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BEFORE INCLUDING ANY REQUIREMENTS FOR SEISMIC RESTRAINTS, VERIFY WITH TEAM LEADER AND/OR STRUCTURAL DESIGNTHAT IT IS REQUIRED FOR PROJECT. 
SECTION 230550
VIBRATION ISOLATION 
PART 1   GENERAL

1.01
RELATED WORK SPECIFIED ELSEWHERE

INSERT OTHER RELATED SECTIONS AS REQUIRED IN ARTICLE BELOW.

A.
Vibration Isolation for Piping:  Section 230529.

B.
Vibration Isolation for Ductwork:  Section 233133.
1.02
DEFINITIONS


A.
Ground Floor:  Floor or floor slab of building resting directly on earth.

1.03
SUBMITTALS


A.
Waiver of Submittals:  The “Waiver of Certain Submittal Requirements” in Section 013300 does not apply to this Section.


B.
Shop Drawings:


1.
Details of intermediate structural steel members and method of attachment required for installation of vibration isolating devices.



2.
Design Calculations:  Calculations for selection of vibration isolators, design of vibration isolation bases, and selection of seismic restraints.



3.
Vibration Isolation Base Details:  Detail fabrication, including anchorages and attachments to structure and to supported equipment.  Include auxiliary motor slides and rails, and base weights.

USE 2 SUBPARAGRAPHS BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.



4.
Seismic Restraint Details:  Detail fabrication and attachment of restraints and snubbers.



5.
Drawings identifying seismic locations with corresponding details of pre-approved seismic restraints, with seismic loads and seismic force level (Fp) calculations; pre-engineered and stamped by a NYS Licensed Professional Engineer experienced in seismic restraint systems.


C.
Product Data:



1.
Catalog sheets, specifications, and installation instructions.



2.
Vibration isolator schedule showing usage.

USE PARAGRAPH BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.


D.
Quality Control Submittals:



1.
Seismic Restraint Manufacturer’s Qualifications Data:




a.
Name of firm producing the seismic restraints, business address and telephone number.




b.
Period of time firm has been in the business producing seismic restraints, and names and addresses of 3 similar projects that the manufacturer has produced seismic restraints for during the past 5 years.



2.
Company Field Advisor Data:




a.
Name, business address and telephone number of Company Field Advisor secured for the required services.




b.
Certified statement from the Company listing the qualifications of the Company Field Advisor.




c.
Services and each product for which authorization is given by the Company, listed specifically for this project.



3.
Manufacturer’s Certificate of Compliance for Seismic Restraints:  Certificate from seismic restraint manufacturer stating that the restraint and its mounting system or anchorage has been tested or analyzed and meets the requirements of NYS Building Code (Section 1621). 

USE ARTICLE BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.

1.04
QUALITY ASSURANCE


A.
Regulatory Requirements:



1.
Seismic components shall be UL listed or California OSHPD (Office of Statewide Health Planning and Development) approved.


B.
Seismic Restraint Manufacturer Qualifications:  The firm producing the seismic restraints shall be experienced in seismic restraint work and shall have produced seismic restraints on minimum of 3 similar projects over the past 5 years.


C.
Company Field Advisor:  Secure the services of a Company Field Advisor from seismic restraint manufacturer for a minimum of ________ working hours for the following for the following:



1.
Render advice regarding installation and final adjustment of seismic restraint system.



2.
Render advice on the suitability of each seismic restraint for its particular application.



3.
Inspect completed installation of seismic restraint system and certify with an affidavit that the system is installed in accordance with the Contract Documents and is operating properly.



4.
Train facility maintenance personnel on the installation of seismic restraint system and routine maintenance of the system.

