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Cleveland Clinic

Cleveland Clinic Master Specifications: Division 23 - Mechanical

This document contains the Master Specifications for the design and construction of new
and renovated facilities for all domestic Cleveland Clinic locations. It is be used by A/E
firms in the preparation of Construction Documents for all facility types.

The general purpose of each Specification is to provide minimum criteria for construction
materials at Cleveland Clinic facilities regarding Code and FM Global compliance,
warranty, approved products, execution and uniformity.

The Specifications are used to prepare specific project Contract Specifications. They are
intended to be used to address system design aspects of equipment that Cleveland Clinic
desires to standardize among facilities, and identify prohibited materials and construction
practices. Use of these Specifications will help A/E’s meet the Cleveland Clinic’s
primary goal of providing a safe, reliable, and energy efficient installations and ultimately
successful patient outcomes.

The use of these Specifications is mandatory for all design or maintenance projects.
Deviations are discouraged. If project conditions arise which require a deviation, it
should be thoroughly documented by the user and submitted to the Cleveland Clinic for
review and approval using the Design Standards Revision Request document.
Additionally, all Cleveland Clinic staff, architects, engineers, and contractors are
encouraged to participate in the ongoing development of these guidelines by
communicating any suggestions by use of the Revision Request document.

USER NOTE: throughout the specifications, bracketed, bold text indicates optional
requirements which may be deleted if project conditions permit.
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SECTION # TITLE

230513 COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT
230514 VARIABLE-FREQUENCY MOTOR CONTROLLERS
230516 EXPANSION FITTINGS AND LOOPS FOR HVAC PIPING
230517 SLEEVES AND SLEEVE SCHEDULES FOR HVAC PIPING
230518 ESCUTCHEONS FOR HVAC PIPING

230519 METERS AND GAUGES FOR HVAC PIPING

230523 GENERAL DUTY VALVES FOR HVAC PIPING

230529 HANGERS AND SUPPORTS FOR HVAC PIPING

230533 HEAT TRACING FOR HVAC PIPING

230548 VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND EQUIPMENT
230553 IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT
230593 TESTING, ADJUSTING, AND BALANCING FOR HVAC
230713 DUCT INSULATION

230716 HVAC EQUIPMENT INSULATION

230719 HVAC PIPING INSULATION

230900 INSTRUMENTATION AND CONTROL FOR HVAC
231113 FACILITY FUEL OIL PIPING

232113 HYDRONIC PIPING

232123 HYDRONIC PUMPS

232213 STEAM AND CONDENSATE HEATING PIPING

232223 STEAM CONDENSATE PUMPS

232300 REFRIGERANT PIPING

232500 HVAC WATER TREATMENT

233113 METAL DUCTS

233300 AIR DUCT ACCESSORIES

233413 AXIAL HVAC FANS

233416 CENTRIFUGAL HVAC FANS

233423 HVAC POWER VENTILATORS

233433 AIR CURTAINS

233600 AIR TERMINAL UNITS

233713 DIFFUSERS, REGISTERS, AND GRILLES

233723 HVAC GRAVITY VENTILATORS

234100 PARTICULATE AIR FILTRATION

234133 HIGH-EFFICIENCY PARTICULATE FILTRATION

235100 BREECHINGS, CHIMNEYS, AND STACKS

235216 CONDENSING HOT WATER BOILERS

235233 WATER-TUBE BOILERS

235239 FIRE-TUBE BOILERS

235313 BOILER FEEDWATER PUMPS

235316 DEAERATORS

235700 HEAT EXCHANGERS FOR HVAC

236416 CENTRIFUGAL WATER CHILLERS

236500 COOLING TOWERS

237313 MODULAR INDOOR CENTRAL-STATION AIR-HANDLING UNITS
237323 CUSTOM CENTRAL STATION AIR HANDLING UNITS
238123 COMPUTER ROOM AIR-CONDITIONERS

238213 VALENCE HEATING AND COOLING UNITS

238219

FAN COIL UNITS
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238239 UNIT HEATERS
238316 RADIANT HEATING HYDRONIC PIPING
238413 HUMIDIFIERS

** End of List **
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAQUIPMENT

PART 1 - GENERAL

11

A.

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY

Section includes general requirements for singlsphand polyphase, general-purpose,
horizontal, small and medium, squirrel-cage indarctinotors for use on ac power systems up to
600 V and installed at equipment manufacturer'sofsicor shipped separately by equipment
manufacturer for field installation.

COORDINATION

Coordinate features of motors, installed units, aockssory devices to be compatible with the
following:

Motor controllers.

Torque, speed, and horsepower requirements obé#te |

Ratings and characteristics of supply circuit eaglired control sequence.
Ambient and environmental conditions of installatlocation.

SN s

PART 2 - PRODUCTS

2.1

A.

B.

2.2

GENERAL MOTOR REQUIREMENTS
Comply with NEMA MG 1 unless otherwise indicated.

Comply with IEEE 841 for severe-duty motors.

MOTOR CHARACTERISTICS

Duty: Continuous duty at ambient temperature of @ C and at altitude d3300 feet
(1000 m)above sea level.

Capacity and Torque Characteristics: Sufficierdtéot, accelerate, and operate connected loads
at designated speeds, at installed altitude anttaament, with indicated operating sequence,
and without exceeding nameplate ratings or conisigeservice factor.

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230513
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2.3 POLYPHASE MOTORS

A. Description: NEMA MG 1, Design B, medium inductiorotor.

B. Efficiency: Energy efficient, as defined in NEMAG®G/L.

C. Service Factor: 1.15.

D. Multispeed Motors: Separate winding for each speed

E. Rotor: Random-wound, squirrel cage.

F. Bearings: Regreasable, shielded, antifriction ba#irings suitable for radial and thrust loading.

G. Temperature Rise: Match insulation rating.

H. Insulation: Class F.

l. Code Letter Designation:

1. Motors 15 HP and Larger: NEMA starting Code F od€ G.

2. Motors Smaller than 15 HP: Manufacturer's standtading characteristic.

J. Enclosure Material: Cast iron or extruded aluminiommotors greater than 1 hp; cast iron,
extruded aluminum or rolled steel for motors 1 hd amaller.

2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

A. Motors Used with Reduced-Voltage and Multispeed t@tlers: Match wiring connection
requirements for controller with required motordsa Provide terminals in motor terminal box,
suited to control method.

B. Motors Used with Variable Frequency Controllers:atiRgs, characteristics, and features
coordinated with and approved by controller mantufise.

1. Windings: Copper magnet wire with moisture-resisiasulation varnish, designed and
tested to resist transient spikes, high frequeneaied short time rise pulses produced by
pulse-width modulated inverters.

2. Energy- and Premium-Efficient Motors: Class B tengpure rise; Class F insulation.

3. Inverter-Duty Motors: Class F temperature risggsSIH insulation.

4. Thermal Protection: Comply with NEMA MG 1 requirents for thermally protected
motors.

C.  Severe-Duty Motors: Comply with IEEE 841, with 8 hinimum service factor.
2.5 SINGLE-PHASE MOTORS
A. Motors larger than 1/20 hp shall be one of theofegihg, to suit starting torque and

requirements of specific motor application:

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230512



PROJECT NAME FOR

CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX
1. Permanent-split capacitor.
2. Split phase.
3. Capacitor start, inductor run.
4, Capacitor start, capacitor run.

B.  Multispeed Motors: Variable-torque, permanentisgdipacitor type.

C. Bearings: Prelubricated, antifriction ball beasngr sleeve bearings suitable for radial and
thrust loading.

D. Motors 1/20 HP and Smaller: Shaded-pole type.
E.  Thermal Protection: Internal protection to autdoaly open power supply circuit to motor
when winding temperature exceeds a safe valueratdith to temperature rating of motor

insulation. Thermal-protection device shall autboadly reset when motor temperature returns
to normal range.

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 230513
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SECTION 230514 - VARIABLE-FREQUENCY MOTOR CONTROLIES

PART 1 - GENERAL

11 RELATED DOCUMENTS
A. Drawings and general provisions of the Contractluging General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.
1.2 SUMMARY

A.  Section includes separately enclosed, pre-assemmetbination VFDs, rated 600 V and less,
for speed control of three-phase, squirrel-cagadtidn motors.

B. Related Sections:

1. Section 262419 "Motor-Control Centers" for VFDstalked in motor-control centers.

13 DEFINITIONS

A.  BAS: Building automation system.

B. CE: Conformite Europeene (European Compliance).
C. CPT: Control power transformer.

D. EMI: Electromagnetic interference.

E. IGBT: Insulated-gate bipolar transistor.

F.  LAN: Local area network.

G. LED: Light-emitting diode.

H.  MCP: Motor-circuit protector.

l. NC: Normally closed.

J. NO: Normally open.

K.  OCPD: Overcurrent protective device.

L. PCC: Point of common coupling.

M.  PID: Control action, proportional plus integraliplderivative.

N. PWM: Pulse-width modulated.

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 -1
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O. RFI: Radio-frequency interference.
P. TDD: Total demand (harmonic current) distortion.
Q. THD(V): Total harmonic voltage demand.
VFD: Variable-frequency motor controller.
1.4 PERFORMANCE REQUIREMENTS
A.  Seismic Performance: VFDs shall withstand the otffeof earthquake motions determined

according to ASCE/SEI 7.

1. The term "withstand" means "the unit will remaimplace without separation of any parts
from the device when subjected to the seismic fospecified and the unit will be fully
operational after the seismic event."

15 ACTION SUBMITTALS
A. Product Data: For each type and rating of VFD datid. Include features, performance,
electrical ratings, operating characteristics, ging and operating weights, and furnished
specialties and accessories.
B. LEED Submittals:

1. Product Data for Credit EA5: For continuous metgr equipment for energy
consumption.

C. Shop Drawings: For each VFD indicated. Includeeatisioned plans, elevations, and sections;

and conduit entry locations and sizes, mountingreyements, and details, including required
clearances and service space around equipment.

1. Show tabulations of installed devices, equipmemttuiees, and ratings. Include the
following:

Each installed unit's type and details.

Factory-installed devices.

Enclosure types and detalils.

Nameplate legends.

Short-circuit current (withstand) rating of encldait.

Features, characteristics, ratings, and factoryngst of each VFD and installed
devices.

Specified modifications.

Outline dimensions, conduit entry locations andglei

Customer connection and power wiring diagrams.

Complete technical product description include mplete list of options provided.
Any portions of this specification not met mustdbearly indicated or the supplier
and contractor shall be liable to provide all aiddidl components required to meet
this specification.

~ooooTw

—Ta
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1.6

1.7

2. Schematic and Connection Wiring Diagrams: For posignal, and control wiring.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Floor plans, drawn to scaleowing dimensioned layout, required
working clearances, and required area above andndr&/FDs. Show VFD layout and
relationships between electrical components andcedf structural and mechanical elements.
Show support locations, type of support, and weight each support. Indicate field
measurements.

Qualification Data: For qualified testing agency.

Seismic Qualification Certificates: For VFDs, assamries, and components, from
manufacturer.

1. Basis for Certification: Indicate whether withsdarertification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit:emdify center of gravity and locate
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage dewicew/hich the certification is based,
and their installation requirements.

Product Certificates: For each VFD, from manufemtu

Harmonic Analysis Study and Report: Comply witiEEE399 and NETA Acceptance Testing
Specification; identify the effects of nonlineaatts and their associated harmonic contributions
on the voltages and currents throughout the etettsystem. Analyze desighated operating
scenarios, including recommendations for VFD infilséring to limit TDD and THD(V) at
each VFD to specified levels.

Source quality-control reports.
Field quality-control reports.

Load-Current and Overload-Relay Heater List: Cdenpiter motors have been installed, and
arrange to demonstrate that selection of heatéssattual motor nameplate, full-load currents.

Load-Current and List of Settings of Adjustable @vad Relays: Compile after motors have
been installed and arrange to demonstrate thatclsveiettings for motor-running overload
protection suit actual motors to be protected.

CLOSEOUT SUBMITTALS
Operation and Maintenance Data: For VFDs to irelud emergency, operation, and
maintenance manuals. In addition to items spetifie Section 017823 "Operation and

Maintenance Data," include the following:

1. Manufacturer's written instructions for testing aadjusting thermal-magnetic circuit
breaker and MCP trip settings.

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 -3
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1.8

1.9

2. Manufacturer's written instructions for settingdi@adjustable overload relays.

3. Manufacturer's written instructions for testing, justing, and reprogramming
microprocessor control modules.

4, Manufacturer's written instructions for settingdi@djustable timers, controls, and status
and alarm points.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials described below that matdducts installed and that are packaged
with protective covering for storage and identifigith labels describing contents.

1. Power Fuses: Equal to 10 percent of quantity llestgfor each size and type, but no
fewer than three of each size and type.

2. Control Power Fuses: Equal to 10 percent of gtyamstalled for each size and type, but
no fewer than two of each size and type.

3. Indicating Lights: Two of each type and color ailgd.

4.  Auxiliary Contacts: Furnish one spare(s) for eaie and type of magnetic controller

installed.

5. Power Contacts: Furnish three spares for each asmzetype of magnetic contactor
installed.

QUALITY ASSURANCE

Testing Agency Qualifications: Member company &M or an NRTL.

1. Testing Agency's Field Supervisor: Currently dienti by NETA to supervise on-site
testing.

Electrical Components, Devices, and Accessoriestetl and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for ideshlocation and application.

Comply with NFPA 70.

IEEE Compliance: Fabricate and test VFD accordintEEE 344 to withstand seismic forces
defined in Section 260548 "Vibration and SeismiatCals for Electrical Systems."

Referenced Standards and Guidelines:
1. Institute of Electrical and Electronic EngineefSEE)

a. IEEE 519-1992, Guide for Harmonic Content and Gantr
2. Underwriters Laboratories (as appropriate)

a. UL508
b. UL508A
C. UL508C

3. National Electrical Manufacturer’s Association (NEBM
a. ICS 7.0, AC Adjustable Speed Drives

4. International Electrotechnical Commission (IEC)
a. EN/IEC 61800-3

5. National Electric Code (NEC)
a. NEC 430.120, Adjustable-Speed Drive Systems

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 - 4
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6. International Building Code (IBC)
a. IBC 2009 Seismic — referencing ASC 7-05 and ICC ¥8&-

F. Quialifications:

1. VFDs and options shall be UL508 listed as a compdssembly. The base VFD shall be
UL listed for 100 kA SCCR without the need for inguses. Base VFDs with red label
UL stickers requiring additional branch circuit fgation are not acceptable.

2. CE Mark — The base VFD shall conform to the Europé&mion Electromagnetic
Compatibility directive, a requirement for CE mangi The VFD shall meet product
standard EN 61800-3 for the First Environment ret&ld level (Category C2). Base
drives that only meet the Second Environment (Gate@3, C4) shall be supplied with
external filters to bring the drive in compliancéhthe First Environment levels.

3. The entire VFD assembly, including the bypass fiecified), shall be seismically
certified and labeled as such in accordance wigh2®09 International Building Code
(IBC):

a. VFD manufacturer shall provide Seismic Certificatioand Installation
requirements at time of submittal.

b. Seismic importance factor of 1.5 rating is requjraad shall be based upon actual
shake test data as defined by ICC AC-156.

C. Seismic ratings based upon calculations alone atr@cceptable. Certification of
Seismic rating must be based on testing done hi@e axis of motion.

1.10 DELIVERY, STORAGE, AND HANDLING

A.  Store in space that is permanently enclosed armbaditioned.

1.11 PROJECT CONDITIONS

A. Environmental Limitations: Rate equipment for éonbus operation, capable of driving full
load without derating, under the following condisunless otherwise indicated:

1. Ambient Temperature: Not less thaa deg F(minus 10 deg Cand not exceedin§j04
deg F(40 deg C)

2. Ambient Storage Temperature: Not less than mihaleg F(minus 20 deg Cand not
exceedindgl40 deg H60 deg C)

3. Humidity: Less than 95 percent (noncondensing).

4.  Altitude: Not exceeding300 feet(1005 m)

B. Interruption of Existing Electrical Systems: Dotrinterrupt electrical systems in facilities
occupied by Cleveland Clinic or others unless ptediunder the following conditions and
then only after arranging to provide temporary &ieal service according to requirements
indicated:

1. Notify the Cleveland Clinic no fewer than sevenslayadvance of proposed interruption
of electrical systems.

2. Indicate method of providing temporary electricativice.

3. Do not proceed with interruption of electrical ®mt without the Cleveland Clinic’s
written permission.

4, Comply with NFPA 70E.

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 -5
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C.

1.12

1.13

CT NAME FOR
LAND CLINIC JOB # ISSUED: 00/00/20XX

Product Selection for Restricted Space: DrawimgBcate maximum dimensions for VFDs,
including clearances between VFDs, and adjacefdacs and other items.
COORDINATION

Coordinate features of motors, load characteristittalled units, and accessory devices to be
compatible with the following:

1. Torque, speed, and horsepower requirements obéue |
2. Ratings and characteristics of supply circuit aaglired control sequence.
3. Ambient and environmental conditions of installatlocation.

Coordinate sizes and locations of concrete basisagtual equipment provided. Cast anchor-
bolt inserts into bases.

Coordinate sizes and locations of roof curbs, eqgaipt supports, and roof penetrations with
actual equipment provided.
WARRANTY

Special Warranty: Manufacturer's standard formwitich manufacturer agrees to repair or
replace VFDs that fail in materials or workmanshighin specified warranty period.

1.  Warranty Period: Five years from date of turndeaithe Cleveland Clinic.

PART 2 - PRODUCTS

2.1

MANUFACTURED UNITS

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

1. ABB.

2.02 VARIABLE FREQUENCY DRIVES

A.

The VFD package as specified herein shall be eedlas a UL Listed Type enclosure,
exceeding NEMA enclosure design criteria (enclosusgh only NEMA ratings are not
acceptable), completely assembled and tested hyadneifacturer in an ISO9001 facility.
The VFD shall provide full rated output from a lin€+£10% of nominal voltage. The VFD
shall continue to operate without faulting fromreelof +30% to -35% of nominal voltage.
1. VFDs shall be capable of continuous full load ofiera under the following

environmental operating conditions:

a. -15to 40° C (5 to 104° F) ambient temperature. r@pen to 50° C shall be

allowed with a 10% reduction from VFD full load ceint.

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 -6
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b. Altitude O to 3300 feet above sea level OperatmB800 shall be allowed with a
10% reduction from VFD full load current.

c. Humidity less than 95%, non-condensing.

d. Enclosure shall have a UL Type rating and shalUhelisted and available as a
plenum rated VFD. VFDs without these ratings areawzeptable. Non UL Type
enclosures (e.g. self-certified NEMA enclosures) raat acceptable.

C. All VFDs shall have the following standard features

1.

2.

10.

11.

All circuit boards shall be coated. Drives thahtain circuit boards that are not coated
are not acceptable.

All VFDs shall have the same customer interfacelpiting digital display, and keypad,
regardless of horsepower rating. The keypad dleliemovable, capable of remote
mounting and allow for uploading and downloadingpafameter settings as an aid for
start-up of multiple VFDs.

The keypad shall include Hand-Off-Auto selectiomsl ananual speed control. The
drive shall incorporate “bumpless transfer” of speeference when switching between
“Hand” and “Auto” modes. There shall be fault resed “Help” buttons on the
keypad. The Help button shall include “on-line"siatance for programming and
troubleshooting.

There shall be a built-in time clock in the VFD gag. The clock shall have a battery
backup with 10 years minimum life span. The clatiall be used to date and time
stamp faults and record operating parameters atirtiee of fault. VFD programming
shall be held in non-volatile memory and is notefefent on battery power

The VFD’s shall utilize pre-programmed applicatioracros specifically designed to
facilitate start-up. The Application Macros shaitbvide one command to reprogram
all parameters and customer interfaces for a pdatic application to reduce
programming time. The VFD shall have two user mado allow the end-user to
create and save custom settings.

The VFD shall have cooling fans that are desigioe@asy replacement. The fans shall
be designed for replacement without requiring remgvthe VFD from the wall or
removal of circuit boards. The VFD cooling fansalsloperate only when required,
based on the temperature of and run command tdrthie. VFD protection shall be
based on thermal sensing and not cooling fan dparat

The VFD shall be capable of starting into a coaslirad (forward or reverse) up to full
speed and accelerate or decelerate to set poinbwtitripping or component damage
(flying start).

The VFD shall have the ability to automatically tegs after an over-current, over-
voltage, under-voltage, or loss of input signaltpctive trip. The number of restart
attempts, trial time, and time between attemptd begprogrammable.

The overload rating of the drive shall be 110%tsfriormal duty current rating for 1
minute every 10 minutes, 130% overload for 2 sesangery minute. The minimum
FLA rating shall meet or exceed the values in tieCNJL table 430.250 for 4-pole
motors.

VFDs through 200 HP shall have internal swingingndinear) chokes providing
impedance equivalent to 5% to reduce the harmaaittse power line. Swinging choke
shall be required resulting in superior partialddsrmonic reduction. Linear chokes
are not acceptable. 5% impedance may be from ¢asitive and negative DC bus)
chokes, or 5% swinging AC line chokes. VFD’s withly one DC choke shall add an
AC line choke.

The input current rating of the VFD shall not beaer than the output current rating.
VFD’s with higher input current ratings require tingstream wiring, protection devices,

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 -7
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12.

13.

14.

15.

16.

and source transformers to be oversized per NECL230 Input and output current
ratings must be shown on the VFD nameplate.

The VFD shall include a coordinated AC transiemgsiprotection system consisting of
4 MOVs (phase to phase and phase to ground), eitapalamp, 1600 PIV Diode
Bridge and internal chokes. VFDs that do not ineledordinated AC transient surge
protection shall include an external TVSS (Transiésltage Surge Suppressor).

The VFD shall provide a programmable loss-of-loatbken belt / broken coupling)
Form-C relay output. The drive shall be programieaio signal the loss-of-load
condition via a keypad warning, Form-C relay outpanhd / or over the serial
communications bus. The loss-of-load conditionssen algorithm shall include a
programmable time delay that will allow for motoccaleration from zero speed
without signaling a false loss-of-load condition.

The VFD shall include multiple “two zone” PID algirms that allow the VFD to
maintain PID control from two separate feedbackalg (4-20mA, 0-10V, and / or
serial communications). The two zone control Plgbathm will control motor speed
based on a minimum, maximum, or average of thefeedback signals. All of the
VFD PID controllers shall include the ability fao zone” control.

If the input reference is lost, the VFD shall gitree user the option of either (1)
stopping and displaying a fault, (2) running atragpammable preset speed, (3) hold
the VFD speed based on the last good referenceveeic®r (4) cause a warning to be
issued, as selected by the user. The drive skalprdogrammable to signal this
condition via a keypad warning, Form-C relay out@ud / or over the serial
communication bus.

The VFD shall have programmable “Sleep” and “Waggfunctions to allow the drive
to be started and stopped from the level of a m®émedback signal.

D. All VFDs to have the following adjustments:

1.

Three (3) programmable critical frequency lockoamges to prevent the VFD from

operating the load continuously at an unstable &pdée lockout range must be fully
adjustable, from 0 to full speed.

Two (2) PID Set point controllers shall be standardhe drive, allowing pressure or
flow signals to be connected to the VFD, usingriieroprocessor in the VFD for the

closed-loop control. The VFD shall have 250 m&24fVDC auxiliary power and be

capable of loop powering a transmitter supplietbthers. The PID set point shall be
adjustable from the VFD keypad, analog inputs, wercthe communications bus.

There shall be two independent parameter sethiéoPtD controller and the capability
to switch between the parameter sets via a digifalt, serial communications or from

the keypad. The independent parameter sets areallypused for night setback,

switching between summer and winter set points, etc

There shall be an independent, second PID loopctrautilize the second analog input
and modulate one of the analog outputs to mairtanset point of an independent
process (i.e. valves, dampers, etc.). All set tgpiprocess variables, etc. to be
accessible from the serial communication network.

Two (2) programmable analog inputs shall accepteatior voltage signals.

Two (2) programmable analog outputs (0-20ma or 4#(). The outputs may be

programmed to output proportional to Frequency,M&peed, Output Voltage, Output
Current, Motor Torque, Motor Power (kW), DC Bustagle, Active Reference, Active

Feedback, and other data. Drives that have ordy(bhanalog output must provide an
option card that provides additional analog outputs

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 -8
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6.

10.
11.

12.

13.

14,

Six (6) programmable digital inputs for maximum xilglity in interfacing with
external devices. All digital inputs shall be prmgmable to initiate upon an
application or removal of 24VDC or 24VAC.

Three (3) programmable, digital Form-C relay ouspuThe relay outputs shall include
programmable on and off delay times and adjustbbiteresis. The relays shall be
rated for maximum switching current 8 amps at 24Cv/Bnd 0.4 A at 250 VAC;
Maximum voltage 300 VDC and 250 VAC; continuousreat rating of 2 amps RMS.
Outputs shall be true Form-C type contacts; opdieator outputs are not acceptable.
Drives that have only two (2) relay outputs musiviide an option card that provides
additional relay outputs.

Run permissive circuit - There shall be a run pssme circuit for damper or valve
control. Regardless of the source of a run comn{@egpad, input contact closure,
time-clock control, or serial communications), t&D shall provide a dry contact
closure that will signal the damper to open (VFDtonaloes not operate). When the
damper is fully open, a normally open dry contaetd-switch) shall close. The closed
end-switch is wired to a VFD digital input and af® VFD motor operation. Two
separate safety interlock inputs shall be provid&dhen either safety is opened, the
motor shall be commanded to coast to stop and dnepdr shall be commanded to
close. The keypad shall display “start enabler2janissing”. The safety input status
shall also be transmitted over the serial commuioica bus.

The VFD control shall include a programmable tinedagt for VFD start and a keypad
indication that this time delay is active. A Fofinrelay output provides a contact
closure to signal the VAV boxes open. This wilbal VAV boxes to be driven open
before the motor operates. The time delay shafidié programmable from 0 — 120
seconds. Start delay shall be active regardlegheoftart command source (keypad
command, input contact closure, time-clock contoyl,serial communications), and
when switching from drive to bypass.

Seven (7) programmable preset speeds.

Two independently adjustable accel and decel ramiibs1 — 1800 seconds adjustable
time ramps.

The VFD shall include a motor flux optimizationaiit that will automatically reduce
applied motor voltage to the motor to optimize ggezonsumption and reduce audible
motor noise. The VFD shall have selectable softviar optimization of motor noise,
energy consumption, and motor speed control.

The VFD shall include a carrier frequency controkcwt that reduces the carrier
frequency based on actual VFD temperature thatwallbigher carrier frequency
settings without derating the VFD.

The VFD shall include password protection agaiasameter changes.

E. The Keypad shall include a backlit LCD display. eTdisplay shall be in complete English
words for programming and fault diagnostics (alplbaeric codes are not acceptable). All
VFD faults shall be displayed in English words. eTlkeypad shall include a minimum of 14
assistants including:

1.
2.

