SECTION 23 05 48
VIBRATION ISOLATION AND SEISMIC RESTRAINTS

PART 1 - GENERAL

1.1 WORK INCLUDED

A. Vibration isolation

B. Seismic restraints

1.2 RELATED SECTIONS

A. Section 23 05 00:  Common Work Results for HVAC
B. Section 23 05 10:  Supports, Anchors and Seals

C. Section 15310:  Fire Protection Piping

D. Section 22 11 16:  Plumbing Piping

E. Section 15450:  Plumbing Equipment

F. Section 15490:  Medical Plumbing Systems

G. Section 23 05 16:  Hydronic Piping

H. Section 23 22 00:  Steam and Steam Condensate Piping

I. Section 23 23 00:  Refrigerant Piping and Specialties

J. Section 23 21 23:  HVAC Pumps

K. Section 23 63 13:  Air Cooled Condensing Units

L. Section 23 81 13:  Packaged Terminal Air Conditioning Units

M. Section 23 73 23:  Factory Custom Air Handling Units

N. Section 23 34 16:  Fans

O. Section 23 34 13:  Axial Fans

P. Section 23 34 23:  Power Ventilators

Q. Section 23 31 10:  Ductwork

1.3 PERFORMANCE REQUIREMENTS

A. Exercise particular attention when providing isolation for equipment that is not loaded uniformly. Consider weight and location of connecting ductwork and piping.

B. Coordinate work with other trades to avoid contact with installation that would reduce the effectiveness of the system.

C. Treat isolators that are exposed to weather, with epoxy paint for resistance to corrosion unless otherwise noted.

D. Mounts shall be selected to perform their function without undue stress or overloading.

E. Spring isolators shall be of all welded construction. Springs selected with a 50 percent overload safety factor.

F. Seismic restraining device shall be capable of withstanding horizontal and vertical forces to meet OSHPD requirements. For OSHPD projects the seismic restraining system shall carry a pre-approved number identifying the method has OSHPD pre-approval.

G. The anchorage and/or seismic restraint of permanent equipment and associated systems listed below shall be designed to resist the total design seismic forces prescribed in Section 1632.2 of the 2007 California Building Code.

H. Seismic restraints may be omitted from suspended piping, duct, conduit and cable trays listed above if all of the following conditions are satisfied:

1. Lateral motion of the system will not cause damaging impact with surrounding systems or cause loss of system vertical support.

2. System must be welded steel pipe, brazed copper pipe, sheet metal duct, steel conduit or similar ductile material with ductile connections.

3. Rod-hung supports less than 12 inches in length must have top connections to the structure such as swivel joints, eye bolts or vibration isolation hangers for the entire length of the system run.

1.4 QUALITY ASSURANCE

A. Selection and installation of vibration isolation and seismic restraint devices shall be performed under the direct supervision of the vibration manufacturer's representative.

B. All vibration isolators shall have verifiable load deflections to allow checking the deflection under load with the rated deflection.

C. Select isolators in the linear portion of their load versus deflection curve.  Curve shall be linear over a deflection range of not less than 50% above the design deflection.

D. The lateral to vertical stiffness ratio shall not be less than 0.9 nor greater than 1.5.

E. The theoretical vertical natural frequency for each support point, based on load per isolator and isolator stiffness, shall be within + 10% of the design objectives for the equipment.

F. All neoprene mountings shall have a shore hardness of 35 to 65 + 5, after a minimum aging of 20 days or corresponding oven aging.

G. All metal parts of mountings exposed to weather or corrosive environments shall be hot dip galvanized, except springs and hardware.  Springs shall be cadmium plated and neoprene coated.  Nuts and bolts shall be cadmium plated.

H. Where possible, all vibration isolation and seismic restraint devices shall be the product of a single manufacturer, except where included as a part of factory assembled equipment.

I. All anchorages and/or seismic restraints shall be designed by a registered professional structural engineer licensed in the State of California.  Design shall include:

1. Number, size and location of anchors for floor or roof-mounted equipment.  For curb mounted equipment, provide design of attachment of both the unit to the curb and the curb to the structure.  For units weighing greater than 2500 lbs or curbs more than 12 feet long, provide substantiating calculations that show the curb can accept the prescribed seismic forces.