PART 2   PRODUCTS

2.01
MANUFACTURERS/COMPANIES


A.
Amber-Booth Co.


B.
Korfund Dynamics Corp.


C.
Mason Industries Inc.


D.
Vibration Eliminator Co., Inc.


E.
Vibration Mountings and Controls, Inc.

2.02
RUBBER-IN-SHEAR ISOLATORS


A.
Provide molded mound shaped rubber or neoprene elements designed to provide the required deflection under imposed load.  Furnish isolators properly housed, with steel top plate and base plate completely imbedded in rubber or neoprene, for bolting to equipment and foundations, of type as follows:



1.
Single Rubber-In-Shear:  Single element designed for static deflection of 1/4 inch.



2.
Double Rubber-In-Shear:  Two single elements assembled in series, to provide for a static deflection of 1/2 inch.

2.03
STEEL SPRING ISOLATORS


A.
Types:



1.
Free Standing Springs:  Provide laterally stable units, without housing, with a minimum 1/4 inch thick rubber or neoprene sound deadening pad between spring and its support.  Use for isolating equipment having a static deflection in excess of 1 inch, unless otherwise indicated.



2.
Housed Springs:  Provide units with telescoping cast iron or steel housings, containing one or more springs, complete with resilient alignment inserts and a minimum 1/4 inch thick rubber or neoprene sound deadening pad bonded to the base of housing.


B.
Construction Features Required:



1.
Provide limit stops for spring isolators with deflections of 2 inch or more so as to prevent undue motion during start and stop, but unrestrained movement during normal operation.



2.
Hot dip galvanize all steel parts of isolators for outdoor use, with the exception of springs.  Cadmium plate or neoprene coat springs.



3.
Do not use isolator leveling bolts for jacking screws.

2.04
INTEGRAL STRUCTURAL STEEL OR RAIL TYPE BASES


A.
Provide bases, factory fabricated from structural steel members of sufficient rigidity to maintain drive alignment and resist starting torque, without the use of restraining snubber devices.  Provide bases complete with rubber-in-shear or spring type isolators, as specified for the particular equipment.

2.05
CONCRETE INERTIA BLOCKS


A.
Type:  Factory fabricated welded structural steel pouring frames with the following:



1.
Sheet metal casing a minimum of 6 inches deep.


2.
Integral steel reinforcing rods on 9 inch centers in both directions, welded to steel frame;


3.
Height saving mounting lugs and spring isolators designed to provide the required deflection and efficiency.

B.
Configure bases to accommodate supported equipment.



1.
Provide bases for isolating pumps of physical size and shape as required to accommodate base elbow supports.  Provide mounting templates.

COORDINATE SIZE OF VIBRATION ISOLATION BASES IN ARTICLE BELOW AND HOUSEKEEPING PADS WITH THE WORK OF OTHER CONTRACTS.
2.06
VIBRATION ISOLATION BASES 

A.
Type:  Factory fabricated welded structural steel (ASTM A36) bases and rails with the following:



1.
Support brackets to anchor base to vibration isolation.



2.
Pre-located equipment anchor bolts.


3.
Auxiliary motor slide bases or rails.


4.
Steel angles welded to frame for outrigger isolation mountings.



5.
Factory Finish:  Corrosive resistant finish.

B.
Design bases to result in lowest possible mounting height with not less than one inch clearance above housekeeping pad or floor.

C.
Configure bases to accommodate supported equipment.


1.
Provide bases for isolating pumps of physical size and shape as required to accommodate base elbow supports.  Provide mounting templates.
2.07
COMBINATION RUBBER AND SPRING ISOLATORS

A.
Type:  Combination rubber and spring type designed for insertion in a split hanger rod for isolating equipment from the overhead construction.  



1.
Approved isolators:  Amber Booth Type BSSR, Korfund Type VX, Mason Industries, Type DNHS, Vibration Eliminator Co. Type SNRC and Vibration Mountings and Controls Type RSH.

2.08
PAD TYPE ISOLATORS


A.
Provide neoprene or rubber mountings, corrugated or waffle faced both sides, single or double layered or laminated, or size and thickness as specified for the particular equipment.

