O. Additional Requirements: As specified in individual product specification sections.
3.05 OPERATION AND MAINTENANCE MANUALS

A. Prepare instructions and data by personnel experienced in maintenance and operation of
described products.

B. Prepare data in the form of an instructional manual.

C. Binders: Commercial quality, 8-1/2 x 11 inch three D side ring binders with durable plastic
covers; 2 inch maximum ring size. When multiple binders are used, correlate data into related

consistent groupings.

D. Cover: Identify each binder with typed or printed title OPERATION AND MAINTENANCE
INSTRUCTIONS; identify title of Project; identify subject matter of contents.

E. Provide tabbed dividers for each separate product and system, with typed description of
product and major component parts of equipment.

F. Text Manufacturer's printed data, or typewritten data on 24 pound paper.

G. Drawings: Provide with reinforced punched binder tab. Bind in with text; fold larger drawings
to size of text pages.

H. Arrange content by systems under section numbers and sequence of Table of Contents of this
Project Manual.

I Contents: Prepare a Table of Contents for each volume, with each product or system
description identified, in three parts as follows:

1. Part1: Directory, listing names, addresses, and telephone numbers of The Architect,
Contractor, Subcontractors, and major equipment suppliers.

2. Part2: Operation and maintenance instructions, arranged by system and subdivided by
specification section. For each category, identify names, addresses, and telephone
numbers of Subcontractors and suppliers. Identify the following:

a.  Significant design criteria.

b. List of equipment.

c. Parts list for each component.

d.

dn0 Operating instructions.

e. Maintenance instructions for equipment and systems.

f.  Maintenance instructions for special finishes, including recommended cleaning
methods and materials, and special precautions identifying detrimental agents.

3. Part3: Project documents and certificates, including the following:

a. Shop drawings and product data,
b.  Air and water balance reports.
c. Certificates.

J. Provide a listing in Table of Contents for design data, with tabbed dividers and space for
insertion of data.

K. Table of Contents: Provide title of Project; names, addresses, and telephone numbers of The
Architect and Contractor with name of responsible parties; schedule of products and systems,
indexed to content of the volume.

Regional Parks and Open Space District HVAC Section 01780
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3.06 WARRANTIES AND BONDS

A.

m o o o

Obtain warranties and bonds, executed in duplicate by responsible Subcontractors, suppliers,
and manufacturers, within ten days after completion of the applicable item of work. Except for
items put into use with County of Riverside's permission, leave date of beginning of time of
warranty until the Date of Substantial completion is determined.

Verify that documents are in proper form, contain full information, and are notarized.
Co-execute submittals when required.
Retain warranties and bonds until time specified for submittal.

Include originals of each in operation and maintenance manuals, indexed separately on Table
of Contents.

Manual: Bind in commercial quality 8-1/2 x 11 inch three D side ring binders with durable
plastic covers.

Cover: Identify each binder with typed or printed tite WARRANTIES AND BONDS, with title of
Project; name, address and telephone number of Contractor and equipment supplier; and
name of responsible company principal.

Table of Contents: Neatly typed, in the sequence of the Table of Contents of the Project
Manual, with each item identified with the number and title of the specification section in which
specified, and the name of product or work item.

Separate each warranty or bond with index tab sheets keyed to the Table of Contents listing.
Provide full information, using separate typed sheets as necessary. List Subcontractor,
supplier, and manufacturer, with name, address, and telephone number of responsible
principal.

END OF SECTION

Regional Parks and Open Space District HVAC Section 01780
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SECTION 03 30 00
CAST-IN-PLACE CONCRETE

PART 1 - GENERAL

1.1

A

1.2

1.3

SUMMARY

Section includes cast-in-place concrete, including formwork, reinforcement, concrete
materials, mixture design, placement procedures, and finishes.

Related Sections:

SUBMITTALS
Product Data: For each type of product indicated.
Design Mixtures: For each concrete mixture.

Steel Reinforcement Shop Drawings: Placing drawings that detail fabrication, bending,
and placement.

Formwork Shop Drawings: Prepared by or under the supervision of a qualified
professional engineer detailing fabrication, assembly, and support of formwork.

Material certificates.
Material test reports.

Floor surface flathess and levelness measurements.

QUALITY ASSURANCE

Manufacturer Qualifications: A firm experienced in manufacturing ready-mixed
concrete products and that complies with ASTM C 94/C 94M requirements for
production facilities and equipment.

1. Manufacturer certified according to NRMCA's "Certification of Ready Mixed
Concrete Production Facilities."

Testing Agency Qualifications: An independent agency, acceptable to authorities
having jurisdiction, qualified according to ASTM C 1077 and ASTM E 329 for testing
indicated.

CAST-IN-PLACE CONCRETE
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C. ACI Publications: Comply with the following unless modified by requirements in the
Contract Documents:

1. ACI 301, "Specifications for Structural Concrete," Sections 1 through 5.
2. ACI 117, "Specifications for Tolerances for Concrete Construction and Materials."

D. Concrete Testing Service: Engage a qualified independent testing agency to perform
material evaluation tests and to design concrete mixtures.

PART 2 - PRODUCTS

2.1 FORM-FACING MATERIALS

A.  Smooth-Formed Finished Concrete: Form-facing panels that will provide continuous,
true, and smooth concrete surfaces. Furnish in largest practicable sizes to minimize
number of joints.

B. Rough-Formed Finished Concrete: Plywood, lumber, metal, or another approved
material. Provide lumber dressed on at least two edges and one side for tight fit.

2.2 STEEL REINFORCEMENT

A.  Recycled Content of Steel Products: Provide products with an average recycled
content of steel products so postconsumer recycled content plus one-half of
preconsumer recycled content is not less than 25 percent.

B. Reinforcing Bars: ASTM A 615/A 615M, Grade 60, deformed.

C. Bar Supports: Bolsters, chairs, spacers, and other devices for spacing, supporting,
and fastening reinforcing bars and welded wire reinforcement in place. Manufacture
bar supports from steel wire, plastic, or precast concrete according to CRSI's "Manual
of Standard Practice.

2.3 CONCRETE MATERIALS

A. Cementitious Material: Use the following cementitious materials, of the same type,
brand, and source, throughout Project:

1. Portland Cement: ASTM C 150, Type Il, gray. Supplement with the following:

a. FlyAsh: ASTM C 618, Class F.
b. Ground Granulated Blast-Furnace Slag: ASTM C 989, Grade 100 or 120.

B. Normal-Weight Aggregates: ASTM C 33, graded.

1. Maximum Coarse-Aggregate Size: 1-1/2 inches nominal.
2. Fine Aggregate: Free of materials with deleterious reactivity to alkali in cement.

CAST-IN-PLACE CONCRETE
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2.5

2.6

Water: ASTM C 94/C 94M and potable.

ADMIXTURES
Air-Entraining Admixture: ASTM C 260.

Chemical Admixtures: Provide admixtures certified by manufacturer to be compatible
with other admixtures and that will not contribute water-soluble chloride ions exceeding
those permitted in hardened concrete. Do not use calcium chloride or admixtures
containing calcium chloride.

Water-Reducing Admixture: ASTM C 494/C 494M, Type A.

Retarding Admixture: ASTM C 494/C 494M, Type B.

Water-Reducing and Retarding Admixture: ASTM C 494/C 494M, Type D.
High-Range, Water-Reducing Admixture: ASTM C 494/C 494M, Type F.
High-Range, Water-Reducing and Retarding Admixture: ASTM C 494/C 494M,
Type G.

Plasticizing and Retarding Admixture: ASTM C 1017/C 1017M, Type ii.

OrON=

o

FIBER REINFORCEMENT

Synthetic Micro-Fiber: Monofilament or fibrillated polypropylene micro-fibers
engineered and designed for use in concrete, complying with ASTM C 1116/C 1116M,
Type lil, 1/2 to 1-1/2 inches long.

WATERSTOPS

Flexible Rubber Waterstops: CE CRD-C 513, with factory-instalied metal eyelets, for
embedding in concrete to prevent passage of fluids through joints. Factory fabricate
corners, intersections, and directional changes.

Chemically Resistant Flexible Waterstops: Thermoplastic elastomer rubber
waterstops with factory-installed metal eyelets, for embedding in concrete to prevent
passage of fluids through joints; resistant to oils, solvents, and chemicals. Factory
fabricate corners, intersections, and directional changes.

Flexible PVC Waterstops: CE CRD-C 572, with factory-installed metal eyelets, for
embedding in concrete to prevent passage of fluids through joints. Factory fabricate
corners, intersections, and directional changes.

Self-Expanding Butyl Strip Waterstops: Manufactured rectangular or trapezoidal strip,
butyl rubber with sodium bentonite or other hydrophilic polymers, for adhesive bonding
to concrete, 3/4 by 1 inch.

Self-Expanding Rubber Strip Waterstops: Manufactured rectangular or trapezoidal
strip, bentonite-free hydrophilic polymer modified chioroprene rubber, for adhesive
bonding to concrete, 3/8 by 3/4 inch.

CAST-IN-PLACE CONCRETE
033000-3




2.7

2.8

2.9

2.10

VAPOR RETARDERS

Sheet Vapor Retarder: ASTM E 1745, Class A. Include manufacturer's recommended
adhesive or pressure-sensitive tape.

Sheet Vapor Retarder: Polyethylene sheet, ASTM D 4397, not less than 10 mils thick.

CURING MATERIALS

Evaporation Retarder: Waterborne, monomolecular film forming, manufactured for
application to fresh concrete.

Absorptive Cover: AASHTO M 182, Class 2, burlap cloth made from jute or kenaf,
weighing approximately 9 oz./sq. yd. when dry.

Moisture-Retaining Cover: ASTM C 171, polyethylene film or white burlap-
polyethylene sheet.

Water: Potable.

Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1,
Class B, dissipating.

Clear, Waterborne, Membrane-Forming Curing Compound: ASTM C 309, Type 1,
Class B, nondissipating, certified by curing compound manufacturer to not interfere
with bonding of floor covering.

Clear, Solvent-Borne, Membrane-Forming Curing and Sealing Compound:
ASTM C 1315, Type 1, Class A.

Clear, Waterborne, Membrane-Forming Curing and Sealing Compound:
ASTM C 1315, Type 1, Class A.

RELATED MATERIALS

Expansion- and Isolation-Joint-Filler Strips: ASTM D 1751, asphalt-saturated cellulosic
fiber.

CONCRETE MIXTURES

Prepare design mixtures for each type and strength of concrete, proportioned on the
basis of laboratory trial mixture or field test data, or both, according to ACI 301.

Cementitious Materials: Use fly ash, pozzolan, ground granulated blast-furnace slag,
and silica fume as needed to reduce the total amount of portland cement, which would
otherwise be used, by not less than 25 percent.

Admixtures: Use admixtures according to manufacturer's written instructions.

CAST-IN-PLACE CONCRETE
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2.11

2.12

1. Use water-reducing admixture in concrete, as required, for placement and
workability.

2. Use water-reducing and retarding admixture when required by high
temperatures, low humidity, or other adverse placement conditions.

3. Use water-reducing admixture in pumped concrete, concrete for heavy-use
industrial slabs and parking structure slabs, concrete required to be watertight,
and concrete with a water-cementitious materials ratio below 0.50.

Proportion normal-weight concrete mixture as follows:

1. Minimum Compressive Strength: 3500 psi at 28 days.

2. Maximum Water-Cementitious Materials Ratio: 0.50

3. Slump Limit: 4 inches for concrete with verified slump of 2 to 4 inches before
adding high-range water-reducing admixture or plasticizing admixture, plus or
minus 1 inch.

4.  Air Content: 2.5 percent, plus or minus 1.5 percent at point of delivery for 1-1/2-
inch nominal maximum aggregate size.

5.  Air Content: Do not allow air content of trowel-finished floors to exceed 3

percent.
6.  Synthetic Micro-Fiber: Uniformly disperse in concrete mixture at manufacturer's
recommended rate, but not less than 1.5 Ib/cu. yd.

FABRICATING REINFORCEMENT

Fabricate steel reinforcement according to CRSI's "Manual of Standard Practice."

CONCRETE MIXING

Ready-Mixed Concrete: Measure, batch, mix, and deliver concrete according to
ASTM C 94/C 94M and ASTM C 1116/C 1116M, and furnish batch ticket information.

1. When air temperature is between 85 and 90 deg F, reduce mixing and delivery
time from 1-1/2 hours to 75 minutes; when air temperature is above 90 deg F,
reduce mixing and delivery time to 60 minutes.

PART 3 - EXECUTION

3.1

A.

FORMWORK

Design, erect, shore, brace, and maintain formwork, according to ACI 301, to support
vertical, lateral, static, and dynamic loads, and construction loads that might be
applied, until structure can support such loads.

Construct formwork so concrete members and structures are of size, shape, alignment,
elevation, and position indicated, within tolerance limits of ACI 117.

CAST-IN-PLACE CONCRETE
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3.2

3.3

3.4

3.5

Chamfer exterior corners and edges of permanently exposed concrete.

EMBEDDED ITEMS

Place and secure anchorage devices and other embedded items required for adjoining
work that is attached to or supported by cast-in-place concrete. Use setting drawings,
templates, diagrams, instructions, and directions furnished with items to be embedded.

VAPOR RETARDERS

Sheet Vapor Retarders: Place, protect, and repair sheet vapor retarder according to
ASTM E 1643 and manufacturer's written instructions.

1. Lap joints 6 inches and seal with manufacturer's recommended tape.

STEEL REINFORCEMENT
General: Comply with CRSI's "Manual of Standard Practice" for placing reinforcement.

1. Do not cut or puncture vapor retarder. Repair damage and reseal vapor retarder
before placing concrete.

JOINTS

General: Construct joints true to line with faces perpendicular to surface plane of
concrete.

Construction Joints: Install so strength and appearance of concrete are not impaired,
at locations indicated or as approved by Architect.

Contraction Joints in Slabs-on-Grade: Form weakened-plane contraction joints,
sectioning concrete into areas as indicated. Construct contraction joints for a depth
equal to at least 1" or one-fourth of concrete thickness as follows:

1. Grooved Joints: Form contraction joints after initial floating by grooving and
finishing each edge of joint to a radius of 1/8 inch. Repeat grooving of
contraction joints after applying surface finishes. Eliminate groover tool marks on
concrete surfaces.

2. Sawed Joints: Form contraction joints with power saws equipped with
shatterproof abrasive or diamond-rimmed blades. Cut 1/8-inch- wide joints into
concrete when cutting action will not tear, abrade, or otherwise damage surface
and before concrete develops random contraction cracks.

Isolation Joints in Slabs-on-Grade: After removing formwork, install joint-filler strips at
slab junctions with vertical surfaces, such as column pedestals, foundation walls, grade
beams, and other locations, as indicated.

CAST-IN-PLACE CONCRETE
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3.6

3.7

3.8

3.9

Waterstops: Install in construction joints and at other joints indicated according to
manufacturer's written instructions.
CONCRETE PLACEMENT

Before placing concrete, verify that installation of formwork, reinforcement, and
embedded items is complete and that required inspections have been performed.

Deposit concrete continuously in one layer or in horizontal layers of such thickness that
no new concrete will be placed on concrete that has hardened enough to cause seams
or planes of weakness. If a section cannot be placed continuously, provide
construction joints as indicated. Deposit concrete to avoid segregation.

1. Consolidate placed concrete with mechanical vibrating equipment according to
ACI 301.

Cold-Weather Placement: Comply with ACI 306.1.

Hot-Weather Placement: Comply with ACI 301.

FINISHING FORMED SURFACES

Rough-Formed Finish: As-cast concrete texture imparted by form-facing material with
tie holes and defects repaired and patched. Remove fins and other projections that
exceed specified limits on formed-surface irregularities.

1. Apply to concrete surfaces [not exposed to public view] <Insert locations>.

CONCRETE SURFACE REPAIRS

Defective Concrete: Repair and patch defective areas when approved by Architect.
Remove and replace concrete that cannot be repaired and patched to Architect's
approval.

FIELD QUALITY CONTROL

Testing and Inspecting: Owner will engage a qualified testing and inspecting agency to

perform field tests and inspections and prepare test reports.

END OF SECTION
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SECTION 09 91 13
EXTERIOR PAINTING

PART 1 - GENERAL

1.1

A

1.2

1.3

1.4

SUMMARY

Section includes surface preparation and the application of paint systems on the
following exterior substrates:

1. Galvanized metal.

DEFINITIONS

Gloss Level 1: Not more than 5 units at 60 degrees and 10 units at 85 degrees,
according to ASTM D 523.

Gloss Level 3: 10 to 25 units at 60 degrees and 10 to 35 units at 85 degrees,
according to ASTM D 523.

Gloss Level 4: 20 to 35 units at 60 degrees and not less than 35 units at 85 degrees,
according to ASTM D 523.

Closs Level 5: 35 to 70 units at 60 degrees, according to ASTM D 523.
Gloss Level 6: 70 to 85 units at 60 degrees, according to ASTM D 523.

Gloss Level 7: More than 85 units at 60 degrees, according to ASTM D 523.

ACTION SUBMITTALS

Product Data: For each type of product. Include preparation requirements and
application instructions.

Samples: For each type of paint system and each color and gloss of topcoat.

Product List. For each product indicated. Include printout of current "MP! Approved
Products List" for each product category specified, with the proposed product
highlighted.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials that match products installed and that are packaged with
protective covering for storage and identified with labels describing contents.

1. Paint: 5 percent, but not less than 1 gal. of each material and color applied.

EXTERIOR PAINTING
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1.5

QUALITY ASSURANCE

Mockups: Apply mockups of each paint system indicated and each color and finish
selected to verify preliminary selections made under Sample submittals and to
demonstrate aesthetic effects and set quality standards for materials and execution.

