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DUBLIN, OHIO, USA • MISSISSAUGA, ONTARIO, CANADA


SECTION 230549: SEISMIC/WIND RESTRAINTS


  

PART 1:  GENERAL

1.1 SEISMIC AND WIND RESTRAINTS
A. General:

1. Provide positive seismic and wind restraints on systems and components required by the applicable building code and by the local authority having jurisdiction. This section covers design, supply, installation and inspection of complete SFRS {Seismic Force Resisting System} for all systems.
2. SFRS to be fully integrated into, compatible with noise and vibration controls in accordance with Section 230548 – VIBRATION ISOLATION AND NOISE CONTROL. See the vibration isolation and seismic restraint schedule on the drawings for equipment specific values to be used in calculating the seismic restraint forces, including component importance factor, (IE) / (IP); Reference Code By Jurisdiction.
3. Provide restraint devices as required, specified, and as scheduled for isolated and non-isolated systems and equipment.  Provide calculations to determine restraint loadings for all restrained systems and equipment resulting from seismic forces.  Certification documents to be signed and sealed by a qualified Professional Engineer with at least 5 years experience in the design of seismic restraints. 

4. The contractor shall utilize a supplier familiar/experienced with the design of seismic systems to provide a comprehensive package of isolation and seismic restraint for the project. Provide detailed shop drawings showing the proposed restraint system for all required equipment, piping and ductwork on the project. The shop drawings shall include calculations certified by a registered design professional.
5. Seismic restraints are to be provided for all mechanical & non-structural components of building services in accordance with the current: IBC; NBCC; OBC; ASHRAE Standards “A Practical Guide to Seismic Restraints”; NFPA 13; SMACNA (2nd Edition) “HVAC Duct Construction Standards” and Good Engineering Practice (references listed below):
International Building Code (IBC) year by jurisdiction / National Building Code of Canada (NBCC) 2010 / Ontario Building Code (OBC) 2006.

a. American Society of Civil Engineers 7-05. (Issue year may vary depending on specified IBC code).
b. SMACNA (Sheet Metal and Air-conditioning Contractors’ National Association’s) Seismic Restraint Manual Guidelines for Mechanical Systems (2nd ed. Or 3rd ed. depending on specified either by code or Engineer of Record).
c. ASHRAE (American Society for Heating, Refrigerating and Air-conditioning Engineers) A Practical Guide to Seismic Restraint; ASHRAE Applications Handbook, Seismic and Wind Restraint Design Chapter; ASHRAE Standard 171-2008: Methods of Test for Seismic restraints.

d. VISCMA (The Vibration Isolation and Seismic Control Manufacturers Association) has developed Testing and Rating Standards for Seismic Restraint Components that comply with Code and ASHRAE based requirements.
e. VISCMA 102-2007: Static Qualification Standards for Obtaining a VISCMA Compliant Seismic Component Rating.

f. FEMA (Federal Emergency Management agency) Seismic Restraint Installation Manuals 412, 413 & 414.

1) FEMA 412: Installing Seismic Restraints for Mechanical Equipment.
2) FEMA 413: Installing Seismic Restraints for Electrical Equipment.
3) FEMA 414: Installing Seismic Restraints for Duct and Pipe.

6. Each contractor shall use a single manufacturer to provide and certify seismically rated isolators and restraints. Preferred manufacturer is: Kinetics Noise Control, Inc.
7. At the completion of the project, upon request, there can be a review of the installations on site and a sealed written report, certifying that the installations have been completed in accordance with the specified design(s) and shop drawing(s) can be furnished, by others, upon this request.
1.2 ENGINEERING PERFORMANCE REQUIREMENTS

{Note to specifier: Fill in Seismic Requirement(s) portion of specs as required }.

A. Specified design criteria for seismic and vibration for elements and components are to be designed to accommodate these specific calculation components factors:

1. Design Ground Acceleration Coefficient  (Ss = X.XX ) / (Sa = X.XX) as appropriate for jurisdiction / code.

2. (If IBC or TI-809-04) Design Long Period Ground Acceleration Coefficient  (S1 = X.XX ).
3. Design (Site Class) Soil Type (A, B, C, D, E, F)  as appropriate.  (If NBC Canada, the Foundation Factor). For OBC (Fa = X.XX).
4. Importance or Performance Factor appropriate to structure  (IP = X.XX) / (IE = X.XX) as appropriate for jurisdiction / code. Classification: (Low, Normal, High, Post Disaster).

5. Additional Safety Factor above code requirements for engineered components and   SFRS ( X );   (if appropriate).

6. Equipment Schedule (IBC / NBCC / OBC, TI-808-04, 97UBC) The Mechanical Engineer of record will provide a comprehensive Equipment Schedule indicating individual equipment importance factors, IP / IE, (including equipment whose importance factor, IP / IE, may be increased by proximity to essential life safety or hazardous components), equipment elevation both in the structure and (if floor mounted, relative to the floor), roof elevation and structural interface material, i.e., anchored to concrete, bolted or welded to steel.

7. Schedule or drawings indicating critical (IP =1.5) / (IE =1.5) Duct / Piping systems, including systems whose importance factor may be increased by proximity to critical components.
8. Wind loads shall be based on the requirements listed in ASCE 7-05 including the recommendations in the commentary for that document.
1.3 SEISMIC DESCRIPTION OF SYSTEM

A. It shall be understood that the requirements of this seismic restraint section are in addition to other requirements as specified elsewhere for the support and attachment of equipment and mechanical services, and for the vibration isolation of same equipment. Nothing on the project drawings or specifications shall be interpreted as justification to waive the requirements of this seismic restraint section.  

1. Seismic restraint systems shall be designed to offer seismic restraint in all directions, unless otherwise noted.
2. Anchor types and sizes are to be per the design data as provided by the seismic restraint manufacturer.

3. Seismic restraint capacities, seismic cable restraint system, rod stiffener clamps to be verified by an independent test laboratory or certified by a registered design professional to ensure that the design intent of this specification is realized.  Verification shall be by one of the following methods:
a. An NRTL (National Recognized Testing Laboratory), or laboratory recommended by VISCMA.

b. Certified be a registered design professional with at least 5 years experience, using industry standard methods of analysis, which employ common engineering practices.  Adherence to the ratings standard within ASHRAE Standard 171-2008 and VISCMA 102-2007 is required.

c. By a nationally recognized agency, such as VISCMA, that has reviewed and approved the restraint.
4.
Its the contractors’ responsibility to ensure the seismic engineers’ requirements have been met.