2. Number, size and location of seismic restraint devices and anchors for vibration-isolated and suspended equipment.  Provide calculations, test data or California OSHPD approval number verifying the horizontal and vertical ratings of the seismic restraint devices, number, size and location of braces and anchors for suspended piping, ductwork, conduit and cable trays on as-built plan drawings.

a. The contractor must select a single seismic restraint system pre-designed to meet the requirements of the 2007 California Building Code. Examples of approves systems are Mason Industries Guide for Seismic Restraint or Tamarco ISAT.

b. Details or designs from separate seismic restraint guidelines are not acceptable. Installations not addressed by the selected system must be designed, detailed and submitted along with the as-built plan drawings.

3. Maximum seismic loads shall be indicated on drawings at each brace location. Drawings shall bear the stamp and signature of the registered professional engineer who designed the layout of the seismic braces.

1.5 REFERENCE STANDARDS

A. ASHRAE – Guide to Average Noise Criteria Curves.

B. ARI (Air-Conditioning and Refrigeration Institute).

C. AGMA.

D. IEEE.

E. OSHPD pre-approval program
1.6 SUBMITTALS

A. Submit shop drawings for vibration isolation devices not furnished as a part of factory assembled equipment.  Drawings shall include a schedule of the various types of vibration isolation and the equipment where they will be used.

B. Submit a layout drawing showing how and where the pre-approved anchorage and bracing systems will be applied to each applicable system.

C. Furnish load versus deflection curves for vibration isolators.

D. Submit shop drawings and product data for the following:

1. Spring-type Isolators: Include spring diameter, deflections, compressed spring height, and solid spring height.

2. Cable Restraints: Show method of achieving vertical restraint.

E. Indicate inertia bases on shop drawings.

F. Indicate vibration isolator locations, with static and dynamic load on each, on shop drawings and described on product data.

G. Submit manufacturer's installation instructions.

H. Submit manufacturer's certificate that isolators are properly installed and properly adjusted to meet or exceed specified requirements.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURERS 

A. Vibration Isolation:  Mason Industries, M.W. Sausse, Amber Booth, California Dynamics, Kinetics Noise Control, Vibration Eliminator Co., Vibration Mountings and Controls or approved equal.

B. Seismic Restraints:  Mason Industries Inc., Tamarco, Tolco Inc. or approved equal.

2.2 GENERAL

A. Select vibration isolators in accordance with weight distribution of the equipment being isolated to provide reasonably uniform deflection.

B. Cable assemblies shall have an Anchorage Pre-approval method number from OSHPD in the State of California verifying the maximum certified load ratings.

C. Mountings and Curbs shall have an Anchorage Pre-approval method number from OSHPD in the State of California verifying the maximum certified horizontal and vertical load ratings.

D. Rod clamp assemblies shall have an Anchorage Pre-approval method number from OSHPD in the State of California.

E. Seismic solid brace assembly shall have anchorage pre-approval method number from OSHPD in the state of California verifying the maximum certified load ratings.

F. Clevis cross braces shall have an Anchorage Pre-approval method number from OSHPD in the State of California.

G. Snubbers shall have an Anchorage Pre-approval method number from OSHPD in the State of California verifying the maximum certified horizontal and vertical load ratings.

2.3 ACOUSTICAL PERFORMANCE

A. Within equipment spaces, the equipment noise levels and noise transmission to adjacent buildings shall comply with all Federal, State and Local Noise Ordinances.

B. Motors and drives for pumps and refrigeration machines, when installed per the Contract Documents, shall operate with noise levels not exceeding 90 dBA, as determined in accordance with IEEE Standard No. 85 Test "Procedure for Airborne Noise Measurements on Rotating Electric Equipment."

C. 
D. 
2.4 VIBRATION ISOLATION

A. Type A1 - Restrained Spring Mount:

1. Spring type isolator equal to Mason Industries Type SLR.

2. Free standing and laterally stable without any housing and complete with 1/4 inch minimum neoprene acoustical friction pads between the baseplate and the support.  All mountings shall have leveling bolts that must be rigidly bolted to the equipment.  Spring diameters shall be no less than 0.8 of the compressed height of the spring at rated load.