Start-up assistant

Parameter assistants

a. PID assistant

b. Reference assistant

c. |/O assistant

d. Serial communications assistant
e. Option module assistant

f.  Panel display assistant
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g. Low noise set-up assistant

3. Maintenance assistant

4. Troubleshooting assistant

5. Drive optimizer assistants

F. All applicable operating values shall be capabléeing displayed in engineering (user)
units. A minimum of three operating values frome tfst below shall be capable of being
displayed at all times. The display shall be amplete English words (alpha-numeric
codes are not acceptable):

Output Frequency

Motor Speed (RPM, %, or Engineering units)

Motor Current

Motor Torque

Motor Power (kW)

DC Bus Voltage

. Output Voltage

G. The VFD shall include a fireman’s override inpupon receipt of a contact closure from

the fire / smoke control station, the VFD shall igte in one of two modes: 1) Operate at a

programmed predetermined fixed speed ranging fleAHz (reverse) to 500Hz (forward).

2) Operate in a specific fireman’s override PIDaaithm that automatically adjusts motor

speed based on override set point and feedback. midde shall override all other inputs

(analog/digital, serial communication, and all kegpcommands), except customer defined

safety run interlocks, and force the motor to nurome of the two modes above. “Override

Mode” shall be displayed on the keypad. Upon resh@i the override signal, the VFD

shall resume normal operation, without the needytodle the normal digital input run

command.

H. Serial Communications

1. The VFD shall have an EIA-485 port as standard.e $tandard protocols shall be
Modbus, Johnson Controls N2, Siemens Building Teldgies FLN, and BACnet.
[Optional protocols for LonWorks, Profibus, EthetNBACnet IP, and DeviceNet shall
be available.] Each individual drive shall have grotocol in the base VFD. The use
of third party gateways and multiplexers is notegtable. All protocols shall be
“certified” by the governing authority (i.e. BTL &fing for BACnet). Use of non-
certified protocols is not allowed.

2. The BACnet connection shall be an EIA-485, MS/Triface operating at 9.6, 19.2,
38.4, or 76.8 Kbps. The connection shall be tebtethe BACnet Testing Labs (BTL)
and be BTL Listed. The BACnet interface shall @vnf to the BACnet standard
device type of an Applications Specific Controli@®-ASC). The interface shall
support all BIBBs defined by the BACnet standardfipe for a B-ASC including, but
not limited to:

a. Data Sharing — Read Property — B.

b. Data Sharing — Write Property — B.

c. Device Management — Dynamic Device Binding (WhoH&m).
d

e

No oA wNR

Device Management — Dynamic Object Binding (Who-Hddave).
Device Management — Communication Control — B.

f additional hardware is required to obtain the @#et interface, the VFD
manufacturer shall supply one BACnet gateway peedrMultiple VFDs sharing one
gateway shall not be acceptable.

4. Serial communication capabilities shall includet ot be limited to; run-stop controls,
speed set adjustment, and lock and unlock the kkyp@he drive shall have the
capability of allowing the BAS to monitor feedbaslich as process variable feedback,

w

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 - 10



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

output speed / frequency, current (in amps), %u@rgpower (kW), kilowatt hours
(resettable), operating hours (resettable), andedamperature. The BAS shall also be
capable of monitoring the VFD relay output statligjtal input status, and all analog
input and analog output values. All diagnostic mirgg and fault information shall be
transmitted over the serial communications bus.m&e VFD fault reset shall be
possible.

5. Serial communication in bypass (if bypass is sjpedjfshall include, but not be limited
to; bypass run-stop control, the ability to forbe unit to bypass, and the ability to lock
and unlock the keypad. The bypass shall have dpalility of allowing the BAS to
monitor feedback such as, current (in amps), kitoaurs (resettable), operating hours
(resettable), and bypass logic board temperatdiiee BAS shall also be capable of
monitoring the bypass relay output status, anddagital input status. All bypass
diagnostic warning and fault information shall beansmitted over the serial
communications bus. Remote bypass fault resel lshglossible.

6. The VFD / bypass shall allow the BAS to control théve and bypass digital and
analog outputs via the serial interface. This drghall be independent of any VFD
function. The analog outputs may be used for natihd chilled water valves or
cooling tower bypass valves. The drive and bypdigstal (Form-C relay) outputs may
be used to actuate a damper, open a valve or ta@myoother device that requires a
maintained contact for operation. In addition,ddilthe drive and bypass’ digital inputs
shall be capable of being monitored by the BAS esyst This allows for remote
monitoring of which (of up to 4) safeties are open.

7. The VFD shall include an independent PID loop fostomer use. The independent
PID loop may be used for cooling tower bypass valstrol, chilled water value / hot
water valve control, etc. Both the VFD PID contlebp and the independent PID
control loop shall continue functioning even if therial communications connection is
lost. As default, the VFD shall keep the last geetlpoint command and last good DO
& AO commands in memory in the event the serial memications connection is lost
and continue controlling the process.

I.  EMI/ RFlI filters. All VFD’s shall include EMI/RFfilters. The onboard filters shall allow
the VFD assembly to be CE Marked and the VFD ghakt product standard EN 61800-3
for the First Environment restricted level (Catgg®2) with up to 100 feet of motor cable.
Second environment (Category C3, C4) is not acbéptano Exceptions. Certified test
reports shall be provided with the submittals aoniftg compliance to EN 61800-3, First
Environment (C2).

J. DRIVE OPTIONS - Options shall be furnished and medrby the drive manufacturer as
defined by the VFD schedule. All optional featussall be UL Listed by the drive
manufacturer as a complete assembly and carry &®)l=bel.

1. Circuit Breaker - Door interlocked padlockable gitdoreaker that will disconnect all
input power from the drive and all internally moeditoptions. Circuit breaker option
shall be available with or without systems requroypass.

2. Disconnect Switch with Fuses - Door interlockeddlpakable disconnect switch that
will disconnect all input power from the drive amadl internally mounted options.
Drive input fusing is included.

3. Fieldbus adapters — The following optional fieldlaagspters shall be available as a plug

in modules.
a. LonWorks
b. DeviceNet

c. EthernetIP
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1) ControlNet over Ethernet & ModBus TCP
d. BACnetIP
e. Profibus

K. BYPASS

1.

A complete factory wired and tested bypass systensisting of a door interlocked,
padlockable circuit breaker, output contactor, lsgpaontactor, and fast acting VFD
input fuses. UL Listed motor overload protectidvals be provided in both drive and
bypass modes.

The bypass enclosure door and VFD enclosure mustdmdanically interlocked such

that the disconnecting device must be in the “@ffsition before either enclosure may

be accessed.

The VFD and bypass package shall have a UL lidgted gircuit current rating (SCCR)

of 100,000 Amps and this rating shall be indicaiedhe UL data label.

The drive and bypass package shall be seismidiedréind labeled to the IBC:

a. Seismic importance factor of 1.5 rating is requijraad shall be based upon actual
shake table test data as defined by ICC AC-156.

Drive Isolation Fuses - To ensure maximum possiypass operation, fast acting

fuses, exclusive to the VFD, shall be providedlklmnathe VFD to disconnect from the

line prior to clearing upstream branch circuit pation. This maintains bypass

operation capability in the event of a VFD failurBypass designs which have no such
fuses, or that incorporate fuses common to bothviRB and the bypass, will not be

accepted. Third contactor “isolation contactors? aot an acceptable alternative to
fuses, as contactors could weld closed and aremdEC recognized disconnecting
device.

The bypass shall maintain positive contactor céntinoough the voltage tolerance

window of nominal voltage +30%, -35%. This featisedesigned to avoid contactor

coil failure during brown out / low line conditiorend allow for input single phase
operation when in the VFD mode. Designs that wdk allow input single phase
operation in the VFD mode are not acceptable.

Motor protection from single phase power conditietise bypass system must be able

to detect a single phase input power condition @vhiinning in bypass, disengage the

motor in a controlled fashion, and give a singlagghinput power indication. Bypass
systems not incorporating single phase protectidsypass mode are not acceptable.

The bypass system shall be designed for stand-aljpation and shall be completely

functional in both Hand and Automatic modes evahéf VFD has been removed from

the system for repair / replacement. Serial comoations shall remain functional
even with the VFD removed. Bypass systems thabatomaintain full functionality
with the drive removed are not acceptable.

Serial communications — the bypass shall be capableeing monitored and / or

controlled via serial communications. On-board pammications protocols shall

include ModBus RTU; Johnson Controls N2; SiemendldByg Technologies FLN

(P1); and BACnet MS/TP.

a. Serial communication capabilities shall includet bot be limited to: bypass run-
stop control, the ability to force the unit to bgpaand the ability to lock and
unlock the keypad. The bypass shall have the dagadf allowing the BAS to
monitor feedback such as, current (in amps), kitboWwaurs (resettable), operating
hours (resettable), and bypass logic board temyrerat The BAS shall also be
capable of monitoring the bypass relay output stagind all digital input status.
All bypass diagnostic warning and fault informatisimall be transmitted over the
serial communications bus. Remote bypass faulttrekall be possible. The
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10.

11.

12.

13.

14.

15.

16.

following additional status indications and setsinghall be transmitted over the
serial communications bus and / or via a Form-@yrelutput — keypad “Hand” or
“Auto” selected, bypass selected, and broken belication. The BAS system
shall also be able to monitor if the motor is rumgnin the VFD mode or bypass
mode over serial communications. A minimum of E0df serial communications
points shall be capable of being monitored in tyyeelss mode.

b. The bypass serial communications shall allow comtfohe drive/bypass (system)
digital outputs via the serial interface. This wohshall be independent of any
bypass function or operating state. The systemtadligelay) outputs may be used
to actuate a damper, open a valve or control ahgrotievice that requires a
maintained contact for operation. All system agaénd digital I/O shall be
capable of being monitored by the BAS system.

There shall be an adjustable motor current sensirogit for the bypass and VFD

modes to provide proof of flow (broken belt) indioa. The condition shall be

indicated on the keypad display, transmitted okerBAS and / or via a Form-C relay

output contact closure. The broken belt indicatdbrall be programmable to be a

system (drive and bypass) indication. The brolahdmndition sensing algorithm shall

be programmable to cause a warning or system shatdo

The digital inputs for the system shall accept 2&/6r 24VDC. The bypass shall

incorporate an internally sourced power supply aotl require an external control

power source. The bypass power board shall suZilymA of 24 VDC for use by
others to power external devices.

There shall be a run permissive circuit for dampevalve control. Regardless of the

source of a run command (keypad command, time-atockrol, digital input, or serial

communications) the bypass shall provide a dry axintlosure that will signal the
damper to open before the motor can run. Wherm#meper is fully open, a normally
open dry contact (end-switch) shall close. Theeatbend-switch is wired to a bypass
system input and allows motor operation. Up tor feeparate safety interlock inputs
shall be provided. When any safety is openedntbtor shall be commanded to coast
to stop, and the damper shall be commanded to.clbbés feature will also operate in

Fireman'’s override / smoke control mode.

The bypass control shall monitor the status of W& and bypass contactors and

indicate when there is a welded contactor contaaipen contactor coil. This failed

contactor condition shall be indicated on the bgph€D display, programmed to
activate a Form-C relay output, and / or over gr@gascommunications protocol.

The bypass control shall include a programmablee tadelay bypass start including

keypad indication of the time delay. A Form C yetautput commands the VAV boxes

open. This will allow VAV boxes to be driven opbafore the motor operates at full

speed in the bypass mode. The time delay shdikelteprogrammable from 0 — 120

seconds.

There shall be a keypad adjustment to select masualtomatic transfer to bypass.

The user shall be able to select via keypad progiamwhich drive faults will result

in an automatic transfer to bypass mode and wtadlts require a manual transfer to

bypass. The user may select whether the systelirasit@matically transfer from drive
to bypass mode on the following drive fault coratis:

a. Over current

b. Over voltage

c. Under voltage

d. Loss of analog input

The following operators shall be provided:
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a. Bypass Hand-Off-Auto
b. Drive mode selector
c. Bypass mode selector
d. Bypass fault reset

17. The bypass shall include a two line, 20 charac@D ldisplay. The display shall allow
the user to access and view:

Energy savings — in US dollars

Bypass motor amps

Bypass input voltage— average and individual pattege

Bypass power (kW)

Bypass faults and fault logs

Bypass warnings

Bypass operating time (resettable)

Bypass energy (kilowatt hours — resettable)

I/O status

Parameter settings / programming

Printed circuit board temperature

18. The following indicating lights (LED type) or keygadisplay indications shall be
provided. A test mode or push to test featurel dleaprovided.

Power-on (Ready)

Run enable

Drive mode selected

Bypass mode selected

Drive running

Bypass running

Drive fault

Bypass fault

Bypass H-O-A mode

Automatic transfer to bypass selected

Safety open

Damper opening

Damper end-switch made

19. The Bypass controller shall have six programmablgitad inputs, and five
programmable Form-C relay outputs. This I/O alldes a total System (VFD and
Bypass) I/0O count of 24 points as standard. Theaby I/O shall be available to the
BAS system even with the VFD removed.

20. The on-board Form-C relay outputs in the bypasd ghagrammable for any of the
following indications.

System started

System running

Bypass override enabled

Drive fault

Bypass fault

Bypass H-O-A position

Motor proof-of-flow (broken belt)

Overload

Bypass selected

Bypass run

System started (damper opening)

Bypass alarm

T TSQToo0 o

I TATTSQ@meo0T

AT T S@meao0oTw
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21.

22.

23.

24,

25.

26.

m. Over temperature

The bypass shall provide a separate terminal &iriponnection of freeze, fire, smoke
contacts, and external start command. All extesaftty interlocks shall remain fully
functional whether the system is in VFD or Bypasgl|m The remote start/stop contact
shall operate in VFD and bypass modes. The tefmatrip shall allow for independent
connection of up to four (4) unique safety inputs.

The bypass shall include a supervisory control moktethis bypass mode, the bypass
shall monitor the value of the VFD’s analog inpige@back). This feedback value is
used to control the bypass contactor on and ofé stéhe supervisory mode shall allow
the user to maintain hysteresis control over appiios such as cooling towers and
booster pumps even with the VFD out of service.

The user shall be able to select the text to b@lalied on the keypad when an external
safety opens. Example text display indicationduite “FireStat”, “FreezStat”, “Over
pressure” and “Low suction”. The user shall algodble to determine which of the
four (4) safety contacts is open over the serialranications connection.

Smoke Control Override Mode (Override 1) — The Ilsgpahall include a dedicated
digital input that will transfer the motor from VF@Dode to Bypass mode upon receipt
of a dry contact closure from the Fire / Smoke @unBystem. The Smoke Control
Override Mode action is not programmable and wWillagys function as described in the
bypass User's Manual documentation. In this mdbe, system will ignore low
priority safeties and acknowledge high priority edifs. All keypad control, serial
communications control, and normal customer stagtop control inputs will be
disregarded. This Smoke Control Mode shall be giesi to meet the intent of
UL864/UUKL.

Fireman’s Override Mode (Override 2) — the bypas$mllsinclude a second,
programmable override input which will allow theeusto configure the unit to
acknowledge some digital inputs, all digital inputgnore digital inputs or any
combination of the above. This programmabilitypa# the user to program the bypass
unit to react in whatever manner the local Authorifaving Jurisdiction (AHJ)
requires. The Override 2 action may be programfedRun-to-Destruction”. The
user may also force the unit into Override 2 vimgRkrial communications link.

Class 10, 20, or 30 (programmable) electronic mateerload protection shall be
included.

L. HARMONIC MITIGATION

1.

The engineer has completed a preliminary harmonic analysis showing that all drives
below  HP shall be 6 pulse drives with swinging chokes and all drives__ HP and
above shall be Ultra Low Harmonic designs with an integral active front end. Drives
with passive harmonic filters, 12 pulse, and 18 pulse drives shall not be acceptable.
Compliance to IEEE 519 does not relieve the vendor from the requirement to provide
active front end drives, as specified above.
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PART 3 - EXECUTION

3.1

A.

3.2

3.3

EXAMINATION

Examine areas, surfaces, and substrates to re¢eis, with Installer present, for compliance
with requirements for installation tolerances, atfter conditions affecting performance.

Examine VFD before installation. Reject VFDs tlame wet, moisture damaged, or mold
damaged.

Examine roughing-in for conduit systems to verifstual locations of conduit connections
before VFD installation.

Proceed with installation only after unsatisfactoonditions have been corrected.

HARMONIC ANALYSIS STUDY

Perform a harmonic analysis study to identify tffeas of nonlinear loads and their associated
harmonic contributions on the voltages and currédmsughout the electrical system. Analyze
designated operating scenarios, including recomatémts for VFD input filtering to limit
TDD and THD(V) at each VFD to specified levels.

Prepare a harmonic analysis study and report conplyith IEEE 399 and NETA Acceptance
Testing Specification.

INSTALLATION

Coordinate layout and installation of VFDs with etlconstruction including conduit, piping,
equipment, and adjacent surfaces. Maintain reduis®rkspace clearances and required
clearances for equipment access doors and panels.

Wall-Mounting Controllers: Install VFDs on wallsitiw tops at uniform height and with
disconnect operating handles not higher th&nnches(2000 mm)above finished floor unless
otherwise indicated, and by bolting units to wallmounting on lightweight structural-steel
channels bolted to wall. For controllers not onllsygorovide freestanding racks complying
with Section 260529 "Hangers and Supports for BdtSystems."”

Floor-Mounting Controllers: Install VFDs ofi-inch (100-mm) nominal thickness concrete
base. Comply with requirements for concrete bpseified in

1. Install dowel rods to connect concrete base toredadloor. Unless otherwise indicated,
install dowel rods ori8-inch (450-mm)centers around the full perimeter of concrete
base.

2. For supported equipment, install epoxy-coated anbbtis that extend through concrete
base and anchor into structural concrete floor.

3. Place and secure anchorage devices. Use settagings, templates, diagrams,
instructions, and directions furnished with itemde embedded.

4. Install anchor bolts to elevations required forgmoattachment to supported equipment.

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 - 16



PROJECT NAME FOR

CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX
D. Seismic Bracing: Comply with requirements spedifi@ Section 260548 "Vibration and
Seismic Controls for Electrical Systems."
E. Temporary Lifting Provisions: Remove temporaryitifj eyes, channels, and brackets and
temporary blocking of moving parts from enclosuaed components.
F. Install fuses in each fusible-switch VFD.
G. Install fuses in control circuits if not factory stalled. Comply with requirements in
Section 262813 "Fuses."
H. Install heaters in thermal-overload relays. Selesters based on actual nameplate full-load
amperes after motors have been installed.
l. Install, connect, and fuse thermal-protector mainitp relays furnished with motor-driven
equipment.
J. Comply with NECA 1.
3.4 IDENTIFICATION
A. Identify VFDs, components, and control wiring. Gaynwith requirements for identification
specified in Section 260553 "ldentification for Elécal Systems."
1. Identify field-installed conductors, interconnegtirwiring, and components; provide
warning signs.
2. Label each VFD with engraved nameplate.
3. Label each enclosure-mounted control and pilotaevi
B. Operating Instructions: Frame printed operatingtrirctions for VFDs, including control
sequences and emergency procedures. Fabricate @fdiinished metal, and cover instructions
with clear acrylic plastic. Mount on front of VRHIits.
3.5 CONTROL WIRING INSTALLATION
A. Install wiring between VFDs and remote devices fauility's central-control system. Comply
with requirements in Section 260523 "Control-Vo#dgjectrical Power Cables."
B.  Bundle, train, and support wiring in enclosures.
C. Connect selector switches and other automatic clodvices where applicable.

1. Connect selector switches with control circuit sttbbmanual and automatic positions for
safety-type control devices such as low- and higdsgure cutouts, high-temperature
cutouts, and motor overload protectors.
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3.6 FIELD QUALITY CONTROL
A.  Testing Agency: Cleveland Clinic will engage a lified testing agency to perform tests and
inspections.
B. Manufacturer's Field Service: Engage a factorfraized service representative to inspect,
test, and adjust components, assemblies, and egotpnstallations, including connections.
C. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factorjranized service representative to
inspect components, assemblies, and equipmentlatisias, including connections, and
to assist in testing.

D. Acceptance Testing Preparation:

1. Test insulation resistance for each VFD elemens, lmomponent, connecting supply,
feeder, and control circuit.

2. Test continuity of each circuit.

E. Tests and Inspections:

1. Inspect VFD, wiring, components, connections, andigment installation. Test and
adjust controllers, components, and equipment.

2. Test insulation resistance for each VFD elementmpmment, connecting motor supply,
feeder, and control circuits.

3. Test continuity of each circuit.

4.  Verify that voltages at VFD locations are within pércent of motor nameplate rated
voltages. If outside this range for any motor ifgydhe Cleveland Clinic before starting
the motor(s).

5. Test each motor for proper phase rotation.

6. Perform each electrical test and visual and mechaninspection stated in
NETA Acceptance Testing Specification. Certify qoimnce with test parameters.

7. Correct malfunctioning units on-site, where possibbnd retest to demonstrate
compliance; otherwise, replace with new units artdat.

8. Perform the following infrared (thermographic) sdasts and inspections and prepare
reports:

a. Initial Infrared Scanning: After Substantial Comfpbn, but not more than 60 days
after Final Acceptance, perform an infrared scarea¢h VFD. Remove front
panels so joints and connections are accessilplertable scanner.

b. Follow-up Infrared Scanning: Perform an additiof@low-up infrared scan of
each VFD 11 months after date of Substantial Cotigpie

C. Instruments and Equipment: Use an infrared scgni@vice designed to measure
temperature or to detect significant deviationsmfroormal values. Provide
calibration record for device.

9. Test and adjust controls, remote monitoring, antetes. Replace damaged and
malfunctioning controls and equipment.

F.  VFDs will be considered defective if they do nospéests and inspections.
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G.

3.7

3.8

3.9

3.10

Prepare test and inspection reports, including réfied report that identifies the VFD and
describes scanning results. Include notation btigacies detected, remedial action taken, and
observations made after remedial action.

STARTUP SERVICE

Engage a factory-authorized service representsdiperform startup service.

1. Complete installation and startup checks accortlinganufacturer's written instructions.

ADJUSTING

Program microprocessors for required operationgli@eces, status indications, alarms, event
recording, and display features. Clear events mgiiber final acceptance testing and prior to
Substantial Completion.

Set field-adjustable switches, auxiliary relaysndidelay relays, timers, and overload-relay
pickup and trip ranges.

Adjust the trip settings of MCPs and thermal-magneircuit breakers with adjustable,
instantaneous trip elements. Initially adjustitotBnes the motor nameplate full-load amperes
and attempt to start motors several times, allowisrgmotor cool-down between starts. If
tripping occurs on motor inrush, adjust settingmorements until motors start without tripping.
Do not exceed eight times the motor full-load arepefor 11 times for NEMA Premium
Efficient motors if required). Where these maximsettings do not allow starting of a motor,
notify the Cleveland Clinic before increasing sejt.

Set the taps on reduced-voltage autotransformeragtans.

Set field-adjustable circuit-breaker trip ranges[specified in Section 260573 "Overcurrent
Protective Device Coordination Study."]

Set field-adjustable pressure switches.

PROTECTION

Temporary Heating: Apply temporary heat to mamtamperature according to manufacturer's
written instructions until controllers are readybmenergized and placed into service.

Replace VFDs whose interiors have been exposedterwr other liquids prior to Substantial
Completion.
DEMONSTRATION

Engage a factory-authorized service representdtiverain Cleveland Clinic maintenance
personnel to adjust, operate, reprogram, and maixDs.
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END OF SECTION 230514

VARIABLE-FREQUENCY MOTOR CONTROLLERS 230514 - 20



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

SECTION 230516 - EXPANSION FITTINGS AND LOOPS FOR/AC PIPING

PART 1 - GENERAL

11

1.2

13

1.4

15

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
Section Includes:

Flexible, ball-joint, packed expansion joints.
Slip-joint packed expansion joints.
Grooved-joint expansion joints.

Pipe loops and swing connections.
Alignment guides and anchors.

arwdE

PERFORMANCE REQUIREMENTS

Compatibility: Products shall be suitable for pigiservice fluids, materials, working pressures,
and temperatures.

Capability: Products to absorb 200 percent of maxn axial movement between anchors.

ACTION SUBMITTALS
Product Data: For each type of product indicated.

Delegated-Design Submittal: For each anchor amphrakent guide indicated to comply with
performance requirements and design criteria, diofyanalysis data signed and sealed by the
gualified professional engineer responsible foirtheeparation.

1. Design Calculations: Calculate requirements farrtal expansion of piping systems
and for selecting and designing expansion joiotp$, and swing connections.

2. Anchor Details: Detail fabrication of each anchidicated. Show dimensions and
methods of assembly and attachment to buildingtitre.

3. Alignment Guide Details: Detail field assembly atthchment to building structure.

4, Schedule: Indicate type, manufacturer's numbee, sinaterial, pressure rating, end
connections, and location for each expansion joint.

INFORMATIONAL SUBMITTALS

Welding certificates.
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B.  Product Certificates: For each type of expansbamt, from manufacturer.
1.6 CLOSEOUT SUBMITTALS
A. Maintenance Data: For expansion joints to inclind@aintenance manuals.
1.7 QUALITY ASSURANCE
A.  Welding Qualifications: Qualify procedures andgmmel according to the following:

1.
2.

AWS D1.1/D1.1M, "Structural Welding Code - Steel."
ASME Boiler and Pressure Vessel Code: Section IX.

PART 2 - PRODUCTS

2.1

PACKED EXPANSION JOINTS

Flexible, Ball-Joint, Packed Expansion Joints:

1.

©CoNoOA®

Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

a. Advanced Thermal Systems, Inc
b. Hyspan Precision Products, Inc

Standards: ASME Boiler and Pressure Vessel Cod&ection I, "Materials”; and
ASME B31.9, "Building Services Piping,” for matdsiaand design of pressure-
containing parts and bolting.

Material: Carbon-steel assembly with asbestosdoseposition packing.

Design: For 360-degree rotation and angular diblec

Minimum Pressure Rating250 psig at 400 deg F (1725 kPa at 204 deg C).

Angular Deflection foNPS 6(DN 150)and Smaller: 30 degree minimum.

Angular Deflection foNPS 8(DN 200)and Larger: 15 degree minimum.

End Connections fakPS 2(DN 50)and Smaller: Threaded.

End Connections faxPS 2-1/2(DN 65)and Larger: Flanged.

Slip-Joint Packed Expansion Joints:

1.

wnN

Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

a. Adsco Manufacturing LLC
b. Advanced Thermal Systems, Inc
C. Hyspan Precision Products, Inc

Standard: ASTM F 1007.
Material: Carbon steel with asbestos-free PTFKipac
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2.2

2.3

4. Design: With internal guide and injection device fepacking under pressure. Include
drip connection if used for steam piping.

5. Configuration: Bingle joint] [Single joint with base] [and] [double joint with baseg]
class(es) unless otherwise indicated.

6. End Connections: Flanged or weld ends to matcimgigystem.

GROOVED-JOINT EXPANSION JOINTS

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

1. Anvil International, Inc
2. Shurjoint Piping Products
3. Victaulic Company

Description: Factory-assembled expansion joint enatl several grooved-end pipe nipples,
couplings, and grooved joints.

Standard: AWWA C606, for grooved joints.

Nipples: [Galvanized, ]JASTM A 53/A 53M, Schedule 40, Type E or S, ste@epwith grooved
ends.

Couplings: Five] [Seven] [10] [12], flexible type for steel-pipe dimensions. Inodutkrrous
housing sectionsBluna-N gasket suitable for diluted acid, alkaline fluids, and cold and hot
water] [EPDM gasket suitablefor cold and hot water], and bolts and nuts.