1.4 SEISMIC SYSTEM DESIGN

A. The seismic restraint manufacturer shall be responsible for the selection of the attachment hardware as required to attach snubbers/restraints to both the equipment and supporting structure on vibration isolated equipment, or to directly attach equipment to the building structure for non-isolated equipment.

B. The contractor shall furnish, to the seismic restraint manufacturer, a complete set of approved shop drawings of all equipment that is to be restrained, from which the selection and design of seismic restraint devices and/or attachment hardware will be completed. The shop drawings furnished shall include, at a minimum, basic equipment layout, length and width dimensions, and installed operating weights of the equipment to be restrained. 

C. All piping and ductwork is to be restrained to meet code requirements. At a minimum, the seismic restraint manufacturer shall provide documentation on maximum restraint spacing for various restraint sizes and anchors, as well as “worst case” reaction loads for each restraint and/or anchor size.  
D. The contractor shall ensure that all housekeeping pads used are adequately reinforced and are properly dowelled to the building structure, so as to withstand calculated seismic forces.  In addition, the size & thickness of the housekeeping pad is to be coordinated with the seismic restraint manufacturer to ensure that adequate edge distances & embedment depths exist in order to obtain the desired equipment anchor capacities.
1.5 
COORDINATION
A. Coordinate size, shape, reinforcement and attachment of all housekeeping pads supporting vibration/seismically rated equipment.  Concrete shall have a minimum compressive strength of 3,000 psi, more if so specified by the project engineer. 

B. Coordinate with vibration/seismic restraint manufacturer and the structural engineer of record to locate and size structural supports underneath vibration/seismically restrained equipment (e.g. roof curbs, cooling towers and other similar equipment).

1.6       SUBMITTALS

A.
All seismic / wind / vibration restraint systems shall be by a single manufacturer.  
Preferred manufacturer is: Kinetics Noise Control, Inc.
B.         Product Data: Include Seismic Rating Data for each seismically rated isolator or restraint component.

C. Submit shop drawings for all devices specified herein and as indicated and scheduled on the drawings.  Submittals shall indicate full compliance with the device specification in Part 2.  Any deviation shall be specifically noted and subject to engineer approval.  Submittals shall include device dimensions, placement, attachment(s) and anchorage requirements. Shop Drawings shall include the following:
1. Design Calculations: Calculate the load requirements for all seismically rated vibration isolators and seismic restraints. Certification documents to be signed and sealed by a registered design professional with at least 5 years experience in the design of seismic restraint systems. 

2. Vibration Isolation Bases: Dimensional drawings including anchorage and attachment to structure and to supported equipment. Include auxiliary motor slides and rails, base weights, equipment static loads.

3. Seismic-Restraint Details: Provide detailed submittal drawings of seismic restraints and snubbers.  Show anchorage details and indicate quantity, diameter, and depth of penetration of anchors.  Include load rating where appropriate.

4. Equipment Manufacturer Seismic Qualification Certification: The Equipment Manufacturer must submit certification that each piece of provided equipment will withstand seismic forces identified in "Performance Requirements";  Include the following:

a. Basis for Certification: Indicate whether the “withstand” certification is based on actual test of assembled components or on calculations.

b. Indicate the equipment is certified to be durable enough to:  




1). structurally resist the design forces (non-essential equipment) and/or




2). will remain functional after the seismic event (essential equipment).

D. Working drawings, materials lists, schematics and full specifications for all components of each SFRS to be provided. Design calculations are to include restraint loads resulting from seismic forces in accordance with {IBC / NBSS / OBC}, detailed work sheets and tables as appropriate. Separate shop drawings for each SFRS and devices for each system or equipment are to be provided. These drawings shall be designed and bear the signed stamp of a registered design professional licensed to practice in the appropriate discipline and in the projects geographic location.
E. Materials and systems specified herein and detailed or scheduled on the drawings are based upon materials manufactured by: Kinetics Noise Control, Inc. Materials and systems provided by other manufacturers are acceptable, provided that they meet all requirements as listed in this specification.

PART 2:  PRODUCTS / MATERIALS
2.1 SEISMIC RESTRAINT ISOLATION  {All seismically rated isolators selected for use on the project shall be capable

                                                           of withstanding the applicable seismic design forces for the specific installation}.                   
A. Isolators:

1. Vibration/Seismic Spring Floor Mounts: Type FHS – Spring isolators shall be seismically restrained spring isolators, incorporating a single vibration isolator. Springs shall be restrained using a housing engineered to limit both lateral and vertical movement of the supported equipment during an earthquake without degrading the vibration isolation of the spring during normal equipment operating conditions. Vibration isolators shall incorporate a steel housing and snubbing grommet system designed to limit motion to approximately 0.2" (5 mm) in any direction and to prevent any direct metal-to-metal contact between the supported member and the fixed housing. Where the capacity of the anchorage hardware in concrete is inadequate for the required seismic loadings, an adapter plate to allow the addition of more or larger anchors will be fitted to fulfill these requirements. In addition to the primary isolation spring, the load path will include a minimum 0.25" (6 mm) thick neoprene pad. Spring elements shall be color coded or otherwise easily identified. Springs shall have a lateral stiffness greater than 1.2 times the rated vertical stiffness and shall be designed to provide a minimum of 50% overload capacity. Non-welded spring elements shall be epoxy powder coated and shall have a minimum of a 1000-hour rating when tested in accordance with ASTM B-117 to facilitate servicing. Spring elements shall meet all the specified characteristics described in Section 2.1/E.1 paragraph (23 05 48 Vibration Isolation Section). Oversized base plates may be required and will be determined when seismic certifications are performed. Spring isolators shall be Model FHS as manufactured by Kinetics Noise Control, Inc.
2. Vibration/Seismic Restrained Spring Isolator: Type FLSS – Vibration isolators shall be seismically rated, restrained spring isolators for equipment which is subject to load variations and large external forces. Isolators shall consist of large diameter, laterally stable, steel springs assembled into welded steel housing assemblies designed to limit movement of the supported equipment in all directions. Housing assembly shall be of fabricated steel members and shall consist of a top load plate complete with adjusting and leveling bolts, adjustable vertical restraints, isolation washers, and a bottom plate with internal non-skid noise isolation pads and holes for attaching the housing to supporting structure. Housing shall be hot-dip galvanized for corrosion resistance. Housing shall be designed to provide a constant free and operating height within 1/8" (3 mm). Spring elements shall be selected to provide static deflections as shown on the vibration isolation schedule or as indicated or required in the project documents. Springs shall be color coded or otherwise identified. Spring elements shall have a lateral stiffness greater than 1.2 times the rated vertical stiffness and shall be designed to provide a minimum of 50% overload capacity. Non-welded spring elements shall be polyester powder coated, and shall have a 1000 hr rating when tested in accordance with ASTM B-117. Spring elements shall meet all the specified characteristics described in Section 2.1/E.1 paragraph (23 05 48 Vibration Isolation Section). Oversized base plates may be required and will be determined when seismic certifications are performed. Vibration isolators shall be Model FLSS as manufactured by Kinetics Noise Control, Inc.

