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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS FOR HVAC
TIPS:
To view non-printing Editor's Notes that provide guidance for editing, click on MasterWorks/Single‑File Formatting/Toggle/Editor's Notes.
To read detailed research, technical information about products and materials, and coordination checklists, click on MasterWorks/Supporting Information.

Use this Section if Project is in an area subject to seismic and/or wind forces. Use Section 230548.13 "Vibration Controls for HVAC" for Projects not in a seismic area.

Revise this Section by deleting and inserting text to meet Project-specific requirements.

This Section uses the term "Architect." Change this term to match that used to identify the design professional as defined in the General and Supplementary Conditions.

Verify that Section titles referenced in this Section are correct for this Project's Specifications; Section titles may have changed.

PART 1 -  GENERAL

1.1 RELATED DOCUMENTS

Retain or delete this article in all Sections of Project Manual.

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:

1. Elastomeric isolation pads.

2. Elastomeric isolation mounts.

3. Restrained elastomeric isolation mounts.

4. Open-spring isolators.

5. Restrained-spring isolators.

6. Pipe-riser resilient supports.

7. Resilient pipe guides.

8. Air-spring isolators.

9. Restrained-air-spring isolators.

10. Elastomeric hangers.

11. Spring hangers.

12. Spring and neoprene hangers.

13. Thrust restraints.

14. Snubbers.

15. Restraint channel bracings.

16. Restraint cables.

17. Seismic-restraint accessories.

18. Mechanical anchor bolts.

19. Adhesive anchor bolts.

20. Vibration isolation equipment bases.

21. Flashable isolation roof-curbs.

22. Flashable non-isolated roof curbs.
23. Flashable isolated rails.

24. Flashable non-isolated rails.

25. Elastomeric and braided wire piping flexible connectors.
B. Related Requirements:

Retain subparagraphs below to cross-reference requirements Contractor might expect to find in this Section but are specified in other Sections.

1. Section 033000 "Cast-in-Place Concrete" for vibration isolation equipment bases and foundations, and installing anchor bolts.
2. Section 055000 "Metal Fabrications" for miscellaneous steel framing and supports for mechanical and electrical equipment.
3. Section 210548 "Vibration and Seismic Controls for Fire Suppression" for devices for fire-suppression equipment and systems.

4. Section 220548 "Vibration and Seismic Controls for Plumbing" for devices for plumbing equipment and systems.

5. Section 230529 "Hangers and Supports for HVAC Piping and Equipment" for metal framing systems and equipment supports.

6. Division 23 Sections for packaged HVAC units which are specified with vibration isolation and seismic-restraints designed to withstand the effects of earthquake motions.

1.3 DEFINITIONS

Retain terms that remain after this Section has been edited for a project.

A. IBC: International Building Code.

B. ICC-ES: ICC-Evaluation Service.

C. OSHPD: Office of Statewide Health Planning & Development (for the State of California).

1.4 COORDINATION

A. The manufacturer of vibration and seismic control devices will determine vibration isolation and seismic restraint sizes and locations, furnish the specified vibration isolation and seismic and wind restraints, guarantee isolation system deflections, furnish installation instructions and drawings, and provide field supervision to review the installation and performance of systems.

B. Coordinate selection of vibration isolation and seismic restraint sizes and locations with the seismic control device manufacturer.  Deliver such items to Project site in time for installation.

C. Coordinate the specified isolation system deflections with the manufacturer's published values, manufacturer's field services, and field quality control reports. 
D. Coordinate the preparation of manufacturer's installation instructions and drawings.  Distribute such items to ensure proper installation and performance of systems.

1.5 ACTION SUBMITTALS

A. Product Data: For each type of product.

1. Include rated load, rated deflection, and overload capacity for each vibration isolation device.

2. Illustrate and indicate style, material, strength, fastening provision, and finish for each type and size of vibration isolation device and seismic-restraint component required.

3. Provide catalog cuts or data sheets on specific vibration isolators and restraints to be utilized, detailing compliance with this specification.  Reference the type and drawing designation to match products section.

4. Include itemized lists of isolated and non-isolated equipment, including detailed schedules showing isolators, seismic and wind restraints, proposed for each piece of equipment, referencing materials, and seismic and wind calculation drawing numbers.

See Evaluations for a discussion on seismic-restraint capacities and rating services.

a. Tabulate types and sizes of seismic restraints, complete with report numbers and rated strength in tension and shear as evaluated by [an evaluation service member of ICC-ES] [OSHPD] [an agency acceptable to authorities having jurisdiction] computer modeling, physical test data, or certified calculations.

b. Annotate to indicate application of each product submitted and compliance with requirements.

5. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined loads.

In the subparagraph below, packaged HVAC equipment furnished with internal or external seismic restraints, designed to withstand the effects of earthquake motions, located inside the building (not including exterior rooftop equipment), in lieu of the isolation and restraints specified in this section, is acceptable when the conditions of this section are met.  The packaged equipment manufacturer is responsible for demonstrating compliance.  Letters from field offices or representatives are not sufficient for demonstrating the compliance of the manufactured HVAC unit.
6. Delegated-Design Submittal for Packaged HVAC Units: For vibration isolation and seismic restraints indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

a. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.

b. Design Calculations: Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.

B. Shop Drawings:

Requiring shop drawings provides a record of distributed system restraint locations and is invaluable if inspections are required.  Any fan with a thrust in excess of 10% of its weight, that is flexibly connected to associated ductwork, should be provided with thrust restraints to prevent overextension and failure of the flexible connector.  Thrust restraints are not required if both the fan and the duct are positively attached to the structure on both sides of the flex connector.

1. Detail fabrication and assembly of equipment bases. Detail fabrication including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.

2. Vibration Isolation Base Details: Detail fabrication including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.

3. Provide specific details of seismic and wind restraints and anchors; include number, size and locations for each piece of equipment.

4. Mark up coordinated shop drawings with the specific locations, types, sizes, and orientations of pipe and duct seismic restraints.

5. For ceiling suspended equipment, design restraints for a minimum installation angle of 30 degrees from vertical.  Indicate maximum allowable installation angle, and allowable braced/unbraced rod lengths, for each installation condition.

6. Calculate thrust for fan heads, axial fans, and centrifugal fans to determine if thrust restraints are required.  See the Equipment Installation article.

Retain "Delegated-Design Submittal" Paragraph below if design services have been delegated to Contractor.

C. Delegated-Design Submittal: For each seismic-restraint device.

1. Satisfactory certificates of insurance in the amount and types required by statute, but not less than the following:

Owner and Owner's insurance counsel should provide requirements related to scope of required Contractor insurance.  Coordinate these requirements with Document 001153 "Request for Qualifications".
a. Professional design errors and omissions insurance endorsement for delegated design by Contractor's professional engineer.

2. Include design calculations and details for selecting seismic restraints complying with performance requirements, design criteria, and analysis data signed and sealed by the qualified professional engineer responsible for their preparation.

a. Qualified Professional Engineer:  Licensed to practice structural engineering in the state which the project is located.

3. Design Calculations: Calculate static and dynamic loading due to equipment weight, operation, seismic and wind forces as required.

a. Coordinate design calculations with wind load calculations required for equipment mounted outdoors. Comply with requirements in other Sections for equipment mounted outdoors.

4. Riser Supports: Include riser diagrams and calculations showing anticipated expansion and contraction at each support point, initial and final loads on building structure, spring deflection changes, and seismic loads. Include certification that riser system was examined for excessive stress and that none exists.

Retain "Seismic and Wind Restraint Details" Subparagraph below only if seismic design requirements apply but calculations have not been made and details or charts on Drawings do not describe seismic restraints in detail. Retaining subparagraph requires Contractor to submit seismic-restraint delegated-design Drawings prepared by a professional engineer. Revise to suit local requirements.

5. Seismic and Wind Restraint Details:

a. Design Analysis: To support selection and arrangement of seismic and wind restraints. Include calculations of combined tensile and shear loads.

b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to the restrained items and to the structure. Show attachment locations, methods, and spacings. Identify components, list their strengths, and indicate directions and values of forces transmitted to the structure during seismic events. Indicate association with vibration isolation devices.

Retain first subparagraph below if Project includes equipment mounted outdoors.

c. Coordinate seismic-restraint and vibration isolation details with wind-restraint details required for equipment mounted outdoors. Comply with requirements in other Sections for equipment mounted outdoors.

d. Preapproval and Evaluation Documentation: By [an evaluation service member of ICC-ES] [OSHPD] [an agency acceptable to authorities having jurisdiction], computer modeling, physical test data, or certified calculations showing maximum ratings of restraint items.

1.6 INFORMATIONAL SUBMITTALS

Retain "Coordination Drawings" Paragraph below for situations where limited space necessitates maximum utilization for efficient installation of different components or if coordination is required for installation of products and materials by separate installers. Coordinate paragraph with other Sections specifying products listed below. Preparation of coordination drawings requires the participation of each trade involved in installations within the limited space.

A. Coordination Drawings: Show coordination of vibration isolation device installation and seismic bracing for HVAC piping and equipment with other systems and equipment in the vicinity, including other supports and restraints, if any.

Coordinate "Qualification Data" Paragraph below with qualification requirements in Section 014000 "Quality Requirements" and as may be supplemented in "Quality Assurance" Article.