ALIGNMENT GUIDES AND ANCHORS
Alignment Guides:

1. Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

Adsco Manufacturing LLC
Advanced Thermal Systems, Inc
Flex-Hose Co., Inc

Flexicraft Industries

Flex-Weld, Inc

Hyspan Precision Products, Inc
Metraflex, Inc

Senior Flexonics Pathway
Unisource Manufacturing, Inc
U.S. Bellows, Inc

T TSe@TeoooTw

2. Description:  Steel, factory-fabricated alignmentidg, with bolted two-section outer
cylinder and base for attaching to structure; with-section guiding spider for bolting to

pipe.
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B.

Anchor Materials:

Steel Shapes and Plates: ASTM A 36/A 36M.

Bolts and Nuts: ASME B18.10 or ASTM A 183, steekihead.

Washers: ASTM F 844, steel, plain, flat washers.

Mechanical Fasteners: Insert-wedge-type stud expansion plug anchor for use in
hardened portland cement concrete, with tension sdredhr capacities appropriate for
application.

PwnE

a. Stud: Threaded, zinc-coated carbon steel.
b. Expansion Plug: Zinc-coated steel.
c. Washer and Nut: Zinc-coated steel.

5. Chemical Fasteners: Insert-type-stud, bondingesysanchor for use with hardened
portland cement concrete, with tension and shqaaaites appropriate for application.

a. Bonding Material: ASTM C 881/C 881M, Type IV, Gma8, two-component
epoxy resin suitable for surface temperature ofi¢raed concrete where fastener is
to be installed.

b. Stud: ASTM A 307, zinc-coated carbon steel witmtamous thread on stud
unless otherwise indicated.

C. Washer and Nut: Zinc-coated steel.

PART 3 - EXECUTION

3.1

EXPANSION-JOINT INSTALLATION
Install expansion joints of sizes matching sizepiping in which they are installed.
Install packed-type expansion joints with packiodable for fluid service.

Install metal-bellows expansion joints accordingettMA's "Standards of the Expansion Joint
Manufacturers Association, Inc."

Install rubber packless expansion joints accortingSA-NMEJ-702.

Install grooved-joint expansion joints to groovewiesteel piping

PIPE LOOP AND SWING CONNECTION INSTALLATION

Connect risers and branch connections to mains atitbast five pipe fittings including tee in
main.

Connect risers and branch connections to termimié with at least four pipe fittings including
tee in riser.

Connect mains and branch connections to termintd with at least four pipe fittings including
tee in main.
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3.3

A.

ALIGNMENT-GUIDE AND ANCHOR INSTALLATION
Install alignment guides to guide expansion anavimd end-loading and torsional stress.

Install two guide(s) on each side of pipe expanéitbings and loops. Install guides nearest to
expansion joint not more than four pipe diametssmfexpansion joint.

Attach guides to pipe and secure guides to buildtngcture.

Install anchors at locations to prevent stressas fExceeding those permitted by ASME B31.9
and to prevent transfer of loading and stressestioected equipment.

Anchor Attachments:

1.  Anchor Attachment to Steel Pipe: Attach by weldinGomply with ASME B31.9 and
ASME Boiler and Pressure Vessel Code:  Section MWelding and Brazing
Qualifications."

2. Anchor Attachment to Copper Tubing: Attach wittp@ihangers. Use MSS SP-69,
Type 24, U-bolts bolted to anchor.

Fabricate and install steel anchors by weldingl sdébapes, plates, and bars. Comply with
ASME B31.9 and AWS D1.1/D1.1M.

1.  Anchor Attachment to Steel Structural Members:agéiit by welding.
2. Anchor Attachment to Concrete Structural Memberattach by fasteners. Follow
fastener manufacturer's written instructions.

Use grout to form flat bearing surfaces for guided anchors attached to concrete.

END OF SECTION 230516
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1- GENERAL

11

A.

12

A.

13

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including Generd and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY
Section Includes:

Sleeves.
Stack-sleeve fittings.
Sleeve-seal systems.
Sleeve-seal fittings.
Grout.

grODdDE

ACTION SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

21

A.

C.

SLEEVES

Cast-lron Wall Pipes. Cast or fabricated of cast or ductile iron and equivalent to ductile-iron
pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

Galvanized-Steel Wall Pipes: ASTM A 53/A 53M, Schedule 40, with plain ends and welded
steel collar; zinc coated.

Galvanized-Steel-Pipe Sleeves. ASTM A 53/A 53M, TypeE, GradeB, Schedule40, zinc
coated, with plain ends.

Galvanized-Steel-Sheet Sleeves: 0.0239-inch (0.6-mm) minimum thickness; round tube closed
with welded longitudinal joint.

Molded-PE or -PP Sleeves. Removable, tapered-cup shaped, and smooth outer surface with
nailing flange for attaching to wooden forms.
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2.2 STACK-SLEEVE FITTINGS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
1. Smith, Jay R. Mfg. Co.
2. Zurn Specification Drainage Operation; Zurn Plumbing Products Group.

B. Description: Manufactured, cast-iron sleeve with integral clamping flange. Include clamping
ring, bolts, and nuts for membrane flashing.

1 Underdeck Clamp: Clamping ring with setscrews.
2.3 SLEEVE-SEAL SYSTEMS

A. Manufacturers. Subject to compliance with requirements, provide products by one of the
following:

1 Advance Products & Systems, Inc.
2. CALPICO, Inc.

3. Metraflex Company (The).

4, Pipeline Seal and Insulator, Inc.

5. Proco Products, Inc.

B. Description: Modular sealing-element unit, designed for field assembly, for filling annular
space between piping and seeve.

1 Sealing Elements: [EPDM-rubber] [NBR] interlocking links shaped to fit surface of
pipe. Include type and number required for pipe material and size of pipe.

2. Pressure Plates. [Carbon stedl] [Plastic] [Stainless stedl].

3. Connecting Bolts and Nuts: [Carbon steel, with corrosion-resistant coating,]
[Stainless steel] of length required to secure pressure plates to sealing elements.

24 SLEEVE-SEAL FITTINGS
A.  Manufacturers: Subject to compliance with requirements, provide products by the following:

1 Presealed Systems.

B. Description: Manufactured plastic, sleeve-type, waterstop assembly made for imbedding in
concrete slab or wall. Unit has plastic or rubber waterstop collar with center opening to match
piping OD.

25 GROUT
A. Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,

hydraulic-cement grout.
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B.  Characteristics: Nonshrink; recommended for interior and exterior applications.
C. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
D. Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

31

A.

B.

C.

D.

E.

3.2

A.

SLEEVE INSTALLATION

Install deevesfor piping passing through penetrationsin floors, partitions, roofs, and walls.

For deeves that will have sleeve-seal system installed, select deeves of size large enough to
provide 1-inch (25-mm) annular clear space between piping and concrete slabs and walls.

Install sleevesin concrete floors, concrete roof dabs, and concrete walls as new slabs and walls

are constructed.
1 Permanent sleeves are not required for holes in dabs formed by molded-PE or -PP
sleeves.
2. Cut sleevesto length for mounting flush with both surfaces.
a Exception: Extend deeves instaled in floors of mechanical equipment areas or
other wet areas 2 inches (50 mm) above finished floor level.
3. Using sedlant, sea the space outside of sleeves in dabs and walls without sleeve-seal

system.

Install deevesfor pipes passing through interior partitions.

1
2.

3.

Cut dleevesto length for mounting flush with both surfaces.

Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space
between deeve and pipe or pipe insulation.

Seal annular space between sleeve and piping or piping insulation; use joint sealants
appropriate for size, depth, and location of joint. Comply with requirements for sealants
specified in Section 079200 "Joint Sealants."

Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors
at pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements
for firestopping specified in Section 078413 " Penetration Firestopping.”

STACK-SLEEVE-FITTING INSTALLATION

Install stack-sleeve fittingsin new dabs as slabs are constructed.

1

Install fittings that are large enough to provide 1/4-inch (6.4-mm) annular clear space
between deeve and pipe or pipe insulation.
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3.3

34

35

2. Secure flashing between clamping flanges for pipes penetrating floors with membrane
waterproofing. Comply with requirements for flashing specified in Section 076200
"Sheet Metal Flashing and Trim."

3. Install section of cast-iron soil pipe to extend sleeve to 2 inches (50 mm) above finished
floor level.

4, Extend cast-iron sleeve fittings below floor slab as required to secure clamping ring if
ring is specified.

5. Using grout, seal the space around outside of stack-sleeve fittings.

Fire-Barrier Penetrations. Maintain indicated fire rating of floors at pipe penetrations. Seal
pipe penetrations with firestop materials. Comply with requirements for firestopping specified
in Section 078413 "Penetration Firestopping.”
SLEEVE-SEAL-SYSTEM INSTALLATION

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at service
piping entriesinto building.

Select type, size, and number of sealing elements required for piping material and size and for
deeve ID or hole size. Position piping in center of deeve. Center piping in penetration,
assemble sleeve-seal system components, and ingall in annular space between piping and
dleeve. Tighten bolts against pressure plates that cause sealing elements to expand and make a
watertight seal.

SLEEVE-SEAL-FITTING INSTALLATION

Install deeve-sedl fittingsin new walls and dabs as they are constructed.

Assemble fitting components of length to be flush with both surfaces of concrete slabs and
walls. Position waterstop flange to be centered in concrete slab or wall.

Secure nailing flanges to concrete forms.

Using grout, seal the space around outside of sleeve-seal fittings.

SLEEVE AND SLEEVE-SEAL SCHEDULE
Use sleeves and sleeve seals for the following piping-penetration applications:
1 Exterior Concrete Walls above Grade:

a Piping Smaller Than NPS6 (DN 150): [Cast-iron wall deeves| [Galvanized-
stedl wall deeves] [Galvanized-sted-pipe deeves] [Sleeve-seal fittings].

b. Piping NPS 6 (DN 150) and Larger: [Cagt-iron wall sleeves] [Galvanized-sted
wall deeves] [Galvanized-sted-pipe sleeves).

2. Exterior Concrete Walls below Grade;
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a Piping Smaller Than NPS 6 (DN 150): [Cast-iron wall seeves with sleeve-seal
system] [Galvanized-steel wall sleeves with deeve-seal system] [Galvanized-
stedl-pipe sleeves with sleeve-seal system] [Sleeve-seal fittings].

1) Select deeve size to alow for 1-inch (25-mm) annular clear space between
piping and sleeve for installing sleeve-seal system.

b. Piping NPS6 (DN 150) and Larger: [Cast-iron wall sleeves with deeve-seal
system] [Galvanized-steel wall deeves with deeve-seal system] [Galvanized-
steel-pipe sleeves with seeve-seal system].

1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between
piping and sleeve for installing sleeve-seal system.

3. Concrete Slabs-on-Grade;

a Piping Smaller Than NPS 6 (DN 150): [Cast-iron wall seeves with sleeve-seal
system] [Galvanized-steel wall deeves with deeve-seal system] [Galvanized-
stedl-pipe sleeves with sleeve-seal system] [Sleeve-seal fittings].

1) Select sleeve size to allow for 1-inch (25-mm) annular clear space between
piping and sleeve for installing sleeve-seal system.

b. Piping NPS6 (DN 150) and Larger: [Cast-iron wall seeves with seeve-seal
system] [Galvanized-steel wall sleeves with deeve-seal system] [Galvanized-
steel-pipe sleeves with sleeve-seal system] [Galvanized-steel-pipe deeves).

1) Select deeve size to alow for 1-inch (25-mm) annular clear space between
piping and sleeve for installing sleeve-seal system.

4, Concrete Slabs above Grade:
a Piping Smaller Than NPS6 (DN 150): [Galvanized-stedl-pipe sleeves] [Stack-
deevefittings] [Sleeve-seal fittings] [M olded-PE or -PP deeves).
b. Piping NPS6 (DN 150) and Larger: [Galvanized-sted-pipe deeves| [Stack-
deevefittings].
5. Interior Partitions:
a Piping Smaller Than NPS 6 (DN 150): Galvanized-steel-pipe deeves.
b. Piping NPS 6 (DN 150) and Larger: Galvanized-stegl-sheet sleeves.

END OF SECTION 230517
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING

PART 1- GENERAL

11

A.

12

A.

13

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including Generd and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1 Escutcheons.

2. Floor plates.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

21

C.

D.

22

A.

B.

ESCUTCHEONS
One-Piece, Cast-Brass Type: With polished, chrome-plated finish and setscrew fastener.

One-Piece, Deep-Pattern Type: Deep-drawn, box-shaped brass with chrome-plated finish and
spring-clip fasteners.

One-Piece, Stamped-Steel Type: With chrome-plated finish and spring-clip fasteners.

Split-Casting Brass Type: With polished, chrome-plated finish and with concealed hinge and
setscrew.

Split-Plate, Stamped-Steel Type: With chrome-plated finish, [concealed] [and] [exposed-
rivet] hinge, and spring-clip fasteners.

FLOOR PLATES

One-Piece Floor Plates: Cast-iron flange with holes for fasteners.

Split-Casting Floor Plates: Cast brass with concealed hinge.
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PART 3 - EXECUTION

31 INSTALLATION

A. Ingtall escutcheonsfor piping penetrations of walls, ceilings, and finished floors.

B. Install escutcheons with ID to closdy fit around pipe, tube, and insulation of piping and with
OD that completely covers opening.

1 Escutcheons for New Piping:

a
b.

C.

Piping with Fitting or Seeve Protruding from Wall: One-piece, deep-pattern type.

Chrome-Plated Piping: One-piece, cast-brasg[ or split-casting brass] type with
polished, chrome-plated finish.

Insulated Piping: One-piece, stamped-steel type] or split-plate, stamped-steel
type with concealed hinge] [ or split-plate, stamped-steel type with exposed-
rivet hinge].

[Retain one of first two subparagraphs below.]

Bare Piping at Wall and Floor Penetrations in Finished Spaces. One-piece, cast-
brasg[ or split-casting brass] type with polished, chrome-plated finish.

Bare Piping at Wall and Foor Penetrations in Finished Spaces. One-piece,
stamped-steel type] or split-plate, sstamped-steel type with concealed hinge] [ or
split-plate, ssamped-steel type with exposed-rivet hinge].

[Retain one of first two subparagraphs below.]

Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, cast-brasg[ or
split-casting brass] type with polished, chrome-plated finish.

Bare Piping at Ceiling Penetrations in Finished Spaces: One-piece, stamped-steel
type] or split-plate, stamped-stedl type with concealed hinge] [ or split-plate,
stamped-steel type with exposed-rivet hinge].

[Retain one of first two subparagraphs below.]

Bare Piping in Unfinished Service Spaces. One-piece, cast-brass or split-casting
brass] type with polished, chrome-plated finish.

Bare Piping in Unfinished Service Spaces. One-piece, stamped-steel type| or
split-plate, stamped-steel type with concealed hinge] [ or split-plate, stamped-
sted type with exposed-rivet hinge].

[Retain one of first two subparagraphs below.]

Bare Piping in Equipment Rooms. One-piece, cast-brasq or split-casting brass|
type with polished, chrome-plated finish.

Bare Piping in Equipment Rooms: One-piece, stamped-steel type[ or split-plate,
stamped-steel type with concealed hinge] [ or split-plate, stamped-steel type
with exposed-rivet hinge].

2. Escutcheons for Existing Piping:

a

b.

Chrome-Plated Piping: Split-casting brass type with polished, chrome-plated
finish.

Insulated Piping: Split-plate, stamped-steel type with [concealed] [or] [exposed-
rivet] hinge.

[Retain one of first two subparagraphs below.]
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C. Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-casting brass
type with polished, chrome-plated finish.

d. Bare Piping at Wall and Floor Penetrations in Finished Spaces. Split-plate,
stamped-steel type with [concealed] [or] [exposed-rivet] hinge.
[Retain one of first two subparagraphs below.]

e Bare Piping at Ceiling Penetrations in Finished Spaces. Split-casting brass type
with polished, chrome-plated finish.

f. Bare Piping at Ceiling Penetrations in Finished Spaces. Split-plate, stamped-steel
type with [concealed] [or] [exposed-rivet] hinge.
[Retain one of first two subparagraphs below.]

o. Bare Piping in Unfinished Service Spaces. Split-casting brass type with polished,
chrome-plated finish.

h. Bare Piping in Unfinished Service Spaces: Split-plate, sstamped-steel type with
[concealed] [or] [exposed-rivet] hinge.

i. [Retain one of two subparagraphs below.]

j- Bare Piping in Equipment Rooms: Split-casting brass type with polished, chrome-
plated finish.

k. Bare Piping in Equipment Rooms.  Split-plate, stamped-steel type with
[concealed] [or] [exposed-rivet] hinge.

C. Instal floor plates for piping penetrations of equipment-room floors.

D. Ingall floor plateswith ID to closely fit around pipe, tube, and insulation of piping and with OD
that completely covers opening.

1 New Piping: One-piece, floor-plate type.
2. Existing Piping: Split-casting, floor-plate type.

3.2 FIELD QUALITY CONTROL

A.  Replace broken and damaged escutcheons and floor plates using new materias.

END OF SECTION 230518
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SECTION 230519 - METERS AND GAGES FOR HVAC PIPING

PART 1 - GENERAL

11

1.2

13

1.4

15

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
Section Includes:

Filled-system thermometers.
Thermowells.

Dial-type pressure gages.
Gage attachments.

Test plugs.

Test-plug kits.

Sight flow indicators.

Orifice flowmeters.

Turbine flowmeters.

0. Venturi flowmeters.

BOoOo~NOGOR~WNE

Related Sections:

1. Section 231123 "Facility Natural-Gas Piping" fosgaeters.

2. Section 232213 "Steam and Condensate Heating Pigorgsteam and condensate
meters.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

Wiring Diagrams: For power, signal, and controtimg.

INFORMATIONAL SUBMITTALS

Product Certificates: For each type of meter aagkgfrom manufacturer.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For meters andesgdg include in operation and
maintenance manuals.

METERS AND GAGES FOR HVAC PIPING 230519-1



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

PART 2 - PRODUCTS

2.1 FILLED-SYSTEM THERMOMETERS

A. Direct-Mounted, Metal-Case, Vapor-Actuated Thermtare

1.

o

B oo

12.

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

Ashcroft Inc

Marsh Bellofram
Trerice, H. O. Co
Weiss Instruments, Inc

aoow

Standard: ASME B40.200.

Case: Sealed typegcdst aluminum or drawn steel] 6-inch (152-mm) nominal
diameter.

Element: Bourdon tube or other type of pressweeeht.

Movement: Mechanicaiampening typewith link to pressure element and connection
to pointer.

Dial: Nonreflective aluminum with permanently e¢chscale markings graduated in
deg F and deg C.

Pointer: Dark-colored metal.

Window: Glass.

Ring: [Metal] [Stainless stedl].

Connector Type(s): Union joint, adjustable, 180grdes in vertical planewith
ASME B1.1 screw threads.

Thermal System: Liquid-filled bulb in copper-pldtsteel, aluminum, or brass stem and
of length to suit installation.

a. Design for Air-Duct Installation: With ventilateshroud.
b. Design for Thermowell Installation: Bare stem.

Accuracy: Plus or minus 1 percent of scale range.

B. Remote-Mounted, Metal-Case, Vapor-Actuated Thernterae

1.

w N

Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

a. Ashcroft Inc

b. Marsh Bellofram

C. Trerice, H. O. Co

d. Weiss Instruments, Inc

Standard: ASME B40.200.

Case: Sealed typegdst aluminum or drawn steel] 6-inch (152-mm) nominal diameter
with [back] [front] flange and holes for panel mounting.

Element: Bourdon tube or other type of pressuemeht.

Movement: Mechanical, with link to pressure eletrard connection to pointer.
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2.2

2.3

24

6. Dial: Nonreflective aluminum with permanently e¢chscale markings graduated in
deg F and deg C.

Pointer: Dark-colored metal.

Window: Glass.

Ring: Metal] [Stainless stedl].

Connector Type(s): Union jointh@ck] [bottom]; with ASME B1.1 screw threads.
Thermal System: Liquid-filled bulb in copper-pldtsteel, aluminum, or brass stem and
of length to suit installation.

PO o~
Bo9®:

a. Design for Air-Duct Installation: With ventilateshroud.
b. Design for Thermowell Installation: Bare stem.

12. Accuracy: Plus or minus 1 percent of scale range.

DUCT-THERMOMETER MOUNTING BRACKETS

Description: Flanged bracket with screw holes, ditachment to air duct and made to hold
thermometer stem.

THERMOWELLS

[ASME B40.200 uses the following symbols for thermowell materials: " CNR" for copper
nickel (90-10), " CUNI" for copper nickel (70-30), "CRES" for corrosion-resistant steel,
"NICU" for nickel copper,"ALBR" for aluminum bronze, and " CSA" for stedl.]

Thermowells:

Standard: ASME B40.200.

Description: Pressure-tight, socket-type fittingda for insertion into piping tee fitting.

Material for Use with Copper TubingCNR] [or] [CUNI].

Material for Use with Steel Piping:.CRES] [CSA].

Type: Stepped shank unless straight or taperatkshandicated.

External Threads: NPS 1/2, NPS 3/4, or NPS I(DN 15, DN 20, or NPS 25))
ASME B1.20.1 pipe threads.

7. Internal Threads:1/2, 3/4, and 1 inct{13, 19, and 25 mm)with ASME B1.1 screw

ourwNE

threads.
8. Bore: Diameter required to match thermometer bulstem.
9 Insertion Length: Length required to match therratenbulb or stem.

10. Lagging Extension: Include on thermowells for ilased piping and tubing.
11. Bushings: For converting size of thermowell's ing¢ screw thread to size of
thermometer connection.

Heat-Transfer Medium: Mixture of graphite and @sio.

PRESSURE GAGES

Direct-Mounted, Metal-Case, Dial-Type Pressure Gage
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1.

w N

6.
7

8.
9.
10.
11.

Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

a Ashcroft Inc

b. Marsh Bellofram
C. Noshok
d
e

Trerice, H. O. Co
Weiss Instruments, Inc

Standard: ASME B40.100.

Case: [Liquid-filled] [Sealed] [Open-front, pressure relief] [Solid-front, pressure
relief] type(s); fast aluminum or drawn sted]; 4-1/2-inch (114-mm) nominal
diameter.

Pressure-Element Assembly: Bourdon tube unlesswibe indicated.

Pressure Connection: Brass, withP[S 1/4 (DN 8)] [NPS 1/4 or NPS1/2 (DN 8 or
DN 15)] [NPS1/2 (DN 15)], ASME B1.20.1 pipe threads and bottom-outlet tyjpdess
back-outlet type is indicated.

Movement: Mechanical, with link to pressure eletrard connection to pointer.

Dial: Nonreflective aluminum with permanently eéchscale markings graduated in psi
and kPa.

Pointer: Dark-colored metal.

Window: Glass.

Ring: [Metal] [Brass] [Stainless stedl].

Accuracy: Grade A, plus or minus 1 percent of naddhlf of scale range.

B. Remote-Mounted, Metal-Case, Dial-Type Pressure §age

1.

wnN

No

10.
11.

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

a. Ashcroft Inc

b Marsh Bellofram

C. Noshok

d. Trerice, H. O. Co

e Weiss Instruments, Inc

Standard: ASME B40.100.

Case: [Liquid-filled] [Sealed] type; [cast aluminum or drawn steel] [metal]; 4-1/2-
inch (114-mm) nominal diameter with back] [front] flange and holes for panel
mounting.

Pressure-Element Assembly: Bourdon tube unlesswibe indicated.

Pressure Connection: Brass, withFS 1/4 (DN 8)] [NPS 1/4 or NPS1/2 (DN 8 or
DN 15)] [NPS1/2 (DN 15)], ASME B1.20.1 pipe threads and bottom-outlet tyjdess
back-outlet type is indicated.

Movement: Mechanical, with link to pressure eletrard connection to pointer.

Dial: Nonreflective aluminum with permanently eéchscale markings graduated in psi
and kPa.

Pointer: Dark-colored metal.

Window: Glass.

Ring: [Metal] [Stainless stedl].

Accuracy: Grade A, plus or minus 1 percent of naddhlf of scale range.
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2.5 GAGE ATTACHMENTS
A.  Snubbers: ASME B40.100, brass; withHS /4 (DN 8)] [NPS1/4 or NPS1/2 (DN 8 or

2.6

2.7

DN 15)] [NPS 1/2 (DN 15)], ASME B1.20.1 pipe threads angigton] [porous-metal]-type
surge-dampening device. Include extension foroms@sulated piping.

Siphons: Loop-shaped section gfgjnless-steel] [steel] pipe with [NPS 1/4 (DN 8)] [NPS /4
or NPS1/2 (DN 8 or DN 15)] [NPS 1/2 (DN 15)] pipe threads.

Valves: Brass ball, withNPS 1/4 (DN 8)] [NPS /4 or NPS 1/2 (DN 8 or DN 15)] [NPS 1/2
(DN 15)], ASME B1.20.1 pipe threads.

TEST PLUGS

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

Flow Design, Inc

Miljoco Corporation

National Meter, Inc

Peterson Equipment Co., Inc

Sisco Manufacturing Company, Inc

Trerice, H. O. Co

Watts Reqgulator Co.; a div. of Watts Water Techgs, Inc
Weiss Instruments, Inc

NGO~ WNE

Description: Test-station fitting made for insertiinto piping tee fitting.

Body: Stainless steel with core inserts and gaskend threaded cap. Include extended stem
on units to be installed in insulated piping.

Thread Size: NPS 1/4 (DN 8)] [or] [NPS /2 (DN 15)], ASME B1.20.1 pipe thread.
Minimum Pressure and Temperature RatiBg0 psig at 200 deg F (3450 kPa at 93 deg C).

Core Inserts: Chlorosulfonated polyethylene synthetic] [and] [EPDM] self-sealing rubber.

TEST-PLUG KITS

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

Flow Design, Inc

Miljoco Corporation

National Meter, Inc

Peterson Equipment Co., Inc

Sisco Manufacturing Company, lhc

Trerice, H. O. Co

Watts Reqgulator Co.; a div. of Watts Water Techgs, Inc

NooprwdE
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8. Weiss Instruments, Inc

B.  Furnish two test-plug kit(s) containing two therneier(s), one pressure gage and adapter, and
carrying case. Thermometer sensing elements, yseegmge, and adapter probes shall be of
diameter to fit test plugs and of length to projetd piping.

[Retain one of first two paragraphs below. If retaining both, indicate location of each on
Drawings.]

C. Low-Range Thermometer: Small, bimetallic insertippe with1- to 2-inch- (25- to 51-mm-)
diameter dial and tapered-end sensing element] r&mge shall be at lea8b to 125 deg F
(minus 4 to plus 52 deg C).

D. High-Range Thermometer: Small, bimetallic insertigpe withl- to 2-inch- (25- to 51-mm-)
diameter dial and tapered-end sensing elementl| rBime shall be at leaStto 220 deg F
(minus 18 to plus 104 deg C).

E. Pressure Gage: Small, Bourdon-tube insertion typgh [2- to 3-inch- (51- to 76-mm-)
diameter dial and probe. Dial range shall beastleto 200 psig (0 to 1380 kPa).