3. Vibration/Seismic Modular Restrained Spring Isolator: Type FMS (A, B, C, D, E, F) – Spring isolators shall be comprised of two interfacing but independent elements; a coil spring element and a seismically rated housing. The spring coil element shall be comprised of one or more coil assemblies having all of the characteristics of freestanding coil spring isolators as specified in the vibration isolation portion of the specification. The seismically rated housing shall be sized to meet or exceed the force requirements applicable to the project and have the capability of accepting coils of various sizes, capacities, and deflections as required to meet the desired isolation criteria. All spring forces will be contained within the coil/housing assembly and under no seismic load condition shall the restraint anchoring hardware be exposed to spring - generated forces. The restraint element shall incorporate a steel housing with elastomeric elements at all dynamic contact points. The restraint will allow a maximum 1/4 in. (25 mm) motion in any direction from the neutral position. All elastomeric elements shall be replaceable. To ensure the optimum anchorage capacity, the restraint will have an overturning factor (the ratio of the effective lateral snubber height to the short axis anchor spacing) of 0.33 or less. The leveling nut or screw shall be accessible for adjustment with the use of a pneumatic or electric impact wrench. Spring elements shall meet all the specified characteristics described in Section 2.1/E.1 paragraph (23 05 48 Vibration Isolation Section). The spring element shall be replaceable without having to lift or otherwise remove the supported equipment. The isolator/restraint shall be Model FMS (A, B, C, D, E, F) as manufactured by Kinetics Noise Control, Inc.
B. All Direction Neoprene Isolator: Type RQ - Vibration Isolators shall be neoprene, molded from oil resistant compounds, designed to operate within the strain limits of the isolator so to provide the maximum isolation and longest life expectancy possible using neoprene compounds. Isolators shall include encapsulated cast-in-place top steel load transfer plate for bolting to equipment and a steel base plate with anchor holes for bolting to the supporting structure. Cast iron or aluminum components are not acceptable alternatives and shall not be used due to brittleness when subjected to shock loading. Isolator shall be capable of withstanding the design seismic loads in all directions with no metal-to-metal contact. Isolator shall have minimum operating static deflections as shown on the project Vibration Isolation Schedule or as otherwise indicated in the project documents and shall not exceed published load capacities. Neoprene isolators shall be Model RQ as manufactured by Kinetics Noise Control, Inc.
2.2 SEISMIC CURB/RAIL WITH INTEGRAL CURB ISOLATION 

