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HVAC SOUND VIBRATION AND SEISMIC CONTROLS
23 05 48
PART 1 – GENERAL
1.01	SUMMARY
A.	Section Includes: Reduction or elimination of excessive noise or vibration within building due to operation of equipment, machinery, piping, and ductwork as specified.
1.	Vibration isolators.
2.	Seismic restraint devices.
3.	Duct silencers.
4.	Acoustic housings.
5.	Lining and enclosing ductwork.
6.	Acoustic louvers.
7.	Sound attenuation boots at supply, return, exhaust and transfer air inlets, outlets and openings.
8.	Flexible ducts, conduits and piping.
B.	Related Requirements:
1.	Division 01:  General Requirements.
2.	Section 23 05 00:  Common Work Results for HVAC.
3.	Section 23 05 13:  Basic HVAC Materials and Methods.
4.	Section 23 20 13:  Above Ground HVAC Piping.
5.	Section 23 20 16:  Underground HVAC Piping.
6.	Section 23 30 00:  Air Distribution.
7.	Section 23 38 13:  Kitchen Ventilation System.
8.	Section 23 64 16:  Oil Lubricated Centrifugal Water Chillers.
9.	Section 23 64 18:  Oil Free Centrifugal Water Chillers.
10.	Section 23 64 23:  Scroll Water Chillers.
11.	Section 23 64 28:  Air-Cooled Rotary Screw Chillers.
12.	Section 23 650 0:  Cooling Towers.
13.	Section 23 80 00:  Heating, Ventilating and Air Conditioning Equipment.
14.	Section 23 81 00:  Floor and Wall Mounted Heat Pump Units.
15.	Section 23 90 00:  Testing, Adjusting, and Balancing for HVAC.
1.02	GENERAL REQUIREMENTS
A.	Provide vibration isolators to eliminate or reduce the transmission of vibration noise to any part of building and mitigate vibration frequency and load imposed by equipment. Vibration isolators, base frames, inertia bases and seismic restraints shall be of sufficient size, flexibility and load distribution configuration to assure that deflection, stability and seismic restraint requirements are met without permitting excessive movement when starting.  For typical units, no fewer than four isolators shall be provided. Isolators shall be provided to deflect uniformly under operating gravity and equipment thrust loadings to within plus or minus 10 percent of specified deflection values.
B.	Static deflections specified are based on the anticipated equipment characteristics.  In the event the equipment proposed by the Contractor has characteristics other than those indicated, particularly the rated rpm, the static deflection shall be re-evaluated and the proper mountings and other devices shall be provided.
C.	Where fabricated vibration isolator units are indicated, furnish manufacturer's standard catalog products with printed loading ratings or certified submittals
D.	Seismic Requirements:
1.	Refer to Seismic Restraint Manual: Guidelines for Mechanical Systems, published by SMACNA and approved by DSA, for minimum seismic restraints required on mechanical components design and construction details.
2.	Provide seismic restraints for mechanical equipment or components specified.  Where equipment is specified with proprietary names, design for seismic restraints is for first proprietary name listed.  
3.	Provide restraints, bracing and anchorage as required for the mechanical equipment, electrical equipment and components specified in the Contract Documents.  Restraints, bracing and anchorage shall be installed to resist the total design earthquake or wind loads in any direction in accordance with CBC and SMACNA guidelines. 
4.	Provide restraints, bracing, and anchorage for the mechanical equipment and components.
5.	For rigidly mounted liquid filled steel pipe, comply with the following:
a.	Provisions of NFPA Pamphlet 13, section for sway bracing.
b.	Provisions of NFPA Pamphlet 13, section for earthquake protection.
c.	Hanger spacing as specified in Section 23 05 13 under Hanger Spacing Schedule.
d.	SMACNA Seismic Restraint Manual: Guidelines for Mechanical Systems and approval by DSA.