F. Carrying Case: Metal or plastic, with formed instent padding.

2.8 SIGHT FLOW INDICATORS

A. Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

Archon Industries, Inc

Dwyer Instruments, Inc

Emerson Process Management; Brooks Instrument

Ernst Co., John C., Inc

Ernst Flow Industries

KOBOLD Instruments, Inc. - USA; KOBOLD Messring Ghib
OPW Engineered Systems; a Dover company.

Penberthy; A Brand of Tyco Valves & Controls - Piefstown

NN E

B. Description: Piping inline-installation device faisual verification of flow.

C. Construction: Bronze or stainless-steel body, wigiht glass and ball, flapper, or paddle wheel
indicator, and threaded or flanged ends.

D. Minimum Pressure Ratingl50 psig (1034 kPa).
E. Minimum Temperature Rating200 deg F (93 deg C).
F. End Connections fakPS 2(DN 50)and Smaller: Threaded.

G. End Connections fakPS 2-1/2(DN 65)and Larger: Flanged.
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2.9 FLOWMETERS

A. Orifice Flowmeters:

1.

6.
7.
8

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

Badger
Bell & Gossett; ITT Industries

Meriam Process Technologies
Preso Meters; a division of Racine Federated Inc
S. A. Armstrong Limited; Armstrong Pumps Inc

Po0TO

Description: Flowmeter with sensor, hoses or tgbifittings, valves, indicator, and
conversion chart.

Flow Range: Sensor and indicator shall cover dppgyaange of equipment or system
served.

Sensor: Wafer-orifice-type, calibrated, flow-med@sy element; for installation between
pipe flanges.

a. Design: Differential-pressure-type measuremenfdas| [oil] [steam] [water].

b. Construction: Cast-iron body, brass valves wittegnal check valves and caps,
and calibrated nameplate.

C. Minimum Pressure Rating300 psig (2070 kPa).

d. Minimum Temperature Rating250 deg F (121 deg C).

Permanent Indicators: Meter suitable for wall oadket mounting, calibrated for
connected sensor and haviiwgnch-(152-mm-)diameter, or equivalent, dial with fittings
and copper tubing for connecting to sensor.

a.  Scale: Gallons per minutéLiters per second)
b.  Accuracy: Plus or minus 1 percent between 20 @npkeBcent of scale range.

Display: Shows rate of floywith register to indicate total volume gallons(liters).
Conversion Chart: Flow rate data compatible withser and indicator.
Operating Instructions: Include complete instroes with each flowmeter.

B. Turbine Flowmeters:

1.

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

ABB; Instrumentation and Analytical

Data Industrial Corp

EMCO Flow Systems; a division of Spirax Sarco,. Inc
ERDCO Engineering Corp

Hoffer Flow Controls, Inc

Liquid Controls; a unit of IDEX Corporation
McCrometer, Inc

Midwest Instruments & Controls Carp

SeaMetrics, Inc

= e
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J- Sponsler, Inc.; a unit of IDEX Corporation

2. Description: Flowmeter with sensor and indicator.

3. Flow Range: Sensor and indicator shall cover dpgyaange of equipment or system
served.

4. Sensor: Impeller turbine; for inserting into pifging or for installing in piping and
measuring flow directly imallons per minutéiters per second)

a. Design: Device or pipe fitting with inline turbirsnd integral direct-reading scale
for [gag] [ail] [steam] [water].

b. Construction: Bronze or stainless-steel body, wittstic turbine or impeller.

C. Minimum Pressure Ratingl50 psig (1035 kPa).

d. Minimum Temperature Ratingl80 deg F (82 deg C).

Indicator: Hand-held meter; either an integrak phisensor or a separate meter.
Accuracy: Plus or minus 1-1/2 percent.

Display: Shows rate of flow, with register to iodie total volume igallons(liters).
Operating Instructions: Include complete instroesi with each flowmeter.

©NOo O

C. Venturi Flowmeters:

1. Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

ABB; Instrumentation and Analytical

Gerand Engineering Co

Hyspan Precision Products, Inc

Preso Meters; a division of Racine Federated Inc
S. A. Armstrong Limited; Armstrong Pumps Inc
Victaulic Company

~Poo0op

2. Description:  Flowmeter with calibrated flow-measgr element, hoses or tubing,
fittings, valves, indicator, and conversion chart.

3. Flow Range: Sensor and indicator shall cover dpgyaange of equipment or system
served.

4. Sensor: Venturi-type, calibrated, flow-measurifegreent; for installation in piping.

Design: Differential-pressure-type measuremenidas] [oil] [steam] [water].
Construction: Bronze, brass, or factory-primedelstevith brass fittings and
attached tag with flow conversion data.

Minimum Pressure Rating250 psig (1725 kPa).

Minimum Temperature Rating250 deg F (121 deg C).

End Connections fakPS 2(DN 50)and Smaller: Threaded.

End Connections falPS 2-1/2(DN 65)and Larger: Flanged or welded.

Flow Range: Flow-measuring element and flowmehatl cover operating range
of equipment or system served.

oo

@~oao0

5. Permanent Indicators: Meter suitable for wall oadket mounting, calibrated for
connected flowmeter element, and haviiwnch- (152-mm-) diameter, or equivalent,
dial with fittings and copper tubing for connectitmgflowmeter element.
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a. Scale: Gallons per minutéLiters per second)
b.  Accuracy: Plus or minus 1 percent between 20 @npkeBcent of scale range.

Display: Shows rate of flow, with register to iodie total volume igallons(liters).
Conversion Chart: Flow rate data compatible withser.
Operating Instructions: Include complete instroesi with each flowmeter.

© N

PART 3 - EXECUTION

3.1

o O

m

INSTALLATION

Install thermowells with socket extending rhinimum of 2 inches (51 mm) into fluid] [one-
third of pipe diameter] [to center of pipe] and in vertical position in piping tees.

Install thermowells of sizes required to match mh@meter connectors. Include bushings if
required to match sizes.

Install thermowells with extension on insulatedipgp
Fill thermowells with heat-transfer medium.
Install direct-mounted thermometers in thermowaiid adjust vertical and tilted positions.

Install remote-mounted thermometer bulbs in therglsaand install cases on panels; connect
cases with tubing and support tubing to preveritkindse minimum tubing length.

Install duct-thermometer mounting brackets in waflglucts. Attach to duct with screws.

Install direct-mounted pressure gages in piping teh pressure gage located on pipe at the
most readable position.

Install remote-mounted pressure gages on panel.

Install valve and snubber in piping for each presgage for fluids (except steam).
Install valve and syphon fitting in piping for eagtessure gage for steam.

Install test plugs in piping tees.

Install flow indicators in piping systems in acdbks positions for easy viewing.

Assemble and install connections, tubing, and awes between flow-measuring elements
and flowmeters according to manufacturer's wriitestructions.

Install flowmeter elements in accessible positiongiping systems.
Install wafer-orifice flowmeter elements betweepepflanges.

Install differential-pressure-type flowmeter elensgmwith at least minimum straight lengths of
pipe, upstream and downstream from element acaptdimanufacturer's written instructions.
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R. Install permanent indicators on walls or bracketadgcessible and readable positions.

S Install connection fittings in accessible locatidasattachment to portable indicators.

T. Mount thermal-energy meters on wall if accessilblept, provide brackets to support meters.
U Install thermometers in the following locations:

Inlet and outlet of each hydronic zone.

Inlet and outlet of each hydronic boiler.

Two inlets and two outlets of each chiller.

Inlet and outlet of each hydronic coil in air-hangdlunits.
Two inlets and two outlets of each hydronic heahexger.
Inlet and outlet of each thermal-storage tank.

Outside-, return-, supply-, and mixed-air ducts.

NouoprwdE

V. Install pressure gages in the following locations:
1. Discharge of each pressure-reducing valve.
2. Inlet and outlet of each chiller chilled-water as@hdenser-water connection.
3. Suction and discharge of each pump.

3.2 CONNECTIONS

A. Install meters and gages adjacent to machines @uigreent to allow service and maintenance
of meters, gages, machines, and equipment.

B.  Connect flowmeter-system elements to meters.
C. Connect flowmeter transmitters to meters.

D. Connect thermal-energy meter transmitters to meters

3.3 ADJUSTING
A.  After installation, calibrate meters according tamafacturer's written instructions.

B.  Adjust faces of meters and gages to proper angledst visibility.

3.4 THERMOMETER SCALE-RANGE SCHEDULE

A.  Scale Range for Chilled-Water Pipingd tp 100 deg F (Minus 20 to plus 50 deg C)] [0 to 100
deg F and minus 20 to plus 50 deg C].

B.  Scale Range for Condenser-Water Piping1o[150 deg F (Minus 20 to plus 70 deg C)] [0 to
150 deg F and minus 20 to plus 70 deg C].
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C. Scale Range for Heating, Hot-Water Pipin@:t¢ 250 deg F (0 to 150 deg C)] [0 to 250 deg F
and 0 to 150 deg C].

D. Scale Range for Steam-Condensate Pipirigto P50 deg F (0 to 150 deg C)] [0 to 250 deg F
and 0to 150 deg C].

E. Scale Range for Air Ducts:0fo 100 deg F (Minus 20 to plus 50 deg C)] [0 to 100 deg F and
minus 20 to plus 50 deg C].

35 PRESSURE-GAGE SCALE-RANGE SCHEDULE

[Select appropriate range for applicable operating pressure.]

A.  Scale Range for Chilled-Water Piping30[in. Hg to 15 psi (minus 100 to 0 kPa)] [30in. Hg
to 15 psi and minus 100 to O kPa].

B.  Scale Range for Chilled-Water Piping® tp 30 psi (0 to 240 kPa)] [0 to 30 ps and 0 to 240
kPa].

C. Scale Range for Chilled-Water Pipind tp 100 psi (0 to 600 kPa)] [0to 100 ps and 0 to 600
kPa].

D. Scale Range for Chilled-Water Piping0 tp 160 psi (0 to 1100 kPa)] [0 to 160 psi and 0O to
1100 kPa].

E. Scale Range for Chilled-Water Piping® tp 200 psi (0 to 1400 kPa)] [0 to 200 psi and 0 to
1400 kPa].

F.  Scale Range for Chilled-Water Piping0 tp 300 psi (0 to 2500 kPa)] [0 to 300 psi and 0O to
2500 kPa].

G. Scale Range for Chilled-Water Piping0 tpo 600 psi (0 to 4000 kPa)] [0 to 600 psi and 0 to
4000 kPa].
[Select appropriate range for applicable operating pressure.]

H. Scale Range for Condenser-Water Piping0 ijn. Hg to 15 psi (minus 100 to 0 kPa)] [30
in. Hg to 15 psi and minus 100 to 0 kPa].

I Scale Range for Condenser-Water Pipin@:td 30 psi (0 to 240 kPa)] [0 to 30 psi and O to
240 kPa.

J. Scale Range for Condenser-Water Pipin@1o[100 psi (0 to 600 kPa)] [0 to 100 ps and O to
600 kPal].

K.  Scale Range for Condenser-Water Pipingto[160 psi (0to 1100 kPa)] [0to 160 psi and 0to
1100 kPa].

L. Scale Range for Condenser-Water Pipin@to[200 psi (0 to 1400 kPa)] [0 to 200 psi and O to

1400 kPa].
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M.

3.6

Scale Range for Condenser-Water Pipin@to[300 psi (0 to 2500 kPa)] [0 to 300 psi and O to
2500 kPa].

[Select appropriate range for applicable operating pressure.]

Scale Range for Heating, Hot-Water Piping0 [n. Hg to 15 psi (minus 100 to 0 kPa)] [30
in. Hg to 15 psi and minus 100 to 0 kPa].

Scale Range for Heating, Hot-Water Pipin@:t¢ 30 psi (0 to 240 kPa)] [0to 30 psi and 0 to
240 kPa.

Scale Range for Heating, Hot-Water Pipin@:t¢ 100 psi (0 to 600 kPa)] [0 to 100 psi and O
to 600 kPa].

Scale Range for Heating, Hot-Water Pipin@:td 160 psi (0to 1100 kPa)] [0 to 160 psi and O
to 1100 kPa].

Scale Range for Heating, Hot-Water Pipin@:t¢ 200 psi (0 to 1400 kPa)] [0 to 200 psi and O
to 1400 kPal.

Scale Range for Heating, Hot-Water Pipin@:td 300 psi (0to 2500 kPa)] [0 to 300 psi and O
to 2500 kPa].

Scale Range for Heating, Hot-Water Pipin@:t¢ 600 psi (0 to 4000 kPa)] [0 to 600 psi and O
to 4000 kPal.

[Select appropriate range for applicable operating pressure.]

Scale Range for Steam Piping30[in. Hg to 15 psi (minus 100 to 0 kPa)] [30 in. Hg to 15 psi
and minus 100 to 0 kPa].

Scale Range for Steam Pipindg) tp 30 psi (0to 240 kPa)] [0to 30 psi and 0 to 240 kPa].
Scale Range for Steam Pipind) tp 100 psi (0 to 600 kPa)] [0 to 100 psi and 0 to 600 kPa].

Scale Range for Steam Pipingd tp 160 ps (0 to 1100 kPa)] [0 to 160 psi and 0 to 1100
kPa].

Scale Range for Steam Pipingd tp 200 ps (0 to 1400 kPa)] [0 to 200 ps and O to 1400
kPa].

Scale Range for Steam Pipingd tp 300 psi (0 to 2500 kPa)] [0 to 300 psi and 0 to 2500
kPa].

Scale Range for Steam Pipingd tp 600 ps (0 to 4000 kPa)] [0 to 600 ps and O to 4000
kPa].
FLOWMETER SCHEDULE

Flowmeters for Chilled-Water PipingOfifice] [Turbing] type.
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B.  Flowmeters for Condenser-Water Pipin@r{fice] [Turbine] type.
C. Flowmeters for Heating, Hot-Water PipingDrifice] [ Turbine] type.

D. Flowmeters for Steam and Steam-Condensate Pipgfice] [Venturi] type.

END OF SECTION 230519
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SECTION 230523 - GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1- GENERAL

11 RELATED DOCUMENTS

A. Drawings and genera provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY
A. Section Includes:

Bronze angle valves.

Brass ball valves.

Bronze ball valves.

Iron, grooved-end butterfly valves.
High-performance butterfly valves.
Bronze lift check valves.

Bronze swing check valves.

Iron swing check valves.

Iron, grooved-end swing-check valves.
10. Bronze gate valves.

11.  Iron gate valves.

12. Bronze globe valves.

13.  Iron globe valves.

14. Chainwheels.

©COoONOOAWNE

B. Related Sections:

1 Section 230553 "ldentification for HVAC Piping and Equipment" for valve tags and
schedules.

13 DEFINITIONS

A. CWP: Coldworking pressure.

B. EPDM: Ethylene propylene copolymer rubber.

C. NBR: Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
D. NRS: Nonrising stem.

E. 0S&Y: Outside screw and yoke.

F. RS: Rising stem.
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G.

14

A.

15

16

SWP: Steam working pressure.

ACTION SUBMITTALS

Product Data: For each type of valve indicated.

QUALITY ASSURANCE

Source Limitations for Vaves: Obtain each type of valve from single source from single
manufacturer.

ASME Compliance:

1 ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
2. ASME B31.1 for power piping valves.
3. ASME B31.9 for building services piping valves.

DELIVERY, STORAGE, AND HANDLING
Prepare valves for shipping as follows:

Protect internal parts against rust and corrosion.

Protect threads, flange faces, grooves, and weld ends.

Set angle, gate, and globe valves closed to prevent rattling.

Set ball and plug valves open to minimize exposure of functional surfaces.
Set butterfly valves closed or dightly open.

Block check valvesin either closed or open position.

ok wdpE

Use the following precautions during storage:

1 Maintain valve end protection.
2. Store valves indoors and maintain at higher than ambient dew point temperature. If
outdoor storage is necessary, store valves off the ground in watertight enclosures.

Use dling to handle large valves; rig sling to avoid damage to exposed parts. Do not use
handwheel's or stems as lifting or rigging points.

PART 2 - PRODUCTS

21

A.

GENERAL REQUIREMENTS FOR VALVES
Refer to HVAC valve schedule articles for applications of valves.

Valve Pressure and Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

Valve Sizes. Same as upstream piping unless otherwise indicated.
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D. VaveActuator Types:
1 Gear Actuator: For quarter-turn valves NPS 8 (DN 200) and larger.
2. Handwheedl: For valves other than quarter-turn types.
3. Handlever: For quarter-turn valves NPS 6 (DN 150) and smaller[ except plug valves|.
4, Wrench: For plug valves with square heads. Furnish Cleveland Clinic with 1 wrench for

2.2

B.

o

every [5] [10] plug valves, for each size square plug-valve head.
Chainwheel: Device for attachment to valve handwheel, stem, or other actuator; of size
and with chain for mounting height, as indicated in the "Valve Installation" Article.

Valvesin Insulated Piping: With 2-inch (50-mm) stem extensions and the following features:

1
2.

3.

Gate Valves: With rising stem.

Ball Valves: With extended operating handle of non-thermal-conductive material, and
protective sleeve that alows operation of valve without breaking the vapor seal or
disturbing insulation.

Butterfly Vaves: With extended neck.

Vave-End Connections;

~wODdPE

Flanged: With flanges according to ASME B16.1 for iron valves.
Grooved: With grooves according to AWWA C606.

Solder Joint: With sockets according to ASME B16.18.
Threaded: With threads according to ASME B1.20.1.

Valve Bypass and Drain Connections: MSS SP-45.

BRONZE ANGLE VALVES

Class 125, Bronze Angle Valves with Bronze Disc:

1

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a Milwaukee Valve Company.

b. Crane Co.; Crane Vave Group; Crane Valves.

C. Conbraco Industries, Inc.; Apollo Valves.

d. Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

Description:

a Standard: MSS SP-80, Type 1.

b. CWP Rating: 200 psig (1380 kPa).

C. Body Materia: ASTM B 62, bronze with integral seat and screw-in bonnet.
d. Ends: Threaded.

e Stem and Disc: Bronze.

f. Packing: Asbestosfree.

0. Handwheel: Malleableiron[, bronze, or aluminum].

Class 150, Bronze Angle Valves with Bronze Disc:
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1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:
a Milwaukee Vave Company.
b. Crane Co.; Crane Vave Group; Crane Valves.
C. Conbraco Industries, Inc.; Apollo Valves.
d. Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.
2. Description:
a Standard: MSS SP-80, Type 2.
b. CWP Rating: 300 psig (2070 kPa).
C. Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
d. Ends: Threaded.
e Stem and Disc: Bronze stem, TFE disc.
f. Packing: Asbestosfree.
g. Handwheel: Malleableiron[, bronze, or aluminum].

2.3 BRASSBALL VALVES

A. Two-Piece, Full-Port, Brass Ball Vaveswith Brass Trim:

1

Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:

Coo T

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.

Description:

T Te@ o ap o

Standard: MSS SP-110.

SWP Rating: 150 psig (1035 kPa).

CWP Rating: 600 psig (4140 kPa).

Body Design: Two piece.

Body Material: Forged brass, ASTM B283.
Ends: Threaded.

Seats: PTFE or TFE.

Stem: Brass.

Ball: Chrome-plated brass.

Port: Full.

24 BRONZE BALL VALVES

A. Two-Piece, Full-Port, Bronze Ball Vaves with Bronze Trim:

1

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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CoO T

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.

2. Description:

T T@ o an T

Standard: MSS SP-110.

SWP Rating: 150 psig (1035 kPa).
CWP Rating: 600 psig (4140 kPa).
Body Design: Two piece.

Body Materia: Bronze.

Ends: Threaded.

Seats: PTFE or TFE.

Stem: Bronze.

Ball: Chrome-plated brass, solid ball.
Port: Full.

2.5 IRON, GROOVED-END BUTTERFLY VALVES

A. 175 CWHP, Iron, Grooved-End Butterfly Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the

following:

a Milwaukee Vave Company.

b. Crane Co.; Crane Vave Group; Crane Valves.

C. Conbraco Industries, Inc.; Apollo Valves.

d. Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

2. Description:

a
b.
C.
d
e.
f.

Standard: MSS SP-67, Type .
CWP Rating: 175 psig (1200 kPa).
Body Material: Coated, ductileiron.
Stem: Two-piece stainless stedl.
Disc: Coated, ductileiron.

Seal: EPDM.

B. 300 CWHP, Iron, Grooved-End Butterfly Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a

b
C.
d.
e.

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.
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2. Description:

Standard: MSS SP-67, Typel.

NPS 8 (DN 50) and Smaller CWP Rating: 300 psig (2070 kPa).
NPS 10 (DN 250) and Larger CWP Rating: 200 psig (1380 kPa).
Body Material: Coated, ductileiron.

Stem: Two-piece stainless stedl.

Disc: Coated, ductileiron.

Seal: EPDM.

@ oo

2.6 HIGH-PERFORMANCE BUTTERFLY VALVES
A.  Class 150, Single-Flange, High-Performance Butterfly Valves:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:
a Milwaukee Valve Company.
b Crane Co.; Crane Vave Group; Crane Valves.
C. Conbraco Industries, Inc.; Apollo Valves.
d. Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

2. Description:

a Standard: MSS SP-68, and API609, Category B.

b CWP Rating: 285 psig (1965 kPa) at 100 deg F (38 deg C).

Body Design: Lug type; suitable for bidirectiona dead-end service at rated
pressure without use of downstream flange, double offset design.

d Body Material: Carbon steel, or stainless stedl.

e Seat: Reinforced PTFE or metal.

f. Stem: Stainless steel; offset from seat plane, one piece stem.

g

h

i

O 1

Disc: Carbon sted!.
Service: Bidirectional.
Packing: PTFE V-ring.

B.  Class 300, Single-Flange, High-Performance Butterfly Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a Milwaukee Valve Company.
b Crane Co.; Crane Vave Group; Crane Valves.
C. Conbraco Industries, Inc.; Apollo Valves.
d. Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

2. Description:

a Standard: MSS SP-68, and API 609, Category B.
b. CWP Rating: 720 psig (4965 kPa) at 100 deg F (38 deg C).
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Body Design: Lug type; suitable for bidirectiona dead-end service at rated
pressure without use of downstream flange, double offset design.

Body Material: Carbon stedl, cast iron, or ductile iron.

Seat: Reinforced PTFE or metal.

Stem: Stainless steel; offset from seat plane.

Disc: Carbon sted.

Service: Bidirectional.

BRONZE LIFT CHECK VALVES

Class 125, Lift Check Valves with Bronze Disc:

1

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Poo T

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.

Description:

~oo0Te

Standard: MSS SP-80, Type 1.

CWP Rating: 250 psig (1380 kPa) wog.

Body Design: Vertical flow.

Body Materia: ASTM B 61 or ASTM B 584, bronze.
Ends: Threaded.

Disc: Bronze.

Class 125, Lift Check Vaves with Nonmetallic Disc:

1

Manufacturers: Subject to compliance with reguirements, provide products by one of the

following:

a Milwaukee Vave Company.

b. Crane Co.; Crane Vave Group; Crane Valves.

C. Conbraco Industries, Inc.; Apollo Valves.

d. Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

Description:

a Standard: MSS SP-80, Type 2.

b. CWP Rating: 250 psig (1380 kPa).

C. Body Design: Vertica flow.

d. Body Material: ASTM B 61 or ASTM B 584, bronze.
e Ends: Threaded.

f. Disc: Buna, or TFE.
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2.8 BRONZE SWING CHECK VALVES

A. Class 125, Bronze Horizontal Swing Check Vaves with Bronze Disc:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

©CoO T

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.
Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.

2. Description:

~PQo0Te

Standard: MSS SP-80, Type 3.
CWP Rating: 200 psig (1380 kPa).
Body Design: Horizontal flow.
Body Material: ASTM B 62, bronze.
Ends: Threaded.

Disc: Bronze.

B. Class 125, Bronze Swing Check Vaves with Nonmetallic Disc:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the

following:

a Milwaukee Vave Company.

b. Crane Co.; Crane Vave Group; Crane Valves.

C. Conbraco Industries, Inc.; Apollo Valves.

d. Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Contrals.

2. Description:

~oQ0oTe

Standard: MSS SP-80, Type 4.
CWP Rating: 200 psig (1380 kPa).
Body Design: Horizontal flow.
Body Material: ASTM B 62, bronze.
Ends: Threaded.

Disc: PTFE or TFE.

C.  Class 150, Bronze Swing Check Valves with Bronze Disc:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a

b
C.
d.
e

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.

2. Description:
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Standard: MSS SP-80, Type 3.
CWP Rating: 300 psig (2070 kPa).
Body Design: Horizontal flow.
Body Material: ASTM B 62, bronze.
Ends: Threaded.

Disc: Bronze.

Class 150, Bronze Swing Check Valves with Nonmetallic Disc:

1

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Coo T

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Contrals.

Description:

~oQOoTe

Standard: MSS SP-80, Type 4.
CWP Rating: 300 psig (2070 kPa).
Body Design: Horizontal flow.
Body Material: ASTM B 62, bronze.
Ends: Threaded.

Disc: PTFE or TFE.

IRON SWING CHECK VALVES

Class 125, Iron Swing Check Valves with Metal Seats:

1

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Coo T

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Contrals.

Description:

S@ o0 TR

Standard: MSS SP-71, Typel.

NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating: 200 psig (1380 kPa).
NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating: 150 psig (1035 kPa).
Body Design: Clear or full waterway.

Body Material: ASTM A 126, gray iron with bolted bonnet.

Ends: Flanged.

Trim: Bronze.

Gasket: Asbestosfree.

Class 250, Iron Swing Check Valveswith Metal Seats:
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1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Coo T

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Contrals.

2. Description:

SQ@ o0 TR

Standard: MSS SP-71, Typel.

NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating: 500 psig (3450 kPa).
NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating: 300 psig (2070 kPa).
Body Design: Clear or full waterway.

Body Material: ASTM A 126, gray iron with bolted bonnet.

Ends: Flanged.

Trim: Bronze.

Gasket: Asbestosfree.

2.10 IRON, GROOVED-END SWING CHECK VALVES

A. 300 CWHP, Iron, Grooved-End Swing Check Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the

following:

a Milwaukee Vave Company.

b. Crane Co.; Crane Vave Group; Crane Valves.

C. Conbraco Industries, Inc.; Apollo Valves.

d. Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

2. Description:

cooTw

CWP Rating: 300 psig (2070 kPa).

Body Material: ASTM A 536, ductileiron.

Seal: EPDM.

Disc: Spring operated, ductileiron or stainless steel.

211 BRONZE GATE VALVES

A. Class 125, NRS Bronze Gate Valves;

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

a

b
C.
d.
e

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.
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2. Description:

Standard: MSS SP-80, Type 1.

CWP Rating: 200 psig (1380 kPa).

Body Materia: ASTM B 62, bronze with integral seat and screw-in bonnet.
Ends: Threaded[ or solder joint].

Stem: Bronze.

Disc: Solid wedge; bronze.

Packing: Asbestosfree.

Handwheel: Malleableiron[, bronze, or aluminum].

S@ o0 TR

B. Class 125, RS Bronze Gate Valves:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

Coo T

2. Description:

Standard: MSS SP-80, Type 2.

CWP Rating: 200 psig (1380 kPa).

Body Materia: ASTM B 62, bronze with integral seat and screw-in bonnet.
Ends: Threaded[ or solder joint].

