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SECTION 15071 - MECHANICAL VIBRATION AND SEISMIC CONTROLS
-------------------------------------------------------------------------------------------------------------------------------

The editor of this section should be knowledgeable in the field of noise and vibration control.  Use of an acoustical engineer is recommended.
-------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

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

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

1.2 SUMMARY

A. This Section includes the following:

-------------------------------------------------------------------------------------------------------------------------------Adjust list below to suit Project.  Coordinate with flexible connection text in other Division 15 Sections, 15185 - Hydronic Pumps, 15181 - Hydronic Piping, and 15820 - Duct Accessories.
-------------------------------------------------------------------------------------------------------------------------------

1. Elastomeric isolation [pads] [mounts] [pads and mounts].

2. Restrained elastomeric isolation mounts.

3. [Freestanding] [Restrained] [Freestanding and restrained] spring isolators.

4. Housed spring mounts.

5. Elastomeric hangers.

6. Spring hangers.

7. Spring hangers with vertical-limit stops.

8. Thrust restrained isolators. 

9. Pipe riser resilient supports.

10. Pipe isolators for equipment connections.

11. Resilient pipe guides and resilient penetration sleeves.

12. [Freestanding] [Restrained] [Freestanding and restrained] air spring isolators.

13. Restrained vibration isolation roof-curb rails.

14. Seismic snubbers.

15. Restraining cables.

16. [Neoprene] [Braided metal] flexible hoses.

17. [Canvas] [Neoprene] flexible duct connectors.

18. Flexible electrical connectors.

19. Grommets.

20. Acoustical sealant.

21. [Steel] [Inertia] [Steel and inertia], vibration isolation equipment bases.

22. Vibration isolation and seismic restraint schedule.

1.3 DEFINITIONS

A. Av:  Effective peak velocity related acceleration coefficient.

B. OSHPD:  Office of Statewide Health Planning and Development for the State of California.  OSHPD assigns a unique anchorage preapproval "R" number to each seismic restraint it tests.  The number describes a specific device applied as tested.

1.4 PERFORMANCE REQUIREMENTS

-------------------------------------------------------------------------------------------------------------------------------Specify Av in paragraph below to suit Project.  Av is required to size seismic restraints.  For each seismic restraint, include component seismic coefficient, performance criteria factor, and attachment amplification factor in the Vibration Isolator and Seismic Restraint Schedule.

-------------------------------------------------------------------------------------------------------------------------------

A. Av:  <Insert value from applicable code.>

-------------------------------------------------------------------------------------------------------------------------------Delete three paragraphs below if these values are included in the Vibration Isolator and Seismic-Restraint Schedule.  These three factors normally change for each piece of supported equipment.  However, it is possible on an essential project for the design engineer to specify maximum values for these factors for various classes or all equipment, thus eliminating the need for scheduling each piece of equipment.

-------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

Refer to equipment schedule for value for each piece of equipment.

-------------------------------------------------------------------------------------------------------------------------------

B. Component Seismic Coefficient:  <Insert value from applicable code>.

C. Performance Criteria Factor:  <Insert value from applicable code>.

D. Attachment Amplification Factor:  <Insert value from applicable code>.

1.5 SUBMITTALS

A. Product Data:  Include load deflection curves for each vibration isolation device.

-------------------------------------------------------------------------------------------------------------------------------Retain paragraph below if products are required to withstand specific design loads and Architect has either delegated design responsibility to Contractor or wants to review structural data as another way to verify product's compliance with performance requirements.  Professional engineer qualifications are specified in Division 1 Section, "Quality Requirements."

-------------------------------------------------------------------------------------------------------------------------------

B. Shop Drawings:  Signed and sealed by a qualified professional engineer.  Include the following:

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

2. 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 has been examined for excessive stress and that none will exist.

3. Vibration Isolation Base Details:  Detail fabrication, including anchorages and attachments to structure and to supported equipment.  Include auxiliary motor slides and rails, base weights, equipment static loads, power transmission, component misalignment, and cantilever loads.

4. Seismic Restraint Details:  Detail fabrication and attachment of seismic restraints and snubbers.  Show anchorage details and indicate quantity, diameter, and depth of penetration of anchors.

5. Submittals for Interlocking Snubbers:  Include load deflection curves up to 13 mm (1/2 inch) deflection in x, y, and z planes.

-------------------------------------------------------------------------------------------------------------------------------Retain paragraph below if procedures for welder certification are retained in "Quality Assurance" Article.

-------------------------------------------------------------------------------------------------------------------------------

C. Welding certificates.

D. Air-Mounting System Performance Certification:  Include natural frequency, load, and damping tests performed by an independent laboratory or acoustician.

-------------------------------------------------------------------------------------------------------------------------------Delete paragraph below if required by seismic criteria applicable to Project.

-------------------------------------------------------------------------------------------------------------------------------

E. Manufacturer Seismic Qualification Certification:  Submit certification that all specified equipment will withstand seismic forces identified in "Performance Requirements" Article above.  Include the following:

1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculations.

------------------------------------------------------------------------------------------------------------------------------- Definition varies with type of building and occupancy and is critical to valid certification.  The option is used for essential facilities where equipment must operate immediately after an earthquake.

-------------------------------------------------------------------------------------------------------------------------------

a. 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]."

