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[bookmark: _GoBack]SECTION 23 0548
VIBRATION AND SEISMIC CONTROLS FOR HVAC
GENERAL
SUMMARY
Section includes:
Elastomeric isolation pads and mounts.
Restrained elastomeric isolation mounts.
Restrained spring isolators.
Housed spring mounts.
Elastomeric hangers.
Spring hangers.
Spring hangers with vertical-limit stops.
Thrust limits.
Pipe riser resilient supports.
Resilient pipe guides.
Restrained vibration isolation roof-curb rails.
Seismic snubbers.
DEFINITIONS
Retain terms that remain after this Section has been edited for a project.
Designated Seismic System: An HVAC component that requires design in accordance with ASCE/SEI 7, Ch. 13, and for which the Component Importance Factor is greater than 1.0.
OSHPD: Office of Statewide Health Planning and Development.
ACTION SUBMITTALS
Product Data:  Include load deflection curves for each vibration isolation device.
Manufacturer's model number for each vibration isolator, the equipment or ductwork or pipeline to which it is to be attached, and the number of isolators to be furnished for each installed system.
For steel spring mounts or hangers - free height, deflected height, solid height, isolator loading, and diameter of spring coil. 
For neoprene isolators - free height, deflected height, and isolator loading. 
An itemized list of isolated equipment with detailed schedules showing isolators proposed for each piece of equipment, referencing materials and drawings.
Shop Drawings:  Signed and sealed by a qualified California registered professional engineer.  Include the following:
Design Calculations:  Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.
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.
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.
Show base construction for equipment; include dimensions, structural member sizes and support point locations.
Dimensional and weight data for concrete inertia bases, steel and rail bases, and details of isolator attachment.
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.
Submittals for Interlocking Snubbers:  Include load deflection curves up to ½-inch deflection in x, y, and z planes.
Layout Drawings showing locations and sizes of braces for suspended piping and ductwork.
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.
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.
Qualification Data: For professional engineer.
Retain "Welding certificates" Paragraph below if retaining "Welding Qualifications" Paragraph in "Quality Assurance" Article.
Welding certificates.
Retain "Field quality-control reports" Paragraph below if Contractor is responsible for field quality-control testing and inspecting.
Field quality-control reports.
[bookmark: _Hlk536805899]Retain "Seismic Qualification Data" Paragraph below in "Informational Submittals" Article of all Specification Sections that specify Designated Seismic Systems, or as required by authorities having jurisdiction.
See "Special Certification" Article in the Evaluations for a discussion on certification and see Paragraph 13.2.2 of ASCE/SEI 7-05, ASCE/SEI 7-10, or ASCE/SEI 7-16 for specific requirements. Mechanical engineer must identify all equipment and systems required to have special certification. These must be identified in Equipment Schedule or separate Vibration-Control Schedule; or, if the number of devices and systems is small, they can be listed in the Specifications.
Seismic Qualification Data: Provide special certification for designated seismic systems as indicated in ASCE/SEI 7-10, or ASCE/SEI 7-16, Paragraph 13.2.2, "Special Certification Requirements for Designated Seismic Systems" for Designated Seismic Systems identified as such on Drawings or in the Specifications.
Provide equipment manufacturer's written certification for each designated active mechanical seismic device and system, stating that it will remain operable following the design earthquake. Certification must be based on requirements of ASCE/SEI 7 and AHRI 1270 (AHRI 1271), including shake table testing per ICC-ES AC156 or a similar nationally recognized testing standard procedure acceptable to authorities having jurisdiction or experience data as permitted by ASCE/SEI 7-10 or ASCE/SEI 7-16.
Provide equipment manufacturer's written certification that components with hazardous contents maintain containment following the design earthquake by methods required in ASCE/SEI 7-10 or ASCE/SEI 7-16.
Submit evidence demonstrating compliance with these requirements for approval to authorities having jurisdiction after review and acceptance by a licensed professional engineer.
[bookmark: _Hlk527985128]Retain subparagraph below only if Designated Seismic Systems are not scheduled. If a schedule is not being used, all Designated Seismic Systems must be listed below. See "Special Certification" Article in the Evaluations for more information.
The following HVAC systems and components are Designated Seismic Systems and require written special certification of seismic qualification by manufacturer:
<Insert list>.
[bookmark: _Hlk205403]Retain "Wind-Force Performance Certification" Paragraph below when applicable codes require special certification. Retain paragraph in "Informational Submittals" Article of all Specification Sections that specify HVAC equipment requiring wind-force certification.
See "Special Certifications" Article in the Evaluations for a discussion on wind-force certification. Certification requirement covers HVAC equipment subject to wind load and devices, such as intake and exhaust louvers, which cover building openings. These must be identified by mechanical engineer on Equipment Schedule or separate Vibration-Control Schedule; or, if the number of devices and systems is small, they can be listed in the Specifications.
Wind-Force Performance Certification: Provide special certification for HVAC components subject to high wind exposure and impact damage and designated on Drawings or in the Specifications to require wind-force performance certification.
Provide equipment manufacturer's written certification for each designated HVAC device, stating that it will remain in place and operable following the design wind event and comply with all requirements of authorities having jurisdiction.
Provide manufacturer's written certification for each designated louver, damper, or similar device, stating that it will remain in place and protect opening from penetration of windborne debris and comply with all requirements of authorities having jurisdiction.
Certification must be based on ICC-ES or similar nationally recognized testing standard procedures acceptable to authorities having jurisdiction.
Retain subparagraph below only if wind-force performance certification is not scheduled on Drawings. If a schedule is not included on Drawings, all wind-force performance certified systems must be listed below. See "Special Certification" Article in the Evaluations for more information.
The following HVAC systems and components require special certification for high wind performance. Written special certification of resistance to the effects of high wind force and impact damage must be provided by manufacturer:
<Insert list>.
QUALITY ASSURANCE
Seismic-restraint devices shall have horizontal and vertical load testing and analysis performed in accordance with CBC or shall bear anchorage preapproval "OPA" number, from OSHPD or another agency acceptable to University’s Representative, 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 California registered professional engineer.  Testing and calculations must include both shear and tensile loads and 1 test or analysis at 45 degrees to the weakest mode.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Seismic Engineering:  Seismic bracing and support design, mounting hardware and equipment, support systems, restraint systems, anchorage systems, and installation shall conform to the CBC requirements.  Submit calculations, plans, and documents stamped by a qualified California registered engineer.
Structural Review: Seismic engineering submittal documents, seismic loads, anchorage and support loads, and vertical loads applied to building structures and structural components shall be reviewed, analyzed, and approved by the project structural engineer of record.
COORDINATION
Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into base.  Concrete, reinforcement, and formwork requirements are specified in Division 03 Section “Cast-in-Place Concrete.”
PRODUCTS
PERFORMANCE REQUIREMENTS
Wind-Restraint Loading:
Basic Wind Speed: minimum 110 mph.
Building Classification Category:  II.
Minimum 10 lbf/ft² multiplied by maximum area of HVAC component projected on vertical plane normal to wind direction, and 45 degrees either side of normal.
Seismic-Restraint Loading:
Site Class as Defined in the CBC:  D.
Most building on campus are group II, building with 300+ occupants in a space are group III,  police, fire, EH&S and other essential buildings are group IV.
Assigned Seismic Use Group or Building Category as Defined in the CBC:  II.
Component Importance Factor:  1.0.
Component Response Modification Factor:  see Rp in table below.
Component Amplification Factor:  see Ap in table below.
	Distribution Systems
	Ap
	Rp 