6.	For flexibly mounted liquid filled steel pipe, comply with the following:
a.	Provisions of the California Building Code for flexibly mounted equipment.
b.	Provisions of VISCMA (Vibration Isolation and Seismic Control Manufacturer’s Association) Seismic Control Device Installation, Best Practices Manuals.
c.	Installer may provide a DSA or OSHPD approved system such as the SMACNA Seismic Restraint Manual with Addendum No. 1, the Mason Industries Seismic Restraint Guidelines or other proprietary pre-approved system.
7.	For ductwork and other mechanical equipment restraints, comply with SMACNA Seismic Restraint Manual: Guidelines for Seismic Mechanical Systems and obtain approval by DSA.
1.03	SUBMITTALS
A.	Provide in accordance with Division 01.
1.	Catalog cuts and data sheets on specific vibration isolators, seismic restraints, and anchors demonstrating compliance with the Specifications.
2.	Shop Drawings for each piece of equipment including dimensions, structural member size, support point, vibration, and seismic restraints.
3.	Written approval of frame design to be furnished by the equipment manufacturer.
4.	Drawings indicating methods for suspension, support, seismic restraints, guides, etc., for piping, ductwork, etcetera.
5.	Drawings indicating methods for isolation of pipes, ducts etcetera, piercing slabs, beams, etcetera.
B.	Vibration Test Reports:  At completion of installation, submit the following documents.  Submission of these documents must be complete before final acceptance of vibration isolation systems is given.  Assistance from the vibration isolation equipment Manufacturer may be required.
1.	Complete tabulation showing for each vibration isolator:  
a.	Actual static deflection measured at the project.
b.	Specified minimum static deflection.
2.	Report certifying:
a.	Each piece of operative rotating mechanical equipment does not exceed the specified vibration displacement level.
b.	Each piece of isolated equipment or equipment component (ducts, pipes, conduit, etcetera) is not short-circuited by any means.
c.	Requirements of Part 2 are satisfied for equipment.
1.04	QUALITY ASSURANCE
A.	Standards and Codes: Comply with applicable codes and standards having jurisdiction including, but not limited to:
1.	NFPA, Pamphlet 13.
2.	ASHRAE Handbook: HVAC Systems and Equipment.
3.	SMACNA Seismic Restraint Manual: Guidelines for Mechanical Systems.
4.	California Building Code.
5.	VISCMA
a.	Installing Seismic Restraints for Mechanical Equipment.
b.	Installing Seismic Restraints for Duct and Pipe.
B.	Qualifications of Manufacturer and Installers: Comply with provisions as set forth in Section 23 05 00: Common Work Results for HVAC.
PART 2 – PRODUCTS
2.01	GENERAL
A.	Furnish and install vibration dampers, sound isolation pads, flexible connections and similar equipment required to prevent sound of water flowing in pipes, vibration of motors, and motor operated equipment from being transmitted to building structure; and, in case of fans, from being transmitted along ducts. Piping shall be isolated from vibrating equipment by furnishing required flexible connectors.
B.	Pumps and similar motor operated equipment shall be installed on anti-vibration units.
C.	Fans, except curb-mounted roof-type exhaust fans and wall mounted propeller fans, shall be installed with anti-vibration units, whether indicated on Drawings or not. Fans built into air handling units may be furnished with independent anti-vibration mountings or whole unit may be installed on an external vibration isolation system. 
D.	Other equipment shall be installed on anti-vibration bases, pads, or hangers, unless specifically noted otherwise on Drawings. Package units, furnished with built in anti- vibration bases, do not require unit bases unless otherwise specified.
1.	Unless specified otherwise, anti-vibration bases shall be M.W. Sausse / Vibrex of the Model Number specified or indicated on the drawings or equal by Mason or Korfund. Furnished base including sub-base, shall be manufactured by same company with fan and integral motor base. Seismic restraints may be incorporated into bases or furnished separately.
2.	Inertia anti-vibration bases shall conform to requirements indicated.
3.	Unless noted otherwise, furnished anti-vibration bases, including supporting units for inertia bases, shall be of the spring type.
4.	Selection of bases or supporting units shall be in accordance with manufacturer's recommendations based on following installed minimum effective isolation efficiencies (where not provided with each piece of equipment):
	a.