3. Provide built-in vertical limit stops with minimum 1/4 inch clearance under normal operation.

4. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.

5. Isolator shall be non-resonant with equipment forcing frequencies or support structure natural frequencies.

6. Isolator shall be capable of supporting equipment at a fixed elevation during equipment erection.  Installed and operating heights shall be identical.

B. Type A2 - Housed Restrained Spring Mount:

1. Spring type isolator equal to Mason Industries Type SSLFH.

2. Incorporate seismic restraint in all directions.

C. Type B1 – Spring Hanger:

1. Vibration hangers equal to Mason Industries Type 30.

2. Hangers shall contain a steel spring located in a neoprene cup manufactured with a grommet to prevent short-circuiting of the hanger rod.  The cup shall contain a steel washer designed to distribute the load on the neoprene and prevent extrusion.  

3. Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod to swing through 30-degree arc before contacting the hole and short-circuiting the spring.

4. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.

5. Where operating weight differs from installed weight, provide built-in adjustable limit stops to prevent equipment rising when weight is removed.  Stops shall not be in contact during normal operation.

6. Where hangers must act as rigid connections during installation provide vibration hangers equal to Mason Industries Type PC30, per-compressed and locked at the rated deflection by means of a resilient seismic up-stop to keep the piping or equipment at a fixed elevation during installation.

D. Type B2 – Spring Hanger in Series with Neoprene Element:

1. Vibration hangers equal to Mason Industries Type 30N.

2. Provide in all critical locations to isolate both sound and vibration.

3. Hangers shall contain a steel spring and neoprene element in series.  The neoprene element shall be molded with a rod isolation bushing that passes through the hanger box.

4. Spring diameters and hanger box lower hole sizes shall be large enough to permit the hanger rod to swing through 30 degree arc before contacting the hole and short circuiting the spring.

5. Springs shall have a minimum additional travel to solid equal to 50% of the rated deflection.

6. Where operating weight differs from installed weight, provide built-in adjustable limit stops to prevent equipment rising when weight is removed.  Stops shall not be in contact during normal operation.

7. Where hangers must act as rigid connections during installation provide vibration hangers equal to Mason Industries Type PC30N, pre-compressed and locked at the rated deflection by means of a resilient seismic up-stop to keep the piping or equipment at a fixed elevation during installation.

E. Type C – Double Deflection Neoprene Mounts:

1. Vibration isolator equal to Mason Industries Type ND or NDR for use with rails.

2. Double deflection neoprene mounting with a minimum static deflection of 0.35 inches.

3. All metal surfaces shall be neoprene coated for corrosion resistance and have friction pads both top and bottom.  Provide bolt holes where bolting is required.

4. Neoprene shall be compounded to meet the following criteria:

a. Not greater than 70 durometer.

b. Minimum tensile strength 2000 psi.

c. Minimum elongation 300%.

d. Maximum compression set at 25% of the original deflection.

F. Type D - Neoprene Waffle Pads:

1. Neoprene waffle pad equal to Mason Industries Type Super W.

2. Pad type elastomer mounting with a 3/4 inch minimum thickness.  Provide 1/16 inch galvanized steel plate between multiple layers of pad thickness.

3. Ribbed or waffle design with suitable bearing plate to distribute load.

4. Maximum loading of 50 psi.

5. Deflection per pad thickness of 0.10 inch.

G. Type E - Horizontal Thrust Restraints:

1. Horizontal thrust restraint equal to Mason Industries Type WB.

2. Exhaust and supply fans shall be protected against excessive displacement that might result from high air thrust in relation to the equipment weight.

3. Thrust restraints shall have freestanding laterally stable spring elements without any housing in series with 1/4 inch neoprene friction pads between the base and the support.

4. The assembly shall be furnished with one rod and angle stop brackets for attachment to both the equipment and ductwork or equipment and structure.

5. Horizontal restraints shall be attached at the centerline of thrust and symmetrically on either side of the unit.

6. The spring element shall be contained in a steel frame and designed so it can be preset for thrust and adjusted for a maximum of 1/4 inch movement at start and stop.