	Piping in accordance with ASME B31, including in-line components with joints made by welding or brazing.
	2.5
	12

	Piping in accordance with ASME B31, including in-line components, constructed of high- or limited-deformability materials, with joints made by threading, bonding, compression couplings, or grooved couplings. 
	2.5
	6

	Piping and tubing not in accordance with ASME B31, including in-line components, constructed of high-deformability materials, with joints made by welding or brazing.
	2.5
	9

	Piping and tubing not in accordance with ASME B31, including in-line components, constructed of high- or limited-deformability materials, with joints made by threading, bonding, compression couplings, or grooved couplings. 
	2.5
	4.5

	Piping and tubing constructed of low-deformability material, such as cast iron, glass, and non-ductile plastics. 
	2.5
	3


Design Spectral Response Acceleration at Short Periods (0.2 Second): 1.057 g.
Design Spectral Response Acceleration at 1.0-Second Period: 0.579 g.
Rotating and reciprocating equipment shall be statically and dynamically balanced to meet the following vibration limits under design operating conditions and under specified vibration isolation:	

	Equipment Type
	Vibration Limit (inches/sec, RMS)

	Pumps
	0.1

	Chillers
	0.05

	Cooling Towers
	0.1

	Direct Drive Fans
	0.05

	Belt-Driven Fans
	0.1

	Reciprocating Equipment
	0.4

	Other Equipment
	0.1


These vibration limits apply either on the bearings or the equipment support structure, whichever applicable.
The vibration limits shall include the effects of inertia mass or inertia bases, where applicable.
Equipment with variable frequency drives shall meet these limits throughout the entire frequency range that the equipment will operate.
Vibration Isolated Equipment with Variable Frequency Drives (VFD) shall not be operated below the following rotational speeds:

	Specified Isolation
Minimum Static Deflection
	Minimum Allowed Equipment
Rotational Speed (rpm)