A. Vibration/Seismic Restrained Curb-mounted Spring Rail: Type KSCR w/ seismic restraint – All rooftop air-handling units shall be supported by vibration isolation curbs as manufactured by Kinetics Noise Control. The vibration isolation curbs shall be complete assemblies designed to resiliently support the equipment at the specified elevation and shall constitute a fully enclosed air- and weather-tight system. The isolation curb shall consist of an upper support rail with supply and return flexible connector supports on which the equipment and duct openings rest and a lower support curb which is attached to the roof structure, separated by freestanding, un-housed, laterally stable steel springs and lateral seismic and/or wind load restraints. The upper support rail shall provide continuous structural support for the rooftop equipment and shall be designed to provide isolation against casing-radiated vibration in the rooftop equipment housing and structure-borne vibration from rotating and mechanical equipment in the rooftop package. The upper support rail shall consist of an extruded aluminum structural shape with a minimum height of 4.75" (121 mm) above the spring to preclude interference with the roof top equipment. The upper support rail extrusion shall include a continuous keyway to accommodate the beaded elastomeric weather seal and a channel to maintain proper spring alignment. The lower support curb shall be a formed channel fabricated of heavy gauge galvanized steel with a continuous 1-1/2" x 1-1/2" (38 mm x 38 mm) nominal wood nailer. The base plate of the curb shall be 1" (25 mm) wide and shall be welded, bolted or screwed to the building support steel. The lower support curb shall have a minimum elevation of 14" (356 mm). Spring components shall be 1" (25 mm) 2" (51 mm) deflection, freestanding, un-housed, laterally stable steel springs. Springs shall have a lateral stiffness greater than 1.0 times the rated vertical stiffness and shall be designed for a typical 50% overload to solid. All springs shall have a polyester powder coated finish and be color coded to indicate load capacity. Springs shall rest on a neoprene noise pad. The spring and noise pad shall be captured in a retainer cap secured to the lower support curb. The lateral stabilizers shall be stainless steel spring assemblies factory located and installed to provide seismic and/or wind load restraint. Standard units are designed to withstand a 43 psf. horizontal and 25 psf. vertical wind load. Resistance to higher loads or for ratings on extended height curbs or units attached to wood or concrete will require analysis by KNC, but can in most cases be met with only minor modification. The weather seal shall run continuously around the perimeter of the curb and be joined in the field with one seam using a double-faced elastomeric adhesive. The weather seal shall be fastened to the wood nailer of the lower support curb using screws and an aluminum fascia strip. Supply and return flexible connector support hardware shall be supplied for installation by the contractor in the field. The supports will be clearly marked and dimensioned on the submittal and installation drawings. The support hardware shall be cut-to-length galvanized steel channels supported and connected with stamped and punched galvanized steel duct support hangers. The support hangers shall allow the duct support elevation to be equal to or lower than the equipment rail elevation. Supply and return air duct shall be flexibly attached by the contractor to prevent transmission of vibration to the building structure. The isolation curb assembly shall include a troubleshooting kit to permit the contractor to level or adjust the loading of the isolation system immediately after placement of the rooftop equipment should the actual weight and/or distribution differ from design values. Vibration isolators shall be selected by the manufacturer for each specific application to comply with deflection requirements as shown on the Vibration Isolation Schedule or as indicated on the project documents. Roof Curb Rails with an Integral Curb shall be Model KSCR, as manufactured by Kinetics Noise Control, Inc.
B. Vibration/Seismic Restrained Spring Isolation Roof Curb: Type ESR w/ seismic restraint – Curb type with integral isolators, designed to provide a complete roof curb installation.  All rooftop air-handling units shall be supported by vibration isolation curbs as manufactured by Kinetics Noise Control. The vibration isolation curbs shall be complete assemblies designed to resiliently support equipment at the specified elevation and shall constitute a fully enclosed air- and weather-tight system. The isolation curb shall consist of an upper support rail with supply and return duct supports on which the equipment and duct openings rest and a lower support curb which is attached to the roof structure, separated by free-standing, un-housed, laterally stable steel springs. The upper support rail shall provide continuous structural support for the rooftop equipment and shall be designed to provide isolation against casing radiated vibration in the rooftop equipment housing and structure borne vibration from rotating and mechanical equipment in the rooftop package. The upper support rail shall consist of a structural channel with sufficient elevation above the spring to preclude interference with the rooftop equipment and permit access to inspect the isolation system after placement of the rooftop equipment. Support of the RTU by weather seal attachment bolt heads is not permitted. The lower support curb shall be a formed channel fabricated of heavy gauge galvanized steel with a continuous 1-1/2 inch x 1-1/2 inch (38 mm x 38 mm) nominal wood nailer attached to the isolation support pedestals. The isolation support pedestal, which includes the seismic and wind load restraints, shall be bolted or welded to the building support steel to suitably transfer seismic and wind load forces to the building structure. The lower support curb shall have a minimum elevation of 14 inches (356 mm) from the top of the wood nailer to the base of the curb. Spring components shall be (1 inch/25 mm) (2 inch/51 mm) (4 inch/102 mm) deflection, free-standing, un-housed, laterally stable steel springs. Springs shall have a lateral stiffness greater than 1.2 times the rated vertical stiffness and shall be designed for a typical 50% overload to solid. All springs shall have a polyester powder coated finish and be color coded to indicate load capacity. Spring coils shall rest on minimum 0.25 inch (6 mm) neoprene noise pads. Seismic and wind load restraints shall be designed to limit movement in all directions. Restraint components shall include neoprene snubbers at all contact points for energy absorption. There shall be no metal-to-metal contact. Standard units are designed to withstand a 43 psf. horizontal and 25 psf. vertical wind load. Resistance to higher loads or for ratings on extended height curbs or units attached to wood or concrete will require analysis by KNC, but can in most cases be met with only minor modification. The isolation curb system shall be complete with cross-bracing as required as a part of the upper and lower assemblies. Supply air and return duct shall be flexibly attached by the contractor to prevent transmission of vibration to the building structure. Airborne noise control packages, if required, shall be supported by the roof structure within the curb and shall have no rigid contact with the isolation curb. The contractor shall be required to attach the curb to the roof structure, install cross-bracing and flex connector supports as necessary, and install and attach rooftop equipment. Vibration isolators shall be selected by the manufacturer for each specific application to comply with deflection requirements as shown on the Vibration Isolation Schedule or as indicated on the project documents. Roof Curb Rails with an Integral Curb and restrained isolators shall be Model ESR, as manufactured by Kinetics Noise Control, Inc.
2.3 SEISMIC CONCRETE INERTIA BASE ISOLATION {Base thickness recommended and determined by
                                                                                     the ASHRAE guidelines}.
A. TYPE CIB-L w/ seismic isolators: Isolation bases shall be constructed of concrete cast into fabricated inertia base frames, the steel members of which are designed and supplied by the isolation manufacturer. The concrete shall be poured into a welded steel frame, incorporating pre-located equipment anchor bolts, 1/2-in (13 mm) diameter reinforcing bars on nominal 8-in (203 mm) centers each way, and recessed isolator mounting brackets to reduce the mounting height of the equipment, and reduce the footprint of the base. The thickness of the base shall be a minimum of 8% of the longest span between (FHS) seismic control restraint spring isolators (detailed in 2.1.A.1 paragraph), at least 6 in (152 mm), or as indicated on the drawings. Where inertia bases are used to mount pumps, the bases shall be sized to support piping elbows. Concrete inertia bases shall be Model CIB-L, as manufactured by Kinetics Noise Control, Inc.
B. TYPE CIB-H w/ seismic isolators: Isolation bases shall be constructed of concrete cast into fabricated inertia base frames, the steel members of which are designed and supplied by the isolator manufacturer. The concrete shall be poured into a welded structural steel frame, incorporating pre-located equipment anchor bolts, 1/2-in (13 mm) diameter reinforcing bars on nominal 8 in (203 mm) centers each way, and external isolator mounting brackets to reduce the mounting height of the equipment. The thickness of the base shall be a minimum of 8% of the longest span between seismic control restraint spring isolators (detailed in 2.1.A.1 paragraph), at least 6 in (152 mm), or as indicated on the drawings. Where inertia bases are used to mount pumps, the bases shall be sized to support piping elbows. Concrete inertia bases shall be Model CIB-H, as manufactured by Kinetics Noise Control, Inc.
2.4 SEISMIC RAIL ISOLATION 