B. Qualification Data: For [professional engineer] [and] [testing agency].

Retain "Welding certificates" Paragraph below if retaining "Welding Qualifications" Paragraph in "Quality Assurance" Article.

C. Welding certificates.

Retain option in "Air-Mounting System Performance Certification" Paragraph below if authorities having jurisdiction require independent testing.

D. Air-Mounting System Performance Certification: Include natural frequency, load, and damping test data[ performed by an independent agency].

Retain "Field quality-control reports" Paragraph below if Contractor is responsible for field quality-control testing.

E. Field quality-control reports.

1.7 CLOSEOUT SUBMITTALS

Retain this article for restrained air-spring isolators.

A. Operation and Maintenance Data: For [air-spring mounts] [and] [restrained-air-spring mounts] to include in operation and maintenance manuals.

1.8 QUALITY ASSURANCE

If an independent testing agency is required, see Section 014000 "Quality Requirements" for general testing and inspecting agency qualification requirements. If additional control is needed, retain "Testing Agency Qualifications" Paragraph below to specify 29 CFR 1910.7. 29 CFR 1910.7 defines "NRTL" (nationally recognized testing laboratory) as it applies to testing and inspecting for safety, and lists, labels, or accepts equipment and materials that comply with certain OSHA criteria.

Retain "Testing Agency Qualifications" Paragraph below if Contractor selects testing agency or if Contractor is required to provide services of a qualified testing agency in "Field Quality Control" Article.

A. Testing Agency Qualifications: An independent agency, with the experience and capability to conduct the testing indicated, that is an NRTL as defined by OSHA in 29 CFR 1910.7 and that is acceptable to authorities having jurisdiction.

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

1. Comply with codes in effect at the project location for seismic and wind restraint requirements, as enforced by authorities having jurisdiction.

Retain "Welding Qualifications" Paragraph below if shop or field welding is required. If retaining, also retain "Welding certificates" Paragraph in "Informational Submittals" Article.

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

D. 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, computer modeling, physical test data, certified calculation, 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 unavailable, 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.

1.9 PERFORMANCE REQUIREMENTS FOR INTERIOR PACKAGED HVAC EQUIPMENT 

Coordinate the requirements of this Section with the Division 23 section where the HVAC equipment is specified.
A. Packaged HVAC equipment furnished with internal or external seismic restraints, designed to withstand the effects of earthquake motions, located inside the building (not including exterior rooftop equipment), in lieu of the isolation and restraints specified in this section, is acceptable when the conditions of this section are met.  The packaged equipment manufacturer is responsible for demonstrating compliance.  Letters from field offices or representatives are not sufficient for demonstrating the compliance of the manufactured HVAC unit.
Retain first paragraph below if Contractor is required to assume responsibility for design.

B. Delegated Design: Design vibration isolation and seismic-restraint details, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.

Retain paragraph below with "Seismic Qualification Certificates" Paragraph in "Informational Submittals" Article for projects requiring seismic design. Model building codes and ASCE/SEI 7 establish criteria for buildings subject to earthquake motions. Verify requirements of authorities having jurisdiction.

C. Seismic Performance: Packaged HVAC units located inside the building shall withstand the effects of earthquake motions determined according to [ASCE/SEI 7] <Insert requirement>.

Retain subparagraph below to define the term "withstand" as it applies to this Project. Definition varies with type of building and occupancy and is critical to valid certification. Option is used for essential facilities where equipment must operate immediately after an earthquake.

1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified[ and the unit will be fully operational after the seismic event]."

D. Attachment to Structure: Anchor packaged HVAC units to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members.

PART 2 -  PRODUCTS

See Editing Instruction No. 1 in the Evaluations for cautions about named manufacturers and products. For an explanation of options and Contractor's product selection procedures, see Section 016000 "Product Requirements."

See Evaluations for more detailed information about controlling vibration, additional information on products described in this Section, illustrations, selection guides, and supplements to equipment schedules.

Coordinate specifications for products in this Section with structural engineer and with Drawings.

2.1 PERFORMANCE REQUIREMENTS

Retain "Wind-Restraint Loading" Paragraph below for outdoor equipment.

A. Wind-Restraint Loading:

Obtain values for items in subparagraphs below from Project structural engineer or from ASCE/SEI 7.

1. Basic Wind Speed: <Insert value>.

2. Building Classification Category: [I] [II] [III] [IV].

3. Wind Exposure Category: [B] [C] [D].

4. Minimum 10 lb/sq. ft. (48.8 kg/sq. m) multiplied by maximum area of HVAC component projected on vertical plane normal to wind direction, and 45 degrees either side of normal.

B. Seismic-Restraint Loading:

Obtain values for items in subparagraphs below from Project structural engineer or structural engineering drawings.  For small renovations, with no structural engineer of record, the IBC allows the specifying engineer to use Site Class D provided they have no reason to believe the site class may be E or F (as defined by the IBC with loose soil profile or reclaimed land).  All other required values may be obtained from ASCE/SEI 7 using the assumed site class and mapped data.  If the code at Project site is other than the IBC or NFPA 5000, revise parameters to comply with applicable code.

Specify design spectral response acceleration at short periods (0.2 second) and at 1.0 second based on site class in "Site Class as Defined in the IBC" Subparagraph below. Typical values range from 2 to 200 percent. Design spectral response acceleration is required for seismic force calculations to size seismic restraints. For each seismic restraint, include component importance factor, component response modification factor, and component amplification factor in the HVAC Vibration-Control and Seismic-Restraint Device Schedule on Drawings.

1. Site Class as Defined in the IBC: [A] [B] [C] [D] [E] [F].

In "Assigned Seismic Use Group or Building Category as Defined in the IBC" Subparagraph below, retain Seismic Use Group or Building Category for Project structure from three classifications defined in the IBC.

2. Assigned Seismic Use Group or Building Category as Defined in the IBC: [I] [II] [III].

Factors need to be determined by a structural engineer on a case-by-case basis.  The classifications will be required in order to determine the project seismic classifications.  Specifying maximum values may lead to non-conservative g-forces (response modification factor is inversely proportional to g-force).
3. Design Spectral Response Acceleration at Short Periods (0.2 Second): <Insert number>.

4. Design Spectral Response Acceleration at 1.0-Second Period: <Insert number>.

See Evaluations for a discussion on seismic-restraint capacities and rating services.

5. Rated strengths, features, and applications shall be as defined in reports by [an evaluation service member of ICC-ES] [OSHPD] [an agency acceptable to authorities having jurisdiction].

a. Structural Safety Factor: Allowable strength in tension, shear, and pullout force of concrete anchors shall be in compliance with ACI 318 Appendix D, cracked concrete.  Steel bolts shall be in compliance with AISC Steel Construction Manual.
C. General:

1. Isolation, seismic and wind restraint devices shall accept, without failure, the g-forces and wind load forces, as determined from the variables contained within this section (whichever is greater).

2. Provide corrosion protection for outdoor applications:

a. Cadmium plated, zinc electroplated, or powder coated springs.

b. Galvanized, cadmium plated, or zinc electroplated hardware.

c. Hot dip galvanized, stainless steel, or zinc electroplated for other steel parts.

3. Seismic and wind restraint devices shall maintain the equipment in captive position and not short circuit isolation devices during normal operation.

4. Seismic and wind restraint devices shall have provisions for bolting or welding to the structure.

D. Seismic and Wind Load Data:

1. Compliance with wind and seismic code requirements is not exempt if seismic and wind data provided above is incomplete.  Refer to structural drawings for complete seismic and wind data if required.
2.2 ELASTOMERIC ISOLATION PADS

Copy "Elastomeric Isolation Pads" Paragraph below and re-edit for each product.

The configuration and materials of elastomeric isolation pads depend on the equipment being supported. It is possible to have more than one type of elastomeric isolation pad on the same Project. Insert Drawing designation for each elastomeric isolation pad type required. Use these designations on Drawings to identify each product.

A. Elastomeric Isolation Pads: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia NP or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
2. Fabrication: Single or multiple layers of sufficient durometer stiffness for uniform loading over pad area.

3. Size: Factory or field cut to match requirements of supported equipment.

Verify availability of various pad materials and their properties with manufacturers.

4. Pad Material: Oil and water resistant with elastomeric properties.

5. Surface Pattern:  Smooth, ribbed, or waffle pattern.

Retain first subparagraph below if pad is infused with synthetic fibers.

6. Infused nonwoven cotton or synthetic fibers.

Retain first subparagraph below if galvanized-steel baseplates are adhered to the isolation pad to facilitate load distribution.

7. Load-bearing metal plates adhered to pads.

Retain "Sandwich-Core Material" Subparagraph below if pad has a sandwich-core material.

Copy "Sandwich-Core Material" Subparagraph below and re-edit for each sandwich-core material. Core materials may not be elastomeric. See the "Elastomeric Isolation Pads" Article in the Evaluations for more information.

8. Sandwich-Core Material: [Resilient] [and] [elastomeric] <Insert compound>.

Retain "Surface Pattern" Subparagraph below if the sandwich-core material has a surface pattern.

a. Surface Pattern: [Smooth] [Ribbed] [Waffle] pattern.

Retain subparagraph below if pad is infused with synthetic fibers.  HVAC industry standard is typically neoprene.  Fiber infused neoprene is typically used for bridges and structures.
b. Infused nonwoven cotton or synthetic fibers.