	Centrifugal fans, packaged fan and coil units and cooling towers, less than 800 RPM
	80 percent

	b.
	Centrifugal fans over 800 RPM
	90 percent

	c.
	Centrifugal pumps
	95 percent

	d.
	Reciprocating compressors
	95 percent


E.	Flexible duct connections shall be provided at inlet and outlets of each fan or HVAC unit, except curb-mounted roof exhaust fans whether indicated on the drawings or not.
F.	Flexible pipe or conduit connections shall be provided at piping and conduit connections to HVAC units, pumps, compressors and other moving (reciprocating or rotating) mechanical or electrical equipment provided under this Section whether indicated on the drawings or not.
G.	Flexible connections for Freon piping shall be seamless flexible metal hoses of type and length recommended by manufacturer and suitable for system operating pressure.
H.	Flexible connections for all other piping shall be flexible metal hose or spool type with flanged ends, unless otherwise specified.  Metal hose shall be covered with protective braiding in areas where physical abrasion may occur, or for personnel safety.
I.	Spool types shall be similar to American Rubber Co., Mercer Rubber Co., PROCO Products, Inc., or equal, and hose types shall be similar to DME, Inc., U.S. Flex, Pennflex, Anaconda Flexpipe, Keflex with any required modifications to meet specified requirements. Flanges shall be furnished with steel retaining rings. Units installed on discharge side of pumps shall be furnished for a suitable working pressure of not less than 100 psig, and those on suction side for working pressures of 50 psig or 30 inches Hg vacuum.
J.	Units installed in cold water lines (less than 125 degrees F) shall furnish a minimum temperature rating of 180 degrees F and those installed in hot water lines (above 125 degrees F) shall be constructed of special heat resistant materials and be furnished for a minimum temperature rating of 220 degrees F, continuous operation. Units shall be able to withstand a maximum lateral deflection of 3/8 inch.  Temperature and pressure ratings shall be molded into body of each spool unit, so they are easily identified. Spool types shall be for straight in flow only.
K.	Spool type units shall be furnished with control units comprised of a minimum of two tie-rods and anchor plates or internal guide sleeves to prevent excessive elongation or misalignment.  Rubber washers shall be provided under bolt heads and rubber grommets in bolt holes to prevent any metal-to-metal contact between bolts and flanges.
L.	Where hose type units are furnished, restraining anchors or braces shall be provided if excessive or undesirable pipe movement occurs when system is operated.
2.02	GENERAL PROPERTIES OF VIBRATION ISOLATORS.
A.	Shall be provided with markings so that, after adjustment, when carrying their load, deflection under load can be verified; thus, determining that load is within proper range of device and that correct degree of vibration isolation is being provided according to the design.
B.	Isolators to operate in direct proportion to their load versus deflection curve.  Load versus deflection curves shall be furnished by manufacturer and must be linear over a deflection range of 50 percent above design deflection.
C.	Wave motion through isolator shall be reduced to following extent: Isolation above resonant frequency shall follow theoretical prediction based upon an un-dampened single degree of freedom system with a minimum isolation of 50 decibels above 150 cycles per second.
D.	Vibration isolator spring diameters shall be no less than their deflected height.  Furnish spring with a 50 percent overload safety factor.
E.	Unless otherwise indicated, equipment installed on vibration bases shall provide a minimum operating clearance of one inch between structural steel base and floor or support base. Provide flexible connectors in piping and flexible conduit in power wiring to minimize transmission of vibration.
F.	Isolators and springs exposed to weather shall be hot-dipped galvanized or powder coated after fabrication and before installation. Hot-dipped zinc coating shall be not less than two ounces per square foot by weight complying with ASTM A123.  In addition, provide limit stops to resist wind velocity.
G.	Where indicated, provide structural steel bases with height saving brackets, and minimum of three points of support.  Isolators shall be furnished with a method for leveling.
H.	Design isolators and seismic restraints for positive anchorage against uplift and overturning.
I.	Provide and install, under this Section of the Specifications, structural steel required to properly support equipment and steel required to support horizontal thrust arrestors.
