and washers used to connect connections and terminations to bus bars or
other termination points shall be cadmium-plated.

2.4. CONTROL WIRING

2.4.1. Unless otherwise specified elsewhere in these specifications, control wiring shall be as
specified herein, ex@ept that the minimum size shall be not less than No. 14 AWG.

2.4.2. Control wiring shall be sized such that the voltage drop under in-rush conditions does not
adversely affect operation of the controls.

2.5.//WIRE LUBRICATING COMPOUND

2.5.1>, Lubficating-eompound Shall befsuitable for the wire insulation and conduit, and shall not
frarden‘orbecome adhesive,

2.5.2. Shall riet be uséd onh’conductors for iselated poWwer systems.
PART 3 - EXECUTION
3.1. GENERAL

3.1.1. Install conductors in atcordance with the CSEC, NEE, as specifiedpand as shown on the
drawings.

3.1.2. Install all conductors in metallig_conduits, tnless specified gthefwise. Where multiple
conduits follow the same routing, prgyide racewdy.systems.

3.1.3. Splice conductors only in outlet boxes, jufiction baoXes, pullboxes, manholes, or handholes.

3.1.4. Conductors of different systems (e.g., 120 V and”347 V)‘shall not be installed in the same
raceway.

3.1.5. Install conduit supports for all vertical feeders in accordance with the NEC. Provide split
wedge type which firmly clamps each individual cable and tightens due to cable weight.

3.1.6. In panelboards, cabinets, wireways, switches, enclosures, and equipment assemblies,
neatly form, train, and tie the conductors with non-metallic ties.

3.1.7. For connections to motors, transformers, and vibrating equipment, stranded conductors
shall be used only from the last fixed point of connection to the motors, transformers, or
vibrating equipment.
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3.1.8. Use expanding foam or non-hardening duct-seal to seal conduits entering a building or
where penetrating building walls/floors, after installation of conduits.

3.1.9. Conductor and Cable Pulling:

3.1.9.1. Provide installation equipment that will prevent the cutting or abrasion of
insulation during pulling. Use lubricants approved for the cable.

3.1.9.2. Use nonmetallic pull ropes.

3.1.9.3. Attach pull ropes by means of either woven basket grips or pulling eyes attached
directly to the conductors.

3.1.9.4. All condugtors. in a single conduit shall be pulled simultaneously.

3.1.9.5. Do net exceed manufacturer’s recommended maximum pulling tensions and
sidéwall pressure dalues.

3.1.9.6. No more thanthree branch circuits shall be installed in any one conduit.

3.1.9.7. When stripping strafided conductors, use a tool that does not damage the

conductor or remove conductor strands.
3.2. SPLICEAND TERMINATION INSTALLATION

3.2.1. Splice¥and terminations shall be meghanically and electrically secure, and tightened to
manufactlrer’s published torque valles using a tefgue screwdriver or wrench.

3.2.2. Where the Confsultant’ determines that unsatisfactéry splices or terminations have been
installed, replace the-splicescor terminations at 0 additional£ost to the Board.

3.3. CONDUCTOR IDENTIFICATION

3.3.1. When using colored tape to identify phase, neutral, and ground €onduétors larger than No.
8 AWG, apply tape in half-overlapping tdrns for a minimum of 75 mm (3 inches) from
terminal points, and in junction boxesypullboxes, and manholes. Apply the last two laps of
tape with no tension to prevent possible“ynwinding, Where cable markings are covered by
tape, apply tags to cable, stating size and insylation type.

3.4. FEEDER CONDUCTOR IDENTIFICATION

3.4.1. Ineachinterior pullbox, install brass tags on all feeder conductors to clearly designate their
circuit identification and voltage. The tags shall be the embossed type, 40 mm (1-1/2
inches) in diameter and 40 mils thick. Attach tags with plastic ties.

3.5. EXISTING CONDUCTORS
3.5.1. Unless specifically indicated on the plans, existing conductors shall not be reused.

3.6. CONTROL WIRING INSTALLATION
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3.6.1. Unless otherwise specified in other sections, install control wiring and connect to
equipment to perform the required functions as specified or as shown on the drawings.

3.6.2. Install a separate power supply circuit for each system, except where otherwise shown on
the drawings.

3.7. CONTROL WIRING IDENTIFICATION
3.7.1. Install a permanent wire marker on each wire at each termination.

3.7.2. Identifying numbers and letters on the wire markers shall correspond to those on the
wiring diagramsddsed for installing the systems.

3.7.3.  Wire markérs shall fétain their markings after cleaning.
3.8., ACCEPTANCE CHECKS ANDTESTS

3.877, Perform in_accordance/with the manufacturer's recommendations. In addition, include
the following:

3.8.1.1. Visual Inspéction and Tests: Ingpect physical condition.
3.8.2. Electricaltésts:

3.8.2.1. After installation/ but_before connéction 40 utilization devices, such as fixtures,
motors, or(@ppliances, test conductafs’ phase-tophase and phase-to-ground
resistance with an insalation<resistance tester. Existing canductors to be reused
shall also be tested.

3.8.2.2. Applied voltage shall be, 500 V'DC fon 300 V rated cable, and4000 V DC for 600 V
rated cable. Apply test fof/ene minute-or until reading is‘constant for 15 seconds,
whichever is longer. MinimGm-insulation'resistance values shall not be less than
25 megohms for 300 V rated cablé and 100 megohms for 600 V rated cable.

3.8.2.3. Perform phase rotation test on all three-phase circuits
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. This section specifies the furnishing, installation, connection, and testing of grounding and
bonding equipment, indicated as grounding equipment in this section.

1.1.2. “Grounding electrode system” refers to grounding electrode conductors and all
electrodes required or allowed by CESC and NEC, as well as made, supplementary, and
lightning protection system grounding electrodes.

1.1.3. The terms “conn@ct” and “bond” are used interchangeably in this section and have the
same meaning.

1.2. RELATED WORK
T'2.1. Section: 26 05 00 Common WorkResults for Electrical.
1.2.2.GSection/26705,19 Low-Voltage Electrical Power Conductors and Cables.
1.2.3. Sectidn; 26 05 33-Raceway and Boxes for Electrieal Systems.

1.3. QUALITY ASSURANCE

1.3.1. Quality Assurance shall’ie inlaccordance with Section: 26,05 00 Common Work Results
for Electrical.

1.4. SUBMITTALS

1.4.1. Submit in accordance with reqirements of'Section: 26 05 00 Comiion Work Results for
Electrical, and the following requiréments:

1.4.1.1. Shop Drawings:
1.4.1.1.1. Submit sufficient information te.demonstrate compliance with drawings and
specifications.
1.4.1.1.2. Submit plans showing the location ©f, system grounding electrodes and
connections, and the routing of abovegfound and underground grounding
electrode conductors.
1.4.1.2. Test Reports:
1.4.1.2.1. Two weeks prior to the final inspection, submit ground resistance field test
reports to the Consultant
1.4.1.3. Certifications:
1.4.1.3.1. Certification by the Contractor that the grounding equipment has been
properly installed and tested.

1.5. APPLICABLE PUBLICATIONS

Project #: 2025-07



SAB Engineering Inc. Section 26 05 26
TLDSB HALIBURTON HIGHLANDS SS GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS
HVAC Upgrade (Cafeteria & Kitchen) Page |3

1.5.1. Publications listed below (including amendments, addenda, revisions, supplements, and
errata) form a part of this specification to the extent referenced. Publications are
referenced in the text by designation only.

1.5.2. Canadian Standards Association (CSA)

1.5.2.1. CAN/CSA Standard C22.2 No.0.4-04(R2009) - Bonding of Electrical Equipment.

1.5.2.2. CAN/CSA Standard C22.2 No0.41-07 - Grounding and Bonding Equipment (Bi-
national standard, with UL 467).

1.5.2.3. Canadian and Ontario Electrical Safety Codes. (Latest Edition).

1.5.3.  ANSI/TIA/EIA-607.

1.5.4. (CAN/CSA TS27) Best Practices for Ground and Bonding of Devices in Telecommunication
Spaces.