2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

F. Vibration isolation and seismic restraint schedule

1.6 QUALITY ASSURANCE

A. Seismic restraint devices shall have horizontal and vertical load testing and analysis performed according to OSHPD and shall bear anchorage preapproval "R" number, from OSHPD or 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.  Testing and calculations must include both shear and tensile loads and 1 test or analysis at 45 degrees to the weakest mode.

-------------------------------------------------------------------------------------------------------------------------------Delete below if no welding.  Retain "Welding Certificates" paragraph in "Submittals" Article if retaining below.  AWS states that welding qualifications remain in effect indefinitely unless welding personnel have not welded for more than six months or there is a specific reason to question their ability.

-------------------------------------------------------------------------------------------------------------------------------

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

1.7 COORDINATION

A. Coordinate size and location of concrete bases.  Cast anchor bolt inserts into base.  Concrete, reinforcement, and formwork requirements are specified in Division 3.

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 7 Section, "Roof Accessories."

1.8 EXTRA MATERIALS

-------------------------------------------------------------------------------------------------------------------------------Extra materials may not be allowed for publicly funded projects.

-------------------------------------------------------------------------------------------------------------------------------

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

-------------------------------------------------------------------------------------------------------------------------------Revise below to suit Project.

-------------------------------------------------------------------------------------------------------------------------------

1. Seismic Snubber Units:  Furnish replacement neoprene inserts for all snubbers.

PART 2 -  PRODUCTS

2.1 GENERAL PROPERTIES

A. Static Deflection Markings: Vibration isolators shall have either known undeflected heights or markings to verify the static deflection under the full load and that the vibration isolators are within the proper operating range.

B. Operating Range: Vibration isolators shall operate in the linear portion of the load versus static deflection curve and shall be linear over a deflection range 50 percent above the design static deflection.

C. Stiffness: The ratio of lateral to vertical stiffness for the vibration isolators shall not be less than 1.0 or greater than 2.0

D. Coincident Natural Frequency: The natural frequency of each vibration isolator shall not coincide with the lowest forcing frequency of the rotating equipment due to the lowest operating speed to minimize the occurrence of resonance. Select vibration isolators so the natural frequency of the supported rotating equipment and base mass is not less than 1.5 times the lowest operating frequency of the rotating equipment.

E. Supporting Natural Frequency: The vertical natural frequency for each support point, based upon the load per vibration isolator and vibration isolator stiffness, shall not differ by more than 10 percent. 

F. Wave Motion: Wave motion through the vibration isolators shall be reduced so the isolation above the resonant frequency follows the theoretical prediction based upon an undamped single degree of freedom system with a minimum isolation of 50 dB above 150 Hz. Spring isolators shall be sized to permit a minimum additional travel to solid equal to 50 percent of the rated deflection.

G. Neoprene Properties: The neoprene formulation shall conform with the characteristics in the table below.

1. Original physical properties

a. Hardness, D2240: [40] [50] [60] [70]  plus or minus 5 percent.
b. Tensile Strength, ASTM D412: 17.25 MPa (2500 psi)
c. Elongation at break

1) For shore hardness of 40: 450 percent
2) For shore hardness of 50: 400 percent
3) For shore hardness of 60: 350 percent
4) For shore hardness of 70: 300 percent
2. Long Term Aging Property Tests, Oven Aging, ASTM D573

a. Hardness change: 15 percent.
b. Tensile strength: plus or minus 15 percent.
c. Elongations at break:

1) For shore hardness 40: 30 percent

2) For shore hardness greater than 40: 40 percent

d. Ozone, 1 ppm in air by volume, ASTM D1149: No cracks

3. Compressions Set ASTM D395
a. For shore hardness 40: 30 percent.

b. For shore hardness greater than 40: 25 percent.

4. Tear Test ASTM D624, Tear, 200 lbs/inch
a. For shore hardness 40: 200
b. For shore hardness greater than 40: 225

2.2 MANUFACTURERS

H. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:

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

2.2 SOURCE QUALITY CONTROL

A. Supplier is responsible for isolation performance.
2.3
VIBRATION ISOLATORS 

A.
Available Manufacturers:

1. Ace Mounting Co., Inc.

2. Amber/Booth Company, Inc.

3. B-Line Systems, Inc.

4. California Dynamics Corp.

5. Isolation Technology, Inc.

6. Kinetics Noise Control, Inc.

7. Mason Industries, Inc.

8. Vibration Eliminator Co., Inc.

9. Vibration Isolation Co., Inc.

10. Vibration Mountings & Controls/Korfund.

-------------------------------------------------------------------------------------------------------------------------------Duplicate paragraph and subparagraphs that follow in this Section for each type of vibration and seismic control configuration required for Project.  Recommend cross referencing specification and drawing designations in the Vibration Isolator and Seismic-Restraint Schedule.

-------------------------------------------------------------------------------------------------------------------------------

B. Elastomeric Isolator Pads :  Oil  and water resistant elastomer or natural rubber, arranged in single or multiple layers, molded with a nonslip pattern and galvanized steel baseplates of sufficient stiffness for uniform loading over pad area, and factory cut to sizes that match requirements of supported equipment.

-------------------------------------------------------------------------------------------------------------------------------Pads in subparagraph below come in "standard neoprene," "natural rubber," and "bridge bearing neoprene."  Verify availability of various materials with manufacturers.  Costs range from least to most expensive in the order presented below.