H. Type F – Concrete Inertia Base:

1. Concrete inertia base equal to Mason Industries Type K.

2. Rectangular structural beam or channel concrete forms for floating foundations.  Bases for split case pumps shall be large enough to provide support for suction and discharge base elbows.

3. Forms shall include minimum concrete reinforcement consisting of half-inch bars or angles welded in place on 6 inch centers running both ways in a layer 1-1/2 inches above the bottom, or additional steel as is required by the structural conditions.

4. Forms shall be furnished with drilled steel members with sleeves welded below the holes to receive equipment anchor bolts where the anchor bolts fall in concrete locations.  Height saving brackets shall be employed in all mounting locations to maintain a 1-inch clearance below the base.

5. Base shall be complete with motor slide rails, pump base elbow supports where required, and isolators.

6. Minimum thickness of the inertia base shall be according to the following schedule:


Motor Size (HP)
Minimum Thickness, Inches
5-15
6

20-50
8

60-75
10

100-250
12

I. Type G – Pipe Flexible Connection:

1. Flexible connector equal to Flexonic Series 300 for threaded ends and Flexonics Series 400M for flanged ends.

2. Flexible metal hose, threaded ends, 2 inches and smaller, phosphor bronze, braided, annular correlations, minimum 10 inches long, rated for 250 psig working pressure and 450o F. operating temperature.

3. Flexible metal hose, flanged ends, 2-1/2 to 8 inches, stainless steel, braided, annular corrugations, minimum 18 inches long, rated for 240 psig working pressure and 1500o F. operating temperature.

J. Type H – Pipe Seals:

1. Piping seals equal to Mason Industries Type SWS or AWS.

2. Where piping passes through equipment room walls or floors, and elsewhere as noted on drawings, provide a split seal to minimize the passage of noise through the seal and vibration to the structure.

3. The seal shall consist of two pipe halves with 3/4 inches or thicker neoprene sponge bonded to the inner faces.  The design shall include a bolting arrangement to fix the seal around the pipe and eliminate clearance between the inner sponge face and the piping.  Concrete can then be packed around the seal to make it integral with the floor, wall or ceiling if the seal is not already in place around the pipe prior to the construction or pour of the building member.

4. Seals shall normally project a minimum of 1 inch past either face of the wall and lengths can be manufactured as required.  Where temperature exceeds 240o F., 10 pound density fiberglass shall be used in lieu of the sponge, in the same clamping arrangement.

K. 
1. 
2. 
3. 
4. 
5. 
6. 
2.5 SEISMIC RESTRAINT

A. Type 1 - Seismic Cable Restraints:

1. Cable assemblies equal to Mason Industries Type SCB at the ceiling and at the clevis bolt, SCBH between the hanger rod nut and the clevis or SCBV if clamped to a beam all as manufactured by Mason Industries, Inc.

2. Seismic Cable Restraints shall consist of galvanized steel aircraft cables sized to resist seismic loads with a minimum safety factor of 2 and arranged to provide all-directional restraint.

3. Cable end connections shall be steel assemblies that swivel to final installation angle and utilize 2 clamping bolts to provide proper cable engagement. Cables must not be allowed to bend across sharp edges.

B. Type 2 - Seismic Solid Braces:

1. Solid seismic brace assemblies equal to Mason Industries Type SSB.

2. Seismic solid braces shall consist of steel angles or channels to resist seismic loads with a minimum safety factor of 2 and arranged to provide all directional restraint.

3. Seismic solid brace end connectors shall be steel assemblies that swivel to the final installation angle and utilize 2 through bolts to provide proper attachment.

C. Type 3 – Rod Clamp:

1. Rod clamp assemblies equal to Mason Industries Type SRC.

2. Steel angles, sized to prevent buckling, shall be clamped to pipe or equipment rods utilizing a minimum of 3 ductile iron clamps at each restraint location when required.

3. Welding of support rods is not acceptable.

D. Type 4 - Pipe Clevis Cross Bolt Braces:

1. Clevis cross braces equal to Mason Industries Type CCB.

2. Pipe clevis cross bolt braces are required in all restraint locations.

3. They shall be special purpose preformed channels deep enough to be held in place by bolts passing over the cross bolt.