1.55. Latest edition of IEEE Standard No. 80:
1.5.6. “American-Society for Testirg and Materials (ASTM):

1.5.6.1. B1-13</ Standard Specification for Hard-Drawn Copper Wire

1.5.6.2. B3:13 Standard Specification for Soft ordAnhealed Copper Wire

1.5.6.3. B8-11 Standard’ Specification for Corcentric-Lay-Stranded Copper Conductors,
Hard, Medium-Hard, op Soft

1.5.7. Institute of Electrical @and Electronics’Engineers, e, (1EEE):

1.5.7.1. 81-12 IEEE Guidefor MeasuringEarth Resistivity, Ground Impedance, and Earth
Surface Potentials of a’Ground‘Systém Part 1: NormalMeasurements

1.5.8. National Fire Protection Association‘{INFPA):

1.5.8.1. 70-17 National Electrical Code (NEC)
1.5.8.2. 70E-15 National Electrical Safety Codé

1.5.9. Underwriters Laboratories, Inc. (UL):

1.5.9.1. 44-14 Thermoset Insulated Wires and Cables
1.5.9.2. 83-14 Thermoplastic Insulated Wires and Cables
1.5.9.3. 467-13 Grounding and Bonding Equipment

PART 2 - PRODUCTS

2.1. GROUNDING AND BONDING CONDUCTORS
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2.1.1. Install a complete, permanent and continuous system for earthling and grounding of
networks, circuits and apparatus. The system shall include electrodes, conductor,
connectors and required accessories on drawings to satisfy local authorities.

2.1.2. Install bonding/grounding connections from exposed non-current carrying metal parts of
equipment including, but not necessarily limited to the following:

2.1.2.1. Frames of all motors.

2.1.2.2. All Starters.

2.1.2.3. Main Electrical Switchboards.
2.1.2.4. Medium Moltage Load Interrupter Switches.
2.1.2.5. Panelboards and Distribution Panels.
2.1.2.6. Isolations Switch(es).

2.1.2.7. Exterior mountéd cablé trays.
2.1.2.8. Raised floor pedestals.

2,1.2.9. Conductive Floaring.

2:1£2.10. JCommunication Rooms.

2.1.2-14. Transfdrmers.

2.1.2.127 7, Transfer Switches.

2.1.2.13. Power Raceway -System.

2.1.2.14. Gené€rating'equipment.

2.1.3. Install connectors according to.mManufacturer's récommendations.

2.1.4. Equipment grounding‘conductafs skall be insulated stranded cofper, except that sizes
No. 10 AWG and smaller shdll be solid copper. Insulation celorshall be continuous green
for all equipment grounding cariductors; excépt that wire'sizes No. 4AWG and larger shall
be identified per NEC.

2.1.5. Bonding conductors shall be bare stranhded copper, except that sizes No. 10 AWG and
smaller shall be bare solid copper. Bofding conductors shall be stranded for final
connection to motors, transformers, and vibrating eq@ijpment.

2.1.6. Conductor sizes shall not be less than shown on thé.drawings, or not less than required
by the NEC, whichever is greater.

2.1.7. Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be used for isolated power systems.
2.2. GROUND RODS

2.2.1. Copper clad steel, 19 mm (0.75 inch) diameter by 3m (10 feet) long.

2.2.2. Quantity of rods shall be as required to obtain the specified ground resistance.

2.3. CONCRETE ENCASED ELECTRODE
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2.3.1. Concrete encased electrode shall be No. 4 AWG bare copper wire, installed per NEC.
2.4. GROUND CONNECTIONS

2.4.1. Below Grade and Inaccessible Locations: Exothermic-welded type connectors.

2.4.2. Above Grade:

2.4.2.1. Bonding Jumpers: Listed for use with copper conductors. For wire sizes No. 8
AWG and larger, use compression-type connectors. For wire sizes smaller than
No. 8 AWG, use mechanical type lugs. Connectors or lugs shall use zinc-plated
steel bolfs, nuts, and washers. Bolts shall be torqued to the values recommended
by thé manufacturer.

2.4.2.2. Connectionto Building Steel: Exothermic-welded type connectors.

2.4.2.3. Connection td Groundihg Bus Bars: Listed for use with aluminum and copper
conductors. Use mechani€al type lugs, with zinc-plated steel bolts, nuts, and
washers. Bolts shall be torqued to the values recommended by the manufacturer.

2.42.4. Conmection to Equipment Rack aand Cabinet Ground Bars: Listed for use with
aluminum and copper eonductors. Use mechanical type lugs, with zinc-plated
steel bolts; nuts, and washers/Bolts shall be torqued to the values recommended
by the manufacturer.

2.5. EQUIPMENT RACK AND.CABINET GROUND BARS

2.5.1. Provide solid copperiground‘bars_designed formounting gn the framework of open or
cabinet-enclosed equipment racks. Ground bars shall have mimimum dimensions of 6.3
mm (0.25 inch) thick x 19 fmm_ (0.754nch) wide, with leéngth as fequired or as shown on
the drawings. Provide insulators.and mounting brackets.

2.6. GROUND TERMINAL BLOCKS

2.6.1. At any equipment mounting location (e.g7.backboards and hinged cover enclosures)
where rack-type ground bars cannot be mourited, pravide mechanical type lugs, with
zinc-plated steel bolts, nuts, and washers. Bolts shall be torqued to the values
recommended by the manufacturer.

2.7. GROUNDING BUS BAR

2.7.1. Pre-drilled rectangular copper bar with stand-off insulators, minimum 6.3 mm (0.25 inch)
thick x100 mm (4 inches) high in cross-section, length as shown on the drawings, with
hole size, quantity, and spacing per detail shown on the drawings. Provide insulators and
mounting brackets.

PART 3 - EXECUTION
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3.1. GENERAL

3.1.1. Installation shall be in accordance with the CEC, NEC, and manufacturer’s instructions.
3.1.2. System Grounding:

3.1.2.1. Secondary service neutrals: Ground at the supply side of the secondary
disconnecting means and at the related transformer.

3.1.2.2. Separately derived systems (transformers downstream from the service
entrance): Ground the secondary neutral.

3.1.2.3. EquipmenthGrounding: Metallic piping, building structural steel, electrical
enclosufes, raceways, junction boxes, outlet boxes, cabinets, machine frames,
anddothericenductive items in close proximity with electrical circuits, shall be
bonded and grotindech

3.2.INACCESSIBLE GROUNDING CONNECTIONS

3.2.17 xMakelgrounding connections, which aresnormally buried or otherwise inaccessible, by
éxothermic weld.

3.3. SECONDARYVOLTAGE EQUIPMENT AND CIRCUITS

3.3.1. Main BondifigaJumper: Behd the secondarygervicefnéutral to the ground bus in the
service equipment.

3.3.2. Metallic Piping, Building Structaral-Steel, and Supplemental Electrade(s):

3.3.2.1. Provide a groundirigielectrode conductor sized per CESC and NEC between the
service equipment grodnd bus—and-all metallic watér pipe systems, building
structural steel, and supplemental or made electrodes. Provide jumpers across
insulating joints in the metallicpiping.

3.3.2.2. Provide a supplemental ground‘electrodé-to bond to the grounding electrode
system.

3.3.3. Switchgear, Switchboards, Unit Substations, Panelbdards, Motor Control Centers, Engine-
Generators, Automatic Transfer Switches, and other élesctrical equipment:

3.3.3.1. Connect the equipment grounding conductors to the ground bus.
3.3.3.2 Connect metallic conduits by grounding bushings and equipment grounding
conductor to the equipment ground bus.

3.3.4. Transformers:

3.3.4.1. Exterior: Exterior transformers supplying interior service equipment shall have
the neutral grounded at the transformer secondary. Provide a grounding
electrode at the transformer.
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3.3.4.2. Separately derived systems (transformers downstream from service equipment):

Ground the secondary neutral at the transformer. Provide a grounding electrode
conductor from the transformer to the nearest suitable component of the
grounding electrode system.

3.4. RACEWAY
3.4.1. Conduit Systems:

3.4.1.1. Ground all metallic conduit systems. All metallic conduit systems shall contain an
equipmentgrounding conductor.

3.4.1.2. Nonmetallic €conduit systems, except non-metallic feeder conduits that carry a
grodnded eorductar from exterior transformers to interior or building-mounted
service entrance equipment, shall contain an equipment grounding conductor.

3.4.1.3. Metallic conduit that.only contains a grounding conductor, and is provided for its
mechanical “protection, shalltbe bonded to that conductor at the entrance and
exitfrom the conduit.

3.4.4/4, Metallic conduits which terminate without mechanical connection to an electrical
eqlipmeéent-. housing by means of locknut and bushings or adapters, shall be
provided with grounding bushings. Connect bushings with a equipment
grounding-Gondugtor to the equipment ground,bus.

3.4.2. Feedersand Branch Circuits: Install equipmént groinding conductors with all feeders, and
power and lighting branch cireuits:

3.4.3. Boxes, Cabinets, Enclosurés, and Panelboards:

3.4.3.1. Bond the equipment grounding conductor to each pullbox, junction box, outlet
box, device box, cabinets{ and other enclosures through which the conductor
passes (except for special grounding systerns for intensive care units and other
critical units shown).

