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FOR FIRE SUPPRESSION

SECTION 21 0500
COMMON WORK RESULTS FOR FIRE SUPPRESSION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Above ground piping.
B. Escutcheons.
C. Pipe, fittings, sleeves, escutcheons, seals, and connections for sprinkler systems.
D. Pipe hangers  and supports.
E. Pipe sleeves.

1.02 REFERENCE STANDARDS
A. ASME A112.18.1 - Plumbing Supply Fittings; 2012.
B. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Welding, Brazing, and Fusing

Qualifications; 2015.
C. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; 2015.
D. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; 2011.
E. ASME B16.5 - Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 Metric/Inch

Standard; 2013.
F. ASME B16.11 - Forged Fittings, Socket-welding and Threaded; 2011.
G. ASME B16.25 - Buttwelding Ends; 2012.
H. ASME B36.10M - Welded and Seamless Wrought Steel Pipe; 2015.
I. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings; 1999

(Reapproved 2014).
J. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated,

Welded and Seamless; 2012.
K. ASTM A135/A135M - Standard Specification for Electric-Resistance-Welded Steel Pipe; 2009

(Reapproved 2014).
L. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and

Alloy Steel for Moderate and High Temperature Service; 2015.
M. ASTM A795/A795M - Standard Specification for Black and Hot-Dipped Zinc-Coated

(Galvanized) Welded and Seamless Steel Pipe for Fire Protection Use; 2013.
N. ASTM E814 - Standard Test Method for Fire Tests of Through-Penetration Fire Stops; 2013a.
O. NFPA 13 - Standard for the Installation of Sprinkler Systems; 2016.
P. UL (DIR) - Online Certifications Directory; current listings at database.ul.com.

1.03 SUBMITTALS
A. Product Data:  Provide manufacturer's catalog information.  Indicate valve data and ratings.
B. Shop Drawings:  Indicate pipe materials used, jointing methods, supports, and floor and wall

penetration seals.  Indicate installation, layout, weights, mounting and support details, and
piping connections.

C. Project Record Documents:  Record actual locations of components and tag numbering.
D. Operation and Maintenance Data:  Include installation instructions and spare parts lists.

1.04 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in

this section with minimum three years documented experience.
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B. Installer Qualifications:  Company specializing in performing the work of this section with
minimum 3 years experience. approved by manufacturer.

C. Conform to UL, FM, and Warnock Hersey requirements.
D. Valves:  Bear UL, FM, and Warnock Hersey label or marking. Provide manufacturer's name and

pressure rating marked on valve body.
E. Products Requiring Electrical Connection:  Listed and classified as suitable for the purpose

specified and indicated.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store valves in shipping containers, with labeling in place.
B. Provide temporary protective coating on cast iron and steel valves.
C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
PART 2  PRODUCTS
2.01 GENERAL REQUIREMENTS

A. Sprinkler-based System :
1. Comply with NFPA 13.
2. See Section 21 1300.

B. Welding Materials and Procedures:  Comply with ASME BPVC-IX.
C. Provide system pipes, fittings, sleeves, escutcheons, seals, and other related accessories.

2.02 ABOVE GROUND PIPING
A. Steel Pipe:  ASTM A795 Schedule 10, ASME B36.10M Schedule 5, ASTM A53 Schedule 40,

ASTM A135/A135M Schedule 10, ASTM A135/A135M UL listed light wall type, or ASTM A795
Schedule 40, black.
1. Steel Fittings:  ASME B16.9, wrought steel, buttwelded, ASME B16.25, buttweld ends,

ASTM A234/A234M, wrought carbon steel or alloy steel, ASME B16.5, steel flanges and
fittings, or ASME B16.11, forged steel socket welded and threaded.

2. Cast Iron Fittings:  ASME B16.1, flanges and flanged fittings and ASME B16.4, threaded
fittings.

3. Malleable Iron Fittings:  ASME B16.3, threaded fittings and ASTM A47/A47M.
4. Mechanical Grooved Couplings:  Malleable iron housing clamps to engage and lock, "C"

shaped elastomeric sealing gasket, steel bolts, nuts, and washers; galvanized for
galvanized pipe.

2.03 PIPE SLEEVES
A. Vertical Piping:

1. Sleeve Length:  1 inch above finished floor.
2. Provide sealant for watertight joint.

B. Clearances:
1. Provide allowance for insulated piping.
2. Wall, Floor, Floor, Partitions, and Beam Flanges:  1 inch greater than external pipe

diameter.
3. Rated Openings:  Caulked tight with firestopping material complying with ASTM E814 in

accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.
2.04 ESCUTCHEONS

A. Material:
1. Metals and Finish:  Comply with ASME A112.18.1.

B. Construction:



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

21 FIRE SUPPRESSION 21 0500 3 COMMON WORK RESULTS
FOR FIRE SUPPRESSION

1. One-piece for mounting on chrome-plated tubing or pipe and one-piece or split-pattern
type elsewhere.

2. Internal spring tension devices or setscrews to maintain a fixed position against a surface.
2.05 PIPE HANGERS AND SUPPORTS

A. Hangers for Pipe Sizes 1/2 to 1-1/2 inch:  Malleable iron, adjustable swivel, split ring.
B. Hangers for Pipe Sizes 2 inches and Over:  Carbon steel, adjustable, clevis.
C. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.
D. Wall Support for Pipe Sizes to 3 inches:  Cast iron hook.
E. Wall Support for Pipe Sizes 4 inches and Over:  Welded steel bracket and wrought steel clamp.

PART 3  EXECUTION
3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Remove scale and foreign material, from inside and outside, before assembly.
C. Prepare piping connections to equipment with flanges or unions.

3.02 INSTALLATION
A. Install sprinkler system and service main piping, hangers, and supports in accordance with

NFPA 13.
B. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient.
C. Install piping to conserve building space, to not interfere with use of space and other work.
D. Group piping whenever practical at common elevations.
E. Sleeve pipes passing through partitions, walls, and floors.
F. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected

equipment.
G. Pipe Hangers and Supports:

1. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent
work.

2. Place hangers within 12 inches of each horizontal elbow.
3. Use hangers with 1-1/2 inch minimum vertical adjustment.  Design hangers for pipe

movement without disengagement of supported pipe.
4. Support vertical piping at every other floor.  Support riser piping independently of

connected horizontal piping.
5. Where several pipes can be installed in parallel and at same elevation, provide multiple or

trapeze hangers.
H. Slope piping and arrange systems to drain at low points.  Use eccentric reducers to maintain top

of pipe level.
I. Prepare pipe, fittings, supports, and accessories for finish painting.  Where pipe support

members are welded to structural building framing, scrape, brush clean, and apply one coat of
zinc-rich primer to welding.

J. Do not penetrate building structural members unless indicated.
K. Provide sleeves when penetrating footings, floors, walls, and partitions and seal pipe and sleeve

penetrations to achieve fire resistance equivalent to fire separation required.
L. Escutcheons:

1. Install and firmly attach escutcheons at piping penetrations into finished spaces.
2. Provide escutcheons on both sides of partitions separating finished areas through which

piping passes.

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
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3. Use chrome plated escutcheons in occupied spaces and to conceal openings in
construction.

M. Install valves with stems upright or horizontal, not inverted. remove protective coatings prior to
installation.

N. Provide drain valves at main shut-off valves, low points of piping and apparatus.
END OF SECTION 21 0500

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2013
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EQUIPMENT

SECTION 21 0548
VIBRATION AND SEISMIC CONTROLS FOR FIRE SUPPRESSION PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Seismic restraint systems
1.02 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:

1. Provide manufacturer's product literature documenting compliance with specified
requirements.

2. Include seismic rating documentation for each restraint component accounting for
horizontal, vertical, and combined loads.

C. Shop Drawings:
1. Provide schedule of vibration isolator type with location and load on each.
2. Include selections from prescriptive design tables that indicate compliance with the

applicable building code.
3. Clearly indicate the load and capacity assumptions selected. Include copies of any

calculations.
4. Include the calculations that indicate compliance with the applicable building code for

seismic controls and the manufacturer's requirements.
D. Manufacturer's Instructions:  Indicate installation instructions with special procedures and

setting dimensions.
1.03 QUALITY ASSURANCE

A. Comply with applicable building code.
B. Perform design and installation in accordance with applicable codes.
C. Manufacturer Qualifications:  Company specializing in manufacturing products specified in this

section, with not less than three years of documented experience.
PART 2  PRODUCTS
2.01 PERFORMANCE REQUIREMENTS

A. General:
1. All vibration isolators, base frames and inertia bases to conform to all uniform deflection

and stability requirements under all operating loads.
2.02 SEISMIC RESTRAINT SYSTEMS

A. Description:  System components and accessories specifically designed for field assembly and
attachment of seismic restraints.

B. Where required by NFPA 13, provide products listed as complying with UL 203A or FM 1950.
C. Cable Restraints:

1. Comply with ASCE 19.
2. Cables:  Pre-stretched, galvanized steel wire rope with certified break strength.
3. Cable Connections:  Use only swaged end fittings. Cable clips and wedge type end fittings

are not permitted in accordance with ASCE 19.
4. Use protective thimbles for cable loops where potential for cable damage exists.

D. Rigid Restraints:  Use MFMA-4 steel channel (strut), steel angle, or steel pipe for structural
element; suitable for both compressive and tensile design loads.
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E. Products to be listed in accordance with the requirements of NFPA 13.
F. Cable Restraints:

1. Wire Rope:  Steel wire strand cables sized to resist seismic loads in lateral directions.
2. Protective Thimbles:  Eliminates potential for dynamic cable wear and strand breakage.
3. Size:  Based on the lesser of cable capacity or anchor load taking into account bracket

geometry.
4. Connections:

a. Use overlapping wire rope U clips, cable clamping bolts, swaged sleeves or
seismically rated tool-less wedge insert lock connectors.

b. Internally brace clevis hanger bracket cross bolt to prevent deformation.
5. Vertical Suspension Rods:  Attach required bracing of sufficient strength to prevent rod

buckling from vertical compression forces utilizing series of attachment clips.
G. Rigid Restraints:

1. Structural Element:  Sized to resist seismic loads in lateral directions and carry both
compressive and tensile loading.

2. Size:  Based on the lesser of cable capacity or anchor load taking into account bracket
geometry.

3. Connections:  Internally brace clevis hanger bracket cross bolt to prevent deformation.
4. Static Support System: Anchorage capable of carrying additional tension loads generated

by the vertical component of the rigid brace compression which is additive to any static
load requirements on the system.

5. Vertical Suspension Rods:  Attached required bracing of sufficient strength to prevent rod
buckling from vertical compression forces utilizing series of attachment clips.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
B. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)

evaluation report conditions of use where applicable.
C. Secure fasteners according to manufacturer's recommended torque settings.
D.  Install flexible piping connections to provide sufficient slack for vibration isolation and/or seismic

relative displacements as indicated or as required.
3.02 INSTALLATION - GENERAL

A. Install in accordance with manufacturer's instructions.
B. Comply with the requirements of NFPA 13.

3.03 INSTALLATION - SEISMIC
A. Comply with the following:

1. Install in accordance with manufacturer's instructions.
2. Comply with the requirements of ASCE 7, FEMA E-74, and NFPA 13.

B. Piping:
1. Provide seismic bracing.
2. Provide supports, braces, and anchors to resist gravity and seismic design forces.
3. Brace every run 5.0 feet or more in length with two transverse and one longitudinal bracing

locations.
4. Pipes and Connections Constructed of Ductile Materials (copper, ductile iron, steel or

aluminum and brazed, welded or screwed connections):
a. Provide transverse bracing at spacing not more than 40.0 feet on center.
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b. Provide longitudinal bracing at spacing not more than 80.0 feet on center.
5. Pipes and Connections Constructed of Non Ductile Materials (listed plastic pipe):

a. Provide transverse bracing at spacing not more than 20.0 feet on center.
b. Provide longitudinal bracing at spacing not more than 40.0 feet on center.

6. Provide lateral restraint for risers at not more than 30 feet on center or as required for
horizontal runs, whichever is less.

7. Use of proprietary restraint systems with a certificate of compliance, verified and listed by
an accredited inspection body is acceptable (pending shop drawing approval), as an
alternative to project specific seismic bracing design.

END OF SECTION 21 0548
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SECTION 21 1300
FIRE-SUPPRESSION SPRINKLER SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Wet-pipe sprinkler system.
B. System design, installation, and certification.

1.02 REFERENCE STANDARDS
A. FM (AG) - FM Approval Guide; current edition.
B. NFPA 13 - Standard for the Installation of Sprinkler Systems; 2016.
C. UL (DIR) - Online Certifications Directory; current listings at database.ul.com.

1.03 SUBMITTALS
A. Product Data:  Provide data on sprinklers, valves, and specialties, including manufacturers

catalog information.  Submit performance ratings, rough-in details, weights, support
requirements, and piping connections.

B. Shop Drawings:
1. Submit preliminary layout of finished ceiling areas indicating only sprinkler locations

coordinated with ceiling installation.
2. Submit shop drawings to Authorities Having Jurisdiction for approval.  Submit proof of

approval to Architect/Engineer.
C. Manufacturer's Certificate:  Certify that system has been tested and meets or exceeds specified

requirements and code requirements.
1.04 QUALITY ASSURANCE

A. Maintain one copy of referenced design and installation standard on site.
B. Comply with FM (AG) requirements.
C. Designer Qualifications:  Design system under direct supervision of a Professional Engineer

experienced in design of this type of work and licensed in the State in which the Project is
located.

D. Equipment and Components:  Provide products that bear FM (AG) label or marking.
E. Products Requiring Electrical Connection:  Listed and classified by UL (DIR) as suitable for the

purpose specified and indicated.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Store products in shipping containers and maintain in place until installation.  Provide temporary
inlet and outlet caps.  Maintain caps in place until installation.

PART 2  PRODUCTS
2.01 SPRINKLER SYSTEM

A. Sprinkler System:  Provide coverage for building areas noted.
B. Occupancy:  Light hazard; comply with NFPA 13.
C. Water Supply:  Determine volume and pressure from water flow test data.  

2.02 SPRINKLERS
A. Suspended Ceiling Type:  Semi-recessed pendant type with matching push on escutcheon

plate.
1. Response Type:  Quick.
2. Coverage Type:  Standard.
3. Finish:  Brass.
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4. Fusible Link:  Fusible solder link type temperature rated for specific area hazard.
B. Exposed Area Type:  Pendant upright type with guard.

1. Response Type:  Quick.
2. Coverage Type:  Standard.
3. Finish:  Brass.

C. Sidewall Type:  Semi-recessed horizontal sidewall type with matching push on escutcheon
plate.
1. Response Type:  Quick.
2. Coverage Type:  Standard.
3. Fusible Link:  Fusible solder link type temperature rated for specific area hazard.

D. Flexible Drop System:  Stainless steel, multiple use, open gate type.
1. Application:  Use to properly locate sprinkler heads.
2. Include all supports and bracing.
3. Provide braided type tube as required for the application.
4. Manufacturers:

a. Victaulic Company; Vic-Flex:  www.victaulic.com/#sle.
2.03 PIPING SPECIALTIES

A. Wet Pipe Sprinkler Alarm Valve:  Check type valve with divided seat ring, rubber-faced clapper
to automatically actuate water motor alarm, pressure retard chamber and variable pressure trim
with the following additional capabilities and features:

B. Wet Pipe Sprinkler Alarm Valve:  Check type valve with divided seat ring, water flow switch and
electric alarm, with pressure retard chamber and variable pressure trim; with test and drain
valve.

C. Backflow Preventer:  Reduced pressure principle valve assembly backflow preventer with drain
and OS & Y gate valve on each end.

D. Test Connections:
E. Water Motor Alarm:  Hydraulically operated impeller type alarm with aluminum alloy chrome

plated gong and motor housing, nylon bearings, and inlet strainer.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with referenced NFPA design and installation standard.
B. Install equipment in accordance with manufacturer's instructions.
C. Place pipe runs to minimize obstruction to other work.
D. Place piping in concealed spaces above finished ceilings.
E. Center sprinklers in two directions in ceiling tile and provide piping offsets as required.
F. Apply masking tape or paper cover to ensure concealed sprinklers, cover plates, and sprinkler

escutcheons do not receive field paint finish.  Remove after painting.  Replace painted
sprinklers.

G. Flush entire piping system of foreign matter.
H. Hydrostatically test entire system.
I. Require test be witnessed by Fire Marshal.

END OF SECTION 21 1300
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SECTION 23 0200
HVAC GENERAL REQUIREMENTS

PART 1 - GENERAL
1.01 CONDITIONS OF THE CONTRACT

A. The Conditions of the Contract (General, Supplementary, and other Conditions) and the
General Requirements are hereby made a part of this Section.

B. This Section is a Division 23 0000 Basic Materials and Methods Section and is a part of each
Division 23 Section.

C. The Contractor shall be responsible for construction coordination of all work described in this
section with the work specified in other sections of the specifications and shown on the
drawings.  In advance of construction, coordinate and work out any minor problems with other
trades to avoid conflicts therewith.  However, if other minor problems are encountered, bring
these problems to the attention of the Architect, who will make the final decisions as to
correction.
1. All references and notations pertaining to coordination by the Contractor shall apply to

construction coordination.  The Architect and Engineers have, to the best of their ability,
coordinated the drawing and specifications to avoid conflicts between specified equipment
and space required for such, and between architectural and engineering disciplines.

2. If substituted equipment (approved-equal) is to be used, the Contractor shall revise the
1/8” = 1'-0” & 1/4” = 1'-0” scale floor plans shown on the Drawings, indicating to scale, the
equipment to be used.  The purpose of these revised scale plans is to identify any
problems with substituted equipment, and access and clearance requirements are
maintained.  These revised scale plans are to be submitted with the substituted equipment
submittals.

1.02 WORK INCLUDED
A. This section consists of General Requirements and Standard Specifications covering certain

parts of work under Division 23 0000 and is supplemented by other Division 23 sections
covering additional work, requirements, and materials specifically applicable to the work of each
section.

1.03 CODE AND REGULATORY AGENCY COMPLIANCE
A. This section consists of General Requirements and Standard Specifications covering certain

parts of work under Division 23 0000 and is supplemented by other Division 23 sections
covering additional work, requirements, and materials specifically applicable to the work of each
section.
1. Occupational Safety and Health Administration.
2. Arkansas Mechanical Code, 2021 Edition.
3. Architectural Barriers Act of 1968:  Public Law 90-480.
4. ICC/ANSI-A117.1.
5. NFPA 1 Fire Code.
6. National Fire Protection Association 101, Life Safety Code.
7. ADA Code.
8. Other applicable state and local laws and codes.

1.04 QUALITY ASSURANCE
A. Manufacturers:  Only firms regularly engaged in manufacturing of the HVAC services,

equipment and specialties of types and sizes required, whose products have been in
satisfactory use in similar service shall be used on this project.

B. Installers Qualifications:  Only firms with successful installation experience on projects with work
similar to that required for this project shall perform work on this project.
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1.05 SUBMITTALS
A. Provide six copies of each type of equipment material or information for installation.
B. Substitutions and/or systems designed and manufactured by other manufacturers will be

considered under the terms described for substitutions with the following exceptions:
1. Substitutions:  See Section 01 6000 - Product Requirements.
2. Substitution requests will be considered only if received at least 10 days prior to the bid

date.
3. Substitution requests will be considered only if required submittal data is complete.
4. Contractor (not equipment supplier) shall certify that the use of the substitute system and

equipment will not require changes to other work or re-design.
5. Contractor or HVAC subcontractor shall certify that the substitute system will achieve the

performance specified.
1.06 SITE EXAMINATION

A. Examine site, verify dimensions and locations against Drawings, and inform self of conditions
under which work is to be done before submitting proposal.  No allowance will be made for extra
expense on account of error.

B. Information shown relative to existing services is based upon available records and data but is
approximate only.  Make minor deviations found necessary to conform with actual locations and
conditions without extra cost.  Verify location and elevation of utilities prior to commencement of
excavation for new piping or its installation.

1.07 PLACEMENT OF EQUIPMENT AND WORK
A. The placement of substituted (approved equal) equipment and specified equipment in the

locations shown on the drawings shall be the Contractors responsibility.  The Contractor shall
verify that all substituted and specified equipment will fit, operate, and have clearances and
accessibility for maintenance, inspections, and operation within the space shown on the
drawings.  If the Contractor determines that substituted equipment or specified equipment will
not fit and/or operate within the space shown on the Drawings and/or clearances and
accessibility cannot be achieved, the contractor shall bring these problems to the attention of
the Architect who will make the final decision as to the method of correction.  Corrections to
work already completed and in-place shall not constitute an increase in the contract amount. 
The Contractor shall be responsible and incur any cost to allow for the manufacturer's
recommended or the code required clearance on all sides of equipment.

B. Move equipment and/or work into spaces through openings provided or located in the spaces
during construction, as required.

C. Do disassembling and reassembling of equipment or other work necessary to accomplish this
requirement without extra cost to the Owner.  Do not disassemble or reassemble any equipment
more than is intended by the equipment manufacturer in order to locate it in the space.

D. All ductwork exposed to view in finished spaces shall have a primed and painted sheet metal
exterior finish.  If the duct isscheduled to have exterior insulation the contractor shall install a
continuous sheet metal wrap around the insulation or provide double-wall insulated spiral duct.

1.08 MATERIAL LIST AND SUBSTITUTIONS
A. Comply with Supplementary General Conditions.

1.09 MAINTENANCE AND OPERATING INSTRUCTIONS
A. Incorporate complete operating instructions including starting, stopping, and description of

emergency manual operation methods for the following:
1. Heating Systems
2. Ventilating Systems
3. Air Conditioning Systems
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4. Provide charts and diagrams as required.
5. Provide operating manual for any equipment listed in individual sections of the

specifications.
B. Provide maintenance instructions for each item of individual equipment covering pertinent

maintenance data, such as lubricants to be used, frequency of lubrications, inspections
required, adjustments, belt and pulley sizes, etc.

C. Provide parts bulletins containing manufacturer's bulletins with parts numbers, instructions, etc.,
for each item of equipment.  Strip bulletins so that useless bulk is avoided.

D. Post service telephone numbers and/or addresses in an appropriate place as designated by the
Architect.

PART 2 - PRODUCTS
2.01 MATERIALS AND EQUIPMENT

A. Mention herein or on Drawings requires that this Contractor provide each item listed of quality
noted or acceptable equal.  All material shall be new, full weight, standard in all respects, and in
first-class condition.  Provide materials of the same brand of manufacture throughout for each
class of material or equipment where possible.  Materials shall be tested within the Continental
United States by independent, nationally recognized testing agency and shall be listed in
accordance with testing agency requirements.

B. The grade or quality of materials desired is indicated by the trade names or catalog numbers
stated herein.  The catalog numbers and specification are for bidding purposes only.  Actual
equipment submitted and ordered shall be verified to be appropriate for indicated use.

C. Dimensions, sizes, and capacities shown are a minimum and shall not be changed without
permissions of the Architect/Engineer.

2.02 MATERIALS FURNISHED
A. Identify all materials and equipment by manufacturer's name and model number.  Remove

unidentified materials and equipment from site.
B. Equipment specified by manufacturer's number shall include all accessories, controls, etc.,

listed in catalog as standard with equipment.  Furnish optional or additional accessories as
specified.

C. Equipment or material damaged during transportation, installation, or operation is considered as
totally damaged.  Replace with new equipment.  Variance for this permitted only with written
consent.

2.03 TEMPORARY HEATING, VENTILATING, AND AIR CONDITIONING
A. The general contractor shall provide, maintain and pay for all temporary ventilation of enclosed

work areas to cure materials, disperse humidity, remove fumes, and to prevent accumulation of
dust, irritants, or gases.

B. It is the responsibility of the general contractor to maintain manufacturer required levels of room
and/or space temperature, humidity and ventilation necessary to install products, materials
and/or systems of the work.

C. The general contractor shall remove, extend and/or relocate temporary heating and ventilating
systems as rapidly as required in order to provide for progress of the Work.

D. The permanent HVAC system will not be allowed to be operated until construction has reached
Substantial Completion and dust generating work is completed.
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PART 3 - EXECUTION
3.01 DRAWINGS AND COORDINATION

A. General arrangement and location of piping, ductwork, equipment, etc., are shown on Drawings
or herein specified.  Carefully examine other work that may conflict with this work.  Install this
work in harmony with other crafts and at proper time to avoid delay of work.

B. In advance of construction, work out minor changes and relocations to suit actual conditions
and work of other trades to avoid conflict therewith.  Any change in rerouting ductwork, piping
and equipment shall not be cause for additional cost.

C. The Sub-Contractor shall not fabricate ductwork off-site prior to field verification of actual
conditions.  Any changes and corrections required shall be done at the Contractor's expense.

D. The Sub-Contractor shall verify that the measurement of constructed rooms, spaces and areas
are as shown on the Drawings.  Any measurement deviation and/or discrepancies shall be
brought to the attention of the Architect who will make the final decision as to the method of
correction.  Corrections to work already completed and in place shall be done at the
Contractor's expense.

E. In addition, obtain all necessary information from the other trades regarding centers of
partitions, wall, location of plumbing mains, fire sprinkler mains, and electrical conduits, ducts,
pipes, etc., in order that pipes equipment, and ductwork may be placed in their correct positions.

F. Execute any work or apparatus shown on the Drawings and not mentioned in the specifications,
or vice versa, the same as if specifically mentioned by both.  Omission from Drawings or
specifications of any minor details of construction, installation, materials or essential specialties
does not relieve this contractor from furnishing same in place complete.

G. Furnish and install any incidental work not shown or specified which can reasonably be inferred
as part of the work and necessary to provide a complete and workable system.

H. Furnish materials and work at proper time to avoid delay of the work.
3.02 CLOSING IN OF UNINSPECTED WORK

A. Do not allow or cause work installed to be covered up or enclosed before it has been inspected
and tested.  Should work be enclosed or covered up before it has been inspected and tested,
Contractor shall uncover work at own expense.  After it has been inspected and tested, make
repairs necessary, to restore work of other Contractor's to condition in which it was found at
time of cutting.

3.03 PROJECT MODIFICATIONS
A. During the progress of construction, if such conditions arise that require revisions,

modifications, or relocations to any HVAC equipment, HVAC ductwork, HVAC piping, plumbing
piping, or materials incorporated in this project, such alterations shall be immediately called to
the attention of the Architect.  Contractor shall then prepare necessary Drawings showing
proposed changes.  Submit proposed changes for review by the Architect prior to actual revision
work in the field.  There shall be no additional cost incurred for these changes.

B. Two (2) sets of Drawings showing all revisions shall be immediately presented to Architect for
his records.  Maintain additional copies on the project as necessary to comply with “RECORD
DRAWINGS” requirement of the General Requirements.

C. Incorporate all revisions into record Drawings.  These drawings shall be up to date at the end of
every week and shall be available to Architect or Engineer at any time for inspection.

3.04 GUARANTEE
A. Be responsible for work done and material installed under these plans and specifications. 

Repair or replace, as may be necessary, any defective work, material, or part which may show
itself within one (1) year of filing of Notice of Completion and be responsible for damage to other
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materials, furnishing, equipment, or premises caused by such defects during this period, if in the
opinion of the Architect said defect is due to imperfection of material or workmanship.  Provide
all such work and materials at no cost to Owner.

B. Be responsible for damage to any part of premises during guarantee period caused by leaks or
breaks in work furnished and/or installed under this section.

C. Replace refrigerant, lubricants, or gases lost as result of defects, breaks, or leaks in work.
3.05 RECORD DRAWINGS

A. In addition, furnish one (1) tracing showing all outside utility connections, piping, etc., installed
under this contract.  Locate and dimensions all work with reference to permanent landmarks.

B. Match all symbols and designations used in contract Drawings when preparing “Record”
Drawings.

C. Indicate clearly and correctly all work installed differently from that shown, and maintain records
up to date as work progresses.  Include invert elevations of pipes below grade of floor, the floor
lines, plugged wyes, tees, caps, exact locations and sizing or piping, location of valves, and the
like.  Dimension locations from structural points.

D. Properly identify all stubs for future connections as to locations and use by setting of concrete
marker at finished grade in manner suitable to Architect.

3.06 MAINTENANCE DATA
A. Submit maintenance data and parts lists for all HVAC systems materials and products.  Include

product data, shop drawings, and Record Drawings in the maintenance manual all in allowance
with the requirements of Division 1.

3.07 CLEANING UP
A. Comply with Supplementary General Conditions.

END OF SECTION 23 0200
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SECTION 23 0517
SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pipe sleeves.
1.02 REFERENCE STANDARDS

A. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type Pipe
Insulation (Metal-Mesh Covered) (Industrial Type); 2016.

B. ASTM E814 - Standard Test Method for Fire Tests of Through-Penetration Fire Stops; 2013a.
1.03 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Shop Drawings:  Indicate pipe materials used, jointing methods, supports, floor and wall

penetration seals.  Indicate installation, layout, weights, mounting and support details, and
piping connections.

1.04 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in

this section with minimum three years documented experience.
B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have

accumulated from the installation and testing of the system.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place.
B. Provide temporary protective coating on cast iron and steel sleeves if shipped loose.

PART 2  PRODUCTS
2.01 PIPE SLEEVES

A. Plastic or Sheet Metal:  Pipe passing through interior walls, partitions, and floors, unless steel or
brass sleeves are specified below.

PART 3  EXECUTION
3.01 INSTALLATION

A. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient.
B. Install piping to conserve building space, to not interfere with use of space and other work.
C. Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe,

joints, or connected equipment.
D. Install one pipe sleeve for each individual pipe penetration, do not group multiple pipes in a

single sleeve.
E. Provide sleeves when penetrating walls and partitions.  Seal pipe including sleeve penetrations

to achieve fire resistance equivalent to fire separation required.
1. All Rated Openings:  Caulk tight with fire stopping material in compliance with ASTM E814

in accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.
F. When installing more than one piping system material, ensure system components are

compatible and joined to ensure the integrity of the system.  Provide necessary joining fittings. 
Ensure flanges, union, and couplings for servicing are consistently provided.

END OF SECTION 23 0517
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SECTION 23 0529
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel

(strut) framing systems, thermal insulated pipe supports, and pipe cover systems.
C. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by

product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.02 QUALITY ASSURANCE
A. Comply with applicable building code.

1.03 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and

hardware as necessary for the complete installation of piping work.
2. Provide products listed, classified, and labeled as suitable for the purpose intended, where

applicable.
3. Where support and attachment component types and sizes are not indicated, select in

accordance with manufacturer's application criteria as required for the load to be
supported.  Include consideration for vibration, equipment operation, and shock loads
where applicable.

4. Steel Components:  Use corrosion resistant materials suitable for the environment where
installed.
a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise

indicated.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel, stainless steel, or

approved equivalent unless otherwise indicated.
c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.
B. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel

(strut) and associated fittings, accessories, and hardware required for field-assembly of
supports.
1. Provide factory-fabricated continuous-slot metal channel (strut) and associated fittings,

accessories, and hardware required for field-assembly of supports.
2. Comply with MFMA-4.
3. Channel Material:

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel.

C. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated.
1. Minimum Size, Unless Otherwise Indicated or Required:

a. Equipment Supports:  1/2 inch diameter.
b. Piping up to 1 inch (27 mm) nominal:  1/4 inch diameter.
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c. Piping larger than 1 inch (27 mm) nominal:  3/8 inch diameter.
d. Trapeze Support for Multiple Pipes:  3/8 inch diameter.

D. Thermal Insulated Pipe Supports:
1. General Construction and Requirements:

a. Insulated pipe supports to be provided at hanger, support, and guide locations on pipe
requiring insulation or additional support.

b. Surface Burning Characteristics:  Flame spread index/smoke developed index of
5/30, maximum, when tested in accordance with ASTM E84 or UL 723.

c. Pipe supports to be provided for nominally sized, 1/2 inch to 30 inch iron pipes.
d. Insulation inserts to consist of rigid polyisocyanurate (urethane) insulation surrounded

by a 360 degree, PVC jacketing.
2. PVC Jacket:

a. Pipe insulation protection shields to be provided with a ball bearing hinge and locking
seam.

b. Moisture Vapor Transmission:  0.0071 perm inch, when tested in accordance with
ASTM E96/E96M.

c. Thickness:  60 mil.
E. Pipe Supports:

1. Material:  ASTM A395/A395M ductile iron, ASTM A36/A36M carbon steel, ASTM
A47/A47M malleable iron, ASTM A181/A181M forged steel, or ASTM A283/A283M steel.

2. Manufacturers:
a. Source Limitations:  Furnish channels (struts) and associated fittings, accessories,

and hardware produced by a single manufacturer.
3. Liquid Temperatures Up To 122 degrees F:

a. Overhead Support:  MSS SP-58 Types 1, 3 through 12.
b. Support From Below:  MSS SP-58 Types 35 through 38.

F. Strut Clamps:  Two-piece pipe clamp.
1. Manufacturers:

a. Source Limitations:  Furnish channels (struts) and associated fittings, accessories,
and hardware produced by a single manufacturer.

G. Insulation Clamps:  Two bolt-type clamps designed for installation under insulation.
1. Manufacturers:

a. Source Limitations:  Furnish channels (struts) and associated fittings, accessories,
and hardware produced by a single manufacturer.

H. Pipe Shields for Insulated Piping:
1. General Construction and Requirements:

a. Surface Burning Characteristics:  Comply with ASTM E84 or UL 723.
b. Shields Material:  UV-resistant polypropylene with glass fill.
c. Maximum Insulated Pipe Outer Diameter:  12-5/8 inch.
d. Minimum Service Temperature:  Minus 40 degrees F.
e. Maximum Service Temperature:  178 degrees F.
f. Pipe shields to be provided at hanger, support, and guide locations on pipe requiring

insulation or additional support.
I. Anchors and Fasteners:

1. Unless otherwise indicated and where not otherwise restricted, use the anchor and
fastener types indicated for the specified applications.

2. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.
3. Hollow Masonry:  Use toggle bolts.
4. Sheet Metal:  Use sheet metal screws.
5. Wood:  Use wood screws.
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J. Pipe Installation Accessories:
1. Copper Pipe Supports:

a. Manufacturers:
1) Source Limitations:  Furnish supports, associated fittings, accessories, and

hardware produced by a single manufacturer.
2. Thermal Insulated Pipe Supports:

a. Manufacturers:
1) Source Limitations:  Furnish supports, associated fittings, accessories, and

hardware produced by a single manufacturer.
3. Overhead Pipe Supports:
4. Inserts and Clamps:

a. Manufacturers:
1) Source Limitations:  Furnish supports, associated fittings, accessories, and

hardware produced by a single manufacturer.
2.02 PIPING COVER SYSTEM

A. Manufacturers:
1. Source Limitations:  Furnish supports, associated fittings, accessories, and hardware

produced by a single manufacturer.
B. General Requirements:

1. Surface Burning Characteristics:  Flame spread index/smoke developed index of 20/250,
maximum, when tested in accordance with ASTM E84 or UL 723.

C. Materials:
1. Piping Cover System:  Removal-resistant, modular, snap-fit cover units, clips, and anchors

for use with CPVC, steel, and copper piping systems.
2. Cover Units:  L-shaped and U-shaped cross-section units of flame retardant resin material,

paintable finish.
3. Unit Length:  7.5 feet.
4. Provide coupling fittings for joining units end to end and prefabricated inside and outside

corner fittings and end caps as required.
5. Provide mounting clips to secure covers to wall-ceiling per manufacturer requirements.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive support and attachment components.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Provide independent support from building structure.  Do not provide support from piping,

ductwork, conduit, or other systems.
C. Unless specifically indicated or approved by Architect/Engineer, do not provide support from

suspended ceiling support system or ceiling grid.
D. Unless specifically indicated or approved by Architect/Engineer, do not provide support from

roof deck.
E. Do not penetrate or otherwise notch or cut structural members without approval of Structural

Engineer.
F. Provide thermal insulated pipe supports complete with hangers and accessories.  Install thermal

insulated pipe supports during the installation of the piping system.
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G. Equipment Support and Attachment:
1. Use metal fabricated supports or supports assembled from metal channel (strut) to

support equipment as required.
2. Use metal channel (strut) secured to studs to support equipment surface-mounted on

hollow stud walls when wall strength is not sufficient to resist pull-out.
3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations

to provide space between equipment and mounting surface.
4. Securely fasten floor-mounted equipment.  Do not install equipment such that it relies on

its own weight for support.
H. Secure fasteners according to manufacturer's recommended torque settings.
I. Remove temporary supports.

END OF SECTION 23 0529
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SECTION 23 0548
VIBRATION AND SEISMIC CONTROLS FOR HVAC DUCTWORK PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Vibration isolators.
B. External seismic snubber assemblies.
C. Seismic restraint systems.
D. Vibration-isolated and/or seismically engineered roof curbs.

1.02 RELATED REQUIREMENTS
A. Section 01 4533 - Code-Required Special Inspections and Procedures.
B. Section 03 3000 - Cast-in-Place Concrete.

1.03 REFERENCE STANDARDS
A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures;

2016.
B. ASCE 19 - Structural Applications of Steel Cables for Buildings; 2016.
C. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; 2015.
D. FEMA 412 - Installing Seismic Restraints for Mechanical Equipment; 2002.
E. FEMA 413 - Installing Seismic Restraints for Electrical Equipment; 2004.
F. FEMA 414 - Installing Seismic Restraints for Duct and Pipe; 2004.
G. FEMA E-74 - Reducing the Risks of Nonstructural Earthquake Damage; 2012.
H. MFMA-4 - Metal Framing Standards Publication; 2004.
I. IAS AC172 - Accreditation Criteria for Fabricator Inspection Programs for Structural Steel; 2017.
J. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2008.

1.04 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:

1. Provide manufacturer's product literature documenting compliance with PART 2
PRODUCTS.

2. Include seismic rating documentation for each isolator and restraint component accounting
for horizontal, vertical, and combined loads.

C. Shop Drawings:
1. Provide schedule of vibration isolator type with location and load on each.
2. Fully dimensioned fabrication drawings and installation details for vibration isolation bases,

member sizes, attachments to isolators, and supported equipment.
3. Include auxiliary motor slide bases and rails, base weights, inertia bases, concrete

weights, equipment static loads, support points, vibration isolators, and detailed layout of
isolator location and orientation with static and dynamic load on each isolator.

4. Include selections from prescriptive design tables that indicate compliance with the
applicable building code and the vibration isolator manufacturer's requirements.

5. Clearly indicate the load and capacity assumptions selected. Include copies of any
calculations.

6. Include the calculations that indicate compliance with the applicable building code for
seismic controls and the vibration isolator manufacturer's requirements.
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7. Include the seal of the Professional Structural Engineer registered in the State of Illinois in
which the Project is located, on drawings and calculations which at a minimum include the
following:
a. Seismic Restraint Details:  Detailed drawings of seismic restraints and snubbers

including anchorage details that indicate quantity, diameter, and depth of penetration,
edge distance, and spacing of anchors.

b. Equipment Seismic Qualification Certification:  Certification by the manufacturer or
responsible party that each piece of equipment provided will withstand seismic force
levels as specified in the applicable building code for seismic controls.
1) Basis for Certification:  Indicate whether the withstand certification is based on

actual testing of assembled components, on calculations, or on historic data.
2) Indicate equipment to be sufficiently durable to resist design forces and or

remain functional after the seismic event.
c. Dimensioned outline drawings of equipment identifying center of gravity, locations,

and provisions for mounting and anchorage.
d. Detailed description of the equipment anchorage devices on which the certifications

are based.
e. Statement of Special Inspections:  Prepared by the registered design professional in

responsible charge.
D. Manufacturer's Instructions:  Indicate installation instructions with special procedures and

setting dimensions.
1.05 QUALITY ASSURANCE

A. Comply with applicable building code.
B. Perform design and installation in accordance with applicable codes.
C. Designer Qualifications:  Perform design under direct supervision of a Professional Engineer

experienced in design of this type of work and registered and licensed in the State in which the
Project is located.

D. Manufacturer Qualifications:  Company specializing in manufacturing products specified in this
section, with not less than three years of documented experience.
1. Member of Vibration Isolation and Seismic Control Manufacturers Association (VISCMA).

E. Installer Qualifications:  Company specializing in performing the work of this section with
minimum ten years of experience.

F. Testing Agency Qualifications:  Independent firm specializing in performing testing and
inspections of the type specified in this section.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Kinetics Noise Control, Inc:  www.kineticsnoise.com.
B. Mason Industries:  www.mason-ind.com.
C. M.W. Saussé & Co., Inc. (Vibrex): www.vibrex.net
D. Vibration Eliminator Company, Inc:  www.veco-nyc.com.
E. Vibro-Acoustics: www.vibro-acoustics.com
F. The VMC Group: www.thevmcgroup.com
G. Substitutions: See Section 23 0200 - HVAC General Requirements.

2.02 PERFORMANCE REQUIREMENTS
A. General:
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1. All vibration isolators, base frames and inertia bases to conform to all uniform deflection
and stability requirements under all operating loads.

2. Steel springs to function without undue stress or overloading.
3. Steel springs to operate in the linear portion of the load versus deflection curve over

deflection range of not less than 50 percent above specified deflection.
4. Lateral to vertical stiffness ratio to not exceed 0.08 with spring deflection at minimum 75

percent of specified deflection.
2.03 VIBRATION ISOLATORS

A. General Requirements:
1. Resilient Materials for Vibration Isolators:  Oil, ozone, and oxidant resistant.
2. Spring Elements for Spring Isolators:

a. Color code or otherwise identify springs to indicate load capacity.
b. Lateral Stability:  Minimum lateral stiffness to vertical stiffness ratio of 0.8.
c.  Designed to operate in the linear portion of their load versus deflection curve over

deflection range of not less than 50 percent above specified deflection.
d. Designed to provide additional travel to solid of not less than 50 percent of rated

deflection at rated load.
e. Selected to provide designed deflection of not less than 75 percent of specified

deflection.
f. Selected to function without undue stress or overloading.

B. Non-Seismic Type:
1. All Elastomeric-Fiber Glass Pads:

a. Configuration:  Flat or molded.
b. Thickness:  0.25 inch minimum.
c. Assembly:  Single or multiple layers using bonded, galvanized sheet metal separation

plate between each layer with load plate providing evenly distributed load over pad
surface.

2. Elastomeric Mounts:
a. Material:  Oil, ozone, and oxidant resistant compounds.
b. Assembly:  Encapsulated load transfer plate bolted to equipment and base plate with

anchor hole bolted to supporting structure.
3. Steel Springs:

a. Assembly:  Freestanding, laterally stable without housing.
b. Leveling Device:  Rigidly connected to equipment or frame.

4. Restrained Steel Springs:
a. Housing:  Rigid blocking during rigging prevents equipment installed and operating

height from changing during temporary weight reduction.
b. Equipment Wind Loading:  Adequate means for fastening isolator top to equipment

and isolator base plate to supporting structure.
5. Elastomeric Hangers:

a. Housing: Steel construction containing elastomeric isolation element to prevent rod
contact with housing and short-circuiting of isolating function.

b. Incorporate steel load distribution plate sandwiching elastomeric element to housing.
6. Spring Hanger:

a. Housing:  Steel construction containing stable steel spring and integral elastomeric
element preventing metal to metal contact.

b. Bottom Opening:  Sized to allow plus/minus 15 degrees rod misalignment.
7. Combination Elastomeric-Spring Hanger:

a. Housing:  Steel construction containing stable steel spring with elastomeric element in
series isolating upper connection of hanger box to building structure.
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b. Bottom Opening:  Sized to allow plus/minus 15 degrees rod misalignment.
8. Thrust Restraints:

a. Housing:  Steel construction containing stable steel spring and integral elastomeric
element installed in pairs to resist air pressure thrusts.

b. Bottom Openings:  Sized to allow plus/minus 15 degrees rod misalignment.
C. Seismic Type:

1. Coil Springs Consisting of Single Elements:
a. Housing:  Manufactured from cast iron material.
b. Ductile Material:  Designed and rated for seismic applications.
c. Spring:  Restrained by housing without significant degradation of vibration isolation

capabilities during normal equipment operating conditions.
d. Resilient Snubbing Grommet System:  Incorporated and designed with clearances of

no more than 0.25 inch in any direction preventing direct metal-to-metal contact
between supported member and fixed restraint housing.

e. Resilient Pad:  Located in series with spring.
f. Coil Springs:  Color coded elements to have a lateral stiffness greater than 0.8 times

the rated vertical stiffness with 50 percent overload capacity.
g. Finish:  Suitable for the application.

2. All Directional Elastomeric:
a. Material:  Molded from oil, ozone, and oxidant resistant compounds.
b. Operating Parameters:  Designed to operate within the isolator strain limits providing

maximum performance and service life.
c. Attachment Method:  Encapsulated load transfer plate bolted to equipment and base

plate with anchor hole bolted to supporting structure.
d. Rating:  Cast iron and aluminum housings rated for seismic restraint applications.
e. Minimum Operating Static Deflections:  Deflections indicated in project documents are

not to exceed published load capacities.
2.04 SEISMIC RESTRAINT SYSTEMS

A. Description:  System components and accessories specifically designed for field assembly and
attachment of seismic restraints.

B. Cable Restraints:
1. Comply with ASCE 19.
2. Cables:  Pre-stretched, galvanized steel wire rope with certified break strength.
3. Cable Connections:  Use only swaged end fittings. Cable clips and wedge type end fittings

are not permitted in accordance with ASCE 19.
4. Use protective thimbles for cable loops where potential for cable damage exists.

C. Rigid Restraints:  Use MFMA-4 steel channel (strut), steel angle, or steel pipe for structural
element; suitable for both compressive and tensile design loads.

D. Comply with:
1. ASHRAE Handbook - HVAC Applications
2. FEMA 412.
3. FEMA 413.
4. FEMA 414.
5. FEMA E-74.
6. SMACNA (SRM).

E. Cable Restraints:
1. Wire Rope:  Steel wire strand cables sized to resist seismic loads in all lateral directions.
2. Protective Thimbles:  Eliminates potential for dynamic cable wear and strand breakage.
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3. Size:  Based on the lesser of cable capacity or anchor load taking into account bracket
geometry.

4. Connections:
a. Use overlapping wire rope U clips, cable clamping bolts, swaged sleeves or

seismically rated tool-less wedge insert lock connectors.
b. Internally brace clevis hanger bracket cross bolt to prevent deformation.

5. Vertical Suspension Rods:  Attach required bracing of sufficient strength to prevent rod
buckling from vertical compression forces utilizing series of attachment clips.

F. Rigid Restraints:
1. Structural Element:  Sized to resist seismic loads in all lateral directions and carry both

compressive and tensile loading.
2. Size:  Based on the lesser of cable capacity or anchor load taking into account bracket

geometry.
3. Connections:  Internally brace clevis hanger bracket cross bolt to prevent deformation.
4. Static Support System: Anchorage capable of carrying additional tension loads generated

by the vertical component of the rigid brace compression which is additive to any static
load requirements on the system.

5. Vertical Suspension Rods:  Attached required bracing of sufficient strength to prevent rod
buckling from vertical compression forces utilizing series of attachment clips.

2.05 VIBRATION-ISOLATED AND/OR SEISMICALLY ENGINEERED ROOF CURBS
A. Manufacturers:

1. Vibration-Isolated and/or Seismically Engineered Roof Curbs:
a. Kinetics Noise Control, Inc:  www.kineticsnoise.com/#sle.
b. Mason Industries:  www.mason-ind.com/#sle.
c. Vibration Eliminator Company, Inc:  www.veco-nyc.com/#sle.

B. Vibration Isolation Curbs:
1. Nonseismic Curb:

a. Location:  Between structure and rooftop equipment.
b. Construction:  Aluminum.
c. Integral vibration isolation to comply with requirements of this section.
d. Weather exposed components consist of corrosion resistant materials.

2. Seismic Curb:
a. Location:  Between structure and rooftop equipment.
b. Construction:  Steel.
c. Integral vibration isolation to comply with requirements of this section.
d. Snubbers consist of minimum 0.25 inch thick resilient pads to avoid metal-to-metal

contact without compromising vibration isolating capabilities.
e. Weather exposed components consist of corrosion resistant materials.

C. Seismic Type:
1. Non-isolated Curb and Fabricated Equipment Piers:

a. Location:  Between structure and rooftop equipment.
b. Construction:  Steel.
c. Weather exposed components consist of corrosion resistant materials.

2. Vibration Isolation Curb:
a. Location:  Between structure and rooftop equipment.
b. Construction:  Steel.
c. Integral vibration isolation to conform to requirements of this section.
d. Snubbers consist of minimum 0.25 inch thick resilient pads to avoid metal-to-metal

contact without compromising vibration isolating capabilities.
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e. Weather exposed components consist of corrosion resistant materials.
D. Substitutions: See Section 23 0200 - HVAC General Requirements.

PART 3  EXECUTION
3.01 INSTALLATION - GENERAL

A. Install in accordance with manufacturer's instructions.
B. On closed spring isolators, adjust so side stabilizers are clear under normal operating

conditions.
C. Prior to making piping connections to equipment with operating weights substantially different

from installed weights, block up equipment with temporary shims to final height.  When full load
is applied, adjust isolators to load to allow shim removal.

D. Support piping connections to equipment mounted on isolators using isolators or resilient
hangers as follows:
1. Up to 4 Inches Pipe Size:  First three points of support.
2. Select three hangers closest to vibration source for minimum 1.0 inch static deflection or

static deflection of isolated equipment.  Select remaining isolators for minimum 1.0 inch
static deflection or 1/2 static deflection of isolated equipment.