	Less than 1 inch
	600

	1 inch
	500

	2 inches
	400

	3 inches
	350

	4 inches
	300

	5 or more inches
	250


MANUFACTURERS
In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:
Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified.
Or Equal:  Where products are specified by manufacturers name and accompanied by the term "or equal", comply with provisions in Division 01.  Specific procedures must be followed before use of an unnamed product or manufacturer.
VIBRATION ISOLATORS 
Manufacturers:
Amber/Booth Company, Inc.
California Dynamics Corp.
Kinetics Noise Control, Inc.
Mason Industries, Inc.
Vibration Mountings & Controls/Korfund.
Or equal.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
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.
Material: 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.
Durometer Rating:  50 or 60.
Use multiple layers, separated by steel shims, depending on supported equipment load.  See manufacturer's data for load capacities.
Number of Layers:  As required. Use multiple layers, separated by steel shims, depending on supported equipment load.  See manufacturer's data for load capacities.
Based on Mason SWM.
Duplicate paragraph and subparagraph below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
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.
Durometer Rating:  50 or 60.
Based on Mason ND.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
Restrained Elastomeric Mounts:  All-directional elastomeric mountings with seismic restraint.
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.
Neoprene:  Shock-absorbing materials compounded in accordance with AASHTO M 251, the standard for bridge-bearing neoprene.
Based on Mason BR.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
Spring Isolators:  Freestanding, laterally stable, open-spring isolators.
Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
Minimum Additional Travel:  50 percent of the required deflection at rated load.
Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure. 
Baseplates:  Factory drilled for bolting to structure and bonded to ¼-inch-thick, rubber isolator pad attached to baseplate underside.  Baseplates shall limit floor load to 100 psig.
Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and cap screw to fasten and level equipment.
Based on Mason SLF or SLFH.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic restraint.
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 ¼-inch-thick, elastomeric isolator pad attached to baseplate underside; and adjustable equipment mounting and leveling bolt that acts as blocking during installation.
Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
Minimum Additional Travel:  50 percent of the required deflection at rated load.
Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
Based on Mason SLR or SLRS.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
Housed Spring Mounts:  Housed spring isolator with integral seismic snubbers.
Housing:  Ductile-iron or steel housing to provide all-directional seismic restraint.
Base:  Factory drilled for bolting to structure.
Snubbers:  Vertically adjustable to allow a maximum of ¼-inch travel before contacting a resilient collar.
Based on Mason SSLFH.
Duplicate paragraph below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
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.
Based on Mason HD.
Spring Hangers:  Combination coil-spring and elastomeric-insert hanger with spring and insert in compression.
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.
Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
Minimum Additional Travel:  50 percent of the required deflection at rated load.
Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
Elastomeric Element:  Molded, oil-resistant rubber or neoprene, two elements.  Steel-washer-reinforced cup to support spring and bushing projecting through bottom of frame.
Based on Mason 30N.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
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.
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.
Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
Minimum Additional Travel:  50 percent of the required deflection at rated load.
Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
Elastomeric Element:  Molded, oil-resistant rubber or neoprene, two elements.
Adjustable Vertical Stop:  Steel washer with neoprene washer "up-stop" on lower threaded rod.
Based on Mason PC30N.
Duplicate paragraph and subparagraphs below for each type of pad configuration required for Project.  Use drawing designation in the Vibration Isolator and Seismic-Restraint Schedule.
Thrust Limits:  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.
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.
Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
Minimum Additional Travel:  50 percent of the required deflection at rated load.
Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
Elastomeric Element:  Molded, oil-resistant rubber or neoprene.
Coil Spring:  Factory set and field adjustable for a maximum of ¼-inch movement at start and stop.
Based on Mason WBI or WBD.
Pipe Riser Resilient Support:  All-directional, acoustical pipe anchor consisting of 2 steel tubes separated by a minimum of ½-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 500 psig and for equal resistance in every directions.
Based on Mason ADA or ADAH.
Resilient Pipe Guides:  Telescopic arrangement of 2 steel tubes separated by a minimum of ½-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.