1. Architect will select one surface to represent surfaces and conditions for
application of each paint system specified in Part 3.

a.  Vertical and Horizontal Surfaces: Provide samples of at least 100 sq. ft..
b.  Other ltems: Architect will designate items or areas required.

2. Final approval of color selections will be based on mockups.

a.  If preliminary color selections are not approved, apply additional mockups
of additional colors selected by Architect at no added cost to Owner.

PART 2 - PRODUCTS

2.1

A

2.2

2.3

MANUFACTURERS

Products: Subject to compliance with requirements, provide one of the products listed
in other Part 2 articles for the paint category indicated.

PAINT, GENERAL

MP! Standards: Provide products that comply with MPI standards indicated and that
are listed in its "MP| Approved Products List."

Material Compatibility:

1. Provide materials for use within each paint system that are compatible with one
another and substrates indicated, under conditions of service and application as
demonstrated by manufacturer, based on testing and field experience.

2. For each coat in a paint system, provide products recommended in writing by
manufacturers of topcoat for use in paint system and on substrate indicated.

VOC Content: Provide materials that comply with VOC limits of authorities having
jurisdiction.

Colors: Match Architect's samples percent of surface area will be painted with deep
tones.

METAL PRIMERS

Primer, Galvanized: As recommended in writing by topcoat manufacturer.

1. Pre-treatment (F) Jasco Prep & Prime

EXTERIOR PAINTING
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2.4

A

OR (D-E) ME 01 Metal Clean & Etch
OR (V) Jasco Prep N Prime.

2. 1 Coat (F) 561 Acrylic Metal Primer
OR (D-E) GAPRO0O Galv-Alum
OR (V) 4800 Metal Pro
SOLVENT-BASED PAINTS
Alkyd, Exterior, Semi-Gloss (Gloss Level 5): MPI #94.
1. 1 Coat (F) 143 Mirro Glide

OR (D-E) W901E Permasheen
OR (V) 8400 Carefree Semi Gloss

PART 3 - EXECUTION

3.1

A

3.2

3.3

EXAMINATION

Examine substrates and conditions, with Applicator present, for compliance with
requirements for maximum moisture content and other conditions affecting
performance of the Work.

Verify suitability of substrates, including surface conditions and compatibility with
existing finishes and primers.

Proceed with coating application only after unsatisfactory conditions have been
corrected.

1. Application of coating indicates acceptance of surfaces and conditions.

PREPARATION

Comply with manufacturer's written instructions and recommendations in "MPI Manual"
applicable to substrates and paint systems indicated.

Clean substrates of substances that could impair bond of paints, including dust, dirt, oil,
grease, and incompatible paints and encapsulants.

1. Remove incompatible primers and reprime substrate with compatible primers or
apply tie coat as required to produce paint systems indicated.
APPLICATION

Apply paints according to manufacturer's written instructions and recommendations in
"MPI Manual."

EXTERIOR PAINTING
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3.4

3.5

Apply paints to produce surface films without cloudiness, spotting, holidays, laps, brush
marks, roller tracking, runs, sags, ropiness, or other surface imperfections. Cut in
sharp lines and color breaks.

CLEANING AND PROTECTION

Protect work of other trades against damage from paint application. Correct damage to
work of other trades by cleaning, repairing, replacing, and refinishing, as approved by
Architect, and leave in an undamaged condition.

At completion of construction activities of other trades, touch up and restore damaged
or defaced painted surfaces.

EXTERIOR PAINTING SCHEDULE

Galvanized-Metal Substrates:

1. Latex System:

a. Prime Coat: Primer, galvanized metal, as recommended in writing by
topcoat manufacturer for exterior use on galvanized-metal substrates with
topcoat indicated.

b. Intermediate Coat: Latex, exterior, matching topcoat.

c.  Topcoat: Latex, exterior semi-gloss (Gloss Level 5).

EXTERIOR PAINTING
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SECTION 22 05 17
SLEEVES AND SLEEVE SEALS FOR PLUMBING PIPING

PART 1 - GENERAL

1.1

A

1.2

A.

SUMMARY

Section Includes:

1. Sleeves.

2. Sleeve-seal systems.
3. Grout.
SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1

A

2.2

SLEEVES

Cast-lron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to
ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise
indicated.

Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and
welded steel collar; zinc coated.

Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40,
zinc coated, with plain ends.

PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed
with welded longitudinal joint.

SLEEVE-SEAL SYSTEMS

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

1. Advance Products & Systems, Inc.
2. CALPICO, Inc.
3. Metraflex Company (The).

SLEEVES AND SLEEVE SEALS FOR
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2.3

4. Pipeline Seal and Insulator, Inc.
5. Proco Products, Inc.

Description:  Modular sealing-element unit, designed for field assembly, for filling
annular space between piping and sleeve.

1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe.
Include type and number required for pipe material and size of pipe.
2. Pressure Plates: Stainless steel.

3. Connecting Bolts and Nuts: Stainless steel, with corrosion-resistant coating, of
length required to secure pressure plates to sealing elements.

GROUT

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting,
dry, hydraulic-cement grout.

Characteristics: Nonshrink; recommended for interior and exterior applications.
Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1

A

SLEEVE INSTALLATION

Install sleeves for piping passing through penetrations in floors, partitions, roofs, and
walls.

For sleeves that will have sieeve-seal system installed, select sleeves of size large
enough to provide 1-inch annular clear space between piping and concrete slabs and
walls.

1. Sleeves are not required for core-drilled holes.

Instali sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs
and walls are constructed.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment
areas or other wet areas 2 inches above finished floor level.

2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-
seal system.

Install sleeves for pipes passing through interior partitions.

SLEEVES AND SLEEVE SEALS FOR
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3.2

3.3

-

Cut sleeves to length for mounting flush with both surfaces.

Install sleeves that are large enough to provide 1/4-inch annular clear space
between sleeve and pipe or pipe insulation.

Seal annular space between sleeve and piping or piping insulation; use joint
sealants appropriate for size, depth, and location of joint. Comply with
requirements for sealants specified in Division 07 Section "Joint Sealants.”

SLEEVE-SEAL-SYSTEM INSTALLATION

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at
service piping entries into building.

Select type, size, and number of sealing elements required for piping material and size
and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in
penetration, assemble sleeve-seal system components, and install in annular space
between piping and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make a watertight seal.

SLEEVE AND SLEEVE-SEAL SCHEDULE

Use sleeves and sieeve seals for the following piping-penetration applications:

1.

Exterior Concrete Walls above Grade:
a. Piping Smaller Than NPS 6: Galvanized-steel wall sleeves.
Exterior Concrete Walls below Grade:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves with sleeve-
seal system.

1)  Select sleeve size to allow for 1-inch annular clear space between
piping and sleeve for installing sleeve-seal system.

Concrete Slabs-on-Grade:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves with sleeve-
seal system.

1)  Select sleeve size to allow for 1-inch annular clear space between
piping and sleeve for installing sleeve-seal system.

Interior Partitions:

a.  Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.

END OF SECTION
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SECTION 22 05 18
ESCUTCHEONS FOR PLUMBING PIPING

PART 1 - GENERAL

1.1
A

1.2
A

SUMMARY
Section Includes:

1. Escutcheons.
2. Floor plates.

SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

21
A

2.2
A

ESCUTCHEONS

One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew
fastener.

One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated
finish and spring-clip fasteners.

One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.

FLOOR PLATES

One-Piece Floor Plates: Cast-iron flange with holes for fasteners.

PART 3 - EXECUTION

3.1
A

INSTALLATION
Install escutcheons for piping penetrations of walls, ceilings, and finished floors.

Instail escutcheons with ID to closely fit around pipe, tube, and insulation of piping and
with OD that completely covers opening.

1. Escutcheons for New Piping:

ESCUTCHEONS FOR PLUMBING PIPING
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3.2

a.  Piping with Fitting or Sleeve Protruding from Wall: One-piece, deep-
pattern type.

b. Insulated Piping: One-piece, stamped-steel type.

C. Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece,
cast-brass type with polished, chrome-plated finish.

d. Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-
brass type with polished, chrome-plated finish.

e. Bare Piping in Unfinished Service Spaces: One-piece, stamped-steel type.

f. Bare Piping in Equipment Rooms: One-piece, stamped-steel type.

C. Install floor plates for piping penetrations of equipment-room floors.

D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and

with OD that completely covers opening.

1. New Piping: One-piece, floor-plate type.

FIELD QUALITY CONTROL

A.  Replace broken and damaged escutcheons and floor plates using new materials.

END OF SECTION
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SECTION 22 05 29
HANGERS AND SUPPORTS FOR PLUMBING PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

A

1.2

1.3

SUMMARY
Section Includes:

1 Metal pipe hangers and supports.
2 Thermal-hanger shield inserts.

3. Fastener systems.

4 Pipe positioning systems.

PERFORMANCE REQUIREMENTS
Delegated Design: Design trapeze pipe hangers and equipment supports, including
comprehensive engineering analysis by a qualified professional engineer, using

performance requirements and design criteria indicated.

Structural Performance: Hangers and supports for plumbing piping and equipment
shall withstand the effects of gravity loads and stresses within limits and under
conditions indicated according to ASCE/SEI 7.

1. Design seismic-restraint hangers and supports for piping and obtain approval
from authorities having jurisdiction.
QUALITY ASSURANCE

Structural Steel Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

Pipe Welding Qualifications: Qualify procedures and operators according to ASME
Boiler and Pressure Vessel Code. \

PART 2 - PRODUCTS

2.1

A

METAL PIPE HANGERS AND SUPPORTS
Carbon-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
2. Galvanized Metallic Coatings: Pregalvanized or hot dipped.

HANGERS AND SUPPORTS FOR PLUMBING
PIPING AND EQUIPMENT
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22

2.3

24

25

3. Nonmetallic Coatings: Plastic coating, jacket, or liner.

4.  Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion
to support bearing surface of piping.

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel.

Copper Pipe Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-
fabricated components.
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel.

THERMAL-HANGER SHIELD INSERTS

Insulation-Insert Material for Cold Piping: ASTM C 552, Type Il cellular glass with 100-
psig minimum compressive strength and vapor barrier.

Insulation-Insert Material for Hot Piping: ASTM C 552, Type II cellular glass with 100-
psig minimum compressive strength.

For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below
ambient air temperature.

FASTENER SYSTEMS

Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland
cement concrete with pull-out, tension, and shear capacities appropriate for supported
loads and building materials where used.

Mechanical-Expansion Anchors: Insert-wedge-type, stainless- steel anchors, for use in
hardened portland cement concrete; with pull-out, tension, and shear capacities
appropriate for supported loads and building materials where used.

PIPE POSITIONING SYSTEMS
Description: IAPMO PS 42, positioning system of metal brackets, clips, and straps for
positioning piping in pipe spaces; for plumbing fixtures in commercial applications.

MISCELLANEOUS MATERIALS

Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
galvanized.

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink
and nonmetallic grout; suitable for interior and exterior applications.

HANGERS AND SUPPORTS FOR PLUMBING
PIPING AND EQUIPMENT
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1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1

A.

HANGER AND SUPPORT INSTALLATION

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install
hangers, supports, clamps, and attachments as required to properly support piping
from the building structure.

Thermal-Hanger Shield Instaliation: Install in pipe hanger or shield for insulated piping.
Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete
slabs less than 4 inches thick in concrete after concrete is placed and completely
cured. Use operators that are licensed by powder-actuated tool manufacturer.
Install fasteners according to powder-actuated tool manufacturer's operating

manual.

2. Install mechanical-expansion anchors in concrete after concrete is placed and
completely cured. Install fasteners according to manufacturer's written
instructions.

Pipe Positioning-System Installation: Install support devices to make rigid supply and
waste piping connections to each plumbing fixture. See Division 22 plumbing fixture
Sections for requirements for pipe positioning systems for plumbing fixtures.

Install hangers and supports complete with necessary attachments, inserts, bolts, rods,
nuts, washers, and other accessories.

Install hangers and supports to allow controiled thermal and seismic movement of
piping systems, to permit freedom of movement between pipe anchors, and to facilitate
action of expansion joints, expansion loops, expansion bends, and similar units.

Install lateral bracing with pipe hangers and supports to prevent swaying.

Install building attachments within concrete slabs or attach to structural steel. Install
additional attachments at concentrated loads, including valves, flanges, and strainers,
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts
before concrete is placed; fasten inserts to forms and install reinforcing bars through
openings at top of inserts.

Load Distribution: Install hangers and supports so that piping live and dead loads and
stresses from movement will not be transmitted to connected equipment.

Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.

HANGERS AND SUPPORTS FOR PLUMBING
PIPING AND EQUIPMENT
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3.2

3.3

Insulated Piping:

1.

Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature: Clamp may project
through insulation.

b.  Piping Operating below Ambient Air Temperature: Use thermal-hanger
shield insert with clamp sized to match OD of insert.

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building

services piping.

Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier
is indicated. Fill interior voids with insulation that matches adjoining insulation.

a.  Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.
Shields shall span an arc of 180 degrees.

a.  Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

Shield Dimensions for Pipe: Not less than the following:

a. NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
b.  NPS 4: 12 inches long and 0.06 inch thick.

Thermal-Hanger Shields: Install with insulation same thickness as piping
insulation.

ADJUSTING

Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to
achieve indicated slope of pipe.

Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

PAINTING

Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas
immediately after erecting hangers and supports. Use same materials as used for
shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted
surfaces.

1.

Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.

HANGERS AND SUPPORTS FOR PLUMBING
PIPING AND EQUIPMENT
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3.4

Touchup:  Cleaning and touchup painting of field welds, bolted connections, and
abraded areas of shop paint on miscellaneous metal are specified in Division 09
painting Sections.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

HANGER AND SUPPORT SCHEDULE

Specific hanger and support requirements are in Sections specifying piping systems
and equipment.

Comply with MSS SP-69 for pipe-hanger selections and applications that are not
specified in piping system Sections.

Use hangers and supports with galvanized metallic coatings for piping and equipment
that will not have field-applied finish.

Use nonmetallic coatings on attachments for electrolytic protection where attachments
are in direct contact with copper tubing.

Use carbon-steel pipe hangers and supports and attachments for general service
applications.

Use copper-plated pipe hangers and stainless-steel attachments for copper piping and
tubing.

Use padded hangers for piping that is subject to scratching.
Use thermal-hanger shield inserts for insulated piping and tubing.

Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as
specified in piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated
or insulated, stationary pipes NPS 1/2 to NPS 30.

2. Adjustable, Steel Band Hangers (MSS Type 7). For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

3. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.

Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping
system Sections, instalil the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers
NPS 3/4 to NPS 24,

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers
NPS 3/4 to NPS 24 if longer ends are required for riser clamps.

HANGERS AND SUPPORTS FOR PLUMBING
PIPING AND EQUIPMENT
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Hanger-Rod Attachments: Unless otherwise indicated and except as specified in
piping system Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy
loads.
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

Building Attachments: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to
suspend pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-
joist construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange
of beams, channels, or angies.

4.  Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange
of beams.

5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if
loads are considerable and rod sizes are large.

6. C-Clamps (MSS Type 23): For structural shapes.

7. Welded-Steel Brackets: For support of pipes from below, or for suspending from
above by using clip and rod. Use one of the following for indicated loads:

a.  Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
c. Heavy (MSS Type 33): 3000 Ib.

8. Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
9. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is
required.

Saddles and Shields: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

- 1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with

insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length recommended in writing by
manufacturer to prevent crushing insulation.

3.  Thermal-Hanger Shield Inserts: For supporting insulated pipe.

Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are
not specified in piping system Sections.

Use powder-actuated fasteners or mechanical-expansion anchors instead of building
attachments where required in concrete construction.

Use pipe positioning systems in pipe spaces behind plumbmg fixtures to support
supply and waste piping for plumbing fixtures.

HANGERS AND SUPPORTS FOR PLUMBING
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SECTION 23 01 30.51
HVAC AIR-DISTRIBUTION SYSTEM CLEANING

PART 1 - GENERAL

1.1

A

1.2

A

SUMMARY

Section inciudes cleaning HVAC air-distribution equipment, ducts, plenums, and
system components.

QUALITY ASSURANCE

UL Compliance: Comply with UL 181 and UL 181A for fibrous-glass ducts.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

A

3.2

PREPARATION

Use the existing service openings, as required for proper cleaning, at various points of
the HVAC system for physical and mechanical entry and for inspection.

Comply with NADCA ACR 2006, "Guidelines for Constructing Service Openings in
HVAC Systems" Section.
CLEANING
Comply with NADCA ACR 20086.
Remove visible surface contaminants and deposits from within the HVAC system.
Systems and Components to Be Cleaned:
1. Air devices for supply and return air.
2. Air-terminal units.
3. Ductwork:
a. Supply-air ducts, including turning vanes.

b. Return-air ducts, where applicable.
C. Exhaust-air ducts.

HVAC AIR-DISTRIBUTION SYSTEM CLEANING
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Collect debris removed during cleaning. Ensure that debris is not dispersed outside
the HVAC system during the cleaning process.

Particulate Collection:

1. For particulate collection equipment, include adequate filtration to contain debris
removed. Locate equipment downwind and away from all air intakes and other
points of entry into the building.

2. HEPA filtration with 99.97 percent collection efficiency for particles sized 0.3
micrometer or larger shall be used where the particulate collection equipment is
exhausting inside the building,

Control odors and mist vapors during the cleaning and restoration process.

Mark the position of manual volume dampers and air-directional mechanical devices
inside the system prior to cleaning. Restore them to their marked position on
completion of cleaning.

System components shall be cleaned so that all HVAC system components are visibly
clean. On completion, all components must be returned to those settings recorded just
prior to cleaning operations.

Clean all air-distribution devices, registers, grilles, and diffusers.