Stem: Bronze.

Disc: Solid wedge; bronze.

Packing: Asbestosfree.

Handwheel: Malleableiron[, bronze, or aluminum].

S@ P00 TR

C. Class 150, NRS Bronze Gate Valves:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

Coo T

2. Description:

Standard: MSS SP-80, Type 1.

CWP Rating: 300 psig (2070 kPa).

Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
Ends: Threaded.

Stem: Bronze.

Disc: Solid wedge; bronze.

Packing: Asbestosfree.

@ rooooe
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h. Handwheel: Malleableiron[, bronze, or aluminum].
D. Class150, RS Bronze Gate Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

©CoO T

2. Description:

Disc: Solid wedge; bronze.
Packing: Asbestosfree.
Handwheel: Malleableiron[, bronze, or aluminum].

a Standard: MSS SP-80, Type 2.

b. CWP Rating: 300 psig (2070 kPa).

(o Body Materia: ASTM B 62, bronze with integral seat and union-ring bonnet.
d. Ends: Threaded.

e Stem: Bronze.

f.

0.

h.

2.12 IRON GATE VALVES
A. Class 125, NRS, Iron Gate Vaves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Contrals.

Coo T

2. Description:

Standard: MSS SP-70, Typel.

NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating: 200 psig (1380 kPa).
NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating: 150 psig (1035 kPa).
Body Material: ASTM A 126, gray iron with bolted bonnet.

Ends: Flanged.

Trim: Bronze.

Disc: Solid wedge.

Packing and Gasket: Asbestosfree.

S@ o0 TR

B. Class 125, OS& Y, Iron Gate Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
DeZurik Water Controls.

CoO T

2. Description:

Standard: MSS SP-70, Type .

NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating: 200 psig (1380 kPa).
NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating: 150 psig (1035 kPa).
Body Material: ASTM A 126, gray iron with bolted bonnet.

Ends: Flanged.

Trim: Bronze.

Disc: Solid wedge.

Packing and Gasket: Asbestosfree.

S@ro o0 T

C. Class 250, NRS, Iron Gate Valves:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:
a Milwaukee Valve Company.
b Crane Co.; Crane Vave Group; Crane Valves.
C. Conbraco Industries, Inc.; Apollo Valves.
d Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.

2. DeZurik Water ControlsDescription:

Disc: Solid wedge.
Packing and Gasket: Asbestosfree.

a Standard: MSS SP-70, Type .

b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating: 500 psig (3450 kPa).
C. NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating: 300 psig (2070 kPa).
d. Body Material: ASTM A 126, gray iron with bolted bonnet.

e Ends: Flanged.

f. Trim: Bronze.

0.

h.

D. Class 250, OS& Y, Iron Gate Valves:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:
a Milwaukee Vave Company.
b Crane Co.; Crane Vave Group; Crane Valves.
C. Conbraco Industries, Inc.; Apollo Valves.
d. Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
e DeZurik Water Controls.

2. Description:

a Standard: MSS SP-70, Type .
b. NPS 2-1/2 to NPS 12 (DN 65 to DN 300), CWP Rating: 500 psig (3450 kPa).
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NPS 14 to NPS 24 (DN 350 to DN 600), CWP Rating: 300 psig (2070 kPa).
Body Material: ASTM A 126, gray iron with bolted bonnet.

Ends: Flanged.

Trim: Bronze.

Disc: Solid wedge.

Packing and Gasket: Asbestosfree.

S@"~oap

2.13 BRONZE GLOBE VALVES
A. Class 125, Bronze Globe Valves with Bronze Disc:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

Poo oo

2. Description:

Standard: MSS SP-80, Type 1.

CWP Rating: 200 psig (1380 kPa).

Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.
Ends: Threaded[ or solder joint].

Stem and Disc: Bronze.

Packing: Asbestosfree.

Handwheel: Malleableiron[, bronze, or aluminum].

@rpae o

B. Class 150, Bronze Globe Vaves with Nonmetallic Disc:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

Coo T

2. Description:

Standard: MSS SP-80, Type 2.

CWP Rating: 200 psig (1380 kPa).

Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.
Ends: Threaded[ or solder joint].

Stem: Bronze.

Disc: PTFE or TFE.

Packing: Asbestosfree.

Handwheel: Malleableiron[, bronze, or aluminum].

S@ o0 T
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C. Class 150, Bronze Globe Valves with Nonmetallic Disc:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:

Milwaukee Vave Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

Poo T

2. Description:

Standard: MSS SP-80, Type 2.

CWP Rating: 300 psig (2070 kPa).

Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
Ends: Threaded.

Stem: Bronze.

Disc: PTFE or TFE.

Packing: Asbestosfree.

Handwheel: Malleableiron[, bronze, or aluminum].

S@ o o0 T

2.14 IRON GLOBE VALVES
A. Class 125, Iron Globe Valves:

1 Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Milwaukee Valve Company.

Crane Co.; Crane Vave Group; Crane Valves.

Conbraco Industries, Inc.; Apollo Valves.

Wetts Regulator Co.; adivision of Watts Water Technologies, Inc.

DeZurik Water Controls.

©Coo T

2. Description:

Standard: MSS SP-85, Typel.

CWP Rating: 200 psig (1380 kPa).

Body Material: ASTM A 126, gray iron with bolted bonnet.
Ends: Flanged.

Trim: Bronze.

Packing and Gasket: Asbestosfree.

~oo0Te

B. Class 250, Iron Globe Valves:

1 Manufacturers: Subject to compliance with reguirements, provide products by one of the
following:
a Milwaukee Valve Company.
b. Crane Co.; Crane Vave Group; Crane Valves.
C. Conbraco Industries, Inc.; Apollo Valves.
d Weatts Regulator Co.; adivision of Watts Water Technologies, Inc.
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215

A.

B.

e DeZurik Water Controls.

2. Description:

Standard: MSS SP-85, Type .

CWP Rating: 500 psig (3450 kPa).

Body Material: ASTM A 126, gray iron with bolted bonnet.
Ends: Flanged.

Trim: Bronze.

Packing and Gasket: Asbestosfree.

~P Q0T

CHAINWHEELS

Manufacturers:  Subject to compliance with regquirements, provide products by one of the
following:

1. Babbitt Steam Speciaty Co.
2. Roto Hammer Industries.
3. Trumbull Industries.

Description: Valve actuation assembly with sprocket rim, brackets, and chain.

1. Brackets: Type, number, size, and fasteners required to mount actuator on valve.

2. Attachment: For connection to [ball] [butterfly] valve stems.

3 Sprocket Rim with Chain Guides: Ductile iron, of type and size required for
valve[ Includezinc coating.]

4, Chain: Hot-dip, galvanized steel, of size required to fit sprocket rim.

PART 3 - EXECUTION

3.1

A.

C.

D.

EXAMINATION

Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
specia packing materials, such as blocks, used to prevent disc movement during shipping and
handling.

Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

Examine threads on valve and mating pipe for form and cleanliness.
Examine mating flange faces for conditions that might cause leakage. Check bolting for proper
size, length, and material. Verify that gasket is of proper size, that its material composition is

suitable for service, and that it is free from defects and damage.

Do not attempt to repair defective valves; replace with new valves.
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3.2

3.3

34

A.

w

o 0

m

VALVE INSTALLATION

Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.

Locate valves for easy access and provide separate support where necessary.
Install valvesin horizonta piping with stem at or above center of pipe.
Install valvesin position to allow full stem movement.

Install chainwheels on operators for [ball] [butterfly] [gate] [globe] valves NPS 4 (DN 100)
and larger and more than 96 inches (2400 mm) above floor. Extend chains to 60 inches (1520
mm) above finished floor.

Install check valves for proper direction of flow and as follows:

1 Swing Check Valves: In horizontal position with hinge pin level.
2. Lift Check Valves: With stem upright and plumb.

ADJUSTING

Adjust or replace valve packing after piping systems have been tested and put into service but
before final adjusting and balancing. Replace valvesif persistent leaking occurs.

GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
If valve applications are not indicated, use the following:

1. Shutoff Service:

a NPS 2 (DN 50) and Smaller: Bal

b. NPS 2-1/2 (DN 65) and Larger: Butterfly

C. Steam: Gate.

Butterfly Valve Dead-End Service: Single-flange (lug) type.
Throttling Service except Steam: Globe valves.

Throttling Service, Steam: Globe valves.

Pump-Discharge Check Valves:

arowbd

a NPS 2 (DN 50) and Smaller: Bronze swing check valves with bronze disc.
b. NPS 2-1/2 (DN 65) and Larger: Iron swing check valves with lever and weight or
with spring or iron, center-guided, [metal] [or] [resilient]-seat check valves.

If valves with specified SWP classes or CWP ratings are not available, the same types of valves
with higher SWP classes or CWP ratings may be substituted.

Select valves, except wafer types, with the following end connections:

1 For Copper Tubing, NPS 2 (DN 50) and Smaller: Threaded ends except where solder-
joint valve-end option isindicated in valve schedul es bel ow.

GENERAL-DUTY VALVES FOR HVAC PIPING 230523 - 17



PROJECT NAME FOR

CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

2. For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged ends except where
threaded valve-end option is indicated in valve schedules below.

3. For Copper Tubing, NPS5 (DN 125) and Larger: Flanged ends.

4, For Steel Piping, NPS 2 (DN 50) and Smaller: Threaded ends.

5. For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Flanged ends except where
threaded valve-end option isindicated in valve schedules below.

6. For Steel Piping, NPS 5 (DN 125) and Larger: Flanged ends.

7. For Grooved-End [Copper Tubing] [and] [Steel Piping] except Steam and Steam

Condensate Piping: Valve ends may be grooved.

35 CHILLED-WATER VALVE SCHEDULE

A. PipeNPS 2 (DN 50) and Smaller:

1
2.
3.
4

Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
Ball Vaves: Two piece, full port, bronze with stainless-steel trim.

Bronze Swing Check Valves: [Class 125] [Class 150], [bronze] disc.

Bronze Globe Valves: [Class 125] [Class 150], [bronze] disc.

B. PipeNPS2-1/2 (DN 65) and Larger:

1

arwN

Iron, Grooved-End Butterfly Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): [175]
[300] CWP.

High-Performance Buitterfly Valves: [Class 150] [Class 300], single flange.

Iron Swing Check Valves. [Class 125] [Class 250], [metal] seats.

Iron, Grooved-End Check Valves, NPS 3 to NPS 12 (DN 80 to DN 300): 300 CWP.

Iron Globe Valves: [Class 125] [Class 250].

3.6 CONDENSER-WATER VALVE SCHEDULE

A. PipeNPS 2 (DN 50) and Smaller:

rpODNDPE

Bronze Valves: May be provided with solder-joint ends instead of threaded ends.
Ball Valves: Two piece, full port, bronze with stainless-stedl trim.

Bronze Swing Check Valves: [Class 125] [Class 150], [bronze] disc.

Bronze Globe Valves: [Class 125] [Class 150], [bronze] disc.

B. PipeNPS2-1/2 (DN 65) and Larger:

1

arwN

Iron, Grooved-End Butterfly Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): [175]
[300] CWP.

High-Performance Buitterfly Valves: [Class 150] [Class 300], single flange.

Iron Swing Check Valves. [Class 125] [Class 250], metal seats.

Iron, Grooved-End Check Valves, NPS 3 to NPS 12 (DN 80 to DN 300): 300 CWP.

Iron Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): [Class 125] [Class 250].
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3.7 HEATING-WATER VALVE SCHEDULE
A. PipeNPS 2 (DN 50) and Smaller:
1 Bronze Vaves: May be provided with solder-joint ends instead of threaded ends.
2. Ball Vaves: Two piece, full port, bronze with stainless-steel trim.
3. Bronze Swing Check Valves: [Class 125] [Class 150], [bronze] disc.
4, Bronze Globe Valves: [Class 125] [Class 150], [bronze] disc.
B. PipeNPS2-1/2 (DN 65) and Larger:
1 Iron, Grooved-End Butterfly Vaves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): [175]
[300] CWP.
2. High-Performance Butterfly Valves: [Class 150] [Class 300], single flange.
3. Iron Swing Check Valves: [Class 125] [Class 250], metal seats.
4. Iron, Grooved-End Check Valves, NPS 3 to NPS 12 (DN 80 to DN 300): 300 CWP.
5. Iron Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): [Class 125] [Class 250].
3.8 LOW-PRESSURE STEAM VALVE SCHEDULE (15 PSIG (104 kPa) OR LESS)
A. PipeNPS 2 (DN 50) and Smaller:
1 Bronze Swing Check Valves: Class 300, bronze disc.
2. Cast Sted Gate Valves: Class 300] RS.
3. Bronze Globe Valves: [Class 125] [Class 150], [bronze] disc.
B. PipeNPS2-1/2 (DN 65) and Larger:
1 .
2. Bronze Swing Check Valves. Class 300, bronze disc.
3. Cast Stedl Gate Valves: Class 300, OS& Y.
4. Cast Steel Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): Class 300.
39 MEDIUM-PRESSURE STEAM VALVE SCHEDULE (16-74 PSIG
A. PipeNPS 2 (DN 50) and Smaller:
1 Cast Stedl Gate Valves: Class 300, RS.
2. Cast Steel Globe Vaves: Class 300, stainless stedl disc.
B. PipeSzesNPS2-1/2 (DN 65) and Larger:
1 Cast Sted Vaves, NPS2-1/2 to NPS4 (DN 65 to DN 100): May be provided with
threaded endsinstead of flanged ends.
2. Cast Steel Gate Valves: Class 300, OS& Y.
3. Cast Sted Globe Vaves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): Class 300, stainless
stedl disc.
3.10 HIGH-PRESSURE STEAM VALVE SCHEDULE ( 75 PSIG (104 kPa) AND ABOVE)
A. PipeNPS 2 (DN 50) and Smaller:

1. Bronze Swing Check Valves. Class 300, bronze disc.
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2. Cast Stedl Gate Valves: Class 300, RS.
3. Cast Steel Globe Vaves: Class 300, bronze, stainless stedl disc.

B. PipeSizesNPS 2-1/2 (DN 65) and Larger:

1 Cast Sted Valves, NPS2-1/2 to NPS4 (DN 65 to DN 100): May be provided with
threaded ends instead of flanged ends.

2. Bronze Swing Check Valves. Class 300, metal seats.

3. Cast Steel Gate Valves: Class 300, OS& Y.

4 Cast Steel Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): Class 300 .

311 STEAM-CONDENSATE VALVE SCHEDULE

A. PipeNPS 2 (DN 50) and Smaller:
1. Bronze Swing Check Vaves. Class 300, bronze disc.
2. Cast Stedl Gate Valves: Class 300, RS.
3. Cast Steel Globe Vaves: Class 300, stainless steel disc.

B. PipeNPS2-1/2 (DN 65) and Larger:
1. Bronze Swing Check Valves: Class 300, metal seats.

2. Cast Steel Gate Valves: Class 300, OS& Y.
3. Cast Stedl Globe Valves, NPS 2-1/2 to NPS 12 (DN 65 to DN 300): Class 300.

END OF SECTION 230523
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC RIBIAND EQUIPMENT

PART 1 - GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contractluging General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

1.2 SUMMARY
A. Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.
Fiberglass pipe hangers.

Metal framing systems.
Fiberglass strut systems.
Thermal-hanger shield inserts.
Fastener systems.

Pipe stands.

Equipment supports.

CoNorWNE

B. Related Sections:

1. Section 055000 "Metal Fabrications" for structwstdel shapes and plates for trapeze
hangers for pipe and equipment supports.

2. Section 230516 "Expansion Fittings and Loops forA@VPiping" for pipe guides and
anchors.

3. Section 230548 "Vibration and Seismic Controls H&fAC Piping and Equipment"” for
vibration isolation devices.

4, Section 233113 "Metal Ducts" for duct hangers anpsrts.

13 DEFINITIONS

A. MSS: Manufacturers Standardization Society of Vhlve and Fittings Industry Inc.

14 PERFORMANCE REQUIREMENTS
A. Delegated Design: Design trapeze pipe hangers emuipment supports, including

comprehensive engineering analysis by a qualifiexfegsional engineer, using performance
requirements and design criteria indicated.
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1.6

1.7

B.

Structural Performance: Hangers and supports YohEipiping and equipment shall withstand
the effects of gravity loads and stresses withimté and under conditions indicated according
to ASCE/SEI 7.

1. Design supports for multiple pipes, including pigeands, capable of supporting
combined weight of supported systems, system ctsjtand test water.

2. Design equipment supports capable of supporting booed operating weight of
supported equipment and connected systems and o@migo

3. Design seismic-restraint hangers and supports iping and equipmerdand obtain
approval from authorities having jurisdiction.

ACTION SUBMITTALS
Product Data: For each type of product indicated.

Shop Drawings:[Signed and sealed by a qualified professional engineer.] Show fabrication
and installation details and include calculations the following; include Product Data for
components:

Trapeze pipe hangers.
Metal framing systems.
Fiberglass strut systems.
Pipe stands.

Equipment supports.

arwpdE

Delegated-Design Submittal: For trapeze hangedicated to comply with performance
requirements and design criteria, including analdata signed and sealed by the qualified
professional engineer responsible for their prejara

1. Detail fabrication and assembly of trapeze hangers.

2. Design Calculations: Calculate requirements faighéng trapeze hangers.

INFORMATIONAL SUBMITTALS

Welding certificates.

QUALITY ASSURANCE

Structural Steel Welding Qualifications: Qualifyopedures and personnel according to
AWS D1.1/D1.1M, "Structural Welding Code - Steel."

Pipe Welding Qualifications: Qualify procedureglaperators according to ASME Boiler and
Pressure Vessel Code.
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PART 2 - PRODUCTS

2.1

A.

2.2

2.3

METAL PIPE HANGERS AND SUPPORTS
Carbon-Steel Pipe Hangers and Supports:

Description: MSS SP-58, Types 1 through 58, faefabricated components.
Galvanized Metallic Coatings: Pregalvanized ordipped.

Nonmetallic Coatings: Plastic coating, jacketlitoer.

Padded Hangers: Hanger with fiberglass or othpe pisulation pad or cushion to
support bearing surface of piping.

Hanger Rods: Continuous-thread rod, nuts, and evasade ofd¢arbon steel] [stainless
sted].

PwpnpPE

o

Stainless-Steel Pipe Hangers and Supports:

1. Description: MSS SP-58, Types 1 through 58, faetabricated components.

2. Padded Hangers: Hanger with fiberglass or othpe pisulation pad or cushion to
support bearing surface of piping.

3. Hanger Rods: Continuous-thread rod, nuts, and evasade of stainless steel.

Copper Pipe Hangers:

1. Description: MSS SP-58, Types 1 through 58, coppeted-steel, factory-fabricated
components.

2. Hanger Rods: Continuous-thread rod, nuts, and evasiade of opper-coated steel]
[stainless stedl].

TRAPEZE PIPE HANGERS

Description: MSS SP-69, Type 59, shop- or fieldrieated pipe-support assembly made from

structural carbon-steel shapes with MSS SP-58 oasteel hanger rods, nuts, saddles, and U-

bolts.

FIBERGLASS PIPE HANGERS

Clevis-Type, Fiberglass Pipe Hangers:

1. Description: Similar to MSS SP-58, Type 1, stdpkephanger except hanger is made of
fiberglass or fiberglass-reinforced resin.

2. Hanger Rods: Continuous-thread rod, washer, atedmade of stainless steel.

Strap-Type, Fiberglass Pipe Hangers:

1. Description: Similar to MSS SP-58, Type 9 or Tyl steel pipe hanger except hanger
is made of fiberglass-reinforced resin.

2. Hanger Rod and Fittings: Continuous-thread rodsh&sa and nuts made of stainless
steel.
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2.4 METAL FRAMING SYSTEMS
A.  MFMA Manufacturer Metal Framing Systems:
1. Manufacturers: Subject to compliance with requiats, provide products by one of the
following:
a. Allied Tube & Conduit
b. Cooper B-Line, Inc
C. Powerstrut
d. Unistrut CorporationTyco International, Ltd.
2. Description: Shop- or field-fabricated pipe-sugpassembly for supporting multiple
parallel pipes.
3. Standard: MFMA-4.
4. Channels: Continuous slotted steel channel witlrmed lips.
5. Channel Nuts: Formed or stamped steel nuts or dingces designed to fit into channel
slot and, when tightened, prevent slipping aloranciel.
6. Hanger Rods: Continuous-thread rod, nuts, and evashde of ar bon steel] [stainless
sted].
[Retain one of four subparagraphs below for coating.]
7. Metallic Coating: Electroplated zinc] [Hot-dipped galvanized] [Mill galvanized] [In-
line, hot galvanized] [M echanically-deposited zinc].
8. Paint Coating: Yinyl] [Vinyl alkyd] [Epoxy] [Polyester] [Acrylic] [Aming] [Alkyd].
9. Plastic Coating: BV C] [Polyurethane] [Epoxy] [Polyester].
10. Combination Coating: lssert coating materialsin order of application>.
25 FIBERGLASS STRUT SYSTEMS
A.  Manufacturers: Subject to compliance with requiats, provide products by one of the
following:
1. Allied Tube & Conduit
2. Champion Fiberglass, Inc
3. Cooper B-Line, Inc
4. SEASAFE, INC; a Gibraltar Industries Company.
B. Description: Shop- or field-fabricated pipe-sugp@ssembly similar to MFMA-4 for

supporting multiple parallel pipes.

1. Channels: Continuous slotted fiberglasspther plastic] channel with inturned lips.

2. Channel Nuts: Fiberglass nuts or other deviceggded to fit into channel slot and,
when tightened, prevent slipping along channel.

3. Hanger Rods: Continuous-thread rod, nuts, and evastade of fiberglass] [stainless
sted].
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2.6 THERMAL-HANGER SHIELD INSERTS

A. Manufacturers: Subject to compliance with requeats, provide products by one of the

following:

1. Carpenter & Paterson, Inc

2. Clement Support Services

3. ERICO International Corporation

4. National Pipe Hanger Corporation

5. PHS Industries, Inc

6. Pipe Shields, Inga subsidiary of Piping Technology & Productss. In
7. Piping Technology & Products, Inc

8. Rilco Manufacturing Co., Inc

9. Value Engineered Products, Inc

B. Insulation-Insert Material for Cold Piping:AETM C 552, Typell cellular glass with 100-
psig (688-kPa)] [or] [ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-
kPa)] minimum compressive strength and vapor barrier.

C. Insulation-Insert Material for Hot Piping: Water-repellent treated, ASTM C 533, Typel
calcium silicate with 100-psig (688-kPa)] [ASTM C 552, Typell cellular glass with 100-
psig (688-kPa)] [or] [ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig (862-
kPa)] minimum compressive strength.

D. For Trapeze or Clamped Systems: Insert and skt cover entire circumference of pipe.

E. For Clevis or Band Hangers: Insert and shieldl stoser lower 180 degrees of pipe.

F. Insert Length: Extend inches(50 mm)beyond sheet metal shield for piping operatingWwel
ambient air temperature.

2.7 FASTENER SYSTEMS

A. Powder-Actuated Fasteners: Threaded-steel studstoin hardened portland cement concrete
with pull-out, tension, and shear capacities appatp for supported loads and building
materials where used.

B.  Mechanical-Expansion Anchors: Insert-wedge-tyaadcoated] [stainless] steel anchors,
for use in hardened portland cement concrete; wiilt-out, tension, and shear capacities
appropriate for supported loads and building makefvhere used.

2.8 PIPE STANDS

A. General Requirements for Pipe Stands: Shop- dd-fedricated assemblies made of
manufactured corrosion-resistant components to@tippof-mounted piping.

B. Compact Pipe Stand: One-piece plastic unit withgral-rod roller, pipe clamps, or V-shaped

cradle to support pipe, for roof installation witlhanembrane penetration.
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C. Low-Type, Single-Pipe Stand: One-piepéaftic| [stainless-steel] base unit with plastic roller,
for roof installation without membrane penetration.

D. High-Type, Single-Pipe Stand:

1.

Description: Assembly of base, vertical and hartab members, and pipe support, for
roof installation without membrane penetration.

Base: Plastic] [Stainless sted].

Vertical Members: Two or more cadmium-plated-steelstainless-steel, continuous-
thread rods.

Horizontal Member: Cadmium-plated-steel or stasisteel rod with plastic or stainless-
steel, roller-type pipe support.

E. High-Type, Multiple-Pipe Stand:

1.

arwd

Description: Assembly of bases, vertical and tarial members, and pipe supports, for
roof installation without membrane penetration.

Bases: One or more; plastic.

Vertical Members: Two or more protective-coategkesthannels.

Horizontal Member: Protective-coated-steel channel

Pipe Supports: Galvanized-steel, clevis-type pipegers.

F.  Curb-Mounted-Type Pipe Stands: Shop- or fieldifadied pipe supports made from structural-
steel shapes, continuous-thread rods, and rollersnounting on permanent stationary roof

curb.

2.9 EQUIPMENT SUPPORTS

A. Description: Welded, shop- or field-fabricated ipguent support made from structural carbon-
steel shapes.

2.10 MISCELLANEOUS MATERIALS

A. Structural Steel: ASTM A 36/A 36M, carbon-steelatels, shapes, and bars; black and
galvanized.

B. Grout: ASTM C 1107, factory-mixed and -packaged;, diydraulic-cement, nonshrink and
nonmetallic grout; suitable for interior and exterapplications.

1.
2.

Properties: Nonstaining, noncorrosive, and nongase
Design Mix: 5000-psi(34.5-MPa) 28-day compressive strength.
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PART 3 - EXECUTION

3.1

A.

HANGER AND SUPPORT INSTALLATION

Metal Pipe-Hanger Installation: Comply with MSS-8® and MSS SP-89. Install hangers,
supports, clamps, and attachments as requireddpepy support piping from the building
structure.

Metal Trapeze Pipe-Hanger Installation: ComplyhwitSS SP-69 and MSS SP-89. Arrange
for grouping of parallel runs of horizontal pipingnd support together on field-fabricated
trapeze pipe hangers.

1. Pipes of Various Sizes: Support together and spapezes for smallest pipe size or
install intermediate supports for smaller diamgtigres as specified for individual pipe
hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-stesapes selected for loads being
supported. Weld steel according to AWS D1.1/D1.1M.

Fiberglass Pipe-Hanger Installation: Comply withplicable portions of MSS SP-69 and
MSS SP-89. Install hangers and attachments asredqto properly support piping from
building structure.

Metal Framing System Installation: Arrange for yping of parallel runs of piping, and
support together on field-assembled metal framysgesns.

Fiberglass Strut System Installation: Arrange goouping of parallel runs of piping, and
support together on field-assembled fiberglasdsstru

Thermal-Hanger Shield Installation: Install in @ipanger or shield for insulated piping.
Fastener System Installation:

1. Install powder-actuated fasteners for use in lighgit concrete or concrete slabs less
than4 inches(100 mm)thick in concrete after concrete is placed andpetaly cured.
Use operators that are licensed by powder-actuatddnanufacturer. Install fasteners
according to powder-actuated tool manufacturersatmg manual.

2. Install mechanical-expansion anchors in concrer abncrete is placed and completely
cured. Install fasteners according to manufactivertten instructions.