E. Type 5 - All-directional Seismic Snubbers:

1. All-directional seismic snubber equal to Mason Industries Type Z-1225.

2. All-directional seismic snubbers shall consist of interlocking steel members restrained by a 1-piece molded neoprene bushing of bridge bearing neoprene. Bushing shall be replaceable and a minimum of 1/4-inch thick.

3. Rated loading shall not exceed 1000 pounds per square inch.

4. A minimum air gap of 1/8-inch shall be incorporated in the snubber design in all directions before contact is made between the rigid and resilient surfaces. Snubber end caps shall be removable to allow inspection of internal clearances.

5. Neoprene bushings shall be rotated to insure no short circuits exist before systems are activated.

F. Type 6 - Wedge Anchors:

1. Drill-in stud wedge anchors equal to Hilti Kwik Bolt TZ or approved equal..

2. Stud wedge anchors shall be manufactured from full diameter wire, not from undersized wire that is "rolled-up" to create the thread. The stud anchor shall also have a safety shoulder, which fully supports the wedge ring under load.

3. The stud anchors shall have an evaluation report number from the ICC Evaluation Service, Inc. verifying its allowable loads.

G. Type 7 - Female Wedge Anchors:

1. Drill-in female wedge anchors equal to Mason Industries Type SAB.

2. Female wedge anchors are preferred in floor locations so isolators or equipment can be slid into place after the anchors are installed. Anchors shall be manufactured from full diameter wire, and shall have a safety shoulder to fully support the wedge ring under load.

3. Female wedge anchors shall have an evaluation report number from the ICBO Evaluation Service, Inc. verifying to its allowable loads.

H. Type 8 – All Directional Anchors:

1. All-directional anchors equal to Mason Industries Type ADA.

2. All-directional acoustical pipe anchor, consisting of 2 sizes of steel tubing separated by a minimum 1/2-inch thick, 60 durometer neoprene. Vertical restraint shall be provided by similar material arranged to prevent vertical travel in either direction.

3. Allowable loads on the isolation material should not exceed 500 pounds per square inch, and the design shall be balanced for equal resistance in any direction.

I. Type 9 – Pipe Guides:

1. Pipe guides equal to Mason Industries Type VSG.

2. Pipe guides shall consist of a telescopic arrangement of 2 sizes of steel tubing separated by a minimum 1/2-inch thickness of 60-durometer neoprene.

3. The height of the guides shall be preset with a shear pin to allow vertical motion due to pipe expansion or contraction. Shear pin shall be removable and re-insertable to allow for selection of pipe movement.

4. Guides shall be capable of plus or minus 1-5/8-inch motion, or to meet location requirements.

PART 3 - EXECUTION

3.1 GENERAL

A. All vibration isolators and seismic restraint systems must be installed in strict accordance with the manufacturer’s written instructions and all certified submittal data.

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

C. No rigid connections that degrade the noise and vibration control system herein specified shall be made between equipment and the building structure.

D. The contractor shall not install any equipment, piping, duct, or conduit that makes rigid connections with the building unless isolation is not specified. "Building" includes, but is not limited to, slabs, beams, columns, studs, and walls.

E. Coordinate work with other trades to avoid rigid contact with the building.

F. Any conflicts with other trades that will result in rigid contact with equipment or piping due to inadequate space or other unforeseen conditions should be brought to the Architect's/Engineer's attention prior to installation. Corrective work necessitated by conflicts after installation shall be at the responsible Contractor's expense.

G. Install Type 1 cable restraints slightly slack to avoid short circuiting the isolated suspended equipment, piping, or conduit.

H. Install Type 1 cable assemblies taut on non-isolated systems. Type 2 seismic solid braces may be used in place of cables on rigidly attached systems only.

I. At locations where Type 1 or 2 restraints are located, the support rods must be braced when necessary to accept compressive loads with Type 8 braces.

J. At all locations where Type 1 or 2 restraints are attached to pipe clevis, the clevis cross bolt must be reinforced with Type 4 braces.

K. Drill-in concrete anchors for ceiling and wall installation shall be Type 6 and Type 7 female wedge type for floor mounted equipment.

L. Vibration isolation manufacturer shall furnish integral structural steel bases as required. Independent steel rails are not permitted on this project.