Clean visible surface contamination deposits according to NADCA ACR 2006 and the
following:

1. Clean airstream surfaces, components, condensate collectors, and drains.

2. Ensure that a suitable operative drainage system is in place prior to beginning
wash-down procedures.

3. Clean all airstream components.

Duct Systems:

1. Create service openings in the HVAC system as necessary to accommodate
cleaning.

2. Mechanically clean duct systems specified to remove all visible contaminants so
that the systems are capable of passing the HVAC System Cleanliness Tests
(see NADCA ACR 2008).

Debris removed from the HVAC system shall be disposed of according to applicable
Federal, state, and local requirements.

Mechanical Cleaning Methodology:

1. Source-Removal Cleaning Methods: The HVAC system shall be cleaned using
source-removal mechanical cleaning methods designed to extract contaminants
from within the HVAC system and to safely remove these contaminants from the
facility. No cleaning method, or combination of methods, shall be used that could
potentially damage components of the HVAC system or negatively alter the
integrity of the system.

HVAC AIR-DISTRIBUTION SYSTEM CLEANING
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2.

Use continuously operating vacuum-collection devices to keep each
section being cleaned under negative pressure.

Cleaning methods that require mechanical agitation devices to dislodge
debris that is adhered to interior surfaces of HVAC system components
shall be equipped to safely remove these devices. Cleaning methods shall
not damage the integrity of HVAC system components or damage porous
surface materials such as duct and plenum liners.

Cleaning Mineral-Fiber Insulation Components:

a.

Fibrous-glass thermal or acoustical insulation elements present in
equipment or ductwork shall be thoroughly cleaned with HEPA vacuuming
equipment while the HVAC system is under constant negative pressure
and shall not be permitted to get wet according to NADCA ACR 2006.
Cleaning methods used shall not cause damage to fibrous-glass
components and will render the system capable of passing the HVAC
System Cleanliness Tests (see NADCA ACR 2006).

Fibrous materials that become wet shall be discarded and replaced.

3.3 RESTORATION

A.  Restore and repair HVAC air-distribution equipment, ducts, plenums, and components
according to NADCA ACR 2006, "Restoration and Repair of Mechanical Systems"

Section.

B.  Comply with Division 23 Sections "Metal Ducts" and Air Duct Accessories" for duct
materials, accessories, and hardware required for Work of this Section.

C. Ensure that closures do not hinder or alter airflow.

D. New closure materials, including insulation, shall match opened materials and shall
have removable closure panels fitted with gaskets and fasteners.

END OF SECTION 230130.51
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230130.51-3




SECTION 23 05 13
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

1.1

A

1.2

SUMMARY

Section includes general requirements for single-phase and polyphase, general-
purpose, horizontal, small and medium, squirrel-cage induction motors for use on ac
power systems up to 600V and installed at equipment manufacturer's factory or
shipped separately by equipment manufacturer for field installation.

COORDINATION

Coordinate features of motors, installed units, and accessory devices to be compatible
with the following:

Motor controllers.

Torque, speed, and horsepower requirements of the load.

Ratings and characteristics of supply circuit and required control sequence.
Ambient and environmental conditions of installation location.

PN~

PART 2 - PRODUCTS

21

A

2.2

GENERAL MOTOR REQUIREMENTS

Comply with requirements in this Section except when stricter requirements are
specified in HVAC equipment schedules or Sections.

Comply with NEMA MG 1 unless otherwise indicated.

MOTOR CHARACTERISTICS

Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet
above sea level.

Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate
connected loads at designated speeds, at installed altitude and environment, with
indicated operating sequence, and without exceeding nameplate ratings or considering
service factor.

COMMON MOTOR REQUIREMENTS FOR
HVAC EQUIPMENT
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2.3

o o w >

2.4

POLYPHASE MOTORS

Description: NEMA MG 1, Design B, medium induction motor.
Efficiency: Energy efficient, as defined in NEMA MG 1.
Service Factor: 1.15.

Multispeed Motors: Variable torque.

1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratio, separate winding for each speed.

Rotor: Random-wound, squirrel cage.

Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust
loading.

Temperature Rise: Match insulation rating.
Insulation: Class F.
Code Letter Designation:

1. Motors 15 HP and Larger. NEMA starting Code F or Code G.
2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.

Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for
motor frame sizes smaller than 324T.

POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring
connection requirements for controller with required motor leads. Provide terminals in
motor terminal box, suited to control method.

Motors Used with Variable Frequency Controllers: Ratings, characteristics, and
features coordinated with and approved by controller manufacturer.

1. Windings: Copper magnet wire with moisture-resistant insulation varnish,
designed and tested to resist transient spikes, high frequencies, and short time
rise pulses produced by pulse-width modulated inverters.

2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F
insulation.

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.

4. Thermal Protection: Comply with NEMA MG 1 requirements for thermally
protected motors.

COMMON MOTOR REQUIREMENTS FOR
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2.5

SINGLE-PHASE MOTORS

Motors larger than 1/20 hp shall be one of the following, to suit starting torque and
requirements of specific motor application:

1. Permanent-split capacitor.

2. Split phase.

3. Capacitor start, inductor run.
4. Capacitor start, capacitor run.

Multispeed Motors: Variable-torque, permanent-split-capacitor type.

Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial
and thrust loading.

Motors 1/20 HP and Smaller: Shaded-pole type.

Thermal Protection: Internal protection to automatically open power supply circuit to
motor when winding temperature exceeds a safe value calibrated to temperature rating
of motor insulation. Thermal-protection device shall automatically reset when motor
temperature returns to normal range.

PART 3 - EXECUTION (Not Applicable)

END OF SECTION
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SECTION 23 05 17
SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1 - GENERAL

1.1

A

1.2

A.

SUMMARY

Section Includes:

1. Sleeves.

2.  Sleeve-seal systems.
3. Grout.
SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1

A

2.2

SLEEVES

Cast-lron Wall Pipes: Cast or fabricated of cast or ductile iron and equivalent to
ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise
indicated.

Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and
welded steel collar; zinc coated.

Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40,
zinc coated, with plain ends.

PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed
with welded longitudinal joint.

SLEEVE-SEAL SYSTEMS

Manufacturers: Subject to compliance with requirements, provide products by one of
the following available manufacturers offering products that may be incorporated into

the Work include, but are not limited to, the following:

1. Advance Products & Systems, Inc.
2. CALPICO, Inc.

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING
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2.3

3. Metraflex Company (The).
4, Pipeline Seal and Insulator, Inc.
5. Proco Products, Inc.

Description: Modular sealing-element unit, designed for field assembly, for filling
annular space between piping and sleeve.

1. Sealing Elements: EPDM-rubber interlocking links shaped to fit surface of pipe.
Include type and number required for pipe material and size of pipe.
Pressure Plates: Carbon steel.

2.
3. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating, of
length required to secure pressure plates to sealing elements.

GROUT

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting,
dry, hydraulic-cement grout.

Characteristics: Nonshrink; recommended for interior and exterior applications.
Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1

SLEEVE INSTALLATION

Install sleeves for piping passing through penetrations in floors, partitions, roofs, and
walls.

For sleeves that will have sleeve-seal system installed, select sleeves of size large
enough to provide 1-inch annular clear space between piping and concrete slabs and
walls.

1. Sleeves are not required for coré-drilled holes.

Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs
and walls are constructed.

1. Cut sleeves to length for mounting flush with both surfaces.

a. Exception: Extend sleeves installed in floors of mechanical equipment
areas or other wet areas 2 inches above finished floor level.

2. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-
seal system.

Install sleeves for pipes passing through interior partitions.

SLEEVES AND SLEEVE SEALS FOR HVAC PIPING
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3.2

3.3

Cut sleeves to length for mounting flush with both surfaces.

Install sleeves that are large enough to provide 1/4-inch annular clear space
between sleeve and pipe or pipe insulation.

Seal annular space between sleeve and piping or piping insulation; use joint
sealants appropriate for size, depth, and location of joint. Comply with
requirements for sealants specified in Division 07 Section "Joint Sealants.”

SLEEVE-SEAL-SYSTEM INSTALLATION

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at
service piping entries into building.

Select type, size, and number of sealing elements required for piping material and size
and for sleeve ID or hole size. Position piping in center of sleeve. Center piping in
penetration, assemble sleeve-seal system components, and install in annular space
between piping and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make a watertight seal.

SLEEVE AND SLEEVE-SEAL SCHEDULE

Use sleeves and sleeve seals for the following piping-penetration applications:

1.

Exterior Concrete Walls above Grade:
a. Piping Smaller Than NPS 6: Galvanized-steel wall sleeves.
Exterior Concrete Walls below Grade:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves with sleeve-
seal system.

1) Select sleeve size to allow for 1-inch annular clear space between
piping and sleeve for installing sleeve-seal system.

Concrete Slabs-on-Grade:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves with sleeve-
seal system.

1) Select sleeve size to allow for 1-inch annular clear space between
piping and sleeve for installing sleeve-seal system.

Interior Partitions:

a. Piping Smaller Than NPS 6: Galvanized-steel-pipe sleeves.

END OF SECTION
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SECTION 23 05 29
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

A

1.2

1.3

SUMMARY
Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.
Thermal-hanger shield inserts.
Fastener systems.

Equipment supports.

ORLN=

PERFORMANCE REQUIREMENTS

Delegated Design: Design trapeze pipe hangers and equipment supports, including
comprehensive engineering analysis by a qualified professional engineer, using
performance requirements and design criteria indicated.

Structural Performance: Hangers and supports for HVAC piping and equipment shall
withstand the effects of gravity loads and stresses within limits and under conditions
indicated according to ASCE/SEI 7.

1. Design supports for multiple pipes capable of supporting combined weight of
supported systems, system contents, and test water.

2. Design equipment supports capable of supporting combined operating weight of
supported equipment and connected systems and components.

3. Design seismic-restraint hangers and supports for piping and equipment.

SUBMITTALS
Product Data: For each type of product indicated.

Shop Drawings: Show fabrication and installation details and include calculations for
the following; include Product Data for components:

1. Trapeze pipe hangers.
2. Equipment supports.

Delegated-Design Submittal:  For trapeze hangers indicated to comply with
performance requirements and design criteria, including analysis data signed and
sealed by the qualified professional engineer responsible for their preparation.

HANGERS AND SUPPORTS FOR HVAC
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1.4

Welding certificates.

QUALITY ASSURANCE

Structural Steel Welding Qualifications: Qualify procedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

Pipe Welding Qualifications: Qualify procedures and operators according to ASME
Boiler and Pressure Vessel Code.

PART 2 - PRODUCTS

2.1

A

2.2

METAL PIPE HANGERS AND SUPPORTS
Carbon-Steel Pipe Hangers and Supports:

Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
Galvanized Metallic Coatings: Pregalvanized or hot dipped.

Nonmetallic Coatings: Plastic coating, jacket, or liner.

Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion
to support bearing surface of piping.

5. Hanger Rods: Continuous-thread rod, nuts, and washer made of carbon steel.

PON~

Stainless-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, factory-fabricated components.

2. Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion
to support bearing surface of piping.

3. Hanger Rods: Continuous-thread rod, nuts, and washer made of stainless steel.

Copper Pipe Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-
fabricated components.

2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated
steel.

TRAPEZE PIPE HANGERS
Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly

made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods,
nuts, saddles, and U-bolts.

HANGERS AND SUPPORTS FOR HVAC
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2.3

2.4

2.5

2.6

THERMAL-HANGER SHIELD INSERTS

Insulation-Insert Material for Cold Piping: ASTM C 552, Type Il cellular glass with 100-
psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum
compressive strength and vapor barrier.

Insulation-Insert Material for Hot Piping: Water-repellent treated, ASTM C 533, Type |
calcium silicate with 100-psig ASTM C 552, Type Il cellular glass with 100-psig or
ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive
strength.

For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference
of pipe.

For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below
ambient air temperature.

FASTENER SYSTEMS

Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland
cement concrete with pull-out, tension, and shear capacities appropriate for supported
loads and building materials where used.

Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use
in hardened portland cement concrete; with pull-out, tension, and shear capacities
appropriate for supported loads and building materials where used.

EQUIPMENT SUPPORTS
Description: Welded, shop- or field-fabricated equipment support made from structural
carbon-steel shapes.

MISCELLANEOUS MATERIALS

Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
galvanized.

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink
and nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.

HANGERS AND SUPPORTS FOR HVAC
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PART 3 - EXECUTION

3.1

A

HANGER AND SUPPORT INSTALLATION

Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install
hangers, supports, clamps, and attachments as required to properly support piping
from the building structure.

Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89.
Arrange for grouping of parallel runs of horizontal piping, and support together on field-
fabricated trapeze pipe hangers.

1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe
size or install intermediate supports for smaller diameter pipes as specified for
individual pipe hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads
being supported. Weld steel according to AWS D1.1/D1.1M.

Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete
slabs less than 4 inches thick in concrete after concrete is placed and completely
cured. Use operators that are licensed by powder-actuated tool manufacturer.
Install fasteners according to powder-actuated tool manufacturer's operating

manual.
2. Install mechanical-expansion anchors in concrete after concrete is placed and
completely cured. Install fasteners according to manufacturer's written

instructions.

Install hangers and supports complete with necessary attachments, inserts, bolts, rods,
nuts, washers, and other accessories.

Equipment Support Installation: Fabricate from welded-structural-steel shapes.

Install hangers and supports to allow controlled thermal and seismic movement of
piping systems, to permit freedom of movement between pipe anchors, and to facilitate
action of expansion joints, expansion loops, expansion bends, and similar units.

Install lateral bracing with pipe hangers and supports to prevent swaying.

Install building attachments within concrete slabs or attach to structural steel. Install
additional attachments at concentrated loads, including valves, flanges, and strainers,
NPS 2-1/2 and larger and at changes in direction of piping. Install concrete inserts
before concrete is placed; fasten inserts to forms and install reinforcing bars through
openings at top of inserts.
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3.2

Load Distribution: Install hangers and supports so that piping live and dead loads and
stresses from movement will not be transmitted to connected equipment.

Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not
exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.

Insulated Piping:
1. Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature: Clamp may project
through insulation.

b.  Piping Operating below Ambient Air Temperature: Use thermal-hanger
shield insert with clamp sized to match OD of insert.

c. Do not exceed pipe stress limits allowed by ASME B31.9 for building
services piping.

2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier
is indicated. Fill interior voids with insulation that matches adjoining insulation.

a.  Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40, protective shields on cold piping with vapor barrier.
Shields shall span an arc of 180 degrees.

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution piate for pipe NPS 4 and larger if pipe is installed on rollers.

4.  Shield Dimensions for Pipe: Not less than the following:

NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
NPS 4. 12 inches long and 0.06 inch thick.

NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.
NPS 16 to NPS 24: 24 inches long and 0.105 inch thick.

oo oW

5. Pipes NPS 8 and Larger: Include wood or reinforced calcium-silicate-insulation
inserts of length at least as long as protective shield.

6. Thermal-Hanger Shields: Install with insulation same thickness as piping
insulation.

EQUIPMENT SUPPORTS

Fabricate structural-steel stands to suspend equipment from structure overhead or to
support equipment above floor.

Grouting:  Place grout under supports for equipment and make bearing surface
smooth.

HANGERS AND SUPPORTS FOR HVAC
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3.3

3.4

3.5

3.6

Provide lateral bracing, to prevent swaying, for equipment supports.

METAL FABRICATIONS

Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and
equipment supports.

Fit exposed connections together to form hairline joints. Field weld connections that
cannot be shop welded because of shipping size limitations.

Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc
welding; appearance and quality of welds; and methods used in correcting welding
work; and with the following:

1. Use materials and methods that minimize distortion and develop strength and
corrosion resistance of base metals.

2. Obtain fusion without undercut or overlap.

3. Remove welding flux immediately.

4 Finish welids at exposed connections so no roughness shows after finishing and
so contours of welded surfaces match adjacent contours.

ADJUSTING

Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to
achieve indicated slope of pipe.

Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

PAINTING

Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas
immediately after erecting hangers and supports. Use same materials as used for
shop painting. Comply with SSPC-PA 1 requirements for touching up field-painted
surfaces.

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

HANGER AND SUPPORT SCHEDULE

Specific hanger and support requirements are in Sections specifying piping systems
and equipment.

Comply with MSS SP-69 for pipe-hanger selections and applications that are not
specified in piping system Sections.
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Use hangers and supports with galvanized metallic coatings for piping and equipment
that will not have field-applied finish.

Use nonmetallic coatings on attachments for electrolytic protection where attachments
are in direct contact with copper tubing.

Use carbon-steel pipe hangers and supports and metal trapeze pipe hangers and
attachments for general service applications.

Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
Use padded hangers for piping that is subject to scratching.
Use thermal-hanger shield inserts for insulated piping and tubing.

Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as
specified in piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated
or insulated, stationary pipes NPS 1/2 to NPS 30.

2.  Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F,
pipes NPS 4 to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension
of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of
insulation.

4.  Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

5. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.

6. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36,
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel
plate.

7.  Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36,
with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel
plate, and with U-bolt to retain pipe.

8. Single-Pipe Rolls (MSS Type 41). For suspension of pipes NPS 1 to NPS 30,
from two rods if longitudinal movement caused by expansion and contraction
might occur.

9.  Complete Pipe Rolls (MSS Type 44): For support of pipes NPS 2 to NPS 42 if
longitudinal movement caused by expansion and contraction might occur but
vertical adjustment is not necessary.

Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers
NPS 3/4 to NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers
NPS 3/4 to NPS 24 if longer ends are required for riser clamps.
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Hanger-Rod Attachments: Unless otherwise indicated and except as specified in
piping system Sections, install the following types:

1. Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy
loads.
2. Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

Building Attachments: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

1. Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to
suspend pipe hangers from concrete ceiling.

2. Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-
joist construction, to attach to top flange of structural shape.

3. Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange
of beams, channels, or angles.

4. Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange
of beams.

5. Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if
loads are considerable and rod sizes are large.

6. C-Clamps (MSS Type 23): For structural shapes.

7. Welded-Steel Brackets: For support of pipes from below, or for suspending from
above by using clip and rod. Use one of the following for indicated loads:

a. Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
C. Heavy (MSS Type 33): 3000 Ib.

8.  Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.
9. Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is
required.

Saddles and Shields: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length recommended in writing by
manufacturer to prevent crushing insulation.

3. Thermal-Hanger Shield Inserts: For supporting insulated pipe.

Spring Hangers and Supports: Unless otherwise indicated and except as specified in
piping system Sections, install the following types:

1. Spring Cushions (MSS Type 48): For light loads if vertical movement does not
exceed 1-1/4 inches.

2. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll
hanger with springs.
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3. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and
limit variability factor to 25 percent to allow expansion and contraction of piping
system from base support.

Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are
not specified in piping system Sections.

Use powder-actuated fasteners or mechanical-expansion anchors instead of building
attachments where required in concrete construction.

END OF SECTION
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SECTION 23 05 48
VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

A

1.2

SUMMARY
This Section includes the following:

1 Spring hangers with vertical-limit stops.
2. Pipe riser resilient supports.

3. Resilient pipe guides.

4 Restraining braces and cables.

SUBMITTALS
Product Data: For each product indicated.

Delegated-Design Submittal: For vibration isolation and seismic-restraint calculations
and details indicated to comply with performance requirements and design criteria,
including analysis data signed and sealed by the qualified professional engineer
responsible for their preparation.

Welding certificates.
Qualification Data: For professional engineer.

Field quality-control test reports.

QUALITY ASSURANCE

Comply with seismic-restraint requirements in the IBC unless requirements in this
Section are more stringent.

Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural
Welding Code - Steel."

Seismic-restraint devices shall have horizontal and vertical load testing and analysis
and shall bear anchorage preapproval OPA number from OSHPD, preapproval by ICC-
ES, or preapproval by another agency acceptable to authorities having jurisdiction,
showing maximum seismic-restraint ratings. Ratings based on independent testing are
preferred to ratings based on calculations. If preapproved ratings are not available,
submittals based on independent testing are preferred. Calculations (including
combining shear and tensile loads) to support seismic-restraint designs must be signed
and sealed by a qualified professional engineer.
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PART 2 - PRODUCTS

2.1

22

A.

VIBRATION ISOLATORS

Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

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

1. California Dynamics Corporation.
2. MW Sausse.

Spring Hangers with Vertical-Limit Stop: Combination coil-spring and elastomeric-
insert hanger with spring and insert in compression and with a vertical-limit stop.

1. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for
a maximum of 30 degrees of angular hanger-rod misalignment without binding or
reducing isolation efficiency.

2. Outside Spring Diameter: Not less than 80 percent of the compressed height of
the spring at rated load.

3. Minimum Additional Travel: 50 percent of the required deflection at rated load.

4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.

5 Overload Capacity: Support 200 percent of rated load, fully compressed, without
deformation or failure.

6. Elastomeric Element: Molded, oil-resistant rubber or neoprene.

7. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower
threaded rod.

8. Self-centering hanger rod cap to ensure concentricity between hanger rod and
support spring coil.

Pipe Riser Resilient Support Insert drawing designation: All-directional, acoustical pipe
anchor consisting of 2 steel tubes separated by a minimum of 1/2-inch- thick neoprene.
Include steel and neoprene vertical-limit stops arranged to prevent vertical travel in
both directions. Design support for a maximum load on the isolation material of 500
psig and for equal resistance in all directions.

Resilient Pipe Guides: Telescopic arrangement of 2 steel tubes or post and sleeve
arrangement separated by a minimum of 1/2-inch- thick neoprene. Where clearances
are not readily visible, a factory-set guide height with a shear pin to allow vertical
motion due to pipe expansion and contraction shall be fitted. Shear pin shall be
removable and reinsertable to allow for selection of pipe movement. Guides shall be
capable of motion to meet location requirements.

SEISMIC-RESTRAINT DEVICES

Manufacturers: Subject to compliance with requirements, provide products by one of
the following:
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Amber/Booth Company, Inc.

California Dynamics Corporation.

Cooper B-Line, Inc.; a division of Cooper Industries.
Hilti, Inc.

Kinetics Noise Control.

Loos & Co.; Cableware Division.

Mason Industries.

TOLCO Incorporated; a brand of NIBCO INC.
Unistrut; Tyco International, Ltd.

CONOOAWN =

General Requirements for Restraint Components: Rated strengths, features, and
applications shall be as defined in reports by an agency acceptable to authorities
having jurisdiction.

1. Structural Safety Factor: Allowable strength in tension, shear, and pulliout force
of components shall be at least four times the maximum seismic forces to which
they will be subjected.

Channel Support System: MFMA-3, shop- or field-fabricated support assembly made
of slotted steel channels with accessories for attachment to braced component at one
end and to building structure at the other end and other matching components and with
corrosion-resistant coating; and rated in tension, compression, and torsion forces.

Restraint Cables: ASTM A 603 galvanized-steel cables with end connections made of
steel assemblies with thimbles, brackets, swivel, and boits designed for restraining
cable service; and with a minimum of two clamping bolts for cable engagement.

Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally
bolted connections to hanger rod.

Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed
for rigid equipment mountings, and matched to type and size of anchor bolts and studs.

Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant
neoprene, with a flat washer face.

Mechanical Anchor Boits: Drilled-in and stud-wedge or female-wedge type in zinc-
coated steel for interior applications and stainless steel for exterior applications. Select
anchor bolts with strength required for anchor and as tested according to ASTM E 488.
Minimum length of eight times diameter.

PART 3 - EXECUTION

3.1

A

APPLICATIONS

Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for
application by an agency acceptable to authorities having jurisdiction.
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3.2

Hanger Rod Stiffeners: Install hanger rod stiffeners where indicated or scheduled on
Drawings to receive them and where required to prevent buckling of hanger rods due
to seismic forces.

Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select
sizes of components so strength will be adequate to carry present and future static and
seismic loads within specified loading limits.

VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION

Comply with requirements in Division 07 Section "Roof Accessories" for installation of
roof curbs, equipment supports, and roof penetrations.

Equipment Restraints:

1. Install resilient bolt isolation washers on equipment anchor boits where clearance
between anchor and adjacent surface exceeds 0.125 inch.

2. Install seismic-restraint devices using methods approved by an agency
acceptable to authorities having jurisdiction providing required submittals for
component.

Piping Restraints:

1. Comply with requirements in MSS SP-127.

2. Space lateral supports a maximum of 40 feet o.c., and longitudinal supports a
maximum of 80 feet o.c.

3. Brace a change of direction longer than 12 feet.

Install cables so they do not bend across edges of adjacent equipment or building
structure.

Install seismic-restraint devices using methods approved by an agency acceptable to
authorities having jurisdiction providing required submittals for component.

Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to
provide resilient media between anchor bolt and mounting hole in concrete base.

Attachment to Structure: If specific attachment is not indicated, anchor bracing to
structure at flanges of beams, at upper truss chords of bar joists, or at concrete
members.

Drilied-in Anchors:

1. Identify position of reinforcing steel and other embedded items prior to drilling
holes for anchors. Do not damage existing reinforcing or embedded items during
coring or drilling. Notify the structural engineer if reinforcing steel or other
embedded items are encountered during drilling. Locate and avoid prestressed
tendons, electrical and telecommunications conduit, and gas lines.

2. Do not drill holes in concrete or masonry until concrete, mortar, or grout has
achieved full design strength.
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3.3

3.4

3. Wedge Anchors: Protect threads from damage during anchor installation.
Heavy-duty sleeve anchors shall be installed with sleeve fully engaged in the
structural element to which anchor is to be fastened.

4, Set anchors to manufacturer's recommended torque, using a torque wrench.

5. Install zinc-coated steel anchors for interior and stainless-steel anchors for
exterior applications.

ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

Install flexible connections in piping where they cross seismic joints, where adjacent
sections or branches are supported by different structural elements, and where the
connections terminate with connection to equipment that is anchored to a different
structural element from the one supporting the connections as they approach
equipment. Comply with requirements in Division 23 Section "Hydronic Piping" for
piping flexible connections.

FIELD QUALITY CONTROL
Perform tests and inspections.
Tests and Inspections:

1. Provide evidence of recent calibration of test equipment by a testing agency
acceptable to authorities having jurisdiction.

2. Schedule test with Owner, through Architect, before connecting anchorage
device to restrained component (unless postconnection testing has been
approved), and with at least seven days' advance notice.

3. Obtain Architect's approval before transmitting test loads to structure. Provide

temporary load-spreading members.

Test at least four of each type and size of installed anchors and fasteners

selected by Architect.

Test to 90 percent of rated proof load of device.

Measure isolator restraint clearance.

Measure isolator defiection.

If a device fails test, modify all installations of same type and retest until

satisfactory results are achieved.

»
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Remove and replace malfunctioning units and retest as specified above.

Prepare test and inspection reports.

ADJUSTING
Adjust isolators after piping system is at operating weight.

Adjust limit stops on restrained spring isolators to mount equipment at normal
operating height. After equipment installation is complete, adjust limit stops so they are
out of contact during normal operation.
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C.  Adjust active height of spring isolators.

D. Adjust restraints to permit free movement of equipment within normal mode of
operation.

END OF SECTION
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SECTION 23 05 53
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

1.1

A

1.2

A

SUMMARY

Section Includes:

1. Equipment labels.

2. Warning signs and labels.
3. Pipe labels.

4.  Duct labels.

SUBMITTAL

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1

A

EQUIPMENT LABELS

Plastic Labels for Equipment:

1.

OPrwN

o

Material and Thickness: Multilayer, muilticolor, plastic labels for mechanical
engraving, 1/16 inch 1/8 inch thick, and having predrilled holes for attachment
hardware.

Letter color: Black.

Background Color: White.

Maximum Temperature: Able to withstand temperatures up to 160 deg F.
Minimum Label Size: Length and width vary for required label content, but not
less than 2-1/2 by 3/4 inch.

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than
24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately
larger lettering for greater viewing distances. Include secondary lettering two-
thirds to three-fourths the size of principal lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.

Adhesive: Contact-type permanent adhesive, compatible with label and with
substrate.

Label Content: Include equipment's Drawing designation or unique equipment number,
Drawing numbers where equipment is indicated (plans, details, and schedules), plus
the Specification Section number and title where equipment is specified.
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2.3

Equipment Label Scheduie: For each item of equipment to be labeled, on 8-1/2-by-11-
inch bond paper. Tabulate equipment identification number and identify Drawing
numbers where equipment is indicated (plans, details, and schedules), plus the
Specification Section number and title where equipment is specified. Equipment
schedule shall be included in operation and maintenance data.

WARNING SIGNS AND LABELS

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/16 inch thick, and having predrilled holes for attachment hardware.

Letter Color: Black.
Background Color: Yellow or Orange.
Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less
than 2-1/2 by 3/4 inch.

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
fourths the size of principal lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.
Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Label Content: Include caution and warning information, plus emergency notification
instructions.

PIPE LABELS

General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with
lettering indicating service, and showing flow direction.

Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover
circumference of pipe and to attach to pipe without fasteners or adhesive.

Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive
backing.

Pipe Label Contents: Include identification of piping service using same designations
or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
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1. Flow-Direction Arrows: Integral with piping system service lettering to
accommodate both directions, or as separate unit on each pipe label to indicate
flow direction.

2. Lettering Size: At least 1-1/2 inches high.

DUCT LABELS

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/16 inch thick, and having predrilled holes for attachment hardware.

Letter Color: White.
Background Color: Blue.
Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less
than 2-1/2 by 3/4 inch.

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger
lettering for greater viewing distances. Include secondary lettering two-thirds to three-
fourths the size of principal lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.
Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Duct Label Contents: Include identification of duct service using same designations or
abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.

1. Flow-Direction Arrows: Integral with duct system service lettering to
accommodate both directions, or as separate unit on each duct label to indicate
flow direction.

2. Lettering Size: At least 1-1/2 inches high.

PART 3 - EXECUTION

3.1

A

3.2

PREPARATION

Clean piping and equipment surfaces of substances that could impair bond of

identification devices, including dirt, oil, grease, release agents, and incompatible

primers, paints, and encapsulants.

EQUIPMENT LABEL INSTALLATION

Install or permanently fasten labels on each major item of mechanical equipment.
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3.4

Locate equipment labels where accessible and visible.

PIPE LABEL INSTALLATION

Locate pipe labeis where piping is exposed or above accessible ceilings in finished
spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and
plenums; and exterior exposed locations as follows:

1. Near each valve and control device.

2. Near each branch connection, excluding short takeoffs for fixtures and terminal
units. Where flow pattern is not obvious, mark each pipe at branch.

3. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.

4, At access doors, manholes, and similar access points that permit view of
concealed piping.

5. Near major equipment items and other points of origination and termination.

6. Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25
feet in areas of congested piping and equipment.

7. On piping above removable acoustical ceilings. Omit intermediately spaced
labels.

Pipe Label Color Schedule:
1. Refrigerant Piping:
a. Background Color: Yellow.
b. Letter Color: Black.
DUCT LABEL INSTALLATION

Install plastic-laminated duct labels with permanent adhesive on air ducts in the
following color codes:

1. Blue: For cold-air supply ducts.
2. Green: For exhaust-, outside-, relief-, return-, and mixed-air ducts.
3. ASME A13.1 Colors and Designs: For hazardous material exhaust.

Locate labels near points where ducts enter into concealed spaces and at maximum

intervals of 50 feet in each space where ducts are exposed or concealed by removable
ceiling system.

END OF SECTION

IDENTIFICATION FOR HVAC PIPING
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SECTION 23 05 93
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

1.1 SUMMARY
A.  Section Includes:
1. Balancing Air Systems:

a.  Constant-volume air systems.

1.2 DEFINITIONS

AABC: Associated Air Balance Council.

NEBB: National Environmental Balancing Bureau.
TAB: Testing, adjusting, and balancing.

TABB: Testing, Adjusting, and Balancing Bureau.

m o o & >»

TAB Specialist: An entity engaged to perform TAB Work.

1.3 SUBMITTALS

A.  Certified TAB reports.

1.4 QUALITY ASSURANCE
A.  TAB Contractor Qualifications: Engage a TAB entity certified by AABC.

1. TAB Field Supervisor: Employee of the TAB contractor and certified by AABC.
2. TAB Technician: Employee of the TAB contractor and who is certified by AABC
as a TAB technician.

B.  Certify TAB field data reports and perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified
TAB reports.

2. Certify that the TAB team complied with the approved TAB plan and the
procedures specified and referenced in this Specification.

TESTING, ADJUSTING, AND BALANCING
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TAB Report Forms: Use standard from AABC’s “National Standard for Testing and
Balancing Heating, Ventilation, and Air Conditioning Systems”.

Instrumentation Type, Quantity, Accuracy, and Calibration: As described in
ASHRAE 111, Section 5, "Instrumentation.”

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1

A

EXAMINATION

Examine the Contract Documents to become familiar with Project requirements and to
discover conditions in systems' designs that may preciude proper TAB of systems and
equipment.

Examine systems for installed balancing devices, such as test ports, gage cocks,
thermometer wells, flow-control devices, balancing valves and fittings, and manual
volume dampers. Verify that locations of these balancing devices are accessible.

Examine the approved submittals for HVAC systems and equipment.

Examine design data including HVAC system descriptions, statements of design
assumptions for environmental conditions and systems' output, and statements of
philosophies and assumptions about HVAC system and equipment controls.

Examine ceiling plenums and underfloor air plenums used for supply, return, or relief
air to verify that they meet the leakage class of connected ducts as specified in
Division 23 Section "Metal Ducts" and are properly separated from adjacent areas.
Verify that penetrations in plenum walls are sealed and fire-stopped if required.

Examine equipment performance data including fan and pump curves.

1. Relate performance data to Project conditions and requirements, including
system effects that can create undesired or unpredicted conditions that cause
reduced capacities in all or part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC
equipment when installed under conditions different from the conditions used to
rate equipment performance. To calculate system effects for air systems, use
tables and charts found in AMCA 201, "Fans and Systems," or in SMACNA's
"HVAC Systems - Duct Design." Compare results with the design data and
installed conditions.

Examine system and equipment installations and verify that field quality-control testing,
cleaning, and adjusting specified in individual Sections have been performed.

Examine test reports specified in individual system and equipment Sections.

TESTING, ADJUSTING, AND BALANCING
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3.2

3.3

Examine HVAC equipment and filters and verify that bearings are greased, belts are
aligned and tight, and equipment with functioning controls is ready for operation.

Examine terminal units, such as variable-air-volume boxes, and verify that they are
accessible and their controls are connected and functioning.

Examine strainers. Verify that startup screens are replaced by permanent screens with
indicated perforations.

Examine three-way valves for proper installation for their intended function of diverting
or mixing fluid flows.

Examine heat-transfer coils for correct piping connections and for clean and straight
fins.

Examine system pumps to ensure absence of entrained air in the suction piping.
Examine operating safety interlocks and controls on HVAC equipment.

Report deficiencies discovered before and during performance of TAB procedures.
Observe and record system reactions to changes in conditions. Record default set
points if different from indicated values.

PREPARATION
Prepare a TAB plan that includes strategies and step-by-step procedures.
Complete system-readiness checks and prepare reports. Verify the following:

Permanent electrical-power wiring is complete.

Hydronic systems are filled, clean, and free of air.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance, smoke, and fire dampers are open.

Isolating and balancing valves are open and control valves are operational.
Ceilings are installed in critical areas where air-pattern adjustments are required
and access to balancing devices is provided.