Pipe Stand Installation:

1. Pipe Stand Types except Curb-Mounted Type: Assembmponents and mount on
smooth roof surface. Do not penetrate roof menwran

2. Curb-Mounted-Type Pipe Stands: Assemble componentsbricate pipe stand and
mount on permanent, stationary roof curb. Seei@e06f77200 "Roof Accessories" for
curbs.

Install hangers and supports complete with necgssdachments, inserts, bolts, rods, nuts,
washers, and other accessories.
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J. Equipment Support Installation: Fabricate fromdeel-structural-steel shapes.

K. Install hangers and supports to allow controlledriital and seismic movement of piping
systems, to permit freedom of movement between pipehors, and to facilitate action of
expansion joints, expansion loops, expansion bemaksimilar units.

L. Install lateral bracing with pipe hangers and sufspio prevent swaying.

M. Install building attachments within concrete slabsttach to structural steel. Install additional
attachments at concentrated loads, including valflesges, strainers, and at changes in
direction of piping. Install concrete inserts befeoncrete is placed; fasten inserts to forms and
install reinforcing bars through openings at topnserts.

N. Load Distribution: Install hangers and supportghed piping live and dead loads and stresses
from movement will not be transmitted to conneagdipment.

O. Pipe Slopes: Install hangers and supports to geowndicated pipe slopes and to not exceed
maximum pipe deflections allowed by ASME B31.9 boiilding services piping.

P. Insulated Piping:

1.  Attach clamps and spacers to piping.

a. Piping Operating above Ambient Air Temperature:ar@b may project through
insulation.

b. Piping Operating below Ambient Air Temperature: eUbsiermal-hanger shield
insert with clamp sized to match OD of insert.

C. Do not exceed pipe stress limits allowed by ASMBE B3for building services

piping.

2. Install MSS SP-58, Type 39, protection saddlesndulation without vapor barrier is
indicated. Fill interior voids with insulation thanatches adjoining insulation.

a. Option: Thermal-hanger shield inserts may be usddclude steel weight-
distribution plate for pip&lPS 4(DN 100)and larger if pipe is installed on rollers.

3. Install MSS SP-58, Type 40, protective shields old piping with vapor barrier. Shields
shall span an arc of 180 degrees.

a. Option: Thermal-hanger shield inserts may be usddclude steel weight-
distribution plate for pip&lPS 4(DN 100)and larger if pipe is installed on rollers.

4, Shield Dimensions for Pipe: Not less than theofelhg:

a. NPS 1/4 to NPS 3-1/eDN 8 to DN 90) 12 incheq305 mm)long and0.048 inch
(1.22 mm)thick.

b. NPS 4(DN 100} 12 incheg305 mm)long andd.06 inch(1.52 mm)thick.

C. NPS 5 and NPS @©N 125 and DN 150) 18 incheg457 mm)long and0.06 inch
(1.52 mm)thick.

d. NPS 8 to NPS 14DN 200 to DN 35Q) 24 incheg(610 mm)long and0.075 inch
(1.91 mm)thick.
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e. NPS 16 to NPS 24DN 400 to DN 600) 24 incheg610 mm)long and0.105 inch
(2.67 mm)thick.

5. Pipes NPS 8 (DN 200) and Larger: Include wood or reinforced calciulicate-

insulation inserts of length at least as long asqutive shield.
6. Thermal-Hanger Shields: Install with insulatiom®athickness as piping insulation.

3.2 EQUIPMENT SUPPORTS

A. Fabricate structural-steel stands to suspend eguipfnom structure overhead or to support

equipment above floor.
B. Grouting: Place grout under supports for equipnaeidt make bearing surface smooth.

C. Provide lateral bracing, to prevent swaying, fanipmment supports.

3.3 METAL FABRICATIONS

A.  Cut, drill; and fit miscellaneous metal fabricatofor trapeze pipe hangers and equipment

supports.

B. Fit exposed connections together to form hairliatg. Field weld connections that cannot be

shop welded because of shipping size limitations.

C. Field Welding: Comply with AWS D1.1/D1.1M procedesr for shielded, metal arc welding;
appearance and quality of welds; and methods usedriecting welding work; and with the
following:

1. Use materials and methods that minimize distoréind develop strength and corrosion

resistance of base metals.
2. Obtain fusion without undercut or overlap.
3. Remove welding flux immediately.
4, Finish welds at exposed connections so no roughskews after finishing and so
contours of welded surfaces match adjacent contours

3.4 ADJUSTING

A.  Hanger Adjustments: Adjust hangers to distribotdk equally on attachments and to achieve

indicated slope of pipe.

B.  Trim excess length of continuous-thread hangersapgort rods td-1/2 inches (40 mm).

3.5 PAINTING

A.  Touchup: Clean field welds and abraded areasayd phint. Paint exposed areas immediately
after erecting hangers and supports. Use sameiaistas used for shop painting. Comply

with SSPC-PA 1 requirements for touching up fieidAped surfaces.
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3.6

1.  Apply paint by brush or spray to provide a minimdny film thickness o2.0 mils(0.05
mm).

Touchup: Cleaning and touchup painting of fielddsebolted connections, and abraded areas
of shop paint on miscellaneous metal are specifigldection 099113 " Exterior Painting"]
[Section 099123 "Interior Painting"] [and] [Section 099600 "High Performance
Coatings." ]

Galvanized Surfaces: Clean welds, bolted connesticand abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

HANGER AND SUPPORT SCHEDULE

Specific hanger and support requirements are intiddac specifying piping systems and
equipment.

Comply with MSS SP-69 for pipe-hanger selectiond applications that are not specified in
piping system Sections.

Use hangers and supports with galvanized metaidtidirgs for piping and equipment that will
not have field-applied finish.

Use nonmetallic coatings on attachments for elgdicoprotection where attachments are in
direct contact with copper tubing.

Use carbon-steelp[pe hangers and supports] [metal trapeze pipe hangers] [and] [metal
framing systems] and attachments for general service applications.

Use ptainless-stee pipe hangers] [and] [fiberglass pipe hangers] [and] [fiberglass strut
systems] and [tainless-steel] [or] [corrosion-resistant] attachments for hostile environment
applications.

Use copper-plated pipe hangers awdpper] [or] [stainless-steel] attachments for copper
piping and tubing.

Use padded hangers for piping that is subjectratdaing.
Use thermal-hanger shield inserts for insulatedthgipnd tubing.

Horizontal-Piping Hangers and Supports: Unlesemilse indicated and except as specified in
piping system Sections, install the following types

1. Adjustable, Steel Clevis Hangers (MSS Type 1): Bospension of noninsulated or
insulated, stationary pip@S 1/2 to NPS 3(DN 15 to DN 750)

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspensibup to 1050 deg F(566
deg C) pipesNPS 4 to NPS 24DN 100 to DN 600)requiring up tot inches(100 mm)
of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (81Fype 3): For suspension of
pipesNPS 3/4 to NPS 3§DN 20 to DN 900) requiring clamp flexibility and up td
inches(100 mm)of insulation.
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4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Steel Pipe Clamps (MSS Type 4): For suspensionotd and hot pipe$\PS 1/2 to
NPS 24(DN 15 to DN 600ijf little or no insulation is required.

Pipe Hangers (MSS Type 5): For suspension of pipes 1/2 to NPS 4DN 15 to
DN 100), to allow off-center closure for hanger instathatbefore pipe erection.
Adjustable, Swivel Split- or Solid-Ring Hangers (BISype 6): For suspension of
noninsulated, stationary pip&$S 3/4 to NPS 8DN 20 to DN 200)

Adjustable, Steel Band Hangers (MSS Type 7): Faspsnsion of noninsulated,
stationary pipesIPS 1/2 to NPS €N 15 to DN 200)

Adjustable Band Hangers (MSS Type 9): For suspensi noninsulated, stationary
pipesNPS 1/2 to NPS 8N 15 to DN 200)

Adjustable, Swivel-Ring Band Hangers (MSS Type 1B@r suspension of noninsulated,
stationary pipesIPS 1/2 to NPS €N 15 to DN 200)

Split Pipe Ring with or without Turnbuckle HangékSS Type 11): For suspension of
noninsulated, stationary pip&$S 3/8 to NPS 8DN 10 to DN 200)

Extension Hinged or Two-Bolt Split Pipe Clamps (M$$pe 12): For suspension of
noninsulated, stationary pipd%S 3/8 to NPS 8N 10 to DN 80)

U-Bolts (MSS Type 24): For support of heavy pipeBS 1/2 to NPS 3@DN 15 to
DN 750)

Clips (MSS Type 26): For support of insulated pip®t subject to expansion or
contraction.

Pipe Saddle Supports (MSS Type 36): For suppgotpefsNPS 4 to NPS 36DN 100 to
DN 900), with steel-pipe base stanchion support and castfioor flange or carbon-steel
plate.

Pipe Stanchion Saddles (MSS Type 37): For supgdgripesNPS 4 to NPS 36DN 100
to DN 900) with steel-pipe base stanchion support and castfloor flange or carbon-
steel plate, and with U-bolt to retain pipe.

Adjustable Pipe Saddle Supports (MSS Type 38): dtanchion-type support for pipes
NPS 2-1/2 to NPS 36DN 65 to DN 900)if vertical adjustment is required, with steel-
pipe base stanchion support and cast-iron floogia

Single-Pipe Rolls (MSS Type 41): For suspensiopipésNPS 1 to NPS 3(0DN 25 to
DN 750), from two rods if longitudinal movement causeddxpansion and contraction
might occur.

Adjustable Roller Hangers (MSS Type 43): For saspm of pipesNPS 2-1/2 to
NPS 24(DN 65 to DN 600)from single rod if horizontal movement causecdekpansion
and contraction might occur.

Complete Pipe Rolls (MSS Type 44): For suppormpipesNPS 2 to NPS 42DN 50 to
DN 1050)if longitudinal movement caused by expansion asrtraction might occur but
vertical adjustment is not necessary.

Pipe Roll and Plate Units (MSS Type 45): For suppbpipesNPS 2 to NPS 24DN 50
to DN 600)if small horizontal movement caused by expansind eontraction might
occur and vertical adjustment is not necessary.

Adjustable Pipe Roll and Base Units (MSS Type 4&pr support of pipeslPS 2 to
NPS 30(DN 50 to DN 750j)f vertical and lateral adjustment during instaéia might be
required in addition to expansion and contraction.

K.  Vertical-Piping Clamps: Unless otherwise indicated except as specified in piping system
Sections, install the following types:

1.

Extension Pipe or Riser Clamps (MSS Type 8): Rmpsrt of pipe riser&lPS 3/4 to
NPS 24(DN 24 to DN 600)
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2.

Carbon- or Alloy-Steel Riser Clamps (MSS Type 4Bar support of pipe risefsPS 3/4
to NPS 24DN 20 to DN 600jf longer ends are required for riser clamps.

L. Hanger-Rod Attachments: Unless otherwise indicatediexcept as specified in piping system
Sections, install the following types:

1.

2.

Steel Turnbuckles (MSS Type 13): For adjustmentaup inches(150 mm)for heavy
loads.

Steel Clevises (MSS Type 14): FaGR0 to 450 deg H49 to 232 deg C)piping
installations.

Swivel Turnbuckles (MSS Type 15): For use with MBfpe 11, split pipe rings.
Malleable-Iron Sockets (MSS Type 16): For attaghiranger rods to various types of
building attachments.

Steel Weldless Eye Nuts (MSS Type 17): EBD to 450 deg 49 to 232 deg Cpiping
installations.

M.  Building Attachments: Unless otherwise indicatel @&xcept as specified in piping system
Sections, install the following types:

1.

2.

10.

11.

12.

13.
14.
15.

Steel or Malleable Concrete Inserts (MSS Type 1Byr upper attachment to suspend
pipe hangers from concrete ceiling.

Top-Beam C-Clamps (MSS Type 19): For use undef msiallations with bar-joist
construction, to attach to top flange of structstape.

Side-Beam or Channel Clamps (MSS Type 20): Fachihg to bottom flange of beams,
channels, or angles.

Center-Beam Clamps (MSS Type 21): For attachingetdger of bottom flange of beams.
Welded Beam Attachments (MSS Type 22): For attagid bottom of beams if loads
are considerable and rod sizes are large.

C-Clamps (MSS Type 23): For structural shapes.

Top-Beam Clamps (MSS Type 25): For top of beanhsufger rod is required tangent to
flange edge.

Side-Beam Clamps (MSS Type 27): For bottom ofldtbeams.

Steel-Beam Clamps with Eye Nuts (MSS Type 28): &taching to bottom of steel I-
beams for heavy loads.

Linked-Steel Clamps with Eye Nuts (MSS Type 29pr Rttaching to bottom of steel I-
beams for heavy loads, with link extensions.

Malleable-Beam Clamps with Extension Pieces (MS$e€T30): For attaching to
structural steel.

Welded-Steel Brackets: For support of pipes fra@ow or for suspending from above
by using clip and rod. Use one of the following ifedicated loads:

a. Light (MSS Type 31):750 Ib(340 kg)
b. Medium (MSS Type 32)1500 Ib(680 kg)
C. Heavy (MSS Type 33)3000 Ib(1360 kg)

Side-Beam Brackets (MSS Type 34): For sides @ stewooden beams.

Plate Lugs (MSS Type 57): For attaching to stealniis if flexibility at beam is required.
Horizontal Travelers (MSS Type 58): For supportpiging systems subject to linear
horizontal movement where headroom is limited.
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N. Saddles and Shields: Unless otherwise indicatetl except as specified in piping system
Sections, install the following types:

1. Steel-Pipe-Covering Protection Saddles (MSS Type 3%o fill interior voids with
insulation that matches adjoining insulation.

2. Protection Shields (MSS Type 40): Of length reca@nded in writing by manufacturer
to prevent crushing insulation.

3. Thermal-Hanger Shield Inserts: For supporting laiteal pipe.

O. Spring Hangers and Supports: Unless otherwisecateld and except as specified in piping
system Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47): Wheradatéd to control piping movement.

2. Spring Cushions (MSS Type 48): For light loadseftical movement does not exceed
1-1/4 incheg32 mm)

3. Spring-Cushion Roll Hangers (MSS Type 49): Forigging Type 41, roll hanger with
springs.

4. Spring Sway Braces (MSS Type 50): To retard swshgck, vibration, or thermal
expansion in piping systems.

5.  Variable-Spring Hangers (MSS Type 51): Presentticated load and limit variability
factor to 25 percent to allow expansion and cotiva®f piping system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Rréseindicated load and limit
variability factor to 25 percent to allow expansimd contraction of piping system from
base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): sétréo indicated load and limit
variability factor to 25 percent to allow expansimd contraction of piping system from
trapeze support.

8. Constant Supports: For critical piping stress #dmgecessary to avoid transfer of stress
from one support to another support, critical terhi or connected equipment. Include
auxiliary stops for erection, hydrostatic test, dpndd-adjustment capability. These
supports include the following types:

a. Horizontal (MSS Type 54): Mounted horizontally.
b.  Vertical (MSS Type 55): Mounted vertically.
C. Trapeze (MSS Type 56): Two vertical-type suppartd one trapeze member.

P.  Comply with MSS SP-69 for trapeze pipe-hanger s$ieles and applications that are not
specified in piping system Sections.

Q. Comply with MFMA-103 for metal framing system sdiens and applications that are not
specified in piping system Sections.

R.  Use mechanical-expansion anchors instead of bgilditachments where required in concrete

construction.

END OF SECTION 230529
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SECTION 230533 - HEAT TRACING FOR HVAC PIPING

PART 1 - GENERAL

11

1.2

13

1.4

15

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY

Section includes heat tracing for HVAC piping witte following electric heating cables:

1. Plastic insulated, series resistance.
2. Self-regulating, parallel resistance.

Related Requirements:

1. Section 210533 "Heat Tracing for Fire-Suppressiq@mBg."

2. Section 220533 "Heat Tracing for Plumbing Piping."

ACTION SUBMITTALS

Product Data: For each type of product.

1. Include rated capacities, operating characteristiesd furnished specialties and
accessories.

2. Schedule heating capacity, length of cable, spaeing electrical power requirement for
each electric heating cable required.

Shop Drawings: For electric heating cable.

1. Include plans, elevations, sections, and attachohetails.

2. Include diagrams for power, signal, and controingr

INFORMATIONAL SUBMITTALS

Field quality-control reports.

Sample Warranty: For special warranty.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For electric hgatiables to include in operation and
maintenance manuals.
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1.6

A.

WARRANTY

Special Warranty: Manufacturer agrees to repairepface electric heating cable that fails in
materials or workmanship within specified warrapgyiod.

1.  Warranty Period: One year from date of Substa@@hpletion.

PART 2 - PRODUCTS

2.1

PLASTIC-INSULATED, SERIES-RESISTANCE HEATING CABLES

Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

1. Delta-Therm Corporatian
2. Raychema brand of Tyco Thermal Controls LLC.
3. Waltts Radiant, Inga subsidiary of Watts Water Technologies, Inc.

Comply with I[EEE 515.1.

Heating Element: Single- or dual-stranded resigtioe. Terminate with waterproof, factory-
assembled, nonheating leads with connectors atdratb.

Electrical Insulating Jacket: Minimum.0-mil (0.10-mm) Kapton with silicone, Tefzel, or
polyolefin.

Cable Cover: Aluminum braidind silicone or Hylar outer jacket].
Maximum Operating Temperature (Power Om}0 deg F (65 deg C).
Maximum Exposure Temperature (Power Offg5 deg F (85 deg C).

Electrical Components, Devices, and Accessorieistetl and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for ideshlocation and application.

Capacities and Characteristics:

Maximum Heat Output: gW/ft. (19.7 W/m)] [ 7.5 W/ft. (24.6 W/m)] maximum.
Piping Diameter: knsert NPS (DN)>.

Number of Parallel Cables:Irsert number>.

Spiral Wrap Pitch: knsert inches (mm)>.

Electrical Characteristics for Single-Circuit Contien:

arwpdpE

Volts: [120] [208] [240] [277] [480].

Phase: &nsert value>.

Hertz: d4nsert value>.

Full-Load Amperes: knsert value>.

Minimum Circuit Ampacity: $nsert value>.
Maximum Overcurrent Protection:| rsert amperage>.

~ePo0OTp
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2.2 SELF-REGULATING, PARALLEL-RESISTANCE HEATING CABLES

A. Manufacturers: Subject to compliance with requeats, provide products by one of the

following:

1. Chromalox

2. Delta-Therm Corporatian

3. Raychema brand of Tyco Thermal Controls LLC.

B. Comply with IEEE 515.1.

C. Heating Element: Pair of parallél$. 16] [No. 18] AWG, [tinned] [nickel-coated], stranded
copper bus wires embedded in crosslinked conduptymer core, which varies heat output in
response to temperature along its length. Termiveith waterproof, factory-assembled,
nonheating leads with connectors at one end, asldise opposite end watertight. Cable shall
be capable of crossing over itself once withoutlbeating.

D. Electrical Insulating Jacket: Flame-retardant plafin.

E. Cable Cover: Tinned-copper] [Stainless-steel] braid[and polyolefin outer jacket with
ultraviolet inhibitor].

F. Maximum Operating Temperature (Power Om}0 deg F (65 deg C).

G. Maximum Exposure Temperature (Power Offg5 deg F (85 deg C).

H. Electrical Components, Devices, and Accessoriestetl and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for idézhlocation and application.

l. Capacities and Characteristics:

1. Maximum Heat Output: JW/ft. (9.8 W/m)] [5 W/ft. (16.4 W/m)] [8 W/ft. (26 W/m)]
[10 W/ft. (32.8 W/m)] [12 W/ft. (39.4 W/m)].

2. Piping Diameter: knsert NPS (DN)>.

3. Number of Parallel Cables:Irsert number>.

4. Spiral Wrap Pitch: knsert inches (mm)>.

5. Electrical Characteristics for Single-Circuit Contien:
a. Volts: [120] [208] [240] [277] [480].
b. Phase: knsert value>.
C. Hertz: dnsert value>.
d. Full-Load Amperes: knsert value>.
e. Minimum Circuit Ampacity: <nsert value>.
f. Maximum Overcurrent Protection:| rsert amper age>.

2.3 CONTROLS
A.  Remote bulb unit with adjustable temperature rang® 30 to 50 deg F (minus 1 to plus 10

deg C).
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B.  Snap action; open-on-rise, single-pole switch wmimimum current rating adequate for
connected cable.
C. Remote bulb on capillary, resistance temperatuvicdeor thermistor for directly sensing pipe-
wall temperature.
D. Corrosion-resistant, waterproof control enclosure.
2.4 ACCESSORIES
A. Cable Installation Accessories: Fiberglass tapat-bonductive putty, cable ties, silicone end
seals and splice kits, and installation clips athfshed by manufacturer, or as recommended in
writing by manufacturer.
B. Warning Labels: Refer to Section 230553 "Idendificn for HYAC Piping and Equipment.”
C. Warning Tape: Continuously printed "Electrical dirg"; vinyl, at least3 mils (0.08 mm)

thick, and with pressure-sensitive, permanent, ppadef, self-adhesive back.

1.  Width for Markers on Pipes with OD, Including Inatibn, Less Tharb Inches(150
mm): 3/4 inch(19 mm)minimum.

2. Width for Markers on Pipes with OD, Including Inatibn,6 Inches(150 mm)or Larger:
1-1/2 incheg38 mm)minimum.

PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Examine surfaces and substrates to receive elebtating cables for compliance with
requirements for installation tolerances and otleaditions affecting performance.

1. Ensure surfaces and pipes in contact with eletki@ting cables are free of burrs and
sharp protrusions.

Proceed with installation only after unsatisfactoopnditions have been corrected.

INSTALLATION

Install electric heating cable across expansiomtgoiaccording to manufacturer's written
instructions; use slack cable to allow movemenheut damage to cable.

Install electric heating cables after piping hasrbeested and before insulation is installed.
Install electric heating cables according to IERG 4.

Install insulation over piping with electric cablascording to Section 230719 "HVAC Piping
Insulation."
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E. Install warning tape on piping insulation whereipipis equipped with electric heating cables.
F.  Set field-adjustable switches and circuit-breakiprranges.
3.3 CONNECTIONS
A. Ground equipment according to Section 260526 "Gdown and Bonding for Electrical
Systems."
B. Connect wiring according to Section 260519 "Low-dgk Electrical Power Conductors and
Cables."
3.4 FIELD QUALITY CONTROL
A.  Testing Agency: Cleveland Clinic will engage a lified testing agency to perform tests and
inspections.
B.  Manufacturer's Field Service: Engage a factoryjraued service representative to test and
inspect components, assemblies, and equipmentiatistas, including connections.
C. Perform the following tests and inspectiavith the assistance of a factory-authorized service
representative:
1. Perform tests after cable installation but befoppligation of coverings such as
insulation, wall or ceiling construction, or coniere
2. Test cables for electrical continuity and insulatiotegrity before energizing.
3. Test cables to verify rating and power input. Bmes and measure voltage and current
simultaneously.
D. Repeat tests for continuity, insulation resistanaeqg input power after applying thermal
insulation on pipe-mounted cables.
E. Cables will be considered defective if they do pats tests and inspections.
F. Prepare test and inspection reports.
35 PROTECTION
A.  Protect installed heating cables, including nonihgdéeads, from damage during construction.
B. Remove and replace damaged heat-tracing cables.

END OF SECTION 230533
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SECTION 230548 - VIBRATION AND SEISMIC CONTROLS FORIVAC PIPING AND
EQUIPMENT

PART 1 - GENERAL

11 RELATED DOCUMENTS

A. Drawings and general provisions of the Contractluding General and Supplementary
Conditions and Division 01 Specification Secticagply to this Section.

1.2 SUMMARY
A.  This Section includes the following:

Isolation pads.

Isolation mounts.

Restrained elastomeric isolation mounts.

[Freestanding] [Restrained] [Freestanding and restrained] spring isolators.
Housed spring mounts.

Elastomeric hangers.

Spring hangers.

Spring hangers with vertical-limit stops.

Pipe riser resilient supports.

10. Resilient pipe guides.

11. [Freestanding] [Restrained] [Freestanding and restrained] air-mounting system.
12. Restrained vibration isolation roof-curb rails.

13. Seismic snubbers.

14. Restraining braces and cables.

15. [Sted][Inertia] [Sted and inertia], vibration isolation equipment bases.

CoNorwWNE

1.3 DEFINITIONS
A. IBC: International Building Code.
B. ICC-ES: ICC-Evaluation Service.

C. OSHPD: Office of Statewide Health Planning and &epment for the State of California.

14 PERFORMANCE REQUIREMENTS
A.  Wind-Restraint Loading:

1. Basic Wind Speed: lnsert value>.
2. Building Classification Category:I[[I1] [I11] [IV].
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3. Minimum 10 Ib/sq. ft.(48.8 kg/sq. mmultiplied by the maximum area of the HVAC
component projected on a vertical plane that isnabrto the wind direction, and 45
degrees either side of normal.

B. Seismic-Restraint Loading:

1. Site Class as Defined in the IBCA][[B] [C] [D] [E] [F].
2. Assigned Seismic Use Group or Building Categoripefined in the IBC: I[] [I1] [II1].

a. Component Importance Factorl.q] [1.5].

b. Component Response Modification Factat:5] [2.5] [3.5] [5.0].

C. Component Amplification Factor:1[0] [2.5].
3. Design Spectral Response Acceleration at Shoro@e(D.2 Second): I\sert percent>.
4. Design Spectral Response Acceleration at 1-Secendd? < nsert percent>.

15 ACTION SUBMITTALS

A.  Product Data: For the following:

1. Include rated load, rated deflection, and overloagdacity for each vibration isolation
device.
2. lllustrate and indicate style, material, strenddstening provision, and finish for each

type and size of seismic-restraint component used.

a. Tabulate types and sizes of seismic restraints pteim with report numbers and
rated strength in tension and shear as evaluatedamyevaluation service
member of ICC-ES] [OSHPD] [an agency acceptable to authorities having
jurisdiction].

b.  Annotate to indicate application of each produdinsiited and compliance with
requirements.

3. Interlocking Snubbers: Include ratings for horit@nvertical, and combined loads.

B. Delegated-Design Submittal: For vibration isolatiand seismic-restraint details indicated to
comply with performance requirements and desigterda, including analysis data signed and
sealed by the qualified professional engineer nesipte for their preparation.

1. Design Calculations: Calculate static and dyndoacing due to equipment weight and
operation, seismicind wind] forces required to select vibration isolatorgsisec[ and
wind] restraints, and for designing vibration isolatlmses.

a. Coordinate design calculations with wind load cktians required for equipment
mounted outdoors. Comply with requirements in otSections for equipment
mounted outdoors.

2. Riser Supports: Include riser diagrams and cdiicuia showing anticipated expansion
and contraction at each support point, initial &ndl loads on building structure, spring
deflection changes, and seismic loads. Includéfication that riser system has been
examined for excessive stress and that none wit.ex
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1.6

3. Vibration Isolation Base Details: Detail overalhgnsions, including anchorages and
attachments to structure and to supported equipmectude auxiliary motor slides and
rails, base weights, equipment static loads, pata@smission, component misalignment,
and cantilever loads.

4. Seismicf and Wind]-Restraint Details:

a. Design Analysis: To support selection and arraregenof seismicpnd wind]
restraints. Include calculations of combined ternsnd shear loads.

b. Details: Indicate fabrication and arrangement.taidattachments of restraints to
the restrained items and to the structure. Shtaelanent locations, methods, and
spacings. Identify components, list their stresgthnd indicate directions and
values of forces transmitted to the structure dyreismic events. Indicate
association with vibration isolation devices.