M. Air handling equipment and centrifugal fans shall be protected against excessive displacement, which result from high air thrust in relation to the equipment weight. Horizontal thrust restraint shall be Type E.

N. Locate isolation hangers as near to the overhead support structure as possible.

3.2 VIBRATION ISOLATION OF PIPING

A. Horizontal Pipe Isolation:  The first 3 pipe hangers in the main lines near the mechanical equipment shall be as described in Type B. Type B hangers must also be used in all transverse braced isolated locations. Brace hanger rods with SRC clamps Type 2. Horizontal runs in all other locations throughout the building shall be isolated by hangers as described in Type B2. Floor supported piping shall rest on isolators as described in Type A2. The first 3 isolators from the isolated equipment will have the same static deflection as specified for the mountings under the connected equipment. If piping is connected to equipment located in basements and is hanging from ceilings under occupied spaces, the first 3 hangers shall have 3/4-inch deflection for pipe sizes up to and including 3-inch; 1-1/2-inch deflection for pipe sizes up to and including 6-inch; and 2-1/2-inch deflection thereafter. Hangers shall be located as close to the overhead structure as practical.

B. Riser isolation:  Risers shall be suspended from Type B2 hangers or supported by Type A2 mountings, anchored with Type 8 anchors, and guided with Type 9 sliding guides. Steel springs shall be a minimum of 3/4-inch except in those expansion locations where additional deflection is required to limit load changes to plus or minus 25 percent of the initial load. Submittals must include riser diagrams and calculations showing anticipated expansion and contraction at each support point, initial and final loads on the building structure, spring deflection changes and seismic loads. Submittal data shall include certification that the riser system has been examined for excessive stresses and that none will exist in the proposed design.

3.3 SEISMIC RESTRAINT OF PIPING

A. Seismically restrain all piping, equipment and ductwork listed as 1, 2, or 3 below. Use Type 1 cables if isolated. Type 1 and 2 restraints may be used on non-isolated piping.

1. Fuel oil piping, gas piping, and compressed air piping that is 1-inch ID or larger.

2. All medical gas piping and vacuum piping.

3. All other piping 2-1/2-inch diameter and larger.
4. Omitted on all piping suspended by individual hangers 12 inches or less in length from the top of the pipe to the bottom of the structural support for the hanger.
5. Pipes, ducts, and conduit supported by a trapeze where none of those elements would individually require bracing need not be braced if connections to the pipe/duct/conduit or directional changes do not restrict movement of the trapeze.  If this flexibility is not provided, bracing is required when the combined operating weight of all elements supported by the trapeze is 10 lbs/ft or greater.

B. Transverse piping restraints shall be at 40-foot maximum spacing for all pipe sizes, except where lesser spacing is required to limit anchorage loads.

C. Longitudinal restraints shall be at 80-foot maximum spacing for all pipe sizes, except where lesser spacing is required to limit anchorage loads.

D. Where thermal expansion is a consideration, guides and anchors may be used as transverse and longitudinal restraints provided they have a capacity equal to or greater than the restraint loads in addition to the loads induced by expansion or contraction.

E. For fuel oil and all gas piping, transverse restraints must be at 20-foot maximum and longitudinal restraints at 40-foot maximum spacing.

F. Transverse restraint for 1 pipe section may also act as a longitudinal restraint for a pipe section of the same size connected perpendicular to it if the restraint is installed within 24 inches of the elbow or TEE or combined stresses are within allowable limits at longer distances.

G. Hold down clamps must be used to attach pipe to all trapeze members before applying restraints in a manner similar to clevis supports.

H. Branch lines may not be used to restrain main lines.

I. Cast iron pipe of all types, glass pipe and any other pipes joined with a 4 band shield and clamp assembly in Seismic Zones 2B, 3 and 4 shall be braced using type 7. 

3.4 VIBRATION ISOLATION OF DUCTWORK

A. All discharge runs for a distance of 40 feet from the connected equipment shall be isolated from the building structure by means of Type B2 hangers or Type A1 floor isolators. Spring deflection shall be a minimum of 3/4 inch.

B. All duct runs having air velocity of 1700 feet per minute or more shall be isolated from the building structure by Type B2 hangers or Type A2 floor supports. Spring deflection shall be a minimum of 3/4 inch.