USE ARTICLE BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.

2.09
SEISMIC RESTRAINT SYSTEM FOR HVAC EQUIPMENT

A.
General:



1.
Coordinate all structural attachments with the Director’s Representative.



2.
Design analysis shall include calculated dead loads, static seismic loads, and capacity of materials utilized for the connection of the equipment or system to the structure.



3.
Analysis shall detail anchoring methods, bolt diameter, and embedment depth.



4.
Design seismic restraint devices to accept without failure the forces calculated per the applicable building code and as specified.



5.
Determine by calculation the number and size of seismic restraints required by each piece of HVAC equipment.


6.
Construct seismic supports so that support engagement is maintained.



7.
Stamp seismic supports with manufacturer’s name and part number for identification.



8.
Design seismic supports specifically for mitigation of seismic force loads.



9.
Design the stiffness of seismic restraints for mechanical equipment so that the load path for the restraint performs its intended function.



10.
Where possible, utilize components designed with tamper resistant break-off bolt heads or break-off nuts to assure visual verification of proper installation.



11.
Attachment components shall be UL Listed catalog components with published loads designed specifically for seismic application.


12.
Seismic restraint manufacturer shall have ratings verified by independent testing laboratory.

B.
Type:  Pre-engineered seismic restraint system designed to support and restrain HVAC equipment to meet applicable lateral force requirements.


C.
Acceptable Manufacturers:



1.
B-Line.


2.
Mason Industries.


3.
TOLCO Inc.


D.
Thrust Restraints:  Combination spring and elastomeric restraints with coil spring and elastomeric insert in compression, factory set for thrust. 



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



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



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



4.
Elastomeric Element:  Molded, oil-resistant rubber or neoprene. 



5.
Finishes:  Baked enamel for metal components.  Color-code to indicate capacity range. 


E.
Manufactured Seismic Snubbers:  All-directional, double-acting snubbers.


1.
Construction:  Interlocking steel members restrained by 3/4 inch thick, replaceable, shock-absorbing neoprene insert.  Maintain 1/8 inch clearance in all directions between rigid and resilient surfaces.

F.
Fabricated Seismic Snubbers:  Welded structural-steel shapes designed and fabricated to restrain equipment or vibration isolation bases from excessive movement during seismic event.  Design laterally restrained isolators to resist gravity forces of 4g.


1.
Construction:  Welded steel shapes conforming to ASTM A36.


2.
Resilient Components:  3/4 inch thick, replaceable, shock-absorbing neoprene insert.

G.
Restrained Spring Mountings:  Spring isolators with ductile iron or steel rigid housings with the following:



1.
Molded neoprene cup or 1/4 inch neoprene acoustical friction pad between base plate and support.



2.
Leveling bolts which are rigidly bolted to equipment.



3.
Restraining bolts with neoprene bushing between bolt and housing.


4.
Vertical Limit Stops:  Prevent spring extension when weight is removed; out of contact during normal operation.


5.
Internal isolation pad required where housings are bolted or welded into position.


6.
Minimum Clearance Around Restraining Bolts and Between Housing and Spring:  1/2 inch.


7.
Vertically adjustable allowing maximum of 1/4 inch travel in all directions before contacting resilient snubbing collars.

PART 3   EXECUTION

3.01
INSTALLATION


A.
Jack equipment bases or inertia bases into position and block or wedge before springs are loaded.  After equipment is bolted in place and springs are loaded, by means of the leveling bolts, remove the temporary blocking or wedging.


B.
Housekeeping Pads:


1.
Coordinate size and location of pads with the Work of related contracts.


2.
Coordinate house keeping pads with restraint manufacturer to provide minimum edge distance of 10 bolt diameters around the outermost anchor bolt to allow development of full drill-in wedge anchor ratings.



a.
If cast-in anchors are being used, size housekeeping pads in accordance with ACI requirements for bolt coverage and embedment.