A. TYPE SBB w/ seismic isolators: Bases shall be structural beam sections, with welded on isolator support brackets and pre-located and drilled anchor bolt holes or skids, and shall be designed and supplied by the isolation materials manufacturer. Beam sections shall not be structurally connected to each other. Minimum section depth of each member shall be equal to 8% of the longest span between supporting isolators, or as shown on the drawings or indicated on the project documents. Isolator support brackets shall be welded to the structural beams as required to obtain the lowest mounting height for the supported equipment. Structural Rail Bases shall be Model SBB, as manufactured by Kinetics Noise Control, Inc.
B. TYPE SFB w/ seismic isolators: Bases shall be fabricated from structural beam sections as described above, except that lateral cross members will be added to form a structurally integral, welded frame to provide a rigid, distortion-free common frame to support and anchor separate equipment components or driven members. Structural Fabricated Bases shall be Model SFB, as manufactured by Kinetics Noise Control, Inc.
2.5 SEISMIC RESTRAINTS {TYPES OF}
A.
Seismic restraint devices:  {Devices shall be capable of withstanding the applicable design
                                                   forces for the specific installation}.
1. Seismic Cable Restraints:  Seismic wire rope cable restraints shall consist of steel wire strand cables, sized to resist project seismic loads, arranged to offer seismic restraint capabilities for piping, ductwork, and suspended equipment in all lateral directions. Building and equipment attachment brackets at each end of the cable shall be designed to permit free cable movement in all directions up to a 45-degree misalignment (Angle is determined from the point of attachment to the structure). Protective thimbles shall be used at sharp connection points as required to eliminate potential for dynamic cable wear and strand breakage. Restraints shall be sized based on the capacity of the cable or to the capacity of the anchorage, whichever is the lesser. Seismic wire rope connections shall be made using overlap wire rope “U” clips or seismically rated Kinetics Quakeloc. Vertical suspension rods shall be braced as required to avoid potential for buckling due to vertical ‘up’ forces. Braces shall be structural steel angle uniquely selected to be of sufficient strength to prevent support rod bending. Brace shall be attached to the vertical suspension rod by a series of adjustable clips. Clips shall be capable of securely locking brace to suspension rod without the need for hand tools. Where clevis hanger brackets are used for seismic restraint attachment, they will be fitted with clevis internal braces to prevent buckling of the hanger brackets. Seismic cable(s) with use of “U” clips & or Kinetics Quakelocs shall be as manufactured by Kinetics Noise Control, Inc.
a. Seismic cable building and equipment attachment brackets shall be Model KSUA or KSCA as manufactured by Kinetics Noise Control, Inc.
b. Seismic cable concrete anchor bolts shall be Model KCAB Wedge, Model KCCAB Cracked Concrete, Model KUAB Undercut or KAABC Adhesive, as manufactured by Kinetics Noise Control, Inc.
2. Hanger Rod Stiffener: Type KHRC – Seismic rod stiffener angle bracing shall be securely attached to hanging thread rod by a series of attachment clamps. Attachment clamps shall be manufactured from a one piece metal stamping, and shall include all required attachment hardware and locking nuts. Attachment clamps shall be bright zinc plated for corrosion protection. Attachment clamps shall be capable of installation or removal without the need to disassemble the suspended equipment. Attachment clamps made from aluminum, or iron castings can be brittle and shall not be acceptable for use in seismic applications. Seismic rod stiffener angle attachment clamps shall be capable of attaching angles ranging in size from 1" x 1" x 1/2" thick up to 2-1/2" x 2-1/2" x 1/4" thick, to threaded rod ranging in size from 3/8" to 1-1/2" diameter. Seismic rod stiffener angle attachment clamps shall include locking hardware to prevent any potential for loosening due to (piping) (ductwork) (suspended equipment) operational vibration. Seismic clamps shall be capable of installation using common hand tools, with no specialized or unique installation tools required. Steel angle to be provided by contractor; steel clamp to be provided by seismic restraint manufacturer. Seismic rod stiffener angle attachment clamps shall be Model KHRC as manufactured by Kinetics Noise Control, Inc. 
3. Seismic Beam Clamps: Type KSBC – The Kinetics Noise Control KSBC Beam Clamp is   designed to address the horizontal loads expected from seismic events. The two (2) sizes available use 3/8” and 1/2” attachment hardware and are equivalent to full bolted connections for hardware of the same size. (Thus if documentation requires that a 3/8” bolt be used, a 3/8” beam clamp is equally acceptable.) Seismic beam clamps shall be Model KSBC as manufactured by Kinetics Noise Control, Inc. 
4. Seismic Restraint Brackets: Type KSMS / KSMG – Formed steel brackets for securing floor-mounted equipment complete with pre-drilled holes.  Brackets shall be galvanized or powder coated enamel for corrosion protection. Selection of KSMS / KSMG size, quantity and locations is included as part of the seismic or wind restraint calculations provided by Kinetics Noise Control, Inc. Seismic brackets shall be Model KSMS / KSMG as manufactured by Kinetics Noise Control, Inc. 
5. Seismic Restraint Brackets (Curb-Mounted): Type KSMF – Seismic Mushroom Fan Mounting Clips are seismic and wind restraint brackets used to solid-mount mushroom fans to the curb. Attachment of the curb to the building structure is the responsibility of others. The clips are attached to the fan and the curb with sheet metal screws. The KSMF can also be used for similar sized curb-mounted fans and equipment. Selection of Model KSMF quantity and locations is included as part of the seismic or wind restraint calculations provided by Kinetics Noise Control, Inc.