-------------------------------------------------------------------------------------------------------------------------------

1. Material:  [Standard neoprene] [Natural rubber] [Bridge bearing neoprene, complying with AASHTO M 251].

-------------------------------------------------------------------------------------------------------------------------------Durometer values range from 30 to 70 and are measures of hardness or, indirectly, deflection.  Lower durometer values indicate softer material with more deflection.

-------------------------------------------------------------------------------------------------------------------------------

2. Durometer Rating:  [30] [40] [45] [50] [60] [65] [70] <Insert number>.

-------------------------------------------------------------------------------------------------------------------------------Use multiple layers, separated by steel shims, depending on supported equipment load.  See manufacturer's data for load capacities.

-------------------------------------------------------------------------------------------------------------------------------

3. Number of Layers:  [1] [2] [3] [4] <Insert number>.

C. Elastomeric Mounts:  Double-deflection type, with molded, oil-resistant rubber or neoprene isolator elements with factory-drilled, encapsulated top plate for bolting to equipment and with baseplate for bolting to structure.  Color-code or otherwise identify to indicate capacity range.

-------------------------------------------------------------------------------------------------------------------------------Durometer values range from 30 to 70 and are measures of hardness or, indirectly, deflection.  Lower durometer values indicate softer material with more deflection.

-------------------------------------------------------------------------------------------------------------------------------

1. Durometer Rating:  [30] [40] [45] [50] [60] [65] [70] <Insert number>.

D. Restrained Elastomeric Mounts:  All-directional elastomeric mountings with seismic restraint.

1. Materials:  Cast ductile iron housing containing two separate and opposing, molded, bridge bearing neoprene elements that prevent central threaded sleeve and attachment bolt from contacting the casting during normal operation.

2. Neoprene:  Shock absorbing materials compounded according to <Insert referenced standard>, the standard for bridge bearing neoprene as defined by AASHTO.

E. Spring Isolators:  Freestanding, laterally stable, open-spring isolators.

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

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

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

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

5. Baseplates:  Factory drilled for bolting to structure and bonded to 6 mm  (1/4 inch ) thick, rubber isolator pad attached to baseplate underside.  Baseplates shall limit floor load to 690 kPa (100 psi).

6. Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and cap screw to fasten and level equipment.

F. Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic restraint.

1. Housing:  Steel with resilient vertical limit stops to prevent spring extension due to wind loads or if weight is removed; factory drilled baseplate bonded to 6 mm  (1/4 inch ) thick, elastomeric isolator pad attached to baseplate underside; and adjustable equipment mounting and leveling bolt that acts as blocking during installation.

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 the rated vertical stiffness.

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

G. Housed Spring Mounts:  Housed spring isolator with integral seismic snubbers.

1. Housing:  Ductile iron or steel housing to provide all-directional seismic restraint.

2. Base:  Factory drilled for bolting to structure.

3. Snubbers:  Vertically adjustable to allow a maximum of 6 mm (1/4 inch) travel before contacting a resilient collar.

H. Elastomeric Hangers:  Double deflection type, with molded, oil-resistant rubber or neoprene isolator elements bonded to steel housings with threaded connections for hanger rods.  Color code or otherwise identify to indicate capacity range.

I. Spring Hangers:  Combination coil spring and elastomeric insert hanger with spring and insert in compression.

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 the 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.  Steel washer reinforced cup to support spring and bushing projecting through bottom of frame.

J. 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 the 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.

K. Thrust Restrained:  Combination coil spring and elastomeric insert with spring and insert in compression and with a load stop.  Include rod and angle iron brackets for attaching to equipment.

1. Frame:  Steel, fabricated for connection to threaded rods and to allow for a maximum of 30 degrees of angular 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 the 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. Coil Spring:  Factory set and field adjustable for a maximum of 6 mm (1/4 inch) movement at start and stop.

L. Pipe Riser Resilient Support:  All-directional, acoustical pipe anchor consisting of 2 steel tubes separated by a minimum of 13 mm  (1/2 inch ) thick, 60 durometer 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 3.45 MPa (500 psi) and for equal resistance in all directions.

M. Resilient Pipe Guides:  Telescopic arrangement of 2 steel tubes separated by a minimum of 13 mm  (1/2 inch ) thick, 60 durometer neoprene.  Factory set guide height with a shear pin to allow vertical motion due to pipe expansion and contraction.  Shear pin shall be removable and reinsertable to allow for selection of pipe movement.  Guides shall be capable of motion to meet location requirements.

2.3 AIR-MOUNTING SYSTEMS

A. Available Manufacturers:

1. California Dynamics Corp.

2. Firestone Industrial Products Company.

3. Kinetics Noise Control, Inc.

4. Mason Industries, Inc.

5. Vibration Eliminator Co., Inc.

B. Air Mounts:  Freestanding, single or multiple, compressed air bellows.

1. Assembly:  Upper and lower steel sections connected by a replaceable, flexible, nylon reinforced neoprene bellows.

2. Maximum Natural Frequency:  3 Hz.

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

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

5. Leveling Valves:  Minimum of 3 required to maintain leveling within plus or minus 3 mm (1/8 inch).

C. Restrained Air Mounts:  Housed compressed air bellows.

1. Assembly:  Upper and lower steel sections connected by a replaceable, flexible, nylon reinforced neoprene bellows and spring, with angle iron frame having vertical limit stops and channel section top with leveling adjustment and attachment screws.