2.03	ISOLATOR TYPES
A.	Type A:  Steel Spring Isolators:  Un-housed steel spring isolators, laterally stable and unrestrained.  Design springs so that ratio of horizontal to vertical spring (stiffness) constant is between 0.9 and 1.3.  Natural frequency of isolator must be 1/3 to 1/4 of driving frequency that is to be controlled.  Isolators to provide a minimum additional travel to solid equal to 50 percent of rated deflection. Isolators shall be furnished with built-in leveling bolts complete with sound isolation pads type B. Static deflection as specified.
B.	Type B:  Sound Isolation Pad:  Provide under each spring isolator a sound isolation pad, utilizing high quality durable neoprene pad material, loaded to 40 psi. Build sound pad up to 2 layers of 1/4 inch thick neoprene material; separate layers with a 16-gage galvanized sheet metal plate.  Top layer shall provide a hardness of 40 durometers and the bottom layer shall be 40 durometers. Cold bond sound pads together and to isolator baseplate.
C.	Type C:  Neoprene-in-Shear Isolators:  Isolator shall be neoprene-in-shear type as recommended by manufacturer.  Isolator shall provide a static deflection under rated load at 1/4 inch. 
2.04 EQUIPMENT FRAMES 
A.	Provide mounting frames and brackets to carry load of equipment without causing mechanical distortion or stress to the equipment.
B.	Type A Frame: Wide flange members, rigidized structural steel frame with brackets. Maximum allowable deflection at any point on load frame relative to unloaded frame shall be 0.005 inch.  Members to be constructed of wide flange beams, with a depth of not less than 1/10 of length of span between isolators. Frame shall be M.W. Sausse & Co. type RMSB-W or equal by Mason Industries.
C.	Type B Frame:  Channel members, rigidized structural steel frame with brackets.  Frame to be constructed of channel steel with section depth equal to 1/10th length of longest structural member.  Frame shall be M.W. Sausse & Co. type RMSB-C or equal by Mason Industries.
D.	Type C Frame:  Steel gusset or bracket welded or bolted directly to machine frame in order to accommodate isolator.  Frame shall be M.W. Sausse & Co. type RMSG or equal by Mason Industries.
E.	Type D Frame: Fabricated of rectangular channel steel forms for floating foundations to be filled with concrete on the Project site. Channel depth to be a minimum of 1/12th of longest dimension, but in no case less than 6 inches. Form shall include 1/2 inch reinforcing bars installed each way in a layer 1 ½ inches above bottom and drilled steel members with sleeves mounted below holes to receive equipment anchor bolts. Weight of concrete and frame shall be two times or more than the weight of the unit it supports.  Frame shall be M.W. Sausse & Co. type RMSBI or equal by Mason Industries.
2.05	MATERIALS AND CONSTRUCTION
A. Duct Silencers:  Provide factory fabricated duct silencers of tubular or rectangular type, for low or medium velocity service, with arrangements, sizes, and capacities as indicated on the Drawings.
1.	Construction:
a.	Fabricate silencers of galvanized steel with casing seams sealed or welded to be airtight at a pressure differential of 8 inches water gage between inside and outside of unit and stiffen or brace as necessary to prevent structural failure or deformation at same condition, or audible vibration during normal operation. Outer casings of rectangular silencer modules shall be made of 22 gage galvanized steel in accordance with ASHRAE Guide of recommended construction for high-pressure rectangular ductwork. Seams shall be lock formed and mastic filled. Outer casings of tubular silencers shall be made of galvanized steel in 18 to 22 gage. Internal acoustic elements of rectangular silencers shall incorporate integral die formed entry and exit to minimize pressure drop and self-noise.  Interior partitions for rectangular silencers shall be fabricated of not less than 26 gage galvanized perforated steel. Interior construction of tubular silencers shall be compatible with the outside casings.  
b.	Filler material shall comply with the following:
1)	Fire Safety Standards:  NFPA 90A and NFPA 90B.
2)	Temperature:  ASTM C411.