Windows and doors can be closed so indicated conditions for system operations
can be met.

NOGOhwhN =
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GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on each system according to the procedures
contained in AABC's "National Standards for Total System Balance" and in this
Section.

1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

TESTING, ADJUSTING, AND BALANCING
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3.4

3.5

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to
the minimum extent necessary for TAB procedures.

1. After testing and balancing, patch probe holes in ducts with same material and
thickness as used to construct ducts.
2. Install and join new insulation that matches removed materials. Restore

insulation, coverings, vapor barrier, and finish according to Division 23 Section
"HVAC Insulation.”

Mark equipment and balancing devices, including damper-control positions, valve
position indicators, fan-speed-control levers, and similar controls and devices, with
paint or other suitable, permanent identification material to show final settings.

Take and report testing and balancing measurements in inch-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outiets. Obtain manufacturer's outlet factors and
recommended testing procedures. Crosscheck the summation of required outlet
volumes with required fan volumes.

Prepare schematic diagrams of systems' "as-built" duct layouts.

For variable-air-volume systems, develop a plan to simulate diversity.

Determine the best locations in main and branch ducts for accurate duct-airflow
measurements.

Check airflow patterns from the outdoor-air louvers and dampers and the return- and
exhaust-air dampers through the supply-fan discharge and mixing dampers.

Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
Verify that motor starters are equipped with properly sized thermal protection.
Check dampers for proper position to achieve desired airflow path.

Check for airflow blockages.

Check condensate drains for proper connections and functioning.

Check for proper sealing of air-handling-unit components.

Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts.”

PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

Adjust fans to deliver total indicated airflows within the maximum allowable fan speed
listed by fan manufacturer.

TESTING, ADJUSTING, AND BALANCING
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Measure total airflow.

a.  Where sufficient space in ducts is unavailable for Pitot-tube traverse
measurements, measure airflow at terminal outlets and inlets and calculate
the total airflow.

Measure fan static pressures as follows to determine actual static pressure:

a.  Measure outlet static pressure as far downstream from the fan as practical
and upstream from restrictions in ducts such as elbows and transitions.

b.  Measure static pressure directly at the fan outlet or through the flexible
connection.

C.  Measure inlet static pressure of single-inlet fans in the inlet duct as near
the fan as possible, upstream from the flexible connection, and
downstream from duct restrictions.

d.  Measure inlet static pressure of double-inlet fans through the wall of the
plenum that houses the fan.

Measure static pressure across each component that makes up an air-handling
unit, rooftop unit, and other air-handling and -treating equipment.

a. Report the cleanliness status of filters and the time static pressures are
measured.

Measure static pressures entering and leaving other devices, such as sound
traps, heat-recovery equipment, and air washers, under final balanced
conditions.

Review Record Documents to determine variations in design static pressures
versus actual static pressures. Calculate actual system-effect factors.
Recommend adjustments to accommodate actual conditions.

Obtain approval from Owner for adjustment of fan speed higher or lower than
indicated speed. Comply with requirements in Division 23 Sections for air-
handling units for adjustment of fans, beits, and pulley sizes to achieve indicated
air-handling-unit performance.

Do not make fan-speed adjustments that result in motor overload. Consult
equipment manufacturers about fan-speed safety factors. Modulate dampers
and measure fan-motor amperage to ensure that no overload will occur.
Measure amperage in full-cooling, full-heating, economizer, and any other
operating mode to determine the maximum required brake horsepower.

Adjust volume dampers for main duct, submain ducts, and major branch ducts to
indicated airflows within specified tolerances.

1.

Measure airflow of submain and branch ducts.

a.  Where sufficient space in submain and branch ducts is unavailable for
Pitot-tube traverse measurements, measure airflow at terminal outlets and
inlets and calculate the total airflow for that zone.

Measure static pressure at a point downstream from the balancing damper, and
adjust volume dampers until the proper static pressure is achieved.

TESTING, ADJUSTING, AND BALANCING
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3.6

3.7

3.8

3. Remeasure each submain and branch duct after all have been adjusted.
Continue to adjust submain and branch ducts to indicated airflows within
specified tolerances.

Measure air outlets and inlets without making adjustments.

1. Measure terminal outlets using a direct-reading hood or outlet manufacturer's
written instructions and calculating factors.

Adjust air outlets and inlets for each space to indicated airflows within specified
tolerances of indicated values. Make adjustments using branch volume dampers
rather than extractors and the dampers at air terminals.

1. Adjust each outlet in same room or space to within specified tolerances of
indicated quantities without generating noise levels above the limitations
prescribed by the Contract Documents.

2. Adjust patterns of adjustable outlets for proper distribution without drafts.

PROCEDURES FOR MOTORS

Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following
data:

Manufacturer's name, model number, and serial number.
Motor horsepower rating.

Motor rpm.

Efficiency rating.

Nameplate and measured voltage, each phase.
Nameplate and measured amperage, each phase.
Starter thermal-protection-element rating.

NOOAWN

Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds
varying from minimum to maximum. Test the manual bypass of the controller to prove
proper operation. Record observations including name of controller manufacturer,
model number, serial number, and nameplate data.

PROCEDURES FOR CONDENSING UNITS

Verify proper rotation of fans.

Measure entering- and leaving-air temperatures.

Record compressor data.

PROCEDURES FOR HEAT-TRANSFER COILS
Measure, adjust, and record the following data for each refrigerant coil:
TESTING, ADJUSTING, AND BALANCING
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3.9
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Dry-bulb temperature of entering and leaving air.
Wet-bulb temperature of entering and leaving air.
Airflow.

Air pressure drop.

Refrigerant suction pressure and temperature.

PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING
SYSTEMS

Perform a preconstruction inspection of existing equipment that is to remain and be
reused.

1.

2.

PN AW

Measure and record the operating speed, airflow, and static pressure of each
fan.

Measure motor voltage and amperage. Compare the values to motor nameplate
information.

Check the refrigerant charge.

Check the condition of filters.

Check the condition of coils.

Check the operation of the drain pan and condensate-drain trap.

Check bearings and other lubricated parts for proper lubrication.

Report on the operating condition of the equipment and the results of the
measurements taken. Report deficiencies.

Before performing testing and balancing of existing systems, inspect existing
equipment that is to remain and be reused to verify that existing equipment has been
cleaned and refurbished. Verify the following:

SO wN~

New filters are installed.

Coils are clean and fins combed.

Drain pans are clean.

Fans are clean.

Bearings and other parts are properly lubricated.

Deficiencies noted in the preconstruction report are corrected.

Perform testing and balancing of existing systems to the extent that existing systems
are affected by the renovation work.

1.

Compare the indicated airflow of the renovated work to the measured fan
airflows, and determine the new fan speed and the face velocity of filters and
coils.

Verify that the indicated airflows of the renovated work result in filter and coil face
velocities and fan speeds that are within the acceptable limits defined by
equipment manufacturer.

If calculations increase or decrease the air flow rates and water flow rates by
more than 5 percent, make equipment adjustments to achieve the calculated
rates. If increase or decrease is 5 percent or less, equipment adjustments are
not required.

Balance each air outlet.

TESTING, ADJUSTING, AND BALANCING
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3.1

TOLERANCES

Set HVAC system's air flow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus 5 to plus 10
percent.

2. Air Outlets and Inlets: Zero to minus 10 percent.

FINAL REPORT

General: Prepare a certified written report; tabulate and divide the report into separate
sections for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed
by the certified testing and balancing engineer.
2. Include a list of instruments used for procedures, along with proof of calibration.

Final Report Contents: In addition to certified field-report data, include the following:

Pump curves.

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop
Drawings and product data.

RN~

General Report Data: In addition to form titles and entries, include the following data:

Title page.
Name and address of the TAB contractor.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.
0. Table of Contents with the total number of pages defined for each section of the
v report. Number each page in the report.

11. Summary of contents including the following:

DR WON =
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a. Indicated versus final performance.

b. Notable characteristics of systems.

C. Description of system operation sequence if it varies from the Contract
Documents.

12. Nomenclature sheets for each item of equipment.

13.  Data for terminal units, including manufacturer's name, type, size, and fittings.

14.  Notes to explain why certain final data in the body of reports vary from indicated
values.

TESTING, ADJUSTING, AND BALANCING
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15. Test conditions for fans and pump performance forms including the following:

a.
b.
C.
d.
e.

-~

g.
h.

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch
diameter.

Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

System Diagrams: Include schematic layouts of air and hydronic distribution systems.
Present each system with single-line diagram and include the following:

Quantities of outdoor, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

ADDITIONAL TESTS

Within 90 days of completing TAB, perform additional TAB to verify that balanced
conditions are being maintained throughout and to correct unusual conditions.

Seasonal Periods: |If initial TAB procedures were not performed during near-peak
summer and winter conditions, perform additional TAB during near-peak summer and
winter conditions.

END OF SECTION
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SECTION 23 07 13
DUCT INSULATION

PART 1 - GENERAL

1.1

A.

1.2

1.3

SUMMARY

Section includes insulating the following duct services:

1.

Indoor, concealed supply, return and outdoor air.

Related Sections:

1.
2.

Division 23 Section "HVAC Piping Insulation."
Division 23 Section "Metal Ducts" for duct liners.

SUBMITTALS

Product Data: For each type of product indicated.

Shop Drawings: Include plans, elevations, sections, details, and attachments to other

work.
1.
2.

3.
4.

Detail application of protective shields, saddles, and inserts at hangers for each
type of insulation and hanger.

Detail insulation application at elbows, fittings, dampers, specialties and flanges
for each type of insulation.

Detail application of field-applied jackets.

Detail application at linkages of control devices.

Field quality-control reports.

QUALITY ASSURANCE

Surface-Burning Characteristics: For insulation and related materials, as determined
by testing identical products according to ASTM E 84, by a testing agency acceptable
to authorities having jurisdiction. Factory fabel insulation and jacket materials and
adhesive, mastic, tapes, and cement material containers, with appropriate markings of
applicable testing agency.

1.
2.

Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-
developed index of 50 or less.

Insulation Installed Outdoors: Fiame-spread index of 75 or less, and smoke-
developed index of 150 or less.

DUCT INSULATION
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PART 2 - PRODUCTS

2.1

A

2.2

INSULATION MATERIALS

Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and
Plenum Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation
Schedule" articles for where insulating materials shall be applied.

Products shall not contain asbestos, lead, mercury, or mercury compounds.

Products that come in contact with stainless steel shall have a leachable chloride
content of less than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or HCFC blowing agents in the
manufacturing process.

Mineral-Fiber Blanket Insulation: Mineral or glass fibers bonded with a thermosetting
resin. Comply with ASTM C 553, Type Il and ASTM C 1290, Type lll with factory-
applied FSK jacket Type I with factory-applied FSP jacket. Factory-applied jacket
requirements are specified in "Factory-Applied Jackets" Article.

1. Products: Subject to compliance with requirements, provide one of the following:

a. CertainTeed Corp.; SoftTouch Duct Wrap.

b. Johns Manville; Microlite.

C. Knauf Insulation; Friendly Feel Duct Wrap.

d. Manson Insulation Inc.; Alley Wrap.

e Owens Corning; SOFTR All-Service Duct Wrap.
ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for
bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.
1. Products: Subject to compliance with requirements, provide one of the following:

a.  Childers Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; CP-127.

b. Eagle Bridges - Marathon Industries; 225.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; 85-60/85-70.

d. Mon-Eco Industries, Inc.; 22-25.

2. For indoor applications, use adhesive that has a VOC content of 80 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

DUCT INSULATION
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2.3

3. Use adhesive that complies with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the Testing of
Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers," including 2004 Addenda.

ASJ Adhesive, and FSK Jacket Adhesive: Comply with MIL-A-3316C, Class 2,
Grade A for bonding insulation jacket lap seams and joints.

1. Products: Subject to compliance with requirements, provide one of the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; CP-82.

b.  Eagle Bridges - Marathon Industries; 225.

c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; 85-50.

d. Mon-Eco Industries, Inc.; 22-25.

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Use adhesive that complies with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the Testing of
Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers," including 2004 Addenda.

PVC Jacket Adhesive: Compatible with PVC jacket.
1. Products: Subject to compliance with requirements, provide one of the following:

a. Dow Corning Corporation; 739, Dow Silicone.

b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding
Adhesive.

C. P.1.C. Plastics, Inc.; Welding Adhesive.

d.  Speedline Corporation; Polyco VP Adhesive.

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Use adhesive that complies with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the Testing of
Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers," including 2004 Addenda.

MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply
with MIL-PRF-19565C, Type II.

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Vapor-Barrier Mastic. Water based; suitable for indoor use on below ambient services.
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Products: Subject to compliance with requirements, provide one of the following:

a.  Foster Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; 30-80/30-90.
b.  Vimasco Corporation; 749.

2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 perm at 43-
mil dry film thickness.

3. Service Temperature Range: Minus 20 to plus 180 deg F.

4. Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

5. Color: White.

SEALANTS

FSK and Metal Jacket Flashing Sealants:

1.
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Products: Subject to compliance with requirements, provide one of the following:

a.  Childers Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; CP-76.

b. Eagle Bridges - Marathon Industries; 405.

C. Foster Brand, Specialty Construction Brands, Inc.,, a business of H. B.
Fuller Company; 95-44.

d.  Mon-Eco Industries, Inc.; 44-05.

Materials shall be compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: Aluminum.

For indoor applications, use sealants that have a VOC content of 420 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Use sealants that comply with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the Testing of
Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers," including 2004 Addenda.

ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:

1.
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Products: Subject to compliance with requirements, provide one of the following:

a.  Childers Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; CP-76.

Materials shall be compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F.

Color: White.

For indoor applications, use sealants that have a VOC content of 420 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
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2.6

2.7

7. Use sealants that comply with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the Testing of
Volatile Organic Emissions from Various Sources Using Small-Scale
Environmental Chambers," including 2004 Addenda.

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-applied jackets on various applications.
When factory-applied jackets are indicated, comply with the following:

1. ASJ. White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type |I.

2.  ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive
covered by a removable protective strip; complying with ASTM C 1136, Type |.

3. FSK Jacket: Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type |Il.

4, FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene
backing; complying with ASTM C 1136, Type II.

5. Vinyl Jacket: White viny! with a permeance of 1.3 perms when tested according
to ASTME 96/E 96M, Procedure A, and complying with NFPA 90A and
NFPA 90B.

FIELD-APPLIED FABRIC-REINFORCING MESH

Woven Polyester Fabric: Approximately 1 0z./sq. yd. with a thread count of 10 strands
by 10 strands/sq. in., in a Leno weave, for ducts.

1. Products: Subject to compliance with requirements, provide one of the following:
a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B.

Fuller Company; Mast-A-Fab.
b.  Vimasco Corporation; Elastafab 894.

FIELD-APPLIED JACKETS

Field-applied jackets shall comply with ASTM C 921, Typel, unless otherwise
indicated.

FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and
forming. Thickness is indicated in field-applied jacket schedules.

1. Products: Subject to compliance with requirements, provide one of the following:

a. Johns Manwville; Zeston.
b. P.1.C. Plastics, Inc.; FG Series.
c. Proto Corporation; LoSmoke.
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d.  Speedline Corporation; SmokeSafe.

2. Adhesive: As recommended by jacket material manufacturer.
3.  Color: White.

Aluminum Jacket: Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005,
Temper H-14.

1. Products: Subject to compliance with requirements, provide one of the following:

a.  Childers Brand, Specialty Construction Brands, Inc., a business of H. B.
Fuller Company; Metal Jacketing Systems.

b.  ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.

c. RPR Products, Inc.; Insul-Mate.

2. Finish and thickness are indicated in field-applied jacket schedules.

3. Moisture Barrier for Indoor Applications: 1-mil- thick, heat-bonded polyethylene
and kraft paper.

4, Moisture Barrier for Outdoor Applications: 3-mil- thick, heat-bonded polyethylene
and kraft paper.

Self-Adhesive Outdoor Jacket: 60-mil- thick, laminated vapor barrier and waterproofing
membrane for installation over insulation located aboveground outdoors; consisting of
a rubberized bituminous resin on a crosslaminated polyethylene film covered with white
aluminum-foil facing.

1. Products: Subject to compliance with requirements, provide one of the following:

a. Polyguard Products, Inc.; Alumaguard 60.

TAPES

FSK Tape: Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic
adhesive; complying with ASTM C 1136.

1. Products: Subject to compliance with requirements, provide one of the following:

ABI, Ideal Tape Division; 491 AWF FSK.

Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
Compac Corporation; 110 and 111.

Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

coow

Width: 3 inches.

Thickness: 6.5 mils.

Adhesion: 90 ounces force/inch in width.

Elongation: 2 percent.

Tensile Strength: 40 Ibf/inch in width.

FSK Tape Disks and Squares: Precut disks or squares of FSK tape.

NooakowN
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PVC Tape: White vapor-retarder tape matching field-applied PVC jacket with acrylic
adhesive; suitable for indoor and outdoor applications.

1. Products: Subject to compliance with requirements, provide one of the following:

a. ABI, Ideal Tape Division; 370 White PVC tape.
b. Compac Corporation; 130.
c.  Venture Tape; 1506 CW NS.

Width: 2 inches.

Thickness: 6 mils.

Adhesion: 64 ounces force/inch in width.
Elongation: 500 percent.

Tensile Strength: 18 Ibf/inch in width.

OORLN

Aluminum-Foil Tape: Vapor-retarder tape with acrylic adhesive.
1. Products: Subject to compliance with requirements, provide one of the following:

a.  ABI, Ideal Tape Division; 488 AWF.

b.  Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
C. Compac Corporation; 120.

d. Venture Tape; 3520 CW.