C.
Vibration Isolation Bases:



1.
Coordinate size and location of bases with the Work of related contracts.

3.02
APPLICATION


A.
Provide vibration isolators or vibration isolation bases for mechanical equipment, piping and high velocity ductwork of type as specified.


B.
Select isolation devices for uniform static deflection, in accordance with the distribution of weight and forces.



1.
Whenever rotational speed is the cause of disturbing frequency, utilize the lowest operating speed of the equipment in determining the type of isolation required.



2.
Selection shall result in uniform loading and deflection, even when equipment weight is not evenly distributed.



3.
Select springs for a total deflection greater than the selected static deflection, to provide an adequate safety factor.


C.
Isolate floor mounted fan units, air handling units and self-contained air conditioning units, (with the exception of utility sets, fan units with wheels less than 27 inches and all equipment mounted on the ground floor), to obtain the following efficiencies:

	RPM
	MINIMUM DEFLECTION
	EFFICIENCY

	Up to 325
	3.5
	80

	326 to 525
	2.0
	80-90*

	526 to 575
	1.5
	90

	576 to 1000
	1.25
	90-95*

	1001 to 1200
	.75
	95

	1201 and over
	.50
	95

	
	
	




*Lower efficiency at lowest RPM - higher efficiency at highest RPM.

3.03 
VIBRATION ISOLATION SCHEDULE


A.
Fans and Air Handling Units:



1.
Equip fans and air handling units, located above the ground floor and not indicated to be provided with a concrete inertia block or be ceiling mounted or suspended with vibration elimination equipment as follows:




a.
Provide an integral structural steel base with a common steel member running the full length of the fan and motor, with built-in motor slide rails, so as to form a common support for fan unit and motor, with spring type isolators, unless otherwise indicated.




b.
Provide spring unit isolators, or steel rail type isolator bases with spring type isolators, for floor mounted units with motors mounted on the casings or frames.



2.
Equip fans and handling units located on the ground floor, with the exception of medium or high pressure units not specified to be provided with a concrete inertia block, or be ceiling mounted or suspended, with unit isolators or steel rail type isolator bases.



3.
Floor Mounted Utility Fan Sets:




a.
Provide unit isolators or steel rail type isolator bases.




b.
Utility Sets with Overhung Scrolls:  Provide steel rail type isolator bases, with built-in reaction units to compensate for overhang.



4.
Concrete Inertia Blocks for Fans and Air-Handling Units:




a.
Provide inertia blocks, 1-1/2 times the weight of supported equipment, motor and drive for the following:





1)
Fans and air handling units, operating at a static pressure up to 5 inches w.g., driven by electric motor 30 to 100 HP inclusive, or having wheel diameters 45 to 100 inches inclusive.





2)
Fans and air handling units, operating at a static pressure of 5 inches w.g. or more, driven by motors 30 to 60 HP inclusive.




b.
Provide inertia blocks, 2 times the weight of supported equipment, motor and drive for the following:





1)
Fans and air handling units, operating at a static pressure up to 5 inches w.g., driven by motors over 100 HP.





2)
Fans and air handling units, operating at a static pressure of 5 inches w.g. or more, driven by motors 75 HP and larger.



5.
Ceiling Suspended Fans and Air Handling Units:  Provide combination rubber and spring type isolators, designed for insertion in a split hanger rod.  Provide isolators with an efficiency as specified under the paragraph entitled “APPLICATION” of this Section, with no deflection greater than 1-1/2 inches required.


B.
Pumps - Base Mounted and Unitary Types:



1.
Located Above the Ground Floor:




a.
Driven by Electric Motors 5 to 15 HP:  Provide structural steel rails, running full length of bed plate, with housed type spring isolators, and in the case of close coupled pumps, rails shall extend full length under and over hang so as to compensate for the cantilever effect.  Provide isolators designed for a minimum 1/2 inch static deflection.




b.
Driven by Electric Motors 20 to 40 HP:  Provide inertia blocks, minimum of 1-1/2 times the weight of equipment.




c.
Driven by Electric Motors 50 HP and Larger:  Provide inertia blocks, minimum of 2 times the weight of equipment.