Based on Mason VSG or VSGH.
RESTRAINED VIBRATION ISOLATION ROOF-CURB RAILS
Roof-Curb Rails: Shall only be used with prior approval of University.
Description:  Factory-assembled, fully enclosed, insulated, air- and watertight curb rail designed to resiliently support equipment and to withstand 125-mph wind impinging laterally against side of equipment.
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 for attaching roof materials, and shall be insulated with a minimum of 2 inches of rigid, glass-fiber insulation on inside of assembly.
Spring Isolators:  Adjustable, restrained spring isolators shall be mounted on ¼-inch-thick, elastomeric vibration isolation pads and shall have access ports, for level adjustment, with removable waterproof covers at 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. Isolator adjustment mechanism shall be a rigid lift platform to minimize side sway.
Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic restraint.
Housing:  Steel with resilient vertical-limit stops and adjustable equipment mounting and leveling bolt.
Outside Spring Diameter:  Not less than 80 percent of the compressed height of the spring at rated load.
Minimum Additional Travel:  50 percent of the required deflection at rated load.
Lateral Stiffness:  More than 80 percent of the rated vertical stiffness.
Overload Capacity:  Support 200 percent of rated load, fully compressed, without deformation or failure.
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.
Material:  Bridge-bearing neoprene, complying with AASHTO M 251.
Durometer Rating:  50.
Number of Layers:  As required.
Snubber Bushings:  All-directional, elastomeric snubber bushings at least ¼ inch thick.
Water Seal:  Galvanized sheet metal with EPDM seals at corners, attached to upper support frame, extending down past lower support assembly, and counter-flashed over roof materials.
Based on Mason RSC.
SEISMIC-RESTRAINT DEVICES
Resilient Isolation Washers and Bushings:  1-piece, molded, bridge-bearing neoprene complying with AASHTO M 251 and having a durometer of 60, plus or minus 5, with a flat washer face.
Based on Mason HG.
Seismic Snubbers:  All-directional and factory fabricated using welded structural-steel shapes and plates, anchor bolts, and replaceable resilient isolation washers and bushings.
Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and stud-wedge or female-wedge type.
Resilient Isolation Washers and Bushings:  1-piece, molded, bridge-bearing neoprene complying with AASHTO M 251 and having a durometer of 60, plus or minus 5.
Snubbers, and snubber quantities, shall be selected based upon calculation of forces/loads.
Based on Mason Z-1225, or Z-1011. 
Anchor Bolts:  Seismic-rated, drill-in, and stud-wedge or female-wedge type.  Select anchor bolts with strength required for anchor and as tested in accordance with ASTM E488.
VIBRATION ISOLATION EQUIPMENT BASES.
Steel Base:  Factory-fabricated, welded, structural-steel bases and rails.
Design Requirements:  Lowest possible mounting height with not less than 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.
Structural Steel:  Steel shapes, plates, and bars complying with ASTM A36.  Bases shall have shape to accommodate supported equipment. Beam deflection shall not exceed 0.10 inches over entire length.
Support Brackets:  Factory-welded steel angles on frame for outrigger isolation mountings and to provide for anchor bolts and equipment support.
Motor Mounts: Slide rails.
Based on Mason M, or WF.
Inertia Base:  Factory-fabricated, welded, structural-steel bases and rails ready for field-applied, cast-in-place concrete.
Design Requirements:  Lowest possible mounting height with not less than 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.
Structural Steel:  Steel shapes, plates, and bars complying with ASTM A36.  Bases shall have shape to accommodate supported equipment.
Support Brackets:  Factory-welded steel angles on frame for outrigger isolation mountings and to provide for anchor bolts and equipment support.
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.
Motor Mounts: Slide rails.
Based on Mason BMK, or KSL.
FACTORY FINISHES
Manufacturer's standard prime-coat finish ready for field painting.
Finish:  Manufacturer's standard paint applied to factory-assembled and -tested equipment before shipping.
Powder coating on springs and housings.
Hardware shall be hot-dip galvanized.  
Nuts, bolts, and washers for outdoor use or wet applications shall be stainless steel.
Baked enamel for metal components on isolators for interior use.
Color-code or otherwise mark vibration isolation and seismic-control devices to indicate capacity range.
EXECUTION
EXAMINATION
Examine areas and equipment to receive vibration isolation and seismic and wind control devices for compliance with requirements, installation tolerances, and other conditions affecting performance.
Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations before installation.
Proceed with installation only after unsatisfactory conditions have been corrected.
APPLICATIONS
Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for application by an evaluation service member of ICC-ES, OSHPD, or an agency acceptable to University’s Representative.
Indicate on Drawings, in schedules, or a combination of both, the locations where hanger rods for individual pipes and hanger rods for trapeze hangers require hanger-rod stiffeners.