2. Maximum Natural Frequency:  3 Hz.

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

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

5. Leveling Valves:  Minimum of 3 required to maintain leveling within plus or minus 3 mm (1/8 inch).

2.4 RESTRAINED VIBRATION ISOLATION BASE RAILS

A. Available Manufacturers:

1. Amber/Booth Company, Inc.

2. California Dynamics Corp.

3. Isolation Technology, Inc.

4. Kinetics Noise Control, Inc.

5. Mason Industries, Inc.

6. Vibration Eliminator Co., Inc.

7. Vibration Isolation Co., Inc.

8. Vibration Mountings & Controls/Korfund.

B. Description:  Factory assembled, fully enclosed, insulated, air  and watertight curb rail designed to resiliently support equipment and to withstand 56 m/s (125 mph) wind impinging laterally against side of equipment.

C. Lower Support Assembly:  Sheet metal "Z" section containing adjustable and removable steel springs that support upper floating frame.  Upper frame shall provide continuous support for equipment and shall be captive to resiliently resist wind and seismic forces.  Lower support assembly shall have a means for attaching to building structure and a wood nailer for attaching roof materials, and shall be insulated with a minimum of 50 mm (2 inches) of rigid, glass fiber insulation on inside of assembly.

D. Spring Isolators:  Adjustable, restrained spring isolators shall be mounted on 6 mm  (1/4 inch ) thick, elastomeric vibration isolation pads 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.

1. Restrained Spring Isolators:  Freestanding, steel, open spring isolators with seismic restraint.

a. Housing:  Steel with resilient vertical limit stops and adjustable equipment mounting and leveling bolt.

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

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

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

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

2. Elastomeric Isolator Pads:  Oil  and water resistant elastomer or natural rubber, arranged in single or multiple layers, molded with a nonslip pattern and galvanized steel baseplates of sufficient stiffness for uniform loading over pad area, and factory cut to sizes that match requirements of supported equipment.

a. Material:  [Standard neoprene] [Natural rubber] [Bridge bearing neoprene, complying with AASHTO M 251].

-------------------------------------------------------------------------------------------------------------------------------Durometer values range from 30 to 70 and are measures of hardness or, indirectly, deflection.  Lower durometer values indicate softer material with more deflection.

-------------------------------------------------------------------------------------------------------------------------------

b. Durometer Rating:  [30] [40] [45] [50] [60] [65] [70] <Insert number>.

c. Use multiple layers, separated by steel shims, depending on supported equipment load.  See manufacturer's data for load capacities.

d. Number of Layers:  [1] [2] [3] [4] <Insert number>.

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

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

2.5 SEISMIC-RESTRAINT DEVICES

A. Available Manufacturers:

1. Amber/Booth Company, Inc.

2. B-Line Systems, Inc.

3. California Dynamics Corp.

4. Kinetics Noise Control, Inc.

5. Loos & Co., Inc.; Cableware Technology Division.

6. Mason Industries, Inc.

7. TOLCO Incorporated.

8. Unistrut Diversified Products Co.; Wayne Manufacturing Division.

9. Vibration Eliminator Co., Inc.

10. Vibration Isolation Co., Inc.

11. Vibration Mountings & Controls/Korfund.

B. Resilient Isolation Washers and Bushings:  1 piece, molded, bridge bearing neoprene complying with AASHTO M 251 and having a durometer of [40] [50] [60], plus or minus 5, with a flat washer face.

C. Seismic Snubbers:  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:  1 piece, molded, bridge-bearing neoprene complying with AASHTO M 251 and having a durometer of [40] [50] [60], plus or minus 5.

D. Restraining Cables:  Galvanized steel aircraft cables with end connections made of steel assemblies that swivel to final installation angle and utilize two clamping bolts for cable engagement.

E. Anchor Bolts:  Seismic rated, drill-in, and stud wedge or female wedge type.  Select anchor bolts with strength required for anchor and as tested according to ASTM E 488/E 488M.

2.6 MISCELLANEOUS VIBRATION ISOLATION DEVICES 

A. Available Manufacturers:

1. Barry Controls, Inc.

2. Crouse Hinds Corp.

3. D.A.P., Inc. 

4. Kinetics Noise Control, Inc.

5. Mason Industries, Inc.

6. Mercer Rubber Company.

7. Pecora.

8. Potter & Roemer, Inc.

9. Spring Cit Electrical Manufacturing Company. 

10. Vibration Mountings & Controls/Korfund.

11. U.S.G. Corp.

12. Flexible electrical connectors.

13. Grommets.

14. Acoustical sealants.

B. Flexible Hose Pipe Connectors

1. Neoprene Type: Straight or elbow style elastomeric connectors manufactured from nylon tire cord and neoprene. 

C. Connectors:  Straight connectors with 2 spheres in series with a stabilizing ring in between. Elbow connectors with one sphere. 

D. Mounting Flanges: Fixed steel mounting flanges with bolt holes at each end and control rods. 

E. Safety Factor: Minimum safety factor or 3:1 at maximum pressure ratings.

1. Braided Metal Type: Flexible hoses fabricated from annular close pitched corrugated and braided stainless steel. 

a. Hoses less than 50 mm (2 inches) diameter have threaded male nipples on each end. Hoses larger than 50 mm (2 inches) diameter have fixed steel mounting flanges with bolt holes at each end. 

b. Safety Factor: Minimum safety factor or 3:1 at maximum pressure ratings.