C. Coordinate seismic-restraint and vibration isolatidetails with wind-restraint
details required for equipment mounted outdoor@mf@ly with requirements in
other Sections for equipment mounted outdoors.

d. Preapproval and Evaluation Documentation: &y ¢valuation service member
of ICC-ES] [OSHPD] [an agency acceptable to authorities having
jurisdiction], showing maximum ratings of restraint items am@ tasis for
approval (tests or calculations).

INFORMATIONAL SUBMITTALS

Coordination Drawings: Show coordination of seisntiracing for HVAC piping and
equipment with other systems and equipment in ftleaity, including other supports and
seismic restraints.

Qualification Data: Fordrofessional engineer] [and] [testing agency].

Welding certificates.

Air-Mounting System Performance Certification: lue natural frequency, load, and damping
test dataperformed by an independent agency].

Field quality-control test reports.

1.7 CLOSEOUT SUBMITTALS
A. Operation and Maintenance Data: For air-mountiggtesns to include in operation and
maintenance manuals.
1.8 QUALITY ASSURANCE
A.  Testing Agency Qualifications: An independent ayenwith the experience and capability to
conduct the testing indicated, that is a nationaflgognized testing laboratory (NRTL) as
defined by OSHA in 29 CFR 1910.7, and that is atad®p to authorities having jurisdiction.
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B.  Comply with seismic-restraint requirements in tB€lunless requirements in this Section are
more stringent.

C. Welding: Qualify procedures and personnel accgrdio AWS D1.1/D1.1M, "Structural
Welding Code - Steel."

D.  Seismic-restraint devices shall have horizontal wedical load testing and analysis and shall
bear anchorage preapproval OPA number from OSHP@Rapproval by ICC-ES, or
preapproval by another agency acceptable to atit®having jurisdiction, showing maximum
seismic-restraint ratings. Ratings based on inuéget testing are preferred to ratings based on
calculations. If preapproved ratings are not add, submittals based on independent testing
are preferred. Calculations (including combinimga and tensile loads) to support seismic-
restraint designs must be signed and sealed byldigd professional engineer.

PART 2 - PRODUCTS

2.1 VIBRATION ISOLATORS

A.  Manufacturers: Subject to compliance with requiats, provide products by one of the

following:
1. Kinetics Noise Control
2. Mason Industries

3. Vibro-Acoustics.

B. Pads 4nsert drawing designation>: Arranged in single or multiple layers of suidint
stiffness for uniform loading over pad area, moldeéth a nonslip pattern and galvanized-steel
baseplates, and factory cut to sizes that matakirergents of supported equipment.

1. Resilient Material: Oil- and water-resistameppr ene] [rubber] [hermetically sealed
compressed fiberglasg].

C. Mounts dnsert drawing designation>: Double-deflection type, with molded, oil-resist
rubber, hermetically sealed compressed fiberglaisagoprene isolator elements with factory-
drilled, encapsulated top plate for bolting to @guent and with baseplate for bolting to
structure. Color-code or otherwise identify toigade capacity range.

1. Materials: Cast-ductile-iron or welded steel hagsicontaining two separate and
opposing, oil-resistant rubber or neoprene eleminatisprevent central threaded element
and attachment hardware from contacting the houwkimigng normal operation.

2. Neoprene: Shock-absorbing materials compoundeatdiog to the standard for bridge-
bearing neoprene as defined by AASHTO.

D. Restrained Mounts Insert drawing designation>: All-directional mountings with seismic
restraint.

1. Materials: Cast-ductile-iron or welded steel hagsicontaining two separate and
opposing, oil-resistant rubber or neoprene eleminatisprevent central threaded element
and attachment hardware from contacting the houwdimigng normal operation.
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2. Neoprene: Shock-absorbing materials compoundeatdiog to the standard for bridge-
bearing neoprene as defined by AASHTO.

E. Spring Isolators knsert drawing designation>: Freestanding, laterally stable, open-spring
isolators.

1. Outside Spring Diameter: Not less than 80 peroénihe compressed height of the
spring at rated load.

2. Minimum Additional Travel: 50 percent of the rerpd deflection at rated load.

3. Lateral Stiffness: More than 80 percent of ratedigal stiffness.

4. Overload Capacity: Support 200 percent of ratead|ofully compressed, without
deformation or failure.

5. Baseplates: Factory drilled for bolting to struetand bonded td/4-inch- (6-mm-)
thick, rubber isolator pad attached to baseplatergide. Baseplates shall limit floor
load to500 psig(3447 kPa)

6. Top Plate and Adjustment Bolt: Threaded top pleitb adjustment bolt and cap screw
to fasten and level equipment.

F. Restrained Spring Isolatord rsert drawing designation>: Freestanding, steel, open-spring
isolators with seismic or limit-stop restraint.

1. Housing: Steel with resilient vertical-limit stoge prevent spring extension due to
weight being removed; factory-drilled baseplate dewh to 1/4-inch- (6-mm-) thick,
neoprene or rubber isolator pad attached to basepladerside; and adjustable
equipment mounting and leveling bolt that actslasking during installation.

2. Restraint: Seismic or limit stop as required fauipment and authorities having
jurisdiction.

3. Outside Spring Diameter: Not less than 80 peradrihe compressed height of the
spring at rated load.

4. Minimum Additional Travel: 50 percent of the recpd deflection at rated load.

5. Lateral Stiffness: More than 80 percent of ratedival stiffness.

6. Overload Capacity: Support 200 percent of ratead|ofully compressed, without
deformation or failure.

G. Housed Spring Mountslrsert drawing designation>: Housed spring isolator with integral
seismic snubbers.

1. Housing: Ductile-iron or steel housing to provalkdirectional seismic restraint.

2. Base: Factory drilled for bolting to structure.

3 Snubbers: Vertically adjustable to allow a maximafrl/4-inch (6-mm) travel up or
down before contacting a resilient collar.

H. Elastomeric Hangerslrsert drawing designation>: Single or double-deflection type, fitted
with molded, oil-resistant elastomeric isolatomeésts bonded to steel housings with threaded
connections for hanger rods. Color-code or otreswdentify to indicate capacity range.

I Spring Hangers kasert drawing designation>: Combination coil-spring and elastomeric-
insert hanger with spring and insert in compression
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1. Frame: Steel, fabricated for connection to thrdabanger rods and to allow for a
maximum of 30 degrees of angular hanger-rod misalent without binding or reducing
isolation efficiency.

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

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

4, Lateral Stiffness: More than 80 percent of ratedival stiffness.

5. Overload Capacity: Support 200 percent of ratead|ofully compressed, without
deformation or failure.

6. Elastomeric Element: Molded, oil-resistant rubbeneoprene. Steel-washer-reinforced
cup to support spring and bushing projecting thioigttom of frame.

7. Self-centering hanger rod cap to ensure concetytii@tween hanger rod and support
spring coil.

J. Spring Hangers with Vertical-Limit Stoplrsert drawing designation>: Combination coil-
spring and elastomeric-insert hanger with spring iasert in compression and with a vertical-
limit stop.

1. Frame: Steel, fabricated for connection to thrdabanger rods and to allow for a
maximum of 30 degrees of angular hanger-rod misalent without binding or reducing
isolation efficiency.

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

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

4, Lateral Stiffness: More than 80 percent of ratedival stiffness.

5. Overload Capacity: Support 200 percent of ratead,|ofully compressed, without
deformation or failure.

6. Elastomeric Element: Molded, oil-resistant rubt¥eneoprene.

7 Adjustable Vertical Stop: Steel washer with neoprevasher "up-stop" on lower
threaded rod.

8. Self-centering hanger rod cap to ensure concetytii@tween hanger rod and support
spring coil.

K.  Pipe Riser Resilient Supportnrsert drawing designation>: All-directional, acoustical pipe
anchor consisting of 2 steel tubes separated byiramom of 1/2-inch- (13-mm-) thick
neoprene. Include steel and neoprene verticat-Btops arranged to prevent vertical travel in
both directions. Design support for a maximum loadhe isolation material &f00 psig(3.45
MPa)and for equal resistance in all directions.

L. Resilient Pipe Guides: Telescopic arrangement ste2l tubes or post and sleeve arrangement
separated by a minimum df'2-inch- (13-mm-) thick neoprene. Where clearances are not
readily visible, a factory-set guide height witlslzear pin to allow vertical motion due to pipe
expansion and contraction shall be fitted. Shearspall be removable and reinsertable to
allow for selection of pipe movement. Guides shul capable of motion to meet location
requirements.

2.2 AIR-MOUNTING SYSTEMS

A.  Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND 230548 - 6
EQUIPMENT



PROJECT NAME FOR

CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

1. California Dynamics Corporation

2. Firestone Industrial Products Company

3. Kinetics Noise Control

4. Mason Industries

5. Vibration Eliminator Co., Inc

B.  Air Mounts dnsert drawing designation>: Freestanding, single or multiple, compressed-ai

bellows.

1. Assembly: Upper and lower steel sections conneloyed replaceable, flexible, nylon-
reinforced neoprene bellows.

2. Maximum Natural Frequency: 3 Hz.

3. Operating Pressure Rang25 to 100 psid172 to 690 kPa)

4. Burst Pressure: At least three times manufactuneublished maximum operating
pressure.

5. Leveling Valves: Minimum of 3 required to maintdé@veling within plus or minu4/8

inch (3 mm)

C. Restrained Air Mountslssert drawing designation>: Housed compressed-air bellows.

1.

Assembly: Upper and lower steel sections connelsyed replaceable, flexible, nylon-
reinforced neoprene bellows and spring, with amgle-frame having vertical-limit stops
and channel-section top with leveling adjustmert atachment screws.

Maximum Natural Frequency: 3 Hz.

Operating Pressure Range5 to 100 psid172 to 690 kPa)

Burst Pressure: At least three times manufactuneublished maximum operating
pressure.

Leveling Valves: Minimum of 3 required to maintdé@veling within plus or minu4/8
inch (3 mm)

2.3 RESTRAINED VIBRATION ISOLATION ROOF-CURB RAILS

A. Manufacturers: Subject to compliance with requiats, provide products by one of the
following:

CoNorwWNE

Amber/Booth Company, Inc
California Dynamics Corporation
Isolation Technology, Inc

Kinetics Noise Control

Mason Industries

Thybar Corporation

Vibration Eliminator Co., Inc
Vibration Isolation

Vibration Mountings & Controls, Inc

B.  General Requirements for Restrained Vibration tsmaRoof-Curb Rails: Factory-assembled,
fully enclosed, insulated, air- and watertight crab designed to resiliently support equipment
and to withstand seismand wind forces.
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C.

Lower Support Assembly: Formed sheet-metal seatmmtaining adjustable and removable
steel springs that support upper frame. Upper dramall provide continuous support for
equipment and shall be captive to resiliently teseismicand wind forces. Lower support
assembly shall have a means for attaching to Imgjldiructure and a wood nailer for attaching
roof materials, and shall be insulated with a mimmof 2 inches(50 mm)of rigid, glass-fiber
insulation on inside of assembly.

D. Spring Isolators: Adjustable, restrained sprimgars shall be mounted d-inch-(6-mm-)
thick, elastomeric vibration isolation pads andlidmave access ports, for level adjustment, with
removable waterproof covers at all isolator logagio Isolators shall be located so they are
accessible for adjustment at any time during tfeedf the installation without interfering with
the integrity of the roof.

1. Restrained Spring Isolators: Freestanding, stg®n-spring isolators with seisnoc
wind restraint.

a. Housing: Steel with resilient vertical-limit stopgnd adjustable equipment
mounting and leveling bolt.

b. Outside Spring Diameter: Not less than 80 peroéttie compressed height of the
spring at rated load.

C. Minimum Additional Travel: 50 percent of the recpd deflection at rated load.

d. Lateral Stiffness: More than 80 percent of ratedigal stiffness.

e. Overload Capacity: Support 200 percent of rated |dully compressed, without
deformation or failure.

2. Pads: Arranged in single or multiple layers offisiént stiffness for uniform loading
over pad area, molded with a nonslip pattern amehgized-steel baseplates, and factory
cut to sizes that match requirements of supporgeipeent.

a. Resilient Material:  Oil- and water-resistandtahdard neoprene] [natural
rubber] [hermetically sealed compressed fiber glass).

E. Snubber Bushings: All-directional, elastomerictdmer bushings at least4 inch(6 mm)thick.

F.  Water Seal: Galvanized sheet metal with EPDM satisorners, attached to upper support
frame, extending down past wood nailer of lowerpsup assembly, and counterflashed over
roof materials.

2.4 VIBRATION ISOLATION EQUIPMENT BASES

A.  Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

1. Amber/Booth Company, Inc

2. California Dynamics Corporation

3. Isolation Technology, Inc

4. Kinetics Noise Control

5. Mason Industries

6. Vibration Eliminator Co., Inc

7. Vibration Isolation
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8. Vibration Mountings & Controls, Inc

B.  Steel Base knsert drawing designation>: Factory-fabricated, welded, structural-steeddsa
and rails.

1. Design Requirements: Lowest possible mountingtteigth not less thaid-inch (25-
mm) clearance above the floor. Include equipment @anbhblts and auxiliary motor slide
bases or rails.

a. Include supports for suction and discharge elbawpfimps.

2. Structural Steel: Steel shapes, plates, and barplging with ASTM A 36/A 36M.
Bases shall have shape to accommodate supportguires.

3. Support Brackets: Factory-welded steel bracketsframe for outrigger isolation
mountings and to provide for anchor bolts and emeipt support.

C. Inertia Base knsert drawing designation>: Factory-fabricated, welded, structural-steeddsa
and rails ready for placement of cast-in-place oetec

1. Design Requirements: Lowest possible mountingtteigth not less thaid-inch (25-
mm) clearance above the floor. Include equipment @anbhblts and auxiliary motor slide
bases or rails.

a. Include supports for suction and discharge elbawpfimps.

2. Structural Steel: Steel shapes, plates, and barplging with ASTM A 36/A 36M.
Bases shall have shape to accommodate supportguires.

3. Support Brackets: Factory-welded steel bracketsframe for outrigger isolation
mountings and to provide for anchor bolts and emeift support.

4. Fabrication: Fabricate steel templates to holdpgent anchor-bolt sleeves and anchors
in place during placement of concrete. Obtain antiolt templates from supported
equipment manufacturer.

2.5 SEISMIC-RESTRAINT DEVICES

A.  Manufacturers: Subject to compliance with requeats, provide products by one of the
following:

Amber/Booth Company, Inc

California Dynamics Corporation

Cooper B-Line, Ing a division of Cooper Industries.
Hilti, Inc.

Kinetics Noise Control

Loos & Ca; Cableware Division.

Mason Industries

TOLCO Incorporatega brand of NIBCO INC.
Unistrut;, Tyco International, Ltd.

CoNo~WNE
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B.

General Requirements for Restraint Components:eRatrengths, features, and applications
shall be as defined in reports n[evaluation service member of ICC-ES] [OSHPD] [an
agency acceptableto authorities having jurisdiction].

1. Structural Safety Factor: Allowable strength imgien, shear, and pullout force of
components shall be at least four times the maxiseigsmic forces to which they will be
subjected.

Snubbers: Factory fabricated using welded stratiteel shapes and plates, anchor bolts, and
replaceable resilient isolation washers and bushing

1. Anchor bolts for attaching to concrete shall besrsec-rated, drill-in, and stud-wedge or
female-wedge type.

2. Resilient Isolation Washers and Bushings: Oil- esadler-resistant neoprene.

3. Maximum 1/4-inch (6-mm) air gap, and minimumni/4-inch- (6-mm-) thick resilient
cushion.

Channel Support System: MFMA-3, shop- or fieldrfedted support assembly made of slotted
steel channels with accessories for attachmentaiceld component at one end and to building
structure at the other end and other matching coeis and with corrosion-resistant coating;
and rated in tension, compression, and torsioreforc

Restraint Cables: ASTM A 603 galvanized] [ASTM A 492 stainless]-steel cables with end
connections made of steel assemblies with thimldesckets, swivel, and bolts designed for
restraining cable service; and with a minimum o tlamping bolts for cable engagement.

Hanger Rod Stiffener: Jed tube or sted dotted-support-system sleeve with internally
bolted connections] [Reinforcing steel angle clamped] to hanger rod.

Bushings for Floor-Mounted Equipment Anchor Boltsleoprene bushings designed for rigid
equipment mountings, and matched to type and $iaaahor bolts and studs.

Bushing Assemblies for Wall-Mounted Equipment Anage: Assemblies of neoprene
elements and steel sleeves designed for rigid eganp mountings, and matched to type and
size of attachment devices used.

Resilient Isolation Washers and Bushings: Onegianolded, oil- and water-resistant
neoprene, with a flat washer face.

Mechanical Anchor Bolts: Drilled-in and stud-wedgefemale-wedge type in zinc-coated steel
for interior applications and stainless steel fetegor applications. Select anchor bolts with
strength required for anchor and as tested acaptdiASTM E 488. Minimum length of eight
times diameter.

Adhesive Anchor Bolts: Drilled-in and capsule amchystem containing polyvinyl or urethane
methacrylate-based resin and accelerator, or egegolymer or hybrid mortar adhesive.
Provide anchor bolts and hardware with zinc-coateél for interior applications and stainless
steel for exterior applications. Select anchortsalith strength required for anchor and as
tested according to ASTM E 488.
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2.6 FACTORY FINISHES
A.  Finish: Manufacturer's standard prime-coat fimesddy for field painting.
B. Finish: Manufacturer's standard paint applied dotdry-assembled and -tested equipment

before shipping.

Powder coating on springs and housings.

All hardware shall be galvanized. Hot-dip galvanimetal components for exterior use.
Baked enamel or powder coat for metal componentsadators for interior use.
Color-code or otherwise mark vibration isolatiorda®eismie and wind-control devices
to indicate capacity range.

PwnE

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibratiofatisn and seismic- and wind-control
devices for compliance with requirements for idatan tolerances and other conditions
affecting performance.

B. Examine roughing-in of reinforcement and cast-iaepl anchors to verify actual locations
before installation.

C. Proceed with installation only after unsatisfactoopditions have been corrected.

3.2 APPLICATIONS

A.  Multiple Pipe Supports: Secure pipes to trapezebsz with clamps approved for application
by [an evaluation service member of ICC-ES] [OSHPD] [an agency acceptable to
authorities having jurisdiction].

B. Hanger Rod Stiffeners: Install hanger rod stifisnghere indicated or scheduled on Drawings
to receive them and where required to prevent lingklf hanger rods due to seismic forces.

C. Strength of Support and Seismic-Restraint Assemsbligvhere not indicated, select sizes of
components so strength will be adequate to camggmt and future static and seismic loads
within specified loading limits.

3.3 VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSALLATION

A.  Comply with requirements in Section 077200 "Root@éssories"” for installation of roof curbs,
equipment supports, and roof penetrations.

B. Equipment Restraints:

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND 230548 - 11

EQUIPMENT



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

1. Install seismic snubbers on HVAC equipment mourdgadvibration isolators. Locate
snubbers as close as possible to vibration isaladmid bolt to equipment base and
supporting structure.

2. Install resilient bolt isolation washers on equipmenchor bolts where clearance
between anchor and adjacent surface exdedd$ inch(3.2 mm)
3. Install seismic-restraint devices using methodsr@ammd by pn evaluation service

member of ICC-ES] [OSHPD] [an agency acceptable to authorities having
jurisdiction] providing required submittals for component.

C. Piping Restraints:

1. Comply with requirements in MSS SP-127.

2. Space lateral supports a maximum46ffeet (12 m) o.c., and longitudinal supports a
maximum of80 feet (24 m) o.c.

3. Brace a change of direction longer tHanhfeet(3.7 m)

D. Install cables so they do not bend across edgedjatent equipment or building structure.

E. Install seismic-restraint devices using methods@ama by pn evaluation service member of
ICC-ES] [OSHPD] [an agency acceptable to authorities having jurisdiction] providing
required submittals for component.

F. Install bushing assemblies for anchor bolts fooflmounted equipment, arranged to provide
resilient media between anchor bolt and mountifig lroconcrete base.

G. Install bushing assemblies for mounting bolts fadlwnounted equipment, arranged to provide
resilient media where equipment or equipment-mognthannels are attached to wall.

H.  Attachment to Structure: If specific attachmenhat indicated, anchor bracing to structure at
flanges of beams, at upper truss chords of baisjais at concrete members.

l. Drilled-in Anchors:

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

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

3. Wedge Anchors: Protect threads from damage dwimgpor installation. Heavy-duty
sleeve anchors shall be installed with sleeve faligaged in the structural element to
which anchor is to be fastened.

4.  Adhesive Anchors: Clean holes to remove loose mahtand drilling dust prior to
installation of adhesive. Place adhesive in hplteseeding from the bottom of the hole
and progressing toward the surface in such a maasdo avoid introduction of air
pockets in the adhesive.

5. Set anchors to manufacturer's recommended torguey & torque wrench.

0. Install zinc-coated steel anchors for interior astdinless-steel anchors for exterior
applications.
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3.4 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

A. Install flexible connections in piping where thepss seismic joints, where adjacent sections or
branches are supported by different structural elem and where the connections terminate
with connection to equipment that is anchored wiferent structural element from the one
supporting the connections as they approach eguipmeComply with requirements in
Section 232113 "Hydronic Piping" for piping flexébtonnections.

3.5 FIELD QUALITY CONTROL

A.  Testing Agency: Cleveland Clinic will engage a lifiedd testing agency to perform tests and
inspections.

B. Perform tests and inspections.

C. Tests and Inspections:

1. Provide evidence of recent calibration of test po@nt by a testing agency acceptable to
authorities having jurisdiction.

2. Schedule test with Cleveland Clinic, through Arebt{ before connecting anchorage
device to restrained component (unless postcoraretdéisting has been approved), and
with at least seven days' advance notice.

3. Obtain Architect's approval before transmitting teads to structure. Provide temporary
load-spreading members.

4. Test at least four of each type and size of irelalnchors and fasteners selected by
Architect.

5 Test to 90 percent of rated proof load of device.

6. Measure isolator restraint clearance.

7. Measure isolator deflection.

8 Verify snubber minimum clearances.

9 Air-Mounting System Leak Test: After installatiooharge system and test for leaks.
Repair leaks and retest until no leaks exist.

10. Air-Mounting System Operational Test: Test the poessed-air leveling system.

11. Test and adjust air-mounting system controls afeties.

12. If a device fails test, modify all installations shme type and retest until satisfactory
results are achieved.

D. Remove and replace malfunctioning units and retespecified above.

E. Prepare test and inspection reports.

3.6 ADJUSTING

A.  Adjust isolators after piping system is at opemiieight.

B.  Adjust limit stops on restrained spring isolatarsrtount equipment at normal operating height.
After equipment installation is complete, adjustiti stops so they are out of contact during
normal operation.
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C. Adjust air-spring leveling mechanism.

D.  Adjust active height of spring isolators.

E. Adjust restraints to permit free movement of equéptrwithin normal mode of operation.

3.7 DEMONSTRATION

A. Engage a factory-authorized service representdtvearain Cleveland Clinic maintenance

personnel to adjust, operate, and maintain air-riilognsystems. Refer to Section 017900

"Demonstration and Training."

3.8 HVAC VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICESCHEDULE

A.  Supported or Suspended Equipmeninsert name and drawing designation>.

1. Equipment Location: knsert room number>.
2. Pads:

a. Material: [Neoprene] [Rubber] [Hermetically sealed compressed fiber glass].

b. Thickness: fnsert inches (mm)>.
C. Number of Pads: Isasert number> thick.

Base Type: knsert generic name or designation used in Part 2>.
Minimum Deflection: <nsert inches (mm)>.

Component Importance Factorl.q] [1.5].

Component Response Modification Factat:5] [2.5] [3.5] [5.0].
Component Amplification Factor:1[0] [2.5].

©ONO O~ W

END OF SECTION 230548

VIBRATION AND SEISMIC CONTROLS FOR HVAC PIPING AND
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING ANBEQUIPMENT

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contractluding General and Supplementary
Conditions and Division 01 Specification Secticagply to this Section.

SUMMARY
Section Includes:

Equipment labels.
Warning signs and labels.
Pipe labels.

Duct labels.

Stencils.

Valve tags.

Warning tags.

NogosrwdhE

ACTION SUBMITTALS
Product Data: For each type of product indicated.

Samples: For color, letter style, and graphic esentation required for each identification
material and device.

Equipment Label Schedule: Include a listing ofesjlipment to be labeled with the proposed
content for each label.

Valve numbering scheme.

Valve Schedules: For each piping system to inclndeaintenance manuals.

COORDINATION

Coordinate installation of identifying devices witompletion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices wititations of access panels and doors.

Install identifying devices before installing acbaal ceilings and similar concealment.
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15 WORK INCLUDED

A. Furnish and install nameplates, valve tags, valarts, stencils and pipe markers on all
Mechanical equipment, piping and ductwork.

B. Provide nameplates with the unit number and seéstgnation on all mechanical equipment.

C. Indicate all valve tag numbers on Record Drawinggd submit framed under glass valve tag
charts including valve service and location.

D. Install color coded ceiling tacks in acoustica tkilings or color coded tape on ceiling grid to
identify location of equipment, valves and dampgbeg require regular maintenance or are part
of a life safety system (fire dampers, smoke dasymgrinkler valves or main isolation valves).
Concealed fire protection valves shall be markedrday label triangles (3" equilateral) and
circle dots (1" diameter). Triangles shall be pthon the wall nearest the valve with the apex
pointing toward the ceiling tile. Dots shall begdd on border of ceiling tile.

E. Provide underground plastic pipe markers 6 to $hescbelow finish grade, directly above
buried pipes.

F. Provide manufactured pipe and ductwork identifmatstencils with flow arrows and service
indicated. All backgrounds of the stencils shalldolor coded with specific service designation

G. Prepare valve charts and frame under glass. Alkgaand the tag numbers shall be shown on
the Record As-Built Drawings.

H.  Provide valve computer data base to match chart.

Prepare and install exterior protected brass pRmdicating underground service entrances.

PART 2 - PRODUCTS

2.1

2.2

GENERAL

Acceptable manufactures contingent on compliantle thie specification.
1. Seton

2. W. H. Bradey Company

3. Marning Services Incorporated

PIPE IDENTIFICATION AND VALVE TAGS

All piping, except that piping which is within ineessible chases, shall be identified with semi-

rigid plastic identification markers equal to Sefetmark pipe markers.

1. Direction of flow arrows are to be included on eaadrker.

2. Each marker background shall be appropriately coboled with a clearly printed legend
to identify the contents of the pipe in conformaneith the “Scheme for the
Identification of Piping Systems” (ASME A13.1-1981)
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3. Setmark snap-around markers shall be used for bwiieaneters up to 6” and strap-
around markers shall be used above 6” overall diarse
4. Markers shall be located:
a. Adjacent to each valve
b.  Ateach branch
C. At each cap for future
d. At each riser takeoff,
e.  Ateach pipe passage through wall (each side)
f. At each pipe passage at 20’ — 0” intervals maximum.
g. Ateach piece of equipment.
h.  Atall access doors.
i. A minimum of one (1) marker shall be provided atteeoom.
5. Under ground pipe markers:

a. Provide detectable tape on all underground piping:
b. Labels shall be color coded and labeled the sanreasrs.