3.02 INSTALLATION - SEISMIC
A. Comply with:

1. ASHRAE Handbook - HVAC Applications.
2. FEMA 412.
3. FEMA 413.
4. FEMA 414.
5. FEMA E-74.
6. SMACNA (SRM).

B. Seismic Snubbers:
1. Provide on all isolated equipment, piping and ductwork.
2. Provide minimum of four seismic snubbers located close to isolators.
3. Snub equipment designated for post-disaster use to 0.05 inch maximum clearance.
4. Snub all other equipment between 0.15 inch and 0.25 inch clearance.

C. Floor and Base-Mounted Equipment, Vibration Isolated Equipment and associated Vibration
and Seismic Controls for Connections:
1. Install equipment anchorage items designed to resist seismic design force in any direction.
2. Install vibration and seismic controls designed to include base and isolator requirements.
3. Provide flexible connections between equipment and interconnected piping.
4. Provide isolators and restraints designed for amplified code forces per ASCE 7 and with

demonstrated ability to resist required forces including gravity, operational and seismic
forces.

5. Where equipment is not designed to be point loaded, provide base capable of transferring
gravity and seismic demands from equipment to isolator base plate anchorage.

6. Where concrete floor thickness is less than required for expansion anchor installation,
install through bolt in lieu of expansion anchor.

7. Where timber/wood floor or other substrate is inadequate for installation of lag bolts,
screws or other mechanical fasteners, install supplemental framing or blocking to transfer
loads to structural elements.

D. Suspended Mechanical Equipment:
1. Provide supports and bracing to resist seismic design force in any direction.
2. Provide flexible connections between equipment and interconnected piping.
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3. Brace equipment hung from spring mounts using cable or other bracing that will not
transmit vibration to the structure.

4. Use of proprietary restraint systems with a certificate of compliance, verified and listed by
an accredited inspection body is acceptable (pending shop drawing approval), as an
alternative to project specific seismic bracing design.

E. Wall mounted Mechanical Equipment:
1. Provide support and bracing to resist seismic design force in any direction.
2. Install backing plates or blocking as required to deliver load to primary wall framing

members.
3. Anchoring to gypsum wallboard, plaster or other wall finish that has not been engineered to

resist imposed loads is not permitted.
F. Piping:

1. Provide seismic bracing in accordance ASCE 7.
2. Provide supports, braces, and anchors to resist gravity and seismic design forces.
3. Provide flexible connections between floor mounted equipment and suspended piping;

between unbraced piping and restrained suspended items; as required for thermal
movement; at building separations and seismic joints; and wherever relative differential
movements could damage pipe in an earthquake.

4. Brace resiliently supported pipe with cable bracing or alternate means designed to prevent
transmission of vibrations and noise to the structure.

5. Brace every run 5.0 feet or more in length with two transverse and one longitudinal bracing
locations.

6. Pipes and Connections Constructed of Ductile Materials (copper, ductile iron, steel or
aluminum and brazed, welded or screwed connections):
a. Provide transverse bracing at spacing not more than 40.0 feet on center.
b. Provide longitudinal bracing at spacing not more than 80.0 feet on center.

7. Pipes and Connections Constructed of Non Ductile Materials (cast iron, no-hub, plastic or
non-UL listed grooved coupling pipe):
a. Provide transverse bracing at spacing not more than 20.0 feet on center.
b. Provide longitudinal bracing at spacing not more than 40.0 feet on center.

8. Provide lateral restraint for risers at not more than 30 feet on center or as required for
horizontal runs, whichever is less.

9. Piping Explicitly Exempt from Seismic Bracing Requirements:
a. Provide flexible connections between piping and connected equipment, including

in-line devices such as VAV boxes and reheat coils.
b. Install piping consistent with ASCE 7, such that swinging of the pipes will not cause

damaging impact with adjacent components, finishes, or structural framing while
maintaining clear horizontal distance of 67 percent of the hanger length between
subject components.

c. Provide swing restraints as required to control potential impact due to limited space
between subject components.

10. Use of proprietary restraint systems with a certificate of compliance, verified and listed by
an accredited inspection body is acceptable (pending shop drawing approval), as an
alternative to project specific seismic bracing design.

11. Re-use of Existing Hangers:
a. Re-using existing hangers at locations of seismic bracing are to be judged on a

case-by-case basis by the registered project design professional.
b. Unless otherwise shown on drawings, it is assumed all hangers supporting new

piping, located at a seismic brace, will be new.
G. Ductwork:
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1. Provide seismic bracing for ducts with cross sectional area greater than 6 sq ft
(independent of duct contents).

2. Provide seismic bracing for all ducts containing hazardous materials.
3. Provide supports, braces, and anchors to resist gravity and seismic design forces.
4. Install ducts and duct risers designed to accommodate interstory drift.
5. Independently support in-line devices weighing more than 20 pounds.
6. Independently support and brace all in-line devices weighing more than 75 pounds.
7. Provide unbraced piping attached to braced in-line equipment with adequate flexibility to

accommodate differential displacements.
8. Positively attach dampers, louvers, diffusers and similar appurtenances to ductwork with

mechanical fasteners.
9. Install duct supports designed to resist not less than 150 percent of the duct weight.
10. The use of power driven fasteners is prohibited in the hanging of ducts weighing over 10

pounds per lineal foot for seismic design categories D, E, and F.
11. Use of proprietary restraint systems with a certificate of compliance, verified and listed by

an IAS AC172 accredited inspection body or otherwise accepted by applicable codes is
acceptable (pending shop drawing approval), as an alternative to project specific seismic
bracing design.

H. Tanks:
1. Install tank anchorage, tank legs and/or supporting structure designed to resist design

force.
2. Provide flexible connections between tank and interconnected piping.

I. Install siesmic restraints for piping as follows:
1. Seismically restrain piping, with an Ip = 1.0, located in boiler rooms, mechanical equipment

rooms and refrigeration equipment rooms that is 1¼” I.D. and larger. Type V seismic cable
restraints or resilient single arm braces shall be used if piping is isolated. Type V seismic
cable restraints or Type VI single arm braces may be used on non-isolated piping.

2. Seismically restrain all other piping 2½” diameter and larger. Type V seismic cable
restraints or resilient single arm braces shall be used if piping is isolated. Type VI seismic
cable restraints or single arm braces may be used on nonisolated piping.

3. See Table D on drawings for maximum seismic bracing distances.
4. Multiple runs of pipe on the same support shall have distance determined by calculation.
5. Rod braces shall be used for all rod lengths as listed in Table E on drawings.
6. Clevis hangers shall have braces placed inside of hanger at seismic brace locations.
7. Where thermal expansion is a consideration, guides and anchors may be used as

transverse and longitudinal restraints provided they have a capacity equal to or greater
than the restraint loads in addition to the loads induced by expansion or contraction.

8. Transverse restraint for one pipe section may also act as longitudinal restraint for a pipe
section of the same or smaller size connected perpendicular to it if the restraint is installed
within 24” of the centerline of the smaller pipe or combined stresses are within allowable
limits at longer distances.

9. Hold down clamps must be used to attach pipe to all trapeze members before applying
restraints. Use Type V or VI restraint, if trapeze is smaller than 48” long.

10. Where pipe passes through a fire-rated, seismic gypsum wall, the wall can act as a
lateral/transverse brace for pipe sizes up to and including 6,” provided fire stopping
material is tight to the pipe.

11. Branch lines may not be used to restrain main lines or cross-mains.
12. Where pipe passes through a seismic block or concrete wall, the wall can act as a

lateral/transverse brace.
13. Where horizontal pipe crosses a building's drift expansion joint, allowance shall be part of

the design to accommodate differential motion.
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14. Exemptions are as follows:
a. All high deformability pipe or conduit 3” or less in diameter suspended by individual

hanger rods where Ip = 1.0.
b. High deformability pipe or conduit in Seismic Design Category C, 2” or less in

diameter suspended by individual hanger rods where Ip = 1.5.
c. High deformability pipe or conduit in Seismic Design Category D, E or F, 1” or less in

diameter suspended by individual hanger rods where Ip = 1.5.
d. All clevis supported pipe or conduit runs installed less than 12” from the top of the

pipe to the underside of the support point and trapeze supported pipe suspended by
hanger rods having a distance less than 12” in length from the underside of the pipe
support to the support point of the structure.

e. Piping systems, including their supports, designed and constructed in accordance
with ASME B31.

f. Piping systems, including their supports, designed and constructed in accordance
with NFPA, provided they meet the force and displacement requirements of Section
13.3.1 and 13.3.2 (ASCE 7-05).

J. Install seismic restraints for ductwork per the following:
1. Restrain rectangular ductwork with cross sectional area of 6 square feet or larger. Type V

seismic cable restraints or Type VI single arm braces shall be used on this duct. Duct that
serves a life safety function or carries toxic materials in an “Essential or High Hazard
Facility” must be braced with no exceptions regardless of size or distance requirements.

2. Restrain round ducts with diameters of 28” or larger. Type V seismic cable restraints or
Type VI single arm braces.

3. Restrain flat oval ducts the same as rectangular ducts of the same nominal size.
4. See Table D on drawings for maximum seismic bracing distances.
5. Duct must be reinforced at the restraint locations. Reinforcement shall consist of an

additional angle on top of the ductwork that is attached to the support hanger rods.
Ductwork is to be attached to both upper angle and lower trapeze. Additional reinforcing is
not required if duct sections are mechanically fastened together with frame bolts and
positively fastened to the duct support suspension system.

6. A group of ducts may be combined in a larger frame so that the combined weights and
dimensions of the ducts are less than or equal to the maximum weight and dimensions of
the duct for which bracing details are selected.

7. Walls, including gypsum board non-bearing partitions, which have ducts running through
them, may replace a typical transverse brace. Provide channel framing around ducts and
solid blocking between the duct and frame.

8. If ducts are supported by angles, channels or struts, ducts shall be fastened to it at seismic
brace locations in lieu of duct reinforcement.

9. Exemptions are as follows: (Applies to Ip = 1.0 only)
a. Rectangular, square, and oval air handling ducts less than six square feet in cross

sectional area.
b. Round air handling duct less than 28 inches in diameter.
c. Duct runs supported at locations by two rods less than 12 inches in length from the

structural support to the structural connection to the ductwork.
3.03 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect vibration isolation and/or seismic control components for damage and defects.
C. Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control

components.
D. Inspect isolated equipment after installation and submit report.  Include static deflections.
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E. Perform testing and inspections of the installation in accordance with Section 01 4533.
END OF SECTION 23 0548
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SECTION 23 0553
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Nameplates.
B. Tags.
C. Adhesive-backed duct markers.
D. Pipe markers.
E. Ceiling tacks.

1.02 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide manufacturers catalog literature for each product required.
C. Manufacturer's Installation Instructions:  Indicate special procedures, and installation.

PART 2  PRODUCTS
2.01 IDENTIFICATION APPLICATIONS

A. Air Handling Units:  Nameplates.
B. Control Panels:  Nameplates.
C. Dampers:  Ceiling tacks, where located above lay-in ceiling.
D. Ductwork:  Adhesive-backed duct markers.
E. Major Control Components:  Nameplates.
F. Piping:  Pipe markers.
G. Small-sized Equipment:  Tags.
H. Thermostats:  Adhesive backed flexible tape.

2.02 NAMEPLATES
A. Description: Laminated three-layer plastic with engraved letters.

1. Letter Color:  White.
2. Letter Height:  1/4 inch.
3. Background Color:  Red.
4. Plastic:  Comply with ASTM D709.

2.03 TAGS
A. Plastic Tags:  Laminated three-layer plastic with engraved white letters on light contrasting

background color.  Tag size minimum 1-1/2 inch diameter.
B. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth

edges.
2.04 ADHESIVE-BACKED DUCT MARKERS

A. Material:  High gloss acrylic adhesive-backed vinyl film 0.0032 inch; printed with UV and
chemical resistant inks.

B. Style:  Individual Label.
C. Color:  Yellow/Black.
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2.05 PIPE MARKERS
A. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around

pipe or pipe covering; minimum information indicating flow direction arrow and identification of
fluid being conveyed.

B. Plastic Tape Pipe Markers:  Flexible, vinyl film tape with pressure sensitive adhesive backing
and printed markings.

C. Color code as follows:
1. Heating, Cooling, and Boiler Feedwater:  Green with white letters.
2. Flammable Fluids:  Yellow with black letters.

2.06 CEILING TACKS
A. Description:  Steel with 3/4 inch diameter color coded head.
B. Color code as follows:

1. HVAC Equipment:  Yellow.
2. Fire Dampers and Smoke Dampers:  Red.
3. Heating/Cooling Valves:  Blue.

PART 3  EXECUTION
3.01 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.
3.02 INSTALLATION

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.
C. Install plastic pipe markers in accordance with manufacturer's instructions.
D. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's

instructions.
E. Use tags on piping 3/4 inch diameter and smaller.  

1. Identify service, flow direction, and pressure.
2. Install in clear view and align with axis of piping.
3. Locate identification not to exceed 20 feet on straight runs including risers and drops,

adjacent to each valve and Tee, at each side of penetration of structure or enclosure, and
at each obstruction.

F. Install ductwork with Adhesive-backed duct markers.  Identify with air handling unit identification
number and area served.  Locate identification at air handling unit, at each side of penetration of
structure or enclosure, and at each obstruction.

G. Locate ceiling tacks to locate valves or dampers above lay-in panel ceilings.  Locate in corner of
panel closest to equipment.

END OF SECTION 23 0553
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SECTION 23 0593
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.
B. Testing, adjustment, and balancing of  domestic hot water circulation systems.
C. Measurement of final operating condition of HVAC systems.

1.02 REFERENCE STANDARDS
A. AABC MN-1 - AABC National Standards for Total System Balance; 2002.
B. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC

Systems; 2008.
C. NEBB (TAB) - Procedural Standards for Testing Adjusting and Balancing of Environmental

Systems; 2015, with Errata (2017).
D. SMACNA (TAB) - HVAC Systems Testing, Adjusting and Balancing; 2002.

1.03 SUBMITTALS 
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be

followed and the specific approach for each system and component.
1. Include at least the following in the plan:

a. List of all air flow, sound level, system capacity and efficiency measurements to be
performed and a description of specific test procedures, parameters, formulas to be
used.

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to
be tested, adjusted and balanced with the data cells to be gathered for each.

c. Discussion of what notations and markings will be made on the duct drawings during
the process.

d. Final test report forms to be used.
e. Details of how TOTAL flow will be determined; for example:

1) Air:  Sum of terminal flows via control system calibrated readings or via hood
readings of all terminals, supply (SA) and return air (RA) pitot traverse, SA or RA
flow stations.

2) Water:  Pump curves, circuit setter, flow station, ultrasonic, etc.
f. Specific procedures that will ensure that both air and water side are operating at the

lowest possible pressures and methods to verify this.
g. Procedures for formal deficiency reports, including scope, frequency and distribution.

C. Control System Coordination Reports:  Communicate in writing to the controls installer all
setpoint and parameter changes made or problems and discrepancies identified during TAB
that affect, or could affect, the control system setup and operation.

D. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and
balancing of systems and equipment to achieve specified performance.
1. Revise TAB plan to reflect actual procedures and submit as part of final report.
2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final

copies for Architect/Engineer and for inclusion in operating and maintenance manuals.
3. Include actual instrument list, with manufacturer name, serial number, and date of

calibration.
4. Form of Test Reports:  Where the TAB standard being followed recommends a report

format use that; otherwise, follow ASHRAE Std 111.
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5. Units of Measure:  Report data in I-P (inch-pound) units only.
6. Include the following on the title page of each report:

a. Name of Testing, Adjusting, and Balancing Agency.
b. Address of Testing, Adjusting, and Balancing Agency.
c. Telephone number of Testing, Adjusting, and Balancing Agency.
d. Project name.
e. Project location.
f. Project Architect/Engineer.
g. Project Contractor.
h. Project altitude.
i. Report date.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 GENERAL REQUIREMENTS

A. Perform total system balance in accordance with one of the following:
1. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of

Building Heating, Ventilation, Air-Conditioning, and Refrigeration Systems.
2. NEBB Procedural Standards for Testing Adjusting Balancing of Environmental Systems.
3. SMACNA (TAB).

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work
prior to Substantial Completion of the project.

C. Where HVAC systems and/or components interface with life safety systems, including fire and
smoke detection, alarm, and control, coordinate scheduling and testing and inspection
procedures with the authorities having jurisdiction.

D. TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this

section.
2. Having minimum of three years documented experience.
3. Certified by one of the following:

a. AABC, Associated Air Balance Council:  www.aabc.com/#sle; upon completion submit
AABC National Performance Guaranty.

b. NEBB, National Environmental Balancing Bureau:  www.nebb.org/#sle.
c. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy

Management Institute:  www.tabbcertified.org/#sle.
E. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency.

3.02 EXAMINATION 
A. Verify that systems are complete and operable before commencing work.  Ensure the following

conditions:
1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in addition to final

filters.
5. Duct systems are clean of debris.
6. Fans are rotating correctly.
7. Fire and volume dampers are in place and open.
8. Air coil fins are cleaned and combed.
9. Access doors are closed and duct end caps are in place.
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10. Air outlets are installed and connected.
11. Duct system leakage is minimized.
12. Domestic Hot Water systems are flushed, filled, and vented.
13. Pumps are rotating correctly.
14. Service and balance valves are open.

B. Beginning of work means acceptance of existing conditions.
3.03 ADJUSTMENT TOLERANCES

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems
and plus or minus 10 percent of design for return and exhaust systems.

B. Air Outlets and Inlets:  Adjust total to within plus 10 percent and minus 5 percent of design to
space.  Adjust outlets and inlets in space to within plus or minus 10 percent of design.

C. Hydronic Systems:  Adjust to within plus or minus 10 percent of design.
3.04 RECORDING AND ADJUSTING 

A. Ensure recorded data represents actual measured or observed conditions.
B. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings

to be restored.  Set and lock memory stops.
C. Mark on drawings the locations where traverse and other critical measurements were taken and

cross reference the location in the final report.
D. After adjustment, take measurements to verify balance has not been disrupted or that such

disruption has been rectified.
E. Leave systems in proper working order, replacing belt guards, closing access doors, closing

doors to electrical switch boxes, and restoring thermostats to specified settings.
F. Check and adjust systems approximately six months after final acceptance and submit report.

3.05 AIR SYSTEM PROCEDURE
A. Adjust air handling and distribution systems to provide required or design supply, return, and

exhaust air quantities at site altitude.
B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of

duct.
C. Measure air quantities at air inlets and outlets.
D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts

and noise.
E. Use volume control devices to regulate air quantities only to extend that adjustments do not

create objectionable air motion or sound levels.  Effect volume control by duct internal devices
such as dampers and splitters.

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required. 
Vary branch air quantities by damper regulation.

G. Provide system schematic with required and actual air quantities recorded at each outlet or inlet.
H. Measure static air pressure conditions on air supply units, including filter and coil pressure

drops, and total pressure across the fan.  Make allowances for 50 percent loading of filters.
I. Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design

conditions.
J. Where modulating dampers are provided, take measurements and balance at extreme

conditions.
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3.06 WATER SYSTEM PROCEDURE
A. Adjust water systems to provide required or design quantities.
B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gauges to

determine flow rates for system balance.  Where flow metering devices are not installed, base
flow balance on temperature difference across various heat transfer elements in the system.

C. Effect adjustment of water distribution systems by means of balancing cocks, valves, and
fittings.  Do not use service or shut-off valves for balancing unless indexed for balance point.

D. Where available pump capacity is less than total flow requirements or individual system parts,
full flow in one part may be simulated by temporary restriction of flow to other parts.

3.07 SCOPE
A. Test, adjust, and balance the following:

1. Plumbing Pumps.
2. Air Cooled Refrigerant Condensers.
3. Air Handling Units.
4. Fans.
5. Air Filters.
6. Air Inlets and Outlets.
7. Domestic Hot Water Circulation balancing valves.

3.08 MINIMUM DATA TO BE REPORTED
A. Electric Motors:

1. Manufacturer.
2. Model/Frame.
3. HP/BHP.
4. Phase, voltage, amperage; nameplate, actual, no load.
5. RPM.

B. Pumps:
1. Identification/number.
2. Manufacturer.
3. Size/model.
4. Impeller.
5. Service.
6. Design flow rate, pressure drop, BHP.
7. Actual flow rate, pressure drop, BHP.
8. Discharge pressure.
9. Suction pressure.
10. Total operating head pressure.

C. Air Cooled Condensers:
1. Identification/number.
2. Location.
3. Manufacturer.
4. Model number.
5. Serial number.
6. Number of compressors.

D. Cooling Coils:
1. Identification/number.
2. Location.
3. Service.
4. Manufacturer.
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5. Air flow, design and actual.
6. Water flow, design and actual from record plans.
7. Water pressure drop, design and actual from record plans.
8. Air pressure drop, design and actual.

E. Heating Coils:
1. Identification/number.
2. Location.
3. Service.
4. Manufacturer.
5. Air flow, design and actual.
6. Water flow, design and actual from record plans.
7. Water pressure drop, design and actual from record plans.
8. Air pressure drop, design and actual.

F. Air Moving Equipment:
1. Identification/Location
2. Manufacturer.
3. Model number.
4. Serial number.
5. Air flow, specified and actual.
6. Return air flow, specified and actual.
7. Outside air flow, specified and actual.
8. Total static pressure (total external), specified and actual.
9. Fan RPM.

G. Return Air/Outside Air:
1. Identification/location.
2. Design air flow.
3. Actual air flow.
4. Design return air flow.
5. Actual return air flow.
6. Design outside air flow.
7. Actual outside air flow.

H. Exhaust Fans:
1. Identification/Location
2. Manufacturer.
3. Model number.
4. Serial number.
5. Air flow, specified and actual.
6. Total static pressure (total external), specified and actual.

I. Duct Traverses:
1. System zone/branch.
2. Duct size.
3. Area.
4. Design velocity.
5. Design air flow.
6. Test velocity.
7. Test air flow.
8. Duct static pressure.

J. Air Distribution Tests:
1. Air terminal number.
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2. Room number/location.
3. Terminal type.
4. Terminal size.
5. Area factor.
6. Design velocity.
7. Design air flow.
8. Test (final) velocity.
9. Test (final) air flow.

END OF SECTION 23 0593
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SECTION 23 0713
DUCT INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Duct insulation.
B. Duct liner.

1.02 REFERENCE STANDARDS
A. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by

Means of the Heat Flow Meter Apparatus; 2017.
B. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular

Thermal Insulation in Sheet and Tubular Form; 2016.
C. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for

Commercial and Industrial Applications; 2013.
D. ASTM C916 - Standard Specification for Adhesives for Duct Thermal Insulation; 2014.
E. ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and

Sound Absorbing Material); 2016.
F. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2015a.
G. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2016.
H. ASTM G21 - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to

Fungi; 2015.
I. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.
J. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current

Edition, Including All Revisions.
1.03 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
1.04 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type
specified in this section with not less than ten years of documented experience.

1.05 DELIVERY, STORAGE, AND HANDLING
A. Accept materials on site in original factory packaging, labelled with manufacturer's identification,

including product density and thickness.
B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical

damage, by storing in original wrapping.
1.06 FIELD CONDITIONS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives,
mastics, and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.
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PART 2  PRODUCTS
2.01 REGULATORY REQUIREMENTS

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

2.02 GLASS FIBER, FLEXIBLE
A. Manufacturer:

1. CertainTeed Corporation:  www.certainteed.com/#sle.
2. Johns Manville:  www.jm.com.
3. Owens Corning Corporation:  www.ocbuildingspec.com.
4. Substitutions: See Section 23 0200 - HVAC General Requirements.

B. Insulation:  ASTM C553; flexible, noncombustible blanket.
1. 'K' value:  0.29 at 75 degrees F, when tested in accordance with ASTM C518.
2. Maximum Service Temperature:  450 degrees F.
3. Maximum Water Vapor Absorption:  5.0 percent by weight.

C. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.02 perm inch, when tested in accordance with ASTM

E96/E96M.
3. Secure with pressure sensitive tape.

2.03 DUCT LINER
A. Manufacturers:

1. Armacell LLC:  www.armacell.us.
2. K-Flex USA LLC:  www.kflexusa.com/#sle.
3. CertainTeed Corporation:  www.certainteed.com.
4. Ductmate Industries, Inc, a DMI Company:  www.ductmate.com.
5. Johns Manville:  www.jm.com.
6. Knauf Insulation:  www.knaufinsulation.com.
7. Owens Corning Corporation:  www.ocbuildingspec.com.
8. Substitutions: See Section 23 0200 - HVAC General Requirements.

B. Elastomeric Foam Insulation:  Preformed flexible elastomeric cellular rubber insulation
complying with ASTM C534/C534M Grade 1, in sheet form.
1. Minimum Service Temperature:  Minus 40 degrees F.
2. Maximum Service Temperature:  180 degrees F.
3. Fungal Resistance:  No growth when tested according to ASTM G21.
4. Apparent Thermal Conductivity:  Maximum of 0.28 at 75 degrees F.
5. Minimum Noise Reduction Coefficients:

a. 1/2 inch Thickness:  0.30.
b. 1 inch Thickness:  0.40.

6. Connection:  Waterproof vapor barrier adhesive.
C. Glass Fiber Insulation:  Non-corrosive, incombustible glass fiber complying with ASTM C1071;

flexible blanket, rigid board, and preformed round liner board; impregnated surface and edges
coated with poly vinyl acetate polymer, acrylic polymer, or black composite.
1. Fungal Resistance:  No growth when tested according to ASTM G21.
2. Apparent Thermal Conductivity:  Maximum of 0.25 at 75 degrees F.
3. Service Temperature:  Up to 250 degrees F.
4. Rated Velocity on Coated Air Side for Air Erosion:  5,000 fpm, minimum.
5. Minimum Noise Reduction Coefficients:

a. 1/2 inch Thickness:  0.30.
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b. 1 inch Thickness:  0.45.
D. Adhesive:  Waterproof, fire-retardant type, ASTM C916.
E. Liner Fasteners:  Galvanized steel, self-adhesive pad with integral head.

PART 3  EXECUTION
3.01 EXAMINATION

A. Test ductwork for design pressure prior to applying insulation materials.
B. Verify that surfaces are clean, foreign material removed, and dry.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Insulated Ducts Conveying Air Below Ambient Temperature:

1. Provide insulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.
4. Insulate entire system, including fittings, joints, flanges, fire dampers, flexible connections,

and expansion joints.
C. Ducts Exposed in Finished Spaces:  Finish with primed and painted metal exterior.
D. Ducts Exposed in Mechanical Equipment Rooms:  Finish with metal exterior.
E. External Duct Insulation Application:

1. Secure insulation with vapor barrier with wires and seal jacket joints with vapor barrier
adhesive or tape to match jacket.

2. Install without sag on underside of duct.  Use adhesive or mechanical fasteners where
necessary to prevent sagging.  Lift duct off trapeze hangers and insert spacers.

3. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive.
4. Stop and point insulation around access doors and damper operators to allow operation

without disturbing wrapping.
F. Duct Liner Application:

1. Adhere insulation with adhesive for 90 percent coverage.
2. Secure insulation with mechanical liner fasteners as required.  Refer to SMACNA HVAC

Duct Construction Standards - Metal and Flexible for spacing.
3. Seal and smooth joints.  Seal and coat transverse joints.
4. Seal liner surface penetrations with adhesive.
5. Duct dimensions indicated are sheet metal dimensions.

3.03 SCHEDULES
A. For systems using energy recovery ventilation units and / or dedicated outside air systems, the

conditioned fresh air duct from the ventilation unit and the return/exhaust air duct to the
ventilation unit upstream of the energy recovery component shall be considered supply and
return ducts for the purposes of insulation.

B. Rectangular Return and Supply Ducts in Conditioned Interior Spaces:
1. Flexible Glass Fiber Duct Liner Insulation:  Minimum R-Value (4).
2. Flexible Elastomeric Duct Insulation:  Minimum R-Value (4).

C. Round Return and Supply Supply Ducts in Conditioned Interior Spaces:
1. Flexible Glass Fiber Duct Insulation:  Minimum R-Value (4).

D. Return and Supply Air Ducts installed in Unconditioned Interior Spaces:
1. Flexible Glass Fiber Duct Insulation:  Minimum R-Value (6).
2. Flexible Glass Fiber Duct Liner Insulation:  Minimum R-Value (6).
3. Flexible Elastomeric Duct Insulation:  Minimum R-Value (6).
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E. Exhaust Ducts:
1. Flexible Glass Fiber Duct Insulation:  Minimum R-Value (4).

F. Outside Air Intake Ducts:
1. Flexible Glass Fiber Duct Insulation:  Minimum R-Value (8).

END OF SECTION 23 0713
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SECTION 23 0719
HVAC PIPING INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Piping insulation.
B. Jacketing and accessories.

1.02 REFERENCE STANDARDS
A. ASTM B209/B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and

Plate; 2021a.
B. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular

Thermal Insulation in Sheet and Tubular Form; 2016.
C. ASTM D1056 - Standard Specification for Flexible Cellular Materials--Sponge or Expanded

Rubber; 2014.
D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2015a.
E. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2016.
F. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current

Edition, Including All Revisions.
1.03 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
1.04 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in
this section with not less than three years of documented experience.

1.05 DELIVERY, STORAGE, AND HANDLING
A. Accept materials on site, labeled with manufacturer's identification, product density, and

thickness.
1.06 FIELD CONDITIONS

A. Maintain ambient conditions required by manufacturers of each product.
B. Maintain temperature before, during, and after installation for minimum of 24 hours.

PART 2  PRODUCTS
2.01 REGULATORY REQUIREMENTS

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50,
maximum, when tested in accordance with ASTM E84 or UL 723.

2.02 FLEXIBLE ELASTOMERIC CELLULAR INSULATION
A. Manufacturers:

1. Aeroflex USA, Inc:  www.aeroflexusa.com.
2. Armacell LLC:  www.armacell.us.
3. K-Flex USA LLC:  www.kflexusa.com.
4. Substitutions: See Section 23 0200 - HVAC General Requirements.

B. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM
C534/C534M Grade 1; use molded tubular material wherever possible.

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ASTM%20C534/C534M
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1. 'K' value:  ASTM C 177, 0.24 at 75 degrees F.
2. Minimum Service Temperature:  Minus 40 degrees F.
3. Maximum Service Temperature:  180 degrees F.
4. Connection:  Waterproof vapor barrier adhesive.

C. Elastomeric Foam Adhesive:  Air dried, contact adhesive, compatible with insulation.
2.03 JACKETING AND ACCESSORIES

A. PVC Plastic.
1. Jacket:  One piece molded type fitting covers and sheet material, off-white color.

a. Minimum Service Temperature:  0 degrees F.
b. Maximum Service Temperature:  150 degrees F.
c. Moisture Vapor Permeability:  0.002 perm inch, maximum, when tested in accordance

with ASTM E96/E96M.
d. Thickness:  10 mil, 0.010 inch.
e. Connections:  Brush on welding adhesive.

B. Aluminum Jacket:
1. Comply with ASTM B209/B209M, Temper H14, minimum thickness of 0.016 inch with

factory-applied polyethylene and kraft paper moisture barrier on the inside surface.
2. Thickness:  0.016 inch sheet.
3. Type:  Factory-applied, self-adhesive jacketing.
4. Finish:  Smooth.
5. Joining:  Longitudinal slip joints and 2 inch laps.
6. Fittings:  0.016 inch thick die-shaped fitting covers with factory-attached protective liner.
7. Metal Jacket Bands:  3/8 inch wide; 0.015 inch thick aluminum.

PART 3  EXECUTION
3.01 EXAMINATION

A. Test piping for design pressure, liquid tightness, and continuity prior to applying insulation
materials.

B. Verify that surfaces are clean and dry, with foreign material removed.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Exposed Piping:  Locate insulation and cover seams in least visible locations.
C. Insulated Pipes Conveying Fluids Below Ambient Temperature:

1. Insulate entire system, including fittings, valves, unions, flanges, strainers, flexible
connections, and expansion joints.

D. Inserts and Shields:
1. Application:  Piping 1-1/2 inches diameter or larger.
2. Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and inserts.
3. Insert location:  Between support shield and piping and under the finish jacket.

E. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish at
supports, protrusions, and interruptions.  At fire separations, see Section 07 8400.

F. Pipe Exposed in Mechanical Equipment Rooms or Finished Spaces (less than 10 feet above
finished floor):  Finish with PVC jacket and fitting covers.

G. Exterior Applications:  Cover with aluminum jacket with seams located on bottom side of
horizontal piping.

3.03 SCHEDULE
A. Cooling Systems:
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1. Condensate Drains from Cooling Coils:
a. Flexible Elastomeric Cellular Foam Insulation
b. Minimum Thickness:  1/2 inch.

2. Refrigerant Piping (VRF Systems):
a. Flexible Elastomeric Cellular Foam Insulation (EPDM):
b. High Pressure Gas:

1) Pipe Size Range:  <1 inch.
(a) Minimum Thickness:  1-1/2 inch.

2) Pipe Size Range:  1 to 1-1/2 inch.
(a) Minimum Thickness:  1-1/2 inch.

3) Pipe Size Range:  1-1/2  to 4 inch.
(a) Minimum Thickness:  2 inch.

c. High Pressure Liquid:
1) Pipe Size Range:  <1 inch.

(a) Minimum Thickness:  1 inch.
2) Pipe Size Range:  1 to 1-1/2 inch.

(a) Minimum Thickness:  1-1/2 inch.
3) Pipe Size Range:  1-1/2  to 4 inch.

(a) Minimum Thickness:  1-1/2 inch.
d. Low Pressure Gas:

1) Pipe Size Range:  <1 inch.
(a) Minimum Thickness:  1 inch.

2) Pipe Size Range:  1 to 1-1/2 inch.
(a) Minimum Thickness:  1 inch.

3) Pipe Size Range:  1-1/2  to 4 inch.
(a) Minimum Thickness:  1-1/2 inch.

3. Refrigerant Piping (Standard Heat Pump Systems):
a. Flexible Elastomeric Cellular Foam Insulation (EPDM):
b. All Refrigerant Pipes:

1) Pipe Size Range:  <1 inch.
(a) Minimum Thickness:  1 inch.

2) Pipe Size Range:  1 to 1-1/2 inch.
(a) Minimum Thickness:  1 inch.

3) Pipe Size Range:  1-1/2  to 4 inch.
(a) Minimum Thickness:  1-1/2 inch.

END OF SECTION 23 0719
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SECTION 23 0993
SEQUENCE OF OPERATIONS FOR HVAC CONTROLS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. This section defines the manner and method by which controls function.  Requirements for each
type of control system operation are specified.  Equipment, devices, and system components
required for control systems are specified in other sections.

B. Sequence of operation for:
1. Dedicated Outdoor Air Systems.
2. Mini-Split Heat Pumps
3. Variable Refrigerant Flow Systems.
4. Radiant panels.
5. Exhaust / Transfer Fans.

1.02 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements for submittal procedures.
B. Sequence of Operation Documentation:  Submit written sequence of operation for entire HVAC

system and each piece of equipment. Kitchen venitlation equipment sequences may be
provided as prepared by the kitchen ventilation equipment manufacturer for standalone system
operation.
1. Preface:  1 or 2 paragraph overview narrative of the system describing its purpose,

components and function.
2. Include at least the following sequences:

a. Start-up.
b. Warm-up mode.
c. Normal operating mode.
d. Unoccupied mode.
e. Shutdown.
f. Capacity control sequences and equipment staging.
g. Temperature and pressure control, such as setbacks, setups, resets, etc.
h. Detailed sequences for all control strategies, such as economizer control, optimum

start/stop, staging, optimization, demand limiting, etc.
i. Effects of power or equipment failure with all standby component functions.
j. Sequences for all alarms and emergency shut downs.
k. Seasonal operational differences and recommendations.
l. Interactions and interlocks with other systems.

3. Include initial and recommended values for all adjustable settings, setpoints and
parameters that are typically set or adjusted by operating staff; and any other control
settings or fixed values, delays, etc. that will be useful during testing and operating the
equipment.

4. For packaged controlled equipment, include manufacturer's furnished sequence of
operation amplified as required to describe the relationship between the packaged controls
and the control system, indicating which points are adjustable control points and which
points are only monitored.

C. Control System Diagrams:  Submit graphic schematic of the control system showing each
control component and each component controlled, monitored, or enabled.
1. Label with settings, adjustable range of control and limits.
2. Include flow diagrams for each control system, graphically depicting control logic.
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3. Include the system and component layout of all equipment that the control system
monitors, enables or controls, even if the equipment is primarily controlled by packaged or
integral controls.

D. Points List:  Submit list of all control points indicating at least the following for each point.
1. Name of controlled system.
2. Point abbreviation.
3. Point description; such as dry bulb temperature, airflow, etc.
4. Display unit.
5. Control point or setpoint (Yes / No); i.e. a point that controls equipment and can have its

setpoint changed.
6. Monitoring point (Yes / No); i.e. a point that does not control or contribute to the control of

equipment but is used for operation, maintenance, or performance verification.
7. Intermediate point (Yes / No); i.e. a point whose value is used to make a calculation which

then controls equipment, such as space temperatures that are averaged to a virtual point
to control reset.

8. Calculated point (Yes / No); i.e. a “virtual” point generated from calculations of other point
values.

1.03 QUALITY ASSURANCE
A. Design system under direct supervision of a Professional Engineer experienced in design of this

work and licensed at the State in which the Project is located.
PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 DEDICATED OUTDOOR AIR SYSTEMS (DOAS)

A. Under normal operating conditions the DOAS system shall be started and stopped by the DDC
system and operation shall be based on an adjustable occupied / unoccupied schedule
coordinated with the owner's requirements. The unit shall operate during occupied periods and
remain off during unoccupied periods.

B. The DOAS unit shall not operate during scheduled building warm-up, cool-down, and
unoccupied periods.

C. Upon a call for DOAS unit operation from the DDC system, the DOAS unit intake and exhaust
air dampers shall open and the supply air and exhaust air fans Variable Frequency Drive (VFD)
controls shall gradually ramp the fans to full operation.

D. Operational Modes:
1. Heating: When the air temperature leaving the enthalpy wheel is below 60 degrees

Fahrenheit (adj.) the unit shall be in heating mode. The enthalpy wheel shall operate and
the heat pump heat shall modulate to maintain a supply air temperature of 70 degrees
Fahrenheit (adj.). The supply air temperature shall be reset based on space air
temperature as follows (locate space sensor(s) in common spaces close to a DOAS return
air device):
a. Ave. Space Air Temperature = 70 deg F: Supply Air Temperature = 70 deg F
b. Ave. Space Air Temperature = 60 deg F: Supply Air Temperature = 90 deg F

2. Backup Heating: The unit shall provide electric backup heat when the heat pump heat
cannot satisfy the supply air temperature setpoint.

3. Cooling: When the air temperature leaving the enthalpy wheel is above 70 degrees
Fahrenheit (adj.) the unit shall be in cooling mode. Modulating DX cooling and modulating
hot gas reheat shall be controlled to to maintain the supply air temperature of 70 degrees
Fahrenheit (adj.). The supply air temperature shall be reset based on space air
temperature as follows (locate space sensor(s) in common spaces close to a DOAS return
air device):
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a. Ave. Space Air Temperature = 80 deg F: Supply Air Temperature = 55 deg F
b. Ave. Space Air Temperature = 70 deg F: Supply Air Temperature = 70 deg F

4. Dehumidification: When the entering coil dewpoint exceeds 55 degrees Fahrenheit (adj.),
the unit shall be in dehumidification mode. The enthalpy wheel shall operate and
modulating DX cooling shall maintain a cooling coil saturated suction temperature of 43
degrees Fahrenheit. Dehumidification has priority over heating and cooling modes.  The
Modulating Hot Gas reheat coil will control to a leaving air temperature as governed by the
Heating and Cooling Mode reset schedules.  Saturated Suction Temperatures shall be
reset based on space relative humidity as follows (locate space sensor(s) in common
spaces close to a DOAS return air device):
a. Return Air Humidity = 50%: Saturated Suction Temperature = 38 deg F
b. Return Air Humidity = 40%: Saturated Suction Temperature = 48 deg F

5. Ventilation: This mode shall be active when there is a call for fan operation without the
requirement for heating or cooling.

E. A fan stop signal from the building fire alarm panel shall shutdown the unit.
3.02 VARIABLE REFRIGERANT FLOW SYSTEMS (VRF)

A. Under normal operating conditions the VRF system shall be started and stopped by the DDC
system and operation shall be based on an adjustable occupied / unoccupied schedule
coordinated with the owner's requirements.

B. The VRF system shall be the main source of building conditioning for building warm-up, building
cool-down, and unoccupied periods.

C. The units shall be provided with local thermostat control as indicated, the local thermostat must
be capable of being locked from local adjustment by a central controller.

D. Operational Modes:
1. Heating: The unit shall provide heat pump heating to maintain the space temperature at

the programmed setpoint.
2. Cooling: The unit shall provide cooling to maintain the space temperature at the

programmed setpoint.
3. Dry: The unit shall operate in the manufacturer's "dry" mode of operation to maintain the

space relative humidity at the programmed setpoint.
3.03 MINI-SPLIT HEAT PUMP SYSTEMS

A. Under normal operating conditions the system shall be started and stopped by a local, stand
alone thermostat.

B. Operational Modes:
1. Heating: The unit shall provide heat pump heating to maintain the space temperature at

the programmed setpoint.
2. Cooling: The unit shall provide cooling to maintain the space temperature at the

programmed setpoint.
3. Dry: The unit shall operate in the manufacturer's "dry" mode of operation to maintain the

space relative humidity at the programmed setpoint.
3.04 RADIATION

A. Single temperature room thermostat set at 70 degrees F maintains constant space temperature
by energizing electric heaters.

3.05 EXHAUST AND TRANSFER AIR FANS
A. Refer to Equipment Schedule on the plan documents for control requirements.

END OF SECTION 23 0993
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SECTION 23 2300
REFRIGERANT PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Piping.
B. Moisture and liquid indicators.
C. Valves.
D. Strainers.
E. Check valves.
F. Filter-driers.
G. Expansion valves.

1.02 REFERENCE STANDARDS
A. AHRI 750 - Thermostatic Refrigerant Expansion Valves; 2007.
B. ASHRAE Std 15 - Safety Standard for Refrigeration Systems; 2013.
C. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2013.
D. ASME B31.5 - Refrigeration Piping and Heat Transfer Components; 2016.
E. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and

Refrigeration Field Service; 2016.
F. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2011-AMD 1.
G. ICC (IMC)-2018 - International Mechanical Code; 2018.
H. UL 207 - Standard for Refrigerant-Containing Components and Accessories, Nonelectrical;

Current Edition, Including All Revisions.
1.03 SUBMITTALS

A. Product Data:  Provide general assembly of specialties, including manufacturers catalogue
information.  Provide manufacturers catalog data including load capacity.

1.04 QUALITY ASSURANCE
A. Designer Qualifications:  Design piping system under direct supervision of a Professional

Engineer experienced in design of this type of work.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store piping and specialties in shipping containers with labeling in place.
B. Protect piping and specialties from entry of contaminating material by leaving end caps and

plugs in place until installation.
C. Dehydrate and charge components such as piping and receivers, seal prior to shipment, until

connected into system.
PART 2  PRODUCTS
2.01 SYSTEM DESCRIPTION

A. Where more than one piping system material is specified ensure system components are
compatible and joined to ensure the integrity of the system is not jeopardized.  Provide
necessary joining fittings.  Ensure flanges, union, and couplings for servicing are consistently
provided.

B. Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise.
C. Liquid Indicators:
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1. Use line size liquid indicators in main liquid line leaving condenser.
2. If receiver is provided, install in liquid line leaving receiver.

D. Valves:
1. Use service valves on suction and discharge of compressors.
2. Use gauge taps at compressor inlet and outlet.
3. Use gauge taps at hot gas bypass regulators, inlet and outlet.
4. Use check valves on compressor discharge.

E. Refrigerant Charging (Packed Angle) Valve:  Use in liquid line between receiver shut-off valve
and expansion valve.

F. Filter-Driers:
1. Use a filter-drier immediately ahead of liquid-line controls, such as thermostatic expansion

valves, solenoid valves, and moisture indicators.
2.02 REGULATORY REQUIREMENTS
2.03 PIPING

A. Copper Tube:  ASTM B280, H58 hard drawn or O60 soft annealed.
1. Fittings:  ASME B16.22 wrought copper.
2. Joints:  Braze, AWS A5.8M/A5.8 BCuP silver/phosphorus/copper alloy.
3. Mechanical Press Sealed Fittings:  Double pressed type complying with UL 207 and ICC

(IMC)-2018.
B. Pipe Supports and Anchors:

1. Conform to ASME B31.5.
2. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch:  Malleable iron adjustable swivel, split ring.
3. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.
4. Vertical Support:  Steel riser clamp.
5. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.
6. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.
7. Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded

connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms;
size inserts to suit threaded hanger rods.

2.04 MOISTURE AND LIQUID INDICATORS
A. Indicators:  Single port type, UL listed, with copper or brass body, flared or soldered ends, sight

glass, color coded paper moisture indicator with removable element cartridge and plastic cap;
for maximum temperature of 200 degrees F and maximum working pressure of 500 psi.

2.05 VALVES
A. Ball Valves:

1. Two piece bolted forged brass body with teflon ball seals and copper tube extensions,
brass bonnet and seal cap, chrome plated ball, stem with neoprene ring stem seals; for
maximum working pressure of 500 psi and maximum temperature of 300 degrees F.

B. Service Valves:
1. Forged brass body with copper stubs, brass caps, removable valve core, integral ball

check valve, flared or soldered ends, for maximum pressure of 500 psi.
2.06 STRAINERS

A. Straight Line or Angle Line Type:
1. Brass or steel shell, steel cap and flange, and replaceable cartridge, with screen of

stainless steel wire or monel reinforced with brass; for maximum working pressure of 430
psi.
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2.07 CHECK VALVES
A. Straight Through Type:

1. Brass body and disc, phosphor-bronze or stainless steel spring, neoprene seat; for
maximum working pressure of 500 psi and maximum temperature of 200 degrees F.

2.08 FILTER-DRIERS
A. Performance:

1. Pressure Drop:  2 psi, maximum, when operating at full connected evaporator capacity.
2. Design Working Pressure:  350 psi, minimum.

B. Cores:  Molded or loose-fill molecular sieve desiccant compatible with refrigerant, activated
alumina, activated charcoal, and filtration to 40 microns, with secondary filtration to 20 microns;
of construction that will not pass into refrigerant lines.

C. Construction:  UL listed.
1. Connections:  As specified for applicable pipe type.

2.09 EXPANSION VALVES
A. Angle or Straight Through Type:  AHRI 750; design suitable for refrigerant, brass body, internal

or external equalizer, bleed hole, adjustable superheat setting, replaceable inlet strainer, with
nonreplaceable capillary tube and remote sensing bulb and remote bulb well.

B. Selection:  Evaluate refrigerant pressure drop through system to determine available pressure
drop across valve.  Select valve for maximum load at design operating pressure and minimum
10 degrees F superheat.  Select to avoid being undersized at full load and excessively
oversized at part load.

2.10 ELECTRONIC EXPANSION VALVES
A. Valve:

1. Brass body with flared or soldered connection, needle valve with floating needle and
machined seat, stepper motor drive.

B. Evaporation Control System:
1. Electronic microprocessor based unit in enclosed case, proportional integral control with

adaptive superheat, maximum operating pressure function, preselection allowance for
electrical defrost and hot gas bypass.

PART 3  EXECUTION
3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Remove scale and dirt on inside and outside before assembly.
C. Prepare piping connections to equipment with flanges or unions.

3.02 INSTALLATION
A. Install refrigeration specialties in accordance with manufacturer's instructions.
B. Route piping in orderly manner, with plumbing parallel to building structure, and maintain

gradient.
C. Install piping to conserve building space and avoid interference with use of space.
D. Group piping whenever practical at common elevations and locations.  Slope piping one percent

in direction of oil return.
E. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected

equipment.
F. Pipe Hangers and Supports:
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1. Install in accordance with ASME B31.5.
2. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent

work.
3. Place hangers within 12 inches of each horizontal elbow.
4. Where several pipes can be installed in parallel and at same elevation, provide multiple or

trapeze hangers.
5. Provide copper plated hangers and supports for copper piping.

G. Arrange piping to return oil to compressor.  Provide traps and loops in piping, and provide
double risers as required.  Slope horizontal piping 0.40 percent in direction of flow.

H. Provide clearance for installation of insulation and access to valves and fittings.
I. Provide access to concealed valves and fittings.  Coordinate size and location of access doors

with Section 08 3100.
J. Flood piping system with nitrogen when brazing.
K. Insulate piping and equipment.
L. Follow ASHRAE Std 15 procedures for charging and purging of systems and for disposal of

refrigerant.
M. Provide replaceable cartridge filter-driers, with isolation valves and valved bypass.
N. Locate expansion valve sensing bulb immediately downstream of evaporator on suction line.
O. Fully charge completed system with refrigerant after testing.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Test refrigeration system in accordance with ASME B31.5.
C. Pressure test system with dry nitrogen to 200 psi.  Perform final tests at 27 inches vacuum and

200 psi using halide torch.  Test to no leakage.
END OF SECTION 23 2300
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SECTION 23 3100
HVAC DUCTS AND CASINGS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Metal ductwork.
B. Nonmetal ductwork.

1.02 REFERENCE STANDARDS
A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals; 2017.
B. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2014.
C. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or

Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2015.
D. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2015a.
E. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2013.
F. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2018.
G. NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems;

2018.
H. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.
I. SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual; 2012.
J. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; current edition, including all

revisions.
1.03 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products
specified in this section, with minimum ten years of documented experience, and approved by
manufacturer.