9. Neoprene pads:  Minimum thickness of 0.50-inch (12.7-mm) and a minimum deflection of 0.08-inches (2.0-mm) under load.

10. Load distribution plates are required where equipment bearing surface is less than 75% of pad area.

11. Provide galvanized 1/16-inch (1.6-mm) shim plate between adjacent layers for multiple layers of pad.

12. When bolting is required for seismic[ and wind] compliance, provide neoprene washer and bushings at all anchor locations to prevent short circuiting of pad isolation.

2.3 ELASTOMERIC ISOLATION MOUNTS

Copy "Double-Deflection, Elastomeric Isolation Mounts" Paragraph below and re-edit for each product.

The configuration and materials of elastomeric isolation mounts depend on the equipment being supported. It is possible to have more than one type of elastomeric isolation mount on the same Project. Insert drawing designation for each elastomeric isolation mount type required. Use these designations on Drawings to identify each product.

A. Double-Deflection, Elastomeric Isolation Mounts: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia FMD or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
2. Mounting Plates:

a. Top Plate: Threaded bolting sleeve shall be embedded in top of isolator.
Retain "Baseplate" Subparagraph below if the elastomeric mount being specified has a baseplate.

b. Baseplate: Drilled tie-down bolt holes shall be provided in the steel base plate.

3. Elastomeric Material: Molded, oil-resistant rubber double deflection neoprene compression mountings.

2.4 RESTRAINED ELASTOMERIC ISOLATION MOUNTS

Copy "Restrained Elastomeric Isolation Mounts" Paragraph below and re-edit for each product.

The configuration and materials of restrained elastomeric isolation mounts depend on the equipment being supported. It is possible to have more than one type of restrained elastomeric isolation mount on the same Project. Insert drawing designation for each restrained elastomeric isolation mount type required. Use these designations on Drawings to identify each product.

A. Restrained Elastomeric Isolation Mounts: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia RNM or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
2. Description: Double deflection neoprene compression mountings with all-directional seismic restraints that prevent central threaded element from contacting the housing during normal operation.

a. Housing: Cast-ductile iron or steel.

b. Elastomeric Material: Molded, oil-resistant rubber, neoprene, or other elastomeric material.

c. Mounting shall be designed to resist seismic[ and wind] loading.

2.5 OPEN-SPRING ISOLATORS

Copy "Freestanding, Laterally Stable, Open-Spring Isolators" Paragraph below and re-edit for each product.

The configuration and materials of open-spring isolators depend on the equipment being supported. It is possible to have more than one type of open-spring isolator on the same Project. Insert drawing designation for each open-spring isolator type required. Use these designations on Drawings to identify each product.  Freestanding isolators by definition do not have housings or bolting to structure capacity – bolting capacity and ability to support overload is not applicable to this type of product
A. Freestanding, Laterally Stable, Open-Spring Isolators: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia SM or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
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. Top Plate and Adjustment Bolt: Threaded top plate with adjustment bolt and cap screw to fasten and level equipment.

6. Neoprene Base Pad or Cup: Minimum 1/4-inch (6.4-mm) thick neoprene acoustical base pad or cup.

2.6 RESTRAINED-SPRING ISOLATORS

Copy "Freestanding, Laterally Stable, Open-Spring Isolators with All-Directional Restraints" Paragraph below and re-edit for each product.

The configuration and materials of restrained-spring isolators depend on the equipment being supported. It is possible to have more than one type of restrained-spring isolator on the same Project. Insert drawing designation for each restrained-spring isolator type required. Use these designations on Drawings to identify each product.

A. Freestanding, Laterally Stable, Open-Spring Isolators with All-Directional Restraints: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia RSM or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
2. Housing: Steel housing with vertical-limit stops to prevent spring extension due to weight being removed.

a. Base with holes for bolting to structure with an elastomeric isolator pad attached to the underside. Bases shall limit floor load to 500 psig (3447 kPa).

b. Top plate with threaded mounting holes or threaded studs with nuts and washers.

c. Internal Leveling Bolt:  Isolator housing may act as blocking during installation.

3. Built-in all-directional limit stops with minimum 1/8-inch (3.2-mm) clearance under normal operation.

4. Integral restraining bolts with elastomeric cushions preventing metal-to-metal contact.

5. Internal spring adjusting nut or bolt.

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

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

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

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

2.7 PIPE-RISER RESILIENT SUPPORT

Copy "Description" Paragraph below and re-edit for each product.

The configuration and materials of pipe-riser resilient supports depend on the equipment being supported. It is possible to have more than one type of pipe-riser resilient support on the same Project. Insert drawing designation for each pipe-riser resilient support type required. Use these designations on Drawings to identify each product.

A. Description: All-directional, acoustical pipe anchor consisting of two steel tubes separated by a minimum 1/2-inch- (13-mm-) thick elastomeric material <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia ADA or comparable product by the following:

a. <Insert manufacturer's name>.
2. Vertical-Limit Stops: Steel and neoprene vertical-limit stops arranged to prevent vertical travel in both directions.

3. Maximum Load Per Support: 500 psig (3.45 MPa) on isolation material providing equal isolation in all directions.

2.8 RESILIENT PIPE GUIDES

Copy "Description" Paragraph below and re-edit for each product.

The configuration and materials of resilient pipe guides depend on the equipment being supported. It is possible to have more than one type of resilient pipe guide on the same Project. Insert drawing designation for each resilient pipe guide type required. Use these designations on Drawings to identify each product.

A. Description: Telescopic arrangement of two steel tubes or post and sleeve arrangement separated by a minimum 1/2-inch- (13-mm-) thick neoprene <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia VSG or comparable product by the following:

a. <Insert manufacturer's name>.
Retain "Factory-Set Height Guide with Shear Pin" Subparagraph below where vertical motion due to pipe expansion and contraction is required and clearances are not readily visible.

2. Factory-Set Height Guide with Shear Pin: Shear pin shall be removable and reinsertable to allow for selection of pipe movement. Guides shall be capable of motion to meet location requirements.

2.9 AIR-SPRING ISOLATORS

Copy "Freestanding, Single or Multiple, Compressed-Air Bellows" Paragraph below and re-edit for each product.

The configuration and materials of air-spring isolators depend on the equipment being supported. It is possible to have more than one type of air-spring isolator on the same Project. Insert drawing designation for each air-spring isolator type required. Use these designations on Drawings to identify each product.

A. Freestanding, Single or Multiple, Compressed-Air Bellows: <Insert drawing designation>.

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

a. Firestone Industrial Products Company.

b. Mason Industries, Inc.
c. <Insert manufacturer's name>.
2. Bellows Assembly: Upper and lower powder-coated steel sections connected by a replaceable, flexible, nylon-reinforced neoprene bellows or similar elastomeric material.

3. Maximum Natural Frequency: 3 Hz.

4. Operating Pressure Range: 25 to 100 psig (172 to 690 kPa).

5. Burst Pressure: At least three times manufacturer's published maximum operating pressure.

Retain subparagraph below if air springs are mounted independent of each other and are not supplied by a constant pressure-regulated air supply.

6. Tank valves.

2.10 RESTRAINED-AIR-SPRING ISOLATORS

Copy "Freestanding, Single or Multiple, Compressed-Air Bellows with Vertical-Limit Stop Restraint" Paragraph below and re-edit for each product.

The configuration and materials of restrained-air-spring isolators depend on the equipment being supported. It is possible to have more than one type of restrained-air-spring isolator on the same Project. Insert drawing designation for each restrained-air-spring isolator type required. Use these designations on Drawings to identify each product.

A. Freestanding, Single or Multiple, Compressed-Air Bellows with Vertical-Limit Stop Restraint: <Insert drawing designation>.

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

a. Firestone Industrial Products Company.

b. Mason Industries, Inc.
c. <Insert manufacturer's name>.
2. Housing: Steel housing with vertical-limit stops to prevent spring extension due to weight being removed.

a. Base with holes for bolting to structure with an elastomeric isolator pad attached to the underside. Bases shall limit floor load to 500 psig (3447 kPa).

b. Top plate with [threaded mounting holes] [elastomeric pad].

c. Internal leveling bolt that acts as blocking during installation.

3. Restraint: Limit stop as required for equipment and authorities having jurisdiction.

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

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

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

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

8. Bellows Assembly: Upper and lower powder-coated steel sections connected by a replaceable, flexible, nylon-reinforced neoprene bellows or similar elastomeric material.

9. Maximum Natural Frequency: 3 Hz.

10. Operating Pressure Range: 25 to 100 psig (172 to 690 kPa).

11. Burst Pressure: At least three times manufacturer's published maximum operating pressure.

Retain subparagraph below if air springs are mounted independent of each other and are not supplied by a constant pressure-regulated air supply.

12. Tank valves.

2.11 ELASTOMERIC HANGERS

Copy "Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods" Paragraph below and re-edit for each product.

The configuration and materials of elastomeric hangers depend on the equipment being supported. It is possible to have more than one type of elastomeric hanger on the same Project. Insert drawing designation for each elastomeric hanger type required. Use these designations on Drawings to identify each product.

A. Elastomeric Mount in a Steel Frame with Upper and Lower Steel Hanger Rods: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia NH or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
2. Frame: Steel, fabricated with a connection for an upper threaded hanger rod and an opening on the underside to allow for a maximum of 30 degrees of angular lower hanger-rod misalignment without binding or reducing isolation efficiency.

a. Steel hanger box shall withstand a minimum of three times the rated load without failure.