3.5 SEISMIC RESTRAINT OF DUCTWORK

A. Seismically restrain all duct work with Type 1 or 2 restraints as listed below:

1. Restrain rectangular ducts with cross sectional area of 6 square feet or larger.

2. Restrain round ducts with diameters of 28 inches or larger.

3. Restrain flat oval ducts the same as rectangular ducts of the same nominal size.

4. Omitted on all ducts suspended by hangers 12 inches or less in length from the top of the duct to the bottom of the structural support for the hanger, where the hangers are detailed to avoid bending of their hangers and their connections.

5. Pipes, ducts, and conduit supported by a trapeze where none of those elements would individually require bracing need not be braced if connections to the pipe/duct/conduit or directional changes do not restrict movement of the trapeze.  If this flexibility is not provided, bracing is required when the combined operating weight of all elements supported by the trapeze is 10 lbs/ft or greater.

B. Transverse restraints shall occur at 30 foot intervals or at both ends of the duct run if less than the specified interval. Transverse restraints shall be installed at each duct turn and at each end of a duct run.

C. Longitudinal restraints shall occur at 60-foot intervals with at least 1 restraint per duct run. Transverse restraints for 1 duct section may also act as a longitudinal restraint for a duct section connected perpendicular to it if the restraints are installed within 4 feet of the intersection of the ducts and if the restraints are sized for the larger duct. Duct joints shall conform to SMACNA duct construction standards.

D. The ductwork must be reinforced at the restraint locations. Reinforcement shall consist of an additional angle on top of the ductwork that is attached to the support hanger rods. Ductwork is to be attached to both upper angle and lower trapeze.

E. A group of ducts may be combined in a larger frame so that the combined weights and dimensions of the ducts are less than or equal to the maximum weight and dimensions of the duct for which bracing details are selected.

F. Walls, including gypsum board non-bearing partitions, that have ducts running through them, may replace a typical transverse brace. Provide channel framing around ducts and solid blocking between the duct and frame.

3.6 SCHEDULE OF VIBRATION ISOLATION DEVICES

A. Provide equipment isolation and seismic restraint as scheduled below:

Vibration Isolation and/or Seismic Restraint

	Equipment Schedule
	Type
	Static Deflection
	Height
	Seismic Restraint

	Base mounted Packaged air handling units within building
	A
	2"
	6” to 10"
	Restrained Spring Mount Seismically bolted down

	Roof mounted air handling units
	I
	3"
	14” to 18”
	Restrained Spring Mount Seismically bolted down

	Base mounted fans
	A
	1" for less than 400 pounds

2" for greater than 400 pounds
	5” to 8”
	Restrained Spring Mount Seismically bolted down

	Roof mounted fans
	A
	1" for less than 400 pounds

2" for greater than 400 pounds
	5” to 8”
	Restrained Spring Mount Seismically bolted down

	Suspended Fans under 60 lbs
	Use manufacturer provided rubber grommets 
	Type 1

	Suspended fans, air conditioners, heat pumps, air handlers, fan coils less than 400 lbs
	B1 
	2"
	4” to 6”
	Type 1

	Suspended fans, air conditioners, heat pumps, air handlers, fan coils greater than 400 pounds
	B2
	2"
	4” to 6”
	Type 1

	Base mounted pumps mounted on a slab on grade
	D
	1/8"
	
	Seismically bolted down

	Base mounted pumps mounted on structural floors or roofs
	F
	2"
	8” to 10” 
	Seismically bolted down

	Floor mounted fans 
	A1 with E thrust restraints
	2”
	
	Restrained Spring Mount Seismically bolted down

	Rooftop cooling towers
	A2
	2"
	10” to 12”
	Restrained Spring Mount Seismically bolted down

	Rooftop air conditioners, heat pumps 5 tons and less
	Use manufacturer provided roof curb with neoprene gasket between the unit and the curb
	Curb seismically bolted down

	Rooftop air conditioners, heat pumps 6 tons and larger 
	I
	2” 
	14” to 18”
	Curb seismically bolted down

	
	
	
	
	

	Compressors, vacuum pumps and other reciprocating equipment mounted on slab.
	C
	1”
	3” to 5”
	Seismically bolted down
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