B. Installer Qualifications:  Company specializing in performing the type of work specified in this
section, with minimum ten years of documented experience.

1.04 FIELD CONDITIONS
A. Do not install duct sealants when temperatures are less than those recommended by sealant

manufacturers.
B. Maintain temperatures within acceptable range during and after installation of duct sealants.

PART 2  PRODUCTS
2.01 DUCT ASSEMBLIES

A. Regulatory Requirements:  Construct ductwork to comply with 1 standards.
B. Ducts:  Galvanized steel, unless otherwise indicated.
C. Medium and High Pressure Supply and Return:  2 inch w.g. pressure class, galvanized steel.

2.02 MATERIALS
A. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B,

with G60/Z180 coating.
B. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.
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1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and
compatible with substrates, and recommended by manufacturer for pressure class of
ducts.

2. Surface Burning Characteristics:  Flame spread index of zero and smoke developed index
of zero, when tested in accordance with ASTM E84.

C. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, or
continuously threaded.

D. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows:
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.
2. Concrete Screw Type Anchors:  Complying with ICC-ES AC193.

E. Insulated Flexible Ducts:
1. UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by

helically wound spring steel wire; fiberglass insulation; polyethylene vapor barrier film.
a. Pressure Rating:  10 inches WG positive and 1.0 inches WG negative.
b. Maximum Velocity:  4000 fpm.
c. Temperature Range:  -20 degrees F to 210 degrees F.

2.03 DUCTWORK FABRICATION
A. Fabricate and support in accordance with SMACNA (DCS) and as indicated.
B. Provide duct material, gauges, reinforcing, and sealing for operating pressures indicated.
C. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on

centerline.  Where not possible and where rectangular elbows must be used, provide air foil
turning vanes of perforated metal with glass fiber insulation.

D. Provide  turning vanes when rectangular elbows must be used.
E. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible;

maximum 30 degrees divergence upstream of equipment and 45 degrees convergence
downstream.

F. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA (DCS).
G. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver frame,

provide blank-out panels sealing louver area around duct.  Use same material as duct, painted
black on exterior side; seal to louver frame and duct.

2.04 MANUFACTURED DUCTWORK AND FITTINGS
A. Manufacture in accordance with SMACNA HVAC Duct Construction Standards - Metal and

Flexible, and as indicated.  Provide duct material, gages,reinforcing, and sealing for operating
pressures indicated.

B. Acoustic Flexible Ducts:  UL 181, Class 1, aluminum laminate and polyester film with latex
adhesive supported by helically wound spring steel wire.
1. Insulation:  Fiberglass insulation with reinforced vapor barrier.
2. Inner Core:  Spun-bonded, non-woven inner core.
3. Pressure Rating:  10 inches wg positive and 1.0 inches wg negative.
4. Maximum Velocity:  4000 fpm.
5. Temperature Range:  Minus 20 degrees F to 210 degrees F.

C. Double Wall Insulated Round Ducts:  Round spiral lockseam duct with galvanized steel outer
wall, 1 inch thick fiberglass insulation, perforated galvanized steel inner wall; fitting with solid
inner wall.
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PART 3  EXECUTION
3.01 INSTALLATION

A. Install, support, and seal ducts in accordance with SMACNA (DCS).
B. Install in accordance with manufacturer's instructions.
C. During construction provide temporary closures of metal or taped polyethylene on open

ductwork to prevent construction dust from entering ductwork system.
D. Duct sizes indicated for round ducts are inside clear dimensions.  For lined ducts, maintain

sizes inside lining.
E. Duct sizes indicated for rectangular ducts are sheet metal dimensions.  For lined ducts, the

dimensions indicated are sheet metal dimensions.
F. Ductwork shall not be fabricated off-site prior to field verification of space available for proper

installation and clearances.  Any changes and corrections required shall be done at the
Contractor's expense.

G. Install and seal metal and flexible ducts in accordance with SMACNA HVAC Duct Construction
Standards - Metal and Flexible.

H. Provide openings in ductwork where required to accommodate thermometers and controllers. 
Provide pilot tube openings where required for testing of systems, complete with metal can with
spring device or screw to ensure against air leakage.  Where openings are provided in insulated
ductwork, install insulation material inside a metal ring.

I. Locate ducts with sufficient space around equipment to allow normal operating and
maintenance activities.

J. Duct Insulation:  Provide duct insulation in compliance with Section 23 0713.
K. At exterior wall louvers, provide double-wall insulated sheet metal duct boot sized to match the

louver dimensons.
3.02 CLEANING

A. Clean duct system and force air at high velocity through duct to remove accumulated dust.  To
obtain sufficient air, clean half the system at a time.  Protect equipment that could be harmed by
excessive dirt with temporary filters, or bypass during cleaning.

END OF SECTION 23 3100
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SECTION 23 3300
AIR DUCT ACCESSORIES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Air turning devices/extractors.
B. Backdraft dampers.
C. Duct access doors.
D. Fire dampers.
E. Flexible duct connectors.
F. Volume control dampers.

1.02 RELATED REQUIREMENTS
A. Section 23 0548 - Vibration and Seismic Controls for HVAC Ductwork Piping and Equipment.
B. Section 23 3100 - HVAC Ducts and Casings.
C. Section 23 3600 - Air Terminal Units:  Pressure regulating damper assemblies.

1.03 REFERENCE STANDARDS
A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2018.
B. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005.
C. UL 33 - Safety Heat Responsive Links for Fire-Protection Service; Current Edition, Including All

Revisions.
D. UL 555 - Standard for Fire Dampers; Current Edition, Including All Revisions.

1.04 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide for shop fabricated assemblies including volume control dampers. 

Include electrical characteristics and connection requirements.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products
specified in this section, with minimum ten years of documented experience.

1.06 DELIVERY, STORAGE, AND HANDLING
A. Protect dampers from damage to operating linkages and blades.

PART 2  PRODUCTS
2.01 AIR TURNING DEVICES/EXTRACTORS

A. Multi-blade device with blades aligned in short dimension; steel construction; with individually
adjustable blades, mounting straps.

2.02 BACKDRAFT DAMPERS
A. Manufacturers:

1. Nailor Industries, Inc:  www.nailor.com.
2. Ruskin Company, a brand of Johnson Controls:  www.ruskin.com.
3. Greenheck Fan Corporation; www.greenheck.com
4. Substitutions: See Section 23 0200 HVAC General Requirements.

B. Multi-Blade, Parallel Action Gravity Balanced Backdraft Dampers:  Galvanized steel, with center
pivoted blades of maximum 6 inch width, with felt or flexible vinyl sealed edges, linked together
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in rattle-free manner with 90 degree stop, steel ball bearings, and plated steel pivot pin;
adjustment device to permit setting for varying differential static pressure.

2.03 DUCT ACCESS DOORS
A. Manufacturers:

1. Nailor Industries, Inc:  www.nailor.com.
2. Ruskin Company, a brand of Johnson Controls:  www.ruskin.com.
3. Greenheck Fan Corporation; www.greenheck.com
4. Substitutions: See Section 23 0200 HVAC General Requirements.

B. Fabrication:  Rigid and close-fitting of galvanized steel with sealing gaskets and quick fastening
locking devices.  For insulated ducts, install minimum 1 inch thick insulation with sheet metal
cover.
1. Less Than 12 inches Square:  Secure with sash locks.
2. Up to 18 inches Square:  Provide two hinges and two sash locks.

2.04 FIRE DAMPERS
A. Manufacturers:

1. Nailor Industries, Inc:  www.nailor.com.
2. Ruskin Company, a brand of Johnson Controls:  www.ruskin.com.
3. Greenheck Fan Corporation; www.greenheck.com
4. Substitutions: See Section 23 0200 HVAC General Requirements.

B. Fabricate in accordance with NFPA 90A and UL 555, and as indicated.
C. Horizontal Dampers:  Galvanized steel, 22 gauge, 0.0299 inch frame, stainless steel closure

spring, and lightweight, heat retardant non-asbestos fabric blanket.
D. Curtain Type Dampers:  Galvanized steel with interlocking blades.  Provide stainless steel

closure springs and latches for horizontal installations.  Configure with blades out of air stream
except for 1.0 inch pressure class ducts up to 12 inches in height.

E. Multiple Blade Dampers:  16 gauge, 0.0598 inch galvanized steel frame and blades,
oil-impregnated bronze or stainless steel sleeve bearings and plated steel axles, 1/8 by 1/2 inch
plated steel concealed linkage, stainless steel closure spring, blade stops, and lock.

F. Fusible Links:  UL 33, separate at 212 degrees F with adjustable link straps for combination
fire/balancing dampers.

2.05 FLEXIBLE DUCT CONNECTORS
A. Fabricate in accordance with SMACNA (DCS) and as indicated.
B. Flexible Duct Connections:  Fabric crimped into metal edging strip.

1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A,
minimum density 30 oz per sq yd.
a. Net Fabric Width:  Approximately 2 inches wide.

2.06 VOLUME CONTROL DAMPERS
A. Manufacturers:

1. Rossi Industrial Design Firm; www.rossihardware.com
2. Nailor Industries, Inc:  www.nailor.com.
3. Ruskin Company, a brand of Johnson Controls:  www.ruskin.com.
4. Greenheck Fan Corporation; www.greenheck.com
5. Substitutions: See Section 23 0200 HVAC General Requirements.

B. Fabricate in accordance with SMACNA (DCS) and as indicated.
C. Splitter Dampers:

1. Material:  Same gauge as duct to 24 inches size in either direction, and two gauges
heavier for sizes over 24 inches.
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2. Blade:  Fabricate of single thickness sheet metal to streamline shape, secured with
continuous hinge or rod.

3. Operator:  Minimum 1/4 inch diameter rod in self aligning, universal joint action, flanged
bushing with set screw .

D. Single Blade Dampers:
1. Fabricate for duct sizes up to 12 by 12 inch.
2. Blade:  24 gage, 0.0239 inch, minimum.
3. Damper operator shall include a spring-loaded, self-locking handle and thumb trigger to

provide positive damper setpoint locking without the use of tools. Damper operator shall be
equal to Rossi Everlock model damper operator.

E. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 by 72
inch.  Assemble center and edge crimped blades in prime coated or galvanized channel frame
with suitable hardware.
1. Blade:  14 gage, 0.078 inch, minimum.
2. Damper operator shall include a spring-loaded, self-locking handle and thumb trigger to

provide positive damper setpoint locking without the use of tools. Damper operator shall be
equal to Rossi Everlock model damper operator.

F. End Bearings:  Except in round ducts 12 inches and smaller, provide end bearings.  On multiple
blade dampers, provide oil-impregnated nylon, thermoplastic elastomer, or sintered bronze
bearings.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow
SMACNA (DCS).  Refer to Section 23 3100 for duct construction and pressure class.

B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where
indicated.

C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans,
automatic dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as
indicated.    Provide minimum 8 x 8 inch size for hand access, 18 x 18 inch size for shoulder
access, and as indicated.  Provide 4 x 4 inch for balancing dampers only.  Review locations
prior to fabrication.

D. Provide fire dampers at locations indicated, where ducts and outlets pass through fire rated
components, and where required by Authorities Having Jurisdiction.  Install with required
perimeter mounting angles, sleeves, breakaway duct connections, corrosion resistant springs,
bearings, bushings and hinges.

E. Demonstrate re-setting of fire dampers to Owner's representative.
F. At fans and motorized equipment associated with ducts, provide flexible duct connections

immediately adjacent to the equipment.
G. At equipment supported by vibration isolators, provide flexible duct connections immediately

adjacent to the equipment.
H. Provide balancing dampers at points on supply, return, and exhaust systems where branches

are taken from larger ducts as required for air balancing.  Install minimum 2 duct widths from
duct take-off.

I. Use splitter dampers only where indicated.
J. 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.
END OF SECTION 23 3300
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SECTION 23 3423
HVAC POWER VENTILATORS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Ceiling exhaust fans.
1.02 RELATED REQUIREMENTS

A. Section 23 0548 - Vibration and Seismic Controls for HVAC Ductwork Piping and Equipment.
B. Section 23 3300 - Air Duct Accessories:  Backdraft dampers.

1.03 REFERENCE STANDARDS
A. AMCA (DIR) - (Directory of) Products Licensed Under AMCA International Certified Ratings

Program; 2015.
B. AMCA 99 - Standards Handbook; 2016.
C. AMCA 204 - Balance Quality and Vibration Levels for Fans; 2005.
D. AMCA 210 - Laboratory Methods of Testing Fans for Certified Aerodynamic Performance

Rating; 2016.
E. AMCA 300 - Reverberant Room Method for Sound Testing of Fans; 2014.
F. AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; 2014.
G. NFPA 96 - Standard for Ventilation Control and Fire Protection of Commercial Cooking

Operations; 2017.
H. UL 762 - Outline of Investigation for Power Roof Ventilators for Restaurant Exhaust Appliances;

Current Edition, Including All Revisions.
1.04 SUBMITTALS

A. Product Data:  Provide data on fans and accessories, including fan curves with specified
operating point plotted, power, rpm, sound power levels at rated capacity, and electrical
characteristics and connection requirements.

1.05 FIELD CONDITIONS
A. Request Owner permission to use permanent ventilator(s) for ventilation during construction.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Greenheck Fan Corporation:  www.greenheck.com.
B. Loren Cook Company:  www.lorencook.com/#sle.
C. Substitutions: See Section 23 0200 HVAC General Requirements.

2.02 POWER VENTILATORS - GENERAL
A. Static and Dynamically Balanced:  Comply with AMCA 204.
B. Performance Ratings:  Comply with AMCA 210, bearing certified rating seal.
C. Sound Ratings:  Comply with AMCA 301, tested to AMCA 300, bearing certified sound ratings

seal.
D. Fabrication:  Comply with AMCA 99.
E. Electrical Components:  Listed and classified by Underwriters Laboratories Inc. as suitable for

the purpose specified and indicated.
F. Bearings: Fan products with shaft diameters larger than 3/4 inch and motors larger than one

horsepower shall be be air handling quality, heavy duty grease lubricated, ball or roller type.
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Bearings shall be selected for a Basic Rating Life, (L10 ) of 80,000 hours at maximum operating
speed and horsepower for each construction level.

G. Kitchen Hood Exhaust Fans:  Comply with requirements of NFPA 96 and UL 762.
2.03 CEILING EXHAUST FANS

A. Centrifugal Fan Unit:  V-belt or direct driven with galvanized steel housing lined with acoustic
insulation, resilient mounted motor, gravity backdraft damper in discharge, and fan speed
controller mounted in unit housing or remotely mounted.

B. Disconnect Switch:  Cord and plug-in housing for thermal overload protected motor and wall
mounted switch.

C. Grille:  Aluminum with baked white enamel finish.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Hung Cabinet Fans:

1. Install fans with resilient mountings and flexible electrical leads, see Section 23 0548.
2. Install flexible connections specified in Section 23 3300 between fan and ductwork. 

Ensure metal bands of connectors are parallel with minimum one inch flex between
ductwork and fan while running.

C. Provide backdraft dampers on outlet from cabinet and ceiling exhauster fans and as indicated.
END OF SECTION 23 3423
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SECTION 23 3700
AIR OUTLETS AND INLETS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Diffusers:
B. Rectangular ceiling diffusers.
C. Registers/grilles:

1. Ceiling-mounted, exhaust and return register/grilles.
D. Louvers:

1. Combination louvers.
E. Louvered penthouses.

1.02 REFERENCE STANDARDS
A. ASHRAE Std 70 - Method of Testing the Performance of Air Outlets and Inlets; 2006

(Reaffirmed 2011).
1.03 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets as

to size, finish, and type of mounting prior to submission.  Submit schedule of outlets and inlets
showing type, size, location, application, and noise level.

1.04 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum ten years of documented experience.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Hart & Cooley, Inc:  www.hartandcooley.com/#sle.
B. Metalaire, a brand of Metal Industries Inc:  www.metalaire.com/#sle.
C. Price Industries:  www.price-hvac.com/#sle.
D. Titus, a brand of Air Distribution Technologies:  www.titus-hvac.com/#sle.
E. Substitutions: See Section 23 0200 HVAC General Requirements.

2.02 RECTANGULAR CEILING DIFFUSERS
A. Type:  Provide square and rectangular, adjustable pattern diffuser to discharge air in four way

pattern.
B. Connections:  As indicated on drawings.
C. Frame:  Provide surface mount and inverted T-bar type.
D. Fabrication:  Aluminum with baked enamel finish.
E. Color:  As indicated.
F. Accessories:  Provide aluminum opposed blade damper volume control damper; gaskets for

surface mounted diffusers with damper adjustable from diffuser face.
2.03 CEILING GRID CORE EXHAUST AND RETURN REGISTERS/GRILLES

A. Type:  Fixed grilles of 1/2 x 1/2 x 1/2 inch louvers.
B. Fabrication:  Aluminum with factory finish as indicated on the drawings.
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C. Frame:  Channel lay-in frame for suspended grid ceilings.
D. Damper:  Where required, Integral, gang-operated, opposed blade type with removable key

operator, operable from face.
E. Filter Housing: Where indicated, 2" thickness filter housing with hinged face air device to

provide filter access from face of air device.
2.04 WALL SUPPLY REGISTERS/GRILLES

A. Type:  Streamlined and individually adjustable blades, 3/4 inch minimum depth, 3/4 inch
maximum spacing with spring or other device to set blades, vertical face, single deflection.

B. Frame:  1-1/4 inch margin with countersunk screw mounting and gasket.
C. Fabrication:  Aluminum extrusions with factory factory baked enamel finish.
D. Color:  As indicated.
E. Damper:  Integral, gang-operated opposed blade type with removable key operator, operable

from face.
2.05 WALL EXHAUST AND RETURN REGISTERS/GRILLES

A. Type:  Streamlined blades, 3/4 inch minimum depth, 3/4 inch maximum spacing, with spring or
other device to set blades, vertical face.

B. Frame:  1-1/4 inch margin with countersunk screw mounting.
C. Fabrication:  Aluminum extrusions, with factory baked enamel finish.
D. Color:  As indicated on the drawings.
E. Damper:  Where required, Integral, gang-operated, opposed blade type with removable key

operator, operable from face.
2.06 LOUVERS 

A. Type:  4 inch deep frame with blades on 45 degree slope with center baffle and return bend,
heavy channel frame, 1/2 inch square mesh screen over intake or exhaust end. Louver design
shall inhibit the passage of wind driven rain.

B. Fabrication:  Aluminum welded assembly, with factory fluoropolymer spray finish.
C. Color:  To be selected by Architect from manufacturer's standard range.

2.07 COMBINATION LOUVERS
A. Damper-combined, drainable louver:
B. Size:  As indicated on the drawings.
C. Material:  Extruded aluminum.
D. Paint Finish and Color:  As indicated on the drawings.
E. Linkage:  Concealed in frame.
F. Actuator: As indicated on the drawings.

2.08 LOUVERED PENTHOUSES
A. Type:  All welded assembly with 4 inch deep louvers, mitered corners, sheet aluminum roof,

with factory fluoropolymer spray finish.
B. Hood Liner Insulation:  The removable cover shall be lined with fiberglass insulation to prevent

condensation.
C. Color:  To be selected by Architect/Engineer from manufacturer's full range.
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PART 3  EXECUTION
3.01 INSTALLATION 

A. Install in accordance with manufacturer's instructions.
B. Check location of outlets and inlets and make necessary adjustments in position to comply with

architectural features, symmetry, and lighting arrangement.
C. Install diffusers to ductwork with air tight connection.
D. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite

whether dampers are specified as part of the diffuser, or grille and register assembly.
E. Paint ductwork visible behind air outlets and inlets matte black.  Refer to Section 09 9123.

END OF SECTION 23 3700
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SECTION 23 4000
HVAC AIR CLEANING DEVICES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Disposable panel filters.
1.02 REFERENCE STANDARDS

A. UL 900 - Standard for Air Filter Units; Current Edition, Including All Revisions.
1.03 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data on filter media, filter performance data, filter assembly and filter

frames, dimensions, motor locations and electrical characteristics and connection requirements.
C. Shop Drawings:  Indicate filter assembly and filter frames, dimensions, motor locations, and

electrical characteristics and connection requirements.
PART 2  PRODUCTS
2.01 FILTER MANUFACTURERS

A. American Filtration Inc:  www.americanfiltration.com/#sle.
B. AAF International/American Air Filter:  www.aafintl.com.
C. The Camfil Group:  www.camfilfarr.com.
D. Substitutions: See Section 23 0200 HVAC General Requirements.

2.02 DISPOSABLE PANEL FILTERS
A. Media:  UL 900 Class 2, fiber blanket, factory sprayed with flameproof, non-drip, non-volatile

adhesive.
1. Minimum nominal thickness:  2 inch.

B. Performance Rating:
1. Face Velocity:  500 FPM.
2. MERV 13 efficiency rating.

C. Holding Frames:  20 gauge, 0.0359 inch minimum galvanized steel frame with expanded metal
grid on outlet side and steel rod grid on inlet side, hinged with pull and retaining handles.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install air cleaning devices in accordance with manufacturer's instructions.
B. Prevent passage of unfiltered air around filters with felt, rubber, or neoprene gaskets.
C. Do not operate fan system until filters (temporary or permanent) are in place.  Replace

temporary filters used during construction and testing, with clean set.
END OF SECTION 23 4000
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SECTION 23 7310
OUTDOOR CONDENSERS / CONDENSING UNITS

PART 1 - GENERAL
1.01 GENERAL DESCRIPTION

A. This section includes the design, controls and installation requirements for air-cooled
condensers / condensing units.

1.02 QUALITY ASSURANCE
A. Unit shall be certified in accordance with UL Standard 1995/CSA C22.2 No. 236, Safety

Standard for Heating and Cooling Equipment.
B. Unit and refrigeration system shall comply with ASHRAE 15, Safety Standard for Mechanical

Refrigeration.
C. System Seasonal Energy Efficiency Ratio/Energy Efficiency Ratio (SEER/EER) shall be equal to

or greater than prescribed by ASHRAE 90.1, Energy Efficient Design of New Buildings except
Low-Rise Residential Buildings.

D. Unit shall be safety certified by ETL and be ETL US and ETL Canada listed. Unit nameplate
shall include the ETL/ETL Canada label.

1.03 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data: Literature shall be provided that indicates dimensions, operating and shipping

weights, capacities, ratings, factory supplied accessories, electrical characteristics, and
connection requirements. Installation, Operation and Maintenance manual with startup
requirements shall be provided.

C. Shop Drawings: Unit drawings shall be provided that indicate assembly, unit dimensions,
construction details, clearances, and connection details. Wiring diagram shall be provided with
details for both power and control systems and differentiate between factory installed and field
installed wiring.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Unit shall be shipped with doors bolted shut to prevent damage during transport and thereafter

while in storage awaiting installation.
B. Follow Installation, Operation and Maintenance manual instructions for rigging, moving, and

unloading the unit at its final location.
C. Unit shall be stored in a clean, dry place protected from construction traffic in accordance with

the Installation, Operation and Maintenance manual.
1.05 WARRANTY

A. Manufacturer shall provide a limited “parts only” warranty for a period of 12 months from the
date of equipment startup or 18 months from the date of original equipment shipment from the
factory, whichever is less. Warranty shall cover material and workmanship that prove defective,
within the specified warranty period, provided manufacturer’s written instructions for installation,
operation and maintenance have been followed. Warranty excludes parts associated with
routine maintenance and refrigerant.

PART 2 - PRODUCTS
2.01 MANUFACTURER

A. Products shall be provided by the following manufacturers:
1. AAON
2. Substitutions:  See Section 23 0200 - HVAC General Requirements.
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a. The system has been designed based on specific capacities and characteristics of
equipment specified in this section and other sections.

b. When substitution of a different manufacturer or model number is desired, submit
sufficient information to demonstrate to the Engineer that the substitute will have the
same or better performance as that specified AND that the related equipment in the
system will perform acceptably with the substitute.

c. If the related equipment must be modified to perform acceptably with the substitute,
the entity proposing the substitution is responsible for all additional costs due to
re-design and provision of different related equipment.

3. Substitute equipment may be considered for approval that includes at a minimum:
a. R-410A refrigerant
b. Hinged access doors with lockable handles
c. Variable capacity compressor with 10-100% capacity
d. All other provisions of the specifications must be satisfactorily addressed

2.02 CONDENSING UNITS
A. General Description

1. Condensing unit shall include compressors, air-cooled condenser coils, condenser fans,
suction and liquid connection valves, and unit controls.

2. Condenser shall include air-cooled condenser coils, condenser fans, discharge and liquid
connection valves, and unit controls.

3. Unit shall be factory assembled and tested including leak testing of the coil and run testing
of the completed unit. Run test report shall be supplied with the unit in the controls
compartment’s literature pocket.

4. Unit shall have decals and tags to indicate lifting and rigging, service areas and caution
areas for safety and to assist service personnel.

5. Unit components shall be labeled, including split system piping stub outs, refrigeration
system components and electrical and controls components.

6. Installation, Operation and Maintenance manual shall be supplied within the unit.
7. Laminated color-coded wiring diagram shall match factory installed wiring and shall be

affixed to the interior of the control compartment’s access door.
8. Unit nameplate shall be provided in two locations on the unit, affixed to the exterior of the

unit and affixed to the interior of the control compartment’s access door.
B. Construction

1. Unit shall be completely factory assembled, piped, wired and shipped in one section.
2. Unit shall be specifically designed for outdoor application.
3. Access to compressors and controls components shall be through hinged access doors

with quarter turn, lockable handles.
4. Exterior paint finish shall be capable of withstanding at least 2,500 hours, with no visible

corrosive effects, when tested in a salt spray and fog atmosphere in accordance with
ASTM B 117-95 test procedure.

5. Unit shall include lifting lugs.
C. Electrical

1. Unit shall be provided with standard power block for connecting power to the unit.
2. Control circuit transformer and wiring shall provide 24 VAC control voltage from the line

voltage provided to the unit.
3. Options:

a. 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 the outdoor 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
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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 insure 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
energize, and auxiliary heat shall de-energize.

b. Unit shall be provided with a factory installed and factory wired, non-fused disconnect
switch.

c. Unit shall be provided with factory installed and field wired 115V, 15 amp GFI outlet in
the unit control panel.

d. Unit shall be provided with phase and brown out protection which shuts down all
motors in the unit if the electrical phases are more that 10% out of balance on voltage,
the voltage is more that 10% under design voltage, or on phase reversal.

D. Refrigeration System
1. Compressors shall be R-410A scroll type with thermal overload protection and carry a 1

year non-prorated warranty, from the date of original equipment shipment from the factory.
Each compressor shall be furnished with a crankcase heater.

2. Compressors shall be mounted in an isolated service compartment which can be
accessed without affecting unit operation. Lockable hinged access doors shall provide
access to the compressors.

3. Compressors shall be isolated from the base pan with the compressor manufacturer’s
recommended rubber vibration isolators, to reduce any transmission of sound from the
compressors into the building area.

4. Each refrigeration circuit shall be equipped with automatic reset low pressure and manual
reset high pressure refrigerant safety controls, Schrader type service fittings on both the
high pressure and low pressure sides, and service valves for liquid and suction
connections. Liquid line filter driers shall be factory provided. Finished field installed
refrigerant circuits shall include the low side cooling components, refrigerant, thermal
expansion valve, liquid line, insulated hot gas line, and insulated suction line.

5. Unit shall include a factory holding charge of R-410A refrigerant and oil.
6. Unit shall include 10-100% variable capacity capacity control as noted in schedule.
7. Each capacity stage shall be equipped with a 5 minute off delay timer to prevent

compressor short cycling.  Each capacity stage shall be equipped with an adjustable 20
second delay timer to prevent multiple capacity stages from starting simultaneously.

8. The unit shall be capable of stable cooling operation to a minimum of 55°F outdoor
temperature.

9. Options:
a. Compressors shall carry a 5 year non-prorated warranty from the date of original

equipment shipment from the factory.
b. All refrigeration circuits shall include a 10-100% variable capacity compressor.
c. Lead refrigeration circuit shall be provided with hot gas reheat coil in the matching air

handler, modulating valves, electronic controller, supply air temperature sensor and a
dehumidification control signal terminal which allow the unit to have a dehumidification
mode of operation, which includes supply air temperature control to prevent supply air
temperature swings and overcooling of the space.

d. Electronically commutated motor driven or Variable frequency drive controlled variable
speed condenser fans shall be provided for head pressure control and allow operation
down to 25°F.

e. Condensing unit shall be provided with adjustable on/off condenser fan cycling head
pressure control and adjustable compressor lockout to allow cooling operation down
to 25°F.
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f. Each refrigeration circuit shall be equipped with a liquid line sight glass.
g. Each refrigeration circuit shall be equipped with suction and discharge compressor

isolation valves.
E. Condensers

1. Air-Cooled Condenser
a. Condenser fans shall be vertical discharge, axial flow, direct drive fans.
b. Fan motor shall be weather protected, single phase, direct drive, and open drip proof

with inherent overload protection.
c. Coils shall be designed for use with R-410A refrigerant and constructed of copper

tubes with aluminum (copper) fins mechanically bonded to the tubes and aluminum
end casings. Fin design shall be sine wave rippled.

d. Coils shall be designed for a minimum of 10°F of refrigerant sub-cooling.
2. Coils shall be hydrogen or helium leak tested.

F. Controls
1. Standard Terminal Block

a. Unit shall be provided with a terminal block for field installation of controls.  Option
shall include factory installed isolation relays.

PART 3 - EXECUTION
3.01 INSTALLATION, OPERATION, AND MAINTENANCE

A. Installation, Operation and Maintenance manual shall be supplied with the unit.
B. Installing contractor shall install unit, including field installed components, in accordance with

Installation, Operation and Maintenance manual instructions.
C. Start up and maintenance requirements shall be complied with to ensure safe and correct

operation of the unit.
END OF SECTION 23 7310
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SECTION 23 7311
VERTICAL INDOOR AIR HANDLING UNITS

PART 1 - GENERAL
1.01 GENERAL DESCRIPTION

A. This section includes the design, controls and installation requirements for indoor air handling
units.

1.02 QUALITY ASSURANCE
A. Unit shall be certified in accordance with UL Standard 1995/CSA C22.2 No. 236, Safety

Standard for Heating and Cooling Equipment.
B. Unit and refrigeration system shall comply with ASHRAE 15, Safety Standard for Mechanical

Refrigeration.
C. Unit shall be safety certified by ETL and be ETL US and ETL Canada listed. Unit nameplate

shall include the ETL/ETL Canada label.
1.03 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data: Literature shall be provided that indicates dimensions, operating and shipping

weights, capacities, ratings, fan performance, filter information, factory supplied accessories,
electrical characteristics, and connection requirements. Installation, Operation and Maintenance
manual with startup requirements shall be provided.

C. Shop Drawings: Unit drawings shall be provided that indicate assembly, unit dimensions,
construction details, clearances, and connection details. Computer generated fan curves for
each blower shall be submitted with specific design operation point noted. Wiring diagram shall
be provided with detail for power and control systems and differentiate between factory installed
and field installed wiring.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Unit shall be wrapped in plastic prior to shipment to prevent damage during transport and

thereafter while in storage awaiting installation.
B. Follow Installation, Operation and Maintenance manual instructions for rigging, moving, and

unloading the unit at its final location.
C. Unit shall be handled carefully to avoid damage to components, enclosures and finish.
D. Unit shall be stored in a clean, dry place protected from weather and construction traffic in

accordance with Installation, Operation and Maintenance manual instructions.
E. Options:

1. Unit shall be plastic shrink-wrapped prior to shipment to prevent damage during transport
and thereafter while in storage awaiting installation.

2. Unit shall be crated for (overseas) shipment.  Crate shall be fabricated of dimensional
lumber and plywood.

1.05 WARRANTY
A. Manufacturer shall provide a limited “parts only” warranty for a period of 12 months from the

date of equipment start up or 18 months from the date of original equipment shipment from the
factory, whichever is less. Warranty shall cover material and workmanship that prove defective,
within the specified warranty period, provided manufacturer’s written instructions for installation,
operation, and maintenance have been followed. Warranty excludes parts associated with
routine maintenance, such as belts and air filters.
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PART 2 - PRODUCTS
2.01 MANUFACTURER

A. Products shall be provided by the following manufacturers:
1. AAON
2. Substitutions:  See Section 23 0200 - HVAC General Requirements.

a. The system has been designed based on specific capacities and characteristics of
equipment specified in this section and other sections.

b. When substitution of a different manufacturer or model number is desired, submit
sufficient information to demonstrate to the Engineer that the substitute will have the
same or better performance as that specified AND that the related equipment in the
system will perform acceptably with the substitute.

c. If the related equipment must be modified to perform acceptably with the substitute,
the entity proposing the substitution is responsible for all additional costs due to
re-design and provision of different related equipment.

3. Substitute equipment may be considered for approval that includes at a minimum:
a. R-410A refrigerant
b. Double wall cabinet construction
c. Insulation with a minimum R-value of 6.25
d. Double sloped stainless steel drain pans
e. Hinged access doors with lockable handles
f. ECM driven direct drive backward curved plenum supply fans
g. All other provisions of the specifications must be satisfactorily addressed

2.02 AIR HANDLING UNITS
A. General Description

1. Indoor air handling units shall include filters, supply fans, DX evaporator coil, reheat coil,
electric heaters, energy recovery wheel, and unit controls.

2. Unit shall have a draw-through supply fan configuration and discharge air vertically as
noted in the equipment schedule.

3. Unit shall be factory assembled and tested including leak testing of the coils and run
testing of the supply fans and factory wired electrical system. Run test report shall be
supplied with the unit.

4. Unit shall have decals and tags to indicate lifting and rigging, service areas, and caution
areas for safety and to assist service personnel.

5. Unit components shall be labeled, including pipe stub outs, refrigeration system
components and electrical and controls components.

6. Installation, Operation and Maintenance manual shall be supplied within the unit.
7. Laminated color-coded wiring diagram shall match factory installed wiring and shall be

affixed to the interior of the control compartment’s access door.
8. Unit nameplate shall be provided in two locations on the unit, affixed to the exterior of the

unit and affixed to the interior of the control compartment’s access door.
B. Construction

1. All cabinet walls and access doors shall be fabricated of double wall, impact resistant, rigid
polyurethane foam panels.

2. Unit insulation shall have a minimum thermal resistance R-value of 6.25.
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
accumulation on the insulation, provides a cleanable interior, prevents heat transfer
through the panel and prevents exterior condensation on the panel.

4. Unit shall be designed to reduce air leakage and infiltration through the cabinet. Sealing
shall be included between panels and between access doors and openings to reduce air
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leakage. Piping and electrical conduit through cabinet panels shall include sealing to
reduce air leakage.

5. Access to filters, cooling coil, reheat coil, heating coil, supply fans and electrical and
controls components shall be through hinged service access doors.

6. Access doors shall be flush mounted to cabinetry. Coil access door and supply fan access
door shall include quarter-turn lockable handles. Supply fan access door shall include
removable pin hinges.

7. Units with cooling coils shall include sloped 304 stainless steel drain pan. Drain pan
connection shall be on left hand (right hand) side of the unit.

8. Cooling coils shall be mechanically supported above the drain pan by multiple supports
that allow drain pan cleaning and coil removal.

C. Electrical
1. Unit shall be provided with an external control panel with separate low voltage control

wiring with conduit and high voltage power wiring with conduit between the control panel
and the unit. Control panel shall be field mounted.

2. Unit shall be provided with standard power block for connecting power to the unit.
3. Unit shall include a factory installed 24V control circuit transformer.
4. Options:

a. Unit shall be provided with phase and brownout protection which shuts down all
electrical components in the unit if the electrical phases are more that 10% out of
balance on voltage, the voltage is more that 10% under design voltage or on phase
reversal.

D. Supply Fans
1. Unit shall include direct drive unhoused, backward curved, plenum supply fans.
2. Motor shall be a high efficiency electronically commutated motor.
3. Blower and motor assembly shall be dynamically balanced.
4. Blower and motor assembly shall be mounted to isolate assembly vibration.
5. Options:

a. ECM driven supply fan cfm setpoint shall be set with factory installed potentiometer
within the control compartment.

E. Cooling Coil
1. Evaporator Coil

a. Coil shall be designed for use with R-410A refrigerant and constructed of copper
tubes with aluminum fins mechanically bonded to the tubes and aluminum end
casings. Fin design shall be sine wave rippled.

b. Coil with two circuits shall have interlaced circuitry.
c. Coil shall have 6 rows and minimum 10 fins per inch.
d. Coil shall be hydrogen or helium leak tested.
e. Coil shall be furnished with a factory installed thermostatic expansion valves. The

sensing bulbs shall be field installed on the suction line immediately outside the
cabinet.

f. Coil shall have external piping connections. Liquid and suction connections shall be
sweat connection. Coil connections shall be labeled, extend beyond the unit casing
and be factory sealed on both the interior and exterior of the unit casing, to minimize
air leakage.

F. Refrigeration System
1. Air handling unit and matching condensing unit shall be capable of operation as an R-410A

split system air conditioner as noted in the equipment schedule.
2. Each refrigeration circuit shall be equipped with thermostatic expansion valve type

refrigerant flow control.
3. Options:
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a. Modulating hot gas reheat shall be provided on the lead refrigeration circuit.
Refrigeration circuit shall be provided with hot gas reheat coil, modulating valves,
electronic controller, supply air temperature sensor and a dehumidification control
signal terminal which allow the unit to have a dehumidification mode of operation,
which includes supply air temperature control to prevent supply air temperature
swings and overcooling of the space. Modulating reheat valves shall be factory
installed in the matching AAON condensing unit. Reheat line connections shall be
labeled, extend beyond the unit casing and be located near the suction and liquid line
connections for ease of field connection. Connections shall be factory sealed on both
the interior and exterior of the unit casing to minimize air leakage.

b. Refrigeration circuit shall be equipped with a liquid line sight glass.
G. Electric Heating

1. Unit shall include an include electric heater consisting of electric heating coils, fuses, and a
high temperature limit switch, with capacities as shown on the plans.

2. Electric heating coils shall be located in the reheat position downstream of the supply fans.
3. Options:

a. Electric heat shall have fully modulating capacity controlled by an SCR (Silicon
Controlled Rectifier). A 0-10 VDC heating control signal shall be field provided to
control the amount of heating.

H. Filters
1. Options:

a. Unit shall include 4 inch thick, pleated panel filters with an ASHRAE efficiency of 85%
and a MERV rating of 13, upstream of the cooling coil. (Unit shall also include 2 inch
thick, pleated panel pre filters with an ASHRAE efficiency of 30% and MERV rating of
8, upstream of the 4 inch standard filters.)

b. Unit shall include factory installed Magnehelic gauge measuring the pressure drop
across the filter rack.

I. Energy Recovery
1. Unit shall contain a factory mounted and tested energy recovery wheel. The energy

recovery wheel shall be mounted in a rigid frame containing the wheel drive motor, drive
belt, wheel seals and bearings. Frame shall slide out for service and removal from the
cabinet.

2. The energy recovery component shall incorporate a rotary wheel in an insulated cassette
frame complete with seals, drive motor and drive belt.

3. Wheels shall be wound continuously with one flat and one structured layer in an ideal
parallel plate geometry providing laminar flow and minimum pressure drop-to-efficiency
ratios. The layers shall be effectively captured in aluminum and stainless steel segment
frames that provide a rigid and self-supporting matrix.

4. Wheels shall be provided with removable energy transfer matrix. Wheel frame
construction shall be a welded hub, spoke and rim assembly of stainless, plated and/or
coated steel and shall be self-supporting without matrix segments in place. Segments shall
be removable without the use of tools to facilitate maintenance and cleaning. Wheel
bearings shall be selected to provide an L-10 life in excess of 400,000 hours. Rim shall be
continuous rolled stainless steel and the wheel shall be connected to the shaft by means of
taper locks.

5. 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
without the need for external tensioners or adjustment.

6. 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
supplied with a service connector or junction box. Thermal performance shall be certified
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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.

7. 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 AAON 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 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.

8. Hinged service access door shall allow access to the wheel.
9. Options:

a. 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 not dissolve nor deliquesce in the presence of
water or high humidity.

J. Controls
1. Unit shall be provided with an external control panel with separate low voltage control

wiring with conduit and high voltage power wiring with conduit between the control panel
and the unit. Control panel shall be field mounted.

2. Options:
a. Factory Installed and Factory Provided Controller

1) Unit controller shall be capable of controlling all features and options of the unit.
Controller shall be factory installed in the unit controls compartment and factory
tested.

2) Controller shall be capable of stand alone operation with unit configuration,
setpoint adjustment, sensor status viewing, unit alarm viewing, and occupancy
scheduling available without dependence on a building management system.

3) Controller shall have an onboard clock and calendar functions that allow for
occupancy scheduling.

4) Controller shall include non-volatile memory to retain all programmed values,
without the use of an external battery, in the event of a power failure.

b. Make Up Air Controller
1) Unit shall modulate cooling with constant airflow to meet ventilation outside air

loads. Cooling capacity shall modulate based on supply air temperature.
2) Hot gas bypass shall be required on the lead refrigeration circuits of systems

without variable capacity compressors.
3) With modulating hot gas reheat, unit shall modulate cooling and hot gas reheat

as efficiently as possible, to meet outside air humidity loads and prevent supply
air temperature swings and overcooling of the space.

4) Outside air temperature sensor and supply air temperature sensor shall be
furnished with the unit for field installation.

5) With the modulating hot gas reheat option an outside air humidity sensor shall be
furnished with the unit for field installation. Suction pressure sensor shall be
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factory installed. Supply air temperature and space humidity setpoints, for the
dehumidification mode of operation, shall be adjustable.

c. Options:
1) Unit configuration, setpoint adjustment, sensor status viewing, unit alarm

viewing, and occupancy scheduling shall be accomplished with connection to
interface module with LCD screen and input keypad, interface module with touch
screen, or with connection to PC with free configuration software. Controller shall
be capable of connection with other factory installed and factory provided unit
controllers with individual unit configuration, setpoint adjustment, sensor status
viewing, and occupancy scheduling available from a single unit. Connection
between unit controllers shall be with a modular cable. Controller shall be
capable of communicating and integrating with a LonWorks or BACnet network.

PART 3 - EXECUTION
3.01 INSTALLATION, OPERATION, AND MAINTENANCE

A. Installation, Operation and Maintenance manual shall be supplied with the unit.
B. Installing contractor shall install unit, including field installed components, in accordance with

Installation, Operation and Maintenance manual instructions.
C. Start up and maintenance requirements shall be complied with to ensure safe and correct

operation of the unit.
END OF SECTION 23 7311
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SECTION 23 8129
VARIABLE REFRIGERANT VOLUME HVAC SYSTEM

A. Substitutions:  This section is currently based on the products of Mitsubishi HVAC, which is the
only manufacturer named. How should other manufacturers be handled?

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Variable refrigerant volume HVAC system includes:
1. Outdoor/condensing unit(s).
2. Indoor/evaporator units.
3. Heat Recovery units.
4. Refrigerant piping.
5. Control panels.
6. Control wiring.

B. Basis of Design Equipment List is in Section 23 8130.
1.02 REFERENCE STANDARDS

A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals; 2017.
B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.03 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Pre-Bid Submittals:  For proposed substitute systems/products, as defined in PART 2, and

alternate systems/products, as defined above, proposer shall submit all data described in this
article, under the terms given for substitutions stated in PART 2.

C. Product Data:  Submit manufacturer's standard data sheets showing the following for each item
of equipment, marked to correlate to equipment item markings indicated in Contract
Documents:
1. Outdoor/Central Units:

a. Refrigerant Type and Size of Charge.
b. Cooling Capacity:  Btu/h.
c. Heating Capacity:  Btu/h.
d. Cooling Input Power:  Btu/h.
e. Heating Input Power:  Btu/h.
f. Operating Temperature Range, Cooling and Heating.
g. Air Flow:  Cubic feet per minute.
h. Sound Pressure Level:  dB(A).
i. Electrical Data:

1) Maximum Circuit Amps (MCA).
2) Maximum Fuse Amps (MFA).
3) Maximum Starting Current (MSC).
4) Full Load Amps (FLA).
5) Total Over Current Amps (TOCA).
6) Fan Motor:  HP.

j. Weight and Dimensions.
k. Maximum number of indoor units that can be served.
l. Maximum refrigerant piping run from outdoor/condenser unit to indoor/evaporator unit.
m. Maximum height difference between outdoor/condenser unit to indoor/evaporator unit,

both above and below.
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n. Control Options.
2. Indoor/Evaporator Units:

a. Cooling Capacity:  Btu/h.
b. Heating Capacity:  Btu/h.
c. Cooling Input Power:  Btu/h.
d. Heating Input Power:  Btu/h.
e. Air Flow:  Cubic feet per minute.
f. Fan Curves.
g. External Static Pressure (ESP):  Inches WG.
h. Sound Pressure level:  dB(A).
i. Electrical Data:

1) Maximum Circuit Amps (MCA).
2) Maximum Fuse Amps (MFA).
3) Maximum Starting Current (MSC).
4) Full Load Amps (FLA).
5) Total Over Current Amps (TOCA).
6) Fan Motor:  HP.

j. Maximum Lift of Built-in Condensate Pump.
k. Weight and Dimensions.
l. Control Options.

3. Control Panels:  Complete description of options, control points, zones/groups.
D. Shop Drawings:  Installation drawings custom-made for this project; include as-designed HVAC

layouts, locations of equipment items, refrigerant piping sizes and locations, condensate piping
sizes and locations, remote sensing devices, control components, electrical connections, control
wiring connections.  Include:
1. Detailed piping diagrams, with branch balancing devices.
2. Condensate piping routing, size, and pump connections.
3. Detailed power wiring diagrams.
4. Detailed control wiring diagrams.
5. Locations of required access through fixed construction.
6. Drawings required by manufacturer.

E. Operating and Maintenance Data:
1. Manufacturer's complete standard instructions for each unit of equipment and control

panel.
2. Custom-prepared system operation, troubleshooting, and maintenance instructions and

recommendations.
3. Identification of replaceable parts and local source of supply.

F. Warranty:  Executed warranty, made out in Owner's name.
1.04 QUALITY ASSURANCE

A. Manufacturer Qualifications:
1. Company that has been manufacturing variable refrigerant volume heat pump equipment

for at least 5 years.
B. Installer Qualifications:  Trained and approved by manufacturer of equipment.

1.05 DELIVERY, STORAGE AND HANDLING
A. Deliver, store, and handle equipment and refrigerant piping according to manufacturer's

recommendations.
1.06 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
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B. Compressors:  Provide manufacturer's warranty for six (5) years from date of installation. 
During the stated period, should any part fail due to defects in material and workmanship, it
shall be repaired or replaced at the discretion of the Manufacturer according to apllicable terms
and conditions. All warranty service work shall be preformed by a factory trained service
professional.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Basis of Design:  The system design shown in the contract documents is based on equipment
and system designed by LG Electronics USA; www.lghvac.com.

B. Systems designed and manufactured by other manufacturers will be considered under the
terms described for substitutions with the following exceptions:
1. Substitution requests will be considered only if received at least 10 days prior to the bid

date.
2. Substitution requests will be considered only if required submittal data is complete; see

article SUBMITTALS above.
3. Contractor (not equipment supplier) shall certify that the use of the substitute system and

equipment will not require changes to other work or re-design.
4. Contractor or HVAC subcontractor shall certify that the substitute system will achieve the

performance specified.
5. Do not assume substitution has been accepted until formal written notice has been issued

by Architect/Engineer.
2.02 HVAC SYSTEM DESIGN

A. System Operation:  Heating and cooling, simultaneously.
1. Zoning:  Provide capability for temperature control for each individual indoor/evaporator

unit independently of all other units.
2. Zoning:  Provide heating/cooling selection for each individual indoor/evaporator unit

independently of all other units.
a. Exception:  Where indicated, multiple indoor/evaporator units may be controlled in

groups.
3. Provide a complete functional system that achieves the specified performance based on

the specified design conditions and that is designed and constructed according to the
equipment manufacturer's requirements.

4. Conditioned spaces are indicated on drawings.
5. Outdoor/Condenser unit locations are indicated on drawings.
6. Indoor/Evaporator unit locations are indicated on drawings.
7. Heat Reovery unit locations are shown on the drawings.
8. Required equipment unit capacities are indicated on drawings.
9. Refrigerant piping sizes are shown on the drawings.
10. Connect equipment to condensate piping provided by others; condensate piping is

indicated on drawings.
B. Cooling Mode Interior Performance:

1. Daytime Setpoint:  72 degrees F, plus or minus 2 degrees F.
2. Setpoint Range:  57 degrees F to 77 degrees F.
3. Night Setback:  78 degrees F.
4. Interior Relative Humidity:  50 percent, maximum.

C. Heating Mode Interior Performance:
1. Daytime Setpoint:  72 degrees F, plus or minus 2 degrees F.
2. Setpoint Range:  59 degrees F to 80 degrees F.
3. Night Setback:  60 degrees F.
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4. Interior Relative Humidity:  20 percent, minimum.
D. Outside Air Design Conditions:

1. Summer Outside Air Design Temperature:  0.4 percent cooling design condition listed in
ASHRAE Fundamentals Handbook - ASHRAE (FUND).

2. Winter Outside Air Design Temperature:  99.6 percent heating design condition listed in
ASHRAE Fundamentals Handbook - ASHRAE (FUND).