F. Flexible Duct Connections

1. Flexible duct connections shall be fabricated from [neoprene] or [canvas]. 

a. Collar: Attachment collar to be 16 gauge galvanized steel. 

b. Slack: Slack space between the connected duct and fan shall be a minimum of 75 mm (3 inches) with a 38 mm (1.5 inches) minimum extra slack material to full extension.

G. Flexible Electrical Connections

1. Flexible electrical connection shall connect conduit to equipment electrical connections. 

a. Construction: Flexible watertight outer jacket with a plastic inner sleeve to maintain a smooth wire way.

b. Grounding Strap: Integral grounding strap.

c. End Hubs: Tapered electrical threads to fit standard threaded metal conduit. 

H. Grommets

1. Construction: Neoprene washer and sleeve either as a single piece assembly or fabricated from individual elements. 

2. Fastening: Specially formed to prevent fastening bolts from directly contacting the isolator base plate, the isolated equipment, or the building structure.

3. Durometer:  [30], [40], or [50] durometer. 

I. Acoustical Sealant

1. Type: Non-hardening gunnable solution suitable for sheet metal contact.

2.7 VIBRATION ISOLATION EQUIPMENT BASES

A. Available Manufacturers:

1.

Amber/Booth Company, Inc.

1. California Dynamics Corp.

2. Isolation Technology, Inc.

3. Kinetics Noise Control, Inc.

4. Mason Industries, Inc.

5. Vibration Eliminator Co., Inc.

6. Vibration Isolation Co., Inc.

7. Vibration Mountings & Controls/Korfund.

B. Steel Base:  Factory fabricated, welded, structural steel bases and rails.

1. Design Requirements:  Lowest possible mounting height with not less than 25 mm (1 inch) clearance above the floor.  Include equipment anchor bolts and auxiliary motor slide bases or rails.  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 angles on frame for outrigger isolation mountings and to provide for anchor bolts and equipment support.

C. Inertia Base:  Factory fabricated, welded, structural steel bases and rails ready for field applied, cast-in-place concrete.

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

2.8 FACTORY FINISHES

-------------------------------------------------------------------------------------------------------------------------------Finishes: Specify field-painting requirements in Division 9 Sections.  Verify compatibility of factory finishes with field-applied coats.

-------------------------------------------------------------------------------------------------------------------------------

A. Manufacturer's standard prime-coat finish ready for field painting.

-------------------------------------------------------------------------------------------------------------------------------Edit paragraph below to include custom colors.  Coordinate custom-color requirements with sample submittal requirements.

-------------------------------------------------------------------------------------------------------------------------------

B. Finish:  Manufacturer's standard paint applied to factory assembled and  tested equipment before shipping.

1. Powder coating on springs and housings.

2. All hardware shall be electrogalvanized.  Hot-dip galvanize metal components for exterior use.

3. Baked enamel for metal components on isolators for interior use.

4. Color code or otherwise mark vibration isolation and seismic control devices to indicate capacity range.

PART 3 -  EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation and seismic control devices for compliance with requirements, installation tolerances, and other conditions affecting performance.

B. Examine rough-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 INSTALLATION

A. Install base rails and equipment supports.

B. Install thrust restrained isolators at centerline of thrust, symmetrical on either side of equipment.

-------------------------------------------------------------------------------------------------------------------------------Indicate type and quantity of snubbers described in first paragraph below on Drawings or in the Vibration Isolator and Seismic Restraint Schedule.  Delete all four paragraphs below if Project is in an aseismic region.

-------------------------------------------------------------------------------------------------------------------------------

C. Install seismic snubbers on isolated equipment.  Locate snubbers as close as possible to vibration isolators and bolt to equipment base and supporting structure.

D. Install restraining cables at each trapeze and individual pipe hanger.  At trapeze anchor locations, shackle piping to trapeze.  Install cables so they do not bend across sharp edges of adjacent equipment or building structure.

E. Install steel angles or channel, sized to prevent buckling, clamped with ductile iron clamps to hanger rods for trapeze and individual pipe hangers.  At trapeze anchor locations, shackle piping to trapeze.  Requirements apply equally to hanging equipment.  Do not weld angles to rods.

F. Install resilient bolt isolation washers on equipment anchor bolts.

3.3 VIBRATION ISOLATOR INSTALLATION FOR MAJOR EQUIPMENT 

A. Vibration Isolators

1. Major floor ​mounted equipment shall be set on isolators and base as scheduled[ in this Section][ on the Drawings]. 

2. Vibration isolators and base shall bear on the housekeeping pad and the vibration isolator base plate shall rest entirely on pad.  Maintain at least 150 mm (6 inches) between the edge of the vibration isolator base and the edge of the housekeeping pad.

3. Provide a maximum of four vibration isolators located at the corners of the equipment frame unless approval is obtained from the equipment manufacturer for additional vibration isolators.

4. Provide three vibration isolators where equipment can be supported in this manner.

5. Vibration isolators for equipment with bases shall be located on the sides of the bases, which are parallel to the equipment shaft unless this is not possible because of physical constraints.

6. Squarely align the vibration isolators above or below the mounting points of the supported equipment.  Use shims to temporarily hold equipment in place at operating height.

7. After the entire equipment installation is completed and under full operational load, the vibration isolators shall be adjusted so that the load is transferred from supporting shims to the vibration isolators.  When all vibration isolators are properly adjusted, the shims will be free and shall be removed.