3. Dampening Element: Molded, oil-resistant rubber, neoprene, or other elastomeric material with a projecting bushing for the underside opening preventing steel to steel contact.

2.12 SPRING HANGERS

Copy "Coil-Spring with Spring in Compression" Paragraph below and re-edit for each product.

The configuration and materials of spring hangers depend on the equipment being supported. It is possible to have more than one type of spring hanger on the same Project. Insert drawing designation for each spring hanger type required. Use these designations on Drawings to identify each product.

A. Coil-Spring with Spring in Compression: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia SH or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
2. 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.

a. Steel hanger box shall withstand a minimum of three times the rated load without failure.

3. Elastomeric Cup: Spring to be housed with elastomeric cup to prevent metal to metal contact with the isolator housing.
4. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at rated load.

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

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

7. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced cup to support spring and bushing projecting through bottom of frame.

Retain "Adjustable Vertical Stop" Subparagraph below if a vertical-limit stop is required.

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

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

2.13 SPRING AND NEOPRENE HANGERS

Copy "Combination Coil-Spring and Elastomeric-Element Hanger with Spring and Element in Compression" Paragraph below and re-edit for each product.

The configuration and materials of spring hangers depend on the equipment being supported. It is possible to have more than one type of spring hanger on the same Project. Insert drawing designation for each spring hanger type required. Use these designations on Drawings to identify each product.

A. Combination Coil-Spring and Elastomeric-Element Hanger with Spring and Element in Compression: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia SNH or comparable product by one of the following:

a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.

c. <Insert manufacturer's name>.

2. 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.

a. Steel hanger box shall withstand a minimum of three times the rated load without failure.

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

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

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

6. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced element with bushing projecting through top of frame to prevent contact with upper hanger rod.

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

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

2.14 THRUST RESTRAINTS

Copy "Coil Spring Combination " Paragraph below and re-edit for each product.

A. Coil Spring Combination: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia TR or comparable product by one of the following:

a. <Insert manufacturer's name>.

B. Description: A coil spring combined with steel angles, back up plates, threaded rods, washers, and nuts to produce a pair of devices capable of limiting thrust movement of air moving equipment, with the following features:
1. Field convertible from tension to compression settings.

2. Factory pre-compressed.

2.15 SNUBBERS

External snubbers were used in conjunction with free standing isolators for seismic and wind applications prior to the development of restrained spring mounts with internal snubbers.  External snubbers are not required if units are isolated with restrained isolators.  Both external snubbers and restrained spring mounts must be installed correctly with the snubber out of contact with the restraint during normal operation; both external snubbers and restrained spring mounts can short circuit isolation if installed improperly.  Snubbers can be used to retrofit existing units on free standing isolators to comply with updated seismic codes if required.

A. All Directional Anchors: <Insert drawing designation>.

1. Basis-of-Design Product: Subject to compliance with requirements, provide Novia SNUBBER or comparable product by one of the following:
a. Mason Industries, Inc.

b. Vibration Mountings & Controls, Inc.
c. <Insert manufacturer's name>.
B. Description: Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and replaceable resilient isolation washers and bushings.

1. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and stud-wedge or female-wedge type.

2. Resilient Isolation Washers and Bushings: Oil- and water-resistant neoprene.

3. Maximum 1/4-inch (6-mm) air gap, and minimum 1/4-inch- (6-mm-) thick resilient cushion.

Metal framing systems are specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."

2.16 RESTRAINT CHANNEL AND CABLE BRACINGS

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia restraint channel and cable bracings or comparable products by one of the following:
1. B-line, an Eaton business.

2. Hilti, Inc.

3. Mason Industries, Inc.

4. Unistrut; Part of Atkore International.
5. <Insert manufacturer's name>.
B. Description: MFMA-4, shop- or field-fabricated bracing 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; rated in tension, compression, and torsion forces.

1. To be used on non-isolated distributed systems.

C. Restraint Cables: [ASTM A 603 galvanized] [ASTM A 492 stainless]-steel cables. End connections made of steel assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; with a minimum of two clamping bolts for cable engagement.

1. To be used with isolated distributed systems.

2.17 SEISMIC-RESTRAINT ACCESSORIES

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia seismic-restraint accessories or comparable products by one of the following:
1. B-line, an Eaton business.

2. Kinetics Noise Control, Inc.

3. Mason Industries, Inc.

4. TOLCO.
5. <Insert manufacturer's name>.
Retain "Hanger-Rod Stiffener" Paragraph below for strengthening resistance of hanger rods against seismic forces that may cause buckling of rods; delete if detailed on Drawings. Use with either channel- or cable-type bracing assemblies when required to counter seismic forces. Detail fabrication and indicate locations on Drawings.

B. Hanger-Rod Stiffener: [Steel tube or steel slotted-support-system sleeve with internally bolted connections] [Reinforcing steel angle clamped] to hanger rod.

C. Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers to [rigid channel bracings] [and] [restraint cables].

D. 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.

E. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene elements and steel sleeves designed for rigid equipment mountings, and matched to type and size of attachment devices used.

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

2.18 MECHANICAL ANCHOR BOLTS

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

1. B-line, an Eaton business.

2. Hilti, Inc.

3. Kinetics Noise Control, Inc.

4. Mason Industries, Inc.
5. Powers Fasteners.
6. <Insert manufacturer's name>.
Expansion-type anchor bolts are not permitted by ASCE/SEI 7 for nonisolated equipment in excess of 10 hp (7.46 kW).

B. Mechanical Anchor Bolts: 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.

2.19 ADHESIVE ANCHOR BOLTS

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

1. Hilti, Inc.

2. Kinetics Noise Control, Inc.

3. Mason Industries, Inc.
4. Powers Fasteners.
5. <Insert manufacturer's name>.
B. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing PVC or urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive. Provide anchor bolts and hardware with 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.

2.20 VIBRATION ISOLATION EQUIPMENT BASES

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia [SB,] [CIB,] or comparable product by one of the following:

1. Mason Industries, Inc.

2. Vibration Mountings & Controls, Inc.
3. <Insert manufacturer's name>.
B. Steel Rails: Factory-fabricated, welded, structural-steel rails.

1. Design Requirements: Lowest possible mounting height with not less than 1-inch (25-mm) clearance above the floor. Include equipment anchor bolts and auxiliary motor slide rails.

Retain first subparagraph below if steel rails are required for pumps.

a. Include supports for suction and discharge elbows for pumps.

2. Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Rails shall have shape to accommodate supported equipment.

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation mountings and to provide for anchor bolts and equipment support.

C. Steel Bases: Factory-fabricated, welded, structural-steel bases and rails.

1. Design Requirements: Lowest possible mounting height with not less than 1-inch (25-mm) clearance above the floor. Include equipment anchor bolts and auxiliary motor slide bases or rails.

Retain first subparagraph below if steel bases are required for pumps.

a. Include supports for suction and discharge elbows for pumps.

2. Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Bases shall have shape to accommodate supported equipment.

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation mountings and to provide for anchor bolts and equipment support.

D. Concrete Inertia Base: [Factory-fabricated] [or] [field-fabricated], welded, structural-steel bases and rails ready for placement of cast-in-place concrete.

1. Design Requirements: Lowest possible mounting height with not less than 1-inch (25-mm) clearance above the floor. Include equipment anchor bolts and auxiliary motor slide bases or rails.

Retain first subparagraph below if inertia bases are required for pumps.

a. Include supports for suction and discharge elbows for pumps.

2. Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Bases shall have shape to accommodate supported equipment.

3. Support Brackets: Factory-welded steel brackets on frame for outrigger isolation mountings and to provide for anchor bolts and equipment support.

4. Fabrication: Fabricate steel templates to hold equipment anchor-bolt sleeves and anchors in place during placement of concrete or detail post installed concrete expansion anchors. Obtain anchor-bolt templates from supported equipment manufacturer.

5. Steel Concrete Forms for Floating Foundations:  Minimum base depth of 1/12 the longest unsupported span, but not less than 6-inches (152-mm) or greater than 12-inches (305-mm).  Forms shall include concrete reinforcement consisting of steel bars welded in place on 8-inch (203-mm) centers both ways in a layer 1-1/2 inches (38-mm) above the bottom.  Provide two layers of rebar for bases 8-inches (203-mm) and greater in depth.

2.21 RESTRAINED ISOLATION ROOF-CURBS

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia VibCurb or comparable product by one of the following:

1. Kinetics Noise Control, Inc.

2. Mason Industries, Inc.

3. <Insert manufacturer's name>.
B. Description: Factory-assembled, fully enclosed, spring isolation curbs that bear directly on the roof structure, are flashed and waterproofed into the roof membrane waterproofing system, and  designed to resiliently support equipment and to withstand seismic[ and wind] forces.
Neoprene weather seals exposed to sunlight are not acceptable.  Metal flashing that must be rigidly attached to the floating and non-floating portions of the curb, which would short circuit the isolation effectiveness of the curb, are not acceptable.
1. Waterproofing and air tightness shall be achieved by use of a continuous flexible air and water seal attached to the bottom counter flashing. Protect he seal from exposure to the elements the top flashing.
C. Upper Frame: The upper frame shall provide continuous support for equipment and shall be captive to resiliently resist seismic[ and wind] forces.