E. Operating Temperature Ranges:
1. Cooling Mode Operating Range:  23 degrees F to 110 degrees F dry bulb.
2. Heating Mode Operating Range:  minus 4 degrees F to 60 degrees F wet bulb, without

auxiliary heat source.
F. Refrigerant Piping Lengths:  Provide equipment capable of serving system with following piping

lengths without any oil traps:
1. Maximum Piping Length from Outdoor/Central Unit(s) to Furthest Terminal Unit:  540 feet,

actual; 620 feet, equivalent.
2. Total Combined Liquid Line Length:  2625 feet, maximum.
3. Maximum Vertical Distance Between Outdoor/Central Unit(s) and Terminal Units:  164

feet.
G. Controls:  Provide the following control interfaces:

1. For Each Indoor/Evaporator Unit:  One wall-mounted wired "local" controller, with
temperature sensor; locate where indicated.

2. One central remote control panel for entire system; locate where indicated.
3. The building automation system by the VRF manufacturer is not specified in this section. 

Consult the manufacturer for details.
H. Local Controllers:  Wall-mounted, wired, containing temperature sensor.
I. Remote Temperature Sensors:  In addition to temperature sensors integral with

indoor/evaporator units, provide wall-mounted, wired remote temperature sensors located in the
same room for all units as indicated on the drawings.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that required electrical services have been installed and are in the proper locations prior
to starting installation.

B. Verify that condensate piping has been installed and is in the proper location prior to starting
installation.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Install refrigerant piping in accordance with equipment manufacturer's instructions.
C. Perform wiring in accordance with NFPA 70, National Electric Code (NEC).
D. Coordinate with installers of systems and equipment connecting to this system.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Provide manufacturer's field representative to inspect installation prior to startup.

3.04 SYSTEM STARTUP
A. Provide manufacturer's field representative to observe and approve system startup.
B. Prepare and start equipment and system in accordance with manufacturer's instructions and

recommendations.
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C. Adjust equipment for proper operation within manufacturer's published tolerances.
3.05 CLEANING

A. Clean exposed components of dirt, finger marks, and other disfigurements.
3.06 CLOSEOUT ACTIVITIES

A. See Section 01 7800 - Closeout Submittals, for closeout submittals.
B. Demonstrate proper operation of equipment to Owner's designated representative.
C. Provide one (1) spare filter for each piece air handling equipment in addition to the filter

provided with the unit.
3.07 PROTECTION

A. Protect installed components from subsequent construction operations.
B. Replace exposed components broken or otherwise damaged beyond repair.

END OF SECTION 23 8129
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SECTION 23 8130

VARIABLE REFRIGERANT FLOW HVAC SYSTEM EQUIPMENT

Part 1. GENERAL

1.01 Basis of Design Shall be LG
A. Acceptable standards shall be supplied based upon the performance characteristics and 

features of the LG model number(s) specified, LG model families specified, and as 
otherwise specified herein. Alternate suppliers shall request permission to bid, in writing, 
from the engineer at least 10 days prior to the bid date. This request by the contractor to 
bid an alternate supplier to the basis of design, listed or not listed, shall not relieve the 
contractor of supplying all materials, options, controls, sequences, efficiencies and intents 
of the original specifications written or implied by LG model number or model family or as 
otherwise specified. The written request and engineers’ written response to such request 
shall be included in all submittal documents for approval.

1.02 Alternate Equipment Bid Instruction
B. The contractor shall provide basis of design bid as specified and with specified products. 

If the contractor should wish to propose any alternate products to the basis of designed 
products they shall provide a separate and complete Bid detailing the proposed alternate 
products and the associated adjustment of price to support the change from basis of 
design products. The contractor bids the alternate product with full knowledge that the 
proposed product may not be acceptable or approved. In no event shall the contractor be 
entitled to additional compensation to supply such specified products, options, sequences 
or intents. Any and all additional cost, to any party, because of any product submitted on 
or supplied other than that of the original specified products shall be the responsibility of 
the contractor without recourse. It is agreed that any and all disputes regarding any 
differences between the specified products, options, sequences or intents and that 
proposed as an alternate shall be arbitrated by the engineer of record. It shall be further 
agreed by all parties that all decisions of arbitration shall be final and binding. Any 
product proposed as an alternate shall have been offered, as a VRF product, in the 
United States for a minimum of (5) years.

1.03 System Performance Documentation
A. The manufacturer shall provide published outdoor unit performance data in table format which 
states the product heating and cooling capacities expressed in British thermal units per hour (BtuH) and 
power consumption expressed in kilowatts (kW) at a minimum of 8 possible combinations of allowed 
conditions between 50% and 130% connection ratio (VRF systems). Possible combinations of allowed 
condition variables include Combination Ratios expressed as a percentage value, Outdoor Ambient 
Temperature expressed in degrees Fahrenheit (°F), and indoor unit Entering Air wet and dry bulb 
temperature expressed in degrees Fahrenheit (°F). Any product whose system design and engineering 
manuals or guides where published data tables are expressed in units other than these specified will not 
be accepted.
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B. Any product whose published documentation requires the design engineer to apply a 
correction factor derived from a published curve or tabular data for combination ratio, 
outdoor ambient temperature, and/or entering air temperature against rated conditions to 
obtain performance at any possible combination of allowed conditions will not be 
accepted.

1.04 Submittals
A. A complete submittal package shall be compiled and 10 copies shall be forwarded to the general 
contractor who shall supply the architect with the submittals for dissemination to all parties. The submittal 
shall be a collection of documents that represent the technical aspects of each product or collection of 
products to be used on the project. All performance submissions shall be calculated at the design 
temperatures, Nominal performance data shall not be accepted. The submission and approval of said 
submittals does not relieve the contractor of supplying all requirements set forth in the specification and 
drawings. Any substitutions offered by the contractor shall include, as a separate document, any and all 
differences between the submitted products and the specified products including but not limited to, all 
dimensions, electrical, control, weights, warranties, country of origin. 

B. If submittals contain any proposed alternate equipment specifications, calculations, 
dimensions, electrical specifications, sound specifications or any other mandated 
submission which are not accepted, are noted or rejected for any reason the contractor 
shall be allowed to correct any deficiency and re-submit a second time. Should there be 
any irregularities found on second submission, the contractor will be directed to and 
agrees to submit on the original specified products, including any changes or revisions, 
and provide those specified products without any additional compensation.

1.05 Delivery, Storage and Handling
A. Provide a dry and clean place for the products. Comply with manufacturer’s instructions on 
handling to prevent products from damaging. If product is damaged upon arrival, reject the shipment. If 
hidden damage is found after removing the product from the container, retain container and all packing 
material. Contractor is responsible for filing a claim with the freight carrier.

1.06 Upon Job Completion
A. Provide the owner with an LG tablet containing a copy of approved submittal, LGMV Mobile (VRF 
system service diagnostics) software, project mechanical and control drawings, all as-built piping 
drawings, seismic data certificates, installation, operation and maintenance manuals, troubleshooting 
guides, service manuals and engineering manuals in PDF format.

B. Provide the owner with an LG tablet containing a copy of the approved submittal package, a full 
set of drawings and specifications, on boarding software, custom documents, such as control drawings, 
shop drawings, wiring diagrams, BMS software, GUI image files, commissioning reports, refrigerant 
charge calculations, refrigerant piping design and as-built reports, O&M’s, troubleshooting guides, service 
manuals, and equipment engineering manuals in .pdf format. Tablet shall also include a licensed copy of 
deluxe version of the VRF equipment manufacturer’s service diagnostics.
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Part 2. STANDARDS/CERTIFICATIONS

2.01 Certified Product Performance Ratings
A. All VRF (Variable Refrigerant Flow) and VSMS (Variable Speed Multi-Split and Mini- Split) 
products shall have published performance ratings certified by AHRI (Air-Conditioning, Heating, and 
Refrigeration Institute) and listed in the AHRI certified product directories available at 
www.ahridirectory.org.

2.02 Production Facility Certifications
A. All system components shall be manufactured in production facilities maintaining the following 
ISO certifications:

1. ISO 9001 Quality Management System

2. ISO 14001 Environmental Management System

2.03 UL Compliance 
A. All system shall comply with Underwriters Laboratories (UL) 1995 5th edition of the Standard for 
Safety for Heating and Cooling Equipment Standard for Safety and bear the Electrical Testing 
Laboratories (ETL) and/or Canadian Standards Association (CSA) mark on the product name plate.

2.04 Electrical Standard
A. All system electrical power wiring shall be installed in accordance with the NFPA 70 National 
Electrical Code (NEC) or applicable state and local building codes.

2.05 Corrosion Quality Control
A. Outdoor unit painted surfaces shall be factory tested for a minimum of 1000 hours using the 
accelerated salt spray test procedure as documented in ASTM Standard B-117 using the Surface Scratch 
Test Procedure. Photographic evidence shall be available upon request by the Engineer of Record. 

B. Photographic evidence shall include images of the test sample showing the surface scratch area 
at zero (0) hours, 400 hours, and 1000 hours. Post-test images of the sample must show no significant 
deterioration of the coating material, blistering, flaking, peeling, or rust formation along the test scratch.

2.06 Buy American
A. Product manufacturer shall provide documentation, approved for Buy American Act (BAA) and Trade 
Agreement Act (TAA), signed by the company’s legal agent that certifies that none of the 
proposed/supplied equipment and control devices were manufactured or assembled in China/Thailand or 
any other non-WTO original signatory country.

Part 3. PRODUCT(S) - Outdoor Units (Variable Refrigerant Flow Systems) 

3.01 Multi V™ 5 Heat Recovery and Heat Pump System(s) – (6 to 42 tons nominal)
1. LG Multi V 5 heating and cooling system shall be an air cooled system allowing user to 

configure in the field a heat pump or a heat recovery system consisting of one to three 
outdoor unit modules, conjoined to make a 6-42 ton single refrigerant circuit. 

http://www.ahridirectory.org/
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a) Heat recovery systems, employing three pipes, shall be connected to Heat 
recovery (heat recovery) unit(s) and indoor unit(s). Multi-port heat recovery units 
shall allow simultaneous heating and cooling of individual zone(s) at various 
capacities as required to satisfy their zone requirements. 

b) Heat pump systems shall require two pipes, simultaneous heating and cooling shall 
not be supported. The heat recovery system shall consist of three pipes, liquid, 
suction and hot gas pipes. Heat recovery systems operating at 0°F that cannot 
deliver single phase superheated refrigerant vapor at a minimum of 162°F while 
operating in the heating mode shall not be acceptable.

2. All three-phase VRF heat pump and heat recovery outdoor units shall be from the same 
product development generation. Mixing of outdoor units from different development 
generations is not acceptable.

B. Operating Conditions

1. Outdoor Unit shall be capable of continuous compressor operation between the following 
operating ambient air conditions, operation outside of these conditions are possible and may 
involve non-continuous operations.

2. Operating Ambient Air Conditions:

a) Cooling: 5°F DB to 122°F DB 

b) Heating: -22°F WB to 61°F WB

c) Cooling Based (ODU reversing valve in cooling position) Synchronous: 14°F DB to 
81°F DB (Heat Recovery Operation Only)

d) Heating Based (ODU reversing valve in heating position) Synchronous: 14°F WB to 
61°F WB (Heat Recovery Operation Only)

C. Electrical

e) All air source heat pump and heat recovery frame(s) shall be designed and 
electrically protected to maintain stable continuous compressor operation when 
provided with 208-230/60/3 power with the following specifications: 

i. 208-230/60/3

1. Voltage fluctuation of ± 10% 

ii. Voltage imbalance of up to two percent; 

iii.  Power surge of up to 5kA RMS Symmetrical.

D. General Features

1. The air-conditioning system shall use R410A refrigerant.

2. Each system shall consist of one, two or three air source outdoor unit modules conjoined 
together in the field to result in the capacity specified elsewhere in these documents. 

3. Dual and triple frame configurations shall be field piped together using manufacturer’s 
designed and supplied Y-branch kits and field provided interconnecting pipe to form a 
common refrigerant circuit.
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4. System shall have following frame configurations vs. capacity.

a) 6 to 20 ton units shall be a single frame only.

b) 22 to 34 ton units shall be dual frame only.

c) 36 to 42 ton heat recovery units shall be triple frame only

5. System shall employ self-diagnostics function to identify any malfunctions and provide type 
and location of malfunctions via fault alarms.

6. Field Provided Refrigerant Piping

a) The refrigerant piping system shall be constructed using field provided ACR copper 
rated for the use with refrigerant R410A, de-hydrated pipe field engineered and 
assembled with manufacturer supplied Heat recovery unit(s) and Y- branches, as 
may be required, connected to multiple (ducted, non-ducted or mixed combination) 
indoor units to effectively and efficiently control the heat pump operation or 
simultaneous heating and cooling operation of the heat recovery VRF system. 
Other pipe materials, if used, shall perform, at a minimum, as well as that specified 
above, shall not have any adverse reactions, for example galvanic corrosion or 
branch to branch differential pressure drop, with any other components or materials 
also in use in the system and shall be installed per manufacturer’s instructions. 

b) The unit shall be shipped from the factory fully assembled including internal 
refrigerant piping, inverter driven compressor(s), controls, temperature sensor, 
humidity sensor, contacts, relay(s), fans, power and communications wiring as 
necessary to perform both Heat Pump and Heat Recovery operations.

c) Each outdoor unit refrigeration circuit shall include, but not limited to, the following 
components:

i. Refrigerant strainer(s)

ii. Check valve(s)

iii. Inverter driven, medium pressure vapor injection, high pressure 
shell compressors

iv. Liquid refrigerant cooled inverter PCB

v. Oil separator(s)

vi. Accumulator /controlled volume receiver(s)

vii. 4-way reversing valve(s)

1. Vapor injection valve(s)

viii. Variable path heat exchanger control valve(s)

ix. Oil balancing control 

x. Oil Level sensor(s)
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xi. Electronic expansion valve(s)

1. Sub-cooler (s)

2. Vapor Injection Valve(s)

xii. High and low side Schrader valve service ports with caps

1. Service valves

7. Field Insulation: 

a) All refrigerant pipe, y-branches, elbows and valves shall be individually insulated 
with no air gaps. Insulation heat transfer resistance shall not be less than the 
minimum called for by the local building code, local energy code or as a minimum 
per manufacture installation requirements. In no case shall the insulation be 
installed in a compressed state at any point in the system. 

i. All joints shall be glued and sealed per insulation manufactures 
instructions to make a vapor tight assembly.

8. Microprocessor:

a) Factory installed microprocessor controls in the outdoor unit(s), heat recovery 
unit(s), and indoor unit(s) shall perform functions to optimize the operation of the 
VRF system and communicate in a daisy chain configuration between outdoor unit 
and heat recovery unit(s) and indoor unit(s) via RS485 (shielded twisted wire pair) 
network. Control devices shall also be available to control other building systems 
as required from the VRF control system. DIO/AIO capabilities shall be available as 
well as a central controller to perform operation changes, schedules and other 
duties as required by this specification. Addition of separate building control system 
shall not be required. Other control devices and sequences shall be as specified in 
other sections of this project specification.

9. Inverter PCB Cooling: 

a) Cooling of the inverter PCB shall be conducted by way of high pressure, sub-
cooled liquid refrigerant via heat exchanger attached to the inverter PCB. The full 
capacity flow of refrigerant shall pass though the heat exchangers to maximize the 
cooling effect of the PCBs and to aid in the evaporation process and capacity of the 
outdoor coil during the heating mode. The recovered heat of the PCBs must be 
used to enhance the overall heating process, other uses or dissipation of heat to 
ambient shall not be permitted.

10. Compressor Control: 

a) Fuzzy control logic shall establish and maintain target evaporating temperature 
(Te) in cooling mode and condensing temperature (Tc) in heating mode by Fuzzy 
control logic to ensure the stable system performance.

11. Initial Test Run (ITR) (Heating or Cooling) / Fault Detection Diagnosis (FDD) Code: 
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a) This control mode shall monitor and display positive or negative results of system 
initial startup and commissioning. Heating or Cooling ITR mode will be 
automatically selected. It shall monitor and provide performance metrics for the 
following, but not be limited to, refrigerant charge validation, auto-charge operation 
verification, refrigerant cycle stability, connection ratios, indoor unit status, error 
status, and number of indoor units connected. This commissioning specific control 
mode shall not replace the system error monitoring control system during normal 
operation.

12. BMS Integration:

a) The VRF system shall be able to integrate with Building Management Systems via 
BACnet™ IP gateway. This gateway converts between BACnet™ IP or Modbus 
TCP protocol, and RS‐485 LGAP (LG Aircon protocol) allowing third party control 
and monitoring of the LG A/C system, or LonWorks™ gateways. See controls 
specification for points list.

13. Wi-Fi Communication: 

a) The outdoor unit microprocessor shall be capable of being monitored via an 
optional Wi Fi wireless communications dongle or embedded Wi Fi transmitter. Wi-
Fi shall allow service or maintenance personal access to the complete operating 
system, via LGMV mobile, without need of tools other than smart phone or tablet. 
Active live system review, collection of all system data for a field determined 
duration presented in a .csv file format or collection of all operating conditions, 
including all indoor units, valves, sensors, compressor speeds, refrigerant 
pressures, etc., by snapshot of conditions and placing that snapshot into a power 
point slide to be reviewed at another time. Systems that require computers, hard 
wire only connection or other devices to collect, review or record operating 
conditions shall not be allowed.

14. Indoor Unit Connectivity: 

a) The system shall be designed to accept connection up to <64> indoor units of 
various configuration and capacity, depending on the capacity of the system.

15. Power and Communication Interruption: 

a) The system shall be capable of performing continuous operation when an 
individual or several indoor units are being serviced; communication wire cut or 
power to indoor unit is disconnected from power for a minimum of a 24 hour period. 
Systems that alarm and/or shut down because of a lack of power to any number of 
indoor units shall not be acceptable.

16. Connection Ratios: 

a) The maximum allowable system combination ratio for all VRF systems shall be 
130% and the minimum combination ratio shall be 50%.

17. Comfort Cooling Mode: 
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a) Comfort cooling shall be initiated via a field setting at the outdoor unit during 
commissioning or anytime thereafter. Comfort cooling shall allow user to select all 
or some of the indoor units of a system to automatically modify each of the indoor 
unit's superheat target set point based on the impending total cooling load of on the 
indoor unit, the rate of change of the zone temperature relative to set point and 
optionally, if specified, the rate of change of the zone humidity level. 

18. The outdoor unit shall be provided with a factory installed fusible plug or rupture disc. The 
fusible plug connection shall be threaded for easy connection with a field provided vent pipe 
to safely discharge the system's refrigerant charge away from the outdoor unit if a building 
fire causes an extreme pressure condition in the outdoor unit refrigerant circuit employ for 
safety a threaded fusible plug. 

19. Refrigerant Flow Control

a) An active refrigerant -in-circulation control system consisting of a refrigerant 
storage container, interconnecting refrigerant piping control valves, pressure 
transducers, microprocessor control, and software to continuously monitor 
necessary refrigeration cycle operating parameters to maintain stable cycle 
operation between minus (-)22°F and 122°F ambient conditions. The refrigerant 
system operating conditions shall be checked by the algorithm at three minute 
intervals and if needed automatically and dynamically remove and store refrigerant 
to the storage tank or inject refrigerant from the tank into the refrigerant circuit. 

i. The algorithm shall adjust refrigerant charge automatically: 

1. As the outdoor air temperature changes; 

2. System mode of operation changes; 

3. The path of refrigerant flow through the outdoor coil is modified; 

4. The system's target suction and head pressure control values are 
adjusted.

b) Subcooler: The VRF outdoor unit shall include a factory provided and mounted 
sub-cooler assembly consisting of a shell and tube-type sub-cooling heat 
exchanger and EEV providing refrigerant sub-cooling modulation control by fuzzy 
logic of EEV and by mode of operation to provide capacity and efficiency as 
required. Brazed plate heat exchangers shall not be allowed for this function.

c) Advanced Smart Load Control: The air source unit shall be provided with Smart 
Load Control (SLC) enhanced energy saving algorithm that reduces compressor lift 
during off-peak operation to further reduce system energy consumption when 
weather and load conditions permit.

ii. The SLC algorithm shall be monitoring in real time, the rate of 
change of the outdoor ambient air temperature, either the outdoor 
ambient air relative humidity or the indoor air relative humidity [field 
selectable], and the rate of change of the building load.
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iii. The SLC algorithm shall foresee pending changes in the building 
load, outdoor temperature and humidity (or indoor humidity) and 
proactively reset head and/or suction pressure targets in 
anticipation of the reduction/increase in building load.

iv. The SLC algorithm shall provide no fewer than three (3) field 
selection options to maximize the control of the VRF system 
operation during morning warm-up or cool-down following night-
setback reset. The selection shall be set by the commissioning 
agent (or at any other time thereafter). Selectable algorithm choices 
include:

2. Maximize energy savings

3. Balance the rate of temperature change with energy consumed.

4. Quickly cool/heat the building.

20. Refrigerant Volume Management

a) Active Refrigerant Charge

i. The VRF system shall be able to operate at any and all published 
conditions year round in cooling or heating mode without the need 
of adding or removing refrigerant from the system.

ii. The air source unit shall be provided with an isolated vessel, interconnecting 
piping, valves and sensors to store refrigerant and actively pass refrigerant to 
(or from) the refrigerant circuit in real time as necessary to maintain stable 
refrigeration cycle operation.

iii. The air source unit microprocessor shall be provided with an 
algorithm that monitors the VRF system head pressure, suction 
pressure, subcooling, superheat, compressor speed, high and low 
side temperatures and the load on the system at three minute 
intervals and if needed, automatically and dynamically remove and 
store refrigerant to the storage tank or inject refrigerant from the 
tank into the refrigerant circuit.  

b) Manual Seasonal Refrigerant Charge Adjustments 

(Applicable for VRF systems without Active Refrigerant Charge) 

iv. Alternates: Systems that CANNOT passively and automatically 
modify the active refrigerant charge using the method(s) stated in 
the section Active Refrigerant Charge shall clearly state so in bold 
capital letters in the proposal that this feature is not included. 
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5. VRF systems that cannot perform active refrigerant control may submit 
their proposal as an Alternate. However all Alternate proposals must  BUT 
include as part of the equipment price the cost of to provide bi-annual 
refrigerant charging services for 15 years. Service shall be performed by 
the factory authorized agent only. Service shall include refrigerant, parts, 
labor, truck and/or trip charges, and any miscellaneous fees necessary to 
analyze the current state of the system and perform the refrigerant charge 
adjustment. Service must occur one month before the winter season and 
one month before the summer season.

v. If the VRF system requires a charge adjustment more frequently to maintain 
stable operation, the VRF manufacturer shall provide additional services at no 
additional charge.

vi. The 15 year period shall begin on the date the equipment is commissioned or 
the date the building occupancy permit was issued for the area(s) served by 
the system – whichever date is later.

vii. This service shall be underwritten, warranted, and administered by the VRF 
equipment manufacturer – not the local distributor or applied representative.

viii. The selected service provider shall be mutually agreeable between the 
building owner (or owners agent) and must be licensed, insured, and trained to 
work on the VRF system. No third party service (subcontracted service) 
providers will be acceptable.

ix. If the service provider is not an employee of the VRF manufacturer, the service 
provider shall be reimbursed for services rendered directly from the 
manufacturer. Labor rate for services shall be paid at the prevailing union wage 
rate in place at the time of service.

21. VRF Systems with Onboard Alternate Operating Mode Selection Capability

a) All VRF systems equipped with field selectable Alternate Operating Modes via DIP 
Switch or other means, for example but not limited to, High Heat, High Ambient 
Cooling, High Sensible, or Enhanced Efficiency selections. Performance using the 
proposed field selected Alternate Operating Mode shall be tested using AHRI 
Standard 1230 and published in the AHRI Directory. 

b) Acceptable Alternate Operating Modes must ship with all models of the VRF 
product offering and must be factory embedded. Custom factory or field 
modifications to factory provided algorithms created to meet scheduled 
requirements are not acceptable.

c) Provide a copy of instructions required to set the Alternate Operation Mode with the 
initial submittal.
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d) For systems that provide field selectable Alternate Operating Modes, ALL technical 
data provided in the submittal data sheets showing product rated condition 
performance data, must also provide separate data sheets that show product 
performance data at each of the field selectable Alternate Operating Modes 
available. Capacity, power input, and acoustic performance data for each mode 
offered shall be reported separately. Mixing of ODU, IDU, or VRF system 
performance capability operating in one mode with for example the power 
consumption, sound power rating, or electrical requirements of the same system 
operating in another mode is not acceptable.

E. Field Supplied Refrigerant Piping Design Parameters

1. The outdoor unit shall be capable of operating at an elevation difference of up to 360 feet 
above or below the lowest or highest indoor unit respectively without the requirement of field 
installed subcooler or other forms of performance enhancing booster devices.

2. The outdoor unit shall be capable of operating with up to 3280 equivalent length feet of 
interconnecting liquid line refrigerant pipe in the network.

3. The outdoor unit shall be capable of operating with up to 656 actual feet or 738 equivalent 
length feet of liquid line refrigerant pipe spanning between outdoor unit and farthest indoor 
unit.

4. The piping system shall be designed with pipe expansion and contraction possibilities in 
mind. Required expansion devices shall be field designed, supplied and installed based on 
proper evaluation of the proposed piping design. In addition to these requirements, the piping 
system installation must conform to the VRF equipment manufacturer’s published guidelines.

5. The installation of pipe hangers, supports, insulation, and in general the methods chosen to 
attach the pipe system to the structure must allow for expansion and contraction of the piping 
system and shall not interfere with that movement.

6. The elevation differences for heat recovery systems shall be:

a) Heat recovery unit to connected indoor unit shall be 49 feet

b) Heat recovery unit to heat recovery unit shall be 98 feet

c) Indoor unit to indoor unit connected to same heat recovery unit shall be 49 feet

d) Indoor unit to indoor unit connected to separate parallel piped heat recovery units 
shall be 131 feet. 

7. The acceptable elevation difference between two series connected heat recovery units shall 
be 16 feet.

F. Defrost Operations

1. The outdoor unit(s) shall be provided with a minimum of 4 independent field adjustable 
defrost cycle algorithms to maximize the effectiveness of the defrost cycle to the local 
weather conditions. Intelligent Defrost shall melt accumulated frost, snow and ice from the 
outdoor unit heat exchanger. The defrost cycle length and sequence shall be based on 
outdoor ambient temperatures, outdoor unit heat exchanger temperature, and various 
differential pressure variables. Intelligent Heating Mode, when outdoor unit humidistat is 
engaged, shall extend the normal heating sequences by adjusting the outdoor unit coil target 
temperature to be above the ambient dew point temperature delaying the need for defrost 
operations, so long as heating demand is being met.
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2. Smart Heating:  This feature shall be capable of eliminating several defrost actions per day 
based on outdoor air temperature and humidity conditions. Smart heating shall extend the 
heating operation cycle by delaying the frost formation on the outdoor coil by adjusting the 
surface temperature to keep it above the current outdoor ambient dew point. The algorithm 
shall delay while maintaining indoor space temperature. 

3. Defrost Mode Selection: The outdoor unit shall be provided with a minimum of three field 
selectable defrost operation modes: Normal, Fast, or Forced.

a) Normal Defrost: Operation intended for use in areas of the country that experience 
adverse winter weather with periods of heavy winter precipitation and extremely 
low temperatures. This strategy shall maximize the systems heating performance 
and maintain operational efficiency. When the ambient temperature is either: a) 
above 32°F or b) below 32°F with the humidity level below 60% RH, Intelligent 
Defrost shall continue heating regardless of ice build-up on the coil until the quality 
of the heated air (i.e. discharge air temperature) decreases. At temperatures below 
4°F, a defrost cycle shall occur every two hours to optimize system heating 
efficiency.

b) Fast Defrost: Operation intended for use in areas of the country with mild winter 
temperatures and light to moderate humidity levels. The strategy minimizes defrost 
cycle frequency allowing frozen precipitation to build longer in between cycles. 
Minimum time between defrost cycles shall be 20 minutes. Intelligent Defrost shall 
choose between split coil/frame and full system methods based on current weather 
conditions to minimize energy consumption and maximize heating cycle time.

c) Forced Defrost: Operation shall be available for the service provider to test defrost 
operations at any weather condition and to manually clear frozen water from the 
outdoor coil surfaces.

4. Defrost Method Selection: The outdoor unit shall be provided with two field selectable defrost 
operation methods: Split Coil/Frame and Full System. Split Coil/Frame option provides 
continuous heating of the occupied space during defrost operation.

a) Split Coil/Frame method shall be available when Normal Defrost mode is selected. 
Split Coil method shall be available on all Heat Pump and Heat recovery single-
frame VRF systems. Split Frame defrost shall be available on all Heat Pump and 
Heat recovery multi-frame outdoor units.

b) Split Coil method shall remove ice from the bottom half of the outdoor unit coil first 
for a maximum time of six minutes, then the top half for a maximum of six minutes. 
Next the bottom coil shall be heated again for an additional three minutes to 
remove any frozen water that may have dripped onto the lower coil during the top 
coil defrost operation.

c) When Split Coil/Frame method is selected, a Full System defrost shall occur every 
1-9 (field selectable) defrost cycles to assure 100% of the frozen precipitation has 
been removed to maintain efficient performance.

d) Full System method shall be available as a field selectable option. All outdoor units 
located in areas of the country where large volumes of frozen precipitation are 
common, the commissioning agent shall be able to select the Full System only 
defrost method.
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5. Indoor Unit Fan Operation During Defrost

a) During partial defrost operation indoor units operating in cooling or dry mode shall 
continue normal operation.

b) During partial defrost operation, indoor units that are commissioned with fans set 
for continuous operation shall maintain normal fan speed unless the leaving air 
temperature drops, then the fan speed will be reduced to low speed for the 
remainder of the defrost cycle.

c) During full system defrost operation indoor unit fans will cycle off and remain off 
during the remainder of the defrost cycle.

G. Oil Management

1. The system shall utilize a high pressure oil return system to ensure a consistent film of oil on 
all moving compressor parts at all points of operation. Oil is returned to compressor through a 
separate high pressure oil injection pipe directly into the oil sump. Oil returned to the 
compressor via the suction port of the compressor shall not be allowed.

2. Each compressor shall be provided with a high efficiency independent centrifugal cyclone 
type oil separator, designed to extract oil from the oil/refrigerant gas stream leaving the 
compressor.

3. The system shall have an oil level sensor in the compressor to provide direct oil level sensing 
data to the main controller. The sensor shall provide data to main outdoor unit PCB to start oil 
return mode and balance oil levels between multiple compressors.

4. The system shall only initiate an oil return cycle if the sensed oil level is below oil level target 
values as determined by the microprocessor. The system shall display an error if the oil 
sensor signals low oil level for a period of 130 minutes or longer.

5. A default oil return algorithm shall automatically initiate the oil return mode if the system 
detects a failure of the oil sump sensor. A fault code shall be reported by the system.

6. Timed oil return operations or systems that do not directly monitor compressor oil level shall 
not be permitted.

7. Indoor Unit Fan Operation during Oil Return Cycle

a) During oil return cycle indoor units operating in cooling or dry mode shall continue 
normal operation.

b) During oil return, indoor units that are commissioned with fans set for continuous 
operation shall maintain normal fan speed unless the leaving air temperature 
drops, then the fan speed will be reduced to low speed for the remainder of the oil 
return cycle.

c) During oil return cycle indoor unit fans will cycle off and remain off during oil return 
cycle while operating in all modes.

H. Fan and Motor Assembly

1. 6 ton frames shall be equipped with one direct drive variable speed propeller fan with 
Brushless Digitally Controlled (BLDC) motor with a vertical air discharge.

2. 8 to 20 ton frames shall be equipped with two direct drive variable speed propeller fan(s) with 
BLDC motor(s) with a vertical air discharge.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

23 HEATING, VENTILATING, 
AND AIR-CONDITIONING 
(HVAC)

23 8130 14 VRF HVAC SYSTEM 
EQUIPMENT

3. The fan(s) blades shall be made of Acrylonitrile Butadiene Styrene (ABS) material and 
incorporate biomimetic technology to enhance fan performance and reduce fan generated 
noise.

4. The fan(s) motor shall be equipped with permanently lubricated bearings.

5. The fan motor shall be variable speed with an operating speed range of 0-1150 RPM cooling 
mode and 0-1150 RPM heating mode.

6. The fan shall have a guard to help prevent contact with moving parts.

7. The cabinet shall have option to redirect the discharge air direction from vertical to horizontal 
with the addition of optional factory provided air guides.

8. The fan controller shall have a DIP switch setting to raise external static pressure of the fan 
up to 0.32 inch of W.C. to accommodate ducted installations.

9. The fan control shall have a function setting to remove excess snow automatically.

10. The fan control shall have a function setting to remove access dust and light debris from the 
outdoor unit and coil.

I. Cabinet

1. Outdoor unit cabinet shall be made of 20 gauge galvanized steel with a weather and 
corrosion resistant enamel finish. Outdoor unit cabinet finish shall be tested in accordance 
with ASTM B-117 salt spray surface scratch test (SST) procedure for a minimum of 1000 
hours. 

2. Cabinet weights and foot prints shall vary between 430 lbs., 7.61 sq. ft. (1.27 sq. ft. per ton), 
for 6 ton cabinet to 666 lbs., 10.14 sq. ft. (.51 sq. ft. per ton), for 20 ton cabinet for single 
cabinet configurations. The front panels of the outdoor units shall be removable type for 
access to internal components.

3. A smaller service access panel, not larger than 7” x 7” and secured by a maximum of (2) 
screws, shall be provided to access the following:

a) Service tool connection

b) DIP switches

c) Auto addressing

d) Error codes

e) Main microprocessor

f) Inverter PCB

4. The cabinet shall have piping knockouts to allow refrigerant piping to be connected at the 
front, right side, or through the bottom of the unit.

5. The cabinet shall have a factory installed coil guard.

J. Outdoor Unit Coil

1. Outdoor unit coil shall be designed, built and provided by the VRF outdoor unit manufacturer. 
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2. The outdoor unit coil for each cabinet shall have lanced aluminum fins with a maximum fin 
spacing of no more than 17 Fins per Inch (FPI). All the outdoor unit coils shall be a 2 or 3 
rows consisting of staggered tubes for efficient air flow across the heat exchanger

3. Outdoor unit coil shall be comprised of aluminum fins mechanically bonded to copper tubing 
with inner surfaces having a riffling treatment to expand the total surface of the tube interior

4. The aluminum fin heat transfer surfaces shall have factory applied corrosion resistant Black 
Fin coating. The copper tubes shall have inner riffling to expand the total surface of the tube 
interior.

a) ISO 21207 Salt Spray Test Method B – 1500 hours 

b) ASTM B-117 Acid Salt Test – 900 hours 

c) The Black Fin coating shall be certified by Underwriters Laboratories and per ISO 
21207. The above conditions shall establish the minimum allowable performance 
which all alternates must comply.

5. Variable Path Heat Exchanger: System shall have a variable flow and path outdoor heat 
exchanger function to vary the refrigerant flow and volume and path. Control of the variable 
path circuits shall be based on system operating mode and operating conditions as targeted 
to manage the coil heat transfer capacity and efficiency. The variable path heat exchanger 
technology shall be provided to maintain stable refrigeration cycle operation during mild 
weather conditions and maintain a robust hot vapor temperature system head pressure that 
delivers “gas-furnace leaving air temperature” from the indoor unit at sub-zero outdoor air 
temperature down to minus (-) 22°F.The outdoor unit coil, all indoor units and pipe network 
shall be field tested to a minimum pressure of 550 psig. 

K. Compressor(s)

1. Compressor shall be designed and assembled by the VRF manufacturer specifically for use 
in the air source VRF product line. Third party manufactured, branded, or designed to the 
VRF system’s OEM specifications by a third party manufacturer shall not be acceptable.

2. Compressor shall be a hermetic, high-side shell (HSS), commercial grade, compliant scroll 
direct-drive design.

a) Compressor Design: The compressor design shall be of the high pressure shell 
scroll type where the internal pressure below the suction valves of the compressor 
shall be at the same high pressure and high temperature. The motor shall be 
cooled by high pressure gas at temperatures above saturation conditions and 
minimize the mixing of refrigerant liquid with oil in the sump. The system shall 
employ a high pressure oil return method returning recovered oil from the oil 
separator directly into the oil sump of the compressor; oil shall not be allowed to 
return via the suction line. Bearing surfaces are continually coated with oil. The 
compressor shall employ an Aero-bearing constructed with high lubricity materials 
increasing operation time in case of low sump oil level. Compressor shall have a 
nominal operating range from 12Hz to 150 Hz. 

3. The fixed and oscillating compressor scroll components shall be made of high grade (GC25) 
or denser steel material. All scrolls shall be heat treated and tempered.
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4. The oscillating scroll shall be finely machined and polished. PVE refrigerant oil shall be used 
as the sole liquid used to maintain a seal between the high and low sides of the compression 
chamber. Compressors that requires the use of any type of mechanical or wearable sealant 
material between the moving surfaces of the compression chamber is NOT ACCEPTABLE.

5. Vapor Injection: System shall have a medium pressure gas vapor injection function employed 
in the heating and cooling modes to increase system capacity when the outdoor ambient 
temperatures are low and lower compressor lift when temperatures are high. The compressor 
vapor injection flow amount shall be controlled by the vapor injection sub-cooling algorithm 
reset by discharge gas temperatures of the compressor.

6. Bearing surfaces shall be coated with Teflon® equal. Bearings shall be lubricated using a 
constant flow of PVE refrigerant oil to the bearing surfaces The film of oil separating the 
crankshaft journals and bearing surfaces shall be consistent at all times the crankshaft is in 
motion and shall be maintained irrelevant of crankshaft rotational speed.

7.  An internal, integrated, mechanically driven gear pump shall draw oil from the compressor 
sump reservoir, pressurize the oil and inject the oil directly to the crankshaft journals 
maintaining a consistent film of oil between all moving parts. Auxiliary, indirect, or 
electronically driven pumps are not acceptable.

8. The viscosity property of the PVE oil in the compressor sump shall be maintained irrelevant 
or compressor operation and the surrounding ambient temperature.

a) The compressor shall be equipped with an external thermally protected electric 
crankcase heater that is automatically activated only when the ambient 
temperature is below freezing and the compressor is not running to maintain the 
temperature of the oil in the sump above the refrigerant boiling point.

b) During stable operation, irrelevant of ambient air temperature outside the water 
source unit, the temperature of refrigerant vapor in contact with the surface of the 
oil in the compressor sump shall be maintained above 140°F to prevent foaming 
and to eliminate refrigerant from mixing with the oil degrading the viscosity of the oil 
in the sump.

9. The compressor motor shall be designed to operate at high temperatures.

a) The motor winding insulation shall be designed to operate continuously at a 
minimum temperature of 180°F without deterioration.

b) The motor cooling system shall be designed to maintain acceptable operational 
temperature at all times and in all conditions using high pressure, hot refrigerant 
vapor as motor coolant.

10. Inverter Compressor Controller(s)

a) Each compressor shall be equipped with a dedicated inverter compressor drive. 
The control of multiple compressors using a single drive is not acceptable.

b) The inverter drive shall vary the speed of the compressor crankshaft between zero 
(0) Hz and 140 Hz.
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c) The inverter driver controller shall be matched with the physical properties of the 
compressor. The drive shall be manufactured by the VRF air source unit 
manufacturer. The inverter drive and matching compressor shall have been 
thoroughly tested as a matched pair. The inverter drive shall be programmed to 
avoid operating the compressor at any speed that results in harmonic vibration, 
nuisance noise, or mechanical damage to either the driver or the compressor with 
power provided that is within the tolerance specification.

d) The compressor inverter drive assembly and software must be designed, 
manufactured, and supplied by the VRF product manufacturer. Third party branded 
inverter driver hardware and/or driver software or inverter driver hardware and/or 
software provided by a third party manufacturer to meet OEM specifications of the 
VRF water source manufacturer will not acceptable.

e) All inverter drive hardware or software manufactured in, is a product of, or sourced 
from China, or using a broker or third party provider as an intermediary that obtains 
the product from CHINA shall not be acceptable.

11. Compressor(s)

a) Each 6, 8, 10 ton frames shall be equipped with a single hermetically sealed, 
inverter driven, High Side Shell (HSS) scroll compressor.

b) 12, 14, 16, 18 and 20 ton frames shall be equipped with dual hermetically sealed, 
inverter driven, High Side Shell (HSS) scroll compressors. 

c) Each inverter driven, HSS scroll compressor shall be capable of operating from 12 
Hz up to 150 Hz in any and all modes (cooling, heating or simultaneous modes). 

d) The compressor shall be designed for a separate port for oil to be directly returned 
to the compressor oil sump.

e) The compressor bearing(s) shall have Teflon™ coating and shall be an aero type 
design using High lubricity materials.

f) The compressor(s) shall be protected with:

i. High Pressure switch

ii. Over-current /under current protection

iii. Oil sump sensor

iv. Phase failure

v. Phase reversal

vi. Compressor shall be capable of receiving injection of medium 
pressure gas at a point in the compression cycle where such 
injection shall allow a greater mass flow of refrigerant at lower 
outdoor ambient and achieving a higher heating capability. The 
VRF outdoor unit shall have published performance data for heating 
mode operation down to -22°F on both heat pump and heat 
recovery systems.
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g) Standard, non-inverter driven compressors shall not be permitted nor shall a 
compressor without vapor injection or direct sump oil return capabilities.

L. Operational Sound Levels

1. The compressor(s) shall be mounted on rubber isolation grommets. Compressor shall ship 
with removable clamps that secure the compressor in place while transported. The installing 
contractor shall remove and discard (or optionally adjust the clamps to allow the isolator to 
properly function) the clamps prior to commissioning the water source unit.

2. Each single frame outdoor unit shall be rated with an operational sound pressure level not to 
exceed as listed on below chart when tested in an anechoic chamber under ISO 3745 
standard at the highest field selectable heating operating modes available. Such 
documentation shall be presented in all submittals, manufactures who elect to rate their 
equipment at other than tested in an anechoic chamber under ISO 3745 standard at the 
highest field selectable heating operating modes available and the highest field selectable 
conditions shall not be allowed. 

3. A field setting shall be available to program the outdoor unit to reduce sound levels at night, 
when desired, to a selectable level while still able to meet building load requirement. This 
mode is available in both cooling and heating modes.

M. Sensors

1. Each outdoor unit module shall have:

a) Suction temperature sensor

b) Discharge temperature sensor

c) Oil level sensor

d) High Pressure sensor

e) Low Pressure sensor

f) Outdoor temperature sensor

g) Outdoor humidity sensor

h) Outdoor unit heat exchanger temperature sensors

N. Wind Load Installations for Outdoor Units

1. Provide Florida wind Load Installation Drawings that meet the requirements of the 2017 
Florida Building Code, 6th Edition and ASCE Standard 7-2010 with submittal.

O. Seismic Installations

1. Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) 
documents for certified product list of VRF equipment to be installed in high seismic risk 
areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 
California Building Code and IBC 2012, 2015 and 2018 International Building Code.

P. Warranty 

1. Limited Warranty Period
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a) STANDARD ONE-YEAR PARTS WARRANTY FOR A QUALIFIED SYSTEM - The 
Part(s) of a qualified System, including the compressor, are warranted for a period 
(the “Standard Parts Warranty Period”) ending on the earlier to occur of one (1) 
year after the date of original installation, or eighteen (18) months from the date of 
manufacture. 

b) ADDITIONAL SIX (6) YEAR COMPRESSOR PART WARRANTY - The 
Compressor is warranted for an additional six (6) year period after the end of the 
applicable Standard Part Warranty Period (the “Compressor Warranty Period”).

2. Extended Warranty

a) The Standard Warranty Period and the Compressor Warranty Period are extended 
to a total of ten (10) years (the “Extended Warranty Period”) for qualified Systems 
that have been (a) commissioned by a party that has completed the current 
Training Requirements, (b) such commissioning is pursuant to LG’s current 
published instructions, and (c) the System commissioning results and supporting 
documents are entered correctly into LG’s online commissioning system. 
Commissioning of a System requires one (1) hour of LG Monitoring View (LGMV) 
data. Commissioning results must be entered into LG’s online commissioning 
system within sixty (60) days of System startup.

Part 4. Indoor Units

4.01 Ducted – Mid Static 

A. General

1. Unit shall be manufactured by LG.

2. Unit shall be designed to be installed for indoor application.

3. Unit shall be designed to mount fully concealed above the finished ceiling.

4. Unit shall have opening to supply air from front horizontal and a dedicated rear horizontal 
return.

5. The supply air shall be flanged for field installed ductwork that shall not exceed the external 
static pressure limitation of the unit.

B. Casing/Panel
1. Unit case shall be manufactured using galvanized steel plate.

2. The cold surfaces of the unit shall be covered internally with a coated polystyrene insulating 
material.

3. The cold surfaces of the unit shall be covered externally with sheet insulation made of 
Ethylene Propylene Diene Monomer (M-Class) (EPDM)

4. The external insulation shall be plenum rated and conform to ASTM Standard D-1418.

5. Unit shall be provided with hanger brackets designed to support the unit weight on four 
corners.

6. Hanger brackets shall have pre-punched holes designed to accept field supplied, all thread 
rod hangers.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

23 HEATING, VENTILATING, 
AND AIR-CONDITIONING 
(HVAC)

23 8130 20 VRF HVAC SYSTEM 
EQUIPMENT

C. Cabinet Assembly

1. Unit shall have horizontal supply air discharge outlets and a return air inlet 

2. Unit shall be equipped with factory installed temperature thermistors for:

a) Return air

b) Refrigerant entering coil

c) Refrigerant leaving coil

3. Unit shall have a factory assembled, piped and wired electronic expansion valve (EEV) for 
refrigerant control.

4. Unit shall have a built-in control panel to communicate with other indoor units and to the 
outdoor unit.

5. Unit shall have the following functions as standard:

a) Self-diagnostic function 

b) Auto addressing

c) Auto restart function

d) Auto changeover function (Heat Recovery system only)

e) Auto operation function 

f) Child lock function

g) Forced operation

h) Dual thermistor control

i) Sleep mode

j) External static pressure (ESP) control

k) Dual set point control

l) Multiple aux heater applications

m) Filter life timer 

n) External on/off input

o) Wi-Fi compatible

p) Auto fan operation

q) Leak detection logic

D. Fan Assembly

1. The unit shall have two direct drive Sirocco fans made of high strength ABS GP-2200 
polymeric resin.
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2. The fan impeller shall be statically and dynamically balanced. 

3. The fans shall be mounted on a common shaft.

4. The fan motor is Brushless Digitally commutated (BLDC) with permanently lubricated and 
sealed ball bearings.

5. The fan motor shall include thermal, overcurrent and low RPM protection.

6. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.

7. The fan speed shall be controlled using microprocessor based direct digitally controlled 
algorithm that provides a minimum of three pre-programed fan speeds, each setting is also 
adjustable by field setting to compensate for a limited amount of additional resistance to 
airflow by adjusting the RPM of the fan motor.

8. In cooling mode, the indoor fan shall have the following settings; Low, Med, High, and Auto.

9. In heating mode, the indoor fan shall have the following settings: Low, Med, High, and Auto.

10. Each of the settings can be field adjusted from the factory setting (RPM/ESP).

11. Unit shall be designed for high speed air volume against an external static pressure of up to 
0.98” water gauge, model dependent.

E. Filter Assembly

1. The return air inlet shall have a factory supplied removable, washable filter. MERV 13 filter 
rack is available as an option, model dependent.

2. The filter access shall be from the rear of the unit.

F. Coil Assembly

1. Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on 
copper tubing.

2. The copper tubing shall have inner grooves to expand the refrigerant contact surface for high 
efficiency heat exchanger operation.

3. Unit shall have a minimum two to three row coil, 19-21 fins per inch.

4. Unit shall have a factory supplied condensate drain pan below the coil constructed of HIPS 
(high impact polystyrene resin).

5. Unit shall include an installed and wired condensate drain lift pump capable of providing 
minimum 27.5 inch lift from bottom surface of the unit. The unit drain pan is supplied with a 
secondary drain port/plug allowing the pan to be gravity drained and serviced.

6. The drain pump shall have a safety switch to shut off the unit if condensate rises too high in 
the drain pan, model dependent.

7. Unit shall have provision of 45° flare refrigerant pipe connections.

8. The coil shall be factory pressure tested at a minimum of 550 psig.

9. All refrigerant piping from outdoor unit to indoor unit shall be field insulated. Each pipe should 
be insulated separately. Thickness and heat transfer characteristics shall be determined by 
the design engineer and shall meet all code requirements.

G. Microprocessor Control
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1. The unit shall have a factory installed microprocessor controller capable of 
performing functions necessary to operate the system with or without the use of a wall 
mounted controller. The unit shall have a factory mounted return air thermistor for use as a 
space temperature control device. All operating parameters except scheduling shall be 
stored in non-volatile memory resident on the microprocessor. The microprocessor shall 
provide the following functions, self-diagnostics, auto re-start after a power failure and a 
test run mode.

2. The unit shall be able to communicate with other indoor units and the outdoor unit using a 
field supplied minimum of 18 AWG, two core, stranded, twisted, and shielded communication 
cable.

3. The unit controls shall operate the indoor unit using one of the five operating modes:

a) Auto changeover (Heat Recovery System only)

b) Heating

c) Cooling

d) Dry

e) Fan only

4. The unit shall be able to operate in either cooling or heating mode for testing and/or 
commissioning.

5. The unit shall be able to operate with the fan turned off during system cooling thermal off.

6. The unit shall be able to operate with a continuous fan setting.

7. The unit shall have adjustable, multi-step cooling and heating mode thermal on/off 
temperature range settings.

8. The system shall include a product check function to access and display indoor unit type and 
capacity from a wired programmable thermostat controller.

H. Electrical

1. The unit electrical power shall be 208-230/1/60 (V/Ph/Hz).

2. The unit shall be capable of operating within voltage limits of +/- 10% of the rated voltage.

I. Controls

1. Unit shall use controls provided by the manufacturer to perform all functions necessary to 
operate the system effectively and efficiently and communicate with the outdoor unit over an 
RS-485 daisy chain.