3.4 VIBRATION ISOLATOR INSTALLATION FOR MISCELLANEOUS EQUIPMENT 

A. Miscellaneous Mechanical Equipment

1. Miscellaneous pieces of mechanical equipment such as heat exchangers, pressure reducing stations, domestic water heaters, flash tanks, storage tanks, condensate receiver tanks, and expansion tanks shall be vibration isolated from the building structure by neoprene pad or mount type isolators unless their position in the piping system requires a higher degree of vibration isolation as specified for the piping systems. 

B. Electrical Connections to Mechanical Equipment

1. Flexible coupling or conduit shall not be tied to the building structure.

2. Install flexible electrical connectors on conduit.

3.5 VIBRATION ISOLATOR INSTALLATION FOR DUCTS AND PIPES

A. Ducts - General

1. Sheet metal ducts or plenum openings shall be squarely aligned with the fan discharge, fan intake, or adjacent ducts prior to installation of flexible duct connections.  The clear length should be approximately equal around the perimeter opening.  

2. Fans or adjacent ducts shall be able to move 25 mm (1 inch) in any direction without causing metal-to-metal contact or stretching the flexible duct connection taut.

B. Pipes - General

1. Drain piping connected to vibration isolated equipment shall not contact the building structure or other non-isolated system unless it is resiliently mounted. 

2. Pipes run in parallel may be hung or supported together on a trapeze which is vibration isolated from the building.  The vibration isolator static deflection must be the largest as determined by the provisions for the pipe isolation.  Do not mix vibration isolated and non-vibration isolated pipes on same trapeze.

C. Vibration Isolator Installation for Horizontally Suspended and Supported Ducts and Pipes

1. Supply, return, exhaust, and outside air intake ducts connected to vibration isolated fans, air handlers, and VAV boxes shall be provided with vibration isolators.  Install vibration isolation along 16 m (50 feet-0 inches) of the duct from the fan or air handling unit and for all high pressure ductwork in the building with static pressures in excess of 150 mm (6 inches). 

2. Supply and return chilled water, condenser water, hot water, steam, reheat, and refrigerant piping connected to vibration isolated chillers, pumps, air handling units, pressure reducing stations, and boilers shall be provided with vibration isolators.  Install vibration isolation along 16 m (50 feet-0 inches) of the pipe from equipment and for all piping in the building that is larger than 150 mm (6 inches) diameter.  

3. Vibration isolators for the first three support points adjacent to the connected equipment shall have the same static deflection as the vibration isolators supporting the connected equipment.  Use spring type vibration isolators as applicable for the mounting condition.  When the required static deflection is less than or equal to 13mm (0.5 inches), use neoprene vibration isolators as applicable for the mounting condition. 

4. All other duct and pipe support vibration isolators within the specified limits shall be neoprene vibration isolators as applicable for the mounting condition and having 6 mm (0.25 inches) static deflection.

5. Load transfer type vibration isolators, when utilized, shall temporarily maintain the ducts or pipes in a rigid position until the installation is complete and fully loaded.

6. Install spring vibration isolators close to beams or other building structural elements.  Suspension from slab diaphragms between column bays or beams requires the approval of the Architect.

7. Position the vibration isolation hanger boxes as high as possible in the hanger rod assembly, but not in contact with the building structure. The hanger box shall be able to rotate a full 360 degrees about the mounting rod axis without contacting any object.  Hanger rods shall be aligned to clear the hanger box.

8. Adjust all leveling and hanger rod bolts so the vibration isolated equipment is level and in proper alignment with connecting ducts or pipes.

9. The installed and operating heights of vibration isolated equipment mounted on travel limited spring type vibration isolators shall be identical.  Limit stops shall be out of contact during normal equipment operation.

D. Vibration Isolator Installation for Duct and Pipe Risers

1. Provide lateral guide type vibration isolators mounted to the building structure and anchored to clamps wrapped around the ducts or pipes. 

E. Vibration Isolator Installation at Equipment Pipe Connections

1. Install resilient pipe connectors to the suction and discharge sides of all pumps, chillers, and cooling towers.  When single straight connectors are used install parallel to the equipment shaft; otherwise use two straight connectors and install at right angles to each other.

2. When neoprene bellows type connectors cannot be used install stainless steel hoses to the suction and discharge sides of all pumps, chillers, and cooling towers.  When single straight connectors are used install parallel to the equipment shaft; otherwise use two straight connectors and install at right angles to each other.

3.6 EQUIPMENT BASES

A. Fill concrete inertia bases, after installing base frame, with [20.7-MPa (3000-psi)] <Insert other concrete strength> concrete; trowel to a smooth finish.

B. Cast-in-place concrete materials and placement requirements are specified in Division 3.

-------------------------------------------------------------------------------------------------------------------------------Revise paragraph below based on installed equipment.  Indicate dowel rod quantity, size, and spacing on Drawings.

-------------------------------------------------------------------------------------------------------------------------------

C. Concrete Bases:  Anchor equipment to concrete base according to supported equipment manufacturer's written instructions for seismic codes at Project site.

1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 450 mm (18 inch) centers around the full perimeter of the base.

2. Install epoxy coated anchor bolts for supported equipment that extends through concrete base and anchor into structural concrete floor.