1. Top rail to be formed of 14–gauge minimum G60 galvanized steel with a minimum of two nested layers (or equivalent thickness).

2. Galvanized steel duct supports shall be provided as required. Supports shall be capable of supporting the ductwork with a maximum deflection over the width of the curb of L/360.
D. Lower Support Assembly: The lower support assembly shall be formed sheet metal section containing adjustable and removable steel springs that support the upper frame. The lower support assembly shall have a means for attaching to building structure with a wood nailer around the full perimeter, and each spring pocket, for attaching roof materials, and shall be capable of being factory insulated with polyiso foam board insulation external to the assembly. Adjustable, restrained-spring isolators shall be mounted on elastomeric vibration isolation pads/cups and shall have access ports, for level adjustment, with removable waterproof covers at all isolator locations. Isolators shall be located so they are accessible for adjustment at any time during the life of the installation without interfering with the integrity of the roof.  All side and end seams between sheets shall be continuously welded, corner joints to be bolted.
1. Provide 22-gauge minimum galvanized pans for roof top units that require pans under condensing sections.
E. Snubber Bushings: All-directional, elastomeric snubber bushings at least 1/4 inch (6 mm) thick.

F. Water Seal: Galvanized sheet metal fully sealed at corners, attached to upper support frame, extending down past wood nailer of lower support assembly, and counterflashed over roof materials.

G. General Requirements:

1. Curbs shall be fully assembled at the factory and shipped as one piece (size permitting).

2. Provide removable lifting lugs.

3. The curb shall maintain the same installed and operating height with or without the equipment load and shall be capable of being utilized as a blocking device.

4. Curbs shall be capped with 7-mil shrink wrap for weather protection if insulation is factory provided.

5. Provide flexible connections for all piping and conduit connected to rooftop units (RTU).

6. Overhung condensing units shall be supported by restrained type isolators matching the deflection specified for isolated curb. These isolators shall in turn be supported on cross braced structural steel pedestals that are attached to the building structure and provide a consistent mounting height relative to the RTU.  Field built pedestals for condensing units are not acceptable.
2.22 RESTRAINED NON-ISOLATED ROOF-CURB

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia SeisCurb or comparable product by one of the following:

1. <Insert manufacturer's name>.

B. Description: Factory-assembled, fully enclosed, non-isolated curbs that bear directly on the roof structure and are flashed and waterproofed into the roof's membrane waterproofing system insulated, air- and watertight curb designed to support equipment and to withstand seismic[ and  wind] forces.

C. Curb Assembly: Curbs shall be manufactured from minimum 14-gauge Minimum galvanized sheet metal, reinforced and cross braced as required. All side and end seams between sheets shall be continuously welded, corner joints to be bolted.
1. Curbs shall have provision for up to 2-inches (51-mm) external insulation.

2. Galvanized steel duct supports shall be provided as required. Supports shall be capable of supporting the ductwork with a maximum deflection over the width of the curb of L/360.

3. Provide 22-gauge minimum galvanized pans for roof top units that require pans under condensing sections.

4. Curbs shall be fully assembled at the factory and shipped as one piece (size permitting).

5. The curb assembly shall have a means for attaching to building structure and a wood nailer around the full perimeter for attaching roof materials.

2.23 ISOLATED FLASHABLE ROOF RAIL SYSTEM

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia FRR or comparable product by one of the following:

1. <Insert manufacturer's name>.

B. Description: Spring isolation rails that bear directly on the roof structure and are flashed and waterproofed into the roof's membrane waterproofing system.  Field fabricated rails with external isolators shall not be used.

1. Neoprene weather seals exposed to sunlight are not acceptable. Metal flashing that must be rigidly attached to the floating and non-floating portions of the rail which would short circuit the isolation effectiveness are not acceptable.
2. Waterproofing shall be achieved by use of a continuous flexible water seal attached to the bottom counter flashing. The seal shall be protected from exposure to the elements by the top flashing.
C. Rails shall include the following features:

1. Snubber Bushings: All-directional, elastomeric snubber bushings at least 1/4-inch (6 mm) thick.

2. Upper Frame: The upper frame shall provide continuous support for equipment and shall be captive to resiliently resist seismic[ wind] forces.

a. Top rail to be formed of 14-gauge minimum G60 galvanized steel with a minimum of two nested layers (or equivalent thickness).

3. Lower Support Assembly: The lower support assembly shall be a structural or reinforced galvanized steel frame containing adjustable and removable steel springs that support the upper frame. The lower support assembly shall have a means for attaching to building structure and a wood nailer around the full perimeter and each spring pocket for attaching roof materials. Adjustable, restrained-spring isolators shall be mounted on elastomeric vibration isolation pads/cups and shall have access ports, for level adjustment, with removable waterproof covers at all isolator locations. Isolators shall be located so they are accessible for adjustment at any time during the life of the installation without interfering with the integrity of the roof.

4. Plywood sides and ends factory optional.

5. Removable lifting lugs.

6. The rails shall maintain the same installed and operating height with or without the equipment load and shall be capable of being utilized as a blocking device.

7. Provide galvanized steel bridging members as required or as shown on the drawings to support equipment mounted between the rails. Bridging steel shall be designed for a maximum deflection at mid-span of L/360.

2.24 NON-ISOLATED FLASHABLE ROOF RAIL SYSTEM

A. Basis-of-Design Product: Subject to compliance with requirements, provide Novia FRR-0 or comparable product by one of the following:

1. <Insert manufacturer's name>.

B. Description: Non-isolated rails that bear directly on the roof structure and are flashed and waterproofed into the roof's membrane waterproofing system.  Field fabricated rails with external isolators shall not be used.
1. Neoprene weather seals exposed to sunlight are not acceptable.
2. Waterproofing shall be achieved by use of a continuous bottom counter flashing. The seal shall be protected from exposure to the elements by the top flashing.

C. Rails shall include the following features:

1. Rails shall be manufactured from 14-gauge minimum galvanized sheet metal, reinforced and cross braced on ends.

2. Provide galvanized steel bridging members as required or as shown on the drawings to support equipment mounted between the rails. Bridging steel shall be designed for a maximum deflection at mid-span of L/360.

2.25 FLEXIBLE CONNECTORS

A. All connectors shall be installed on the equipment side of shutoff valves; horizontal and parallel to equipment shafts whenever possible. Piping shall be supported and/or anchored to resist pipe movement beyond the allowable movement of the flexible connector. Installations must include check valves and/or other design and installation precautions to reduce the threat to life safety when subjected to the specified seismic accelerations.

B. Spherical Elastomer Connector:

1. Manufactured of EPDM.

2. Threaded one piece bolted flange assemblies with female threaded ends for sizes 3/4-inch (19-mm) to 1-1/2 inches (38-mm).

3. Rated at 250 psig (1724 kPa) up to 1,700 deg F (927 deg C), with a uniform drop in allowable pressure to 170 psig (1172 kPa) at 2,500 deg F (1371 deg C) for sizes through 14‑inches (356-mm); 16-inches (406-mm) through 24-inches (610-mm) single sphere minimum ratings are 180 psig (1241 kPa) at 1,700 deg F (927 deg C) and 130 psig (896 kPa) at 2,500 deg F (1371 deg C).

4. Connectors shall be installed in piping gaps equal to the length of the connector under pressure.

5. Control rods are required in unanchored installations where the installation exceeds the pressure limitation without control rods.

a. Control rods shall have 1/2-inch (13-mm) thick Neoprene washer bushings large enough in diameter to take the thrust at 1,000 psig (6895 kPa) maximum on the washer area.

6. Connectors bolted to Victaulic type coupling or gate, butterfly or check valves to have a minimum 5/8-inch (16-mm) flange spacer (by others) installed between the connector and the coupling flange.  Connectors must mate to a flat-faced flange in all instances.

C. Flexible Stainless Steel Hose:

1. Stainless steel hose and braid rated with 3:1 safety factor.

2. Male nipples: 2-inch (51-mm) diameter and smaller.

3. Fixed flat faced steel flanges: 2-1/2 inches (65-mm) and larger.
PART 3 -  EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation and seismic- and wind-control devices for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 VIBRATION CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION

A. Coordinate the location of embedded connection hardware with supported equipment attachment and mounting points and with requirements for concrete reinforcement and formwork specified in [Section 033000 "Cast-in-Place Concrete."] [Section 033053 "Miscellaneous Cast-in-Place Concrete."]

1. A minimum edge distance of 13 bolt diameters of clearance is required around the outermost anchor bolt to allow for the use of full anchor ratings.

B. Install isolation and seismic restraint systems in accordance with manufacturer's submittal data and instructions.

C. Installation of vibration isolators must not cause any change of position of equipment, piping, or ductwork resulting in stresses or misalignment.

D. Coordinate the location of supporting steel with supported equipment attachment and mounting points to the building structure, and with requirements in Section 055000 "Metal Fabrications" for steel framing and supports.

E. Coordinate the location of steel framing systems and supplementary equipment supports with supported equipment attachment and mounting points and with requirements in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
F. Comply with requirements in Section 077200 "Roof Accessories" for installation of roof curbs, equipment supports, and roof penetrations.