2. Width: 2 inches.

3. Thickness: 3.7 mils.

4. Adhesion: 100 ounces force/inch in width.
5. Elongation: 5 percent.

6. Tensile Strength: 34 Ibf/inch in width.
SECUREMENTS

Aluminum Bands: ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020
inch thick, 1/2 inch wide with wing seal or closed seal.

1. Products: Subject to compliance with requirements, provide one of the following:

a. ITW Insulation Systems; Gerrard Strapping and Seals.
b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

Insulation Pins and Hangers:

1. Metal, Adhesively Attached, Perforated-Base Insulation Hangers: Baseplate
welded to projecting spindle that is capable of hoiding insulation, of thickness
indicated, securely in position indicated when self-locking washer is in place.
Comply with the following requirements:

a. Products: Subject to compliance with requirements, provide one of the
following:

1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.

DUCT INSULATION
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2) GEMCO; Perforated Base.
3) Midwest Fasteners, Inc.; Spindle.

b. Baseplate: Perforated, galvanized carbon-steel sheet, 0.030 inch thick by
2 inches square.

C. Spindle: Copper- or zinc-coated, low-carbon steel, fully annealed, 0.106-
inch- diameter shank, length to suit depth of insulation indicated.

d.  Adhesive: Recommended by hanger manufacturer.  Product with
demonstrated capability to bond insulation hanger securely to substrates
indicated without damaging insulation, hangers, and substrates.

2. Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
thick, galvanized-steel sheet, with beveled edge sized as required to hold
insulation securely in place but not less than 1-1/2 inches in diameter.

a.  Products: Subject to compliance with requirements, provide one of the
following:

1)  AGM Industries, Inc.; RC-150.

2) GEMCO; R-150.

3)  Midwest Fasteners, Inc.; WA-150.
4) Nelson Stud Welding; Speed Clips.

b.  Protect ends with capped self-locking washers incorporating a spring steel
insert to ensure permanent retention of cap in exposed locations.

1) Nonmetal Insulation-Retaining Washers: Self-locking washers
formed from

Staples: Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel
or Monel.

Wire: 0.080-inch nickel-copper alloy.

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

a. C & F Wire.

CORNER ANGLES

PVC Corner Angles: 30 mils thick, minimum 1 by 1 inch, PVC according to
ASTM D 1784, Class 16354-C. White or color-coded to match adjacent surface.

Aluminum Corner Angles: 0.040 inch thick, minimum 1 by 1 inch, aluminum according
to ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.
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PART 3 - EXECUTION

3.1

A

3.2

@ m m O

PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials
that will adversely affect insulation application.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even
surfaces; free of voids throughout the length of ducts and fittings.

Install insulation materials, vapor barriers or retarders, jackets, and thicknesses
required for each item of duct system as specified in insulation system schedules.

Install accessories compatible with insulation materials and suitable for the service.
Install accessories that do not corrode, soften, or otherwise attack insulation or jacket
in either wet or dry state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.
Install multiple layers of insulation with longitudinal and end seams staggered.
Keep insulation materials dry during application and finishing.

Install insulation with tight longitudinal seams and end joints. Bond seams and joints
with adhesive recommended by insulation material manufacturer.

Install insulation with least number of joints practical.

Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at
hangers, supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on
anchor legs from point of attachment to supported item to point of attachment to
structure. Taper and seal ends at attachment to structure with vapor-barrier
mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal
insulation to insulation inserts with adhesive or sealing compound recommended
by insulation material manufacturer.

Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate
and wet and dry film thicknesses.

Install insulation with factory-applied jackets as follows:

1.  Draw jacket tight and smooth.
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2. Cover circumferential joints with 3-inch- wide strips, of same material as
insulation jacket. Secure strips with adhesive and outward clinching staples
along both edges of strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to
receive self-sealing lap. Staple laps with outward clinching staples along edge at
2 inches o.c.

a.  For below ambient services, apply vapor-barrier mastic over staples.

4.  Cover joints and seams with tape, according to insulation material manufacturer's
written instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and
joints and at ends adjacent to duct flanges and fittings.

Cut insulation in a manner to avoid compressing insulation more than 75 percent of its
nominal thickness.

Finish installation with systems at operating conditions. Repair joint separations and
cracking due to thermal movement.

Repair damaged insulation facings by applying same facing material over damaged
areas. Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and
seal patches similar to butt joints.

PENETRATIONS

Insulation Installation at Roof Penetrations: Install insulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation above roof
surface and seal with joint sealant. For applications requiring indoor and outdoor
insulation, install insulation for outdoor applications tightly joined to indoor
insulation ends. Seal joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below
top of roof flashing.

4.  Seal jacket to roof flashing with flashing sealant.

Insulation Installation at Aboveground Exterior Wall Penetrations: Install insulation
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall
surface and seal with joint sealant. For applications requiring indoor and outdoor
insulation, install insulation for outdoor applications tightly joined to indoor

: insulation ends. Seal joint with joint sealant.

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing
at least 2 inches.

4.  Seal jacket to wall flashing with flashing sealant.
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C.

Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire
Rated). Install insulation continuously through walls and partitions.

Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate
insulation at fire damper sleeves for fire-rated wall and partition penetrations.
Externally insulate damper sleeves to match adjacent insulation and overlap duct
insulation at least 2 inches.

1. Comply with requirements in Division 07 Section "Penetration Firestopping" for
firestopping and fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Duct: For penetrations through fire-rated assemblies, terminate insulation at fire
damper sleeves and externally insulate damper sleeve beyond floor to match
adjacent duct insulation. Overlap damper sleeve and duct insulation at least 2
inches.

2. Seal penetrations through fire-rated assemblies. Comply with requirements in
Division 07 Section "Penetration Firestopping."

INSTALLATION OF MINERAL-FIBER INSULATION

Blanket Insulation Installation on Ducts and Plenums: Secure with adhesive and
insulation pins.

1. Apply adhesives according to manufacturer's recommended coverage rates per
unit area, for 50 percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

3. Install either capacitor-discharge-weld pins and speed washers or cupped-head,
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides
of vertical ducts as follows:

a. On duct sides with dimensions 18 inches and smaller, place pins along
longitudinal centerline of duct. Space 3 inches maximum from insulation
end joints, and 16 inches o.c.

b. On duct sides with dimensions larger than 18 inches, place pins 16 inches
o.c. each way, and 3 inches maximum from insulation joints. Install
additional pins to hold insulation tightly against surface at cross bracing.

c.  Pins may be omitted from top surface of horizontal, rectangular ducts and
plenums.

d. Do not overcompress insulation during installation.

Impale insulation over pins and attach speed washers.

Cut excess portion of pins extending beyond speed washers or bend

parallel with insulation surface. Cover exposed pins and washers with tape

matching insulation facing.

bmall 1]

4, For ducts and plenums with surface temperatures below ambient, install a
continuous unbroken vapor barrier. Create a facing lap for longitudinal seams
and end joints with insulation by removing 2 inches from one edge and one end
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of insulation segment. Secure laps to adjacent insulation section with 1/2-inch
outward-clinching staples, 1 inch o.c. Install vapor barrier consisting of factory-
or field-applied jacket, adhesive, vapor-barrier mastic, and sealant at joints,
seams, and protrusions.

a. Repair punctures, tears, and penetrations with tape or mastic to maintain
vapor-barrier seal.

b. Install vapor stops for ductwork and plenums operating below 50 deg F at
18-foot intervals. Vapor stops shall consist of vapor-barrier mastic applied
in a Z-shaped pattern over insulation face, along butt end of insulation, and
over the surface. Cover insulation face and surface to be insulated a width
equal to two times the insulation thickness, but not less than 3 inches.

5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end
joints. At end joints, secure with steel bands spaced a maximum of 18 inches
0.C.

6. Install insulation on rectangular duct elbows and transitions with a full insulation
section for each surface. Install insulation on round and flat-oval duct elbows
with individually mitered gores cut to fit the elbow.

7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation
surface with 6-inch- wide strips of same material used to insulate duct. Secure
on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches
0.C.

FIELD-APPLIED JACKET INSTALLATION
Where FSK jackets are indicated, install as follows:

Draw jacket material smooth and tight.

Install lap or joint strips with same material as jacket.

Secure jacket to insulation with manufacturer's recommended adhesive.

Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch- wide joint
strips at end joints.

Seal openings, punctures, and breaks in vapor-retarder jackets and exposed
insulation with vapor-barrier mastic.

PON =

o

Where PVC jackets are indicated, install with 1-inch overlap at longitudinal seams and
end joints; for horizontal applications, install with longitudinal seams along top and
bottom of tanks and vessels. Seal with manufacturer's recommended adhesive.

1. Apply two continuous beads of adhesive to seams and joints, one bead under lap
and the finish bead along seam and joint edge.

Where metal jackets are indicated, install with 2-inch overlap at longitudinal seams and
end joints. Overlap longitudinal seams arranged to shed water. Seal end joints with
weatherproof sealant recommended by insulation manufacturer. Secure jacket with
stainless-steel bands 12 inches o.c. and at end joints.
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3.7

3.8

FINISHES

Insulation with ASJ or Other Paintable Jacket Material: Paint jacket with paint system
identified below and as specified in Division 09 painting Sections.

1. Flat Acrylic Finish: Two finish coats over a primer that is compatible with jacket
material and finish coat paint. Add fungicidal agent to render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emulsion size.

Color: Final color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless-steel jackets.

FIELD QUALITY CONTROL
Perform tests and inspections.
Tests and Inspections:

1. Inspect ductwork, randomly selected by Architect, by removing field-applied
jacket and insulation in layers in reverse order of their installation. Extent of
inspection shall be limited to one location(s) for each duct system defined in the
"Duct Insulation Schedule, General" Article.

All insulation applications will be considered defective Work if sample inspection
reveals noncompliance with requirements.

DUCT INSULATION SCHEDULE, GENERAL
Plenums and Ducts Requiring Insulation:

1. Indoor, concealed supply, return and outdoor air.
Items Not Insulated:

Fibrous-glass ducts.

Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.

Factory-insulated flexible ducts.

Factory-insulated plenums and casings.

Flexible connectors.

Vibration-control devices.

Factory-insulated access panels and doors.

N =
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3.10

3.11

INDOOR DUCT AND PLENUM INSULATION SCHEDULE

Concealed, Supply-Air, Return-Air. Outside Air Duct and Plenum Insulation: Mineral-
fiber blanket, 3 inches thick and 1.5-lb/cu. ft. nominal density with installed R-Value of
8.0.

INDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For insulation with factory-applied jacket, install
the field-applied jacket over the factory-applied jacket.

If more than one material is listed, selection from materials listed is Contractor's option.
Ducts and Plenums, Concealed:

1. None.

Ducts and Plenums, Exposed:

1. PVC: 20 mils thick.

OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For insulation with factory-applied jacket, install
the field-applied jacket over the factory-applied jacket.

If more than one material is listed, selection from materials listed is Contractor's option.

Ducts and Plenums, Exposed, up to 48 Inches in Diameter or with Flat Surfaces up to
72 Inches:

1. Aluminum, Stucco Embossed: 0.024 inch thick.

END OF SECTION
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SECTION 23 09 00
DIRECT DIGITAL CONTROLS

PART 1 GENERAL
1.1 BAS SYSTEM DESCRIPTION

A. BAS Design Criteria: A new open, non-proprietary configurable Building
Automation System (BAS) that includes the following:

1. HVAC Control System

2. Energy Management System

3 A single uniform Human Machine Interface (HMI) monitoring solution -
Thermo Graphics or approved equal in functional look, feel, color and
speed delivery that incorporates a linked, drill down, display/alarm
capabilities from each individual floor zones through to individual system
components

4. Use of the ANSI 709.1 LonTalk protocol at the field bus level of the
architecture and ANSI/EIA 709.1, and ISO/IEC DIS 14908 LonTalk at the
TCP/IP level.

B. The building automation binding tool will be Echelon LonMaker Turbo for
Windows set up to be non-proprietary configuration and configurable

C. The building automation system router shall be a Linksys/Cisco Gigabit Security
Router or integrated network product that utilizes

1. Virtual Private network (VPN)

2. SPI Fire Wall and integrated Intrusion Prevention System (IPS).
3. Supports 802.1Q Virtual Local Area Network (VLAN) and that has its own
DHCP scope.

1.2  RELATED DOCUMENTS
A CODES, STANDARDS AND REFERENCES

B. The publications listed below form a part of this standard to the extent
referenced. The publications are referred to within the text by the basic
designation only.

1. AIR MOVEMENT AND CONTROL ASSOCIATION (AMCA)

AMCA 500-D-07 (2007) Laboratory Methods of Testing Dampers for
Rating

2. AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)
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ANSI/ASHRAE 15  (2007) Safety Code for Mechanical Refrigeration
ANSI/ASHRAE 55  (2004) Thermal Environmental Comfort Standard
ANSI/ASHRAE 62  (2007) Ventilation for Acceptable Indoor Air Quality

ANSI/ASHRAE 90.1 (2007) Energy Efficient Design of New Buildings-
except Low Rise Residential Buildings

ANSI/ASME B16.34 (2001) Valves — Flanged, Threaded, and Welded
Ends

ANSI C12.1 (2008) Code for Electricity Metering

ANSI/CEA 709.1B  (2006) Open Standard Protocol

ANSI/EIA 709.1 (2000) Control Network Protocol Specification

ANSI/EIA 709.3 (2003 Free-Topology Twisted-Pair  Channel
Specification

ANSI/FCI 70.2 (2003) Control Valve Seat Leakage

California Code of Regulations, Title 24, Latest Adopted Edition,
California Building Codes

California Code of Regulations, Title 8, Latest Adopted Edition, California
Industrial Relations

AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-
CONDITIONING ENGINEERS (ASHRAE)

ASHRAE Handbook of Fundamentals

ECHELON

Junction Box and Wiring Guideline for Twisted Pair LONWORKS®
Networks, July 2003

FEDERAL COMMUNICATIONS COMMISSION (FCC)

FCC EMC (2002) FCC  Electromagnetic = Compliance
Requirements

FCC Part 15 (2008) FCC Rules and Regulations Part 15: Radio
Frequency Devices (Volume |l)

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C62.41 (1991; R 2002) Surge voltages in Low-Voltage AC
Power circuits

IEEE 100 (2000) IEEE Standard Dictionary of Electrical and
Electronics Terms

DIRECT DIGITAL CONTROLS
230900-2




1.

12.

13.

14.

IEEE 142 (1991) IEEE Recommended Practice for Grounding
of Industrial and Commercial Power

Systems

IEEE 802.1M (2000) Media Access Control Bridges

IEEE 802.2 (2000) Standards for Local Area Networks: Logical
Link control

INSTRUMENT SOCIETY OF AMERICA (2006) ISA Standards
INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO)

ISO OSI Model Open Systems Interconnection Reference Mode

ISO/IEC (2008) DIS 14908-1 Lon Protocol

ISO/IEC (2008) DIS 14908-2 Lon Twisted-Pair Media

ISO/IEC (2008) DIS 14908-3 Lon Powerline Media

ISO/IEC (2008) DIS 14908-4 Lon IP Tunneling of the
Protocol

LONMARK INTEROPERABILITY ASSOCIATION
SNVT Master List (2002) LonMark SNVT Master List; Version 2

LonMark XIF Guide (2003) LonMark External Interface File Reference
Guide; Revision 4.0B

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA 250 (2008) Enclosures for electrical Equipment (1000
Volt Maximum)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA 70 (2008) National Electrical Code

NFPA 90A (2009) Installation of Air Conditioning and
Ventilation Systems

NFPA 262 (2007) Test for Flame-Propagation and Smoke
Density Values for Electrical and Optical
Fiber Cables Used in Spaced Transporting
Environmental Air

UNDERWRITER'S LABORATORIES (UL)

UL 1778 (2006) Standard for Uninterruptible Power Supply
Equipment
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15.

16.
17.
18.

19.

20.

21.

UL 60950 (2007) Safety of Information Processing and
Business Equipment

UL 916 (2002) Energy Management Equipment

UL 1585 (2001) Class 2 and Class 3 Transformers

UL 555 (1999) Standard for Fire Dampers

UL 5558 (1996; R2002) Leakage Rated Dampers for Use in
Smoke Control Systems

UL 94 (1996; Rev thru July 2006) Tests for Flammability
of Plastic Materials for Parts in Devices and
Appliances

UL 268A (2006) Smoke Detectors for Duct Application

UL 864 (2007) Standard for Control Unit and Accessories

for Fire Alarm Systems

U.S. NATIONAL ARCHIVES AND RECORDS ADMINISTRATION
(NARA)

47 CFR Part 15 Radio Frequency Devices

21 CFR Part 11 Administrative Practice and Procedure, Computer
Technology, Reporting and Record Keeping
Requirements

REQUIRED FORMAT FOR SUBMITTALS

Shop Drawings and Product Data shall meet the requirements.

Shop drawings shall be 11 inch by 17 inch, landscape, bound on the left
edge. They shall be produced with Microsoft Visio. Organize the
packages by building and floors.

All text based documents and product data sheets shall be 8 %2 inch by 11
inch format bound on the left edge. To the maximum extent possible
Adobe Acrobat shall be used to produce the documents in an X.pdf
format.

Software files shall be submitted on fully labeled CDs that shall include a
table of contents file in pdf format that provides a description of all of the
files on the CD and or USB Drive.

Requirement for Shop Drawings

a. System Architecture Design Diagram:
1) This is a riser diagram that shall show the IP layers and all
of the field bus layers.
2) It shall show each computer, printer, router, repeater,

controller and protocol translator that is connected to either
the IP layer or any of the field busses.
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3) This diagram shall include the existing control system that
is to be integrated into the common enterprise level
system.

4) The physical relationship of one component to another
component shall reflect the proposed installation. Note:
This requirement does not apply to the existing control
system to be integrated except for the new components to
be installed, such as the AH, TL and the ATS device.
However, the relationship of these devices to the existing
IP to LON router or Building Controller shall be clearly
labeled with the specific details of the device.