6. Seismic Snubbers: Structural steel angle(s) with surfaces covered with ribbed neoprene pads to cushion contact with snubber.  Customized snubber designs may use other structural shapes and configurations as required.  Snubbers shall be designed to limit equipment motion to no more than 6 mm (¼”) in any direction.
a. TYPE HS-1 (1-Axis): (Equipment) (Equipment Bases) (Concrete Inertia Bases) (Structural Steel Supports) shall be restrained against excessive lateral movement during a seismic event by the use of resilient snubbers designed to meet current building codes. The steel members of the snubbers shall be designed to yield but not fail under design conditions. Calculations by a registered design professional or certified test reports shall be submitted which verify the capacity of each snubber. Snubbers shall be from structural fabricated steel and shall be attached to the building structure in a manner consistent with anticipated loads and shall meet current building codes. Snubbers shall be placed around equipment as shown on drawings to limit lateral movement at each snubber to 1/4" (6 mm). A minimum of (4) snubbers shall be installed around each resiliently supported piece of equipment. Snubbers shall include a resilient pad to cushion any impact and shall be installed so as to be free of contact during equipment operation. Single-axis snubbers shall be Model HS-1 by Kinetics Noise Control, Inc.
b. TYPE HS-2 (2-Axis): (Equipment) (Equipment Bases) (Concrete Inertia Bases) (Structural Lateral Supports) shall be restrained against excessive movement during a seismic event by the use of resilient snubbers designed to meet current building codes. Calculations by a registered design professional or certified test reports shall be submitted which verify the capacity of each snubber. Snubbers shall be welded steel and shall be attached to the building structure in a manner consistent with anticipated loads and shall meet current building codes. Snubbers shall be placed around equipment as shown on drawings to limit lateral movement at each snubber to 1/8" (3 mm). A minimum of two snubbers shall be installed around each resiliently supported piece of equipment. Snubbers shall include resilient pads to cushion any impact and shall be installed so as to be free of contact during equipment operation. Two-axis lateral snubbers shall be Model HS-2 by Kinetics Noise Control, Inc.
c. TYPE HS-5 (3-axis): Equipment, equipment bases, concrete inertia bases, structural lateral supports shall be restrained against excessive motion during a seismic event by the use of resilient snubbers designed to meet a specified 'G' loading or to meet current building codes. A registered design professional shall design the snubber steel members, or certified test reports shall be submitted which verify the capacity of each snubber. Snubbers shall be fabricated from structural steel and shall be attached to the building structure in a manner consistent with anticipated loads. Snubbers shall meet all current seismic building codes. Snubbers shall be placed around equipment as shown on drawings so to limit lateral or vertical motion at each snubber location to 1/8" (3 mm). A minimum of two (2) snubbers shall be installed around each resiliently supported piece of equipment. Snubbers shall include resilient neoprene pads to cushion any impact and shall be installed and inspected so as to be free of contact during normal non-seismic equipment operation. Three-axis seismic snubbers shall be Model HS-5 as manufactured by Kinetics Noise Control Inc.
d. TYPE KRMS (3-axis): The KRMS is a neoprene isolator with a 3-axis restraint capability. The deflection of the isolators in the, confined mode, will be between 0.25” and 0.33” depending on the rated load. The natural frequency if loaded to the rated value would be between 6.25 Hz and 5.45 Hz. Three-axis seismic neoprene isolator restraint shall be Model KRMS as manufactured by Kinetics Noise Control Inc.
7. Concrete Anchor Bolts: Post-installed anchors in concrete shall be qualified for seismic restraint application in accordance with ACI 355.2.

a. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated/carbon steel for interior applications and stainless steel for exterior applications. The seismic certification by Kinetics Noise Control, Inc. uses the models: KCAB Wedge type anchor (only this anchor meets the {8X} embedment depth requirement); KCCAB Cracked Concrete type anchor; KUAB Undercut heavy-duty concrete type anchor. Any anchors that are substituted and/or supplied by others must be evaluated and approved by the design professional of record. 

b. Adhesive Anchor Bolts:  Drilled-in and capsule anchor system containing polyvinyl or urethane methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.  The seismic certification by Kinetics Noise Control, Inc. uses the models: KAABC (carbon steel for indoor use) adhesive anchor; KAABS (stainless steel for external use) adhesive anchor. Any adhesive type anchors that are substituted and/or supplied by others must be evaluated and approved by the design professional of record. 

8. Grommet Washers: Type TG - neoprene grommet washers, 80 durometer, of sufficient size to accommodate USS standard washers, long enough to sleeve through 6 mm (¼”) plate material, and with at least 3 mm (1/8”) thick material around the bolt hole. Anchor bolt isolation grommet shall be Model TG as manufactured by Kinetics Noise Control, Inc.
PART 3:  EXECUTION

3.1 COORDINATION AND EXECUTION
A. Coordinate size, shape, reinforcement and attachment of all housekeeping pads supporting vibration/seismically rated equipment.  Concrete shall have a minimum compressive strength of 3,000 psi or as specified by the project engineer. Coordinate size, thickness, doweling, and reinforcing of concrete equipment housekeeping pads and piers with vibration isolation and seismic restraint device manufacturer to ensure adequate space, embedment and prevent edge breakout failures.  Pads and piers must be adequately doweled in to structural slab.

B. Housekeeping Pads must be adequately reinforced and adequately sized for proper installation of equipment anchors. Refer seismic restraint manufacturer’s written instructions.  

C. Coordinate with vibration/seismic restraint manufacturer and the structural engineer of record to locate and size structural supports underneath vibration/seismically restrained equipment (e.g. roof curbs, cooling towers and other similar equipment). Installation of all seismic restraint materials specified in this section shall be accomplished as per the manufacturer’s written instructions. Adjust isolators and restraints after piping systems have been filled and equipment is at its operating weight, following the manufacturer’s written instructions.
D. Isolated and restrained equipment, duct and piping located on roofs must be attached to the structure.  Supports (e.g., sleepers) that are not attached to the structure will not be acceptable.

E. Attach piping to the trapeze per seismic restraint manufacturer’s design.  Install cables so they do not bend across sharp edges of adjacent equipment or building structures.

F. Do not brace or support equipment to separate portions of the structure that may act differently in response to an earthquake. For example, do not connect a Transverse restraint to a wall and then a Longitudinal restraint to either a floor/ceiling/roof at the same braced location.
G. Install vertical braces to stiffen hanger rods and prevent buckling per seismic restraint manufacturer’s design.  Clamp vertical brace to hanger rods.  Requirements apply equally to hanging equipment. Do not weld vertical braces to hanger rods.
3.2
SEISMIC RESTRAINTS APPLICATION
A. General:

1. All equipment, piping and ductwork shall be restrained to resist seismic forces per the applicable building code(s) as a minimum; listed herein. Additional requirements specified herein are included specifically for this project; as needed basis.
2. Install seismic restraint devices per the manufacturer’s submittals.  Any deviation from the manufacturer’s instructions shall be reviewed and approved by the manufacturer.
3. Attachment to structure for suspended equipment, pipe and duct:  If specific attachment is not indicated, anchor bracing to structure at flanges of beams, at upper truss chords of bar joists, or at concrete members. 
4. Provide hanger rod stiffeners where indicated or as required to prevent buckling of rods due to seismic forces. {web based tools to allow easy selections are available on the KNC web site}.
5. Where rigid restraints are used on equipment, ductwork or piping, the support rods for the equipment, ductwork or piping at restraint locations must be supported by anchors rated for seismic use.  Post-installed concrete anchors must be in accordance with ACI 355.2.
6. Ensure housekeeping pads have adequate space to mount equipment and seismic restraint devices and shall also be large enough and thick enough to ensure adequate edge distance and embedment depth for restraint anchor bolts to avoid housekeeping pad breakout failure.