3.3 EQUIPMENT INSTALLATION
Indicate type and quantity of vibration isolators from "Vibration Isolation Schedules for HVAC Equipment" article on the Drawings or in an HVAC Vibration-Control and Seismic-Restraint Device Schedule on the Drawings.

A. Vibration isolation requirements for HVAC equipment are specified in the Vibration Isolation Schedules for HVAC Equipment article at the end of this Section.

1. Install bases with a minimum operating clearance underneath base of 1-inch (25-mm).

2. Place bases in position and provide temporary wood blocks, or shims, before installing the equipment, isolators, and restraints.

3. Without changing equipment elevations, install spring isolators after equipment is installed.

4. Adjust the spring isolators after the installation is complete, and under full operational load, so that the load is transferred from the blocks to the isolators. 
5. Remove all debris from beneath the equipment and verify that there are no short circuits of the isolation.  Verify that the equipment movement is free in all directions.

6. Install equipment with flexibility in wiring.

7. Install thrust restraints on all cabinet fan heads, axial fans, and centrifugal fans whose thrust exceeds 10% of unit weight.

8. Housekeeping pads for equipment in this section must be properly doweled or bolted, using wedge type expansion bolts to meet the acceleration criteria.  Anchor equipment or isolators to housekeeping pads.
9. Install hanger isolators with the hanger box hung as close as possible to the structure (without touching).  Hanger rods shall not short-circuit the hanger box.

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

C. Install seismic-restraint devices using methods approved by [an evaluation service member of ICC-ES] [OSHPD] [an agency acceptable to authorities having jurisdiction] that provides required submittals for component.

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

E. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide resilient media where equipment or equipment-mounting channels are attached to wall.

F. 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.

G. Floor mounted equipment, isolated or not, shall be snubbed, anchored, bolted, or welded to the structure.  Calculations that determine that isolated equipment movement may be less than the operating clearance of snubbers (restraints) do not preclude the need for snubbers.  Equipment must be positively attached to the structure.

H. Suspended equipment such as air handling units, pumps, fans, tanks, stacks, variable air volume (VAV) boxes, unit heaters, fan powered boxes, cabinet unit heaters, and transformers, shall be two or four point independently braced with cable restraints.  Install taught cable braces for non-isolated equipment and 1/4-inch (6.4-mm) slack cable deflection, for isolated equipment.  VAV boxes (without fans) attached directly to ductwork on the main supply side shall be considered as ductwork for seismic design purposes.  Rod bracing shall be installed as per approved submittals and shop drawings.  Equipment connected to ductwork weighing less than 75-lbs (34-kg) is excluded.

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

I. Horizontally suspended pipe, duct, cable trays, bus duct, and conduit shall use strut bracing if non-isolated and cable bracing installed with 1/4-inch (6.4-mm) slack, if isolated.  Spacing of seismic bracing shall be as follows:
	Seismic Bracing Table

	Equipment
	On Center Spacing

	
	Transverse
	Longitudinal

	Duct
	30 ft (9.1 m)
	60 ft (18.3 m)

	Pipe
	40 ft (12.2 m)
	80 ft (24.4 m)

	Boiler Breeching
	30 ft (9.1 m)
	60 ft (18.3 m)

	Chimneys & Stacks
	30 ft (9.1 m)
	60 ft (18.3 m)

	Conduit
	40 ft (12.2 m)
	80 ft (24.4 m)

	Bus Duct
	30 ft (9.1 m)
	60 ft (18.3 m)

	Cable Tray
	40 ft (12.2 m)
	80 ft (24.4 m)


J. Multiple Pipe Supports: Secure pipes to trapeze member with clamps at all designated restraint locations.

K. For overhead supported equipment, over stress of the building structure must not occur.  Bracing may occur from:

1. Flanges of structural beams.

2. Upper truss chords in bar joists.

3. Cast in place inserts or drilled and shielded inserts in concrete structures.

L. Pipe Risers.

1. Where piping passes through cored holes, holes shall be packed with resilient material or firestopping materials.  Resilient materials and firestopping materials are specified in Section 078413 "Penetration Firestopping."  Additional horizontal seismic bracing is not required at these locations.

2. Non-isolated, constant temperature pipe risers through cored holes require a riser clamp at each floor level on top of the slab attached in a seismically approved manner for vertical restraint.

3. Non-isolated, constant temperature pipe risers in pipe shafts require structural steel attached in a seismically approved manner at each floor level and a riser clamp at each floor level on top of, and fastened to the structural steel.  The riser clamp and structural steel must be capable of withstanding all thermal, static and seismic loads.

4. Isolated and variable temperature risers through cored holes require VSG resilient riser guides and ADA anchors installed to meet both thermal expansion and seismic acceleration criteria.

5. Isolated and variable temperature risers in pipe shafts require VSG resilient riser guides and ADA anchors installed on structural steel to meet both thermal expansion and seismic acceleration criteria.  Each floor level must have a riser clamp that does not interfere with the thermal expansion and contraction of the pipe.

M. Chimneys, stacks and boiler breeching passing through floors are to be bolted at each floor level or secured above and below each floor with riser clamps.

N. Fixtures such as panel light and diffusers shall be attached to lay-in ceilings with earthquake clips or other approved means of positive attachment to the T- bar ceiling structure.

O. All non-isolated floor or wall mounted equipment and tanks shall be positively attached to the structure.

1. Install resilient bolt isolation washers on equipment anchor bolts where clearance between anchor and adjacent surface exceeds 1/4-inch (6.4-mm).

P. Where base anchoring of equipment is insufficient to resist seismic forces, cable restraints or straps shall be located above the unit's center of gravity to suitably resist g-forces specified.

1. Vertically mounted tanks and up-blast tubular centrifugal fans, tanks or similar equipment may require this additional restraint.

Q. A rigid piping or duct system shall not be braced to dissimilar parts of a building or two dissimilar building systems that may respond in a different mode during an earthquake.  Examples: Wall and roof; solid concrete wall and a metal deck with lightweight concrete fill, pipes and duct that cross a building expansion joint.

R. Drilled-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.

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. Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to installation of adhesive. Place adhesive in holes proceeding from the bottom of the hole and progressing toward the surface in such a manner as to avoid introduction of air pockets in the adhesive.

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

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

3.4 PIPING INSTALLATION
Coordinate this article with Drawings.

A. 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 Section 232113 "Hydronic Piping" for piping flexible connections.

B. Installation:  Install hanger isolators with the hanger box as close as possible to the structure, without touching the structure.

1. Comply with requirements in MSS SP-127.

In first subparagraph below, options for 40 and 80 feet (12 and 24 m) are recommended by MSS SP-127. Revise these dimensions based on the configuration of piping.

2. Space lateral supports a maximum of [40 feet (12 m)] <Insert dimension> o.c., and longitudinal supports a maximum of [80 feet (24 m)] <Insert dimension> o.c.

3. Brace a change of direction longer than 12 feet (3.7 m).

4. Piping in mechanical equipment rooms attached to rotating or reciprocating equipment shall be isolated as follows:

a. Water and Steam Piping.

1) Water piping NPS 1-1/4 (DN 32) to NPS 2 (DN 50) and all steam piping larger than NPS 1 (DN 25) shall be hung with NH isolators with 0.25-inch (6-mm) deflection.

2) Water pipe larger than NPS 2 (DN 50) shall be hung with SNH isolators with 0.75-inch (19-mm) deflection.

3) Horizontal floor or roof mounted water piping NPS 1-1/4 (DN 32) to NPS 2 (DN 50) and all steam piping larger than NPS 1 (DN 25) shall be supported by RNM isolators with 0.3-inch (7.6-mm) deflection.

4) Water pipe larger than NPS 2 (DN 50) shall be supported by RSM isolators with 0.75-inch (19-mm) deflection.

b. Control air piping and vacuum piping from compressor discharge to receiver shall be suspended by NH isolators with 0.25-inch (6.4-mm) deflection or supported by RNM isolators with 0.3-inch (7.6-mm) deflection.

5. Emergency generator exhaust shall be isolated with SNH isolators with 0.75-inch (19-mm) deflection (all neoprene components shall be omitted).

6. Vertical riser supports for water and steam pipe NPS 2 (DN 100) and larger shall be isolated from the structure using VSG guides and ADA anchors.

7. Install spherical elastomeric flexible connectors at all connections of pipe to externally isolated equipment.

8. Install flexible stainless steel hose type connectors only at locations which exceed temperature limitations of elastomeric connectors or service requires stainless steel or bronze construction flex (such as spaces without floor drains, or pipes carrying gas, fuel oil, steam or refrigerant).

3.5 DUCTWORK INSTALLATION

1. Ductwork over 4.0 sq. ft. (0.37 sq. m) face area, located within 50-feet (15.2-m) from air moving equipment, shall be hung with SH hangers with 0.75-inch (19-mm) deflection.

3.6 WIND RESTRAINT

A. All roof mounted and outdoor equipment, isolated or not, shall be snubbed, anchored, bolted or welded to the structure.  Calculations that determine that isolated equipment movement may be less than the operating clearance of snubbers (restraints) do not preclude the need for snubbers. All equipment must be positively attached to the structure.

B. Chimneys, stacks and boiler breeching to be installed with guy wires as required by component suppliers.

C. Horizontally supported pipe, duct, cable trays, bus duct and conduit, isolated or not, shall be positively attached to the structure.