3.4.3.2. Provide lugs in each box and enclesure forequipment grounding conductor
termination.

3.4.4. Wireway Systems:

3.4.4.1. Bond the metallic structures of wireway to provide electrical continuity
throughout the wireway system, by connecting a No. 6 AWG bonding jumper at
all intermediate metallic enclosures and across all section junctions.

3.4.4.2. Install insulated No. 6 AWG bonding jumpers between the wireway system,
bonded as required above, and the closest building ground at each end and
approximately every 16 M (50 feet).
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3.4.4.3. Use insulated No. 6 AWG bonding jumpers to ground or bond metallic wireway
at each end for all intermediate metallic enclosures and across all section
junctions.

3.4.4.4. Use insulated No. 6 AWG bonding jumpers to ground cable tray to column-
mounted building ground plates (pads) at each end and approximately every 15
M (49 feet).

3.4.4.5. Receptacles shall not be grounded through their mounting screws. Ground
receptacles with a jumper from the receptacle green ground terminal to the
device box ground screw and a jumper to the branch circuit equipment grounding
conductorg

3.4.5. Ground lighting fixtures to the equipment grounding conductor of the wiring system.
Fixtures connected with flexible conduit shall have a green ground wire included with the
power wires from theffixture through the flexible conduit to the first outlet box.

3.4%6. Fixed electrical appliances andfequipment shall be provided with a ground lug for
termihatioh of the equipment grolinding onductor.

3.5. OUTDOOR/METALLIC FENCES AROUND ELECTRICAL EQUIPMENT

3.5.1. Fences sHall be grounded with a ground rod at each fixed gate post and at each corner
post.

3.5.2. Drive ground rodstuntil the top-is:300 mm (12 ifiches) below grade. Attach a No. 4 AWG
copper conductor by ekothermic weld to the ground rods, and extend underground to
the immediate vicinity of fence post.’Lace the condugtor wértically into 300 mm (12
inches) of fence mesh and fasten by two-approved bronze compressiénfittings, one to
bond the wire to post and the other to bond the wire to fencé. Eath gate section shall be
bonded to its gatepost by a 3 mm x25 mm(0.375<nch x 1 inch) flexible, braided copper
strap and ground post clamps. Clamps shall be of the anti-electrolysis type.

3.6. CORROSION INHIBITORS

3.6.1. When making grounding and bonding connections, apply a corrosion inhibitor to all
contact surfaces. Use corrosion inhibitor appropriate for protecting a connection
between the metals used.

3.7. CONDUCTIVE PIPING

3.7.1. Bond all conductive piping systems, interior and exterior, to the grounding electrode
system. Bonding connections shall be made as close as practical to the equipment ground
bus.

3.7.2. In operating rooms and at intensive care and coronary care type beds, bond the medical
gas piping and medical vacuum piping at the outlets directly to the patient ground bus.
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3.8. MAIN ELECTRICAL ROOM GROUNDING

3.8.1. Provide ground bus bar and mounting hardware at each main electrical room where
incoming feeders are terminated, as shown on the drawings. Connect to pigtail extensions
of the building grounding ring, as shown on the drawings.

3.9. GROUND RESISTANCE

3.9.1. Grounding system resistance to ground shall not exceed 5 ohms. Make any modifications
or additions to the grounding electrode system necessary for compliance without
additional cost to thie Government. Final tests shall ensure that this requirement is met.

3.9.2. Grounding system resistance shall comply with the electric utility company ground
resistance requirements,

3.10.GROUND ROD INSTALLATION

3.10=, For outdoorinstallations, drive‘each rod’vertically in the earth, until top of rod is 610 mm
(24 inches) below final grade.

3.10.2. Forindoor installations, leave 100 mmi (4 inchés) of each rod exposed.

3.10.3. Where buried or permanently concealed grouhd corhections are required, make the
connections bythe exethermic process, 16 formdsolid metal joints. Make accessible
ground connections,with mechanical pressure-tfpe ground cohnectors.

3.10.4. Where rock or impenetrable soil, prevents the driving 6f verticalhground rods, install
angled ground rods or grounding electrodes in horizoftal tfenches, to achieve the
specified ground resistance.

3.11. ACCEPTANCE CHECKS AND TESTS

3.11.1. Resistance of the grounding electrode system shall be measured using a four-terminal
fall-of-potential method as defined in IEEE 817/Ground resistance measurements shall be
made before the electrical distribution system is‘energized or connected to the electric
utility company ground system, and shall be made irispormally dry conditions not fewer
than 48 hours after the last rainfall.

3.11.2. Resistance measurements of separate grounding electrode systems shall be made before
the systems are bonded together. The combined resistance of separate systems may be
used to meet the required resistance, but the specified number of electrodes must still
be provided.

3.11.3. Below-grade connections shall be visually inspected by the Consultant prior to backfilling.
The Contractor shall notify the Consultant 24 hours before the connections are ready for
inspection
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PART 1 - GENERAL
1.1. DESCRIPTION

1.1.1. This section specifies the furnishing, installation, and connection of conduit, fittings, and
boxes, to form complete, coordinated, grounded raceway systems. Raceways are required
for all wiring unless shown or specified otherwise.

1.1.2. Definitions: The term conduit, as used in this specification, shall mean any or all of the
raceway types specified.

1.2. RELATED WORK
1.2.1. Section: 2605 00" CommonWork Results for Electrical.
1.3., QUALITY ASSURANCE

1.37Y, Refer to Paragraph, QUALIFICATIONS, in Section: 26 05 00 Common Work Results for
Electrical.

1.4. SUBMITTALS
1.4.1. Submitin‘atcordanc¢e with Section: 260500 Comimon Work Results for Electrical.

1.4.2. Shop Drawings:

1.4.2.1. Size and location of main feeders.
1.4.2.2. Size and location of panels’and-pull-boxes.
1.4.2.3. Layout of required canduit pénetrations through structural elemients.

1.4.2.4. Submit the following daté for approval;

1.4.2.5. Raceway types and sizes.

1.4.2.6. Conduit bodies, connectors and fittings:
1.4.2.7. Splitter troughs

1.4.2.8. Junction and pull boxes, types and sizés:

1.4.3. Certifications: Two weeks prior to final inspection, sdbmit the following:

1.4.3.1. Certification by the manufacturer that raceways, conduits, conduit bodies,
connectors, fittings, junction and pull boxes, and all related equipment conform
to the requirements of the drawings and specifications.

1.4.3.2. Certification by the Contractor that raceway, conduits, conduit bodies,
connectors, fittings, junction and pull boxes, and all related equipment have been
properly installed.

1.5. APPLICABLE PUBLICATIONS
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1.5.1. Publications listed below (including amendments, addenda, revisions, supplements, and
errata) form a part of this specification to the extent referenced. Publications are
referenced in the text by designation only.

1.5.2. Canadian Standards Association (CSA International)

1.5.2.1. CAN/CSA C22.2 No. 18.3-12, Conduit, Tubing, and Cable Fittings (Tri-National
standard, with ANCE NMX-J-017 and UL 514B).

1.5.2.2. CAN/CSA C22.2 No. 18.4-04 (R2009), Hardware for the Support of Conduit, Tubing,
and Cable (Bi-National standard, with UL 2239).

1.5.2.3. CAN/CSA4«C22.2 No. 18.5-02 (R2012), Positioning Devices (Bi-National standard,
with UL 1565),

1.5.2.4. C22.2 NO.45.1-074 Electrical Rigid Metal Conduit — Steel (Tri-national standard,
with UL 6 and NIMX-J-534-ANCE-2007).

1.5.2.5. C22.2 No.56-04 (R2009) Flexible Metal Conduit and Liquid-Tight Flexible Metal
Conduit.

1.542.6. C22.2 NO.83-M19854R2008), Electrical Metallic Tubing.

1.5.77¢  €22.2 No,211.2-06 (R2011) Rigid PVC (Unplasticized) Conduit.

1.5.2.8. CAN/CSAC22.2 NO.227.1-06 (R2011),-Electrical Nonmetallic Tubing (Bi-National
standard, with UL 1653).

1.5.2.9. CAN/ESA C22:2 NO.227.2.1-04 (R2009)4Liquid<Tight Flexible Nonmetallic Conduit
(Bi-National standard, with UL 166Q).

1.5.2.10. CAN/CSA'€22.2 N0/227.3*05 (R2010), Nonmetallic Meehanical Protection Tubing
(NMPT), (Bi-national standard;, with UL 1696).