C.
Centrifugal Compressors, Evaporative Condensers and Packaged Cooling Towers:  Provide housed spring type isolators, complete with vertical resilient limit stops, so as to prevent spring extension when equipment is unloaded.  Approved isolators:  Amber Booth Type CT, Korfund Type WSCL, Mason Industries Type SLR, Vibration Eliminator Type FRS, Vibration Mountings Type, designed for a minimum 3/4 inch static deflection.


D.
Direct Connected Reciprocating Compressors and Packaged Chillers:  Provide spring unit isolators or steel rail type isolator bases with spring isolators.  Spring isolators:  Complete with vertical hold down feature to limit upward travel, when equipment is unloaded.


E.
Absorption Machines:  Provide 1/2 inch thick rubber or neoprene pads.


F.
Remote Installed Refrigerant Compressor Units, Self Contained Belt Driven or Direct Driven Condensing Units and Floor Mounted Product Coolers:  Provide steel rail type bases with built-in, metal housed, rubber-in-shear unit isolators, permanently fixed in place and provided with adjustable snubber devices.  Provide rail bases on Ground Floor designed for 1/4 inch static deflection and above Ground Floor 1/2 inch static deflection.


G.
Ceiling Suspended Product Coolers:  Provide combination rubber and spring type isolators, designed for insertion in a split hanger rod.  Provide isolators with an efficiency as specified under the paragraph entitled “APPLICATION” of this section, with no deflection greater than 1-1/2 inch required.

USE ARTICLE BELOW WHEN SEISMIC RESTRAINT SYSTEM IS REQUIRED.

3.04
SEISMIC RESTRAINT SYSTEM FOR HVAC EQUIPMENT


A.
General:



1.
Do not use powder-actuated fasteners for seismic restraint anchorage in tension applications.



2.
Install seismic restraints in accordance with seismic restraint manufacturer’s printed installation instructions and guidelines unless otherwise specified.



3.
When systems cross building seismic separation points, pass between buildings, or are supported from different portions of the building, install to allow differential support displacements without damaging the duct, equipment or support connections.


4.
Do not brace seismic bracing to different parts of the building that may respond differently during seismic activity.



5.
Provide adequately sized openings in walls, floors, and ceilings for anticipated seismic movement.  Provide fire stopping in fire-rated walls.



6.
Seismic restraint installations shall not cause any modifications in the positioning of equipment or piping resulting in stresses or misalignment.



7.
No rigid connections between equipment, piping, duct, or conduit shall be made to the building structure that degrades the noise and vibration-isolation system specified.



8.
Bracing attached to structural members may present additional stresses. Submit loads to the Director’s Representative record for approval.



9.
Provide vertical stiffening components to support rods when necessary to accept compressive loads.  Welding of components to vertical support rods is not acceptable.


10.
Notify Director’s Representative if any discrepancies between the specifications and field conditions prior to installation.


B.
Seismic Restraints for HVAC Equipment:



1.
Protect each piece of vibration isolated HVAC equipment with protected spring isolators or separate seismic restraints.




a.
Provide protected spring isolators and seismic restraints rated in 3 principle axes.



2.
Installation of seismic restraints shall not cause any change in position of equipment or piping, resulting in stresses or misalignment.



3.
No rigid connections between equipment and the building structure shall be made that degrade the noise and vibration-isolation system specified.



4.
Do not install any equipment, piping, duct, or conduit that makes rigid connections with the building unless isolation is not specified.



5.
Prior to installation, bring to the Director’s Representative’s attention any discrepancies between the specifications and the field conditions, or changes required due to specific equipment selection.