3)	Air velocity:  ASTM C1071, UL 181.
4)	Fire Hazard Classification:  ASTM E84, UL 723-Class 1, NFPA 255.
5)	Corrosion Resistance:  ASTM C739, C665.
6)	Fungi Resistance:  ASTM G21.
7)	Water Vapor Sorption:  ASTM C1104, less than 1 percent by weight.
8)	Formaldehyde, Phenolic Resins or other Volatile Organic Compounds: 0 percent.
c.	Airtight construction shall be provided by furnishing a duct sealing compound installed on the Project site. Silencers shall not fail structurally when subjected to a differential air pressure of 8 inches w.g. inside to outside of casing.
2.	Acoustic Performance: Silencer ratings shall be determined in a duct-to-reverberant room test facility, which provides for airflow in both directions through the test silencer in accordance with ASTM Standard E477. The test facility shall be accredited by the National Voluntary Laboratory Accredited Program for the ASTM E477 test standard.  Data from a non-accredited laboratory is not permitted. The test set-up and procedure shall eliminate effects due to end reflection, directivity, flanking transmission, standing waves, and test chamber sound absorption. Acoustic ratings shall include dynamic insertion loss (DIL) and self-noise (SN) power levels both for forward flow (air and noise in same direction) and reverse flow (air and noise in opposite directions).  Data shall be for test silencers no smaller than the following cross-sections:
Rectangular, inches - 24 by 24, 24 by 30, or 24 by 36
Tubular, inches - 12, 24, 36, and 48
a.	Noise reduction values (dynamic insertion loss) in decibels reference 10-12 watts, shall not be less than (of the model, size and length) indicated on Drawings.
b.	Self generated noise in decibels reference 10 to 12 watts, shall not be more than of the model, size and length indicated on Drawings.
3.	Aerodynamic performance: Airflow measurements shall be performed in accordance with ASTM specification E477 and applicable portions of ASME, Air Movement and Control Association (AMCA), and Air Diffusion Council (ADC) airflow test codes. Tests shall be reported on the identical units for which acoustic data is presented. Air pressure drops shall not exceed those (of the model, size and length) indicated on Drawings.
4.	Certification:  With submittals, provide certified test data on dynamic insertion loss, self-noise power levels, and aerodynamic performance for reverse and forward flow test conditions.  Test data shall be for a standard product.   Rating tests shall be conducted in the same facility, shall utilize the same silencer, and shall be open to inspection if required by the Architect. 
5.	Rectangular silencers shall be Industrial Acoustics Company (IAC) of the model number indicated on the drawing, by Vibro-Acoustics, Dynasonics, SEMCO Silentair or TranSonics. 
B.	Duct Liner: As indicated in Section 23 07 00: HVAC Insulation.
C.	Flexible Ducts:  As indicated in Section 23 07 00: HVAC Insulation.
PART 3 – EXECUTION
3.01	INSTALLATION
A.	Provide isolators, flexible pipe connectors, flexible electrical conduit and flexible duct connectors at all moving mechanical system components to prevent transmission of vibration noise to any part of building whether indicated on the drawings or not.
B.	Install isolators to suit imposed load and the vibration frequency to be absorbed. Isolator units shall furnish adequate strength and flexibility to exhibit proper resiliency under machine load and impact without permitting excessive movement when starting.
C.	Where commercial vibration isolator and seismic restraint units are specified, furnish manufacturer's standard catalog products with printed loading ratings, or provide substantiating calculations.
D.	Install vibration isolators and seismic restraints in accordance with manufacturer's printed installation instructions.
E.	Where equipment is belt driven and motor is not installed on equipment, install motor and driven equipment on unitized support, and install entire support isolators. Unitized support to be provided with adjustable slide rails sized for motor weight and frequency.  Support shall be Mason Industries type WF, M.W. Sausse & Co., type RMSF or equal.
F.	Do not install any equipment, piping, conduit, ductwork, etc., that makes rigid contact with building or its structural members, unless reviewed by the Architect. 