1.5.3. American National Standards/nstituté (ANSI):

1.5.3.1. C80.1-05 Electrical*Rigid Steel Conduit
1.5.3.2. C80.3-05 Steel ElectricahMetalTubing
1.5.3.3. C80.6-05 Electrical Intermédiate Métal Conduit

1.5.4. National Fire Protection Association (NFPA):
1.5.5. 70-11 National Electrical Code (NEC)

1.5.6. Underwriters Laboratories, Inc. (UL):

1.5.6.1. 1-05 Flexible Metal Conduit

1.5.6.2. 5-11 Surface Metal Raceway and Fittings
1.5.6.3. 6-07 Electrical Rigid Metal Conduit - Steel
1.5.6.4. 50-95 Enclosures for Electrical Equipment
1.5.6.5. 360-13 Liquid-Tight Flexible Steel Conduit
1.5.6.6. 467-13 Grounding and Bonding Equipment
1.5.6.7. 514A-13 Metallic Outlet Boxes

Project #: 2025-07



SAB Engineering Inc. Section 26 05 33

TLDSB HALIBURTON HIGHLANDS SS RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS
HVAC Upgrade (Cafeteria & Kitchen) Page |4
1.5.6.8. 514B-12 Conduit, Tubing, and Cable Fittings
1.5.6.9. 514C-07 Nonmetallic Outlet Boxes, Flush-Device Boxes and Covers
1.5.6.10. 797-07 Electrical Metallic Tubing
1.5.6.11. 1242-06 Electrical Intermediate Metal Conduit - Steel

1.5.7. National Electrical Manufacturers Association (NEMA):

1.5.7.1. FB1-12 Fittings, Cast Metal Boxes and Conduit Bodies for Conduit, Electrical
Metallic Tubing and Cable

1.5.7.2. FB2.10-13 Selection and Installation Guidelines for Fittings for use with Non-
Flexible Gonduit or Tubing (Rigid Metal Conduit, Intermediate Metallic Conduit,
and Eléctrical Metallic Tubing)

1.5.7.3. FB2.20-12 Selectiohhand Installation Guidelines for Fittings for use with Flexible
Electrical Condd@it'and Cable

PART 2 - PRODUCTS
2.1. MATERJAL

2.1.1. Conduit Size:n accardance with the £EC/NFPA270, but not less than 13 mm (0.5-inch)
unless otherwise shown.

2.1.2. Rigid Steel Coniduit (RMC): Shall conform to CAN/CSAC22.2.NO.45.1, UL 6 and ANSI C80.1.
Application: for all-eutdoarinstgllations and other locations where specified or shown on
the drawings.

2.1.3. Rigid Intermediate Steel Conduit (IMC): Shall conform to£ANJCSAC22.2 NO.18.3, UL 1242
and ANSI C80.6. Applicationzfor all>outdoor installations and other locations where
specified or shown on the drawings:

2.1.4. Electrical Metallic Tubing (EMT): Shall canform to:CAN/CSA C22.2 NO.83, UL 797 and ANSI
C80.3. Maximum size not to exceed 105 min.(4 inches) and shall be permitted only with
cable rated 600 V or less. Application: for all ind6er installations and other locations where
specified or shown on the drawings.

2.1.5. Flexible Metal Conduit: Shall conform to CAN/CSA C22.2.NO.56, UL 1. Application: last
1000 mm (40”) before final connections to burners and other locations where specified or

shown on the drawings.

2.1.6. Liquid-tight Flexible Metal Conduit: Shall conform to CAN/CSA C22.2 NO.227.2.1, UL 360.
Applications: last 1000 mm (40”) before connecting to motors and other vibrating

equipment and other locations where specified or shown on the drawings.

2.2. CONDUIT FITTINGS
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2.2.1. Rigid Steel and Intermediate Metallic Conduit Fittings:

2.2.1.1. Fittings shall meet the requirements of UL 514B and NEMA FB1.

2.2.1.2. Standard threaded couplings, locknuts, bushings, conduit bodies, and elbows:
Only steel or malleable iron materials are acceptable. Integral retractable type IMC
couplings are also acceptable.

2.2.1.3. Locknuts: Bonding type with sharp edges for digging into the metal wall of an
enclosure.

2.2.1.4. Bushings: Metallic insulating type, consisting of an insulating insert, molded or
locked intosthe metallic body of the fitting. Bushings made entirely of metal or
nonmetallic'material are not permitted.

2.2.1.5. Erickson (bnion Type) and Set Screw Type Couplings: Approved for use in concrete
is permitted fordusento complete a conduit run where conduit is installed in
concrete. Usé€ set screws of case-hardened steel with hex head and cup point to
firmly seatin conduit wall fér positive ground. Tightening of set screws with pliers
is prohibited.

2.27k6. Sealing Fittings: THreadedycast/iron type. Use continuous drain-type sealing
fittings to prevent passage of water vapor. In concealed work, install fittings in
flush steel'bdxes with blank caver platés having the same finishes as that of other
electricalplatesin the room.

2.2.2. Electrical Metatflic.Tubing/Fittings:

2.2.2.1. Fittings and cdnduit bodiésshall meet theyrequiremients of UL 514B, ANSI C80.3,
and NEMA FB1.

2.2.2.2. Only steel or malleable iron-matefials are acceptable.

2.2.2.3. Both compression and’setscrew fittings.are allowed, bit oné choice is to be made
for a project. Fittings are t6 be of uniform type throughout the project.

2.2.2.4. Compression Couplings and ‘€ennectors: “-Concrete-tight and rain-tight, with
connectors having insulated throats

2.2.2.5. Setscrew Couplings and Connectors:*/AUse setscrews of case-hardened steel with
hex head and cup point, to firmly seat in Wall of conduit for positive grounding

2.2.2.6. Indent-type connectors or couplings are prohibited.

2.2.2.7. Die-cast or pressure-cast zinc-alloy fittings or ‘fittings made of "pot metal" are
prohibited.

2.2.3. Flexible Metal Conduit Fittings:

2.2.3.1. Conform to UL 514B. Only steel or malleable iron materials are acceptable.
2.2.3.2. Clamp-type, with insulated throat.

2.2.3.3. Liquid tight Flexible Metal Conduit Fittings:

2.2.3.4. Fittings shall meet the requirements of UL 514B and NEMA FB1.

2.2.3.5. Only steel or malleable iron materials are acceptable.
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2.2.3.6. Fittings must incorporate a threaded grounding cone, a steel or plastic

compression ring, and a gland for tightening. Connectors shall have insulated
throats.

2.2.4. Surface Metal Raceway Fittings:

2.24.1. As recommended by the raceway manufacturer. Include couplings, offsets,
elbows, expansion joints, adapters, hold-down straps, end caps, conduit entry
fittings, accessories, and other fittings as required for complete system.

2.2.5. Expansion and Defléction Couplings:

2.2.5.1. Confdrm to UL467 and UL 514B.

2.2.5.2. Accommodate a9 mm (0.75-inch) deflection, expansion, or contraction in any
direction, and@llow 30 degree angular deflections.

2.2.5,3. Include intérnal flexible metal braid, sized to guarantee conduit ground continuity
and a low-impedance path for fault currents, in accordance with UL 467 and the
CECtables for equipfment ghounding conductors.

2.2.6. Jacketr, Flexible, €orrosion resistant,/watertight, moisture and heat-resistant molded
rubber material-with Stainless steel jacketclamps.

2.2.7. Conduit Suppérits:

2.2.7.1. Parts and Handware?-Zinc coat or provi@e equivalent corrosion protection.

2.2.7.2. Individual Conduit Hangers:<Designed for the pufpose, h@ving a pre assembled
closure bolt and nutpand provyisions for receiving a hdnger rod.

2.2.7.3. Multiple Conduit (Trapéze) Hangers: , Not less than 38 mme 38 mm (1.5 x 1.5
inches), 12-gauge steel, €old-formed, 1lipped channels; With not less than 9 mm
(0.375-inch) diameter steel hanger rods.