Hanger-Rod Stiffeners: Install where indicated or scheduled on Drawings to receive them and where required to prevent buckling of hanger rods due to seismic forces.
Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of components so strength is adequate to carry present and future static, wind load, and seismic loads within specified loading limits.
INSTALLATION
Installation of vibration isolators must not cause any change of position of equipment, piping, or ductwork resulting in stresses or misalignment.
Install roof curbs, equipment supports, and roof penetrations as specified in Division 07 Section "Roof Accessories."
Install thrust limits 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.  
Install seismic snubbers on isolated equipment.  Locate snubbers as close as possible to vibration isolators and bolt to equipment base and supporting structure. Seismic snubbers shall be as follows:
Equipment weighing less than 2,400 pounds – Snubber shall be based on Mason Z-1225.
Equipment weighing greater than 2,400 pounds – Snubber shall be based on Mason Z-1011.
Snubbers, and snubber quantities, shall be selected based upon calculation of forces/loads.
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.
Install resilient bolt isolation washers on equipment anchor bolts.
Seismic restraint systems shall be installed in strict accordance with the manufacturer’s seismic restraint guidelines manual and certified submittal data.
Branch lines may not be used to restrain main lines.
Piping crossing building seismic or expansion joints, passing from building to building, or supported from different portions of the building shall be installed to allow differential support displacements without damaging the pipe, equipment connections, or support connections.  Pipe offsets, loops, anchors, and guides shall be installed as required to provide specified motion capability and limit motion of adjacent piping.
Do not brace a system to two independent structures such as ceiling and wall.
Provide appropriately sized openings in walls, floors, and ceilings for anticipated seismic movement.  Provide fire seal systems in fire-rated walls.
Installation of seismic restraints shall not cause any change in position of equipment or piping, resulting in stresses or misalignment.
No rigid connections between equipment and the building structure shall be made that degrade the noise and vibration-isolation system specified.
Additional Seismic devices, mounts, and equipment bases shall be installed, type of device shall be selected by licensed structural engineer, or licensed acoustical engineer as required to meet project requirements.    
Ductwork shall be installed with vibration isolation devices required to meet sound criteria. 
Provide seismic joints in piping and ductwork crossing building seismic joints.
ACOUSTICAL SLEEVES
Where piping or ductwork passes through equipment walls, floors or ceilings, provide a split acoustical seal with minimum ¾ inch closed cell neoprene sponge bonded to the inner faces.
Once the pipe or duct is inserted through the seal, the seal shall be tightened to eliminate clearance between the inner sponge face and the penetrating element.
Concrete shall be packed around the seal to make it integral with the floor, wall or ceiling if such sleeve is not already in place around the pipe prior to the construction of the building member.
Where temperatures exceed 240°F., 10 lb. density fiberglass shall be used in lieu of the sponge.
Coordinate entire installation with requirements of insulation and fire-stopping methods. 
Seal shall be Mason Type SWS, Mason Type SPS, or equal.
PIPING AND DUCTWORK ISOLATION
Piping Hangers: Mason PC30N, and resilient isolator type hangers (Mason HD) spring isolator type hangers with minimum 1” deflection (see exception in item “C” below) shall be provided as determined by the Acoustics and Vibration Consultant.
Duct Hangers: Mason PC30N spring isolator type hangers with minimum 1” deflection (see exception in item “C” below) shall be provided as determined by the Acoustics and Vibration Consultant
The first three piping and duct hanger supports from the isolated equipment shall have Mason PC30N isolators with deflection distance matching the deflection distance of equipment mounted springs.
Piping or ductwork suspended with vibration isolators, shall only be with braced with cable bracing. Cabling shall be adjustable and shall not be in tension. 
Provide seismic joints in piping and ductwork crossing building seismic joints.
EQUIPMENT ISOLATION
Install duct, piping and electrical flexible connections to externally vibration-isolated equipment.
Flexible duct connections shall result in a loose and resilient connection and maintain a minimum clearance of 4” between the two sides that they connect.
Flexible connectors shall be used to connect piping to isolated equipment, except equipment for which flexible connectors are not permitted by code.
Flexible pipe equipment connectors for externally isolated equipment shall be as follows:
Spherical rubber expansion joints.
Flexible hose joints.
Locate isolation device downstream of shut-off valves. 
Flexible pipe equipment connectors for internally isolated equipment shall be as follows:
Double-ply stainless steel bellows without braided jackets.
Stainless steel corrugated hose, stainless steel sheath, with metal connectors with minimum specified live lengths. Hose type flexible connectors shall have minimum live lengths as specified in the 1999 ASHRAE Handbook, Table 46 (see below).