J. Seismic Installations

1. Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) 
documents for certified product list of VRF equipment to be installed in high seismic risk 
areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 
California Building Code and IBC 2012, 2015 and 2018 International Building Code.

K. Warranty 

1. Please refer to the respective outdoor unit for applicable warranty.
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4.02 Ceiling Cassette – 4 Way (2’ x 2’) 
A. General

1. Unit shall be manufactured by LG.

2. Unit shall be designed to be installed for indoor application.

3. Unit shall be designed to mount recessed in the ceiling and has a surface mounted panel on 
the bottom of the unit.

4. The unit shall be available in a 2’ x 2’ chassis.

B. Casing/Panel

1. Unit case shall be manufactured using galvanized steel plate.

2. The unit panel and grille shall be made of a white Acrylonitrile Butadiene Styrene (ABS) 
polymeric resin.

3. The panel shall have a tapered trim edge, and a hinged, spring clip (screw-less) return air 
filter-grille door.

4. Unit shall be provided with metal ears designed to support the unit weight on four corners.

5. Ears shall have pre-punched holes designed to accept field supplied all thread rod hangers.

6. Unit shall be supplied with snap off access panels to facilitate leveling of unit without 
removing the panel.

C. Cabinet Assembly

1. Unit shall have four supply air outlets and one return air inlet.

2. The supply air outlet shall be through four directional slot diffusers each equipped with dual 
independent oscillating motorized guide vanes designed to change the airflow direction.

3. The panel vanes shall have a discharge range of motion of 10° - 85° in an up/down direction 
with capabilities of locking the vanes.

4. The unit shall have a guide vane algorithm designed to sequentially change the predominant 
discharge airflow direction in a counterclockwise pattern.

5. Dual guide vanes shall provide airflow in all directions.

6. Unit shall be equipped with factory installed temperature thermistors for:

a) Return air

b) Refrigerant entering coil

c) Refrigerant leaving coil

7. Unit shall have a factory assembled, piped and wired electronic expansion valve (EEV) for 
refrigerant control.

8. Unit shall have a built-in control panel to communicate with other indoor units and to the 
outdoor unit.

9. The unit shall have factory designated branch duct knockouts on the unit case.

10. The unit shall have provision of fresh air ventilation through a knock-out on the cabinet.

11. The branch duct knockouts shall have the ability to duct up to 1/2 the unit airflow capacity.
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12. The branch duct cannot be ducted to another room.

13. Unit shall have the following functions as standard:

a) Self-diagnostic function 

b) Auto addressing

c) Auto restart function

d) Auto changeover function (Heat Recovery system only)

e) Auto operation function 

f) Child lock function

g) Forced operation

h) Dual thermistor control

i) Sleep mode

j) Dual set point control

k) Multiple aux heater applications

l) Filter life timer  

m) External on/off input

n) Wi-Fi compatible

o) Multiple fan operation settings

p) Multiple airflow control modes

q) Leak detection logic

Q. Fan Assembly

14. The unit shall have a single, direct-drive turbo fan made of high strength ABS HT-700 
polymeric resin.

15. The fan impeller shall be statically and dynamically balanced.

16. The fan motor is Brushless Digitally commutated (BLDC) with permanently lubricated and 
sealed ball bearings.

17. The fan motor shall include thermal, overcurrent and low RPM protection.

18. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.

19. The fan speed shall be controlled using microprocessor based direct digitally controlled 
algorithm that provides a minimum of four pre-programed fan speeds in the heating mode 
and fan only mode and five speeds in the cooling mode. The fan speed algorithm provides a 
field selectable fixed speed.

20. A field setting shall be provided to vary air throw pattern to compensate for high ceiling 
installations.
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21. In cooling mode, the indoor fan shall have the following settings: Low, Med, High, Super high, 
Power Cool, and Auto.

22. In heating mode, the indoor fan shall have the following settings: Low, Med, High, Super high 
and Auto.

23. Unit shall have factory installed dual motorized louvers to provide flow of air in up and down 
direction for uniform airflow.

D. Filter Assembly

1. The return air inlet shall have a factory supplied removable, washable 
filter.

2. The filter access shall be from the bottom of the unit without the need for tools.

E. Coil Assembly

1. Unit shall have a factory built coil comprised of aluminum fins 
mechanically bonded on copper tubing.

2. The copper tubing shall have inner grooves to expand the refrigerant contact surface for high 
efficiency heat exchanger operation.

3. Unit shall have a 5mm dia., three row coil, with 18 columns and 22 fins per inch.

4. Unit shall have a factory supplied condensate drain pan below the coil constructed of EPS 
(expandable polystyrene resin).

5. Unit shall include an installed and wired condensate drain lift pump capable of providing 
minimum 27.5 inch lift from bottom surface of the unit.

6. The drain pump shall have a safety switch to shut off the unit if condensate rises too high in 
the drain pan.

7. Unit shall have provision of 45° flare refrigerant pipe connections.

8. The coil shall be factory pressure tested at a minimum of 550 psig.

9. All refrigerant piping from outdoor unit to indoor unit shall be field insulated. Each pipe should 
be insulated separately. Thickness and heat transfer characteristics shall be determined by 
the design engineer and shall meet all code requirements.

F. Microprocessor Control

1. The unit shall have a factory installed microprocessor controller capable of performing 
functions necessary to operate the system.

2. The unit shall be able to communicate with other indoor units and the outdoor unit using a 
field supplied minimum of 18 AWG, two core, stranded, twisted and shielded communication 
cable.

3. The unit controls shall operate the indoor unit using one of the five operating modes:

a) Auto changeover (Heat Recovery System only)

b) Heating

c) Cooling

d) Dry
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e) Fan only

4. The unit shall be able to operate in either cooling or heating mode for testing and/or 
commissioning.

5. The unit shall be able to operate with the fan turned off during system cooling thermal off.

6. The unit shall have adjustable, multi-step cooling and heating mode thermal on/off 
temperature range settings.

7. The system shall include a product check function to access and display indoor unit type and 
capacity from a wired programmable thermostat controller.

8. Unit shall have a field settable method to choose auto fan speed change operation based on 
mode of operation, on/off fan operation based on mode of operation, or continuous minimum 
set fan speed operation.

G. Electrical

1. The unit electrical power shall be 208-230/1/60 (V/Ph/Hz).

2. The unit shall be capable of operating within voltage limits of +/- 10% of the rated voltage.

H. Controls

1. Unit shall use controls provided by the manufacturer to perform all 
functions necessary to operate the system effectively and efficiently and 
communicate with the outdoor unit over an RS-485 daisy chain.

I. Optional Accessories

1. Unit shall have the following optional accessories available:

a) Premium panel with air purification kit

b) Floor temperature sensor

c) Human detection sensor

d) Ventilation flange and kit

J. Seismic Installations

1. Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) 
documents for certified product list of VRF equipment to be installed in high seismic risk 
areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 
California Building Code and IBC 2012, 2015 and 2018 International Building Code.

K. Warranty 

1. Please refer to the respective outdoor unit for applicable warranty.

4.03 Ducted – High Static 

A. General

1. Unit shall be manufactured by LG.
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2. Unit shall be designed to be installed for indoor application.

3. Unit shall be designed to mount fully concealed above the finished ceiling.

4. Unit shall have opening to supply air from front horizontal and a dedicated rear horizontal 
return.

5. The supply air shall be flanged for field installed ductwork that shall not exceed the external 
static pressure limitation of the unit.

B. Casing/Panel

1.               Unit case shall be manufactured using galvanized steel plate.

2. The cold surfaces of the unit shall be covered internally with a coated polystyrene insulating 
material.

3. The cold surfaces of the unit shall be covered externally with sheet insulation made of 
Ethylene Propylene Diene Monomer (M-Class) (EPDM)

4. The external insulation shall be plenum rated and conform to ASTM Standard D-1418.

5. Unit shall be provided with hanger brackets designed to support the unit weight on four 
corners.

6. Hanger brackets shall have pre-punched holes designed to accept field supplied, all thread 
rod hangers.

C. Cabinet Assembly

1.               Unit shall have horizontal supply air discharge outlets and a return air inlet 

2. Unit shall be equipped with factory installed temperature thermistors for:

a) Return air

b) Refrigerant entering coil

c) Refrigerant leaving coil

3. Unit shall have a factory assembled, piped and wired electronic expansion valve (EEV) for 
refrigerant control.

4. Unit shall have a built-in control panel to communicate with other indoor units and to the 
outdoor unit.

5. Unit shall have the following functions as standard:

a) Self-diagnostic function 

b) Auto addressing

c) Auto restart function

d) Auto changeover function (Heat Recovery system only)
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e) Auto operation function 

f) Child lock function

g) Forced operation

h) Dual thermistor control

i) Sleep mode

j) External static pressure (ESP) control

k) Dual set point control

l) Multiple aux heater applications

m) Filter life timer 

n) External on/off input

o) Wi-Fi compatible

p) Auto fan operation

q) Leak detection logic

D. Fan Assembly

1.               The unit shall have two direct drive Sirocco fans made of high strength ABS GP-2200 
polymeric resin.

2. The fan impeller shall be statically and dynamically balanced. 

3. The fans shall be mounted on a common shaft.

4. The fan motor is Brushless Digitally commutated (BLDC) with permanently lubricated and 
sealed ball bearings.

5. The fan motor shall include thermal, overcurrent and low RPM protection.

6. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.

7. The fan speed shall be controlled using microprocessor based direct digitally controlled 
algorithm that provides a minimum of three pre-programed fan speeds, each setting is also 
adjustable by field setting to compensate for a limited amount of additional resistance to 
airflow by adjusting the RPM of the fan motor.

8. In cooling mode, the indoor fan shall have the following settings; Low, Med, High, and Auto.

9. In heating mode, the indoor fan shall have the following settings: Low, Med, High, and Auto.

10. Each of the settings can be field adjusted from the factory setting (RPM/ESP).
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11. Unit shall be designed for high speed air volume against an external static pressure of up to 
0.98” water gauge, model dependent.

E. Filter Assembly

1.               The return air inlet shall have a factory supplied removable, washable filter. MERV 13 filter 
rack is available as an option, model dependent.

2. The filter access shall be from the rear of the unit.

F. Coil Assembly

1.               Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on 
copper tubing.

2. The copper tubing shall have inner grooves to expand the refrigerant contact surface for 
high efficiency heat exchanger operation.

3. Unit shall have a minimum two to three row coil, 19-21 fins per inch.

4. Unit shall have a factory supplied condensate drain pan below the coil constructed of HIPS 
(high impact polystyrene resin).

5. Unit shall include an installed and wired condensate drain lift pump capable of providing 
minimum 27.5 inch lift from bottom surface of the unit. The unit drain pan is supplied with a 
secondary drain port/plug allowing the pan to be gravity drained and serviced.

6. The drain pump shall have a safety switch to shut off the unit if condensate rises too high in 
the drain pan, model dependent.

7. Unit shall have provision of 45° flare refrigerant pipe connections.

8. The coil shall be factory pressure tested at a minimum of 550 psig.

9. All refrigerant piping from outdoor unit to indoor unit shall be field insulated. Each pipe 
should be insulated separately. Thickness and heat transfer characteristics shall be 
determined by the design engineer and shall meet all code requirements.

G. Microprocessor Control

1.               The unit shall have a factory installed microprocessor controller capable of performing 
functions necessary to operate the system with or without the use of a wall mounted 
controller. The unit shall have a factory mounted return air thermistor for use as a space 
temperature control device. All operating parameters except scheduling shall be stored in 
non-volatile memory resident on the microprocessor. The microprocessor shall provide the 
following functions, self-diagnostics, auto re-start after a power failure and a test run mode.

2. The unit shall be able to communicate with other indoor units and the outdoor unit using a 
field supplied minimum of 18 AWG, two core, stranded, twisted, and shielded 
communication cable.

3. The unit controls shall operate the indoor unit using one of the five operating modes:

a) Auto changeover (Heat Recovery System only)
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b) Heating

c) Cooling

d) Dry

e) Fan only

4. The unit shall be able to operate in either cooling or heating mode for testing and/or 
commissioning.

5. The unit shall be able to operate with the fan turned off during system cooling thermal off.

6. The unit shall be able to operate with a continuous fan setting.

7. The unit shall have adjustable, multi-step cooling and heating mode thermal on/off 
temperature range settings.

8. The system shall include a product check function to access and display indoor unit type and 
capacity from a wired programmable thermostat controller.

H. Electrical

1.               The unit electrical power shall be 208-230/1/60 (V/Ph/Hz).

2. The unit shall be capable of operating within voltage limits of +/- 10% of the rated voltage.

I. Controls

1.               Unit shall use controls provided by the manufacturer to perform all functions necessary to 
operate the system effectively and efficiently and communicate with the outdoor unit over 
an RS-485 daisy chain.

J. Seismic Installations

1.               Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) 
documents for certified product list of VRF equipment to be installed in high seismic risk 
areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 
California Building Code and IBC 2012, 2015 and 2018 International Building Code.

K. Warranty 

1.Please refer to the respective outdoor unit for applicable warranty.

4.04 Ducted – Vertical/Horizontal Air Handling Unit 

A. General

1. Unit shall be manufactured by LG.

2. Unit shall be factory assembled, wired, piped and run tested.

3. Unit shall be designed to be installed for indoor application.

4. Unit shall be designed to mount fully concealed behind the wall, in a closet or above the 
finished ceiling.
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5. The unit case shall be designed to accept an internal, optional LG electric strip heater 
mounted in the reheat position, available in 5, 10, 15, and 20 KW capacities for field 
installation per installation instructions.

6. The supply air shall be flanged for field installed ductwork that shall not exceed the external 
static pressure limitation of the unit.

B. Casing/Panel

1.               Unit case shall be manufactured using 22-gauge Pre Coated Metal (PCM).

2. The external surface shall be finished with a high gloss baked enamel finish.

3. The finish color shall be morning fog.

4. The cold surfaces of the unit shall be internally insulated with 1/2 inch foil faced polystyrene 
fiber insulation.

5. The inside surface of fan assembly door access panel shall be treated with 1/2 inch 
polystyrene fiber insulation, encapsulated on both sides.

6. The access panel shall be sealed along the edges with reinforced foil faced covering to 
prevent deterioration caused by panel removal.

7. All the access panels shall be provided with gasket seals to minimize air leakage.

8. The external insulation shall be plenum rated and conform to ASTM Standard D-1418.

C. Cabinet Assembly

1.               The unit shall be designed to operate in the vertical (up flow) configuration or horizontal 
(left) end discharge.

2. Unit shall, in the vertical position, have opening for supply air from top with a dedicated 
bottom vertical return and in the horizontal position supply air shall be from the left end 
with the return air from the right end.

3. Unit shall be equipped with factory installed temperature thermistors for:

a) Return air

b) Refrigerant entering coil

c) Refrigerant leaving coil

4. Unit shall have a factory assembled, piped and wired electronic expansion valve (EEV) for 
refrigerant control.

5. Unit shall have a built-in control panel to communicate with other indoor units and to the 
outdoor unit.

6. Unit shall have the following functions as standard:

a) Self-diagnostic function 
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b) Auto addressing

c) Auto restart function

d) Auto changeover function (Heat Recovery system only)

e) Auto operation function 

f) Auto clean function

g) Child lock function

h) Forced operation

i) Dual thermistor control

j) Sleep mode

k) External static pressure (ESP) control

l) Dual set point control

m) Aux heater applications

n) Filter life timer 

o) External on/off control input

p) Wi-Fi compatible

q) Auto fan operation

r) Refrigerant Refrigerant Leak detection logic

D. Fan Assembly

1.               The unit shall have an integral fan assembly consisting of galvanized steel housing and 
forward curve fan wheel.

2. The fan motor is Brushless Digitally commutated (BLDC) with permanently lubricated and 
sealed ball bearings.

3. The fan motor shall include thermal, overcurrent and low RPM protection.

4. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.

5. The fan speed shall be controlled using microprocessor based direct digitally controlled 
algorithm that provides a minimum of three pre-programed fan speeds. Each setting is also 
adjustable by field setting to compensate for a limited amount of additional resistance to 
airflow by adjusting the RPM of the fan motor.

6. In cooling mode, the indoor fan shall have the following settings: Low, Med, High, and Auto.
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7. In heating mode, the indoor fan shall have the following settings: Low, Med, High, and Auto.

8. Each of the settings can be field adjusted from the factory setting (RPM/ESP).

9. Unit shall be designed for high speed air volume against an external static pressure of up to 
1.0” water gauge model dependent.

E. Filter Assembly

1.               The unit comes with a filter rack capable of accepting a field supplied 16” x 20” x 1” filter 
cartridge

2. The filter rack shall be equipped with guides to keep filter centered in the rack.

3. The filter access shall be from the front of the unit without removing coil or fan area access 
panel.

4. The filter access door shall be fitted with thumb screws that can be removed without the 
use of any tool.

F. Coil Assembly

1.               Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on 
copper tubing.

2. The copper tubing shall have inner grooves to expand the refrigerant contact surface for 
high efficiency heat exchanger operation.

3. Unit shall have minimum two to three row coil, 18 fins per inch.

4. Unit shall have a factory supplied condensate drain pan below the coil constructed of HIPS 
(high impact polystyrene resin).

5. Unit shall be designed for gravity drain.

6. The unit shall have a secondary drain port plug for overflow.

7. Unit shall have provision of 45° flare refrigerant pipe connections.

8. The coil shall be factory pressure tested at a minimum of 550 psig.

9. All refrigerant piping from outdoor unit to indoor unit shall be field insulated. Each pipe 
should be insulated separately. Thickness and heat transfer characteristics shall be 
determined by the design engineer and shall meet all code requirements.

G. Microprocessor Control

1.               The unit shall have a factory installed microprocessor controller capable of performing 
functions necessary to operate the system with or without the use of a wall mounted 
controller. The unit shall have a factory mounted return air thermistor for use as a space 
temperature control device. All operating parameters except scheduling shall be stored in 
non-volatile memory resident on the microprocessor. The microprocessor shall provide the 
following functions, self-diagnostics, auto re-start after a power failure and a test run mode
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2. The unit shall be able to communicate with other indoor units and the outdoor unit using a 
field supplied minimum of 18 AWG, two core, stranded, twisted, and shielded 
communication cable.

3. The unit controls shall operate the indoor unit using one of the five operating modes:

a) Auto changeover (Heat Recovery System only)

b) Heating

c) Cooling

d) Dry

e) Fan only

4. The unit shall be able to operate in either cooling or heating mode for testing and/or 
commissioning.

5. The unit shall be able to operate with the fan turned off during system cooling thermal off.

6. The unit shall be able to operate with a continuous fan setting.

7. The unit shall have adjustable, multi-step cooling and heating mode thermal on/off 
temperature range settings.

8. The system shall include a product check function to access and display indoor unit type and 
capacity from a wired programmable zone controller.

H. Electrical

1.               The unit electrical power shall be 208-230/1/60 (V/Ph/Hz).

2. The unit shall be capable of operating within voltage limits of +/- 10% of the rated voltage.

I. Controls

1.               Unit shall use controls provided by the manufacturer to perform all functions necessary to 
operate the system effectively and efficiently and communicate with the outdoor unit over 
an RS-485 daisy chain.

J. Seismic Installations

1.               Provide with submittal: 1) OSHPD Special Seismic Certification Preapproval (OSP) 
documents for certified product list of VRF equipment to be installed in high seismic risk 
areas. 2) Equipment installation documents in conformance with CBC 2013, 2016 and 2019 
California Building Code and IBC 2012, 2015 and 2018 International Building Code.

K. Warranty 

2.        Please refer to the respective outdoor unit for applicable warranty
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SECTION 26 0200
ELECTRICAL GENERAL REQUIREMENTS

PART 1 - GENERAL
1.01 SCOPE

A. The electrical work commences with the point of electrical service where shown on the drawings
and includes furnishing all material and labor for a complete electrical installation.

B. The requirements of Division 1 apply to all work hereunder.  The General and Special
Conditions are a part of this Division of the Specifications and all provisions contained therein
which affect this work are as binding as though incorporated herein.

C. The Contractor shall be responsible for construction coordination of all work described in this
section with the work specified in other sections of the specifications and shown on the
drawings.  In advance of construction, coordinate and work out any minor problems with other
trades to avoid conflicts therewith.  However, if other than minor problems are encountered,
bring these problems to the attention of the Architect, who will make the final decisions as to
correction.
1. All references and notations pertaining to coordination by the Contractor shall apply to

construction coordination.  The Architect and Engineers have, to the best of their ability,
coordinated the drawing and specifications to avoid conflicts between specified equipment
and space required for such, and between architectural and engineering disciplines.

1.02 DEFINITIONS
A. Provide:  Furnish, install, and connect.
B. Product Data:  Catalog cuts and descriptive literature.
C. Shop Drawings:  Factory prepared specific to the installation.
D. Signal Circuit:  Voltage:  0-120 Volts.
E. Low Voltage:  120-600 Volts.
F. High Voltage:  Above 600 Volts.
G. Indicated:  Shown on the Contract Drawings.
H. Noted:  Indicated or specified elsewhere.

1.03 DIVISION OF WORK
A. Unless otherwise noted the following are provided by Division 23 0000.

1. Motors.
2. Electric heating and air conditioning equipment.
3. Building energy management systems.
4. Electrical heat tracing.
5. Pilot and control devices for the above equipment, except conduit rough-in is work of this

section.
B. Unless otherwise noted the following are provided and connected by this division and installed

by Division 23 0000.
1. Duct Smoke Detectors.

C. Power wiring and equipment connections for items above are specified in this Division.  Control
wiring for Division 23 0000 is installed by Division 23 0000 per the requirements of this Division. 
Control wiring for other divisions is installed by this division except as noted below.

D. Furnish and install any incidental work not shown or specified which can reasonably be inferred
as part of the work and necessary to provide a complete and workable system.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0200 2 ELECTRICAL GENERAL
REQUIREMENTS

1.04 LOCAL CONDITIONS
A. Power will be supplied by the utility company overhead electrical distribution system.  Verify and

comply with all power company requirements for metering, pull sections, transformer pads. 
Make necessary arrangements with the power company for temporary service requirements.

B. Verify and comply with all requirements of the local telephone company concerning the
complete telephone system.

C. Existing Utilities:  Locate and protect existing utilities and other underground work in manner
which will ensure that no damage or service interruption will result from excavating and
backfilling.

D. Protect property from damage which might result from excavating and backfilling.
E. Protect persons from injury at excavations by barricades, warnings, and illumination.

1.05 QUALITY ASSURANCE
A. Provide the complete electrical installation in accordance with the 2014 National Electrical Code

(NFPA 70) and other applicable NFPA codes, Fire Prevention Code, Rules and Regulations for
Energy Efficiency Standards for New Construction, Americans with Disabilities Act (ADA)
Accessibility Guidelines for Buildings and Facilities, and in accordance with applicable local
does.  Obtain all necessary permits and have all work inspected by appropriate authorities.

B. All products shall be designed, manufactured, and tested in accordance with industry standards.
 Where applicable, products shall be labeled or listed by third party certification agencies. 
Standards organizations, and their abbreviations as used hereafter, include the following:
1. American National Standards Institute, Inc. (ANSI).
2. American Society for Testing and Materials (ASTM).
3. Insulated Cable Engineers Association (ICEA).
4. National Electrical Manufacturers Association (NEMA).
5. National Fire Protection Association (NFPA).
6. Underwriters Laboratories (UL).

1.06 SUBMITTALS
A. Make all submittals in accordance with the requirements of Division 1.  Approval drawings

consists of shop drawings, product data, and other information as noted in the individual
equipment sections.  Except as noted, submittal information is for approval and equipment may
not be installed until submittals have been returned with stamped approval.

B. Provide six copies of each type of equipment material or information for installation.
C. Product data shall include, for each item, the manufacturer, manufacturer's catalog number,

type of class, the rating, capacity, size, etc.  Submittals shall include:
1. Fixture Cuts.
2. Disconnect Switches.
3. Panelboards.
4. Wire and Cable.
5. Conduit and Fittings.
6. Boxes and Covers.
7. Fire Alarm System Equipment.
8. Switchgear.
9. Telephone/Intercom System.
10. Lighting Control System.

D. Fixture Cuts:  Contractor shall submit a brochure containing catalog cuts or drawings and data
for all the lighting fixtures he proposes to furnish.  For fixtures which the contractor proposes to
substitute for those specified, he shall submit complete photometric data prepared by a
recognized, approved testing laboratory, manufacturer's data sheets or drawings showing
dimensions, construction, materials and finished, and when required, sample fixtures.
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E. Shop Drawings:  Submit for approval, detailed construction drawings for each item of fabricated
equipment required for the electrical installation.  All drawings shall be to scale, fully
dimensioned, and provide sufficient detail to clearly indicate the arrangement of the equipment
and its component parts.  Construction of the equipment shown shall be revised to comply with
the drawings and specifications as drawings, and the drawings submitted when requested by
the Architect.  Shop drawings shall be submitted for the following:
1. Switchgear.
2. Panelboards.

F. Except as noted, installation instructions are not required to be submitted.  However, it is the
Contractor's responsibility to obtain installation information from the manufacturer for all
equipment prior to installing the equipment.

G. Substitutions and/or systems designed and manufactured by other manufacturers will be
considered under the terms described for substitutions with the following exceptions:
1. Substitutions:  See Section 01 6000 - Product Requirements.
2. Substitution requests will be considered only if received at least 10 days prior to the bid

date.
3. Substitution requests will be considered only if required submittal data is complete; see

article SUBMITTALS above.
4. Contractor (not equipment supplier) shall certify that the use of the substitute system and

equipment will not require changes to other work or re-design.
5. Contractor  shall certify that the substitute system will achieve the performance specified.

1.07 DRAWINGS
A. The electrical drawings, which constitute an integral part of this contract, shall serve as the

working drawings.  They indicate diagrammatically the general layout of the complete electrical
system, including the arrangement of feeders, circuits, outlets, switches, controls, panelboards,
service equipment, fixtures, special systems, and other work.  Field verifications of scale
dimensions taken from the drawings are directed since actual field locations, distances and
elevations will be governed by actual field conditions.  Review architectural, structural,
mechanical and plumbing drawings and adjust work to conform to all conditions indicated
thereon.  Discrepancies shown on different plans or between plans and actual field conditions,
or between plans and specifications, shall promptly be brought to the attention of the Architect
for a decision prior to installation of equipment in question.  If discrepancies are not brought to
the attention of the Architect prior to installation of said equipment the Contract, if so directed,
will move, remove or modify said equipment at no additional cost.

1.08 RECORD DRAWINGS
A. Furnish record drawings in accordance with the requirements of Division 1.  Record drawings

consist of submittal data as listed above, operation and maintenance data, and as built
drawings.  Record drawings are to reflect the final installation including any changes during
approval, manufacturing tests, and installation.

B. In addition to other required sets, furnish one set of operation and maintenance data for all
apparatus requiring service.  This set is to be bound in hardback, three-ring binder(s) located in
a hinged metal cabinet in the main electrical room and shall include:
1. Title page with project name; installing contractor's name, address, and telephone number;

date of installation and warranty period.
2. Index sheet.
3. Complete manufacturers operation and maintenance data with tabs (corresponding to the

index) separating each item or system.  Include the name, address, and phone number of
the nearest sales and service organization for each item.

C. As-Built Drawings:  Furnish one set of prints maintained at the job site at all times with all
changes during construction marked thereon.  Include on the as-built drawings sufficient
dimensions to permit location of underground conduits.
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D. Submit the results of any test required in the individual equipment sections.
1.09 SERIES CONNECTED RATINGS

A. Combinations for series connected interrupted ratings shall be recognized by Underwriters
Laboratories and shall appear in the Recognized Component Directory under the “Circuit
Breakers-Series Connected” product category DKSY2.  Current limiting circuit breakers shall
allow the use of branch circuit breakers with lower interrupting capacities on systems capable of
delivering fault currents which are higher than these capacities.

1.10 DELIVERY, STORAGE, AND HANDLING
A. Ship products to the job site in their original packaging.  Receive and store products in a

suitable manner to prevent damage or deterioration.  Keep equipment upright at all times.
B. Investigate the spaces through which equipment must pass to reach its final destination. 

Coordinate with the manufacturer to arrange delivery at the proper stage of construction and to
provide shipping splits where necessary.

PART 2 - PRODUCTS
2.01 MATERIALS

A. Provide only new products of the manufacturer's latest design.
PART 3 - EXECUTION
3.01 INSTALLATION

A. The complete installation is to be accomplished by skilled electrical tradesmen with certified or
suitably qualified individuals performing all special systems installation and testing.  All
workmanship shall be of the highest quality; sub-standard work will be rejected.

B. Schedule the work and cooperate with all trades to avoid delays, interferences, and
unnecessary work.  If any conflicts occur necessitating departures from the Contract Drawings
and specifications, detail of departures and reasons therefore shall be submitted immediately
for the Architect's consideration.

C. Do not allow installations to be concealed or enclosed before they have been inspected and
tested.  Should work be concealed before it has been inspected and tested, uncover at no
additional cost, repairing as necessary after inspection.

D. Electrical License Requirements
1. No Electrical Contractor shall perform electrical work on the contract without possessing a

State of Arkansas Electrical Contractor License.
2. All electricians shall have a copy of their license with them and shall be required to show it

to an appropriate inspector upon request.
3.02 CERTIFICATION AND TESTS

A. Prior to request for final review test all systems and repair or replace all defective work. Submit,
with request for final review, written certification that all electrical systems are complete and
operational.

B. At the time of final review of electrical work, demonstrate the operation of electrical systems. 
Furnish labor, apparatus and equipment for systems' demonstration.

C. After final review and acceptance, turn over to the Owner all keys for electrical equipment locks.
 Present to the Owner or his designated representative demonstrations and oral instructions for
proper operation and maintenance of the electrical equipment and systems.
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3.03 PROJECT MODIFICATIONS
A. During the progress of construction, if such conditions arise that require revisions,

modifications, or relocations to any electrical equipment or materials incorporated in this project,
such alterations shall be immediately called to the attention of the Architect.  Contractor shall
then prepare necessary Drawings showing proposed changes.  Submit proposed changes for
review by the Architect prior to actual revision work in the field.

END OF SECTION 26 0200
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SECTION 26 0519
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Single conductor building wire.
B. Nonmetallic-sheathed cable.
C. Metal-clad cable.
D. Wire and cable for 600 volts and less.
E. Wiring connectors.
F. Electrical tape.
G. Heat shrink tubing.
H. Wire pulling lubricant.
I. Cable ties.

1.02 RELATED REQUIREMENTS
A. Section 07 8400 - Firestopping.
B. Section 26 0526 - Grounding and Bonding for Electrical Systems:  Additional requirements for

grounding conductors and grounding connectors.
C. Section 26 0536 - Cable Trays for Electrical Systems:  Additional installation requirements for

cables installed in cable tray systems.
D. Section 26 0200 - Electrical General Requirements
E. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
1.03 REFERENCE STANDARDS

A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2013.
B. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical

Purposes; 2010 (Reapproved 2014).
C. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper

Conductors for Subsequent Insulation; 2004 (Reapproved 2014).
D. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic

Pressure-Sensitive Electrical Insulating Tape; 2010.
E. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
F. NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); 2012.
G. NEMA WC 70 - Nonshielded Power Cable 2000 V or Less for the Distribution of Electrical

Energy; 2009.
H. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;

2013.
I. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
J. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions.
K. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.
L. UL 267 - Outline of Investigation for Wire-Pulling Compounds; Most Recent Edition, Including

All Revisions.
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M. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.
N. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.
O. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.
P. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition,

Including All Revisions.
Q. UL 719 - Nonmetallic-Sheathed Cables; Current Edition, Including All Revisions.
R. UL 1569 - Metal-Clad Cables; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other
sections with the actual conductors to be installed, including adjustments for conductor
sizes increased for voltage drop.

2. Coordinate with electrical equipment installed under other sections to provide terminations
suitable for use with the conductors to be installed.

3. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents. 
Obtain direction before proceeding with work.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide for each cable assembly type.

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's

instructions.
1.08 FIELD CONDITIONS

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower
than 14 degrees F, unless otherwise permitted by manufacturer's instructions. When installation
below this temperature is unavoidable, notify Architect/Engineer and obtain direction before
proceeding with work.

PART 2  PRODUCTS
2.01 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and
product listing.

B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated,
permitted, or required.

C. Concealed Dry Interior Locations:  Use only building wire with Type THHN/THWN insulation in
raceway.

D. Exposed Dry Interior Locations:  Use only building wire with Type THHN/THWN insulation in
raceway.

E. Above Accessible Ceilings:  Use only building wire with Type THHN/THWN insulation in
raceway.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0519 3 LOW-VOLTAGE ELECTRICAL
POWER CONDUCTORS AND

CABLES

F. Wet or Damp Interior Locations:  Use only building wire with Type THHN/THWN insulation in
raceway.

G. Exterior Locations:  Use only building wire with Type THHN/THWN insulation in raceway.
H. Underground Installations:  Use only building wire with Type XHHW insulation in raceway.
I. Use solid or stranded conductor for feeders and branch circuits 10 AWG and smaller.
J. Use stranded conductor for feeders and branch circuits 8 AWG and larger.
K. Use conductor not smaller than 12 AWG for power and lighting circuits.
L. Use 10 AWG conductors for 20 ampere, 120 volt branch circuits longer than 100 feet.
M. Conductor sizes are based on copper.  Aluminum wire will not be accepted.

2.02 CONDUCTOR AND CABLE GENERAL REQUIREMENTS
A. Provide products that comply with requirements of NFPA 70.
B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,

connectors, etc. as required for a complete operating system.
D. Comply with NEMA WC 70.
E. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83.
F. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44.
G. Conductors for Grounding and Bonding:  Also comply with Section 26 0526.
H. Conductors and Cables Installed in Cable Tray:  Listed and labeled as suitable for cable tray

use.
I. Conductors and Cables Installed Exposed in Spaces Used for Environmental Air (only where

specifically permitted):  Plenum rated, listed and labeled as suitable for use in return air
plenums.

J. Conductor Material:
1. Provide copper conductors only.  Aluminum conductors are not acceptable for this project.

Conductor sizes indicated are based on copper.
2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper

conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless otherwise
indicated.

3. Tinned Copper Conductors:  Comply with ASTM B33.
K. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable

minimum size requirements specified.
L. Conductor Color Coding:

1. Color code conductors as indicated unless otherwise required by the authority having
jurisdiction.  Maintain consistent color coding throughout project.

2. Color Coding Method:  Integrally colored insulation.
3. Color Code:

a. 480Y/277 V, 3 Phase, 4 Wire System:
1) Phase A:  Brown.
2) Phase B:  Orange.
3) Phase C:  Yellow.
4) Neutral/Grounded:  Gray.

b. 208Y/120 V, 3 Phase, 4 Wire System:
1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.
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4) Neutral/Grounded:  White.
c. Equipment Ground, All Systems:  Green.

2.03 SINGLE CONDUCTOR BUILDING WIRE
A. Description:  Single conductor insulated wire.
B. Conductor Stranding:

1. Feeders and Branch Circuits:
a. Size 10 AWG and Smaller:  Solid or Stranded.
b. Size 8 AWG and Larger:  Stranded.

C. Insulation Voltage Rating:  600 V.
D. Insulation:

1. Copper Building Wire:  Type THHN/THWN or THHN/THWN-2, except as indicated below.
a. Installed Underground:  Type XHHW-2.

2.04 NONMETALLIC-SHEATHED CABLE
A. Description:  NFPA 70, Type NM multiple-conductor cable listed and labeled as complying with

UL 719, Type NM-B.
B. Conductor Stranding:

1. Size 10 AWG and Smaller:  Solid.
2. Size 8 AWG and Larger:  Stranded.

C. Insulation Voltage Rating:  600 V.
D. Uses Allowed:  Nonmetallic-Sheathed Cable shall not be used on any portion of this project.

2.05 METAL-CLAD CABLE
A. Description:  NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and listed

for use in classified firestop systems to be used.
B. Conductor Stranding:

1. Size 10 AWG and Smaller:  Solid.
2. Size 8 AWG and Larger:  Stranded.

C. Insulation Voltage Rating:  600 V.
D. Insulation:  Type THHN, THHN/THWN, or THHN/THWN-2.
E. Grounding:  Full-size integral equipment grounding conductor.
F. Armor:  Steel, interlocked tape.
G. Uses Allowed:  Metal Clad Cable shall only be allowed for final connections to equipment and

grid mounted light fixtures where the cable is exposed or easily accessible.
2.06 WIRING CONNECTORS

A. Description:  Wiring connectors appropriate for the application, suitable for use with the
conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as
applicable.

B. Connectors for Grounding and Bonding:  Comply with Section 26 0526.
2.07 ACCESSORIES

A. Electrical Tape:
1. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; listed

as complying with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion,
and sunlight; suitable for continuous temperature environment up to 221 degrees F.

2. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying with
UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight;
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conformable for application down to 0 degrees F and suitable for continuous temperature
environment up to 221 degrees F.

3. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to flexible,
all-weather vinyl backing; minimum thickness of 90 mil.

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V;
suitable for direct burial applications; listed as complying with UL 486D.

C. Wire Pulling Lubricant:
1. Listed and labeled as complying with UL 267.
2. Suitable for use with conductors/cables and associated insulation/jackets to be installed.
3. Suitable for use at installation temperature.

D. Cable Ties:  Material and tensile strength rating suitable for application.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that interior of building has been protected from weather.
B. Verify that work likely to damage wire and cable has been completed.
C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to

accommodate conductors and cables in accordance with NFPA 70.
D. Verify that raceway installation is complete and supported.
E. Verify that field measurements are as indicated.
F. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables.

3.03 INSTALLATION
A. Circuiting Requirements:

1. When circuit destination is indicated without specific routing, determine exact routing
required.

2. Arrange circuiting to minimize splices.
3. Maintain separation of wiring for emergency systems in accordance with NFPA 70.
4. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors

among up to three single phase branch circuits of different phases installed in the same
raceway is not permitted.  Provide dedicated neutral/grounded conductor for each
individual branch circuit.
a. Branch circuits fed from ground fault circuit interrupter (GFCI) circuit breakers.
b. Branch circuits fed from feed-through protection of GFI receptacles.
c. Branch circuits with dimming controls.
d. Branch circuits with isolated grounding conductor.

B. Install products in accordance with manufacturer's instructions.
C. Perform work in accordance with NECA 1 (general workmanship).
D. Install metal-clad cable (Type MC) in accordance with NECA 120.
E. Installation in Raceway:

1. Tape ends of conductors and cables to prevent infiltration of moisture and other
contaminants.

2. Pull all conductors and cables together into raceway at same time.
3. Do not damage conductors and cables or exceed manufacturer's recommended maximum

pulling tension and sidewall pressure.
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4. Use suitable wire pulling lubricant where necessary, except when lubricant is not
recommended by the manufacturer.

F. Exposed Cable Installation (only where specifically permitted):
1. Route cables parallel or perpendicular to building structural members and surfaces.
2. Protect cables from physical damage.

G. Installation in Cable Tray:  Also comply with Section 26 0536.
H. Paralleled Conductors:  Install conductors of the same length and terminate in the same

manner.
I. Secure and support conductors and cables in accordance with NFPA 70 using suitable supports

and methods approved by the authority having jurisdiction.  Provide independent support from
building structure.  Do not provide support from raceways, piping, ductwork, or other systems.
1. Installation Above Suspended Ceilings:  Do not provide support from ceiling support

system. Do not provide support from ceiling grid or allow conductors and cables to lay on
ceiling tiles.

2. Installation in Vertical Raceways:  Provide supports where vertical rise exceeds
permissible limits.

J. Terminate cables using suitable fittings.
1. Metal-Clad Cable (Type MC):

a. Use listed fittings.
b. Cut cable armor only using specialized tools to prevent damaging conductors or

insulation. Do not use hacksaw or wire cutters to cut armor.
K. Install conductors with a minimum of 12 inches of slack at each outlet.
L. Where conductors are installed in enclosures for future termination by others, provide a

minimum of 5 feet of slack.
M. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment

enclosures.
N. Group or otherwise identify neutral/grounded conductors with associated ungrounded

conductors inside enclosures in accordance with NFPA 70.
O. Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make
splices in conduit bodies or wiring gutters.

2. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.
4. Clean contact surfaces on conductors and connectors to suitable remove corrosion,

oxides, and other contaminates. Do not use wire brush on plated connector surfaces.
5. Mechanical Connectors:  Secure connections according to manufacturer's recommended

torque settings.
6. Compression Connectors:  Secure connections using manufacturer's recommended tools

and dies.
P. Insulate splices and taps that are made with uninsulated connectors using methods suitable for

the application, with insulation and mechanical strength at least equivalent to unspliced
conductors.
1. Dry Locations:  Use insulating covers specifically designed for the connectors.
2. Damp Locations:  Use insulating covers specifically designed for the connectors.

a. For connections with insulating covers, apply outer covering of moisture sealing
electrical tape.

3. Wet Locations:  Use heat shrink tubing.
Q. Insulate ends of spare conductors using vinyl insulating electrical tape.
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R. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu of integrally
colored insulation as permitted in Part 2 under "Color Coding", apply half overlapping turns of
tape at each termination and at each location conductors are accessible.

S. Identify conductors and cables in accordance with Section 26 0553.
T. Install firestopping to preserve fire resistance rating of partitions and other elements, using

materials and methods specified in Section 07 8400.
U. Unless specifically indicated to be excluded, provide final connections to all equipment and

devices, including those furnished by others, as required for a complete operating system.
V. Use suitable wire pulling lubricant for building wire 4 AWG and larger.
W. Clean conductor surfaces before installing lugs and connectors.
X. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible

temperature rise.
Y. Use split bolt connectors for copper conductor splices and taps, 6 AWG and larger.  Tape

uninsulated conductors and connector with electrical tape to 150 percent of insulation rating of
conductor.

Z. Use insulated spring wire connectors with plastic caps for copper conductor splices and taps, 10
AWG and smaller.

3.04 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Perform inspections and tests listed in NETA ATS, Section 7.3.2.  The insulation resistance test

is required for all conductors. The resistance test for parallel conductors listed as optional is not
required.

D. Correct deficiencies and replace damaged or defective conductors and cables.
END OF SECTION 26 0519
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SECTION 26 0526
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Grounding and bonding requirements.
B. Conductors for grounding and bonding.
C. Connectors for grounding and bonding.
D. Ground rod electrodes.
E. Ground access wells.

1.02 RELATED REQUIREMENTS
A. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables:  Additional

requirements for conductors for grounding and bonding, including conductor color coding.
B. Section 26 0536 - Cable Trays for Electrical Systems:  Additional grounding and bonding

requirements for cable tray systems.
C. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
D. Section 26 0200 - Electrical General Requirements
E. Section 26 5600 - Exterior Lighting:  Additional grounding and bonding requirements for

pole-mounted luminaires.
1.03 REFERENCE STANDARDS

A. IEEE 81 - IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface
Potentials of a Grounding System; 2012.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
C. NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; 2007.
D. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;

2013.
E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
F. NFPA 99 - Health Care Facilities Code; 2015.
G. UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Verify exact locations of underground metal water service pipe entrances to building.
2. Coordinate the work with other trades to provide steel reinforcement complying with

specified requirements for concrete-encased electrode.
3. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents.

Obtain direction before proceeding with work.
B. Sequencing:

1. Do not install ground rod electrodes until final backfill and compaction is complete.
1.05 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittals procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for grounding

and bonding system components.
C. Field quality control test reports.
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D. Project Record Documents:  Record actual locations of grounding electrode system
components and connections.

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.
B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose

specified and indicated.
C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS
2.01 GROUNDING AND BONDING REQUIREMENTS

A. Do not use products for applications other than as permitted by NFPA 70 and product listing.
B. Unless specifically indicated to be excluded, provide all required components, conductors,

connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete
grounding and bonding system.

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

D. Grounding System Resistance:
1. Achieve specified grounding system resistance under normally dry conditions unless

otherwise approved by Architect/Engineer. Precipitation within the previous 48 hours does
not constitute normally dry conditions.

2. Grounding Electrode System:  Not greater than 5 ohms to ground, when tested according
to IEEE 81 using "fall-of-potential" method.

3. Between Grounding Electrode System and Major Electrical Equipment Frames, System
Neutral, and Derived Neutral Points:  Not greater than 0.5 ohms, when tested using
"point-to-point" methods.

E. Grounding Electrode System:
1. Provide connection to required and supplemental grounding electrodes indicated to form

grounding electrode system.
a. Provide continuous grounding electrode conductors without splice or joint.
b. Install grounding electrode conductors in raceway where exposed to physical

damage. Bond grounding electrode conductor to metallic raceways at each end with
bonding jumper.

2. Metal Underground Water Pipe(s):
a. Provide connection to underground metal domestic and fire protection (where

present) water service pipe(s) that are in direct contact with earth for at least 10 feet
at an accessible location not more than 5 feet from the point of entrance to the
building.

b. Provide bonding jumper(s) around insulating joints/pipes as required to make pipe
electrically continuous.

c. Provide bonding jumper around water meter of sufficient length to permit removal of
meter without disconnecting jumper.

3. Metal In-Ground Support Structure:
a. Provide connection to metal in-ground support structure that is in direct contact with

earth in accordance with NFPA 70.
4. Concrete-Encased Electrode:
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a. Provide connection to concrete-encased electrode consisting of not less than 20 feet
of bare copper conductor not smaller than 4 AWG embedded within concrete
foundation or footing that is in direct contact with earth in accordance with NFPA 70.

5. Ground Rod Electrode(s):
a. Provide three electrodes in an equilateral triangle configuration unless otherwise

indicated or required.
b. Space electrodes not less than 10 feet from each other and any other ground

electrode.
c. Where location is not indicated, locate electrode(s) at least 5 feet outside building

perimeter foundation as near as possible to electrical service entrance; where
possible, locate in softscape (uncovered) area.

d. Provide ground access well for first connected electrode.
6. Provide additional ground electrode(s) as required to achieve specified grounding

electrode system resistance.
F. Service-Supplied System Grounding:

1. For each service disconnect, provide grounding electrode conductor to connect neutral
(grounded) service conductor to grounding electrode system. Unless otherwise indicated,
make connection at neutral (grounded) bus in service disconnect enclosure.

2. For each service disconnect, provide main bonding jumper to connect neutral (grounded)
bus to equipment ground bus where not factory-installed. Do not make any other
connections between neutral (grounded) conductors and ground on load side of service
disconnect.

G. Separately Derived System Grounding:
1. Separately derived systems include, but are not limited to:

a. Transformers (except autotransformers such as buck-boost transformers).
b. Generators, when neutral is switched in the transfer switch.

2. Provide grounding electrode conductor to connect derived system grounded conductor to
nearest effectively grounded metal building frame. Unless otherwise indicated, make
connection at neutral (grounded) bus in source enclosure.

3. Provide bonding jumper to connect derived system grounded conductor to nearest metal
building frame and nearest metal water piping in the area served by the derived system,
where not already used as a grounding electrode for the derived system. Make connection
at same location as grounding electrode conductor connection.

4. Provide system bonding jumper to connect system grounded conductor to equipment
ground bus. Make connection at same location as grounding electrode conductor
connection. Do not make any other connections between neutral (grounded) conductors
and ground on load side of separately derived system disconnect.

5. Where the source and first disconnecting means are in separate enclosures, provide
supply-side bonding jumper between source and first disconnecting means.

H. Bonding and Equipment Grounding:
1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic

equipment enclosures, metallic raceways and boxes, device grounding terminals, and
other normally non-current-carrying conductive materials enclosing electrical
conductors/equipment or likely to become energized as indicated and in accordance with
NFPA 70.

2. Provide insulated equipment grounding conductor in each feeder and branch circuit
raceway. Do not use raceways as sole equipment grounding conductor.

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment
grounding conductor proportionally in accordance with NFPA 70.

4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit
equipment grounding conductor and to outlet box with bonding jumper.
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5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment
ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus.

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to
accommodate conduit movement.

7. Provide bonding for metal building frame.
8. Provide bonding and equipment grounding for pools and fountains and associated

equipment in accordance with NFPA 70.
9. Provide redundant grounding and bonding for patient care areas of health care facilities in

accordance with NFPA 70 and NFPA 99.
I. Cable Tray Systems:  Also comply with Section 26 0536.
J. Pole-Mounted Luminaires:  Also comply with Section 26 5600.

2.02 GROUNDING AND BONDING COMPONENTS
A. General Requirements:

1. Provide products listed, classified, and labeled as suitable for the purpose intended.
2. Provide products listed and labeled as complying with UL 467 where applicable.

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 26 0526:
1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:
1) Use bare copper conductors where installed underground in direct contact with

earth.
2) Use bare copper conductors where directly encased in concrete (not in

raceway).
C. Connectors for Grounding and Bonding:

1. Description:  Connectors appropriate for the application and suitable for the conductors
and items to be connected; listed and labeled as complying with UL 467.

2. Unless otherwise indicated, use exothermic welded connections or compression
connectors for underground, concealed and other inaccessible connections.

3. Unless otherwise indicated, use mechanical connectors, compression connectors, or
exothermic welded connections for accessible connections.

D. Ground Bars:
1. Description:  Copper rectangular ground bars with mounting brackets and insulators.
2. Holes for Connections:  As indicated or as required for connections to be made.

E. Ground Rod Electrodes:
1. Comply with NEMA GR 1.
2. Material:  Copper-bonded (copper-clad) steel.
3. Size:  3/4 inch diameter by 10 feet length, unless otherwise indicated.
4. Where rod lengths of greater than 10 feet are indicated or otherwise required,

sectionalized ground rods may be used.
F. Ground Access Wells:

1. Description:  Open bottom round or rectangular well with access cover for testing and
inspection; suitable for the expected load at the installed location.