2.2.7.4. Solid Masonry and Concrete Anchiors: Self drilling expansion shields, or machine
bolt expansion.

2.2.8. Outlet, Junction, and Pull Boxes:

2.2.8.1. Applicable Publications
2.2.8.1.1. CAN/CSA C22.2 NO.18.1-04 (R2009), Metallic Outlet Boxes (Tri-National
standard with ANCE NMX-J-023/1 and UL 514A).
2.2.8.1.2. (C22.2 NO.18.2-06, Nonmetallic Outlet Boxes.
2.2.8.1.3. CAN/CSA C22.2 NO.18.3-12, Conduit, Tubing and Cable Fittings (Tri-national
standard, with ANCE NMX-J-017 and UL 514B).
2.2.8.1.4. UL-50 and UL-514A.
2.2.8.2. Rustproof cast metal where required by the NEC or shown on drawings.
2.2.8.3. Sheet Metal Boxes: Galvanized steel, except where shown on drawings.
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2.2.9. Metal Wireways: Equip with hinged covers, except as shown on drawings. Include
couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and
other fittings to match and mate with wireways as required for a complete system.

2.2.10. Splitter troughs

2.2.10.1. Sheet metal enclosure with welded edges and hinged shaped cover with locking
facility when closed.

2.2.10.2. Copper bus bars c/w terminals corresponding to the number and size of the
incoming and outgoing conductors as shown.

2.2.10.3. Unless otherwise indicated the splitters shall have sufficient length to
accomimadate the layout of the secondary equipment.

2.2.10.4. Supply at'least thfee space terminals for each terminal size in 400 A and less
splitters.

PART 3 -'EXECUTION
3.1. PENETRATIONS
3.1.1. Cutting.or Holes:

3.1.1.1. Cutlholes infadvance where they'should b€ placed in the structural elements, such
as ribs'or beams,

3.1.1.2. Cut holes through-concrete and masonsy in_hew and, existing structures with a
diamond core/drill ortoncrete saw.

3.1.1.3. Firestop: Where conduits, wireways, and other electriedl raceways pass through
fire partitions, fire walls, smioke partitions, or floors; install a fire stop that provides
an effective barrier agdifist the‘spread of fire, smoke and gases.

3.1.1.4. Verify that roof penetratiofi details are shown on drawings.

3.1.1.5. Waterproofing: At floor, extefior, wall, and feof conduit penetrations, completely
seal the gap around conduit to rerder it watertight.

3.2. INSTALLATION, GENERAL

3.2.1. In accordance with ULC, OESC, CEC, NEC, NEMA, as shown on drawings, and as specified
herein.

3.2.2. Raceway systems used for Essential Electrical Systems (EES) shall be entirely independent
of other raceway systems.

3.2.3. Install conduit as follows:

3.2.3.1. In fully completed mechanically and electrically continuous runs before pulling in
cables or wires.
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3.2.3.2. Unless otherwise indicated on the drawings or specified herein, installation of all
conduits shall be concealed within finished walls, floors, and ceilings.
3.2.3.3. Flattened, dented, or deformed conduit is not permitted. Remove and replace the
damaged conduits with new conduits.
3.2.3.4. Assure conduit installation does not encroach into the ceiling height head room,
walkways, or doorways.
3.2.3.5. Cut conduits square, ream, remove burrs, and draw up tight.
3.2.3.6. Independently support conduit at 2.4 M (8 feet) on centers with specified

materials or as shown on drawings.

3.2.3.7. Do not us€ suspended ceilings, suspended ceiling supporting members, lighting
fixtures; other conduits, cable tray, boxes, piping, or ducts to support conduits and
conduit runss

3.2.3.8. Support within 00 mim (12 inches) of changes of direction, and within 300 mm
(12 inches) af each enclosure to which connected.

3.2.3°9. Close ends of empty conduitsiwith plugs or caps at the rough in stage until wires
arepulled in, to'prevefit entry of debris.

3.2.3710. Conduit installatioris underfume’and vent hoods are prohibited.

3.2.3.11TY4, Secure conduits to cabihets, junction boxes, pull-boxes, and outlet boxes with
bonding type<locknuts. For figidssteel and,IMC conduit installations, provide a
locknut on'[the inside of the“enclosuref made,up wrench tight. Do not make
conduizeonnectionsto junction box.covers.

3.2.3.12.  Flashing ofpenetrations of the roof memnibrané,is shon on the drawing details.

3.2.3.13.  Conduit bodiés,shall‘only‘be used for chahges in direction, and shall not contain
splices.

3.2.4. Conduit Bends:

3.24.1. Make bends with standard ecohduit bending-machines.

3.2.4.2. Conduit hickey may be used fok slight ‘offsets and for straightening stubbed out
conduits.

3.2.4.3. Bending of conduits with a pipe tee or ¥jse is prahibited.

3.2.5. Layout and Homeruns:

3.2.5.1. Install conduit with wiring, including homeruns, as shown on drawings.
3.2.5.2. Deviations: Make only where necessary to avoid interferences.

3.3. CONCEALED WORK INSTALLATION
3.3.1. In Concrete:

3.3.1.1. Conduit: Rigid steel, IMC, or EMT. Do not install EMT in concrete slabs that are in
contact with soil, gravel, or vapor barriers.
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3.3.1.2.
3.3.1.3.
3.3.1.4.
3.3.15.

3.3.1.6.
3.3.1.7.

3.3.18.

3.3.1.9.

Align and run conduit in direct lines.

Install conduit through concrete beams only:

Where shown on the structural drawings.

Installation of conduit in concrete that is less than 75 mm (3 inches) thick is
prohibited.

Conduit outside diameter larger than one-third of the slab thickness is prohibited.
Space between conduits in slabs: Approximately six conduit diameters apart, and
one conduit diameter at conduit crossings.

Install conduits approximately in the center of the slab so that there will be a
minimum_@f19 mm (0.75-inch) of concrete around the conduits.

Make ebuplingsiand connections watertight. Use thread compounds that are UL
appfoved conductive type to ensure low resistance ground continuity through the
conduits. Tightening setscrews with pliers is prohibited.

3:3,2. Above Furred or Suspended Ceilingéand in Walls:

3.3¢2.1.
3.3.22%
3.3.2.3.

3.3.2.4.
3.3.2.5.

Cohduit for Conductefs 600.V and'Below: EMT.

Align and run conduit parallel or'perpendicular to the building lines.

Connect recessed lighting fixtures to com@luit runs with maximum 1.8 M (6 feet) of
flexible metal'donduit extendingdfom a jun€tion box to the fixture.

Tightening set screws with pliers is prohibited.

For conduits running through metal studsglimit field cut holes to no more than
70% of web depth..Spacing between héles shall be atleast 457 mm (18 inches).
Cuts or notches'in flanges orreturn lips shall not be permitted.

3.4. EXPOSED WORK INSTALLATION

3.4.1. Unless otherwise indicated on drawings, éxposed conduit is anly permitted in mechanical
and electrical rooms.

3.4.2. Conduit for Conductors 600 V and Below:""Rigid steel or IMC (outdoors), EMT (indoors).
Mixing different types of conduits in the systenis prohjbited.

3.4.3. Align and run conduit parallel or perpendicular to thé.building lines.

3.4.4. |Install horizontal runs close to the ceiling or beams and secure with conduit straps.

3.4.5. Support horizontal or vertical runs at not over 2.4 M (8 feet) intervals.

3.4.6. Surface Metal Raceways: Use only where shown on drawings.

3.4.7. Painting:

3.4.7.1.

Paint exposed conduit as specified
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3.5. HAZARDOUS LOCATIONS
3.5.1. Use rigid steel conduit only.

3.5.2. Install UL approved sealing fittings that prevent passage of explosive vapors in hazardous
areas equipped with explosion-proof lighting fixtures, switches, and receptacles, as
required by the NEC.

3.6. WET OR DAMP LOCATIONS
3.6.1. Use rigid steel or IMC conduits unless as shown on drawings.

3.6.2. Provide sealing fittings to prevent passage of water vapor where conduits pass from warm
to cold locdtions, i.€., refriferated spaces, constant-temperature rooms, air-conditioned
spaces, building exteriaf walls, koofs, or similar spaces.

3°6:3. Use rigid steel or IMC conduit within,1.5 M (5 feet) of the exterior and below concrete
building slabs in contact with soil, gravel, or vapor barriers, unless as shown on drawings.
Conduit/shall-be half-lappe@d with 10 mil/lPVC tape before installation. After installation,
completely‘recoator retape any damaged areas of coating.

3.6.4. Conduits¢un on-roof'shall be supp@rtéd with integral galvanized lipped steel channel,
attached to Y\kinhibited polycarbonate or polypropyléneblocks every 2.4 M (8 feet) with
9 mm (3/8-inch).galvanized threaded rods, §guarefwasherand locknut. Conduits shall be
attached to steel channel with conduit clamps.

3.7. MOTORS AND VIBRATING EQUIPMENT

3.7.1. Use flexible metal conduit fof“connections/to motors and dgtherfelectrical equipment
subject to movement, vibration, misalignment, ctamped quarters, or noise transmission.