	Nominal Diameter
(inches)
	Minimum Live Length
(inches)

	0.75
	12

	1
	12

	1.5
	12

	2
	12

	2.5
	12

	3
	18

	4
	18

	5
	24

	6
	24

	8
	24

	10
	24

	12
	36


Equipment Isolators: 	For equipment ½ horsepower and larger, use spring isolation device.  For equipment smaller than ½ horsepower, use neoprene isolation device. 
Install flex connections in parallel with motor shaft. 
EQUIPMENT BASES
Fill concrete inertia bases, after installing base frame, with 3000-psi concrete; trowel to a smooth finish.
Revise paragraph and subparagraphs below based on installed equipment.  Indicate dowel rod quantity, size, and spacing on Drawings.
Concrete Bases:  Anchor equipment to concrete base in accordance with supported equipment manufacturer's written instructions for seismic codes at Project site.
Install dowel rods to connect concrete base to concrete floor. 
Install with chamfered vertical corners and rounded over horizontal corners.  Do not leave any sharp corners.
Install epoxy-coated anchor bolts for supported equipment that extend through concrete base and anchor into structural concrete floor.
Place and secure anchorage devices.  Use Setting Drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
Install anchor bolts to elevations required for proper attachment to supported equipment.
Install anchor bolts in accordance with anchor-bolt manufacturer's written instructions.
 Materials and placement requirements are specified in Division 03 Section “Cast-in-Place Concrete.”
FIELD QUALITY CONTROL
Testing:  Perform the following field quality-control testing:
Isolator seismic-restraint clearance.
Isolator deflection.
Snubber minimum clearances.
ADJUSTING
Adjust isolators after piping systems have been filled and equipment is at operating weight.
Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.  After equipment installation is complete, adjust limit stops so they are out of contact during normal operation.
Attach thrust limits at centerline of thrust and adjust to a maximum of ¼-inch movement during start and stop.
Adjust active height of spring isolators.
Adjust snubbers in accordance with manufacturer's written recommendations.
Adjust seismic restraints to permit free movement of equipment within normal mode of operation.
Torque anchor bolts in accordance with equipment manufacturer's written recommendations to resist seismic forces.
CLEANING
After completing equipment installation, inspect vibration isolation and seismic-control devices.  Remove paint splatters and other spots, dirt, and debris.
END OF SECTION
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