B. Concrete Anchor Bolts:

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

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

3. Mechanical Anchors:  Protect threads from damage during anchor installation.  
4. Adhesive Anchors:  Clean holes to remove loose material and drilling dust per manufactures instructions prior to installation of adhesive.  Place adhesive in holes proceeding from the bottom of the hole and progressing toward the surface in such a manner as to avoid introduction of air pockets in the adhesive.

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

C. Equipment Restraints:

1. Seismically restrain equipment as indicated on the schedule.  Install fasteners, straps and brackets as required to secure the equipment.
2. As indicated on the schedule, install seismic snubbers on HVAC equipment supported by floor-mounted, non-seismic vibration isolators. Position snubbers as necessary and attach to equipment base and supporting structure as required.  
3. Install neoprene grommet washers or fill the gap with epoxy on equipment anchor bolts where clearance between anchor and equipment support hole exceeds 3.2 mm (0.125 inch).
4. Suspended Equipment: All suspended equipment that meets any of the following conditions requires seismic restraints as specified by the supplier:
a. Rigidly attached to pipe or duct that is 75 lbs. and greater, 
b. Items hung independently or with flexible connections greater than 20 lbs.. For importance factors greater than {1.0} all suspended equipment requires seismic restraints regardless of the above notes.

c. Wall mounted equipment weighing more than 20 lbs. with an importance factor of {1.0}.
d. The 12” rule does not apply to suspended equipment.

5. Base Mounted Equipment: All base mounted equipment that meets any of the following conditions requires attachments and seismic restraints as specified the supplier:

a. Connections to or containing hazardous material, 
b. With an overturning moment, 
c. Weight greater than 400 lbs., 
d. Mounted on a stand 4 ft. or more from the floor.

e. For importance factors greater than {1.0} all base mounted items require seismic restraints regardless of the above notes.

6. Roof Mounted Equipment: Needs to be installed on a structural frame, seismically rated roof curb, or structural curb frame mechanically connected to the structure. Items shall not be mounted onto sleepers or pads that are not mechanically and rigidly attached to the structure. Restraint must be adequate to resist both seismic and wind forces.
7. Rigid Mounted Equipment: 

a. Anchor floor and wall mounted equipment to the structure as per the stamped seismic certifications / drawings.
b. Suspended equipment shall be restrained using seismic cable restraints, or struts, and hanger rods as per the stamped seismic certifications / drawings.

8. Vibration Isolated Equipment: 
a. Seismic control shall not compromise the performance of noise control, vibration isolation or fire stopping systems.

b. Equipment supported by vibration-isolation hangers shall be detailed and installed with approximately a 1/8” gap between the isolation hangers and the structure. Isolators at restraint locations must be fitted with uplift limit stops.
D. Piping; Duct; Electrical Systems: {Provide seismic control measures with spacing and anchorage engineered for the specific project}.
1. All piping, duct electrical systems are to be restrained to meet code requirements.
a. All piping associated with “Life Safety Systems” shall always have an importance factor of {1.5}. Seismic restraint requirements / exemptions vary with code and seismic acceleration – see specific code and comply with applicable restraint requirements.
b. All piping systems (regardless of type of pipe) assigned a component importance factor of {1.5} shall require seismic restraints. Seismic restraint requirements / exemptions vary with code and seismic acceleration – see specific code and comply with applicable restraint requirements.
c. Piping associated with an importance factor of {1.0} may not require seismic restraint; see specific code for requirements.
d. Seismically restrain / brace all pipes 65 mm (2 ½”) in nominal diameter and larger.

e. Seismically restrain / brace all piping in boiler rooms, mechanical rooms and refrigeration mechanical rooms 32 mm (1 ¼”) in nominal diameter and larger.

f. Seismically restrain / brace all Gas (ie: natural gas, medical gas, vacuum, petroleum based liquid, compressed air, etc.) piping 25 mm (1”) in nominal diameter and larger.

g. Branch lines may not be used to brace main lines.
2. Restraint Spacing For Piping:

a. For ductile piping: Transverse supports a maximum of 12 m (40’) o.c.  

b. For ductile piping: Longitudinal supports a maximum of 24 m (80’) o.c.  

c. For non-ductile piping (e.g., cast iron, PVC) space Transverse supports a maximum of 6 m (20’) o.c., and Longitudinal supports a maximum of 12 m (40’) o.c. Differential spacing can be designed depending upon pipe size and length(s) of run (design will be indicated on drawings of approved method).

d. For piping with hazardous material inside (e.g., natural gas, medical gas) space Transverse supports a maximum of 6 m (20’) o.c., and Longitudinal supports a maximum of 12 m (40’) o.c.

e. For pipe risers, restrain the piping at floor penetrations using the same spacing requirements as above.

3. Seismically restrain per specific code requirements, all ductwork listed below (unless otherwise indicated on the drawings), using seismic cable restraints:
(Ductwork not meeting listed below criteria is to be “Exempt”)
a. All ducts with cross sectional area equal to or greater than 0.55 m2 (6 ft2).
b. All round ducts with diameters equal to or greater than 28” (710 mm).
c. Any ductwork, pipe or equipment, which if it were to fail would result in damage to a piece of equipment or building function that has a component importance factor of {1.5}. 
d. All ductwork weighing more than 25 kg/m (17 lb/ft).