3. Place and secure anchorage devices.  Use Setting Drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.

4. Install anchor bolts to elevations required for proper attachment to supported equipment.

5. Install anchor bolts according to anchor bolt manufacturer's written instructions.

6. Cast-in-place concrete materials and placement requirements are specified in Division 3.

3.7 FIELD QUALITY CONTROL

A. Testing:  Owner will engage a qualified testing agency to perform the following field quality control testing:

B. Testing:  Engage a qualified testing agency to perform the following field quality control testing:

C. Testing:  Perform the following field quality control testing:

-------------------------------------------------------------------------------------------------------------------------------Retain subparagraphs below with any paragraph selected above.  Edit to suit Project.

-------------------------------------------------------------------------------------------------------------------------------

1. Isolator seismic restraint clearance.

2. Isolator deflection.

3. Snubber minimum clearances.

-------------------------------------------------------------------------------------------------------------------------------Delete three subparagraphs below if air-mounting systems are not included in Project or if retaining "Air-Mounting System Manufacturer's Field Service" Paragraph below.

-------------------------------------------------------------------------------------------------------------------------------

4. Air-Mounting System Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks exist.

5. Air-Mounting System Operational Test:  Test the compressed air leveling system.  Remove malfunctioning units, replace with new units, and retest.

6. Test and adjust air-mounting system controls and safeties.  Replace damaged and malfunctioning controls and equipment.

-------------------------------------------------------------------------------------------------------------------------------Retain paragraph below for projects with air-mounting systems only and if air-mounting system will not be tested by an independent testing agency or Contractor.

-------------------------------------------------------------------------------------------------------------------------------

D. Air-Mounting System Manufacturer's Field Service:  Engage a factory authorized service representative to inspect field assembled components and equipment installation, including piping connections.  Report results in writing.

1. Isolator seismic restraint clearance.

2. Isolator deflection.

3. Snubber minimum clearances.

4. Leak Test:  After installation, charge system and test for leaks.  Repair leaks and retest until no leaks exist.

5. Operational Test:  Test the compressed air leveling system.  Remove malfunctioning units, replace with new units, and retest.

6. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.

3.8 PROCEDURES FOR VIBRATION MEASUREMENTS

A. Use a vibration meter meeting the following criteria:

1. Solid-state circuitry with a piezoelectric accelerometer.

2. Velocity range of 2.5 to 254 mm/s (0.1 to 10 inches per second).

3. Displacement range of 0.0254 to 2.54 mm (1 to 100 mils).

4. Frequency range of at least 0 to 1000 Hz.

5. Capable of filtering unwanted frequencies.

B. Calibrate the vibration meter before each day of testing.

1. Use a calibrator provided with the vibration meter.

2. Follow vibration meter and calibrator manufacturer's calibration procedures.

C. Perform vibration measurements when other building and outdoor vibration sources are at a minimum level and will not influence measurements of equipment being tested.

1. Turn off equipment in the building that might interfere with testing.

2. Clear the space of people.

D. Perform vibration measurements after air and water balancing and equipment testing is complete.

E. Clean equipment surfaces in contact with the vibration transducer.

F. Position the vibration transducer according to manufacturer's written instructions and to avoid interference with the operation of the equipment being tested.

G. Measure and record vibration on rotating equipment over 2.2 kW (3 hp).

H. Measure and record equipment vibration, bearing vibration, equipment base vibration, and building structure vibration.  Record velocity and displacement readings in the horizontal, vertical, and axial planes.

1. Pumps:

a. Pump Bearing:  Drive end and opposite end.

b. Motor Bearing:  Drive end and opposite end.

c. Pump Base:  Top and side.

d. Building:  Floor.

e. Piping:  To and from the pump after flexible connections.

2. Fans and HVAC Equipment with Fans:

a. Fan Bearing:  Drive end and opposite end.

b. Motor Bearing:  Drive end and opposite end.

c. Equipment Casing:  Top and side.

d. Equipment Base:  Top and side.

e. Building:  Floor.

f. Ductwork:  To and from equipment after flexible connections.

g. Piping:  To and from equipment after flexible connections.

3. Chillers and HVAC Equipment with Compressors:

a. Compressor Bearing:  Drive end and opposite end.

b. Motor Bearing:  Drive end and opposite end.

c. Equipment Casing:  Top and side.

d. Equipment Base:  Top and side.

e. Building:  Floor.

f. Piping:  To and from equipment after flexible connections.

I. For equipment with vibration isolation, take floor measurements with the vibration isolation blocked solid to the floor and with the vibration isolation floating.  Calculate and report the differences.

J. Inspect, measure, and record vibration isolation.

1. Verify that vibration isolation is installed in the required locations.

2. Verify that installation is level and plumb.

3. Verify that isolators are properly anchored.

4. For spring isolators, measure the compressed spring height, the spring OD, and the travel-to-solid distance.

5. Measure the operating clearance between each inertia base and the floor or concrete base below.  Verify that there is unobstructed clearance between the bottom of the inertia base and the floor.

3.9 PROCEDURES FOR SOUND-LEVEL MEASUREMENTS

-------------------------------------------------------------------------------------------------------------------------------Specify sound-level testing if sound is a significant design criterion and sound treatment measures are used to achieve stringent criteria.

-------------------------------------------------------------------------------------------------------------------------------

A. Perform sound-pressure-level measurements with an octave-band analyzer complying with ANSI S1.4 for Type 1 sound-level meters and ANSI S1.11 for octave-band filters.  Comply with requirements in ANSI S1.13, unless otherwise indicated.