2. Size:  As required to provide adequate access for testing and inspection, but not less than
minimum size requirements specified.
a. Round Wells:  Not less than 8 inches in diameter.
b. Rectangular Wells:  Not less than 12 by 12 inches.

3. Depth:  As required to extend below frost line to prevent frost upheaval, but not less than
10 inches.

4. Cover:  Factory-identified by permanent means with word "GROUND".
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PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that work likely to damage grounding and bonding system components has been
completed.

B. Verify that field measurements are as indicated.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Ground Rod Electrodes:  Unless otherwise indicated, install ground rod electrodes vertically.

Where encountered rock prohibits vertical installation, install at 45 degree angle or bury
horizontally in trench at least 30 inches (750 mm) deep in accordance with NFPA 70 or provide
ground plates.
1. Outdoor Installations:  Unless otherwise indicated, install with top of rod 6 inches below

finished grade.
2. Indoor Installations:  Unless otherwise indicated, install with 4 inches of top of rod

exposed.
D. Make grounding and bonding connections using specified connectors.

1. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate
insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and
contact surfaces.

3. Exothermic Welds:  Make connections using molds and weld material suitable for the
items to be connected in accordance with manufacturer's recommendations.

4. Mechanical Connectors:  Secure connections according to manufacturer's recommended
torque settings.

5. Compression Connectors:  Secure connections using manufacturer's recommended tools
and dies.

E. Identify grounding and bonding system components in accordance with Section 26 0553.
3.03 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS except Section 4.
C. Perform inspections and tests listed in NETA ATS, Section 7.13.
D. Perform ground electrode resistance tests under normally dry conditions. Precipitation within the

previous 48 hours does not constitute normally dry conditions.
E. Investigate and correct deficiencies where measured ground resistances do not comply with

specified requirements.
END OF SECTION 26 0526
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SECTION 26 0529
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Support and attachment requirements and components for equipment, conduit, cable, boxes,
and other electrical work.

1.02 RELATED REQUIREMENTS
A. Section 26 0533.13 - Conduit for Electrical Systems:  Additional support and attachment

requirements for conduits.
B. Section 26 0536 - Cable Trays for Electrical Systems:  Additional support and attachment

requirements for cable tray.
C. Section 26 0533.16 - Boxes for Electrical Systems:  Additional support and attachment

requirements for boxes.
D. Section 26 5100 - Interior Lighting:  Additional support and attachment requirements for interior

luminaires.
E. Section 26 5600 - Exterior Lighting:  Additional support and attachment requirements for

exterior luminaires.
1.03 REFERENCE STANDARDS

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and
Steel Products; 2015.

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2009.

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2013.

D. MFMA-4 - Metal Framing Standards Publication; 2004.
E. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes and arrangement of supports and bases with actual equipment and

components to be installed.
2. Coordinate work to provide additional framing and materials required for installation.
3. Coordinate compatibility of support and attachment components with mounting surfaces at

installed locations.
4. Coordinate arrangement of supports with ductwork, piping, equipment and other potential

conflicts.
5. Notify Architect/Engineer of conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.
B. Sequencing:

1. Do not install products on or provide attachment to concrete surfaces until concrete has
cured; see Section 03 3000.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements for submittal procedures.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0529 2 HANGERS AND SUPPORTS
FOR ELECTRICAL SYSTEMS

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel/strut
framing systems, nonpenetrating rooftop supports, and post-installed concrete/masonry
anchors.

1.06 QUALITY ASSURANCE
1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.
PART 2  PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Comply with the following. Where requirements differ, comply with most stringent.

a. NFPA 70.
b. Requirements of authorities having jurisdiction.

2. Provide required hangers, supports, anchors, fasteners, fittings, accessories, and
hardware as necessary for complete installation of electrical work.

3. Provide products listed, classified, and labeled as suitable for purpose intended, where
applicable.

4. Where support and attachment component types and sizes are not indicated, select in
accordance with manufacturer's application criteria as required for the load to be
supported. Include consideration for vibration, equipment operation, and shock loads
where applicable.

5. Do not use products for applications other than as permitted by NFPA 70 and product
listing.

6. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless
specifically indicated or permitted.

7. Steel Components:  Use corrosion-resistant materials suitable for environment where
installed.
a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise

indicated.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel, stainless steel, or

approved equivalent unless otherwise indicated.
c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.
B. Conduit and Cable Supports:  Straps and clamps suitable for conduit or cable to be supported.

1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron.
2. Conduit Clamps:  Bolted type unless otherwise indicated.

C. Outlet Box Supports:  Hangers and brackets suitable for boxes to be supported.
D. Metal Channel/Strut Framing Systems:

1. Description:  Factory-fabricated, continuous-slot, metal channel/strut and associated
fittings, accessories, and hardware required for field assembly of supports.

2. Comply with MFMA-4.
E. Hanger Rods:  Threaded, zinc-plated steel unless otherwise indicated.
F. Nonpenetrating Rooftop Supports for Low-Slope Roofs:

1. Description:  Steel pedestals with thermoplastic or rubber bases that rest on top of roofing
membrane, not requiring attachment to roof structure and not penetrating roofing
assembly, with support fixtures as specified.

2. Base Sizes:  As required to distribute load sufficiently to prevent indentation of roofing
assembly.
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3. Attachment/Support Fixtures:  As recommended by manufacturer, same type as indicated
for equivalent indoor hangers and supports.

4. Mounting Height:  Provide minimum clearance of 6 inches under supported component to
top of roofing.

G. Anchors and Fasteners:
1. Unless otherwise indicated and where not otherwise restricted, use anchor and fastener

types indicated for specified applications.
2. Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors.
3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.
4. Hollow Masonry:  Use toggle bolts.
5. Hollow Stud Walls:  Use toggle bolts.
6. Steel:  Use beam clamps, machine bolts, or welded threaded studs.
7. Sheet Metal:  Use sheet metal screws.
8. Wood:  Use wood screws.
9. Preset Concrete Inserts:  Continuous metal channel/strut and spot inserts specifically

designed to be cast in concrete ceilings, walls, and floors.
a. Manufacturer:  Same as manufacturer of metal channel/strut framing system.
b. Comply with MFMA-4.
c. Channel Material:  Use galvanized steel.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive support and attachment components.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Install hangers and supports in accordance with NECA 1.
C. Provide independent support from building structure. Do not provide support from piping,

ductwork, or other systems.
D. Unless specifically indicated or approved by Architect/Engineer, do not provide support from

suspended ceiling support system or ceiling grid.
E. Unless specifically indicated or approved by Architect/Engineer, do not provide support from

roof deck.
F. Do not penetrate or otherwise notch or cut structural members without approval of Structural

Engineer.
G. Equipment Support and Attachment:

1. Use metal, fabricated supports or supports assembled from metal channel/strut to support
equipment as required.

2. Use metal channel/strut secured to studs to support equipment surface mounted on hollow
stud walls when wall strength is not sufficient to resist pull-out.

3. Use metal channel/strut to support surface-mounted equipment in wet or damp locations
to provide space between equipment and mounting surface.

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its
own weight for support.

H. Conduit Support and Attachment:  See Section 26 0533.13 for additional requirements.
I. Cable Tray Support and Attachment:  See Section 26 0536 for additional requirements.
J. Box Support and Attachment:  See Section 26 0533.16 for additional requirements.
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K. Interior Luminaire Support and Attachment:  See Section 26 5100 for additional requirements.
L. Exterior Luminaire Support and Attachment:  See Section 26 5600 for additional requirements.
M. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage

during concrete pour.
N. Secure fasteners in accordance with manufacturer's recommended torque settings.
O. Remove temporary supports.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements for additional requirements.
B. Inspect support and attachment components for damage and defects.
C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by

manufacturer. Replace components that exhibit signs of corrosion.
D. Correct deficiencies and replace damaged or defective support and attachment components.

END OF SECTION 26 0529
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SECTION 26 0533.13
CONDUIT FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Galvanized steel rigid metal conduit (RMC).
B. Galvanized steel intermediate metal conduit (IMC).
C. Flexible metal conduit (FMC).
D. Liquidtight flexible metal conduit (LFMC).
E. Galvanized steel electrical metallic tubing (EMT).
F. Rigid polyvinyl chloride (PVC) conduit.
G. Reinforced thermosetting resin conduit (RTRC).

1.02 RELATED REQUIREMENTS
A. Section 26 0200 - Electrical General Requirements
B. Section 26 0526 - Grounding and Bonding for Electrical Systems.
C. Section 26 0529 - Hangers and Supports for Electrical Systems.
D. Section 26 0533.16 - Boxes for Electrical Systems.
E. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
F. Section 26 2100 - Low-Voltage Electrical Service Entrance:  Additional requirements for

electrical service conduits.
1.03 REFERENCE STANDARDS

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2005.
B. ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT); 2005.
C. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit (EIMC);

2005.
D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); 2013.
F. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); 2003.
G. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic

Tubing, and Cable; 2012.
H. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; 2013.
I. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing;

2015.
J. NEMA TC 14 (SERIES) - Reinforced Thermosetting Resin Conduit and Fittings Series; 2015.
K. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
L. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.
M. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.
N. UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All Revisions.
O. UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions.
P. UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings; Current Edition,

Including All Revisions.
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Q. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.
R. UL 1242 - Electrical Intermediate Metal Conduit-Steel; Current Edition, Including All Revisions.
S. UL 2419 - Outline of Investigation for Electrically Conductive Corrosion Resistant Compounds;

Current Edition, Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate minimum sizes of conduits with actual type and quantity of conductors to be

installed, including adjustments for conductor sizes increased for voltage drop.
2. Coordinate arrangement of conduits with structural members, ductwork, piping,

equipment, and other potential conflicts.
3. Verify exact conduit termination locations required for boxes, enclosures, and equipment.
4. Coordinate work to provide roof penetrations that preserve integrity of roofing system and

do not void roof warranty.
5. Notify Architect/Engineer of conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.
B. Sequencing:

1. Do not begin installation of conductors and cables until installation of conduit between
termination points is complete.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements for submittals procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for conduits and

fittings.
1.06 QUALITY ASSURANCE

A. Product Listing Organization Qualifications:  Organization recognized by OSHA as Nationally
Recognized Testing Laboratory (NRTL) and acceptable to authorities having jurisdiction.

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for purpose
specified and shown.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's

instructions.
B. Protect conduit from corrosion and entrance of debris by storing above grade.  Provide

appropriate covering.
PART 2  PRODUCTS
2.01 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70,
manufacturer's instructions, and product listing.

B. Unless otherwise indicated and where not otherwise restricted, use conduit types indicated for
specified applications. Where more than one listed application applies, comply with most
restrictive requirements. Where conduit type for particular application is not specified, use
galvanized steel rigid metal conduit.

C. Underground:
1. Under Slab on Grade:  Use galvanized steel rigid metal conduit (RMC), galvanized steel

intermediate metal conduit (IMC), rigid PVC conduit, or reinforced thermosetting resin
conduit (RTRC).

2. Exterior, Direct-Buried:  Use galvanized steel rigid metal conduit (RMC), galvanized steel
intermediate metal conduit (IMC), rigid PVC conduit, or reinforced thermosetting resin
conduit (RTRC).
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3. Exterior, Embedded Within Concrete:  Use galvanized steel rigid metal conduit (RMC),
galvanized steel intermediate metal conduit (IMC), rigid PVC conduit, or reinforced
thermosetting resin conduit (RTRC).

4. Where rigid polyvinyl chloride (PVC) conduit is provided, transition to galvanized steel rigid
metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), or schedule 80
rigid PVC conduit where emerging from underground.

5. Where rigid polyvinyl (PVC) conduit larger than 2-inch (53 mm) trade size is provided, use
galvanized steel rigid metal conduit (RMC) elbows, PVC-coated galvanized steel rigid
metal conduit (RMC) elbows, or concrete-encased PVC elbows for bends.

D. Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit (RMC), galvanized
steel intermediate metal conduit (IMC), or galvanized steel electrical metallic tubing (EMT).

E. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit (RMC),
galvanized steel intermediate metal conduit (IMC), or galvanized steel electrical metallic tubing
(EMT).

F. Concealed Above Accessible Ceilings:  Use galvanized steel rigid metal conduit (RMC),
galvanized steel intermediate metal conduit (IMC), or galvanized steel electrical metallic tubing
(EMT).

G. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit (RMC), galvanized
steel intermediate metal conduit (IMC), or galvanized steel electrical metallic tubing (EMT).

H. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal conduit
(RMC), galvanized steel intermediate metal conduit (IMC), or galvanized steel electrical metallic
tubing (EMT).

I. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal conduit
(RMC), galvanized steel intermediate metal conduit (IMC), or galvanized steel electrical metallic
tubing (EMT).

J. Exposed, Exterior, Not Subject to Severe Physical Damage:  Use galvanized steel rigid metal
conduit (RMC), galvanized steel intermediate metal conduit (IMC), or galvanized steel electrical
metallic tubing (EMT).

K. Exposed, Exterior, Subject to Severe Physical Damage:  Use galvanized steel rigid metal
conduit (RMC) or galvanized steel intermediate metal conduit (IMC).

L. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth:  Use galvanized steel
rigid metal conduit (RMC), galvanized steel intermediate metal conduit (IMC), or galvanized
steel electrical metallic tubing (EMT).

M. Flexible Connections to Luminaires Above Accessible Ceilings:  Use flexible metal conduit
(FMC).
1. Maximum Length:  6 feet.

N. Flexible Connections to Vibrating Equipment:
1. Dry Locations:  Use flexible metal conduit (FMC).
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit (LFMC).
3. Maximum Length:  6 feet unless otherwise indicated.

2.02 CONDUIT - GENERAL REQUIREMENTS
A. Comply with NFPA 70.
B. Provide conduit, fittings, supports, and accessories required for complete raceway system.
C. Provide products listed, classified, and labeled as suitable for purpose intended.
D. Minimum Conduit Size, Unless Otherwise Indicated:

1. Branch Circuits:  3/4-inch trade size.
2. Branch Circuit Homeruns:  3/4-inch trade size.
3. Control Circuits:  1/2-inch trade size.
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4. Flexible Connections to Luminaires:  3/8-inch trade size.
5. Underground, Interior:  3/4-inch trade size.
6. Underground, Exterior:  1-inch trade size.

E. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)
A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI

C80.1 and listed and labeled as complying with UL 6.
B. Fittings:

1. Nonhazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled
as complying with UL 514B or UL 6.

2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use threaded type fittings only. Threadless fittings, including

set screw and compression/gland types, are not permitted.
2.04 GALVANIZED STEEL INTERMEDIATE METAL CONDUIT (IMC)

A. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with
ANSI C80.6 and listed and labeled as complying with UL 1242.

B. Fittings:
1. Nonhazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled

as complying with UL 514B or UL 1242.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use threaded type fittings only. Threadless fittings, including

set screw and compression/gland types, are not permitted.
2.05 FLEXIBLE METAL CONDUIT (FMC)

A. Description:  NFPA 70, Type FMC standard-wall steel flexible metal conduit listed and labeled
as complying with UL 1, and listed for use in classified firestop systems.

B. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.

2.06 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)
A. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal conduit

listed and labeled as complying with UL 360.
B. Fittings:

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with
UL 514B.

2. Material:  Use steel or malleable iron.
2.07 GALVANIZED STEEL ELECTRICAL METALLIC TUBING (EMT)

A. Description:  NFPA 70, Type EMT galvanized steel electrical metallic tubing complying with
ANSI C80.3 and listed and labeled as complying with UL 797.

B. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use compression/gland or set-screw type.

a. Do not use indenter type connectors and couplings.

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.1
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.6
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.3
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.3
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=ANSI%20C80.3
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20514B


Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0533.13 5 CONDUIT FOR ELECTRICAL
SYSTEMS

2.08 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT
A. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 2

and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated,
Schedule 80 where subject to physical damage; rated for use with conductors rated 90 degrees
C.

B. Fittings:
1. Manufacturer:  Same as manufacturer of conduit to be connected.
2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as complying with

UL 651; material to match conduit.
2.09 REINFORCED THERMOSETTING RESIN CONDUIT (RTRC)

A. Description:  NFPA 70, Type RTRC reinforced thermosetting resin conduit complying with
NEMA TC 14 (SERIES).

B. Supports:  As recommended by manufacturer.
C. Fittings:  Same type and manufacturer as conduit to be connected.

2.10 ACCESSORIES
A. Conduit Joint Compound:  Corrosion-resistant, electrically conductive compound listed as

complying with UL 2419; suitable for use with conduit to be installed.
B. Solvent Cement for PVC Conduit and Fittings:  As recommended by manufacturer of conduit

and fittings to be installed.
C. Epoxy Adhesive for RTRC Conduit and Fittings:  As recommended by manufacturer of conduit

and fittings to be installed.
D. Pull Strings: Use nylon or polyester tape with average breaking strength of not less than 1,250

lbf.
E. Foam Conduit Sealant:

1. Removable, two-part, closed-cell foam, specifically designed for sealing conduit openings
against water, moisture, gases, and dust.

2. Suitable for use with conductors/cables and associated insulation/jackets to be installed.
3. Rated to hold minimum of 10 ft water head pressure.

F. Conduit Mechanical Seals:
1. Listed as complying with UL 514B.
2. Specifically designed for sealing conduit openings against water, moisture, gases, and

dust.
3. Suitable for sealing around conductors/cables to be installed.

G. Sealing Systems for Concrete Penetrations:
1. Sleeves:  Provide water stop ring or cement coating that bonds to concrete to prevent

water infiltration.
2. Rate for minimum of 40 psig; suitable for sealing around conduits to be installed.

H. Sealing Systems for Roof Penetrations:  Premanufactured components and accessories as
required to preserve integrity of roofing system and maintain roof warranty; suitable for conduits
and roofing system to be installed; designed to accommodate existing penetrations where
applicable.

I. Flashing Panels for Exterior Wall Penetrations:  Premanufactured components and accessories
as required to preserve integrity of building envelope; suitable for conduits and facade materials
to be installed.

J. Firestop Sleeves:  Listed; provide as required to preserve fire resistance rating of building
elements.
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PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive conduits.
C. Verify that conditions are satisfactory for installation prior to starting work.
D. Verify routing and termination locations of conduit prior to rough-in.
E. Conduit routing is shown on drawings in approximate locations unless dimensioned.  Route as

required to complete wiring system.
3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
B. Install conduit in accordance with NECA 1.
C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101.
D. Install intermediate metal conduit (IMC) in accordance with NECA 101.
E. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111.
F. Conduit Routing:

1. Unless dimensioned, conduit routing indicated is diagrammatic.
2. When conduit destination is indicated without specific routing, determine exact routing

required.
3. Conceal conduits unless specifically indicated to be exposed.
4. Conduits in the following areas may be exposed, unless otherwise indicated:

a. Electrical rooms.
b. Mechanical equipment rooms.
c. Within joists in areas with no ceiling.

5. Unless otherwise approved, do not route exposed conduits:
a. Across floors.
b. Across top of parapet walls.
c. Across building exterior surfaces.

6. Conduits installed underground or embedded in concrete may be routed in shortest
possible manner unless otherwise indicated. Route other conduits parallel or perpendicular
to building structure and surfaces, following surface contours where practical.

7. Arrange conduit to maintain adequate headroom, clearances, and access.
8. Arrange conduit to provide no more than equivalent of four 90-degree bends between pull

points.
9. Route conduits above water and drain piping where possible.
10. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at

sealing fittings where moisture may collect.
11. Maintain minimum clearance of 6 inches between conduits and piping for other systems.
12. Maintain minimum clearance of 12 inches between conduits and hot surfaces. This

includes, but is not limited to:
a. Heaters.
b. Hot water piping.
c. Flues.

13. Group parallel conduits in same area on common rack.
G. Conduit Support:

1. Secure and support conduits in accordance with NFPA 70 using suitable supports and
methods approved by authorities having jurisdiction; see Section 26 0529.

2. Provide independent support from building structure. Do not provide support from piping,
ductwork, or other systems.
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3. Installation Above Suspended Ceilings:  Do not provide support from ceiling support
system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles.

4. Use conduit strap to support single surface-mounted conduit.
a. Use clamp back spacer with conduit strap for damp and wet locations to provide

space between conduit and mounting surface.
5. Use metal channel/strut with accessory conduit clamps to support multiple parallel

surface-mounted conduits.
6. Use trapeze hangers assembled from threaded rods and metal channel/strut with

accessory conduit clamps to support multiple parallel suspended conduits.
7. Use nonpenetrating rooftop supports to support conduits routed across rooftops, where

approved.
8. Use of wire for support of conduits is not permitted.

H. Connections and Terminations:
1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized

steel conduits prior to making connections.
2. Where two threaded conduits must be joined and neither can be rotated, use three-piece

couplings or split couplings. Do not use running threads.
3. Use suitable adapters where required to transition from one type of conduit to another.
4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid

into connectors.
5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock

nuts for dry locations and raintight hubs for wet locations.
6. Provide insulating bushings, insulated throats, or listed metal fittings with smooth, rounded

edges at conduit terminations to protect conductors.
7. Secure joints and connections to provide mechanical strength and electrical continuity.

I. Penetrations:
1. Do not penetrate or otherwise notch or cut structural members, including footings and

grade beams, without approval of Structural Engineer.
2. Make penetrations perpendicular to surfaces unless otherwise indicated.
3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set

sleeves flush with exposed surfaces unless otherwise indicated or required.
4. Conceal bends for conduit risers emerging above ground.
5. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of

membrane.
6. Make penetrations for roof-mounted equipment within associated equipment openings and

curbs where possible to minimize roofing system penetrations. Where penetrations are
necessary, seal as indicated or as required to preserve integrity of roofing system and
maintain roof warranty.

7. Install firestopping to preserve fire resistance rating of partitions and other elements; see
Section 07 8400.

J. Underground Installation:
1. Provide trenching and backfilling in accordance with Sections 31 2316 and 31 2323.
2. Minimum Cover, Unless Otherwise Indicated or Required:

a. Underground, Exterior:  18 inches.
b. Under Slab on Grade:  12 inches to bottom of slab.

3. Provide underground warning tape along entire conduit length for service entrance where
not concrete-encased; see Section 26 0553.

K. Embedment Within Structural Concrete Slabs (only where approved by Structural Engineer):
1. Maximum Conduit Size:  1-inch trade size unless otherwise approved.
2. Install conduits within middle one third of slab thickness.
3. Secure conduits to prevent floating or movement during pouring of concrete.
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L. Concrete Encasement:  Where conduits not otherwise embedded within concrete are indicated
to be concrete-encased, provide minimum concrete cover of 3 inches on all sides unless
otherwise indicated; see Section 03 3000.

M. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion
and expansion/deflection fittings to prevent damage to enclosed conductors or connected
equipment. This includes, but is not limited to:
1. Where conduits cross structural joints intended for expansion, contraction, or deflection.
2. Where calculated in accordance with NFPA 70 for rigid polyvinyl chloride (PVC) conduit

installed above ground to compensate for thermal expansion and contraction.
3. Where calculated in accordance with NFPA 70 for reinforced thermosetting resin conduit

(RTRC) conduit installed above ground to compensate for thermal expansion and
contraction.

4. Where conduits are subject to earth movement by settlement or frost.
N. Conduit Sealing:

1. Use foam conduit sealant to prevent entry of moisture and gases. This includes, but is not
limited to:
a. Where conduits enter building from outside.
b. Where service conduits enter building from underground distribution system.
c. Where conduits enter building from underground.
d. Where conduits may transport moisture to contact live parts.

2. Where conduits cross barriers between areas of potential substantial temperature
differential, use foam conduit sealant at accessible point near penetration to prevent
condensation. This includes, but is not limited to:
a. Where conduits pass from outdoors into conditioned interior spaces.
b. Where conduits pass from unconditioned interior spaces into conditioned interior

spaces.
O. Provide pull string in each empty conduit and in conduits where conductors and cables are to be

installed by others. Leave minimum slack of 12 inches at each end.
P. Provide grounding and bonding; see Section 26 0526.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements for additional requirements.
B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by

manufacturer. Replace components that exhibit signs of corrosion.
C. Correct deficiencies and replace damaged or defective conduits.

3.04 CLEANING
A. Clean interior of conduits to remove moisture and foreign matter.

3.05 PROTECTION
A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection

from entry of moisture and foreign material and do not remove until ready for installation of
conductors.

3.06 INTERFACE WITH OTHER PRODUCTS
A. Install conduit to preserve fire resistance rating of partitions and other elements, using materials

and methods specified in Section 07 8400.
B. Route conduit through roof openings for piping and ductwork wherever possible.  Where

separate roofing penetration is required, coordinate location and installation method with roofing
contractor.

END OF SECTION 26 0533.13
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SECTION 26 0533.16
BOXES FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Outlet and device boxes up to 100 cubic inches, including those used as junction and pull
boxes.

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches.
C. Floor boxes.
D. Underground boxes/enclosures.

1.02 RELATED REQUIREMENTS
A. Section 26 0200 - Electrical General Requirements
B. Section 07 8456 - Fire Safing.
C. Section 08 3100 - Access Doors and Panels:  Panels for maintaining access to concealed

boxes.
D. Section 26 0529 - Hangers and Supports for Electrical Systems.
E. Section 26 0533.13 - Conduit for Electrical Systems:

1. Conduit bodies and other fittings.
2. Additional requirements for locating boxes to limit conduit length and/or number of bends

between pulling points.
F. Section 26 2726 - Wiring Devices:

1. Wall plates.
2. Additional requirements for locating boxes for wiring devices.

G. Section 27 1000 - Structured Cabling for Voice and Data:  Additional requirements for
communications systems outlet boxes.

1.03 REFERENCE STANDARDS
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2010.
C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.
D. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic

Tubing, and Cable; 2012.
E. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; 2013.
F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current

Edition, Including All Revisions.
H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,

Including All Revisions.
I. UL 508A - Industrial Control Panels; Current Edition, Including All Revisions.
J. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potential obstructions within the dedicated equipment spaces and working
clearances for electrical equipment required by NFPA 70.
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2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors,
clamps, support fittings, and devices, calculated according to NFPA 70.

4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of
connected conduits, calculated according to NFPA 70.

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc.
installed under other sections or by others.

6. Coordinate the work with other trades to preserve insulation integrity.
7. Coordinate the work with other trades to provide walls suitable for installation of

flush-mounted boxes where indicated.
8. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents.

Obtain direction before proceeding with work.
1.05 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for cabinets and

enclosures, boxes for hazardous (classified) locations, floor boxes, and underground
boxes/enclosures.

C. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Keys for Lockable Enclosures:  Two of each different key.

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS
2.01 BOXES

A. General Requirements:
1. Do not use boxes and associated accessories for applications other than as permitted by

NFPA 70 and product listing.
2. Provide all boxes, fittings, supports, and accessories required for a complete raceway

system and to accommodate devices and equipment to be installed.
3. Provide products listed, classified, and labeled as suitable for the purpose intended.
4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable

minimum size requirements specified.
5. Provide grounding terminals within boxes where equipment grounding conductors

terminate.
B. Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction and Pull

Boxes:
1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.
2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise

indicated or required; furnish with compatible weatherproof gasketed covers.
3. Use suitable concrete type boxes where flush-mounted in concrete.
4. Use suitable masonry type boxes where flush-mounted in masonry walls.
5. Use raised covers suitable for the type of wall construction and device configuration where

required.
6. Use shallow boxes where required by the type of wall construction.
7. Do not use "through-wall" boxes designed for access from both sides of wall.
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8. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL
514A.

9. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL
514A; furnish with threaded hubs.

10. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and
weight of load to be supported; furnished with fixture stud to accommodate mounting of
luminaire where required.

11. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not use
field-connected gangable boxes unless specifically indicated or permitted.

12. Wall Plates:  Comply with Section 26 2726.
C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches:

1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL
508A.

2. NEMA 250 Environment Type, Unless Otherwise Indicated:
a. Indoor Clean, Dry Locations:  Type 1, painted steel.
b. Outdoor Locations:  Type 3R, painted steel.

3. Junction and Pull Boxes Larger Than 100 cubic inches:
a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated.

4. Cabinets and Hinged-Cover Enclosures, Other Than Junction and Pull Boxes:
a. Provide lockable hinged covers, all locks keyed alike unless otherwise indicated.
b. Back Panels:  Painted steel, removable.

5. Finish for Painted Steel Enclosures:  Manufacturer's standard grey unless otherwise
indicated.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive boxes.
C. Verify that conditions are satisfactory for installation prior to starting work.
D. Verify locations of floor boxes and outlets in offices and work areas prior to rough-in.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA

130, including mounting heights specified in those standards where mounting heights are not
indicated.

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

D. Provide separate boxes for emergency power and normal power systems.
E. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.
F. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted.
G. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are

indicated or permitted.
H. Box Locations:

1. Locate boxes to be accessible. Provide access panels in accordance with Section 08 3100
as required where approved by the Architect.

2. Unless dimensioned, box locations indicated are approximate.
3. Locate boxes as required for devices installed under other sections or by others.

a. Switches, Receptacles, and Other Wiring Devices:  Comply with Section 26 2726.
b. Communications Systems Outlets:  Comply with Section 27 1000.
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4. Locate boxes so that wall plates do not span different building finishes.
5. Locate boxes so that wall plates do not cross masonry joints.
6. Unless otherwise indicated, where multiple outlet boxes are installed at the same location

at different mounting heights, install along a common vertical center line.
7. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide

minimum 6 inches horizontal separation unless otherwise indicated.
8. Acoustic-Rated Walls:  Do not install flush-mounted boxes on opposite sides of walls

back-to-back; provide minimum 24 inches horizontal separation.
9. Fire Resistance Rated Walls:  Install flush-mounted boxes such that the required fire

resistance will not be reduced.
a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide

minimum 24 inches separation where wall is constructed with individual
noncommunicating stud cavities or protect both boxes with listed putty pads.

b. Do not install flush-mounted boxes with area larger than 16 square inches or such
that the total aggregate area of openings exceeds 100 square inches for any 100
square feet of wall area.

10. Locate junction and pull boxes as indicated, as required to facilitate installation of
conductors, and to limit conduit length and/or number of bends between pulling points in
accordance with Section 26 0533.13.

11. Locate junction and pull boxes in the following areas, unless otherwise indicated or
approved by the Architect:
a. Concealed above accessible suspended ceilings.
b. Within joists in areas with no ceiling.
c. Electrical rooms.
d. Mechanical equipment rooms.

I. Box Supports:
1. Secure and support boxes in accordance with NFPA 70 and Section 26 0529 using

suitable supports and methods approved by the authority having jurisdiction.
2. Provide independent support from building structure except for cast metal boxes (other

than boxes used for fixture support) supported by threaded conduit connections in
accordance with NFPA 70. Do not provide support from piping, ductwork, or other
systems.

3. Installation Above Suspended Ceilings:  Do not provide support from ceiling grid or ceiling
support system.

J. Install boxes plumb and level.
K. Flush-Mounted Boxes:

1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so
that front edge of box or associated raised cover is not set back from finished surface
more than 1/4 inch or does not project beyond finished surface.

2. Install boxes in combustible materials such as wood so that front edge of box or
associated raised cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile,
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch at the
edge of the box.

L. Install boxes as required to preserve insulation integrity.
M. Metallic Floor Boxes:  Install box level at the proper elevation to be flush with finished floor.
N. Install permanent barrier between ganged wiring devices when voltage between adjacent

devices exceeds 300 V.
O. Install firestopping to preserve fire resistance rating of partitions and other elements, using

materials and methods specified in Section 07 8400.
P. Close unused box openings.

http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10


Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0533.16 5 BOXES FOR ELECTRICAL
SYSTEMS

Q. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment
installed or designated for future use.

R. Provide grounding and bonding in accordance with Section 26 0526.
3.03 CLEANING

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material.
3.04 PROTECTION

A. Immediately after installation, protect boxes from entry of moisture and foreign material until
ready for installation of conductors.

END OF SECTION 26 0533.16

http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10


Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0533.16 6 BOXES FOR ELECTRICAL
SYSTEMS

http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10


Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0548 1 VIBRATION AND SEISMIC
CONTROLS FOR ELECTRICAL

SYSTEMS

SECTION 26 0548
VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. The requirements for seismic protection measures to be applied to electrical equipment and
systems specified herein are in addition to any other items called for in other sections of these
specifications.  Electrical equipment shall include the following items to the extent required on
plans or in other sections of these specifications:
1. Light fixtures.
2. Switchboards (floor mounted).
3. Switch gear.
4. Conduits.
5. Cable Tray Systems.

1.02 INSTALLATIONS NOT REQUIRING SPECIAL SEISMIC RESTRAINTS
A. Seismic restraints may be omitted from the following installations.

1. All electrical conduit less than 2-1/2” inside diameter.
2. All conduit suspended by individual hangers 12” or less in length from the top of support

rod to the bottom of the support for the hanger.
1.03 SHOP DRAWINGS

A. Shop drawings along with catalog cuts, templates, and erection and installation details, as
appropriate, for the items listed below shall be submitted.  Submittals shall be complete in detail;
and shall show construction details, reinforcement, anchorage, and installation with relation to
the building construction.

PART 2  PRODUCTS
2.01 BOLTS AND NUTS

A. SQUAREHEAD BOLTS AND HEAVY HEXAGON NUTS:  ANSI B1 8.2.1 and B1 8.2.2, and
ASTM A307 or A576.

B. BOLTS, UNDERGROUND:  ASTM A325.
2.02 SWAY BRACE

A. Materials used for seismic members shall be structural steel conforming with ASTM A36.
B. Any other sway bracing system products and materials shall be listed and classified by

Underwriters Laboratories, Inc. as suitable for purpose specified and shown
PART 3  EXECUTION
3.01 SWAY BRACE

A. Sway brace shall be installed on conduit and cable tray not otherwise rigidly anchored to
preclude damage during seismic activity.  Bracing shall conform to approved arrangements. 
Hanger rods shall be increased in cross sectional area proportionate to the increased weight per
linear foot of conduit, cable tray and contents supported at each trapeze hanger.  No
trapeze-type hanger shall be secured with less than two ½” bolts.

B. TRANSVERSE SWAY BRACING:  Transverse sway bracing shall be provided at intervals not to
exceed 30'-0”.

C. LONGITUDINAL SWAY BRACING:  Longitudinal sway bracing shall be provided at 40'-0”
intervals.

D. VERTICAL RUNS:  Vertical runs of conduit and cable tray shall be braced at not more than
10'-0” vertical intervals.
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E. ANCHOR RODS, ANGLES, AND BARS:  Anchor rods, angles, and bars shall be bolted to
conduit clamps at one end and cast-in-place concrete or masonry insert or clip angles bolted to
the steel structure on the other end.  Rods shall be solid metal or pipe as specified hereinafter.

F. BOLTS:  Bolts used for attachment of anchors to pipe and structure shall be not less than ½”
diameter.

3.02 SPREADERS
A. Spreaders shall be provided between racked or adjacent conduit runs to prevent contact during

seismic activity whenever surfaces are less than 4” apart or four times the maximum
displacement due to seismic force.  Spreaders to be applied at same interval as sway braces.

3.03 ANCHOR BOLTS
A. All floor or pad mounted equipment will have a minimum of four anchor bolts securely fastened

through base.  Two nuts shall be provided on each bolt.  Anchor bolts shall have an embedded
straight length equal to at least 10 times the nominal diameter of the bolt and shall be sized in
accordance with ASTM A325 and A576.

B. When height-to-width ratio of the equipment exceeds 8.9, overturning must be investigated.
3.04 EQUIPMENT SWAY BRACING

A. Equipment sway bracing shall be provided for all items supported from overhead floor or roof
structures.  Braces shall consist of angles, rods, bars, or pipes run at a 45° angle from the
equipment frame to the building structure secured at both ends with not less than ½” bolts. 
Bracing shall be provided in two planes of directions, 90° apart, for each item of equipment. 
Sufficient braces shall be provided for equipment to resist a horizontal force equal to 113% of
the weight of equipment without exceeding safe working stress of bracing components.  Details
of all equipment bracing shall be submitted for approval.  In lieu of bracing with vertical
supports, these items may be supported with hangers inclined at 45°, provided that supporting
members are properly sized to support operating weight of equipment when inclined at a
45°angle.

3.05 LIGHTING FIXTURES IN BUILDINGS
A. In addition to the requirements of the preceding paragraphs, lighting fixtures and supports will

conform to the following:
B. MATERIALS AND CONSTRUCTION:

1. Fixture supports shall be malleable iron.
2. Loop and hook or swivel hanger assemblies for pendant fixtures shall be fitted with a

restraining device to hold the stem in the support position during earthquake motions. 
Pendant supported fluorescent fixtures shall also be provided with a flexible hanger device
at the attachment to the fixture channel to preclude breaking of the support.  The motion of
swivels or hinged joints shall not cause sharp bends in conductors or damage to insulation.

3. Recessed fluorescent fixtures shall be supported by a seismic resistant suspended ceiling
support system and shall be attached thereto at each corner of the fixture with earthquake
clips; AND shall be provided with fixture support wires attached to the building structural
members using one wire at each end of fixture.

4. A supporting assembly that is intended to be mounted on an outlet box shall be designed
to accommodate mounting features on 4” boxes, 3” plaster rings, and fixture studs.

5. Surface mounted fluorescent individual or continuous row fixtures shall be attached to a
seismic resistant ceiling support system.  Fixture support devices for attaching to
suspended ceilings shall be a locking-type scissor clamp or a full loop band that will
securely attach to the ceiling support.  Fixtures attached to underside of a structural slab
shall be properly anchored to the slab at each corner of the fixture.
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6. Each wall mounted emergency light unit shall be secured in a manner to hold the unit in
place during a seismic disturbance.

END OF SECTION 26 0548
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SECTION 26 0553
IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Electrical identification requirements.
B. Identification nameplates and labels.
C. Voltage markers.
D. Underground warning tape.
E. Warning signs and labels.

1.02 RELATED REQUIREMENTS
A. Section 26 0200 - Electrical General Requirements
B. Section 26 0536 - Cable Trays for Electrical Systems:  Additional identification requirements for

cable tray systems.
C. Section 26 2726 - Wiring Devices - Lutron:  Device and wallplate finishes; factory pre-marked

wallplates.
D. Section 27 1000 - Structured Cabling for Voice and Data:  Identification for communications

cabling and devices.
1.03 REFERENCE STANDARDS

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs; 2011.
B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2011.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
D. UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Verify final designations for equipment, systems, and components to be identified prior to
fabrication of identification products.

B. Sequencing:
1. Do not conceal items to be identified, in locations such as above suspended ceilings, until

identification products have been installed.
2. Do not install identification products until final surface finishes and painting are complete.

1.05 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

1.06 FIELD CONDITIONS
A. Do not install adhesive products when ambient temperature is lower than recommended by

manufacturer.
PART 2  PRODUCTS
2.01 IDENTIFICATION REQUIREMENTS

A. Identification for Equipment:
1. Use identification nameplate to identify each piece of electrical distribution and control

equipment and associated sections, compartments, and components.
a. Switchboards:

1) Identify ampere rating.
2) Identify voltage and phase.
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3) Use identification nameplate to identify main overcurrent protective device.
4) Use identification nameplate to identify load(s) served for each branch device.

Do not identify spares and spaces.
b. Panelboards:

1) Identify ampere rating.
2) Identify voltage and phase.
3) Identify main overcurrent protective device. Use identification label for

panelboards with a door. For power distribution panelboards without a door, use
identification nameplate.

4) Use typewritten circuit directory to identify load(s) served for panelboards with a
door. Identify spares and spaces using pencil.

5) For power panelboards without a door, use identification nameplate to identify
load(s) served for each branch device. Do not identify spares and spaces.

c. Transformers:
1) Identify kVA rating.
2) Identify voltage and phase for primary and secondary.
3) Identify load(s) served. Include location when not within sight of equipment.

d. Enclosed switches, circuit breakers, and motor controllers:
1) Identify voltage and phase.
2) Identify load(s) served. Include location when not within sight of equipment.

e. Time Switches:
1) Identify load(s) served and associated circuits controlled. Include location.

f. Enclosed Contactors:
1) Identify load(s) and associated circuits controlled. Include location.

g. Transfer Switches:
1) Identify voltage and phase.
2) Identify load(s) served. Include location when not within sight of equipment.
3) Identify short circuit current rating based on the specific overcurrent protective

device type and settings protecting the transfer switch.
2. Service Equipment:

a. Use identification nameplate to identify each service disconnecting means.
b. For buildings or structures supplied by more than one service, or any combination of

branch circuits, feeders, and services, use identification nameplate or means of
identification acceptable to authority having jurisdiction at each service disconnecting
means to identify all other services, feeders, and branch circuits supplying that
building or structure. Verify format and descriptions with authority having jurisdiction.

3. Emergency System Equipment:
a. Use identification nameplate or voltage marker to identify emergency system

equipment in accordance with NFPA 70.
4. Use identification nameplate to identify switchboards and panelboards utilizing a high leg

delta system in accordance with NFPA 70.
5. Use identification label or handwritten text using indelible marker on inside of door at each

fused switch to identify required NEMA fuse class and size.
6. Use identification label to identify overcurrent protective devices for branch circuits serving

fire alarm circuits. Identify with text "FIRE ALARM CIRCUIT".
7. Available Fault Current Documentation:  Use identification label to identify the available

fault current and date calculations were performed at locations requiring documentation by
NFPA 70, including but not limited to the following.
a. Service equipment.
b. Industrial control panels.
c. Motor control centers.
d. Elevator control panels.
e. Industrial machinery.
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8. Use warning signs to identify electrical hazards for entrances to all rooms and other
guarded locations that contain exposed live parts operating at 600 V nominal or less with
the word message "DANGER; Electrical hazard; Authorized personnel only" or approved
equivalent.

B. Identification for Conductors and Cables:
1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 26 0519.
2. Identification for Communications Conductors and Cables:  Comply with Section 27 1000.
3. Use identification nameplate or identification label to identify color code for ungrounded

and grounded power conductors inside door or enclosure at each piece of feeder or
branch-circuit distribution equipment when premises has feeders or branch circuits served
by more than one nominal voltage system.

C. Identification for Cable Tray:  Comply with Section 26 0536.
D. Identification for Boxes:

1. Use voltage markers to identify highest voltage present.
2. Use warning labels to identify electrical hazards for boxes containing exposed live parts or

exposed conductors operating at over 600 V nominal with the word message "DANGER;
HIGH VOLTAGE; KEEP OUT".

E. Identification for Devices:
1. Identification for Communications Devices:  Comply with Section 27 1000.
2. Wiring Device and Wallplate Finishes:  Comply with Section 26 2726.

F. Buried Electrical Lines:  Underground warning tapes.
G. Communication Cabinets:  Nameplates.

2.02 IDENTIFICATION NAMEPLATES AND LABELS
A. Identification Nameplates:

1. Materials:
a. Indoor Clean, Dry Locations:  Use plastic nameplates.
b. Outdoor Locations:  Use plastic, stainless steel, or aluminum nameplates suitable for

exterior use.
2. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically

non-conductive phenolic with beveled edges; minimum thickness of 1/16 inch; engraved
text.
a. Exception:  Provide minimum thickness of 1/8 inch when any dimension is greater

than 4 inches.
3. Stainless Steel Nameplates:  Minimum thickness of 1/32 inch; engraved or laser-etched

text.
4. Aluminum Nameplates:  Anodized; minimum thickness of 1/32 inch; engraved or

laser-etched text.
5. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch

high; Four, located at corners for larger sizes.
B. Identification Labels:

1. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and
abrasion resistant.
a. Use only for indoor locations.

2. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless
otherwise indicated.

C. Format for Equipment Identification:
1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:

a. System designation where applicable:
1) Emergency Power System:  Identify with text "EMERGENCY".
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b. Equipment designation or other approved description.
c. Other information as indicated.

3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:

a. System Designation:  1/2 inch.
b. Equipment Designation:  1/4 inch.
c. Other Information:  1/8 inch.

5. Color:
a. Normal Power System:  White text on black background.
b. Emergency Power System:  White text on red background.

D. Format for Caution and Warning Messages:
1. Minimum Size:  2 inches by 4 inches.
2. Legend:  Include information or instructions indicated or as required for proper and safe

operation and maintenance.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  1/2 inch.
5. Color:  Black text on yellow background unless otherwise indicated.

2.03 VOLTAGE MARKERS
A. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive vinyl or

self-adhesive vinyl cloth type markers.
B. Minimum Size:

1. Markers for Equipment:  1 1/8 by 4 1/2 inches.
2. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches.
3. Markers for Junction Boxes:  1/2 by 2 1/4 inches.

C. Legend:
1. Markers for Voltage Identification:  Highest voltage present.
2. Markers for System Identification:

a. Emergency Power System:  Text "EMERGENCY".
D. Color:  Black text on orange background unless otherwise indicated.

2.04 UNDERGROUND WARNING TAPE
A. Materials:  Use non-detectable type polyethylene tape suitable for direct burial, unless otherwise

indicated.
1. Exception:  Use foil-backed detectable type tape where required by serving utility or where

directed by Owner.
B. Non-detectable Type Tape:  6 inches wide, with minimum thickness of 4 mil.
C. Foil-backed Detectable Type Tape:  3 inches wide, with minimum thickness of 5 mil, unless

otherwise required for proper detection.
D. Legend:  Type of service, continuously repeated over full length of tape.
E. Color:

1. Tape for Buried Power Lines:  Black text on red background.
2. Tape for Buried Communication, Alarm, and Signal Lines:  Black text on orange

background.
2.05 WARNING SIGNS AND LABELS

A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.
B. Warning Signs:

1. Materials:
a. Indoor Dry, Clean Locations:  Use factory pre-printed rigid plastic or self-adhesive

vinyl signs.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 0553 5 IDENTIFICATION FOR
ELECTRICAL SYSTEMS

b. Outdoor Locations:  Use factory pre-printed rigid aluminum signs.
2. Rigid Signs:  Provide four mounting holes at corners for mechanical fasteners.
3. Minimum Size:  7 by 10 inches unless otherwise indicated.

C. Warning Labels:
1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester or

self-adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced
using materials recognized to UL 969.

2. Machine-Printed Labels:  Use thermal transfer process printing machines and accessories
recommended by label manufacturer.

3. Minimum Size:  2 by 4 inches unless otherwise indicated.
PART 3  EXECUTION
3.01 PREPARATION

A. Clean surfaces to receive adhesive products according to manufacturer's instructions.
3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
B. Install identification products to be plainly visible for examination, adjustment, servicing, and

maintenance. Unless otherwise indicated, locate products as follows:
1. Surface-Mounted Equipment:  Enclosure front.
2. Flush-Mounted Equipment:  Inside of equipment door.
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear

access.
4. Elevated Equipment:  Legible from the floor or working platform.
5. Branch Devices:  Adjacent to device.
6. Interior Components:  Legible from the point of access.
7. Boxes:  Outside face of cover.
8. Conductors and Cables:  Legible from the point of access.
9. Devices:  Outside face of cover.

C. Install identification products centered, level, and parallel with lines of item being identified.
D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to

interior surfaces using self-adhesive backing or epoxy cement.
1. Do not use adhesives on exterior surfaces except where substrate cannot be penetrated.

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or
wrinkles and edges properly sealed.

F. Install underground warning tape above buried lines with one tape per trench at 3 inches below
finished grade.

G. Secure rigid signs using stainless steel screws.
H. Mark all handwritten text, where permitted, to be neat and legible.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs

of improper adhesion.
END OF SECTION 26 0553
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SECTION 26 0923
LIGHTING CONTROL DEVICES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Occupancy sensors.
B. Time switches.
C. Outdoor photo controls.
D. Lighting contactors.

1.02 RELATED REQUIREMENTS
A. Section 26 0529 - Hangers and Supports for Electrical Systems.
B. Section 26 0533.16 - Boxes for Electrical Systems.
C. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
D. Section 26 2726 - Wiring Devices:  Devices for manual control of lighting, including wall

switches, wall dimmers, and fan speed controllers.
E. Section 26 5100 - Interior Lighting.
F. Section 26 5600 - Exterior Lighting.

1.03 REFERENCE STANDARDS
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2010.
C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.
D. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic

Drivers and Discharge Ballasts; 2011.
E. NEMA ICS 2 - Industrial Control and Systems Controllers, Contactors and Overload Relays

Rated 600 Volts; 2000 (R2005), with errata, 2008.
F. NEMA ICS 6 - Industrial Control and Systems:  Enclosures; 1993 (R2011).
G. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
H. UL 773A - Nonindustrial Photoelectric Switches for Lighting Control; Current Edition, Including

All Revisions.
I. UL 916 - Energy Management Equipment; Current Edition, Including All Revisions.
J. UL 917 - Clock-Operated Switches; Current Edition, Including All Revisions.
K. UL 60947-1 - Low-Voltage Switchgear and Controlgear - Part 1: General Rules; Current Edition,

Including All Revisions.
L. UL 60947-4-1 - Low-Voltage Switchgear and Controlgear - Part 4-1: Contactors and

Motor-starters - Electromechanical Contactors and Motor-starters; Current Edition, Including All
Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate the placement of lighting control devices with millwork, furniture, equipment,
etc. installed under other sections or by others.

2. Coordinate the placement of wall switch occupancy sensors with actual installed door
swings.
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3. Coordinate the placement of occupancy sensors with millwork, furniture, equipment or
other potential obstructions to motion detection coverage installed under other sections or
by others.

4. Notify Architect/Engineer of any conflicts or deviations from Contract Documents to obtain
direction prior to proceeding with work.