4. Restraint Spacing For Ductwork: 

a. Transverse supports a maximum of 9 m (30’) o.c.  

b. Longitudinal supports a maximum of 18 m (60’) o.c.
5. Seismically restrain per specific code requirements all Electrical components listed below (unless otherwise indicated on the drawings), using seismic cable restraints:

a. Seismically restrain all conduit 65 mm (2 ½”) in nominal diameter and larger. {Single supported conduit is restrained in the same fashion as single clevis supported pipe}.
b. Seismically restrain all conduit, bus ducts, or cable trays that are supported on trapeze bars, that have been assigned a Component Importance Factor equal to {1.5}, and that have a total weight greater than 10 lb/ft (146 N/m). This total weight includes not only the conduit, bus duct, or cable trays, but also includes the trapeze bars as well.
6. The electrical contractor / engineer are to provide the weight per unit length for cable trays and bus duct.
7. Single supported conduit and trapeze supported conduit, bus duct, and cable trays to be seismically restrained in a manner similar to pipe and duct.

a. Conduit: Follow piping spacing requirements and required criteria as listed in Section 3.2.E.2

b. Bus Ducts and Cable Trays: Follow duct spacing requirements and required criteria as listed in section 3.2.D.2

8. The seismic restraint components provided by Kinetics Noise Control, Inc. are intended to be used with suspended single supported conduit and trapeze supported conduit, cable trays, and bus ducts. Components intended to both support and restrain distribution systems such as wall mounted conduit, cable trays, and bus ducts will need to be designed and evaluated for both the dead weight load and the design horizontal seismic load. 
9. To ensure that the seismic forces are transferred properly to the restraint points, the cables should be strapped either individually or in bundles to the cable tray at regular intervals. It is necessary for the conduit, bus ducts, and cable trays to be attached to the trapeze bars sufficiently to resist the design horizontal seismic forces, both transverse (T) and longitudinal (L). 

10. Brace a change of direction longer than 3.7 m (12’).

11. This specification does not allow the use of the “12-inch rule” where the piping, duct and electrical may be exempted from seismic restraint based on the length of the support rods provided that the rods are not subjected to bending moments.

12. Install restraint cables so they do not bend across edges of adjacent equipment or building structure. Tie back to structure at {45 degrees} to the structure.

13. Longitudinal restraints for single pipe supports shall be attached rigidly to the pipe, not to the pipe hanger.
14. For supports with multiple pipes (trapezes), secure pipes to trapeze member with clamps approved for application.

15. Install flexible metal hose loops in piping which crosses building seismic joints, sized for the anticipated amount of movement.

16. Install flexible piping connectors where adjacent sections or branches are supported by different structural elements, and where the connections terminate with connection to equipment that is anchored to a different structural element from the one supporting the connections as they approach equipment.

17. Where pipe sizes reduce below required dimensions noted above in Section 3.2.E, the final restraint shall be installed at the transition location.

18. Roof mounted duct is to be installed on sleepers or frames mechanically connected to the building structure. Roof anchors and seismic cables or frames shall be used to resist seismic and wind loading. Wind loading factors shall be determined by the registered design professional.

19. Where duct sizes reduce below required dimensions noted above in Section 3.2.D, the final restraint shall be installed at the transition location.

20. Longitudinal restraints for single conduit supports shall be attached rigidly to the pipe, not to the pipe/conduit hanger.

21. For supports with multiple conduits (trapezes), secure conduit to trapeze member with clamps approved for application.
22. Where conduit, bus ducts, cable trays sizes reduce below required dimensions noted above in Section 3.2.F, the final restraint shall be installed at the transition location.

23. Rod Stiffener Clamps are required where the hanger rod exceeds the maximum length shown in the seismic calculation sheets. They are only required at restraint locations.

24. Seismically Rated Beam Clamps are required where welding to or penetrations to steel beams are not approved.

25. Adjust restraint cables so that they are not visibly slack. Cable not to support weight during normal operation.

26. Seismic systems are to be compatible with requirements for anchoring and guiding of systems.

27. Drilled or power driven anchors or fasteners shall not be permitted for use with seismic control measures.

28. Friction due to gravity does not constitute a seismic attachment.

29. Seismic restraint connections are not to be connected to the bottom chord of steel joists or the bottom flange of steel beams.

30. Standard beam clamps can be used to support restrained components; they cannot be used to connect the seismic restraint to the structure – only for the hanger rods. 

31. Brace remaining piping, ductwork, electrical components to code requirements (IBC / OBC / NBCC or TI-809-04)) or in conformance with SMACNA (Sheet Metal and Air Conditioning Contractors National Association, Inc.) “Seismic Restraint Manual Guidelines for Mechanical Systems”, 2nd ed. or 3rd ed. (Depending on Code or EOR).
3.3
INSPECTION AND CERTIFICATION
A. The contractor shall notify the local representative of the seismic restraint materials manufacturer prior to installing any seismic restraint devices. The contractor shall seek the representative’s guidance in any installation procedures with which he/she is unfamiliar.

B. The contractor shall notify the local representative of the seismic restraint materials manufacturer mid-way through the listed project if they require an inspection of any and all vibration and seismic restraint devices already installed. A written report of any installation errors, improperly selected devices, or other fault in the system which could affect the performance of the system shall be documented and the contractor shall perform all steps that are required from this written report to properly complete the vibration and seismic restraint work as per the specifications.
C. Upon completion of the installation, arrange for an independent 3rd party registered design professional, upon request, is to visit the site to verify the proper installation of all seismic restraint devices herein specified. The local representative of the vibration manufacturer shall, at the contractor’s request, be present as well to support the independent professional in the inspection of the completed system. A written report citing any installation errors, improperly selected devices, or other fault in the system which could affect the performance of the system should be generated by the 3rd party professional. Also, the local representative shall verify that isolators are adjusted, with spring’s perpendicular to bases or housing, adjustment bolts are tightened up on equipment mountings, and hangers are not cocked. 

D. The installing contractor shall submit a report upon request to the building architect and/or engineer, including the manufacturer’s representative’s final report, indicating that all seismic restraint material has been properly installed, or steps that are to be taken by the contractor to properly complete the seismic restraint work as per the specifications.
*** END OF SEISMIC AND WIND RESTRAINT SECTION SPECIFICATIONS ***