3.7.2. Use liquid tight flexible metal conduit fet,installation in exterior locations, moisture or
humidity laden atmosphere, corrosive atmosghere, water or spray wash down operations,
inside airstream of HVAC units, and locations subject toseepage or dripping of oil, grease,
or water.

3.7.3. Provide a green equipment grounding conductor with<flexible and liquid-tight flexible
metal conduit.

3.8. EXPANSION JOINTS

3.8.1. Conduits 75 mm (3 inch) and larger that are secured to the building structure on opposite
sides of a building expansion joint require expansion and deflection couplings. Install the
couplings in accordance with the manufacturer's recommendations.
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3.8.2. Provide conduits smaller than 75 mm (3 inch) with junction boxes on both sides of the
expansion joint. Connect flexible metal conduits to junction boxes with sufficient slack to
produce a 125 mm (5 inch) vertical drop midway between the ends of the flexible metal
conduit. Flexible metal conduit shall have a green insulated copper bonding jumper
installed. In lieu of this flexible metal conduit, expansion and deflection couplings as
specified above are acceptable.

3.8.3. Install expansion and deflection couplings where shown.

3.9. CONDUIT SUPPORTS
3.9.1. Safe working lodd shall not exceed one-quarter of proof test load of fastening devices.
3.9.2. Use pipe straps or individdal eonduit hangers for supporting individual conduits.

3.9.3. Support multiple eénduithruns with trapeze hangers. Use trapeze hangers that are
désigned to support a load equaldo or greater than the sum of the weights of the conduits,
wires{hanger itself, and an additional 90 kg (200 lbs). Attach each conduit with U bolts or
Other appfroved fasteners.

3.9.4. Suppoft'conduit independently of junétionddxes, pull-boxes, fixtures, suspended ceiling T
bars, angle’supports, and-similar items.

3.9.5. Fasteners and Supports’in Solid Masonry and Congfete:

3.9.5.1. New Construction: Use steel.or malleable'iron contrete inserts set in place prior
to placing the concrete.

3.9.6. Existing Construction:

3.9.6.1. Steel expansion anchors not‘less thané mm (0.25-inch) bolt size and not less than
28 mm (1.125 inch) in embedment,

3.9.6.2. Power set fasteners not less than6, mm A0.25-inch) diameter with depth of
penetration not less than 75 mm (3 inchy:

3.9.6.3. Use vibration and shock-resistant anchors and fasteners for attaching to concrete
ceilings.

3.9.6.4. Hollow Masonry: Toggle bolts.

3.9.6.5. Bolts supported only by plaster or gypsum wallboard are not acceptable.

3.9.6.6. Metal Structures: Use machine screw fasteners or other devices specifically
designed and approved for the application.

3.9.6.7. Attachment by wood plugs, raw plug, plastic, lead or soft metal anchors, or wood
blocking and bolts supported only by plaster is prohibited.

3.9.6.8. Chain, wire, or perforated strap shall not be used to support or fasten conduit.

3.9.6.9. Spring steel type supports or fasteners are prohibited for all uses except horizontal

and vertical supports/fasteners within walls.
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3.9.6.10.  Vertical Supports: Vertical conduit runs shall have riser clamps and supports in
accordance with the NEC and as shown. Provide supports for cable and wire with
fittings that include internal wedges and retaining collars.

3.10. BOX INSTALLATION
3.10.1. Boxes for Concealed Conduits:

3.10.1.1.  Flush-mounted.
3.10.1.1.1. Provide raised covers for boxes to suit the wall or ceiling, construction, and
finish,
3.10.1.1.2. In_additionto boxes shown, install additional boxes where needed to prevent
fdamage,t0 cables and wires during pulling-in operations or where more than
the equivalent of 4-90 degree bends are necessary.
3.10.1.1.3. Locate pdllboxes so that covers are accessible and easily removed. Coordinate
locations with pipingdndiductwork where installed above ceilings.
3.10:21.4./Remove only knockouts as required. Plug unused openings. Use threaded
plugs for cast metal boxes and snap in metal covers for sheet metal boxes.
3.10/2.1.5.< outlet-boxes mounted bactk to back in the same wall are prohibited. A
minimum«,600 mm (24 inch)’ center-to-center lateral spacing shall be
maintained between boxes.
3.10.1.2.  Flushmeunted/wall<or ceiling boxeséhall bé installed with raised covers so that
the frontface of raisedcover is flush withdhewall. Surface-mounted wall or ceiling
boxes shall belinstalled with surface-style flat or raised covers.
3.10.1.3. Minimum size ‘of| outlety baxes for ground fault gifcuit interrupter (GFCl)
receptacles is 100 mm-(4 inches) square x 55 mm (2.125 inches).deep, with device
covers for the wall matérial andthickness involved.
3.10.1.4. Stencil or install phenolic hameplates o' covers of the boxes identified on riser
diagrams; for example "SIG FA4B,No. 1.”
3.10.1.5. Onall branch circuit junction box'cdvers, identify the circuits with black marker.

Project #: 2025-07



SAB Engineering Inc.
TLDSB HALIBURTON HIGHLANDS SS

Section 26 28 16.02
MOULDED CASE CIRCUIT BREAKERS

HVAC Upgrade (Cafeteria & Kitchen) Page |1
TABLE OF CONTENTS
PART 1 - GENERAL ...ttt ettt et ettt et e e e e e s e s e e et et e e e e s s e s e nnsbrnneeeeeseeens 2
1.1. RELATED SECTIONS. ...ttt ettt e e ettt e e e e e e s e s bbbt et e e e e e e e s e s mnnneneeeeeeaeeenns 2
1.2. REFERENGCES ....eeeeeieeiee ettt ettt e e e e e e bbbttt e e e e e e e e e s e b b bbeeeeeeeeeeeesannsnrnbeeeeeeaaans 2
1.3. SUBIMITTALS ettt ettt ettt e e e e e e e e e st bt ettt e e e e e e e e s s e anbeabeeeeaeaeeseaaannsssbaneeeaaaaeeens 2
PART 2 - PRODUCGTS ...ttt e ettt e e e s s s e s e e e e e e e e e s e s e s arbbaeaeeeeeseesss 2
2.1. BREAKERS GENERAL ... .. ittt e e e e s s rae et e e ee s e e e s 2
2.2. GENERAL REQUIREMENT S . ettt ettt ettt e e e e e e s s enee et e e e e e e s e e sannens 3
PART 3 - EXECUTION ... ettt ettt e e e e e e et e e e e e e e e e s nebeeeeeeeeeeeeeas 3

3.1

Project #: 2025-07



SAB Engineering Inc. Section 26 28 16.02
TLDSB HALIBURTON HIGHLANDS SS MOULDED CASE CIRCUIT BREAKERS
HVAC Upgrade (Cafeteria & Kitchen) Page |2

PART 1 - GENERAL
1.1. RELATED SECTIONS
1.1.1. Section: 26 24 16.01 Panelboards Breaker Type.

1.2. REFERENCES

1.2.1. CAN/CSA-C22.2 No. 5-09, Moulded-Case Circuit Breakers, Molded-Case Switches
and Circuit-Breaker Enclosures (Tri-national standard, with UL 489 and NMX-J-266-ANCE-
2010).

1.2.2. AN/CSA-C22.2 No. 144-M91 (R2011): Ground Fault Circuit Interrupters.

1.2.3. CAN/CSA-C22.2 No.“144.1- 06 (R2011): Ground-Fault Circuit-Interrupters (Tri-

National standard, with UL 943 and NMX-J-520-ANCE).
1.3. SUBMITTALS

1.3.1. Sdbmit product data in accordance with'Section: 01 33 23 Shop Drawings, Product Data,
and’Samples.

1.3.2. Include time-currerit characteristic curves for breakers with ampacity of 200A and over or
with interrupting capacity’of22,000A symmeirical (rfns) @nd over at system voltage.

1.3.3. Acceptable Materials

1.3.3.1. Schneider Electrie€anada;
1.3.3.2. Siemens Canada;
1.3.3.3. Eaton Electric.

PART 2 - PRODUCTS
2.1. BREAKERS GENERAL
2.1.1. Molded case circuit breakers and Ground-fault circuit interrupters: to C22.2 NO. 5.

2.1.2. Comply with UL 489, NEMA AB 1, and NEMA AB 3, full{‘rated with interrupting capacity
to comply with available fault currents.

2.1.3. Bolt-on moulded case circuit breakers: quick-make, quick-break type, for manual and
automatic operation with temperature compensation for 40 degrees C ambient.