B. Sequencing:
1. Do not install lighting control devices until final surface finishes and painting are complete.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Include ratings, configurations, standard wiring diagrams, dimensions, colors,

service condition requirements, and installed features.
1. Occupancy Sensors:  Include detailed motion detection coverage range diagrams.

C. Project Record Documents:  Record actual installed locations and settings for lighting control
devices.

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

1.07 DELIVERY, STORAGE, AND PROTECTION
A. Store products in a clean, dry space in original manufacturer's packaging in accordance with

manufacturer's written instructions until ready for installation.
1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.09 WARRANTY
A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
B. Provide five year manufacturer warranty for all occupancy sensors.

PART 2  PRODUCTS
2.01 LIGHTING CONTROL DEVICES -  GENERAL REQUIREMENTS

A. Provide products listed, classified, and labeled as suitable for the purpose intended.
B. Unless specifically indicated to be excluded, provide all required conduit, wiring, connectors,

hardware, components, accessories, etc. as required for a complete operating system.
C. Products for Switching of Electronic Ballasts/Drivers:  Tested and rated to be suitable for peak

inrush currents specified in NEMA 410.
2.02 OCCUPANCY SENSORS

A. All Occupancy Sensors:
1. Description:  Factory-assembled commercial specification grade devices for indoor use

capable of sensing both major motion, such as walking, and minor motion, such as small
desktop level movements, according to published coverage areas, for automatic control of
load indicated.

2. Sensor Technology:
a. Passive Infrared (PIR) Occupancy Sensors:  Designed to detect occupancy by

sensing movement of thermal energy between zones.
b. Passive Infrared/Ultrasonic Dual Technology Occupancy Sensors:  Designed to

detect occupancy using a combination of both passive infrared and ultrasonic
technologies.

3. Provide LED to visually indicate motion detection with separate color LEDs for each sensor
type in dual technology units.
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4. Operation:  Unless otherwise indicated, occupancy sensor to turn load on when occupant
presence is detected and to turn load off when no occupant presence is detected during an
adjustable turn-off delay time interval.

5. Dual Technology Occupancy Sensors:  Field configurable turn-on and hold-on activation
with settings for activation by either or both sensing technologies.

6. Passive Infrared Lens Field of View:  Field customizable by addition of factory masking
material, adjustment of integral blinders, or similar means to block motion detection in
selected areas.

7. Turn-Off Delay:  Field adjustable, up to a maximum time delay setting of not less than 5
minutes and not more than 30 minutes.

8. Sensitivity:  Field adjustable.
9. Compatibility (Non-Dimming Sensors):  Suitable for controlling incandescent lighting,

low-voltage lighting with electronic and magnetic transformers, fluorescent lighting with
electronic and magnetic ballasts, and fractional motor loads, with no minimum load
requirements.

B. Wall Switch Occupancy Sensors:
1. All Wall Switch Occupancy Sensors:

a. Description:  Occupancy sensors designed for installation in standard wall box at
standard wall switch mounting height with a field of view of 180 degrees, integrated
manual control capability, and no leakage current to load in off mode.

b. Unless otherwise indicated or required to control the load indicated on drawings,
provide line voltage units with self-contained relay.

c. Manual-Off Override Control:  When used to turn off load while in automatic-on mode,
unit to revert back to automatic mode after no occupant presence is detected during
the delayed-off time interval.

d. Finish:  Match finishes specified for wiring devices in Section 26 2726, unless
otherwise indicated.

2. Passive Infrared (PIR) Wall Switch Occupancy Sensors:  Capable of detecting motion
within an area of 900 square feet.

3. Passive Infrared/Ultrasonic Dual Technology Wall Switch Occupancy Sensors:  Capable of
detecting motion within an area of 900 square feet.

C. Ceiling Mounted Occupancy Sensors:
1. All Ceiling Mounted Occupancy Sensors:

a. Description:  Low profile occupancy sensors designed for ceiling installation.
b. Unless otherwise indicated or required to control the load indicated on drawings,

provide low voltage units, for use with separate compatible accessory power packs.
c. Finish:  White unless otherwise indicated.

2. Passive Infrared (PIR) Ceiling Mounted Occupancy Sensors:
a. Standard Range Sensors:  Capable of detecting motion within an area of 450 square

feet at a mounting height of 9 feet, with a field of view of 360 degrees.
b. Extended Range Sensors:  Capable of detecting motion within an area of 1,200

square feet at a mounting height of 9 feet, with a field of view of 360 degrees.
3. Passive Infrared/Ultrasonic Dual Technology Ceiling Mounted Occupancy Sensors:

a. Standard Range Sensors:  Capable of detecting motion within an area of 450 square
feet at a mounting height of 9 feet, with a field of view of 360 degrees.

b. Extended Range Sensors:  Capable of detecting motion within an area of 1,200
square feet at a mounting height of 9 feet, with a field of view of 360 degrees.

D. Directional Occupancy Sensors:
1. All Directional Occupancy Sensors:  Designed for wall or ceiling mounting, with integral

swivel for field adjustment of motion detection coverage.
a. Unless otherwise indicated or required to control the load indicated on drawings,

provide low voltage units, for use with separate compatible accessory power packs.
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b. Provide field selectable setting for disabling LED motion detector visual indicator.
c. Finish:  White unless otherwise indicated.

2. Passive Infrared (PIR) Directional Occupancy Sensors:
a. Standard Range Sensors:  Capable of detecting motion within a distance of 40 feet at

a mounting height of 10 feet.
b. Long Range Sensors:  Capable of detecting motion within a distance of 80 feet at a

mounting height of 10 feet.
3. Passive Infrared/Ultrasonic Dual Technology Directional Occupancy Sensors:  Capable of

detecting motion within a distance of 40 feet at a mounting height of 10 feet.
E. Power Packs for Low Voltage Occupancy Sensors:

1. Description:  Plenum rated, self-contained low voltage class 2 transformer and relay
compatible with specified low voltage occupancy sensors for switching of line voltage
loads.

2. Provide quantity and configuration of power and slave packs with all associated wiring and
accessories as required to control the load indicated on drawings.

3. Input Supply Voltage:  Dual rated for 120/277 V ac.
4. Load Rating:

a. Incandescent Load:  Not less than 15 A.
b. Fluorescent Load:  Not less than 20 A.
c. Motor Load:  Not less than 1 HP.

F. Accessories:
1. Provide heavy duty coated steel wire protective guards compatible with specified

occupancy sensors where indicated.
2.03 TIME SWITCHES

A. Digital Electronic Time Switches:
1. Description:  Factory-assembled solid state programmable controller with LCD display,

listed and labeled as complying with UL 916 or UL 917.
2. Program Capability:

a. 7-Day Time Switches:  Single channel, capable of different schedule for each day of
the week with additional holiday schedule available to override normal schedule for
selected days.

3. Schedule Capacity:  Not less than 16 programmable on/off operations.
4. Provide automatic daylight savings time and leap year compensation.
5. Provide power outage backup to retain programming and maintain clock.
6. Manual override:  Capable of overriding current schedule both permanently and

temporarily until next scheduled event.
7. Provide remote photocell input.
8. Input Supply Voltage:  As indicated on the drawings.
9. Output Switch Configuration:  As required to control the load indicated on drawings.
10. Output Switch Contact Ratings:  As required to control the load indicated on drawings.
11. Provide lockable enclosure; environmental type per NEMA 250 as specified for the

following installation locations:
a. Indoor clean, dry locations:  Type 1.
b. Outdoor locations:  Type 3R.

12. Provide flush-mounted unit where indicated, where mounted in public areas, or where
mounted adjacent to flush-mounted equipment.

B. Electromechanical Time Switches:
1. Description:  Factory-assembled controller with motor-operated timing dial mechanism and

adjustable trippers for setting on/off operations, listed and labeled as complying with UL
917.

2. Program Capability:

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20917
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=UL%20917
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a. 7-Day Time Switches:  Capable of different schedule for each day of the week.
3. Schedule Capacity:

a. 7-Day Time Switches:  Accommodating not less than two pairs of selected on/off
operations per day.

4. Provide spring reserve backup to maintain clock during power outage.
5. Manual override:  Capable of overriding current schedule both permanently and

temporarily until next scheduled event.
6. Input Supply Voltage:  As indicated on the drawings.
7. Output Switch Configuration:  As required to control the load indicated on drawings.
8. Output Switch Contact Ratings:  As required to control the load indicated on drawings.
9. Provide lockable enclosure; environmental type per NEMA 250 as specified for the

following installation locations:
a. Indoor clean, dry locations:  Type 1.
b. Outdoor locations:  Type 3R.

10. Provide flush-mounted unit where indicated, where mounted in public areas, or where
mounted adjacent to flush-mounted equipment.

2.04 OUTDOOR PHOTO CONTROLS
A. Stem-Mounted Outdoor Photo Controls:

1. Description:  Direct-wired photo control unit with threaded conduit mounting stem and
field-adjustable swivel base, listed and labeled as complying with UL 773A.

2. Housing:  Weatherproof, impact resistant polycarbonate.
3. Photo Sensor:  Cadmium sulfide.
4. Provide external sliding shield for field adjustment of light level activation.
5. Light Level Activation:  1 to 5 footcandles turn-on and 3 to 1 turn-off to turn-on ratio with

delayed turn-off.
6. Voltage:  As required to control the load indicated on the drawings.
7. Failure Mode:  Fails to the on position.
8. Load Rating:  As required to control the load indicated on the drawings.
9. Provide accessory wall-mounting bracket where indicated or as required to complete

installation.
2.05 LIGHTING CONTACTORS

A. Description:  Magnetic lighting contactors complying with NEMA ICS 2, and listed and labeled
as complying with UL 60947-1 and UL 60947-4-1; noncombination type unless otherwise
indicated; ratings, configurations and features as indicated on the drawings.

B. Short Circuit Current Rating:
1. Provide contactors with listed short circuit current rating not less than the available fault

current at the installed location as indicated on the drawings.
C. Enclosures:

1. Comply with NEMA ICS 6.
2. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the

following installation locations:
a. Indoor Clean, Dry Locations:  Type 1 or Type 12.
b. Outdoor Locations:  Type 3R or Type 4.

3. Finish:  Manufacturer's standard unless otherwise indicated.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are

properly sized to accommodate devices and conductors in accordance with NFPA 70.
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C. Verify that openings for outlet boxes are neatly cut and will be completely covered by devices or
wall plates.

D. Verify that final surface finishes are complete, including painting.
E. Verify that branch circuit wiring installation is completed, tested, and ready for connection to

lighting control devices.
F. Verify that the service voltage and ratings of lighting control devices are appropriate for the

service voltage and load requirements at the location to be installed.
G. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Provide extension rings to bring outlet boxes flush with finished surface.
B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION
A. Install lighting control devices in accordance with NECA 1 (general workmanship) and, where

applicable, NECA 130, including mounting heights specified in those standards unless
otherwise indicated.

B. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for
installation of lighting control devices provided under this section.
1. Mounting Heights:  Unless otherwise indicated, as follows:

a. Wall Switch Occupancy Sensors:  48 inches above finished floor.
C. Install lighting control devices in accordance with manufacturer's instructions.
D. Unless otherwise indicated, connect lighting control device grounding terminal or conductor to

branch circuit equipment grounding conductor and to outlet box with bonding jumper.
E. Install lighting control devices plumb and level, and held securely in place.
F. Where required and not furnished with lighting control device, provide wall plate in accordance

with Section 26 2726.
G. Provide required supports in accordance with Section 26 0529.
H. Where applicable, install lighting control devices and associated wall plates to fit completely

flush to mounting surface with no gaps and rough opening completely covered without strain on
wall plate. Repair or reinstall improperly installed outlet boxes or improperly sized rough
openings. Do not use oversized wall plates in lieu of meeting this requirement.

I. Identify lighting control devices in accordance with Section 26 0553.
J. Occupancy Sensor Locations:

1. Location Adjustments:  Within the design intent, reasonably minor adjustments to locations
may be made in order to optimize coverage and avoid conflicts or problems affecting
coverage.

2. Locate ultrasonic and dual technology passive infrared/ultrasonic occupancy sensors a
minimum of 4 feet from air supply ducts or other sources of heavy air flow and as per
manufacturer's recommendations, in order to minimize false triggers.

K. Outdoor Photo Control Locations:
1. Where possible, locate outdoor photo controls with photo sensor facing north. If north

facing photo sensor is not possible, install with photo sensor facing east, west, or down.
2. Locate outdoor photo controls so that photo sensors do not face artificial light sources,

including light sources controlled by the photo control itself.
L. Install outdoor photo controls so that connections are weatherproof. Do not install photo controls

with conduit stem facing up in order to prevent infiltration of water into the photo control.
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M. Unless otherwise indicated, install power packs for lighting control devices above accessible
ceiling or above access panel in inaccessible ceiling near the sensor location.

N. Where indicated, install separate compatible wall switches for manual control interface with
lighting control devices or associated power packs.

O. Unless otherwise indicated, install switches on load side of power packs so that switch does not
turn off power pack.

3.04 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect each lighting control device for damage and defects.
C. Test occupancy sensors to verify proper operation, including time delays and ambient light

thresholds where applicable. Verify optimal coverage for entire room or area.
D. Test time switches to verify proper operation.
E. Test outdoor photo controls to verify proper operation, including time delays where applicable.
F. Correct wiring deficiencies and replace damaged or defective lighting control devices.

3.05 ADJUSTING
A. Adjust devices and wall plates to be flush and level.
B. Adjust occupancy sensor settings to minimize undesired activations while optimizing energy

savings, and to achieve desired function as indicated or as directed by Architect/Engineer.
C. Adjust position of directional occupancy sensors and outdoor motion sensors to achieve optimal

coverage as required.
D. Where indicated or as directed by Architect, install factory masking material or adjust integral

blinders on passive infrared (PIR) and dual technology occupancy sensor lenses to block
undesired motion detection.

E. Adjust time switch settings to achieve desired operation schedule as indicated or as directed by
Architect/Engineer. Record settings in written report to be included with submittals.

F. Adjust external sliding shields on outdoor photo controls under optimum lighting conditions to
achieve desired turn-on and turn-off activation as indicated or as directed by Architect/Engineer.

3.06 CLEANING
A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match

original factory finish.
3.07 CLOSEOUT ACTIVITIES

A. Demonstration:  Demonstrate proper operation of lighting control devices to Architect/Engineer,
and correct deficiencies or make adjustments as directed.

B. Training:  Train Owner's personnel on operation, adjustment, programming, and maintenance of
lighting control devices.
1. Use operation and maintenance manual as training reference, supplemented with

additional training materials as required.
2. Instructor:  Qualified contractor familiar with the project and with sufficient knowledge of

the installed lighting control devices.
3. Location:  At project site.

END OF SECTION 26 0923
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SECTION 26 2100
LOW-VOLTAGE ELECTRICAL SERVICE ENTRANCE

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Electrical service requirements.
1.02 RELATED REQUIREMENTS

A. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables.
B. Section 26 0526 - Grounding and Bonding for Electrical Systems.
C. Section 26 0529 - Hangers and Supports for Electrical Systems.
D. Section 26 0533.13 - Conduit for Electrical Systems.
E. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
F. Section 26 2416 - Panelboards:  Service entrance equipment.
G. Section 26 2816.16 - Enclosed Switches:  Service entrance equipment.
H. Section 31 2316 - Excavation.

1.03 DEFINITIONS
A. Service Point:  The point of connection between the facilities of the serving utility and the

premises wiring as defined in NFPA 70, and as designated by the Utility Company.
1.04 REFERENCE STANDARDS

A. IEEE C2 - National Electrical Safety Code; 2012.
B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.05 ADMINISTRATIVE REQUIREMENTS

A. No later than two weeks following date of the Agreement, notify Utility Company of anticipated
date of service.

B. Coordination:
1. Verify the following with Utility Company representative:

a. Utility Company requirements, including division of responsibility.
b. Exact location and details of utility point of connection.
c. Utility easement requirements.
d. Utility Company charges associated with providing service.

2. Coordinate the work with other trades to avoid placement of other utilities or obstructions
within the spaces dedicated for electrical service and associated equipment.

3. Coordinate arrangement of service entrance equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

4. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents.
Obtain direction before proceeding with work.

C. Arrange for Utility Company to provide permanent electrical service.  Prepare and submit
documentation required by Utility Company.

D. Utility Company charges associated with providing permanent service to be paid by Owner.
E. Preinstallation Meeting:  Convene one week prior to commencing work of this section to review

service requirements and details with Utility Company representative.
F. Scheduling:



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 2100 2 LOW-VOLTAGE ELECTRICAL
SERVICE ENTRANCE

1. Where work of this section involves interruption of existing electrical service, arrange
service interruption with Owner.

2. Arrange for inspections necessary to obtain Utility Company approval of installation.
1.06 QUALITY ASSURANCE

A. Comply with the following:
1. IEEE C2 (National Electrical Safety Code).
2. NFPA 70 (National Electrical Code).
3. The requirements of the Utility Company.
4. The requirements of the local authorities having jurisdiction.

B. Products:  Listed, classified, and labeled as suitable for the purpose intended.
1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.
B. Store products indoors in a clean, dry space having a uniform temperature to prevent

condensation (including outdoor rated products which are not weatherproof until completely and
properly installed).  Maintain factory wrapping or provide an additional heavy canvas or heavy
plastic cover to protect units from dirt, water, construction debris, and traffic.

C. Handle products carefully to avoid damage to internal components, enclosure, and finish.
PART 2  PRODUCTS
2.01 ELECTRICAL SERVICE REQUIREMENTS

A. Provide new electrical service consisting of all required conduits, conductors, equipment,
metering provisions, supports, accessories, etc. as necessary for connection between Utility
Company point of supply and service entrance equipment.

B. Electrical Service Characteristics:
1. Service Type:  Underground.
2. Service Voltage:  208Y/120 V, 3 phase, 60 Hz.

C. Utility Company:  Entergy Arkansas.
1. Point of Contact:  Adam Boyles.

D. Division of Responsibility:
1. Pole-Mounted Utility Transformers:

a. Utility Poles:  Furnished and installed by Utility Company.
b. Transformers:  Furnished and installed by Utility Company.
c. Transformer Grounding Provisions:  Furnished and installed by Utility Company.
d. Primary:  Furnished and installed by Utility Company.
e. Secondary - Underground Service:

1) Conduits:  Furnished and installed by Contractor.
2) Conductors:  Furnished and installed by Utility Company (Service Point at

service entrance equipment).
2. Terminations at Service Point:  Provided by Utility Company.
3. Metering Provisions:

a. Meter Bases:  Furnished and installed by Contractor per Utility Company
requirements.

E. Products Furnished by Contractor:  Comply with Utility Company requirements.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that ratings and configurations of service entrance equipment are consistent with the

indicated requirements.
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C. Verify that conditions are satisfactory for installation prior to starting work.
3.02 PREPARATION

A. Verify and mark locations of existing underground utilities.
3.03 INSTALLATION

A. Install products in accordance with manufacturer's instructions and Utility Company
requirements.

B. Perform work in accordance with NECA 1 (general workmanship).
C. Arrange equipment to provide minimum clearances and required maintenance access.
D. Provide required trenching and backfilling in accordance with Section 31 2316 and Section 31

2323.
E. Construct cast-in-place concrete pads for utility equipment in accordance with Utility Company

requirements and Section 03 3000.
F. Provide required protective bollards in accordance with Utility Company requirements.
G. Provide required support and attachment components in accordance with Section 26 0529.
H. Provide grounding and bonding for service entrance equipment in accordance with Section 26

0526.
I. Identify service entrance equipment, including main service disconnect(s) in accordance with

Section 26 0553.
3.04 PROTECTION

A. Protect installed equipment from subsequent construction operations.
END OF SECTION 26 2100
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SECTION 26 2416
PANELBOARDS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Power distribution panelboards.
B. Lighting and appliance panelboards.
C. Overcurrent protective devices for panelboards.

1.02 RELATED REQUIREMENTS
A. Section 03 3000 - Cast-in-Place Concrete:  Concrete equipment pads.
B. Section 26 0526 - Grounding and Bonding for Electrical Systems.
C. Section 26 0200 - Electrical General Requirments.
D. Section 26 0529 - Hangers and Supports for Electrical Systems.
E. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
1.03 REFERENCE STANDARDS

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal
Specification; Revision E, 2013.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
C. NECA 407 - Standard for Installing and Maintaining Panelboards; 2009.
D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.
E. NEMA PB 1 - Panelboards; 2011.
F. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of

Panelboards Rated 600 Volts or Less; 2013.
G. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;

2013.
H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
I. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current

Edition, Including All Revisions.
J. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,

Including All Revisions.
K. UL 67 - Panelboards; Current Edition, Including All Revisions.
L. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker

Enclosures; Current Edition, Including All Revisions.
M. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions.
N. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.
O. UL 1699 - Arc-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potential obstructions within the dedicated equipment spaces and working
clearances for electrical equipment required by NFPA 70.
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2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate the work with other trades to provide walls suitable for installation of
flush-mounted panelboards where indicated.

4. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

5. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents.
Obtain direction before proceeding with work.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

panelboards, enclosures, overcurrent protective devices, and other installed components and
accessories.

C. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity,
overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry
locations, conductor terminal information, and installed features and accessories.
1. Clearly indicate whether proposed short circuit current ratings are fully rated or, where

acceptable, series rated systems.
D. Maintenance Data:  Include information on replacement parts and recommended maintenance

procedures and intervals.
1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.
B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in

this section with minimum three years documented experience.
1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's instructions
and NECA 407.

B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or
heavy plastic cover to protect units from dirt, water, construction debris, and traffic.

C. Handle carefully in accordance with manufacturer's written instructions to avoid damage to
panelboard internal components, enclosure, and finish.

1.08 FIELD CONDITIONS
A. Maintain ambient temperature within the following limits during and after installation of

panelboards:
1. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees F.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. ABB/GE:  www.geindustrial.com/#sle.
B. Eaton Corporation:  www.eaton.com.
C. Schneider Electric; Square D Products:  www.schneider-electric.us.
D. Siemens Industry, Inc:  www.usa.siemens.com.
E. Engineer Approved Equal.
F. Source Limitations:  Furnish panelboards and associated components produced by the same

manufacturer as the other electrical distribution equipment used for this project and obtained
from a single supplier.
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2.02 PANELBOARDS - GENERAL REQUIREMENTS
A. Provide products listed, classified, and labeled as suitable for the purpose intended.
B. Unless otherwise indicated, provide products suitable for continuous operation under the

following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature:

a. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees F.
C. Short Circuit Current Rating:

1. Provide panelboards with listed short circuit current rating as indicated on the drawings.
2. Listed series ratings are acceptable, except where not permitted by motor contribution

according to NFPA 70.
3. Label equipment utilizing series ratings as required by NFPA 70.

D. Panelboards Used for Service Entrance:  Listed and labeled as suitable for use as service
equipment according to UL 869A.

E. Mains:  Configure for top or bottom incoming feed as indicated or as required for the installation.
F. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices.
G. Bussing:  Sized in accordance with UL 67 temperature rise requirements.

1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each
feeder or branch circuit requiring a neutral connection.

2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for
each feeder and branch circuit equipment grounding conductor.

3. Provide separate isolated/insulated ground bus where indicated or where isolated
grounding conductors are provided.

H. Conductor Terminations:  Suitable for use with the conductors to be installed.
I. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.

1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the
following installation locations:
a. Indoor Clean, Dry Locations:  Type 1.
b. Outdoor Locations:  Type 3R.

2. Boxes:  Galvanized steel unless otherwise indicated.
a. Provide wiring gutters sized to accommodate the conductors to be installed.
b. Increase gutter space as required where sub-feed lugs, feed-through lugs, gutter

taps, or oversized lugs are provided.
c. Provide painted steel boxes for surface-mounted panelboards where indicated, finish

to match fronts.
3. Fronts:

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes.
b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal rough

opening.
c. Finish for Painted Steel Fronts:  Manufacturer's standard grey unless otherwise

indicated.
4. Lockable Doors:  All locks keyed alike unless otherwise indicated.

J. Future Provisions:  Prepare all unused spaces for future installation of devices including
bussing, connectors, mounting hardware and all other required provisions.

K. Multi-Section Panelboards:  Provide enclosures of the same height, with feed-through lugs or
sub-feed lugs and feeders as indicated or as required to interconnect sections.

L. Provide the following features and accessories where indicated or where required to complete
installation:
1. Feed-through lugs.
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2. Sub-feed lugs.
2.03 POWER DISTRIBUTION PANELBOARDS

A. Description:  Panelboards complying with NEMA PB 1, power and feeder distribution type,
circuit breaker type, and listed and labeled as complying with UL 67; ratings, configurations and
features as indicated on the drawings.

B. Conductor Terminations:
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper

conductors.
2. Main and Neutral Lug Type:  Mechanical.

C. Bussing:
1. Phase and Neutral Bus Material:  Copper.
2. Ground Bus Material:  Copper.

D. Circuit Breakers:
1. Provide bolt-on type.
2. Provide thermal magnetic circuit breakers.

E. Enclosures:
1. Provide surface-mounted enclosures unless otherwise indicated.
2. Fronts:  Provide trims to cover access to load terminals, wiring gutters, and other live

parts, with exposed access to overcurrent protective device handles.
F. Minimum integrated short circuit rating:  

1. 240 Volt Panelboards:  22,000 amperes rms symmetrical.
2. 480 Volt Panelboards:  30,000 amperes rms symmetrical.

2.04 LIGHTING AND APPLIANCE PANELBOARDS
A. Description:  Panelboards complying with NEMA PB 1, lighting and appliance branch circuit

type, circuit breaker type, and listed and labeled as complying with UL 67; ratings,
configurations and features as indicated on the drawings.

B. Conductor Terminations:
1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper

conductors.
2. Main and Neutral Lug Type:  Mechanical.

C. Bussing:
1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent protective

devices.
2. Phase and Neutral Bus Material:  Copper.
3. Ground Bus Material:  Copper.

D. Circuit Breakers:  Thermal magnetic bolt-on type unless otherwise indicated.
E. Enclosures:

1. Provide surface-mounted or flush-mounted enclosures as indicated.
2. Fronts:  Provide lockable hinged door with concealed hinges for access to overcurrent

protective device handles without exposing live parts.
3. Provide clear plastic circuit directory holder mounted on inside of door.

F. Minimum Integrated Short Circuit Rating:  
1. 240 Volt Panelboards:  10,000 amperes rms symmetrical.
2. 480 Volt Panelboards:  14,000 amperes rms symmetrical.

2.05 OVERCURRENT PROTECTIVE DEVICES
A. Molded Case Circuit Breakers:
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1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit
breakers listed and labeled as complying with UL 489, and complying with FS W-C-375
where applicable; ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:
a. Provide circuit breakers with interrupting capacity as required to provide the short

circuit current rating indicated.
b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than

the short circuit current rating indicated.
c. Series Rated Systems:  Provide circuit breakers listed in combination with upstream

devices to provide interrupting rating not less than the short circuit current rating
indicated.

3. Conductor Terminations:
a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping
element for overload protection and magnetic instantaneous tripping element for short
circuit protection.
a. Provide interchangeable trip units where indicated.

5. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
6. Provide the following circuit breaker types where indicated:

a. Ground Fault Circuit Interrupter (GFCI) Circuit Breakers:  Listed as complying with UL
943, class A for protection of personnel.

b. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Combination type listed as
complying with UL 1699.

7. Do not use tandem circuit breakers.
8. Do not use handle ties in lieu of multi-pole circuit breakers.
9. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70.
10. Provide the following features and accessories where indicated or where required to

complete installation:
a. Shunt Trip:  Provide coil voltage as required for connection to indicated trip actuator.
b. Handle Pad-Lock Provision:  For locking circuit breaker handle in OFF position.

2.06 SOURCE QUALITY CONTROL
A. Factory test panelboards according to NEMA PB 1.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that the ratings and configurations of the panelboards and associated components are

consistent with the indicated requirements.
C. Verify that mounting surfaces are ready to receive panelboards.
D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1.
D. Arrange equipment to provide minimum clearances in accordance with manufacturer's

instructions and NFPA 70.
E. Provide required support and attachment in accordance with Section 26 0529.
F. Install panelboards plumb.
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G. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and
rough opening completely covered.

H. Mount panelboards such that the highest position of any operating handle for circuit breakers or
switches does not exceed 79 inches above the floor or working platform.

I. Mount floor-mounted power distribution panelboards on properly sized 3 inch high concrete pad
constructed in accordance with Section 03 3000.

J. Provide minimum of six spare 1 inch trade size conduits out of each flush-mounted panelboard
stubbed into accessible space above ceiling and below floor.

K. Provide grounding and bonding in accordance with Section 26 0526.
1. Terminate branch circuit equipment grounding conductors on solidly bonded equipment

ground bus only. Do not terminate on isolated/insulated ground bus.
2. Terminate branch circuit isolated grounding conductors on isolated/insulated ground bus

only. Do not terminate on solidly bonded equipment ground bus.
L. Install all field-installed branch devices, components, and accessories.
M. Where accessories are not self-powered, provide control power source as indicated or as

required to complete installation.
N. Multi-Wire Branch Circuits:  Group grounded and ungrounded conductors together in the

panelboard as required by NFPA 70.
O. Provide filler plates to cover unused spaces in panelboards.
P. Provide circuit breaker lock-on devices to prevent unauthorized personnel from de-energizing

essential loads where indicated. Also provide for the following:
1. Emergency and night lighting circuits.
2. Fire detection and alarm circuits.

Q. Identify panelboards in accordance with Section 26 0553.
R. Provide computer-generated circuit directory for each lighting and appliance panelboard and

each power distribution panelboard provided with a door, clearly and specifically indicating the
loads served. Identify spares and spaces.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Fusible Switches:  Perform inspections and tests listed in NETA ATS, Section 7.5.1.1.
D. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA ATS, Section

7.6.1.1 for all main circuit breakers and circuit breakers larger than _____ amperes. Tests listed
as optional are not required.

E. Test GFCI circuit breakers to verify proper operation.
F. Test AFCI circuit breakers to verify proper operation.
G. Test shunt trips to verify proper operation.
H. Correct deficiencies and replace damaged or defective panelboards or associated components.

3.04 ADJUSTING
A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended

torque settings.
B. Adjust alignment of panelboard fronts.

3.05 CLEANING
A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's

instructions.
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B. Repair scratched or marred exterior surfaces to match original factory finish.
END OF SECTION 26 2416
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SECTION 26 2726
WIRING DEVICES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Wall switches.
B. Receptacles.
C. Wall plates.
D. Floor box service fittings.

1.02 RELATED REQUIREMENTS
A. Section 26 0526 - Grounding and Bonding for Electrical Systems.
B. Section 26 0533.16 - Boxes for Electrical Systems.
C. Section 26 0200 - Electrical General Requirements.
D. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
E. Section 26 0923 - Lighting Control Devices:  Devices for automatic control of lighting, including

occupancy sensors.
1.03 REFERENCE STANDARDS

A. FS W-C-596 - Connector, Electrical, Power, General Specification for; Federal Specification;
Revision G, 2001.

B. FS W-S-896 - Switches, Toggle (Toggle and Lock), Flush-mounted (General Specification);
Federal Specification; Revision F, 1999.

C. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
D. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2010.
E. NEMA WD 1 - General Color Requirements for Wiring Devices; 1999 (R 2010).
F. NEMA WD 6 - Wiring Devices - Dimensional Specifications; 2012.
G. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
H. UL 20 - General-Use Snap Switches; Current Edition, Including All Revisions.
I. UL 498 - Attachment Plugs and Receptacles; Current Edition, Including All Revisions.
J. UL 514D - Cover Plates for Flush-Mounted Wiring Devices; Current Edition, Including All

Revisions.
K. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc. installed
under other sections or by others.

2. Coordinate wiring device ratings and configurations with the electrical requirements of
actual equipment to be installed.

3. Coordinate the installation and preparation of uneven surfaces, such as split face block, to
provide suitable surface for installation of wiring devices.

4. Notify Architect/Engineer of any conflicts or deviations from Contract Documents to obtain
direction prior to proceeding with work.

B. Sequencing:
1. Do not install wiring devices until final surface finishes and painting are complete.
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1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's catalog information showing dimensions, colors, and

configurations.
1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.
B. Products:  Listed, classified, and labeled as suitable for the purpose intended.

1.07 DELIVERY, STORAGE, AND PROTECTION
A. Store in a clean, dry space in original manufacturer's packaging until ready for installation.

PART 2  PRODUCTS
2.01 WIRING DEVICE APPLICATIONS

A. Provide wiring devices suitable for intended use and with ratings adequate for load served.
B. For single receptacles installed on an individual branch circuit, provide receptacle with ampere

rating not less than that of the branch circuit.
C. Provide weather resistant GFCI receptacles with specified weatherproof covers for receptacles

installed outdoors or in damp or wet locations.
D. Provide GFCI protection for receptacles installed within 6 feet of sinks.
E. Provide GFCI protection for receptacles installed in kitchens.
F. Provide GFCI protection for receptacles serving electric drinking fountains.
G. Unless noted otherwise, do not use combination switch/receptacle devices.
H. For flush floor service fittings, use tile rings for installations in tile floors.
I. For flush floor service fittings, use carpet flanges for installations in carpeted floors.

2.02 WIRING DEVICE FINISHES
A. Provide wiring device finishes as described below unless otherwise indicated.
B. Wiring Devices, Unless Otherwise Indicated:  Light Almond with Light Almond nylon wall plate.
C. Wiring Devices Installed in Finished Spaces:  Light Almond with Light Almond nylon wall plate.
D. Wiring Devices Installed in Unfinished Spaces:  Gray with stainless steel wall plate.
E. Wiring Devices Installed in Wet or Damp Locations:  Gray with specified weatherproof cover.

2.03 WALL SWITCHES
A. Wall Switches - General Requirements:  AC only, quiet operating, general-use snap switches

with silver alloy contacts, complying with NEMA WD 1 and NEMA WD 6, and listed as
complying with UL 20 and where applicable, FS W-S-896; types as indicated on the drawings.
1. Wiring Provisions:  Terminal screws for side wiring and screw actuated binding clamp for

back wiring with separate ground terminal screw.
B. Standard Wall Switches:  Industrial specification grade, 20 A, 120/277 V with standard toggle

type switch actuator and maintained contacts; single pole single throw, double pole single throw,
three way, or four way as indicated on the drawings.

2.04 RECEPTACLES
A. Receptacles - General Requirements:  Self-grounding, complying with NEMA WD 1 and NEMA

WD 6, and listed as complying with UL 498, and where applicable, FS W-C-596; types as
indicated on the drawings.
1. Wiring Provisions:  Terminal screws for side wiring or screw actuated binding clamp for

back wiring with separate ground terminal screw.
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2. NEMA configurations specified are according to NEMA WD 6.
B. Convenience Receptacles:

1. Standard Convenience Receptacles:  Industrial specification grade, 20A, 125V, NEMA
5-20R; single or duplex as indicated on the drawings.

2. Weather Resistant Convenience Receptacles:  Industrial specification grade, 20A, 125V,
NEMA 5-20R, listed and labeled as weather resistant type complying with UL 498
Supplement SD suitable for installation in damp or wet locations; single or duplex as
indicated on the drawings.

3. Tamper Resistant Convenience Receptacles:  Industrial specification grade, 20A, 125V,
NEMA 5-20R, listed and labeled as tamper resistant type; single or duplex as indicated on
the drawings.

C. GFCI Receptacles:
1. GFCI Receptacles - General Requirements:  Self-testing, with feed-through protection and

light to indicate ground fault tripped condition and loss of protection; listed as complying
with UL 943, class A.
a. Provide test and reset buttons of same color as device.

2. Standard GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V, NEMA
5-20R, rectangular decorator style.

3. Weather Resistant GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V,
NEMA 5-20R, rectangular decorator style, listed and labeled as weather resistant type
complying with UL 498 Supplement SD suitable for installation in damp or wet locations.

4. Tamper Resistant GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V,
NEMA 5-20R, rectangular decorator style, listed and labeled as tamper resistant type.

2.05 WALL PLATES
A. Wall Plates:  Comply with UL 514D.

1. Configuration:  One piece cover as required for quantity and types of corresponding wiring
devices.

2. Size:  Standard.
3. Screws:  Metal with slotted heads finished to match wall plate finish.

B. Nylon Wall Plates:  Smooth finish, high-impact thermoplastic.
C. Stainless Steel Wall Plates:  Brushed satin finish, Type 302 stainless steel.
D. Weatherproof Covers for Damp Locations:  Gasketed, cast aluminum, with self-closing hinged

cover and corrosion-resistant screws; listed as suitable for use in wet locations with cover
closed.

E. Weatherproof Covers for Wet Locations:  Gasketed, cast aluminum, with hinged lockable cover
and corrosion-resistant screws; listed as suitable for use in wet locations while in use with
attachment plugs connected and identified as extra-duty type.

2.06 FLOOR BOX SERVICE FITTINGS
A. Description:  Service fittings compatible with floor boxes provided under Section 26 0533.16

with components, adapters, and trims required for complete installation.
B. Flush Floor Service Fittings:

1. Single Service Flush Convenience Receptacles:
a. Cover:  Rectangular.
b. Configuration:  One standard convenience duplex receptacle(s) with duplex flap

opening(s).
2. Dual Service Flush Combination Outlets:

a. Cover:  Rectangular.
b. Configuration:

1) Power:  One standard convenience duplex receptacle(s) with duplex flap
opening(s).
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2) Communications:  __________.
3) Voice and Data Jacks:  Provided by others.

3. Accessories:
a. Tile Rings:  Finish to match covers; configuration as required to accommodate

specified covers.
b. Carpet Flanges:  Finish to match covers; configuration as required to accommodate

specified covers.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are

properly sized to accommodate devices and conductors in accordance with NFPA 70.
C. Verify that wall openings are neatly cut and will be completely covered by wall plates.
D. Verify that final surface finishes are complete, including painting.
E. Verify that floor boxes are adjusted properly.
F. Verify that branch circuit wiring installation is completed, tested, and ready for connection to

wiring devices.
G. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Provide extension rings to bring outlet boxes flush with finished surface.
B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship) and, where applicable, NECA

130, including mounting heights specified in those standards unless otherwise indicated.
B. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for

installation of wiring devices provided under this section.
1. Mounting Heights:  Unless otherwise indicated, as follows:

a. Wall Switches:  48 inches above finished floor.
b. Wall Dimmers:  48 inches above finished floor.
c. Receptacles:  18 inches above finished floor or 6 inches above counter.
d. All mounting heights specified in the project documents are to the center of the device

box, unless otherwise noted..
2. Orient outlet boxes for vertical installation of wiring devices unless otherwise indicated.
3. Where multiple receptacles, wall switches, or wall dimmers are installed at the same

location and at the same mounting height, gang devices together under a common wall
plate.

4. Locate receptacles for electric drinking fountains concealed behind drinking fountain
according to manufacturer's instructions.

C. Install wiring devices in accordance with manufacturer's instructions.
D. Install permanent barrier between ganged wiring devices when voltage between adjacent

devices exceeds 300 V.
E. Where required, connect wiring devices using pigtails not less than 6 inches long. Do not

connect more than one conductor to wiring device terminals.
F. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and

tightening to proper torque specified by the manufacturer. Where present, do not use push-in
pressure terminals that do not rely on screw-actuated binding.
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G. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit
equipment grounding conductor and to outlet box with bonding jumper.

H. Provide GFCI receptacles with integral GFCI protection at each location indicated. Do not use
feed-through wiring to protect downstream devices.

I. Install wiring devices plumb and level with mounting yoke held rigidly in place.
J. Install wall switches with OFF position down.
K. Install vertically mounted receptacles with grounding pole on bottom and horizontally mounted

receptacles with grounding pole on right.
L. Install wall plates to fit completely flush to wall with no gaps and rough opening completely

covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or
improperly sized rough openings. Do not use oversized wall plates in lieu of meeting this
requirement.

M. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed or
designated for future use.

3.04 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect each wiring device for damage and defects.
C. Operate each wall switch and fan speed controller with circuit energized to verify proper

operation.
D. Test each receptacle to verify operation and proper polarity.
E. Test each GFCI receptacle for proper tripping operation according to manufacturer's

instructions.
F. Correct wiring deficiencies and replace damaged or defective wiring devices.

3.05 ADJUSTING
A. Adjust devices and wall plates to be flush and level.
B. Adjust presets for wall dimmers according to manufacturer's instructions as directed by

Architect/Engineer.
3.06 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

END OF SECTION 26 2726

http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10


Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 2726 6 WIRING DEVICES

http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10
http://www.necanet.org/store/products/index.cfm/NECA%20130-10


Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 2816.13 1 ENCLOSED CIRCUIT
BREAKERS

SECTION 26 2816.13
ENCLOSED CIRCUIT BREAKERS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Enclosed circuit breakers.
1.02 RELATED REQUIREMENTS

A. Section 26 0526 - Grounding and Bonding for Electrical Systems.
B. Section 26 0529 - Hangers and Supports for Electrical Systems.
C. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
1.03 REFERENCE STANDARDS

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Federal
Specification; Revision E, 2013.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.
D. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;

2013.
E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
F. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current

Edition, Including All Revisions.
G. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,

Including All Revisions.
H. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker

Enclosures; Current Edition, Including All Revisions.
I. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate work with other trades.  Avoid placement of ductwork, piping, equipment, or
other potential obstructions within dedicated equipment spaces and within working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

4. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents.
Obtain direction before proceeding with work.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for circuit

breakers, enclosures, and other installed components and accessories.
C. Shop Drawings:  Indicate outline and support point dimensions, voltage and current ratings,

short circuit current ratings, conduit entry locations, conductor terminal information, and installed
features and accessories.
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1. Clearly indicate whether proposed short circuit current ratings are fully rated or, where
acceptable, series rated systems.

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.
B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in

this section with minimum three years documented experience.
1.07 DELIVERY, STORAGE, AND HANDLING

A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or
heavy plastic cover to protect units from dirt, water, construction debris, and traffic.

B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to
enclosed circuit breaker internal components, enclosure, and finish.

1.08 FIELD CONDITIONS
A. Maintain ambient temperature between 23 degrees F and 104 degrees F during and after

installation of enclosed circuit breakers.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. ABB/GE:  www.geindustrial.com/#sle.
B. Eaton Corporation:  www.eaton.com.
C. Schneider Electric; Square D Products:  www.schneider-electric.us.
D. Siemens Industry, Inc:  www.usa.siemens.com.
E. Engineer Approved Equal.

2.02 ENCLOSED CIRCUIT BREAKERS
A. Description:  Units consisting of molded case circuit breakers individually mounted in

enclosures.
B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Unless otherwise indicated, provide products suitable for continuous operation under the

following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature:  Between 23 degrees F and 104 degrees F.

D. Short Circuit Current Rating:
1. Provide enclosed circuit breakers with listed short circuit current rating not less than the

available fault current at the installed location indicated on the drawings.
2. Listed series ratings are acceptable, except where not permitted by motor contribution

according to NFPA 70.
3. Label equipment utilizing series ratings as required by NFPA 70.

E. Enclosed Circuit Breakers Used for Service Entrance:  Listed and labeled as suitable for use as
service equipment according to UL 869A.

F. Conductor Terminations:  Suitable for use with the conductors to be installed.
G. Provide thermal magnetic circuit breakers unless otherwise indicated.
H. Provide insulated, groundable fully rated solid neutral assembly where a neutral connection is

required, with a suitable lug for terminating each neutral conductor.
I. Provide solidly bonded equipment ground bus in each enclosed circuit breaker, with a suitable

lug for terminating each equipment grounding conductor.
J. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
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1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the
following installation locations:
a. Indoor Clean, Dry Locations:  Type 1.
b. Outdoor Locations:  Type 3R.

2. Finish for Painted Steel Enclosures:  Manufacturer's standard, factory applied grey unless
otherwise indicated.

3. Provide surface-mounted enclosures unless otherwise indicated.
K. Provide externally operable handle with means for locking in the OFF position.

2.03 MOLDED CASE CIRCUIT BREAKERS
A. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit

breakers listed and labeled as complying with UL 489, and complying with FS W-C-375 where
applicable; ratings, configurations, and features as indicated on the drawings.

B. Interrupting Capacity:
1. Provide circuit breakers with interrupting capacity as required to provide the short circuit

current rating indicated, but not less than:
a. 10,000 rms symmetrical amperes at 240 VAC or 208 VAC.
b. 14,000 rms symmetrical amperes at 480 VAC.

2. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than the
short circuit current rating indicated.

3. Series Rated Systems:  Provide circuit breakers listed in combination with upstream
devices to provide interrupting rating not less than the short circuit current rating indicated.

C. Conductor Terminations:
1. Provide mechanical lugs unless otherwise indicated.
2. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

D. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping
element for overload protection and magnetic instantaneous tripping element for short circuit
protection.
1. Provide interchangeable trip units for circuit breaker frame sizes 225 amperes and larger.

E. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
F. Provide the following features and accessories where indicated or where required to complete

installation:
1. Shunt Trip:  Provide coil voltage as required for connection to indicated trip actuator.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that the ratings of the enclosed circuit breakers are consistent with the indicated

requirements.
C. Verify that mounting surfaces are ready to receive enclosed circuit breakers.
D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Arrange equipment to provide minimum clearances in accordance with manufacturer's

instructions and NFPA 70.
D. Provide required support and attachment in accordance with Section 26 0529.
E. Install enclosed circuit breakers plumb.
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F. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed
circuit breakers such that the highest position of the operating handle does not exceed 79
inches above the floor or working platform.

G. Provide grounding and bonding in accordance with Section 26 0526.
H. Where accessories are not self-powered, provide control power source as indicated or as

required to complete installation.
I. Identify enclosed circuit breakers in accordance with Section 26 0553.

3.03 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with manufacturer's instructions and NETA ATS, except Section

4.
C. Perform inspections and tests listed in NETA ATS, Section 7.6.1.1 for circuit breakers used for

service entrance and for circuit breakers larger than _____ amperes. Tests listed as optional
are not required.

D. Test shunt trips to verify proper operation.
E. Correct deficiencies and replace damaged or defective enclosed circuit breakers.

3.04 ADJUSTING
A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended

torque settings.
3.05 CLEANING

A. Clean dirt and debris from circuit breaker enclosures and components according to
manufacturer's instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.
END OF SECTION 26 2816.13
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SECTION 26 2816.16
ENCLOSED SWITCHES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Enclosed safety switches.
1.02 RELATED REQUIREMENTS

A. Section 26 0526 - Grounding and Bonding for Electrical Systems.
B. Section 26 0529 - Hangers and Supports for Electrical Systems.
C. Section 26 0553 - Identification for Electrical Systems:  Identification products and

requirements.
D. Section 26 0200 - Electrical General Requirements.

1.03 REFERENCE STANDARDS
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.
C. NEMA KS 1 - Heavy Duty Enclosed and Dead-Front Switches (600 Volts Maximum); 2013.
D. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;

2013.
E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
F. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current

Edition, Including All Revisions.
G. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,

Including All Revisions.
H. UL 98 - Enclosed and Dead-Front Switches; Current Edition, Including All Revisions.
I. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate the work with other trades.  Avoid placement of ductwork, piping, equipment, or
other potential obstructions within the dedicated equipment spaces and within working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

4. Notify Architect/Engineer of any conflicts with or deviations from Contract Documents.
Obtain direction before proceeding with work.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for enclosed

switches and other installed components and accessories.
C. Shop Drawings:  Indicate outline and support point dimensions, voltage and current ratings,

short circuit current ratings, conduit entry locations, conductor terminal information, and installed
features and accessories.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 2816.16 2 ENCLOSED SWITCHES

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or

heavy plastic cover to protect units from dirt, water, construction debris, and traffic.
B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to

enclosed switch internal components, enclosure, and finish.
1.08 FIELD CONDITIONS

A. Maintain ambient temperature between -22 degrees F and 104 degrees F during and after
installation of enclosed switches.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. ABB/GE:  www.geindustrial.com/#sle.
B. Eaton Corporation:  www.eaton.com.
C. Schneider Electric; Square D Products:  www.schneider-electric.us.
D. Siemens Industry, Inc:  www.usa.siemens.com.
E. Engineer Approved Equal.

2.02 ENCLOSED SAFETY SWITCHES
A. Description:  Quick-make, quick-break enclosed safety switches listed and labeled as complying

with UL 98; heavy duty; ratings, configurations, and features as indicated on the drawings.
B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Unless otherwise indicated, provide products suitable for continuous operation under the

following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature: Between -22 degrees F and 104 degrees F.

D. Horsepower Rating:  Suitable for connected load.
E. Voltage Rating:  Suitable for circuit voltage.
F. Short Circuit Current Rating:

1. Provide enclosed safety switches, when protected by the fuses or supply side overcurrent
protective devices to be installed, with listed short circuit current rating not less than the
available fault current at the installed location.

2. Minimum Ratings:
a. General Duty Single Throw Switches Protected by Class R, Class J, or Class T

Fuses:  100,000 rms symmetrical amperes.
b. Heavy Duty Single Throw Switches Protected by Class R, Class J, Class L, or Class T

Fuses:  200,000 rms symmetrical amperes.
G. Enclosed Safety Switches Used for Service Entrance:  Listed and labeled as suitable for use as

service equipment according to UL 869A.
H. Provide with switch blade contact position that is visible when the cover is open.
I. Fuse Clips for Fusible Switches:  As required to accept fuses indicated.

1. Where NEMA Class R fuses are installed, provide rejection feature to prevent installation
of fuses other than Class R.

J. Conductor Terminations:  Suitable for use with the conductors to be installed.
K. Provide insulated, groundable fully rated solid neutral assembly where a neutral connection is

required, with a suitable lug for terminating each neutral conductor.
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L. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable lug
for terminating each equipment grounding conductor.

M. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the

following installation locations:
a. Indoor Clean, Dry Locations:  Type 1.
b. Outdoor Locations:  Type 3R.
c. Interior Damp Locations:  Type 4X.

2. Finish for Painted Steel Enclosures:  Manufacturer's standard, factory applied grey unless
otherwise indicated.

N. Provide safety interlock to prevent opening the cover with the switch in the ON position with
capability of overriding interlock for testing purposes.

O. Heavy Duty Switches:
1. Comply with NEMA KS 1.
2. Conductor Terminations:

a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

3. Provide externally operable handle with means for locking in the OFF position, capable of
accepting three padlocks.
a. Provide means for locking handle in the ON position where indicated.

P. Provide the following features and accessories where indicated or where required to complete
installation:
1. Hubs:  As required for environment type; sized to accept conduits to be installed.
2. Auxiliary Switch:  SPDT switch suitable for connection to system indicated, with auxiliary

contact operation before switch blades open and after switch blades close.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that the ratings of the enclosed switches are consistent with the indicated requirements.
C. Verify that mounting surfaces are ready to receive enclosed safety switches.
D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Arrange equipment to provide minimum clearances in accordance with manufacturer's

instructions and NFPA 70.
D. Provide required support and attachment in accordance with Section 26 0529.
E. Install enclosed switches plumb.
F. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed

switches such that the highest position of the operating handle does not exceed 79 inches
above the floor or working platform.

G. Provide grounding and bonding in accordance with Section 26 0526.
H. Provide fuses complying with Section 26 2813 for fusible switches as indicated or as required by

equipment manufacturer's recommendations.
I. Where accessories are not self-powered, provide control power source as indicated or as

required to complete installation.
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J. Identify enclosed switches in accordance with Section 26 0553.
3.03 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Perform inspections and tests listed in NETA ATS, Section 7.5.1.1.
D. Correct deficiencies and replace damaged or defective enclosed safety switches or associated

components.
3.04 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

3.05 CLEANING
A. Clean dirt and debris from switch enclosures and components according to manufacturer's

instructions.
B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION 26 2816.16
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SECTION 26 5100
INTERIOR LIGHTING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Interior luminaires.
B. Emergency lighting units.
C. Exit signs.
D. Ballasts and drivers.
E. Accessories.

1.02 RELATED REQUIREMENTS
A. Section 26 0200 - Electrical General Requirements.
B. Section 26 0529 - Hangers and Supports for Electrical Systems.
C. Section 26 0533.16 - Boxes for Electrical Systems.
D. Section 26 2726 - Wiring Devices:  Manual wall switches and wall dimmers.
E. Section 26 5600 - Exterior Lighting.

1.03 REFERENCE STANDARDS
A. ANSI C82.4 - American National Standard for Ballasts for High-Intensity-Discharge and

Low-Pressure Sodium Lamps (Multiple-Supply Type); 2002.
B. IES LM-79 - Approved Method: Electrical and Photometric Measurements of Solid-State

Lighting Products; 2008.
C. IES LM-80 - Approved Method: Measuring Luminous Flux and Color Maintenance of LED

Packages, Arrays, and Modules; Illuminating Engineering Society; 2015.
D. NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; 2006.
E. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; 2006.
F. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic

Drivers and Discharge Ballasts; 2011.
G. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; 2012.
H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
I. NFPA 101 - Life Safety Code; 2015.
J. UL 924 - Emergency Lighting and Power Equipment; Current Edition, Including All Revisions.
K. UL 935 - Fluorescent-Lamp Ballasts; Current Edition, Including All Revisions.
L. UL 1029 - High-Intensity-Discharge Lamp Ballasts; Current Edition, Including All Revisions.
M. UL 1598 - Luminaires; Current Edition, Including All Revisions.
N. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition,

Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the installation of luminaires with mounting surfaces installed under other

sections or by others. Coordinate the work with placement of supports, anchors, etc.
required for mounting. Coordinate compatibility of luminaires and associated trims with
mounting surfaces at installed locations.



Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

26 ELECTRICAL 26 5100 2 INTERIOR LIGHTING

2. Coordinate the placement of luminaires with structural members, ductwork, piping,
equipment, diffusers, fire suppression system components, and other potential conflicts
installed under other sections or by others.

3. Coordinate the placement of exit signs with furniture, equipment, signage or other potential
obstructions to visibility installed under other sections or by others.

4. Notify Architect/Engineer of any conflicts or deviations from Contract Documents to obtain
direction prior to proceeding with work.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Shop Drawings:

1. Indicate dimensions and components for each luminaire that is not a standard product of
the manufacturer.

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including
detailed information on luminaire construction, dimensions, ratings, finishes, mounting
requirements, listings, service conditions, photometric performance, installed accessories, and
ceiling compatibility; include model number nomenclature clearly marked with all proposed
features.
1. LED Luminaires:

a. Include estimated useful life, calculated based on IES LM-80 test data.
b. Include IES LM-79 test report upon request.

1.06 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70 and NFPA 101.
B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in

this section with minimum three years documented experience.
C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND PROTECTION
A. Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting) and

manufacturer's written instructions.
B. Keep products in original manufacturer's packaging and protect from damage until ready for

installation.
1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.09 WARRANTY
A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
B. Provide five year manufacturer warranty for all LED luminaires, including drivers.
C. Provide 2-year manufacturer warranty for linear fluorescent ballasts.
D. Provide 5-year pro-rata warranty for batteries for emergency lighting units.
E. Provide 10-year pro-rata warranty for batteries for self-powered exit signs.
F. Provide 3-year full warranty for fluorescent emergency power supply units.

PART 2  PRODUCTS
2.01 LUMINAIRE TYPES

A. Furnish products as indicated in Lighting Fixture Schedule included on the drawings.
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2.02 LUMINAIRES
A. Provide products that are listed and labeled as complying with UL 1598, where applicable.
B. Provide products that comply with requirements of NFPA 70 and NFPA 101.
C. Provide products listed, classified, and labeled as suitable for the purpose intended.
D. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets,

ballasts, reflectors, lenses, housings and other components required to position, energize and
protect the lamp and distribute the light.

E. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,
connectors, hardware, supports, trims, accessories, etc. as necessary for a complete operating
system.

F. Provide products suitable to withstand normal handling, installation, and service without any
damage, distortion, corrosion, fading, discoloring, etc.

G. Recessed Luminaires:
1. Ceiling Compatibility:  Comply with NEMA LE 4.
2. Luminaires Recessed in Insulated Ceilings:  Listed and labeled as IC-rated, suitable for

direct contact with insulation and combustible materials.
3. Luminaires Recessed in Sloped Ceilings:  Provide suitable sloped ceiling adapters.

H. LED Luminaires:
1. Components:  UL 8750 recognized or listed as applicable.
2. Tested in accordance with IES LM-79 and IES LM-80.
3. LED Estimated Useful Life:  Minimum of 50,000 hours at 70 percent lumen maintenance,

calculated based on IES LM-80 test data.
I. Luminaires Mounted in Continuous Rows:  Provide quantity of units required for length

indicated, with all accessories required for joining and aligning.
2.03 EMERGENCY LIGHTING UNITS

A. Description:  Emergency lighting units complying with NFPA 101 and all applicable state and
local codes, and listed and labeled as complying with UL 924.

B. Operation:  Upon interruption of normal power source or brownout condition exceeding 20
percent voltage drop from nominal, solid-state control automatically switches connected lamps
to integral battery power for minimum of 90 minutes of rated emergency illumination, and
automatically recharges battery upon restoration of normal power source.

C. Battery:
1. Sealed maintenance-free lead calcium unless otherwise indicated.
2. Size battery to supply all connected lamps, including emergency remote heads where

indicated.
D. Diagnostics:  Provide power status indicator light and accessible integral test switch to manually

activate emergency operation.
E. Provide low-voltage disconnect to prevent battery damage from deep discharge.
F. Self-Diagnostics:  Provide units that self-monitor functionality and automatically perform testing

required by NFPA 101 where indicated; provide indicator light(s) to report test and diagnostic
status.

G. Accessories:
1. Provide compatible accessory mounting brackets where indicated or required to complete

installation.
2. Provide compatible accessory wire guards where indicated.
3. Where indicated, provide emergency remote heads that are compatible with the

emergency lighting unit they are connected to and suitable for the installed location.
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2.04 EXIT SIGNS
A. Description:  Exit signs and similar signs for special purpose applications such as area of

refuge/rescue assistance.
B. Description:  Exit signs complying with NFPA 101 and applicable state and local codes, and

listed and labeled as complying with UL 924.
1. Number of Faces:  Single- or double-face as indicated or as required for installed location.
2. Directional Arrows:  As indicated or as required for installed location.

C. Powered Exit Signs:  Internally illuminated with LEDs unless otherwise indicated.
1. Self-Powered Exit Signs:

a. Operation:  Upon interruption of normal power source or brownout condition
exceeding 20 percent voltage drop from nominal, solid-state control automatically
switches connected lamps to integral battery power for minimum of 90 minutes of
rated emergency illumination, and automatically recharges battery upon restoration of
normal power source.

b. Battery:  Sealed, maintenance-free, nickel cadmium unless otherwise indicated.
c. Diagnostics:  Provide power status indicator light and accessible integral test switch to

manually activate emergency operation.
d. Provide low-voltage disconnect to prevent battery damage from deep discharge.

D. Accessories:
1. Provide compatible accessory wire guards where indicated.

2.05 BALLASTS AND DRIVERS
A. Ballasts/Drivers - General Requirements:

1. Provide ballasts containing no polychlorinated biphenyls (PCBs).
2. Minimum Efficiency/Efficacy:  Provide ballasts complying with all current applicable federal

and state ballast efficiency/efficacy standards.
3.  Electronic Ballasts/Drivers:  Inrush currents not exceeding peak currents specified in

NEMA 410.
B. Dimmable LED Drivers:

1. Dimming Range:  Continuous dimming from 100 percent to five percent relative light
output unless dimming capability to lower level is indicated, without flicker.

2. Control Compatibility:  Fully compatible with the dimming controls to be installed.
2.06 ACCESSORIES

A. Stems for Suspended Luminaires:  Steel tubing, minimum 1/2" size, factory finished to match
luminaire or field-painted as directed.

B. Provide accessory plaster frames for luminaires recessed in plaster ceilings.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are

properly sized to accommodate conductors in accordance with NFPA 70.
C. Verify that suitable support frames are installed where required.
D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to

luminaires.
E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Provide extension rings to bring outlet boxes flush with finished surface.

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
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http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
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http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NEMA%20410
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B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.
3.03 INSTALLATION

A. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for
installation of luminaires provided under this section.

B. Install products in accordance with manufacturer's instructions.
C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 500

(commercial lighting) and NECA 502 (industrial lighting).
D. Provide required support and attachment in accordance with Section 26 0529.
E. Install luminaires plumb and square and aligned with building lines and with adjacent luminaires.
F. Suspended Ceiling Mounted Luminaires:

1. Do not use ceiling tiles to bear weight of luminaires.
2. Do not use ceiling support system to bear weight of luminaires unless ceiling support

system is certified as suitable to do so.
3. Secure surface-mounted and recessed luminaires to ceiling support channels or framing

members or to building structure.
4. Secure pendant-mounted luminaires to building structure.
5. Secure lay-in luminaires to ceiling support channels using listed safety clips at four

corners.
6. In addition to ceiling support wires, provide two galvanized steel safety wire(s), minimum

12 gauge, connected from opposing corners of each recessed luminaire to building
structure.

7. See appropriate Division 9 section where suspended grid ceiling is specified for additional
requirements.

G. Recessed Luminaires:
1. Install trims tight to mounting surface with no visible light leakage.
2. Non-IC Rated Luminaires:  Maintain required separation from insulation and combustible

materials according to listing.
3. Luminaires Recessed in Fire-Rated Ceilings:  Install using accessories and firestopping

materials to meet regulatory requirements for fire rating.
H. Suspended Luminaires:

1. Unless otherwise indicated, specified mounting heights are to bottom of luminaire.
2. Install using the suspension method indicated, with support lengths and accessories as

required for specified mounting height.
3. Install canopies tight to mounting surface.
4. Unless otherwise indicated, support pendants from swivel hangers.

I. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to center
of luminaire.

J. Install accessories furnished with each luminaire.
K. Bond products and metal accessories to branch circuit equipment grounding conductor.
L. Emergency Lighting Units:

1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding
normal lighting in same room or area. Bypass local switches, contactors, or other lighting
controls.

M. Exit Signs:
1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding

normal lighting in same room or area. Bypass local switches, contactors, or other lighting
controls.
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N. Remote Ballasts:  Install in accessible location as indicated or as required to complete
installation, using conductors per manufacturer's recommendations not exceeding
manufacturer's recommended maximum conductor length to luminaire.

O. Lamp Burn-In:  Operate lamps at full output for prescribed period per manufacturer's
recommendations prior to use with any dimming controls. Replace lamps that fail prematurely
due to improper lamp burn-in.

3.04 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect each product for damage and defects.
C. Operate each luminaire after installation and connection to verify proper operation.
D. Test emergency lighting units to verify proper operation upon loss of normal power supply.
E. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or

replace excessively noisy ballasts as determined by Architect/Engineer.
3.05 ADJUSTING

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as
directed by Architect/Engineer. Secure locking fittings in place.

B. Aim and position adjustable emergency lighting unit lamps to achieve optimum illumination of
egress path as required or as directed by Architect/Engineer or authority having jurisdiction.

C. Exit Signs with Field-Selectable Directional Arrows:  Set as indicated or as required to properly
designate egress path as directed by Architect/Engineer or authority having jurisdiction.

3.06 CLEANING
A. Clean surfaces according to NECA 500 (commercial lighting) and manufacturer's instructions to

remove dirt, fingerprints, paint, or other foreign material and restore finishes to match original
factory finish.

3.07 CLOSEOUT ACTIVITIES
A. Demonstration:  Demonstrate proper operation of luminaires to Architect/Engineer, and correct

deficiencies or make adjustments as directed.
B. Just prior to Substantial Completion, replace all lamps that have failed.

3.08 PROTECTION
A. Protect installed luminaires from subsequent construction operations.

3.09 SCHEDULE - SEE DRAWINGS
END OF SECTION 26 5100
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SECTION 26 5600
EXTERIOR LIGHTING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Exterior luminaires.
B. Ballasts.
C. Poles and accessories.

1.02 RELATED REQUIREMENTS
A. Section 26 0200 - Electrical General Requirements.
B. Section 26 0526 - Grounding and Bonding for Electrical Systems.
C. Section 26 0529 - Hangers and Supports for Electrical Systems.
D. Section 26 0533.16 - Boxes for Electrical Systems.
E. Section 26 0923 - Lighting Control Devices.

1. Includes automatic controls for lighting including time switches and outdoor photo controls.
2. Includes lighting contactors.

F. Section 26 5100 - Interior Lighting.
1.03 REFERENCE STANDARDS

A. AASHTO LTS - Standard Specifications for Structural Supports for Highway Signs, Luminaires
and Traffic Signals; American Association of State Highway and Transportation Officials; 6th
Edition, with 2015 Interim Revisions.

B. ANSI C82.4 - American National Standard for Ballasts for High-Intensity-Discharge and
Low-Pressure Sodium Lamps (Multiple-Supply Type); 2002.

C. IEEE C2 - National Electrical Safety Code; 2012.
D. IES LM-79 - Approved Method: Electrical and Photometric Measurements of Solid-State

Lighting Products; 2008.
E. IES LM-80 - Approved Method: Measuring Luminous Flux and Color Maintenance of LED

Packages, Arrays, and Modules; Illuminating Engineering Society; 2015.
F. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2010.
G. NECA/IESNA 501 - Standard for Installing Exterior Lighting Systems; 2006.
H. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; 2012.
I. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
J. UL 1598 - Luminaires; Current Edition, Including All Revisions.
K. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition,

Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate placement of poles and associated foundations with utilities, curbs, sidewalks,

trees, walls, fences, striping, etc. installed under other sections or by others. Coordinate
elevation to obtain specified foundation height.

2. Notify Architect/Engineer of any conflicts or deviations from Contract Documents to obtain
direction prior to proceeding with work.

1.05 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
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B. Shop Drawings:
1. Indicate dimensions and components for each luminaire that is not a standard product of

the manufacturer.
2. Provide structural calculations for each pole proposed for substitution.

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including
detailed information on luminaire construction, dimensions, ratings, finishes, mounting
requirements, listings, service conditions, photometric performance, weight, effective projected
area (EPA), and installed accessories; include model number nomenclature clearly marked with
all proposed features.
1. LED Luminaires:

a. Include estimated useful life, calculated based on IES LM-80 test data.
2. Poles:  Include information on maximum supported effective projected area (EPA) and

weight for the design wind speed.
1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

C. Electrical Components:  Listed and classified by Underwriters Laboratories Inc. as suitable for
the purpose specified and indicated.

1.07 DELIVERY, STORAGE, AND HANDLING
A. Receive, handle, and store products according to NECA/IESNA 501 and manufacturer's written

instructions.
B. Keep products in original manufacturer's packaging and protect from damage until ready for

installation.
1.08 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
B. Provide five year manufacturer warranty for all LED luminaires, including drivers.

PART 2  PRODUCTS
2.01 LUMINAIRE TYPES

A. Furnish products as indicated in Lighting Fixture Schedule included on the Drawings.
2.02 LUMINAIRES

A. Provide products that comply with requirements of NFPA 70.
B. Provide products that are listed and labeled as complying with UL 1598, where applicable.
C. Provide products listed, classified, and labeled as suitable for the purpose intended.
D. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets,

ballasts, reflectors, lenses, housings and other components required to position, energize and
protect the lamp and distribute the light.

E. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,
connectors, hardware, poles, foundations, supports, trims, accessories, etc. as necessary for a
complete operating system.

F. Provide products suitable to withstand normal handling, installation, and service without any
damage, distortion, corrosion, fading, discoloring, etc.

G. Provide luminaires listed and labeled as suitable for wet locations unless otherwise indicated.
H. Recessed Luminaires:
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1. Ceiling Compatibility:  Comply with NEMA LE 4.
2. Luminaires Recessed in Insulated Ceilings:  Listed and labeled as IC-rated, suitable for

direct contact with insulation and combustible materials.
3. Luminaires Recessed in Sloped Ceilings:  Provide suitable sloped ceiling adapters.

I. Luminaires Mounted in Continuous Rows:  Provide quantity of units required for length
indicated, with all accessories required for joining and aligning.

J. LED Luminaires:
1. Components:  UL 8750 recognized or listed as applicable.
2. Tested in accordance with IES LM-79 and IES LM-80.
3. LED Estimated Useful Life:  Minimum of 50,000 hours at 70 percent lumen maintenance,

calculated based on IES LM-80 test data.
K. Exposed Hardware:  Stainless steel.

2.03 BALLASTS AND DRIVERS
A. Ballasts/Drivers - General Requirements:

1. Provide ballasts containing no polychlorinated biphenyls (PCBs).
2. Minimum Efficiency/Efficacy:  Provide ballasts complying with all current applicable federal

and state ballast efficiency/efficacy standards.
B. Dimmable LED Drivers:

1. Dimming Range:  Continuous dimming from 100 percent to five percent relative light
output unless dimming capability to lower level is indicated, without flicker.

2. Control Compatibility:  Fully compatible with the dimming controls to be installed.
2.04 POLES

A. All Poles:
1. Provide poles and associated support components suitable for the luminaire(s) and

associated supports and accessories to be installed.
2. Structural Design Criteria:

a. Comply with AASHTO LTS.
b. Wind Load:  Include effective projected area (EPA) of luminaire(s) and associated

supports and accessories to be installed.
3. Material:  Steel, unless otherwise indicated.
4. Shape:  Square straight, unless otherwise indicated.
5. Finish:  Match luminaire finish, unless otherwise indicated.
6. Mounting:  Install on concrete foundation, height as indicated on the drawings, unless

otherwise indicated.
7. Unless otherwise indicated, provide with the following features/accessories:

a. Top cap.
b. Handhole.
c. Anchor bolts with leveling nuts or leveling shims.
d. Anchor base cover.

B. Metal Poles:  Provide ground lug, accessible from handhole.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are

properly sized to accommodate conductors in accordance with NFPA 70.
C. Verify that suitable support frames are installed where required.
D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to

luminaires.
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E. Verify that conditions are satisfactory for installation prior to starting work.
3.02 PREPARATION

A. Provide extension rings to bring outlet boxes flush with finished surface.
B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION
A. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for

installation of luminaires provided under this section.
B. Install products in accordance with manufacturer's instructions.
C. Install luminaires in accordance with NECA/IESNA 501.
D. Provide required support and attachment in accordance with Section 26 0529.
E. Install luminaires plumb and square and aligned with building lines and with adjacent luminaires.
F. Recessed Luminaires:

1. Install trims tight to mounting surface with no visible light leakage.
2. Non-IC Rated Luminaires:  Maintain required separation from insulation and combustible

materials according to listing.
G. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to center

of luminaire.
H. Pole-Mounted Luminaires:

1. Maintain the following minimum clearances:
a. Comply with IEEE C2.
b. Comply with utility company requirements.

2. Foundation-Mounted Poles:
a. Provide cast-in-place concrete foundations for poles as indicated, in accordance with

Section 03 3000.
1) Install anchor bolts plumb per template furnished by pole manufacturer.
2) Position conduits to enter pole shaft.

b. Install foundations plumb.
c. Install poles plumb, using leveling nuts or shims as required to adjust to plumb.
d. Tighten anchor bolt nuts to manufacturer's recommended torque.
e. Install non-shrink grout between pole anchor base and concrete foundation, leaving

small channel for condensation drainage.
f. Install anchor base covers as indicated.

3. Embedded Poles:  Install poles plumb as indicated.
4. Grounding:

a. Bond luminaires, metal accessories, metal poles, and foundation reinforcement to
branch circuit equipment grounding conductor.

5. Install separate service conductors, 12 AWG copper, from each luminaire down to
handhole for connection to branch circuit conductors.

I. Install accessories furnished with each luminaire.
J. Install lamps in each luminaire.

3.04 FIELD QUALITY CONTROL
A. See Section 01 4000 - Quality Requirements, for additional requirements.
B. Inspect each product for damage and defects.
C. Operate each luminaire after installation and connection to verify proper operation.
D. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or

replace excessively noisy ballasts as determined by Architect/Engineer.
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E. Measure illumination levels at night with calibrated meters to verify compliance with
performance requirements. Record test results in written report to be included with submittals.

3.05 ADJUSTING
A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as

directed by Architect/Engineer. Secure locking fittings in place.
B. Luminaires with Field-Rotatable Optics:  Position optics according to manufacturer's instructions

to achieve lighting distribution as indicated or as directed by Architect/Engineer.
3.06 CLEANING

A. Clean surfaces according to NECA/IESNA 501 and manufacturer's instructions to remove dirt,
fingerprints, paint, or other foreign material and restore finishes to match original factory finish.

3.07 CLOSEOUT ACTIVITIES
A. Demonstration:  Demonstrate proper operation of luminaires to Architect/Engineer, and correct

deficiencies or make adjustments as directed.
B. Just prior to Substantial Completion, replace all lamps that have failed.

3.08 PROTECTION
A. Protect installed luminaires from subsequent construction operations.

3.09 SCHEDULE - SEE DRAWINGS
END OF SECTION 26 5600
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SECTION 27 4100
SOUND SYSTEM

PART 1 - GENERAL
1.01 CODES, REGULATION, AND STANDARDS

A. Pertinent federal, state, and local regulations and requirements are hereby made a part of this
contract.  Requirement of authority having local jurisdiction shall supersede all other
requirements.

B. All local and national codes and all requirements of the National Board of Fire Underwriters are
a part of this specification and shall be observed as such.  The installation shall comply with all
requirements and regulations applicable to the work.  If the plans and specifications are at
variance therewith, the work shall be installed in accordance with the local laws, rules,
regulations and ordinances, provided the standard of work required by ordinance is not less
than the requirements of this specification.

C. If the Contractor shall do work contrary to such laws, ordinances, etc., he shall bear all costs
arising therefrom.  No additional compensation will be allowed for full compliance with local or
national laws, codes, or ordinances.

1.02 PERMITS, LICENSES, INSPECTIONS, AND TAXES
A. The Contractor shall obtain and pay for all permits and licenses, and shall give notice, pay all

taxes, and comply with all laws, rules, and regulations bearing on the work.
B. The Contractor shall make arrangements for any necessary permits and inspections.

1.03 CONTRACTOR QUALIFICATIONS
A. To provide single unit responsibility for the delivery, successful installation, and service during

the warranty period for the Sound System, the sound system specified herein shall be provided
under the Electrical Contractor's contract.

B. An Electrical Contractor who does not meet all requirements of the Sound System Supplier
(hereinafter referred to as SSS) listed in the following paragraphs 1.3-C through 1.3-H, who
intends to bid on this work will be required to employ the services of a qualified Sound System
Sub-Contractor to provide, install, and terminate all sound system equipment.  The Sound
System Sub-Contractor must be named in the shop drawing submittal information along with
written documentation verifying that the Sound System Sub-Contractor fulfills all requirements
listed in paragraphs 1.3-C through 1.3-F below, including proof of dealership status for all listed
system components or approved alternates.

C. The Sound System Supplier (SSS) must be a contractor who has regularly furnished and
installed commercial and industrial sound systems of the type specified for a minimum of the
last 5 years.

D. The SSS must maintain a suitably staffed and equipped service organization and must regularly
offer maintenance services for systems of this type and size.

E. The SSS must be an authorized dealer of all equipment provided with this system.  Given the
inherent warranty difficulties which occur when products are provided from contractors who
participate in trans-shipping or two-stepped equipment sales.

F. The SSS shall be the manufacturer's authorized field assembly and warranty service
representative, shall be trained and approved by the manufacturer to program the
manufacturer's products and inspect the installation of the manufacturer's products, and shall
be located within 100 miles driving distance of the project site.

G. The qualified SSS (the Sound System Subcontractor if the Electrical Contractor does not fulfill
all requirements listed in paragraphs 1.3-C through 1.3-F above) must perform all of the work
listed below:
1. Prepare required drawings for submittal.
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2. Furnish all sound system equipment.
3. Provide shop fabrication of all equipment cabinets, outlet plates and panels, and

subassemblies.
4. Perform all final terminations at the audio equipment cabinets, mixing consoles, program

sources, signal processors, and all other sound system devices.
5. Provide the final terminations at all input and output connection panels.

H. The Electrical Contractor shall provide and install all specified sound system wire.
1.04 SPECIFICATIONS AND DRAWINGS

A. These specifications and drawings are mutually self-explanatory and anything described or
shown on one but not the other shall be considered as if shown on both.  Should error or
discrepancy appear on either the drawings or in the specifications, such error shall be referred
to the engineer before bids are submitted.

B. Drawings must be considered as being diagrammatic; no attempt has been made to show each
and every conduit, pull box, etc.

C. It is the intention of these specifications and drawings to provide a working installation in every
detail and all items required for such installation shall be furnished whether or not specifically
shown or enumerated.  The work shall be done in keeping with the general intent to provide a
complete installation.

1.05 "AS BUILT" OR RECORD DRAWINGS
A. The Contractor shall keep a record of all changes in final location of conduit, etc., and as

actually installed, and upon completion of the job he shall transmit these changes to the
engineer for inclusion in the record set of drawings.

1.06 SUBSTITUTIONS
A. All substitutions shall be approved by the engineer at least 10 days prior to the date bids are

due.  Any item submitted for substitution is subject to rejection if said equipment is not of equal
quality, function, capacity, or of like design, appearance, and performance.

1.07 TEST
A. The Contractor shall test the system and equipment after his work is complete in the presence

of the engineer to demonstrate that the system has been installed properly and is in working
order.  Failure to perform adequate tests for such proof may delay final acceptance of job.

1.08 WORK INCLUDES
A. General

1. Contractor shall provide all equipment, accessories, and materials, in accordance with
these specifications and drawings, to provide a complete and operating system.

2. Furnish and install all component parts of the system as specified and indicated, including
accessories, parts, appliances, etc., necessary or customary for their proper operation
whether specifically called for or not.  All materials shall be new and shall conform to the
standards of the Underwriters Laboratories, Inc., where such a standard has been
established for the particular type specified.

3. Contractor shall furnish all tools, scaffolding, lifts, and other necessary mechanical
equipment required for the complete installation of this system.

4. Contractor shall install power circuit wiring, circuit breakers, power outlets, ground wire,
and associated conduit to provide all necessary power to the sound system.

5. The sound system shall be of modular design to facilitate both expansion and service and
shall be completely transistorized/solid-state.

6. All microphone cable, speaker cable, and antenna cable shall be installed in appropriate
conduit or raceway.

7. Microphone cable shall be run in separate conduit from the speaker cable.
8. The Contractor shall:
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a. furnish and install all required conduit, outlet and junction boxes, terminal cabinets,
etc.

b. furnish, install, and properly tag all speaker cables as to circuit designation.
c. design equipment supports with a safety factor of at least five (5) for overhead

loudspeakers or other suspended equipment.
d. provide all speaker mounting hardware as required to securely fasten speakers.

1.09 QUALITY ASSURANCE
A. The equipment furnished shall meet the requirements of these specifications and drawings and

shall be the standard product line of the manufacturers.
B. The system supplier shall be the authorized distributor of the equipment supplied and shall be

authorized and equipped to service the equipment supplied in and out of warranty, fully
empowered to support the manufacturer's warranty program.

C. The work herein specified shall be performed by fully competent workmen, in a thorough
manner.  All necessary hookup and installation shall be by qualified personnel.  All materials
furnished by the contractor shall be new, and all work shall be completed to the satisfaction of
the engineer.

1.10 IN-SERVICE TRAINING
A. The installation supervisor shall instruct the personnel designated by the owner as to the correct

operation of the system.  A minimum of two (2) hours shall be included in the base bid for this
purpose.

1.11 SUBMITTALS
A. At the time of submittal, the contractor shall submit a complete and accurate listing of all major

items of equipment to be used in assembling the system, including all items of equipment listed
under this specification, including quantity, make, model, and description; as well as contractor's
block diagrams indicating the proposed interconnection of all equipment to be furnished.  A
detailed listing of all proposed deviations from the specifications shall be included.  All
modifications to standard equipment necessary to meet specifications shall be explained fully
and must be accompanied by schematic diagrams.  Submit complete manufacturer
specification sheets for all major items of equipment to be used in assembling the system.

1.12 OPERATION AND MAINTENANCE DATA
A. The system supplier shall provide one (1) complete set of shop drawings and as-built drawings

including all wiring diagrams; complete instruction manuals, schematic drawings, and service
instructions.

B. The equipment manufacturer shall maintain engineering and service departments capable of
rendering advice regarding installation and final adjustment of the system.

C. The equipment supplier shall be qualified to furnish, and capable of providing to the owner, a
service contract proposal covering all labor and materials to maintain the system for a period of
time agreed upon by the owner and system supplier after the initial warranty period.

D. The equipment supplier shall warranty all equipment, material, and installation for a period of
one (1) year from the date of completion for first beneficial use, whichever occurs first.  All
repairs/replacements shall be provided at no charge to the owner during the warranty period
provided the failed unit does not show abuse.

PART 2 - BILL OF MATERIAL
2.01 COURT ROOM AV SYSTEM

A. One (1) main equipment cabinet located in the court room as shown on the project drawings
that contains one (1) Allen & Heath QU-PAC-32 digital mixer, power sequencer, wireless
assistive listening transmitter w/four (4) ALS receivers, two (2) wireless microphone receivers,
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and one (1) power amplifier.  Note that the digital mixer will be connected to a wireless access
point for control via an iPad.

B. System shall include the following components:
1. One (1) stand mounted cardioid condenser gooseneck podium microphone.
2. Eight (8) table mounted cardioid condenser gooseneck microphones at courtroom table.
3. One (1) wireless handheld microphone transmitter.
4. Three (3) HDMI input & 3.5mm auxiliary audio input plates.
5. Two (2) Bluetooth audio input plate.
6. Four (4) 1 gang microphone input plate with two (2) microphone inputs.
7. Six (6) ceiling mounted, 6.5”, 2-way Electrovoice loudspeakers.
8. Two (2) 10” ceiling mounted Electrovoice subwoofer loudspeakers.
9. One (1) wall mounted television and video decoder.  Verify TV equipment with Owner.
10. One (1) wall mounted control panel near equipment cabinet and one(1) wireless remote

touchscreen control panel at the courtroom table to control audio and video input source
selection, digital mixer system settings, and system volume control.

C. System can be powered On/Off from the Sound Equipment Cabinet at location indicated on
project drawings.

PART 3 - EXECUTION
3.01 INSTALLATION

A. Power Requirements:
1. Electrical Contractor shall provide and terminate 120VAC circuits to the sound equipment

cabinet (SEC) as required.
2. The electrical contractor shall provide and install one (1) #6 insulated ground wire from the

sound equipment cabinet (SEC) to the local AC breaker panel ground that is supplying
power to the sound system.

B. All cables shall be properly dressed and tagged in the equipment rack and at all junction points.
C. Install all fixtures, assemblies, and equipment as specified herein and as indicated on the

drawings in strict accordance with the manufacturer's recommendations and instructions.
D. All equipment, except portable equipment, shall be held firmly in place.  This shall include

loudspeakers, amplifiers, cables, etc.  (The exception to this rigid mounting clause is when it is
required to use resilient shock mounting to decouple the speakers from the structure to which
they are being mounted.)  All speakers shall be attached to supporting structure via appropriate
hardware and clamps.  Fastenings and supports shall be adequate to support their loads with a
safety factor of at least five (5).

E. Care shall be exercised in wiring so as to avoid damage to the cables and to the equipment.  All
joints and connections shall be made with rosin-core solder or with mechanical connectors
approved by the engineer.  All wiring shall be executed in strict adherence to standard
broadcast practices.

F. When complete, all wiring shall test free from opens, shorts, and grounds.  All microphone wire
runs shall be made using one continuous wire run without splices.

G. The total impedance of all loudspeaker lines shall be measured and recorded.  All cables shall
be identified and properly tagged.

H. Precautions shall be taken as are necessary to guard against electromagnetic and electrostatic
hum, to supply adequate ventilation, and to install the equipment so as to provide maximum
safety to the person who operates it.

I. All microphone jacks, outlets, switches, and associated controls are to be permanently and
logically marked with white on black labels.

J. Sound contractor shall make final adjustments of all devices to obtain a fully functional system.
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K. Equalization shall be performed by qualified personnel using pink noise, a calibrated
microphone, a real-time audio spectrum analyzer, and a computer to adjust the acoustic
amplitude response of the sound system to within + 2 dB uniformity from 250 Hz to 15 kHz and
to conform to predetermined house curves acceptable to professional audio standards.

3.02 DEMONSTRATION
A. Prior to acceptance, equipment supplier shall demonstrate the functionality of the system to the

engineer.
B. Provide one (1) copy of operation and maintenance data to the owner.
C. Provide a minimum of two (2) hours training to the owner's personnel in the proper set up and

operation of the Sound System.
END OF SECTION 27 4100
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SECTION 28 4600
FIRE DETECTION AND ALARM

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Fire alarm system design and installation, including all components, wiring, and conduit.
B. Transmitters for communication with supervising station. 
C. Maintenance of fire alarm system under contract for specified warranty period.

1.02 RELATED REQUIREMENTS
A. Section 21 1300 - Fire-Suppression Sprinkler Systems:  Supervisory, alarm, and actuating

devices installed in sprinkler system.
B.  Section 26 0548 - Vibration and Seismic Controls for Electrical Systems:  Requirements for the

seismic qualification of equipment specified in this section.
1.03 REFERENCE STANDARDS

A. ADA Standards - Americans with Disabilities Act (ADA) Standards for Accessible Design; 2010.
B. IEEE C62.41.2 - Recommended Practice on Characterization of Surges in Low-Voltage (1000 V

and less) AC Power Circuits; 2002 (Cor 1, 2012).
C. IEEE C62.41 - IEEE Recommended Practice on Surge Voltages in Low-Voltage Power Circuits;

1991 (R1995).
D. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
E. NFPA 72 - National Fire Alarm and Signaling Code; 2016.
F. NFPA 101 - Life Safety Code; 2015.

1.04 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements, for submittal procedures.
B. Evidence of installer qualifications.
C. Evidence of maintenance contractor qualifications, if different from installer.
D. Inspection and Test Reports:

1. Submit inspection and test plan prior to closeout demonstration.
2. Submit documentation of satisfactory inspections and tests.
3. Submit NFPA 72 "Inspection and Test Form," filled out.

E. Operating and Maintenance Data:  See Section 01 7800 for additional requirements; revise and
resubmit until acceptable; have one set available during closeout demonstration:
1. Complete set of specified design documents, as approved by authority having jurisdiction.
2. Additional printed set of project record documents and closeout documents, bound or filed

in same manuals.
3. Contact information for firm that will be providing contract maintenance and trouble

call-back service.
4. List of recommended spare parts, tools, and instruments for testing.
5. Replacement parts list with current prices, and source of supply.
6. Detailed troubleshooting guide and large scale input/output matrix.
7. Preventive maintenance, inspection, and testing schedule complying with NFPA 72;

provide printed copy and computer format acceptable to Owner.
8. Detailed but easy to read explanation of procedures to be taken by non-technical

administrative personnel in the event of system trouble, when routine testing is being
conducted, for fire drills, and when entering into contracts for remodeling.
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F. Project Record Documents:  See Section 01 7800 for additional requirements; have one set
available during closeout demonstration:
1. Complete set of floor plans showing actual installed locations of components, conduit, and

zones.
2. "As installed" wiring and schematic diagrams, with final terminal identifications.
3. "As programmed" operating sequences, including control events by device, updated

input/output chart, and voice messages by event.
G. Closeout Documents:

1. Certification by manufacturer that the system has been installed in compliance with
manufacturer's installation requirements, is complete, and is in satisfactory operating
condition.

2. NFPA 72 "Record of Completion", filled out completely and signed by installer and
authorized representative of authority having jurisdiction.

3. Maintenance contract.
1.05 QUALITY ASSURANCE

A. Designer Qualifications:  NICET Level III or IV (3 or 4) certified fire alarm technician or
registered fire protection engineer, employed by fire alarm control panel manufacturer,
Contractor, or installer .

B. Installer Qualifications:  Firm with minimum 3 years documented experience installing fire alarm
systems of the specified type and providing contract maintenance service as a regular part of
their business.
1. Authorized representative of control unit manufacturer; submit manufacturer's certification

that installer is authorized; include name and title of manufacturer's representative making
certification.

2. Installer Personnel:  At least 2 years of experience installing fire alarm systems.
3. Supervisor:  NICET level III or IV (3 or 4) certified fire alarm technician; furnish name and

address.
4. Contract maintenance office located within 150 miles of project site.
5. Certified in the State in which the Project is located as fire alarm installer.

C. Maintenance Contractor Qualifications:  Same entity as installer or different entity with specified
qualifications.

D. Instructor Qualifications:  Experienced in technical instruction, understanding fire alarm theory,
and able to provide the required training; trained by fire alarm control unit manufacturer.

1.06 WARRANTY
A. Provide control panel manufacturer's warranty that system components other than wire and

conduit are free from defects and will remain so for 1 year after date of Substantial Completion.
B. Provide installer's warranty that the installation is free from defects and will remain so for 1 year

after date of Substantial Completion.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Fire Alarm Control Units - Basis of Design:  Honeywell Security & Fire Solutions/Notifier ;
Notifier Fire Warden NFW-50:  www.notifier.com.

B. Fire Alarm Control Units and Accessories - Other Acceptable Manufacturers:
1. Honeywell Security & Fire Solutions/Gamewell-FCI:  www.gamewell-fci.com/#sle.
2. Honeywell Security & Fire Solutions/Fire-Lite:  www.firelite.com/#sle.
3. Honeywell Security & Fire Solutions/Silent Knight:  www.silentknight.com/#sle.
4. Siemens Building Technologies, Inc/Faraday:  www.us.sbt.siemens.com/faraday.
5. Simplex, a brand of Johnson Controls:  www.simplex-fire.com/#sle.
6. Engineer Approved Equal.
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C. Initiating Devices and Notification Appliances:
1. Provide initiating devices and notification appliances made by the same manufacturer,

where possible.
D. Substitutions:  See Section 01 6000 - Product Requirements.

1. For other acceptable manufacturers of control units specified, submit product data
showing equivalent features and compliance with Contract Documents.

2. For substitution of products by manufacturers not listed, submit product data showing
features and certification by Contractor that the design will comply with Contract
Documents.

2.02 FIRE ALARM SYSTEM
A. Fire Alarm System:  Provide a new automatic fire detection and alarm system:

1. Provide all components necessary, regardless of whether shown in Contract Documents
or not.

2. Protected Premises:  Entire building shown on drawings.
3. Comply with the following; where requirements conflict, order of precedence of

requirements is as listed:
a. ADA Standards.
b. The requirements of the State Fire Marshal.
c. The requirements of the local authority having jurisdiction .
d. Applicable local codes.
e. Contract Documents (drawings and specifications).
f. NFPA 72; where the word "should" is used consider that provision mandatory; where

conflicts between requirements require deviation from NFPA 72, identify deviations
clearly on design documents.

4. Evacuation Alarm:  Single smoke zone;  general evacuation of entire premises.
5. Hearing Impaired Occupants:  Provide visible notification devices in all public areas.
6. Master Control Unit (Panel):  New, at location indicated on drawings.
7. Combined Systems:  Do not combine fire alarm system with other non-fire systems.

B. Supervising Stations and Fire Department Connections:
1. Public Fire Department Notification:  By remote supervising station.
2. Remote Supervising Station:  UL-listed central station under contract to facility.
3. Means of Transmission to Remote Supervising Station:  Digital alarm communicator

transmitter (DACT), 2 telephone lines.
C. Circuits:

1. Initiating Device Circuits (IDC): Class B, Style B.
2. Signaling Line Circuits (SLC) Within Single Building:  Class B, Style 0.5.
3. Notification Appliance Circuits (NAC):  Class B, Style Y.

D. Spare Capacity:
1. Initiating Device Circuits:  Minimum 25 percent spare capacity.
2. Notification Appliance Circuits:  Minimum 25 percent spare capacity.
3. Fire Alarm Control Units:  Capable of handling all circuits utilized to capacity without

requiring additional components other than plug-in control modules.
E. Power Sources:

1. Primary:  Dedicated branch circuits of the facility power distribution system.
2. Secondary:  Storage batteries.
3. Capacity:  Sufficient to operate entire system for period specified by NFPA 72.

2.03 FIRE SAFETY SYSTEMS INTERFACES
A. Alarm:  Provide alarm initiation in accordance with NFPA 72 for the following:

1. Sprinkler water flow.
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2.04 COMPONENTS
A. General:

1. Provide flush mounted units where installed in finish areas; in unfinished areas, surface
mounted units are acceptable.

2. Provide legible, permanent labels for each control device, using identification used in
operation and maintenance data.

B. Fire Alarm Control Units:  Analog, addressable type; listed, classified, and labeled as suitable
for the purpose intended.

C. Master Control Unit:  As specified for Basis of Design above, or equivalent.
D. Addressable Modules:

1. Provide addressable modules suitable for connection to fire alarm control unit signaling
line circuits.

2. Unless otherwise indicated, use addressable modules only in clean, dry, indoor,
nonhazardous locations.

3. Monitor Modules:  Unless devices are explicitly permitted to be connected together as
zone, provide separate addressable monitor module for each conventional dry-contact
input device in order to be individually identifiable by addressable fire alarm control unit.

4. Control Modules:  Provide as indicated or as required for selective control of notification
appliances.

5. Relay Modules:  Provide as indicated or as required to perform necessary functions via
dry-contact interface. Where load exceeds module contact rating, provide accessory
power isolation relays suitable for load as required.

E. Remote Annunciators:  Notifier #LCD-2X20.
F. Initiating Devices:

1. Addressable Systems:
a. Addressable Devices:  Individually identifiable by addressable fire alarm control unit.
b. Provide suitable addressable interface modules as indicated or as required for

connection to conventional (non-addressable) devices and other components that
provide a dry closure output.

2. Dual-Action Manual Pull Stations:  Notifier #NBG-12LX.
3. Smoke Detectors:  Notifier #FSP-851.
4. Duct Smoke Detectors:  Notifier #FSD-751PL
5. Heat Detectors:  Notifier #FST-851
6. Addressable Monitor Modules:  Notifier #FZM-1.
7. Addressable Control Modules:  Notifier #FCM-1.
8. Addressable Relay Modules:  Notifier #FRM-1.

G. Notification Appliances:
1. Bells:  Notifier #SSM24-8 w/ weatherproof backbox #WBB.
2. Horn/Strobes:  Notifier SpectrAlert Series #P1224MC.
3. Strobes:  Notifier SpectrAlert Series #S1224MC.

H. Circuit Conductors:  Copper; provide 200 feet extra; color code and label.
I. Surge Protection:  In accordance with IEEE C62.41.2 category B combination waveform and

NFPA 70; except for optical fiber conductors.
J. Locks and Keys:  Deliver keys to Owner.

1. Provide the same standard lock and key for each key operated switch and lockable panel
and cabinet; provide 5 keys of each type

K. Instruction Charts:  Printed instruction chart for operators, showing steps to be taken when a
signal is received (normal, alarm, supervisory, and trouble); easily readable from normal
operator's station.

http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
http://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2070
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1. Frame:  Stainless steel or aluminum with polycarbonate or glass cover.
2. Provide one for each control unit where operations are to be performed.
3. Obtain approval of Owner prior to mounting; mount in location acceptable to Owner.
4. Provide extra copy with operation and maintenance data submittal.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with applicable codes, NFPA 72, NFPA 70, and Contract Documents.
B. Conceal all wiring, conduit, boxes, and supports where installed in finished areas.
C. Install instruction cards and labels.

3.02 INSPECTION AND TESTING FOR COMPLETION
A. Notify Owner 3 days prior to beginning completion inspections and tests.
B. Notify authorities having jurisdiction and comply with their requirements for scheduling

inspections and tests and for observation by their personnel.
C. Provide the services of the installer's supervisor or person with equivalent qualifications to

supervise inspection and testing, correction, and adjustments.
D. Prepare for testing by ensuring that all work is complete and correct; perform preliminary tests

as required.
E. Provide all tools, software, and supplies required to accomplish inspection and testing.
F. Perform inspection and testing in accordance with NFPA 72 and requirements of local

authorities; document each inspection and test.
G. Correct defective work, adjust for proper operation, and retest until entire system complies with

Contract Documents.
3.03 OWNER PERSONNEL INSTRUCTION

A. Provide the following instruction to designated Owner personnel:
1. Hands-On Instruction:  On-site, using operational system.
2. Classroom Instruction:  Owner furnished classroom, on-site or at other local facility.

B. Administrative:  One-hour session(s) covering issues necessary for non-technical administrative
staff; classroom:
1. Initial Training:  1 session pre-closeout.

C. Basic Operation:  One-hour sessions for attendant personnel, security officers, and engineering
staff; combination of classroom and hands-on:
1. Initial Training:  1 session pre-closeout.

D. Furnish the services of instructors and teaching aids; have copies of operation and maintenance
data available during instruction.

3.04 CLOSEOUT
A. Closeout Demonstration:  Demonstrate proper operation of all functions to Owner.

1. Be prepared to conduct any of the required tests.
2. Have at least one copy of operation and maintenance data, preliminary copy of project

record drawings, input/output matrix, and operator instruction chart(s) available during
demonstration.

3. Have authorized technical representative of control unit manufacturer present during
demonstration.

4. Demonstration may be combined with inspection and testing required by authority having
jurisdiction; notify authority having jurisdiction in time to schedule demonstration.

5. Repeat demonstration until successful.
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Courthouse Annex Building
Poinsett County
Harrisburg, Arkansas

Commission No. 2237
SE No. 23-232

28 ELECTRONIC SAFETY AND
SECURITY

28 4600 6 FIRE DETECTION AND ALARM

B. Substantial Completion of the project cannot be achieved until inspection and testing is
successful and:
1. Approved operating and maintenance data has been delivered.
2. All aspects of operation have been demonstrated to Owner.
3. Final acceptance of the fire alarm system has been given by authorities having jurisdiction.
4. Specified pre-closeout instruction is complete.

3.05 MAINTENANCE
A. See Section 01 7000 - Execution and Closeout Requirements, for additional requirements

relating to maintenance service.
B. Provide to Owner, at no extra cost, a written maintenance contract for entire manufacturer's

warranty period, to include the work described below.
C. Perform routine inspection, testing, and preventive maintenance required by NFPA 72,

including:
1. Maintenance of fire safety interface and supervisory devices connected to fire alarm

system.
2. Repairs required, unless due to improper use, accidents, or negligence beyond the control

of the maintenance contractor.
3. Record keeping required by NFPA 72 and authorities having jurisdiction.

D. Provide trouble call-back service upon notification by Owner:
1. Provide on-site response within 2 hours of notification.
2. Include allowance for call-back service during normal working hours at no extra cost to

Owner.
3. Owner will pay for call-back service outside of normal working hours on an hourly basis,

based on actual time spent at site and not including travel time; include hourly rate and
definition of normal working hours in maintenance contract.

E. Provide a complete description of preventive maintenance, systematic examination, adjustment,
cleaning, inspection, and testing, with a detailed schedule.

F. Maintain a log at each fire alarm control unit, listing the date and time of each inspection and
call-back visit, the condition of the system, nature of the trouble, correction performed, and parts
replaced.  Submit duplicate of each log entry to Owner's representative upon completion of site
visit.

G. Comply with Owner's requirements for access to facility and security.
END OF SECTION 28 4600
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