1.	Coordinate Work with other trades to avoid rigid contact with building.
2.	Correct, before installation, any conflict with other Work that would result in solid contact to equipment or piping due to inadequate space. 
3.	Obtain inspection from the Project Inspector for concealed Work before enclosure.
4.	Notify manufacturer before installation of vibration isolation devices so that manufacturer may instruct and demonstrate technique for proper installation.
G.	The furnishing or installation of vibration isolators must not cause any change of position or alignment of equipment, ductwork, or piping, resulting in stresses in piping or ductwork, connections, or misalignment of shafts or bearings. Equipment, piping, and ductwork shall be maintained in a rigid position during installation.  Load shall not be transferred to isolator until installation is complete and under full operational load.
H.	Air Compressors, Water Chillers, Pumps, Boilers with Integral Combustion Fans and Miscellaneous Equipment, mounted on roof or raised floors: Install each unit with its motor on a vibration isolated base utilizing type B frames, except where a type D frame is indicated on Drawings. Install steel support frame furnished by equipment manufacturer, utilizing equipment anchor bolt templates and isolator height saving brackets. Provide springs as specified for type “A” isolator; static deflection shall be a minimum of 2 inches.
I.	Fans (2000 rpm or higher) Air Compressors and Miscellaneous Equipment, mounted on grade: As specified for grade mounted boilers except furnish type C isolators.
J.	Boilers mounted on grade:  Install each unit on concrete housekeeping pad with sound isolation pad designed for applicable equipment loading. Unit shall be fastened to housekeeping pad to prevent any movement.
K.	Air Handling, Air Conditioning Units, Floor Mounted Fans, and Cabinet-Installed Fans: Install entire casing including filters, mixing box, fan section, coil sections, etc., on a continuous, integral, structural steel base, as indicated. Furnish type A, B, or C frames, reinforced as necessary to prevent distortion of frame. Furnish isolator type A; static deflection shall be a minimum of l ½ inches.
L.	Suspended Fans and Air Conditioning Unit Fan Coils and Unit Ventilators:  Suspend each integral unit from overhead structure on steel spring and elastomer hanger isolators. Support deflection under rated load of 3/8 inch.  Provide spring static deflection as follows:
	Fan RPM
	Min. Deflection

	200 – 400
	3 inches

	400 – 700
	2 inches

	Above 700
	1 inches


M.	Pipe Isolation: Where indicated and as required, furnish and support each pipe from an isolator. Isolator for the first five support locations away from vibrating equipment shall have the same deflection as the equipment isolators. After that, isolators shall be a neoprene-in-shear type of size as recommended by manufacturer; except where indicated on Drawings, pipe hanger rod shall be furnished with a steel spring isolator and elastomeric element, with lower rod capable of 30 degrees total misalignment without contact on spring housing.
N.	Seismic Restraints:  Floor or pad mounted equipment that do not require vibration isolators, shall be bolted to floor or other support.  Floor mounted equipment with vibration isolators shall be provided with lateral and vertical restraining devices on all sides of base to restrict displacement of equipment. On all sides of suspended equipment, provide bracing for rigid supports and provide aircraft cable restraints for resiliently supported equipment. 
O.	Ductwork, duct acoustical lining, manual volume dampers and flexible ducts:  Do not reduce length of duct runs, duct acoustical lining, manual volume dampers and flexible ducts for economy.
P.	Installation of flexible ducts at air inlets and outlets:  Do not attach flexible ducts directly to air inlets and outlets unless a straight, smooth and uniform air flow can be achieved with sufficient space to make an elbow with a radius of at least three times the diameter of the duct.  If sufficient space is not available to make such an elbow, provide a rigid elbow or a lined plenum.
Q.	Placement of Air Devices:  Do not relocate air devices without the Architect’s approval.
3.02	EXAMINATION
A.	Arrange for the services of a certified representative of isolation manufacturer to visit the Project site for inspecting installation of devices. In the event the isolators do not meet specified requirements perform necessary revisions. Submit a written report to the Architect, signed by above representative, indicating all devices are properly installed and are operating as specified or required by isolation manufacturer.
END OF SECTION
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