5) This diagram shall not include power supplies, sensors or
end devices.

Layout Design Drawing for each control panel:

1) The layout drawing shall be with all devices shown in their
proposed positions.

2) All control devices shall be identified by name.

3) All terminal strips and wire channels shall be shown and
labeled

4) All control transformers shall be shown and labeled

5) All 120 VAC receptacles shall be shown and labeled

6) All IP connection points shall be shown and labeled

Wiring Design Diagram for each control panel.

1) The control voltage wiring diagram shall clearly designate
devices powered by each control transformer. If the
control devices use half-wave power, the diagram shall
clearly show the consistent grounding of the appropriate
power connection. All wire identification numbers shall be
annotated on the diagram.

2) The LON wiring diagram shall clearly show the use of the
daisy chain wiring concept, the order in which the devices
are connected to the LON and the location of end of
segment termination devices. All wire identification
numbers shall be annotated on the diagram.

3) If shielded communication wiring is used, the grounding of
the shield shall be shown.

4) The terminal strip wiring diagram shall identify all
connections on both sides of the terminal strip. Wiring
label numbers for all wiring leaving the control panel shall
be annotated on the diagram.

Wiring Design Diagram for individual components (controllers,
protocol transiators, etc.): The wiring diagram for each
component shall identify all /O, power and communication wiring,
and the locations on the terminal blocks to which the wires are
landed. Example: Fan Status sensor is wired from terminals 5/6
on the controller to terminals 17 and 18 on the terminal strip.
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Installation Design Detail for each 1/O device.

1)
2)

Include a drawing of the wiring details for each sensor
and/or end device.

For devices with multiple quantities a standard detail may
be submitted. (Note: The standard detail drawing must be
accompanied by a list of the locations where the devices
will be installed.)

22. Format Requirements Format

a.

Direct Digital Control System Hardware Technical Data.

1)

2)

3)

A complete bill of materials of equipment to be used
indicating quantity, manufacturer and model number.
Manufacturer’'s description and technical data for each

~ unique device to include performance curves, product

specification sheets and installation instructions. When a
manufacturer's data sheet refers to a series of devices
rather than a specific model, the data specifically
applicable to the project shall be highlighted or clearly
indicated by other means.

This requirement applies to:

a) Controllers

b) Transducers/Transmitters

c) Sensors

d) Actuators

e) Valves

f) Relays and Switches

g) Control Panels

h) Power Supplies

i) Batteries

)] Operator Interface Equipment

An Instrumentation List for each system.

1)

The list shall be in a table format.

2) Include name, type of device, manufacturer, model humber
and product data sheet number.

Binding Map

1) LonMaker Turbo drawings shall be 11 inch by 17 inch,

landscape, bound on the left edge. They shall be
produced with Microsoft Visio. Organize the packages by
building and floors. The map will not need to include the
flow of data from devices to the presentation system.

HMI Graphic Pages:

DIRECT DIGITAL CONTROLS
230900-6




C.

1)

Submit a sample HMI graphic page for each type of page
described in the specification section on graphic pages.

Turnover Documents after Completion and Commissioning

1.

The following is a list of post construction turnover documentation that
shall be updated to reflect any changes during construction and re-
submitted as “As-Built”.

Se~oooop

System architecture drawing.

Layout drawing for each control panel.

Wiring diagram for each control panel.
LonMaker Turbo Drawing

Wiring diagram for individual components.
System flow diagram for each controlled system.
Instrumentation list for each controlled system.
Sequence of control.

Binding map.

Operation and Maintenance Manuals

a.

Operations and Maintenance Manuals shall consist of two parts.
The information shall be in three ring binders with tabs and a table
of contents. Diagrams shall be on 11" by 17” foldouts. If color has
been used to differentiate information, the printed copies shall be
in color.

Part I:

Information common to the entire system. This shall

include but not be limited to the following.

1)

2)

Product manuals for the key software tasks.

a) Operating the system.
b) Administrating the system.

c) Engineering the operator workstation.
d) Application programming.

e) Engineering the network.

f) Setting up the web server.

g) Report creation.

h) Graphics creation.

i) All other engineering tasks.

System Architecture Diagram.

List of recommended maintenance tasks associated with
the system servers, operator workstations, data servers,
web servers and web clients.

a) Define the task.

b) Recommend a frequency for the task.

c) Reference the product manual that includes
instructions on executing the task.
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4) Names, addresses, and telephone numbers of installing
contractors and service representatives for equipment and
control systems.

5) Licenses, guarantees, and warranty documents for
equipment and systems.

6) Submit one copy for each building, plus two extra copies.

C. Part Il: Information common to the systems in a single building.
1) System architecture diagram for components within the
building annotated with specific location information.
2) As-built wiring design diagram for each control panel.
3) As-built wiring design diagram for all components.
4) Installation design details for each I/O device.
5) As-built system flow diagram for each system.
6) Sequence of control for each system.
7) Binding map for the building.
8) Product data sheet for each component.
9) Installation data sheet for each component.

10)  Description of system commissioning protocol and
procedures in binder with two extra copies.

11)  Initial system change control log in binder.

12)  Submit two copies for each building and two extra copies
for file.

3. Software

a. Submit a LICENSED COPY of all software installed on the servers
and workstations.

b. Submit all licensing information for all software installed on the
servers and workstations.

c. Submit a LICENSED COPY of all software used to execute the
project even if the software was not installed on the servers and

workstations.

d. Submit all licensing information for all of the software used to
execute the project.

e. All software revisions shall be as installed at the time of the

system acceptance. All submittals will include all revisions

4, Firmware Files
a. Submit a copy of all firmware files that were downloaded to or pre-
installed on any devices instailed as part of this project.
b. This does not apply to firmware that is permanently burned on a

chip at the factory and can only be replaced by replacing the chip.
c. Submit a LICENSED COPY of all application files that were
created during the execution of the project.
d. Submit an electronic copy on DVD of all graphic page files created
during the execution of the project.
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e. Submit a copy of all secondary graphic files on DVD such as
bitmaps, jpegs, etc. that were used in the creation of the graphic
pages.

1.3 OWNERSHIP OF PROPRIETARY MATERIAL

A The OWNER shall retain all rights to any and all software and hardware used for
this project.

B. The OWNER shall sign a copy of the manufacturer's standard software and
firmware licensing agreement as a condition of this contract. Such license shall
grant use of all programs and application software to the OWNER as defined by
the manufacturer’'s licensing agreement. Standard language protecting the
manufacturer’s rights to disclosure of Trade Secrets contained within such
software is acceptable.

C. The licensing agreement shall not preclude the use of the software by individuals
under contract to the OWNER for commissioning, servicing or altering the system
in the future. Use of the software by individuals under contract to the owner shall
be restricted to use on the OWNER'’s computers and only for the purpose of
commissioning, change control, servicing, or altering the installed system.

D. All project developed software, files and documentation shall become the
property of the OWNER. These include but are not limited to:

Server and workstation software
Application programming tools
Configuration tools

Network diagnostic tools
Addressing tools

Application files

Configuration files

Graphic files

. Report files

10. Graphic symbol libraries

11. All documentation

12. All licensing

OCoONOOA~WN =

1.4  QUALIFICATIONS

A. Bids by wholesalers, distributors, mechanical contractors and non-franchised
contractors shall not be acceptable without 5 years or more experience installing
the proposed system.

B. All work described in the plans and specifications shall be installed, wired and
commissioned by factory certified BAS technicians qualified for this work and in
the regular employment of the control system manufacturer's local office.

C. A local office is defined as a corporate branch office or an independently owned
office with a current contractual agreement with the system manufacturer that
allows the office to purchase, install and service the manufacturer’s products.
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D. The local office shall be a full service facility within 150 miles of the project site.
The local office shall be staffed with BAS engineers and technicians trained on
the installation, commissioning and service of energy management and control
systems based on the LON Works technology.

E. The building automation system (BAS/IP) design engineer must demonstrate
expertise in the following:

1. Six (6) years in Building Automation System (BAS) in the
HVAC/Mechanical engineering field.

2. Five (5) years of project management experience in similar types of utility
facilities upgrade projects that involve Building Automation Systems
(BAS), Energy Management (EM) and Heating, Ventilations and Air-
conditioning (HVAC) systems.

3. Four (4) years experience in the proprietary Building Automation System
(BAS) Control Systems Design.

4. Three (3) years of project engineering experience with at least two major
control system manufacturer's LonMark, LonTalk and UL 864 compliance
standards

5. Two (2) years of working experience with open industry standard, BAS
control product lines.

6. Two (2) years working experience with the California Building Energy

Efficiency Standards, Nonresidential Compliance Manual.
1.5 QUALITY ASSURANCE

A. All work, materials, and equipment shall comply with the rules and regulations of
all codes and ordinances of the local, state, and federal authorities. Such codes,
when more restrictive, shall take precedence over these plans and specifications.
As a minimum, the installation shall comply with the current editions in effect 30
days prior to receipt of bids for all of the Codes and Standards listed in Section
1.2 of this specification.

B. Performance criteria for components, collections of components,
communications and system performance are described in Section 2.0 Products.

C. Key quality assurance BAS Commissioning programs are described in Section
3.0 shall include the following

installation Component Verification

Operational Testing Verification

Performance Testing Verification

Integrated Functional Testing Verification
Commissioning Turnover Documentation package

ORON -

1.6  APPROVED MANUFACTURERS: The following are the approved Control System
Contractors and Manufacturers

Company Name Product Address Contact
Line
Pace Integrated TAC 30442 Esperanza Vernon Banks
DIRECT DIGITAL CONTROLS
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Systems Rancho Santa Margarita,

CA 92688

PART 2

PRODUCTS

2.1 SYSTEM ARCHITECTURE

A

The DDC system shall include system servers, operator work stations, a data
server, a web server and field level devices installed in an architecture that
consists of two layers, the TCP/IP layer and the field bus layer.

The TCP/IP layer connects all of the buildings to the LAN and then interconnects
all the buildings on a WAN or wide area network. Fixed IP addresses for
connections to the LAN or local area network shall be used for each device
(except workstations) that connects to the LAN or local area network

Connection points for the system servers, operator workstations, data server and
web server shall be at the IP layer of the system architecture.

The system architecture shall include an IP to LON third party, configurable,
“Loytec EIA 709/IP Network Translator” or LONmark certified Building Controller
of comparable functional capabilities to connect a field bus to the LAN. A
building control system shall have one or more IP connections to the LAN based
on the number of connected devices and wiring considerations.

For the new building control systems, each LON field bus shall consist of one
channel with no more than 79 connected devices. If there are more than 39
connected devices, the channel shall be divided into two segments separated by
a physical layer, configurable “Echelon Repeater/Router” or approved equal of
comparable functional capabilities.

For the new building control systems, the programmable process controllers,
supervisory logic controllers, application specific devices and protocol translators
shall be installed on the field busses.

2.2 NETWORKING

A

IP NETWORK: All new devices that connect to the LAN shall be capable of
operating at 100 megabits per second or 1000 megabits per second. A legacy
device connection speed of 10 megabits shall be accommodated on a case-by-
case basis.

FIELD BUS:

1. The field busses shall be FTT-10A operating at 78 kilobits per second.

2. The wiring of components shall use (a preferred choice of) a properly
terminated bus or daisy chain. Free topology networks (not a preferred
choice) need exception pre-approvals from the BAS-IP team at the time
of submittal.
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2.3

A

3.

1.

2.

1.

The wiring type and length limitations shall conform to Echelon’s Junction
Box and Wiring Guideline for Twisted Pair LonWorks Networks.

IP TO FIELD BUS ROUTER

These devices shall perform layer 3 routing of ANSI/EIA 709.1B packets
onto the IP network.

These devices shall be configurable locally without the use of the IP
network (local cross over cable connection is acceptable) and
configurable via the IP network.

These devices shall be configurable as routers such that only data
packets from the field bus devices that need to travel over the IP level of
the architecture are forwarded.

BUILDING CONTROLLER

These devices shall be configurable as routers such that only data
packets from the field bus devices that need to travel over the IP level of
the architecture are forwarded.

These devices shall provide the following support for the field bus devices
that are connected below the building controller.

a. Time schedules
b. Trend logging
C. Alarm message generation and handling

These devices may provide supervisory logic support for the field bus
devices that are connected below the building controller.

These devices may have physical inputs and outputs and provide process
control for systems using these inputs and outputs.

If a building controller has physical inputs and outputs, it shall also comply
with all of the requirements for programmable process controllers.

PHYSICAL LAYER REPEATERS (PLR)

PON=

PLRs are required to connect two segments to create a channel.

The design of the PLRs shall conform to LONmark standards.

LON to LON routers configured as repeaters may be used as a PLR.
Physical layer repeaters shall be installed in an enclosure. The enclosure
may be in an interstitial space.

FIELD BUS DEVICES

GENERAL REQUIREMENTS

1.

Devices shall incorporate a service pin which, when pressed, will cause
the device to broadcast its 48 bit node ID and its program ID over the
network. The service pin shall be distinguishable and accessible.

Devices shall have a light indicating that they are powered.

Devices shall incorporate a TP/FT-10A transceiver in accordance with
ANSI/EIA 709.3 and connections for TP/FT control network wiring.
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Devices shall be locally powered. Link powered devices are not
acceptable.

Application programs shall be stored in a manner such that a loss of
power does not result in a loss of the application program or configuration
parameter settings.

B. PROGRAMMABLE PROCESS CONTROLLERS (PPC)

1.

The key characteristics of a PPC are:

a.

They have physical input and output circuits for the connection of
analog input devices, binary input devices, pulse input devices,
analog output devices and binary output devices. The number
and type of input and output devices supported will vary by model.
They may or may not provide support for additional input and
output devices beyond the number of circuits that are provided on
the basic circuit board. Support for additional /0 may be by
additional circuit boards that physically connect to the basic
controller or by a stand alone device that communicates with the
basic controlier via the FTT-10A field bus.

The application to be executed by a PPC is created by an
application engineer using the vendor’s application programming
tool.

PPCs will support embedded time schedules. When time
schedules are not embedded in a PPC, an occupancy command
shall be an input network variable when time based control is
required by the sequence of control

PPCs will support trend data storage with periodic upload to the
data server. When trend data storage is not supported, the
variables to be trended shall be broadcast over the field bus to
another device that does support embedded trend data storage.
PPCs will support the initiation of an alarm message to the system
server. When alarm message initiation is not supported, binary
alarm indication variables shall be broadcast over the field bus to
another device that does support the initiation of alarm messages
to the system server.

Analog Input Circuits

a.

The electrical signals from analog sensors shall be processed by
an analog to digital (A/D) converter chip. The output of the A/D
chip shall then be processed mathematically to produce data
within the controlier that has the required engineering units.

The resolution of the A/D chip shall not be greater than 0.01 Volts
per increment. For an A/D converter that has a measurement
range of 0 to 10 VDC and is 10 bit, the resolution is 10/1024 or
0.00976 Volts per increment.

For non-flow sensors, the control logic shall provide support for
the use of a calibration offset such that the raw measured value is
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added to the (+/-) offset to create a calibration value to be used by
the control logic and reported to the Operator Workstation (OWS).

d. For flow sensors, the control logic shall provide support for the use
of an adjustable gain and an adjustable offset such that a two
point calibration concept can be executed (both a low range value
and a high range value are adjusted to match values determined
by a calibration instrument).

e. For non-linear sensors such as thermistors and flow sensors the
PPC shall provide software support for the linearization of the
input signal.

Binary Input Circuits

a. Dry contact sensors shall wire to the controller with two wires.
b. An external power supply in the sensor circuit shall not be
required.

Pulse Input Circuits

a. Pulse input sensors shall wire to the controller with two wires.

b. An external power supply in the sensor circuit shall not be
required.

c. The pulse input circuit shall be able to process up to 50 pulses per
second.

True Analog Output Circuits

a. The logical commands shall be processed by a digital to analog
(D/A) converter chip. The 0% to 100% control signal shall be
scalable to the full output range which shall be either 0 to 10 VDC,
4 to 20 milliamps or 0 to 20 milliamps or to ranges within the full
output range (Example: 0 to 100% creates 3 to 6 VDC where the
full output range is 0 to 10 VDC).

b. The resolution of the D/A chip shall not be greater than 0.04 Volts
per increment or 0.08 milliamps per increment.

Pulse Width Modulation Outputs with PWM transducers

a. The controller shall be able to generate incremental pulses as
small as 0.1 seconds.

Binary Output Circuits

a. Single pole single throw or single pole double throw relays with
support for up to 230 VAC and a maximum current of 2.5 amps.

b. Voltage sourcing or externally powered Triacs with support for up

to 30 VAC and 0.8 amps.

Program Execution
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Process control loops shall operate in parallel and not in sequence
uniess specifically required to operate in sequence by the
sequence of control.

The sample rate for a process control loop shall be adjustable and
shall support a minimum sample rate of 1 second.

The sample rate for process variables shall be adjustable and
shall support a minimum sample rate of 1 second.

The sample rate for algorithm updates shall be adjustable and
shall support a minimum sample rate of 1 second.

The application shall have the ability to determine if a power cycle
to the controller has occurred, and the application programmer
shall be able to use the indication of a power cycle to modify the
sequence of control immediately following a power cycle.

9. Local Interface: The controller shall support the connection of a portable
interface device such as a laptop computer or vendor unique hand-held
device. The ability to execute any tasks other than viewing data shall be
password protected. Via this local interface, an operator shall be able to:

a.
b.

c.
d.
e.

Adjust application parameters.

Edit time schedule parameters if time schedules are embedded in
the controller.

Execute manual control of input and output points.

View dynamic data.

View alarm messages if alarm messaging is embedded in the
controller.