6.
Bracing may occur from flanges of structural beams, upper truss cords of bar joists, cast in place inserts, or wedge-type concrete anchors.  Bracing attached to structural members may present additional stresses.  Submit loads to the Director’s Representative.


7.
Expansion anchors shall not be used for non-vibration isolated equipment rated over 10 HP.


C.
Anchor interior mounts, isolators, hangers, and snubbers to vibration isolation bases.  Bolt isolator baseplates to structural floors. 


D.
Anchor exterior mounts, isolators, hangers, and snubbers to vibration isolation bases.  Bolt isolator baseplates to structural supports as required.

E.
Vertical Stops:  For equipment affected by wind pressure or having an operational weight different from installed weight, provide resilient vertical limit stops that prevent spring extension when weight is removed. 


1.
Provide vertical stops for equipment containing liquid, such as water chillers, evaporative coolers, boilers, and cooling towers. 


2.
Spring isolated or protected spring isolated equipment must rock and move freely within limits of stops or seismic restraint devices. 


F.
Thrust Restraints:  Where required, provide pairs of thrust restraints, symmetrically installed on both sides of the steady state line of thrust. 


G.
Seismic Snubbers:  Provide snubbers as close as possible to each vibration isolator as indicated.  After installing and leveling of the equipment, adjust snubbers in accordance with the snubber manufacturer's instructions. 


H.
Equipment:  Provide vibration isolators, flexible connectors and seismic snubbers in accordance with manufacturer's recommendations.  Equipment with spring isolators or protected spring isolators shall rock or move freely within limits of stops or seismic snubber restraints. 


I.
Stability:  Isolators shall be stable during starting and stopping of equipment without traverse and eccentric movement of machinery that would damage or adversely affect the equipment or attachments. 


J.
Lateral Motion:  The installed vibration isolation system for each piece of floor or ceiling mounted equipment shall have a maximum lateral motion under machinery start up and shut down conditions of not more than 1/4 inch.  Restrain motions in excess by approved spring mountings. 


K.
Unbalanced Equipment :  Provide foundation suspension systems specifically designed to resist horizontal forces for equipment with large unbalanced horizontal forces.  Vibration isolator systems shall conform to the equipment manufacturer's recommendations. 


L.
Non-rotating Equipment:  Mount non-rotating equipment in systems which includes rotating or vibrating equipment on isolators having the same deflection as the hangers and supports for the pipe connected to. 


M.
Install flexible pipe connectors at connections for equipment supported on vibration isolators. 


N.
Equipment Room Sound Isolation:  Do not allow direct contact between pipe or ducts and walls, floor slabs, roofs, ceilings or partitions of equipment rooms. 

3.03
FIELD QUALITY CONTROL

A.
Provide equipment and apparatus required for performing inspections and tests.


1.
Notify Director’s Representative a minimum of 14 days prior to equipment sound, vibration, and seismic testing.  



2.
Rebalance, adjust, or replace equipment with noise or vibration levels in excess of those given in the equipment specifications, or equipment manufacturer's data.

B.
Field Inspections:


1.
Prior to initial operation, inspect the vibration isolators and seismic snubbers for conformance to drawings, specifications, and manufacturer's data and instructions.



a.
Check for vibration and noise transmission through connections, piping, ductwork, foundations, and walls.



b.
Check connector alignment before and after filling of system and during operation.




c.
Correct misalignment without damage to connector and in accordance with manufacturer's recommendations.


C.
Spring Isolator Inspection


1.
After installation of spring isolators or protected spring isolators, and seismic restraint devices, the equipment shall rock freely on its spring isolators within limits of stops or seismic restraint devices.  Eliminate or correct any interferences. 


D.
Tests


1.
Adjust, repair, or replace isolators as required to reduce vibration and noise transmissions to specified levels.


2.
Equipment Vibration Tests



a.
Perform vibration tests to determine conformance with vibration isolation schedule specified.
END OF SECTION
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