1. Supplemental strut, steel, curbs or rails shall be capable of transferring wind loads from supported systems to the structure without failure.

D. Drilled-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.

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. Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to installation of adhesive. Place adhesive in holes proceeding from the bottom of the hole and progressing toward the surface in such a manner as to avoid introduction of air pockets in the adhesive.

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

6. Install stainless-steel or galvanized anchors for all exterior applications.

3.7 FIELD QUALITY CONTROL

Retain "Testing Agency" and "Perform tests and inspections" paragraphs below to identify who shall perform tests and inspections. If retaining second option in "Testing Agency" Paragraph, or if retaining "Perform tests and inspections" Paragraph, retain "Field quality-control reports" Paragraph in "Informational Submittals" Article.

A. Testing Agency: [Owner will engage] [Engage] a qualified testing agency to perform tests and inspections.

Retain "Perform tests and inspections" Paragraph below to require Contractor to perform tests and inspections.

B. Perform tests and inspections.

C. 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.

4. Test at least [four] <Insert number> of each type and size of installed anchors and fasteners selected by Architect.

5. Test to 90 percent of rated proof load of device.

6. Measure isolator restraint clearance.

7. Measure isolator deflection.

8. Verify snubber minimum clearances.

Retain subparagraph below if restrained-air-spring isolators are included in Project.

9. Test and adjust restrained-air-spring isolator controls and safeties.

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

E. Prepare test and inspection reports.

3.8 ADJUSTING

A. Adjust isolators after piping system is at operating weight.

B. 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.

3.9 AIR-SPRING ISOLATOR INSTALLATION

Retain "Independent Isolator Installation" Paragraph below if air springs are mounted independent of each other and are not supplied by a constant pressure-regulated air supply.

A. Independent Isolator Installation:

1. Install tank valve into each air isolator.

2. Inflate each isolator to [height] [and] [pressure] specified on Drawings.

Retain "Pressure-Regulated Isolator Installation" Paragraph below if air springs are supplied with a constant pressure-regulated air supply.

B. Pressure-Regulated Isolator Installation:

1. Coordinate the constant pressure-regulated air supply to air springs with the requirements for piping and connections specified in Section 221513 "General-Service Compressed-Air Piping."

2. Connect all pressure regulators to a single dry, filtered [facility] [constant] air supply.

3. Inflate isolators to [height] [and] [or] [pressure] specified on Drawings.

3.10 VIBRATION ISOLATION SCHEDULES FOR HVAC EQUIPMENT

The following schedules in Table A are intended to provide the minimum vibration isolation requirements for typical HVAC equipment for new steel and concrete construction.  The specified deflection and isolator types may not be adequate for light frame/wood construction or for situations where the component weight causes excessive deflection of the support structure.  Special care should be taken when dealing with vibration sensitive projects or locations such as theaters, conference rooms, recording studios, vibration sensitive laboratory equipment, hospital MRI units, and critical occupancies.  Novia always recommends retaining a sound consultant or acoustical engineer if there is any concern regarding unwanted sound or vibration on any particular project.
Projects that contain large pipe may require that the allowable spacing shown in this Table be reduced to minimize structural loading. All associated costs shall be the responsibility of the contractor. Close coordination and approval by the structural engineer is mandatory for all seismic point loads exceeding 2,000 lbs (907.2 kg).
A. Table A, Vibration Isolation Requirements for HVAC Equipment, is attached to the end of this Section.  Table A Notes (indicated in parentheses in the table):

1. Units may not be capable of point support.  Refer to separate equipment specification section, if base is not provided by that section and external isolation is required, provide SB steel base by this section for entire unit.
2. Static deflection shall be determined on the deflection guide.  Deflections indicated are minimums at actual load and shall be selected from manufacturer’s nominal 4-inch (102 mm), 3-inch (76.2 mm), 2-inch (50.8 mm), and 1-inch (25.4 mm) deflection spring series.  The speed, in rpm, is defined as the slowest operating speed of the equipment.
	Deflection Guide

	Speed (rpm)
	Deflection (inches) (mm)

	Less than 400
	3.5 inches (88.9 mm)

	401 to 600
	2.5 inches (63.5 mm)

	601 to 900
	1.5 inches (38.1 mm)

	Over 900
	0.75 inches (19.1 mm)


3. Single stroke compressors may require inertia bases with thickness greater than 12-inches (304.8- mm) maximum, as described for base B-2.  Inertia base mass shall be sufficient to maintain double amplitude of 1/8-inch (3.2-mm).
4. For floor mounted fans substitute CIB concrete inertia base for fan class 2 or 3, or any fan class with a static pressure over 5-in. wg (1.24-kPa).
5. Equipment with less than 1/3-hp (0.25-kW) is excluded from vibration requirements. (Seismic requirements still apply)

6. Utility sets with wheel diameters less than 15-inches (381-mm) need not have deflections greater than 0.75-inches (19-mm).

7. Curb mounted fans with curb area less than 9 sq. ft. (0.84 sq. m) are excluded.

8. For equipment with multiple motors, the motor power classification (hp) kW) applies to largest single motor.

9. Exclude CIB concrete inertia base for skid mounted equipment.

10. Based on supply airflow rate (cfm) (L/s).

11. Table definitions:

a. ISOL: Isolator.

b. DEFL: Deflection (inches) (mm).
c. MOUNT: Isolator mounting.

END OF SECTION 230548
	TABLE A (I-P UNITS)
 VIBRATION ISOLATION  REQUIREMENTS FOR

HVAC EQUIPMENT
	EQUIPMENT INSTALLATION ATTACHMENT POINT

	EQUIPMENT 

	ON GRADE
	ABOVE GRADE
	ROOF

	AIR HANDLING UNITS

AIR CONDITIONING UNITS

CABINET TYPE FANS

HEAT RECOVERY UNITS
	SIZE (5) (8)
	MOUNT
	ISOL
	DEFL
	BASE
	ISOL
	DEFL
	BASE
	ISOL
	DEFL
	BASE

	
	TO 10 HP
	FLOOR
	RNM
	0.3
	(1)
	RSM
	0.75
	(1)
	- -
	- -
	- -

	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	
	- -
	- -
	- -

	
	OVER 10 HP
	FLOOR
	RNM
	0.3
	(1)
	RSM
	(2)
	
	- -
	- -
	- -

	
	
	CEILING
	- -
	- -
	(1)
	SNH
	(2)
	
	- -
	- -
	- -

	AIR OR

REFRIGERANT

COMPRESSORS
	TANK
	TO 10 HP
	FLOOR
	RNM
	0.3
	- -
	RSM
	0.75
	- -
	- -
	- -
	- -

	
	
	OVER 10 HP
	
	RSM
	0.75
	- -
	
	1.5
	CIB
	- -
	- -
	- -

	
	UNITARY
	TO 10 HP
	
	RNM
	0.3
	- -
	
	0.75
	CIB (3)
	- -
	- -
	- -

	
	
	OVER 10 HP
	
	RSM
	0.75
	- -
	
	1.5
	
	- -
	- -
	- -

	AIR COOLED CONDENSERS

& DRY COOLERS
	TO 1 HP
	ROOF
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	0.75
	FRR

	
	OVER 1 HP 
	
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	1.5
	FRR

	AXIAL FANS
	TO 15 HP
	FLOOR/

ROOF
	RNM
	0.3
	(1)
	RSM
	(2)
	(1)
	- -
	(2)
	VibCurb OR FRR

	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	- -
	- -
	
	- -

	
	OVER 15 HP
	FLOOR/

ROOF
	RSM
	0.75
	(1)
	RSM
	
	(1)
	- -
	
	VibCurb OR FRR

	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	- -
	- -
	
	- -

	BOILERS &

STEAM GENERATORS
	OIL OR GAS
	FLOOR
	- -
	- -
	- -
	RSM
	0.75 (1)
	- -
	- -
	- -
	- -

	
	ELECTRIC
	
	- -
	- -
	- -
	NP
	0.1
	- -
	- -
	- -
	- -

	CENTRIFUGAL

FANS
	ARRG’T

1 & 3
	ALL
	FLOOR/

ROOF
	RSM
	0.75
	SB
	RSM
	(2) (6)
	SB

(4)
	RSM
	(2)

(6)
	SB (4)

	
	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	
	- -
	
	- -

	
	ARRG’T

4,9 & 10
	
	FLOOR/

ROOF
	RNM
	0.3
	- -
	RSM
	
	- -
	- -
	
	FRR

	
	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	- -
	- -
	
	- -

	CHILLERS &

CONDENSING

UNITS
	ABSORB. &

CENTRIF.
	ALL
	FLOOR
	NP
	0.1
	- -
	RSM
	0.75
	- -
	- -
	1.5
	FRR

	
	RECIPR. &

ROTARY
	TO 5 TONS
	FLOOR /

ROOF
	RNM
	0.25
	- -
	RNM
	0.25
	- -
	- -
	0.75
	FRR

	
	
	6-20 TONS
	
	RSM
	1.0
	- -
	RSM
	1.5
	- -
	- -
	1.5
	FRR

	
	
	OVER 20 TONS
	
	
	
	
	
	2.5
	- -
	- -
	2.5
	

	COMPUTER ROOM UNITS
	ALL
	CEILING
	- -
	- -
	- -
	SNH
	0.75
	- -
	- -
	- -
	- -

	
	