2.1.4. Common-trip breakers: with single handle for multi-pole applications.

2.1.5. Magnetic instantaneous trip elements in circuit breakers to operate only when the value
of the current reaches the setting.

Project #: 2025-07



SAB Engineering Inc. Section 26 28 16.02
TLDSB HALIBURTON HIGHLANDS SS MOULDED CASE CIRCUIT BREAKERS
HVAC Upgrade (Cafeteria & Kitchen) Page |3

2.1.6. Trip settings on breakers with adjustable trips to range of 3 to 8 times the rated current.

2.1.7. Provide pad locking devices where indicated on breakers to lock the handle of a breaker
in the "on" or "off" position with the trip units to remain free to function and protect the
circuit from both overload and short circuit conditions.

2.2. GENERAL REQUIREMENTS

2.2.1. Circuit breakers 250 Amps and larger shall be rated to carry 100% of their current rating
continuously.

2.2.2. Thermal-Magnetic Cireuit Breakers:

2.2.2.1. Malded casé circuithbreakers to operate automatically by means of thermal and
magnetic tripping devices to provide inverse time current tripping and
instantane@Us tripping for short circuit protection.

2.2.2.2. Inverse time-current element for low-level overloads and instantaneous
madghetic trip elemeft for shortacircuits. Adjustable magnetic trip setting for
cificuit<breaker frame sizes 250 A up to 400 A.

2.2.2.3. Adjustable; Instantaneous-Tripp Circuite#Breakers: Magnetic trip element with
frant-mounted, field-adjustabletfip setting.

2.2.3. Solid State Trip Breakers, (LSH)

2.2.3.1. Moulded case, circuit breakers to operate by means of solid-state trip unit with
associated curfent monitorscand self-powered shynt trip4®,provide inverse time
current trip under‘gverload condition, and long timé, short time, instantaneous
tripping for circuit protection:

2.2.3.2. Electronic Trip Circuit Bréakers: 400 A“and larger. Field=replaceable rating plug,
rms sensing, with the following,field-adjustable settings:

2.2.3.3. Instantaneous trip.

2.2.3.4. Long- and short-time pickup levels.

2.2.3.5. Long- and short-time time adjustments:

2.2.3.6. Ground-fault pickup level, time delay, and'?t response

2.2.4. Each adjustment shall have discrete settings (fully adjustable) and shall be independent
of all other adjustments.

2.2.5. LongTime Pickup indication to signal when loading approaches or exceeds the adjustable
ampere rating of the circuit breaker shall be provided.

PART 3 - EXECUTION

3.1. INSTALLATION
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3.1.1. Circuit breakers in panelboards shall be factory installed.
3.1.2. Install individual breakers where indicated.
3.1.3. New Circuit Breakers in Existing Panelboards:

3.1.3.1. Circuit breakers shall be of standard manufacture and match existing devices.

3.1.3.2. Circuit breakers shall be “bolt-on” type.

3.1.3.3. Circuit breakers shall have an AIC rating compatible with the Building’s short
circuit analysis report.

3.2. FIELD QUALITY CONTROL
3.2.1. Perform tedts andinspections.

3.2.2. Manufacturer's Field Senvice: Engage a factory-authorized service representative to
inspect components, assemblies, @nchequipment installations, including connections, and
to assist intesting.

3.2.3. AcceptanceTesting Preparatioh:

3.2.3.1. Test insulation. resistance /for«@ach enélosed switch and circuit breaker,
comiponent;‘connecting supply, feeder@and coftrol circuit.
3.2.3.2. Test cofitinuity lof each, circuit.

3.2.4. Tests and Inspections:

3.2.4.1. Perform each visdal and~mechanical inspection afd electrical test stated in
Acceptance Testing Specification. Certify compliance with test parameters.

3.2.4.2. Correct malfunctioning ufits on-site, where possiblej and retest to demonstrate
compliance; otherwise, replace, with'new'dnits and retest.

3.2.4.3. Test and adjust controls, remotemonitating, and safeties. Replace damaged and
malfunctioning controls and equipmént.

3.2.4.4, Enclosed switches and circuit breakers will be considered defective if they do not
pass tests and inspections.

3.2.4.5. Prepare test and inspection report, including-a certified report that identifies
enclosed switches and circuit breakers and that describes scanning results.
Include notation of deficiencies detected, remedial action taken and observations
after remedial action.

3.3. ADJUSTING

3.3.1. Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.
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3.3.2. Set field-adjustable circuit-breaker trip ranges. Provide list of “as left” settings and submit
to Client
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PART 1 - GENERAL

1.1. DESCRIPTION

1.1.1.

This section specifies the furnishing, installation, and connection of fused and unfused
disconnect switches (indicated as switches in this section), circuit breaker distribution
panels and separately-enclosed circuit breakers for use in electrical systems rated 600 V
and below.

1.2. RELATED WORK

1.2.1.

1.2.2.

1.2.3.

Section: 26 05 00 Common Work Results for Electrical.
Section: 26(05 19'LoWw-Voltage Electrical Power Conductors and Cables.

Section: 26 05 33 Raceway and Boxes for Electrical Systems.

1.3. SUBMITTALS

1.3.1.

Submit thé following.

1.3.1.1. Shop Drawings:

1.3.1.1.1.>/Submitfsufficient information to demionstrate compliance with drawings and
specifications:

1.3.1.1.2. Submitthe following data for approyal:

1.3.1.1.3. Electrical/ ratings,.. dimensions, ‘mounting details, materials, required
clearances, “terminations;) weight, fuses, /ircuite breakers, wiring and
connection diagrams, accessories, and devite Aameplate data.

1.3.1.2. Manuals:

1.3.1.2.1. Submit complete maiftenance-and.operating manuals including technical
data sheets, wiring diagkams, and~information for ordering fuses, circuit
breakers, and replacement pafis.

1.3.1.2.2. Include schematic diagrams, with/all terminals identified, matching terminal
identification in the enclosed switches and circuit breakers.

1.3.1.2.3. Include information for testing, repair;. troubleshooting, assembly, and
disassembly.

1.3.1.2.4. If changes have been made to the maintenance and operating manuals
originally submitted, submit updated maintenance and operating manuals
two weeks prior to the final inspection.

1.3.1.2.5. Certifications: Two weeks prior to final inspection, submit the following.

1.3.1.2.6. Certification by the manufacturer that the enclosed switches and circuit
breakers conform to the requirements of the drawings and specifications.

1.3.1.2.7. Certification by the Contractor that the enclosed switches and circuit
breakers have been properly installed, adjusted, and tested.
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1.4. APPLICABLE PUBLICATIONS

1.4.1. Publications listed below (including amendments, addenda, revisions, supplements, and
errata) form a part of this specification to the extent referenced. Publications are
referenced in the text by designation only.

1.4.2. CAN/CSA-22.2

1.4.2.1. CAN/CSA-C22.2 No. 4-04 (R2009), Enclosed Switches.
1.4.2.2. CAN/CSA C22.2 NO.39-M1987 (R2007) Fuseholder Assemblies).

1.4.3. National Electrical Manufacturers Association (NEMA):

1.4.3.1. Lovi Voltagé Cartridge Fuses
1.4.3.2. Enclosed and« Miscellaneous Distribution Equipment Switches (600 Volts
Maximum)

1.4.47- National Fire Protection Association (NFPA):
1.4.4.1 70411 "“National Electrical Code (NEC)
1.4.5. Underwriters Laboratories, Inc. (UL):

1.4.5.1. 98-074,Enclosed and.Dead-Front Switches
1.4.5.2. 248-00 ktow Voltage Fuses
1.4.5.3. 489-09 Molded Case‘Circtit Breakers and\Circuit Breaker Enclosures

PART 2 - PRODUCTS
2.1. PANELBOARD-MOUNTED FUSED DISCONNECTS

2.1.1. Circuit breakers shall be per CAN/CSA22.2 #4, UL, NEC, as shown on the drawings, and as
specified.

2.1.2. For circuit breakers being added to existing panelboafds, coordinate the breaker type
with existing panelboards. Modify the panel directory accordingly.

2.1.3. Circuit breakers shall be bolt-on type.

2.1.4. Circuit breakers shall have minimum interrupting rating as required to withstand the
available fault current, but not less than:

2.1.4.1. 120/208 V Panelboard: 10,000 A symmetrical.
2.1.4.2. 120/240 V Panelboard: 10,000 A symmetrical.
2.1.4.3. 347/575 V Panelboard: 14,000 A symmetrical.
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2.1.4.4. Circuit breakers shall have automatic, trip free, non-adjustable, inverse time, and

instantaneous magnetic trips for less than 400 A frame. Circuit breakers with 400
A frames and above shall have magnetic trip, adjustable from 5x to 10x.