10. Each PPC shall have a network interface port that allows for an external
device to connect to the FTT-10A network by plugging into the port. This
port shall be built into the controller.

C. SUPERVISORY LOGIC CONTROLLERS (SLC)

1. The key characteristics of an SLC are:

a.

The application to be executed by as SLC is created by an
application engineer using the vendor’s application programming
tool.

SLCs will support embedded time schedules. When time
schedules are not embedded in a SLC, an occupancy command
shall be an input network variable when time based control is
required by the sequence of control.

SLCs will support trend data storage with periodic upload to the
data server. When trend data storage is not supported, the
variables to be trended shall be broadcast over the field bus to
another device that does support embedded trend data storage.
SLCs will support the initiation of an alarm message to the system
server. When alarm message initiation is not supported, binary
alarm indication variables shall be broadcast over the field bus to
another device that does support the initiation of alarm messages
to the system server.
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2. Program Execution

a. Control algorithms shall operate in parallel and not in sequence
unless specifically required to operate in sequence by the
sequence of control.

b. The sample rate for algorithm updates shall be adjustable and
shall support a minimum sample rate of 1 second.
C. The application shall have the ability to determine if a power cycle

to the controller has occurred and the application programmer
shall be able to use the indication of a power cycle to modify the
sequence of control immediately following a power cycle.

3. Local Interface: The controller shall support the connection of a portable
interface device such as a laptop computer or vendor unique hand-held
device. The ability to execute any tasks other than viewing data shall be
password protected. Via this local interface, an operator shall be able to:

a. Adjust application parameters.
b. Edit time schedule parameters if time schedules are embedded in

the controller.

C. Execute manual control of input and output network variables.
d. View dynamic data.
e. View alarm messages if alarm messaging is embedded in the
controller.
4, Each SLC shall have a network interface port that allows for an external

device to connect to the FTT-10A network by plugging into the port. This
port shall be built into the controller.

5. Programmable process controllers with un-used I/O may be used as
supervisory logic controllers provided they meet all other requirements.
6. Supervisory logic controllers shall have support a minimum of 200 input

network variables and 70 output network variables.

a. The SNVT for each of the 200 input network variables shall be

selectable.

b. The SNVT for each of the 70 output network variables shall be
selectable.

C. For the input and output network variables there shall not be any

limitations as to the SNVT selected. (Example: SNVT_temp_p
can only be used on 10 input network variables.)

D. APPLICATION SPECIFIC DEVICES (ASD)

1. ASD shall have fixed function configurable applications.

2. If the application can be altered by the vendor’s application programming
tool, the device shall be considered a programmable controller and not an
application specific device.

3. All input and output network variables shall be formatted with SNVTs.

4, All input configuration parameters shall be formatted with SNVTs or
SCPTs. If UNVTs or UCPTs are used, the device resource files that
allow these custom parameters to be read shall be provided to the owner.
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5. The network interface shall conform to the LonMark profile for the
application provided by the ASD.

6. Each ASD shall have a network interface port that allows for an external
device to connect to the FTT-10A network by plugging into the port. This
port shall be built into the controller.

E. PROTOCOL TRANSLATORS

1. Protocol translators are required to interface third party equipment items
such as chillers, boilers, power monitoring equipment, etc. to the new
control system via the FTT-10A field bus.

2. Protocol translators shall convert the BACnet, Modbus or proprietary
variables to/from the third party device to network variables that use
SNVTs.

3. The application in a protocol translator shall include minimum send time

and send on delta parameters for each reported variable to avoid data
storms from the protocol translator.

24  DATA SERVERS, WEB SERVERS, DDC SYSTEM SERVERS AND

WORKSTATIONS
A Hardware Requirements
1. General: The following minimum requirements apply to the system

servers, data server, web server, operator workstations and appliances.

a. Intel Duo Core Processors with 8 GB of RAM
b. 64 Bit Operating System
C. Hewlett Packard or Dell Rack Mounted Server with Remote
Workstation only
d. Intel Motherboard only
e. Serial Port, Parallel Port and 4 USB ports
f. 10/100/1000 MBPS Ethernet NIC
g. >320GB Hard Disk Drives
h. Mirroring Hard Disk Drives (Redundant Array Independent Disks)
i. DVD-RW Drive
j- High resolution (minimum 1280 by 1024), >23.9 inch flat panel
wide screen display
k. Optical mouse and full function keyboard
l. Audio sound card and speakers
m. Surge Protector / UPS with Powerchute manufactured by
American Power Conversion Corporation. (APC). (No
substitution)
B. Software Requirements
1. General:  The following software with license agreements shall be
provided.
2. System Servers
a. Microsoft Windows Server 2003 operating system
DIRECT DIGITAL CONTROLS

230900-17




2.5

A

b. Microsoft Office 2003 Professional Edition

c. DDC System Server Application, latest revision
d. Any other software required to deliver the specified performance.
3. Data Servers
a. Microsoft Windows 2003 Server Operating System.
b. Microsoft SQL 2005
C. Microsoft Office 2003 Professional Edition
d. Echelon LonMaker Turbo
4. Web Server
a. Microsoft Windows 2003 Server Operating System OR an
embedded web server.
5. Operator Workstations
a. Microsoft Windows Vista Professional Operating System
b. Microsoft Office 2003 Professional Edition
C. DDC System Operator Workstation Application(s) , latest revision
d. Any other software required to deliver the specified performance.
e. Echelon LonMaker Turbo
DDC SYSTEM SOFTWARE

System Servers: Software to provide the following functionality makes up the
DDC System Server Application Software.

1.

The system server shall manage the collection of data from a specific set
of hardware devices and make that data available to the operator
workstations and web server.

The system server shall manage the uploading of trend log data and
transfer of this data to the data server.

For large systems with multiple system servers, each managing a portion
of the hardware environment, a system server shall be able to send and
receive data from other system servers that are part of the total system.
Example: A demand control command from a controller under System
Server # 1 is uploaded by System Server # 1 and then passed to System
Server # 2 over the IP. System Server # 2 shall then pass the demand
control command down to the controller where the command is required
to execute the sequence of control.

The system architecture shall support up to 50 system servers.

The system server shall receive alarm messages from the hardware
environment and distribute these messages to alarm files, printers, and
email accounts as programmed. The received alarm shall cause trend
data to be collected and reports to be automatically generated. Operator
workstation software does not have to be running for these actions to take
place.
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6. The system server shall manage the execution of scheduled reports.
Operator workstation software does not have to be running for reports to
be written to the hard disk.

7. The system server software shall run as a service under the operating
system for automatic start up after a power cycle of the system server
computer.

Operator Workstations: Software to provide the following functionality makes up
the DDC System Operator Workstation Application Software.

1. Data Presentation: Data shall be presented in the following formats.

a. Points lists with dynamic presentation of data. The operator shall
be able to create custom point lists with data that originates from
multiple devices. A point may be dynamic data from a controiler
or a configuration parameter to be written to a controller by the
BAS operator.

b. Graphic pages with dynamic presentation of data on a visual
diagram that represents a building, a floor plan, a cross section of
a mechanical system or a table of data.

C. Graphical presentation of historical trend log data plotted against
time.
d. Graphical presentation of real time trend data plotted against time.
e. Alarm Presentation
1) Uniess restricted by a reduction in viewing authority, an

operator shall be able to view alarms for all systems in a
single alarm list.

2) Custom alarm views configured for select categories of
alarms shall present only the alarms specified.
3) Alarm messages shall include identifying information and

the signal value or state at the time of the alarm.

f. Event Presentation

1) Unless restricted by a reduction in viewing authority, an
operator shall be able to view an event log that
chronologically captures all activity created by the system
and operator actions.

2) Custom event views for select categories of events shall
present only the events specified.

g. Time Schedules

1) Each time schedule shall have the ability to issue a
minimum of 42 start and 42 stop commands for the week.
The requirements for start and stop commands may be
different for each day of the week.

2) Each time schedule shall also include a holiday component
where a holiday is identified by the date and duration (one
day, two days, etc.). The time schedule shall support a
unique set of start and stop commands for each holiday.
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2.

The time schedule shall support a minimum of 36 holidays
per year. Holiday schedules shall take precedence over
standard schedules during the holiday period. Holidays
that are date specific shall roll over from year to year
without operator programming action.

3) There shall be a mechanism to link a master time schedule
editor at an OWS to multiple time schedules in various
ATS devices (or Building Controllers). Once linked,
whenever the master time schedule is changed at an
OWS, the new time schedule parameters shall be
automatically downloaded to all of the linked time
schedules. This concept shall apply to both standard
schedules and holiday schedules.

h. The system shall support a configuration that:

1) Causes the system to go into standby mode (user is
logged out but the current screen is still displayed) after a
specific period of inactivity.

2) Causes an automatic system logout after a specific period
of inactivity.

Data Source

a. A BAS service provider operator workstation shall present data
from all of the system servers.
b. The system architecture shall allow a minimum of 1 BAS operator

workstations and 4 LCD monitoring screen stations per system if
so specified on the drawings.

Operator Access And Privileges

a. There shall be a minimum of four privilege levels
1) BAS System Administrator
a) No limitations

b) Only level that can assign or delete users and
assign or modify privileges.

2) BAS Engineer

a) View data in any format.

b) Acknowledge alarms.

c) Inhibit alarms.

d) Exercise control actions.

e) Edit the presentation of data.

f) Modify the system.
3) BAS Operator

a) View data in any format.
b) Acknowledge alarms.

DIRECT DIGITAL CONTROLS
230900-20




c) Exercise control actions.
4) BAS Viewer

a) View data in any format.

The level assigned to a specific user shall be the maximum level
that can be used any where in the system. The software shall
provide the capability to reduce a user’s level from his or her
maximum level to a lower level on a per building or system basis.
Signing on to the system shall require a user name and password.
When the password is typed in, it shall not be shown on the
screen.

The system shall have the capability of using Windows NT
Security logons in lieu of DDC system logons.

The software shall provide the capability to establish groups of
users with the same privileges. Once assigned to the group, the
user shall automatically have the maximum privileges and the
selectively reduced privileges assigned to the group.

The software shall provide the capability to set user proflles that
enable assigning a specific home graphic page, alarm view, and
event view.

BAS OPERATOR ACTIONS

a.

Given the appropriate authority, an BAS operator from an operator
workstation shall be able to:

1) View all data that is presented in the forms described
previously.

2) Acknowledge alarms.

3) Manually control both physical input and physical output
points.

4) Edit both independent and master time schedules.

5) Initiate real time trend logging.

6) Manually initiate reports.

7) Initiate system backups for the database and trend log
data.

8) Customize the layout of the operator workstation

presentation which shall then be the default for that user.

The BAS operator shall be able to execute the above tasks on
data from any of the system servers via a single workstation.

The system shall support the use of Electronic Signature system
wide or on selective tasks (change of values, manual control,
trend initiation, etc.)

Al of the BAS operator workstations shall be operable
simultaneously. {You will want a license for each operator
workstation so that all of the workstations can be used at the
same time.}
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5. Engineering Actions.

a. The software shall, as a minimum, enable the following
engineering functions from each of the operator workstations. If
the task is followed by the annotation (#) where # is a number, the
task must be executable from any combination of the workstations
up to that number of workstations simultaneously.

1) Create graphic pages for the presentation of dynamic data
on visual images of buildings or equipment (2).

2) Create reports for the presentation of historical data in an
organized format (2).

3) Create time schedules (2).

4) Create trend logs in any of the field level devices and

assign a dynamic variable from a field bus device to be
trended (2).

5) Setup long term storage of trend log data on the data
server computer and the automatic transfer of the trend log
data to the data storage tables in the SQL database (2).

6) Create alarm objects in any of the field level devices,
assign an alarm variable from a field bus device to initiate
the alarm and set up the alarm routing (2).

7) Configure and bring on-line a newly installed IP to LON
router in support of an initial or incrementally added
building control system (2).

8) Configure and bring on-line a newly installed field level
devices in support of an initial or incrementally added
building control system (2).

9) Create and download applications for programmable
devices (2).

10) Download firmware updates to field level devices.

11) Import all field level devices into the system so that all
input network variables, output network variables and
adjustable application parameters can be accessed from
any of the operator workstations (2).

12) Bind variables from one field level device to a second field
level device (2).

13) Bind data from a field bus device under one IP connection
to a field bus controller under a different IP connection (2).

14) Configure the system to create backups of the database
and all application and supporting databases on a
scheduled basis (2).

15) Setup user groups and individual users and establish
authority levels for each group and individual user (2).

16) Any additional tasks defined later in this document or
required to deliver a fully functional system.

C. Web Server Software

1. This software shall enable BAS operators to access the system from
remote computers using only Microsoft Internet Explorer.” The software

DIRECT DIGITAL CONTROLS
230900 -22




shall allow for a minimum of three (3) Once connected to the system, the
operators shall be able to execute the following tasks.

a.

S@ e 00T

View dynamic data in a real time environment in both point list
format and in a graphical page format.

View and acknowledge alarms.

Adjust time schedule parameters.

View historical trend data in table and graph formats.

View dynamic real time trends in graph format.

Run established reports.

Manually adjust application parameters.

Manually override physical inputs (sensor values) and force a
specific value as an input to control logic.

Manually override physical outputs (end devices) and force a
specific value regardless of the command from the controt logic.

Enforced acknowledgement/response and electronic signature features
shall apply to web delivered information.

D. Graphic Page Creation And Editing

1.

The Graphics Editor portion of the Engineering Software shall provide the
following minimum capabilities:

¥ "0TvOS>
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Create and save symbols.

Create and save pages.

Group and ungroup symbols.

Modify an existing symbol.

Modify an existing graphic page.

Rotate and mirror a symbol.

Place a symbol on a page.

Place analog dynamic data in decimal format on a page.
Place binary dynamic data using state descriptors on a page.
Create motion through the use of gif files.

Place test mode indication on a page.

Place manual mode indication on a page.

Place links using a fixed symbol or flyover on a page.

1) Links to other graphics.

2) Links to web sites.

3) Links to notes.

4) Links to time schedules.

5) Links to any .exe file on the operator work station.

6) Links to .doc files.

Assign a background color.

Assign a foreground color.

Place alarm indicators on a page.

Change a symbol color as a function of an analog variable.
Change a symbol color as a function of a binary state.
Change symbols as a function of a binary state.
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t. All symbols used by the contractor in the creation of graphic
pages shall be saved to a library file for use by the owner.

Event Logging

1.

2.

oo h

The BAS system shall maintain a log of all operator activity, system
messages, alarms and alarm acknowledgments.

Operator activity is defined as any action by an operator such as
changing the value of an application parameter, modifying a program,
acknowledging an alarm, logging on, logging off, etc. Any change in the
system caused by operator action shall be part of the log. The log shall
include the event, the time of the event, the part of the system affected
and an identification of the BAS operator and the OWS from which the
change was made.

When the event deals with a value change, both the original and new
values shall be part of the event record.

The Event Log shall be exportable to a report format that is printable.

The System Administrator shall be able to archive the event log.

The event data log shall be capable to comply with FDA CFR 21 - Part 11
requirements for data integrity.

The Event Log shall have a search function with assignable criteria to
identify subsets of the event log such as all points placed under manual
control, etc.

Alarm Generation And Processing

1.

Alarm creation is a two part process. The creation of a binary alarm
indication is accomplished in a field level device where a binary state of
zero shall indicate a normal condition and a binary state of one shall
indicate an alarm condition. The binary alarm condition is read within a
PPC, SLC, AH Device or Building Controller. The PPC, SLC, AH device
or Building Controller shall assign a descriptive message, a category or
priority number and a date and time stamp to the alarm and forward the
information to the system server in accordance with an alarm routing
table.

Alarm parameters such as high limits, low limits, time to state, binary
alarm conditions are setup within the programming of the field level
devices. These parameters shall be viewable and editable in point lists
and on configuration graphic pages.

The BAS alarm message shall be descriptive.

Building identification
System identification
Device identification
Date

Time to the second
Nature of the alarm

~0oo0Tp

1) High value
2) Low value
3) Fail to start
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g. Value or state at the time of the alarm.

When the BAS operator acknowledges the alarm, there shall be an
opportunity to enter a message that becomes a permanent part of the
alarm record recorded in the event log.

The system shall support the association of graphic pages, trend charts,
reports and text documents with specific alarms.

a. The BAS operator shall have the ability to configure the system to
auto-launch a specific graphic page when the alarm occurs.

b. The system shall support the assignment of wav files to alarm
signals on graphic pages.

C. The BAS operator shall have the ability to launch a specific trend

chart from the alarm window when the alarm occurs.

d. The BAS operator shall have the ability to launch a specific text
document when the alarm occurs.

e. An associated report shall automatically execute and write to the
hard disk on the OWS when the alarm occurs. Configurations
options shall include overwriting the previous report or creating a
new file.

The BAS system shall use selectable multiple colors on alarm messages
for each of the following conditions:

a. Alarm condition exists and has not been acknowledged

b. Alarm condition has returned to normal but was never
acknowledged

c. Alarm condition exists and has been acknowledged.

When an BAS alarm condition no longer exists and has been
acknowledged, it shall no longer be displayed in the alarm viewer but it
shall be permanently recorded in the event list.

The Alarm Routing Table shall support the following:

a. Multiple operators (based on OWS login) at any time.

b. Specific operators (based on OWS login) at particular times (to
include always as a choice).

C. Pagers

d. Email addresses via simple mail transfer protocol (SMTP; RFC
821)

Permanent comprehensive system wide alarm file

Specific alarm file based on a building or equipment identification
One or more alarm printers at any time

Specific alarm printers at specific times

Rerouting of alarms to a backup receiver when an
acknowledgement has not been entered into the system within a
specified time.

~TQ "o

The system shall have a default audible indicator generated by the
computer when an alarm is received.
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