B. Calibrate sound meters before each day of testing.  Use a calibrator provided with the sound meter complying with ANSI S1.40 and that has NIST certification.

C. Use a microphone that is suitable for the type of sound levels measured.  For areas where air velocities exceed 0.51 m/s (100 fpm), use a windscreen on the microphone.

D. Perform sound-level testing after air and water balancing and equipment testing are complete.

E. Close windows and doors to the space.

F. Perform measurements when the space is not occupied and when the occupant noise level from other spaces in the building and outside are at a minimum.

G. Clear the space of temporary sound sources so unrelated disturbances will not be measured.  Position testing personnel during measurements to achieve a direct line-of-sight between the sound source and the sound-level meter.

H. Take sound measurements at a height approximately 1200 mm (48 inches) above the floor and at least 900 mm (36 inches) from a wall, column, and other large surface capable of altering the measurements.

I. Take sound measurements in dBA and in each of the 8 unweighted octave bands in the frequency range of 63 to 8000 Hz.

J. Take sound measurements with the HVAC systems off to establish the background sound levels and take sound measurements with the HVAC systems operating.

1. Calculate the difference between measurements.  Apply a correction factor depending on the difference and adjust measurements.

-------------------------------------------------------------------------------------------------------------------------------Edit number of locations and areas to be tested to suit Project.  Use the size of Project and importance of acoustics as design criteria to determine number of locations to be tested.

-------------------------------------------------------------------------------------------------------------------------------

K. Perform sound testing at <Insert number> locations on Project for each of the following space types.  For each space type tested, select a measurement location that has the greatest sound level.  If testing multiple locations for each space type, select at least one location that is near and at least one location that is remote from the predominant sound source.

1. Private office.

2. Open office area.

3. Conference room.

4. Auditorium/large meeting room/lecture hall.

5. Classroom/training room.

6. Patient room/exam room.

7. Sound or vibration sensitive laboratory.

8. Hotel room/apartment.

9. Each space with a noise criterion of RC or NC 25 or lower.

10. Each space with an indicated noise criterion of RC or NC 35 and lower that is adjacent to a mechanical equipment room or roof mounted equipment.

11. Inside each mechanical equipment room.

12. <Insert other spaces.>

3.10 CLEANING

A. After completing equipment installation, inspect vibration isolation and seismic control devices.  Remove paint splatters and other spots, dirt, and debris.

3.11 DEMONSTRATION

-------------------------------------------------------------------------------------------------------------------------------Retain this Article for air-mounting systems.

-------------------------------------------------------------------------------------------------------------------------------

A. Engage a factory authorized service representative, specified in Section 01700 “Execution Requirements”, to train Owner's maintenance personnel for [a minimum of] [1 hour] [2] [4] <Insert Number Here > hours to adjust, operate, and maintain air-mounting systems.  
B. Refer to Division 1 Section "[Closeout Procedures] [Demonstration and Training]."

C. Vibration Measurement Reports:

1. Date and time of test.

2. Vibration meter manufacturer, model number, and serial number.

3. Equipment designation, location, equipment, speed, motor speed, and motor horsepower.

4. Diagram of equipment showing the vibration measurement locations.

5. Measurement readings for each measurement location.

6. Calculate isolator efficiency using measurements taken.

7. Description of predominant vibration source.

D. Sound Measurement Reports:  Record sound measurements on octave band and dBA test forms and on an NC or RC chart indicating the decibel level measured in each frequency band for both "background" and "HVAC system operating" readings.  Record each tested location on a separate NC or RC chart.  Record the following on the forms:

1. Date and time of test.  Record each tested location on its own NC curve.

2. Sound meter manufacturer, model number, and serial number.

3. Space location within the building including floor level and room number.

4. Diagram or color photograph of the space showing the measurement location.

5. Time weighting of measurements, either fast or slow.

6. Description of the measured sound:  steady, transient, or tonal.

7. Description of predominant sound source.

3.12 VIBRATION ISOLATOR AND SEISMIC RESTRAINT SCHEDULE

-------------------------------------------------------------------------------------------------------------------------------

Modify schedule below to suit Project.  If a schedule is not included on Drawings, retain below to indicate location and type of required vibration isolators and seismic restraints.  Do not duplicate requirements in Part 2.  Refer to the Evaluations for an explanation on how to use schedules.  

-------------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------------

Duplicate and edit paragraph and subparagraphs below for each piece of supported or suspended equipment.  Get Base Type, Isolator Type, and Minimum Deflection from the Selection Guide for Vibration Isolation found in the Sound and Vibration Control chapter of the ASHRAE Applications Handbook.  Where Minimum Deflection is less than 25 mm (1 inch), use 25 mm (1 inch).
-------------------------------------------------------------------------------------------------------------------------------

A. Supported or Suspended Equipment:  <Insert name and drawing designation.>

1. Equipment Location:  <Insert room number.>

2. Isolator Type:  <Insert generic name or designation used in Part 2.>

3. Base Type:  <Insert generic name or designation used in Part 2.>

4. Minimum Deflection:  <Insert minimum deflection in mm (inches).>

5. Component Seismic Coefficient:  <Insert value (ranges from 0.67 to 2.0).>

6. Performance Criteria Factor:  <Insert value (ranges from 0.5 to 1.5).>

7. Attachment Amplification Factor:  <Insert value (ranges from 1.0 to 2.0).>
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