2.1.5. Circuit breaker features shall be as follows:

2.1.5.1. A rugged, integral housing of molded insulating material.

2.1.5.2. Silver alloy contacts.

2.1.5.3. Arc quenchers and phase barriers for each pole.

2.1.5.4. Quick-make, quick-break, operating mechanisms.

2.1.5.5. A trip elefent for each pole, thermal magnetic type with long time delay and
instantaneous characteristics, a common trip bar for all poles and a single
opérator.

2.1.5.6. Electrically and‘mechanically trip free.

2.1.5.7. An operatigg handiedvhich.indicates closed, tripped, and open positions.

2,1.5.8. An overload on/one polefof a multi-pole breaker shall automatically cause all the

poles of the breakerdo open.

2.1.5:9¢ Ground-fault current interrupting breakers, shunt trip breakers, lighting control
breakers (including accessories to switch line currents), or other accessory
devicesorfunctions shall be/jpravided whefé shown on the drawings.

2.2. FUSED DISCONNECT.SWITCHES RATED 600 AMPERES AND LESS

2.2.1. Switches shall be in(@ccordance with CAN/CSA22.2 #4, NEMA, NEC, UL, as specified, and
as shown on the drawings.

2.2.2. Shall be NEMA classified Gen€ral Duty (GD)for 240 V switches, and NEMAclassified Heavy
Duty (HD) for 575 V switches.

2.2.3. Shall be horsepower (HP) rated.
2.2.4. NEMA 1 (indoor applications), NEMA 3R (outdoor or‘wet environment))
2.2.5. Shall have the following features:

2.2.5.1. Switch mechanism shall be the quick-make, quick-break type.

2.2.5.2. Copper blades, visible in the open position.

2.2.5.3. An arc chute for each pole.

2.2.5.4. External operating handle shall indicate open and closed positions, and have lock
open padlocking provisions.

2.2.5.5. Mechanical interlock shall permit opening of the door only when the switch is in
the open position, defeatable to permit inspection.

2.2.5.6. Fuse holders for the sizes and types of fuses specified.
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2.2.5.7. Solid neutral for each switch being installed in a circuit which includes a neutral
conductor.
2.2.5.8. Ground lugs for each ground conductor.

2.2.6. Enclosures:

2.2.6.1. Shall be the NEMA types shown on the drawings.

2.2.6.2. Where the types of switch enclosures are not shown, they shall be the NEMA
types most suitable for the ambient environmental conditions.

2.2.6.3. Shall be finished with manufacturer’s standard gray baked enamel paint over
pretreated steel.

2.2.7. Standards of Acceptafice: Eaton, Cutler Hammer, Siemens, Square D
2.3. UNFUSED DISCONNECT SWITCHES RATED 600 AMPERES AND LESS

2.37. Shall be the same as fused switchies, but without provisions for fuses.

2.3.2. “‘standards,of-acceptance: sdme as fused disconnects
2.4. CIRCUIT BREAKER TYPE DISTRIBUTION PANELS

2.4.1. Distribution/panels conforming to CSA"C22.2 nof 29 stahdard.

2.4.2. Supplied by the s5ame and“only’manufacturer.

2.4.3. As specified on the drawings

2.4.4. Arrange bus bars per phase'arder. AlPgircuits shall be identified by a lefter, as shown on
drawings.

2.4.5. Panels shall have bus bars, and numbér.of branch cifcuits and circuit breakers as shown.

2.4.6. Panels to be complete with door, lock and two keys, focks and keys to be interchangeable
for all panels of the same type.

2.4.7. Bus bars shall be copper as the supports and circuifzbreakers material have the same
expansion coefficients, with full capacity neutral.

2.4.8. For surface or flush mounting as shown on drawings.

2.4.9. Panel bus bars to be compatible with bolted-on circuit breakers.

2.4.10. Standard finish: ASA 61 grey baked enamel.

2.4.11. Circuit breakers: conforming to article “Molded Case Circuit Breakers” described herein.

2.4.12. The grounding bus bar shall conform to article Grounding and Bonding.
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2.4.13. Acceptable manufacturers:
2.4.13.1. Eaton, Siemens, GE.
2.5. MOTOR RATED TOGGLE SWITCHES
2.5.1. Not applicable
2.6. CARTRIDGE FUSES
2.6.1. Shall be in accordance with CSA C22.2 no. 106 and C22.2 no. 248 standards.
2.6.2. High rupturingapacityy(HRC) fuses 200kA RMS symmetrical and current limiting fuses.
2.6.3. Supplied bythe sameand‘only manufacturer.
2.6.4. Service Entrance: Class L, fast‘acting.
2.6.5- Feeders: Class L, fast acting
2.6.6. Mator andTransformer Branch,Circuitss Class RK1 time delay.
2.6.7. Other Branch CircuitsiClass J (less than 600A) or Class L (over 600A), fast acting.
2.6.8. Control Circuits; Class-CC fast.acting
2.6.9. Standard of Acceptance: CooperBusman, Eatof
2.7. MOLDED CASE CIRCUIT BREAKERS
2.7.1. Molded case circuit breakers conformingto’'CSA C22.2 no. 5 standard.
2.7.2. Circuit protection devices contained(in-plasticiinsufated enclosures.
2.7.3. Bolted to the panel bus bars.
2.7.4. Quick make quick break mechanism.
2.7.5. Manually operated.

2.7.6. Complete with thermal and magnetic trip unit compensated for an ambient temperature
of 40 °C (104 °F).

2.7.7. Multi-pole breakers to have a common trip device and operating lever.

2.7.8. In 120 or 208 Volts circuits use, unless otherwise noted on the distribution diagram or on
the panel description sheets, single, two or three pole circuit breakers having the ratings
as shown and with a 10 kA minimum RMS, symmetrical rupturing capacity.
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2.7.9. Authentication of new breakers (not counterfeited)

2.7.9.1. Except otherwise noted, all breakers installed in panels (new or existing) shall be
new and obtained exclusively from a distributor authorized by manufacturer.

2.7.9.2. Submit with breaker shop drawings, a copy of the purchase order to the
distributor. Quantities, models and sizes shown on the purchase order shall
correspond to those indicated on the shop drawings.

PART 3 - EXECUTION
3.1. INSTALLATION

3.1.1. Installation shall be in accordance with the manufacturer’s instructions, the CEC, as
shown on the drawings, ahd as specified.

3.1.2. Fused switches shall be furnished complete with fuses. Arrange fuses such that rating
information is readable/withoutsemaoving the fuses.

3.1.3. Al disconnect’switches and fuses supplied by the same manufacturer.

3.1.4. Safetyswitches in-the circuit betweefl a motér and a variable frequency drive shall be
fitted withone type Cauxiliary contact. Connectdthis contact to the variable frequency
drive with twoA(2) # 14 AWG conductors insidefa 12 mim (") conduit.

3.2. MOLDED CASE CIRCUIT BREAKER
3.2.1. Install circuit breakers ahd.connect as'Shown.

3.2.2. When a panel is replaced with,a,new dne, the contractor shall serifysthe compatibility of
the existing breakers with the néw panél type: New breakérs'shall be supplied if the
existing breakers are not compatiblé-with the<new panel and cannot be relocated.

3.3. FUSES

3.3.1. Install fuses in fuse holders just before energizings

3.3.2. Ensure that fuses and holders are perfectly matched.
3.3.3. Ensure that the right fuse is used to protect the corresponding circuit.
3.3.4. Store the spare fuses in an orderly manner

3.4. IDENTIFICATION

3.4.1.

Identify switches, as to equipment served, with engraved laminated phenolic name
plates.
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3.5. ACCEPTANCE CHECKS AND TESTS

3.5.1. Perform in accordance with the manufacturer's recommendations. In addition, include
the following:

3.5.2. Visual Inspection and Tests:

3.5.2.1. Compare equipment nameplate data with specifications and approved shop
drawings.

3.5.2.2. Inspect physical, electrical, and mechanical condition.

3.5.2.3. Verify tighthess of accessible bolted electrical connections by calibrated torque-

wrenchimethod.
3.5.3. Vacuum-clean enclostrednterior. Clean enclosure exterior.
3.6./.SPARE PARTS

3.6.1>  Two-weeks-prior to the'final in§pection, furnish one complete set of spare fuses for each
fused disconnéct switch installed on'the project. Deliver to the Board representative.
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