	FLOOR
	- -
	- -
	SB
	RSM
	0.75
	SB
	- -
	- -
	- -

	COOLING TOWERS
	TO 200 TONS
	FLOOR

OR

ROOF
	NP
	0.1
	- -
	RSM
	1.5
	- -
	RSM
	1.5
	SB

	
	OVER 200 TONS
	
	
	
	- -
	
	2.5
	- -
	
	2.5
	

	CURB MOUNTED ROOF EXHAUSTERS
	ALL (7)
	ROOF
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	SeisCurb

	FAN COIL UNITS

FAN POWERED BOXES

CABINET UNIT HEATERS

UNIT VENTILATORS

HEAT PUMPS
	ALL
	CEILING
	- -
	- -
	- -
	SNH
	0.75
	- -
	- -
	- -
	- -

	PUMPS
	BASE

MOUNTED
	TO 15 HP
	FLOOR
	RNM
	0.3
	CIB
	RSM
	0.75
	CIB
	- -
	- -
	- -

	
	
	15- 30 HP
	
	RSM
	0.75
	
	
	
	
	- -
	- -
	- -

	
	
	OVER 30 HP
	
	
	
	
	
	1.5
	
	- -
	- -
	- -

	
	INLINE
	ALL
	FLOOR
	- -
	- -
	- -
	RNM
	0.3
	- -
	- -
	- -
	- -

	
	
	
	CEILING
	- -
	- -
	- -
	SNH
	0.75
	- -
	- -
	- -
	- -

	
	CONDEN-SATE
	
	FLOOR
	RNM
	0.3
	- -
	RNM
	0.3
	- -
	- -
	- -
	- -

	
	BOILER FEED
	
	
	
	
	- -
	
	
	- -
	- -
	- -
	- -

	DX ROOF TOP UNITS

AIR HANDLING UNITS

AIR CONDITIONING UNITS

MAKE UP AIR UNITS

HEAT RECOVERY UNITS

H&V UNITS

(10)
	TO 3,000 CFM
	CURB

MOUNT-ED
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	0.75
	VibCurb

	
	OVER 3,000 CFM
	
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	1.5
	VibCurb

	
	TO 3,000 CFM
	POINT SUPPORT-ED
	- -
	- -
	- -
	- -
	- -
	- -
	RSM
	0.75
	(1)

	
	OVER 3,000 CFM
	
	- -
	- -
	- -
	- -
	- -
	- -
	
	1.5
	

	UNIT HEATERS
	ALL
	CEILING
	- -
	- -
	- -
	NH
	0.3
	- -
	- -
	- -
	- -


	TABLE A (SI UNITS)
 VIBRATION ISOLATION  REQUIREMENTS FOR

HVAC EQUIPMENT
	EQUIPMENT INSTALLATION ATTACHMENT POINT

	EQUIPMENT 

	ON GRADE
	ABOVE GRADE
	ROOF

	AIR HANDLING UNITS

AIR CONDITIONING UNITS

CABINET TYPE FANS

HEAT RECOVERY UNITS
	SIZE (5) (8)
	MOUNT
	ISOL
	DEFL
	BASE
	ISOL
	DEFL
	BASE
	ISOL
	DEFL
	BASE

	
	TO 7.5 KW
	FLOOR
	RNM
	7.6
	(1)
	RSM
	19.0
	(1)
	- -
	- -
	- -

	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	
	- -
	- -
	- -

	
	OVER 7.5 KW
	FLOOR
	RNM
	7.6
	(1)
	RSM
	(2)
	
	- -
	- -
	- -

	
	
	CEILING
	- -
	- -
	(1)
	SNH
	(2)
	
	- -
	- -
	- -

	AIR OR

REFRIGERANT

COMPRESSORS
	TANK
	TO 7.5 KW
	FLOOR
	RNM
	7.6
	- -
	RSM
	19.0
	- -
	- -
	- -
	- -

	
	
	OVER 7.5 KW
	
	RSM
	19.0
	- -
	
	38.1
	CIB
	- -
	- -
	- -

	
	UNITARY
	TO 7.5 KW
	
	RNM
	7.6
	- -
	
	19.0
	CIB (3)
	- -
	- -
	- -

	
	
	OVER 7.5 KW
	
	RSM
	19.0
	- -
	
	38.1
	
	- -
	- -
	- -

	AIR COOLED CONDENSERS

& DRY COOLERS
	TO 0.75 KW
	ROOF
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	19.0
	FRR

	
	OVER 0.75 KW
	
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	38.1
	FRR

	AXIAL FANS
	TO 11.5 KW
	FLOOR/

ROOF
	RNM
	7.6
	(1)
	RSM
	(2)
	(1)
	- -
	(2)
	VibCurb OR FRR

	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	- -
	- -
	
	- -

	
	OVER 11.5 KW
	FLOOR/

ROOF
	RSM
	19.0
	(1)
	RSM
	
	(1)
	- -
	
	VibCurb OR FRR

	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	- -
	- -
	
	- -

	BOILERS &

STEAM GENERATORS
	OIL OR GAS
	FLOOR
	- -
	- -
	- -
	RSM
	19.0 (1)
	- -
	- -
	- -
	- -

	
	ELECTRIC
	
	- -
	- -
	- -
	NP
	2.5
	- -
	- -
	- -
	- -

	CENTRIFUGAL

FANS
	ARRG’T

1 & 3
	ALL
	FLOOR/

ROOF
	RSM
	19.0
	SB
	RSM
	(2) (6)
	SB

(4)
	RSM
	(2)

(6)
	SB (4)

	
	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	
	- -
	
	- -

	
	ARRG’T

4,9 & 10
	
	FLOOR/

ROOF
	RNM
	7.6
	- -
	RSM
	
	- -
	- -
	
	FRR

	
	
	
	CEILING
	- -
	- -
	- -
	SNH
	
	- -
	- -
	
	- -

	CHILLERS &

CONDENSING

UNITS
	ABSORB. &

CENTRIF.
	ALL
	FLOOR
	NP
	2.5
	- -
	RSM
	19.0
	- -
	- -
	38.1
	FRR

	
	RECIPR. &

ROTARY
	TO 17.6 KW
	FLOOR /

ROOF
	RNM
	6.4
	- -
	RNM
	6.4
	- -
	- -
	19.0
	FRR

	
	
	17.6 -70.3 KW
	
	RSM
	25.4
	- -
	RSM
	38.1
	- -
	- -
	38.1
	FRR

	
	
	OVER 70.3 KW
	
	
	
	
	
	63.5
	- -
	- -
	63.5
	

	COMPUTER ROOM UNITS
	ALL
	CEILING
	- -
	- -
	- -
	SNH
	19.0
	- -
	- -
	- -
	- -

	
	
	FLOOR
	- -
	- -
	SB
	RSM
	19.0
	SB
	- -
	- -
	- -

	COOLING TOWERS
	TO 

703 KW
	FLOOR

OR

ROOF
	NP
	2.5
	- -
	RSM
	38.1
	- -
	RSM
	38.1
	SB

	
	OVER 703 KW
	
	
	
	- -
	
	63.5
	- -
	
	63.5
	

	CURB MOUNTED ROOF EXHAUSTERS
	ALL (7)
	ROOF
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	SeisCurb

	FAN COIL UNITS

FAN POWERED BOXES

CABINET UNIT HEATERS

UNIT VENTILATORS

HEAT PUMPS
	ALL
	CEILING
	- -
	- -
	- -
	SNH
	19.0
	- -
	- -
	- -
	- -

	PUMPS
	BASE

MOUNTED
	TO 11.2 KW
	FLOOR
	RNM
	7.6
	CIB
	RSM
	19.0
	CIB
	- -
	- -
	- -

	
	
	11.2 – 22.4 KW
	
	RSM
	19.0
	
	
	
	
	- -
	- -
	- -

	
	
	OVER 22.4
	
	
	
	
	
	38.1
	
	- -
	- -
	- -

	
	INLINE
	ALL
	FLOOR
	- -
	- -
	- -
	RNM
	7.6
	- -
	- -
	- -
	- -

	
	
	
	CEILING
	- -
	- -
	- -
	SNH
	19.0
	- -
	- -
	- -
	- -

	
	CONDEN-SATE
	
	FLOOR
	RNM
	7.6
	- -
	RNM
	7.6
	- -
	- -
	- -
	- -

	
	BOILER FEED
	
	
	
	
	- -
	
	
	- -
	- -
	- -
	- -

	DX ROOF TOP UNITS

AIR HANDLING UNITS

AIR CONDITIONING UNITS

MAKE UP AIR UNITS

HEAT RECOVERY UNITS

H&V UNITS

(10)
	TO 1416 L/S
	CURB

MOUNT-ED
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	19.0
	VibCurb

	
	OVER 1416 L/S
	
	- -
	- -
	- -
	- -
	- -
	- -
	- -
	38.1
	VibCurb

	
	TO 1416 L/S
	POINT SUPPORT-ED
	- -
	- -
	- -
	- -
	- -
	- -
	RSM
	19.0
	(1)

	
	OVER 1416 L/S
	
	- -
	- -
	- -
	- -
	- -
	- -
	
	38.1
	

	UNIT HEATERS
	ALL
	CEILING
	- -
	- -
	- -
	NH
	7.6
	- -
	- -
	- -
	- -
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