B. Valvetags

1.

All valves shall be designated by distinguishingnivers and letters carefully coordinated

with a valve chart. Valve tags shall include whadm(s) the valve serves and piece of

equipment served.

Valve tags shall be color coded 0.097” ABS platigs, with engraved letters similar to

Seton S Type 250-BL or approved equal.

a. HVAC tags shall be round 2" diameter, similar tadpel5426.

b. Plumbing tags shall be square 2” x 2” similar téoB8e42769.

C. Fire Protection tags shall be square 2" x 2" sintitaSeton 42769 RED.

d Lettering shall be %" high for type service and #af valve number. Tag shall
indicate service and valve number.

e. Each service shall be a different color.

Tag shall be attached to valves with chain simitaiSeton No 16 stainless steel jack

chain.

Whenever a valve is above a hung ceiling, the védgeshall be located immediately

above the hung ceiling.

Provide a tag for every valve except:

a. Perimeter radiation shut-off valves that are lodat¢ the finned tube radiation
element within the accessible (from the space)iingainclosure

C.  Furnish a minimum of two (2) typed valve lists

1.

2.

3.
4.

5.

Each framed under glass or Plexiglas. Each cheall e enclosed in an approved
0.015” thick plastic closure for permanent protaati

Valve numbers shall correspond to those indicatedhe Record Drawings and on the
printed valve lists.

The printed list shall include the valve numbecgalibon and purpose of each valve.

It shall state other necessary information suchhasrequired opening or closing of
another valve when one valve is to be opened sedo

Printed framed valve lists shall be displayed inhellechanical Room or in a location
designated by Cleveland Clinic.

D. Valve data base.

1.

Provide a valve data base for all valves to opeyatthe building computer.
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2.3

2.4

2.5

2. Every valve shall include:

Tag Number

Service (Hot water, Chilled water, Sprinkler, etc.)
Size

Operation

Location

Manufacture

Model number

Submittal reference

S@moao0oTy

DUCTWORK IDENTIFICATION

All ductwork (supply, return, exhaust, etc.) segvimultiple spaces or floors shall be identified
with directional flow arrows and unit identificaticmumbers (AHU-1, EX-1, etc.) on the side of
each duct (or bottom if abutting other systemshstrictions).

All flow arrows and labels shall be similar to Sefdame Plate Company vinyl labels or stencil
painted.

The kitchen hood exhaust system shall also havstifibel access doors with numbers of
specific doors identified on the Record As-Builiahings.

All duct access doors.

EQUIPMENT NAMEPLATES

Equipment nameplates shall be 3" x 6” long, 0.0Ranum with a black enamel background
with engraved natural aluminum letters similar e&tdd Style 2065-20. Nameplate shall have
pressure sensitive taped backing.

The nameplate shall contain the unit or equipmesighation (“AHU” for air handling unit,
“P” for circulating pump, etc.), unit number ane@aror system served.

Nameplates for exterior equipment shall be apphiild waterproof adhesive.

UTILITY ENTRANCE DESIGNATIONS

Provide a brass wall plaque, minimum 0.020" thids)esecured to the exterior wall just above
the grade line for all buried service entranceexits. Samples are: Water Service Below; Gas
Service Below; Sanitary Sewer Below; Storm SewdoBglrrigation Water Below; etc.

Ceiling Tacks or Tape.
Provide steel color coded 3/4 inch diameter ceiliagks in acoustical tile ceilings or color

coded tape applied to ceiling grid to locate equpimvalves or dampers that require regular
maintenance or are part of a Life Safety System.
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The tacks or tapes shall be color codes as follows:

1. Yellow - HVAC

2. Red - Life Safety (fire dampers, sprinkler valvess,)
3. Green - Plumbing Valves.

4, Blue — Heating/Cooling Valves.

PART 3 - EXECUTION

3.1

3.2

w

o O

m

PREPARATION

All surfaces shall be cleaned and insulated (ifiapple) prior to installing any identification.
Exterior surfaces of outdoor equipment shall be dng prepared to accept the specified
identification.

INSTALLATION

Install nameplates with corrosive-resistant medatanfasteners, or adhesive. Apply with
sufficient adhesive to ensure permanent adheseal.vidth clear lacquer.

Install valve tags with chain.
Install duct markers in accordance with manufactsiiastructions.
Install plastic pipe markers in accordance with nfaaturer’s Instructions.

Install plastic tape markers complete around pipe accordance with manufacturer’s
instructions.

Install underground plastic pipe markers 6 to &éawx below finished grade, directly above
buried pipe.

Identify air handling units, pumps, domestic hottevaheaters, fire pumps, heat transfer
equipment tanks, water treatment devices, etc. pliaktic nameplates. Small devices, such as
in-line pumps, may be identified with tags.

Identify control panels and major control composamitside panels with plastic nameplates.

Install detector tape on all under ground servigesaccordance with the manufactures
recommendations.

Identify thermostats relating to air handling eaqugnt serving multiple spaces.
Identify valves in main and branch piping with v@hags.

Tag automatic controls, instruments and relaysy tidecontrol schematic.
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M.  Identify piping, concealed or exposed, with piperkeas or where buried using plastic tape pipe
markers. Use tags on piping % inch diameter arallem Identify service, flow direction and
pressure. Install in clear view and align withsaaf piping. Locate identification not to exceed
20 feet on straight runs including risers and dragacent to each valve and Tee, at each side
of penetration of structure or enclosure, and ah edostruction.

N. Identify ductwork with plastic nameplates and flawows. Identify with air handling unit or
fan identification number and area served. Loddeatification at air handling unit or fan, at
each side of penetration of structure or enclosamd,at each obstruction.

END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCINGOR HVAC

PART 1 - GENERAL

11

1.2

13

w

o O

m

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY

Section Includes:

1. Balancing Air Systems:

Constant-volume air systems.

Dual-duct systems.

Variable-air-volume systems.

Multizone systems.
Induction-unit systems.

PoooTR

2. Balancing Hydronic Piping Systems:

a. Constant-flow hydronic systems.

b. Variable-flow hydronic systems.

C. Primary-secondary hydronic systems.
DEFINITIONS
AABC: Associated Air Balance Council.
NEBB: National Environmental Balancing Bureau.
TAB: Testing, adjusting, and balancing.

TABB: Testing, Adjusting, and Balancing Bureau.

TAB Specialist: An entity engaged to perform TABK.

ACTION SUBMITTALS
LEED Submittals:

1. Air-Balance Report for Prerequisite IEQ 1: Docuta¢ion of work performed for
ASHRAE 62.1, Section 7.2.2 - "Air Balancing."
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2. TAB Report for Prerequisite EA 2: Documentation ofork performed for
ASHRAE/IESNA 90.1, Section 6.7.2.3 - "System Balagc'

15 INFORMATIONAL SUBMITTALS

A. Qualification Data: Within 15 [30] [45] days of Contractor's Notice to Proceed, submit
documentation that the TAB contractor and this &ty TAB team members meet the
gualifications specified in "Quality Assurance" i&le.

B. Contract Documents Examination Report: Withib][[30] [45 days of Contractor's Notice to
Proceed, submit the Contract Documents review tegospecified in Part 3.

C. Strategies and Procedures Plan: Witld@] [60] [90] days of Contractor's Notice to Proceed,
submit TAB strategies and step-by-step procedwepacified in "Preparation” Article.

D. Certified TAB reports.
E.  Sample report forms.
F. Instrument calibration reports, to include theduling:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

arLOE

1.6 QUALITY ASSURANCE

A. TAB Contractor Qualifications: Engage a TAB entitgrtified by PABC] [NEBB] [or]
[TABB].

1. TAB Field Supervisor: Employee of the TAB contactand certified by AABC]
[NEBB] [or] [TABB].

2. TAB Technician: Employee of the TAB contractor antio is certified by AABC]
[NEBB] [or] [TABB] as a TAB technician.

B. TAB Conference: Meet with the Cleveland Clinic approval of the TAB strategies and
procedures plan to develop a mutual understanditigeodetails. Require the participation of
the TAB field supervisor and technicians. Provelven days advance notice of scheduled
meeting time and location.

1. Agenda ltems:

The Contract Documents examination report.

The TAB plan.

Coordination and cooperation of trades and subaotars.
Coordination of documentation and communicatiowflo

apow
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C. Certify TAB field data reports and perform the @oiling:
1. Review field data reports to validate accuracy afadand to prepare certified TAB
reports.
2. Certify that the TAB team complied with the apprdvEAB plan and the procedures
specified and referenced in this Specification.

D. TAB Report Forms: Use standard TAB contractonsnbapproved by Cleveland Clinic.

E. Instrumentation Type, Quantity, Accuracy, and Qalilon: As described in ASHRAE 111,
Section 5, "Instrumentation.”

F. ASHRAE Compliance: Applicable requirements in ASMR62.1, Section 7.2.2 - "Air
Balancing."

G. ASHRAE/IESNA Compliance: Applicable requirementsn iASHRAE/IESNA 90.1,

Section 6.7.2.3 - "System Balancing."

1.7 PROJECT CONDITIONS
[Retain one of two paragraphs below. Delete article if there will be no occupancy during
TAB Work.]

A.  Full Owner Occupancy: Cleveland Clinic will occupye site and existing building during
entire TAB period. Cooperate with Cleveland Clidaring TAB operations to minimize
conflicts with Cleveland Clinic operations.

[Retain paragraph below if Owner might occupy completed areas of building.]

B. Partial Owner Occupancy: Cleveland Clinic may ggcaompleted areas of building before
Substantial Completion. Cooperate with Clevelatidi€during TAB operations to minimize
conflicts with Cleveland Clinic operations.

1.8 COORDINATION

A. Notice: Provide seven days advance notice for @esth Include scheduled test dates and
times.

B. Perform TAB after leakage and pressure testsaoi [and] [water] distribution systems have
been satisfactorily completed.
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PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1

A.

3.2

TAB SPECIALISTS
Subject to compliance with requirements, engageodtige following:

1. Cleveland Clinic selected and contracted

EXAMINATION

Examine the Contract Documents to become familitlhr Rroject requirements and to discover
conditions in systems' designs that may precludpgrTAB of systems and equipment.

Examine systems for installed balancing devicesh sas test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves aittinigs, and manual volume dampers. Verify
that locations of these balancing devices are adies

Examine the approved submittals for HYAC systent eguipment.

Examine design data including HVAC system desoisj statements of design assumptions
for environmental conditions and systems' outputd sstatements of philosophies and
assumptions about HVAC system and equipment cantrol

Examine ceiling plenums and underfloor air plenumssed for supply, return, or relief air to
report any observed issues that would prevent froeeting the leakage class of connected
ducts as specified in Section 233113 "Metal Duats] that the plenums are properly separated
from adjacent areas. Verify that penetrations lenpm walls are sealed and fire-stopped if
required.

Examine equipment performance data including fahpamp curves.

1. Include in test report Project conditions and obsersystem effects that can create
undesired or unpredicted conditions that causecestiicapacities in all or part of a
system.

2. Test and report HVAC equipment when installed unclamditions different from the
conditions used to rate equipment performance. cdloulate system effects for air
systems, use tables and charts found in AMCA 2(Han$§ and Systems,” or in
SMACNA's "HVAC Systems - Duct Design." Compareuleswith the design data and
installed conditions.

Examine test reports specified in individual systamd equipment Sections.

Observe and report HVAC equipment and filters aewdfy that bearings are greased, belts are
aligned and tight, and equipment with functionigirols is ready for operation.
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3.3

3.4

Examine terminal units, such as variable-air-volumees, and verify that they are accessible
and their controls are connected and functioning.

Examine strainers. Verify that startup screengegptaced by permanent screens with indicated
perforations.

Examine three-way valves for proper installation fioeir intended function of diverting or
mixing fluid flows.

Examine heat-transfer coils for correct piping aeations and for clean and straight fins.
Examine system pumps to ensure absence of entraingdthe suction piping.

Observe and report any deficiencies in operatirfgtganterlocks and controls on HVAC
equipment.

Report deficiencies discovered before and duringop@ance of TAB procedures. Observe
and record system reactions to changes in conditi®&ecord default set points if different from
indicated values.

PREPARATION
Prepare a TAB plan that includes strategies anmlsgestep procedures.
Complete system-readiness checks and prepare psogneorts weekly. Verify the following:

Permanent electrical-power wiring is complete.

Hydronic systems are filled, clean, and free of air

Automatic temperature-control systems are operation

Equipment and duct access doors are securely closed

Balance, smoke, and fire dampers are open.

Isolating and balancing valves are open and comsilokes are operational.

Ceilings are installed in critical areas where mittern adjustments are required and
access to balancing devices is provided.

Windows and doors can be closed so indicated dondifor system operations can be
met.

NogasrwbE

o

GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on eastkrayaccording to the procedures contained
in [AABC's "National Standards for Total System Balancé] [ASHRAE 111] [NEBB's
"Procedural Standards for Testing, Adjusting, and Balancing of Environmental
Systems'] [SMACNA's "HVAC Systems - Testing, Adjusting, and Bdancing"] and in this
Section.

1. Comply with requirements in ASHRAE 62.1, SectioB.Z.- "Air Balancing."

Cut insulation, ducts, pipes, and equipment cabiriet installation of test probes to the
minimum extent necessary for TAB procedures.
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3.5

3.6

1.  After testing and balancing, patch probe holesuotslwith same material and thickness
as used to construct ducts.

2. After testing and balancing, verify and report gmpblems with test ports and duct
access doors that comply with requirements in 8e@B3300 "Air Duct Accessories."

3. Install and join new insulation that matches rentbweaterials. Restore insulation,
coverings, vapor barrier, and finish according tectidn 230713 "Duct Insulation,"
Section 230716 "HVAC Equipment Insulation,"” and t#sc230719 "HVAC Piping
Insulation.”

Mark equipment and balancing devices, including pmtontrol positions, valve position

indicators, fan-speed-control levers, and similantmls and devices, with paint or other

suitable, permanent identification material to sHmal settings.

Take and report testing and balancing measureneirtsh-pound (IP) units.

GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS

Prepare test reports for both fans and outlets. tai@bmanufacturer's outlet factors and
recommended testing procedures. Crosscheck thmatiom of required outlet volumes with
required fan volumes.

For variable-air-volume systems, develop a plasirtwulate diversity.

Determine the best locations in main and branclsdioc accurate duct-airflow measurements.

Check airflow patterns from the outdoor-air louvansl dampers and the return- and exhaust-air
dampers through the supply-fan discharge and midargpers.

Locate start-stop and disconnect switches, elettnterlocks, and motor starters.
Verify that motor starters are equipped with propsized thermal protection.
Check dampers for proper position to achieve desindlow path.

Check for airflow blockages.

Check condensate drains for proper connectiongiamationing.

Report any observed problems and verify leakagautatlons done by others for proper sealing
of air-handling-unit components.

Report any observed issues associated with thimgedlthe air duct system.

PROCEDURES FOR CONSTANT-VOLUME AIR SYSTEMS

Adjust fans to deliver total indicated airflows hiit the maximum allowable fan speed listed by
fan manufacturer.

1. Measure total airflow.

TESTING, ADJUSTING, AND BALANCING FOR HVAC 2305936



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

a. Where sufficient space in ducts is unavailable fBitot-tube traverse
measurements, measure airflow at terminal outladsiets and calculate the total
airflow.

2. Measure fan static pressures as follows to determitual static pressure:

a. Measure outlet static pressure as far downstream the fan as practical and
upstream from restrictions in ducts such as elbangstransitions.

b. Measure static pressure directly at the fan ooti¢ghrough the flexible connection.

C. Measure inlet static pressure of single-inlet femthe inlet duct as near the fan as
possible, upstream from the flexible connectiond atownstream from duct
restrictions.

d. Measure inlet static pressure of double-inlet fdmsugh the wall of the plenum
that houses the fan.

3. Measure static pressure across each componentriileds up an air-handling unit,
rooftop unit, and other air-handling and -treataggipment.

a. Report the cleanliness status of filters and tme tstatic pressures are measured.

4. Measure static pressures entering and leaving alinces, such as sound traps, heat-
recovery equipment, and air washers, under finlancad conditions.

5. Review Record Documents to determine variationglesign static pressures versus
actual static pressures. Recommend adjustmentstorenodate actual conditions.

6. Obtain approval from the Cleveland Clinic for adijunent of fan speed higher or lower
than indicated speed. Comply with requirement$HWWAC Sections for air-handling
units for adjustment of fans, belts, and pulleysiio achieve indicated air-handling-unit
performance.

7. Do not make fan-speed adjustments that result itommverload. Consult equipment
manufacturers about fan-speed safety factors. Mteldampers and measure fan-motor
amperage to ensure that no overload will occur.asviee amperage in full-cooling, full-
heating, economizer, smoke evacuation (if appleabhd any other specified operating
mode to determine the maximum required brake howsep

B.  Adjust volume dampers for main duct, submain duatg] major branch ducts to indicated
airflows within specified tolerances.

1. Measure airflow of submain and branch ducts.

a. Where sufficient space in submain and branch dsctsavailable for Pitot-tube
traverse measurements, measure airflow at terroutidts and inlets and calculate
the total airflow for that zone.

2. Measure static pressure at a point downstream fh@rbalancing damper, and adjust
volume dampers until the proper static pressuaelseved.

3. Remeasure each submain and branch duct after &l been adjusted. Continue to
adjust submain and branch ducts to indicated sugflavithin specified tolerances.

C. Measure air outlets and inlets without making atthiests.
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3.7

3.8

1. Measure terminal outlets using a direct-readingdhoo outlet manufacturer's written
instructions and calculating factors.

Adjust air outlets and inlets for each space tocatgd airflows within specified tolerances of
indicated values. Make adjustments using brandbinwe dampers rather than extractors and
the dampers at air terminals.

1. Adjust each outlet in same room or space to wigpecified tolerances of indicated
guantities without generating noise levels above limitations prescribed by the
Contract Documents.

2. Adjust patterns of adjustable outlets for propstrdiution without drafts.

PROCEDURES FOR DUAL-DUCT SYSTEMS

Verify that the cooling colil is capable of full-4gm airflow, and set mixing boxes at full-cold
airflow position for fan volume.

Measure static pressure in both hot and cold dattthe end of the longest duct run to
determine that sufficient static pressure existooperate controls of mixing boxes and to
overcome resistance in the ducts and outlets dogaratfrom mixing boxes.

1. If insufficient static pressure exists, increasé@w at the fan.
Test and adjust the constant-volume mixing boxdslasvs:

1. Verify both hot and cold operations by adjusting thermostat and observing changes in
air temperature and volume.

2. Verify sufficient inlet static pressure before makivolume adjustments.

3.  Adjust mixing boxes to indicated airflows withinegified tolerances. Measure airflow
by Pitot-tube traverse readings or by measuringcspessure at mixing-box taps if
provided by mixing-box manufacturer.

Do not overpressurize ducts.

Remeasure static pressure in both hot and colds catcthe end of the longest duct run to
determine that sufficient static pressure existoperate controls of mixing boxes and to
overcome resistance in the ducts and outlets dogaratfrom mixing boxes.

Adjust variable-air-volume, dual-duct systems ie #ame way as constant-volume, dual-duct
systems; adjust maximum- and minimum-airflow sgtfi each mixing box.

PROCEDURES FOR VARIABLE-AIR-VOLUME SYSTEMS

Compensating for Diversity: When the total airflaf all terminal units is more than the
indicated airflow of the fan, place a selected nemtif terminal units at a minimum set-point
airflow with the remainder at maximum-airflow cotidn until the total airflow of the terminal
units equals the indicated airflow of the fan. e8elthe reduced-airflow terminal units so they
are distributed evenly among the branch ducts.
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B. Pressure-Independent, Variable-Air-Volume Systemg#fter the fan systems have been
adjusted, adjust the variable-air-volume systenfslasvs:

1.

2.

8.

Set outdoor-air dampers at minimum, and set retamd exhaust-air dampers at a
position that simulates full-cooling load.

Select the terminal unit that is most critical ke Supply-fan airflow and static pressure.
Measure static pressure. Adjust system staticspresso the entering static pressure for
the critical terminal unit is not less than the somthe terminal-unit manufacturer's
recommended minimum inlet static pressure plusstatc pressure needed to overcome
terminal-unit discharge system losses.

Measure total system airflow. Adjust to within icated airflow.

Set terminal units at maximum airflow and adjustteoller or regulator to deliver the
designed maximum airflow. Use terminal-unit mawtidieger's written instructions to
make this adjustment. When total airflow is cotréalance the air outlets downstream
from terminal units the same as described for emmstolume air systems.

Set terminal units at minimum airflow and adjushiroller or regulator to deliver the
designed minimum airflow. Check air outlets fopraportional reduction in airflow the
same as described for constant-volume air systems.

a. If air outlets are out of balance at minimum awf|laeport the condition but leave
outlets balanced for maximum airflow.

Remeasure the return airflow to the fan while ofilegaat maximum return airflow and
minimum outdoor airflow.

a. Adjust the fan and balance the return-air ductsialeds the same as described for
constant-volume air systems.

Measure static pressure at the most critical temmimit and adjust the static-pressure
controller at the main supply-air sensing statmmrnsure that adequate static pressure is
maintained at the most critical unit.

Record final fan-performance data.

C. Pressure-Dependent, Variable-Air-Volume System$iaut Diversity: After the fan systems
have been adjusted, adjust the variable-air-volsyséeems as follows:

1.

2.
3.

Balance variable-air-volume systems the same asrided for constant-volume air
systems.

Set terminal units and supply fan at full-airfloandition.

Adjust inlet dampers of each terminal unit to iredéd airflow and verify operation of the
static-pressure controller. When total airflow dsrrect, balance the air outlets
downstream from terminal units the same as destfireconstant-volume air systems.
Readjust fan airflow for final maximum readings.

Measure operating static pressure at the sensorctimrols the supply fan if one is
installed, and verify operation of the static-prtgsscontroller.

Set supply fan at minimum airflow if minimum airflois indicated. Measure static
pressure to verify that it is being maintained by tontroller.

Set terminal units at minimum airflow and adjushicoller or regulator to deliver the
designed minimum airflow. Check air outlets fopraportional reduction in airflow the
same as described for constant-volume air systems.
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a. If air outlets are out of balance at minimum awf|laeport the condition but leave
the outlets balanced for maximum airflow.

8. Measure the return airflow to the fan while opemtat maximum return airflow and
minimum outdoor airflow.

a. Adjust the fan and balance the return-air ductsialeds the same as described for
constant-volume air systems.

D. Pressure-Dependent, Variable-Air-Volume Systemb Witversity: After the fan systems have
been adjusted, adjust the variable-air-volume systas follows:

1. Set system at maximum indicated airflow by setting required number of terminal
units at minimum airflow. Select the reduced-airfl terminal units so they are
distributed evenly among the branch ducts.

2. Adjust supply fan to maximum indicated airflow withe variable-airflow controller set
at maximum airflow.

3. Set terminal units at full-airflow condition.

4.  Adjust terminal units starting at the supply-fandeaf the system and continuing

progressively to the end of the system. Adjusttimlampers of each terminal unit to

indicated airflow. When total airflow is corretialance the air outlets downstream from
terminal units the same as described for constalntve air systems.

Adjust terminal units for minimum airflow.

Measure static pressure at the sensor.

Measure the return airflow to the fan while opemtat maximum return airflow and

minimum outdoor airflow. Adjust the fan and balartbe return-air ducts and inlets the

same as described for constant-volume air systems.

Nowu

3.9 PROCEDURES FOR MULTIZONE SYSTEMS
A.  Set unit at maximum airflow through the coolinglcoi

B.  Adjust each zone's balancing damper to achieveateli airflow within the zone.

3.10 PROCEDURES FOR INDUCTION-UNIT SYSTEMS
A. Balance primary-air risers by measuring static gues at the nozzles of the top and bottom
units of each riser to determine which risers niasthrottled. Adjust risers to indicated airflow
within specified tolerances.

B.  Adjust each induction unit.

3.11 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
A.  Prepare test reports with pertinent design daté,naimber in sequence starting at pump to end

of system. Check the sum of branch-circuit flowaiast the approved pump flow rate. Correct
variations that exceed plus or minus 10 percent.
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B.  Prepare hydronic systems for testing and balaranegrding to the following, in addition to the
general preparation procedures specified above:

arwpdpE

No

8.

Open all manual valves for maximum flow.

Check liquid level in expansion tank.

Check makeup water-station pressure gage for ateequassure for highest vent.

Check flow-control valves for specified sequencempdration, and set at indicated flow.
Set differential-pressure control valves at thecHjgal differential pressure. Do not set at
fully closed position when pump is positive-disgaent type unless several terminal
valves are kept open.

Set system controls so automatic valves are wida ¢p heat exchangers.

Check pump-motor load. If motor is overloadedottie main flow-balancing device so
motor nameplate rating is not exceeded.

Check air vents for a forceful liquid flow exitifigpm vents when manually operated.

C.  Verify correct expansion tank charge.

3.12 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS

A.  Measure water flow at pumps. Use the followingcpdures except for positive-displacement
pumps:

1.

4.

Verify impeller size by operating the pump with thescharge valve closed. Read
pressure differential across the pump. Conversque to head and correct for
differences in gage heights. Note the point onufaturer's pump curve at zero flow
and verify that the pump has the intended impsites.

a. If impeller sizes must be adjusted to achieve pymgormance, obtain approval
from the Cleveland Clinic and comply with requirerte in Section 232123
"Hydronic Pumps."

Check system resistance. With all valves opend m@@&ssure differential across the
pump and mark pump manufacturer's head-capacityecuhdjust pump discharge valve
until indicated water flow is achieved.

a. Monitor motor performance during procedures andndd operate motors in
overload conditions.

Verify pump-motor brake horsepower. Calculateititended brake horsepower for the
system based on pump manufacturer's performan@ d&obmpare calculated brake
horsepower with nameplate data on the pump moReport conditions where actual
amperage exceeds motor nameplate amperage.

Report flow rates that are not within plus or midiispercent of design.

B. Measure flow at all automatic flow control valves verify that valves are functioning as
designed.

C. Measure flow at all pressure-independent charaetgrgontrol valves, with valves in fully open
position, to verify that valves are functioningdesigned.
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D. Set calibrated balancing valves, if installed,altclated presettings.
E. Measure flow at all stations and adjust, where s&ag, to obtain first balance.
1. System components that have Cv rating or an aaiyraataloged flow-pressure-drop
relationship may be used as a flow-indicating devic
F. Measure flow at main balancing station and set rbalancing device to achieve flow that is 5
percent greater than indicated flow.
G. Adjust balancing stations to within specified taleces of indicated flow rate as follows:
1. Determine the balancing station with the highestg@@tage over indicated flow.
2. Adjust each station in turn, beginning with thetista with the highest percentage over
indicated flow and proceeding to the station wiike towest percentage over indicated
3. ];I??ev(\:/;)rd settings and mark balancing devices.
H.  Measure pump flow rate and make final measurenamsimp amperage, voltage, rpm, pump
heads, and systems' pressures and temperatunadimgcbutdoor-air temperature.
l. Measure the differential-pressure-control-valvéisgs existing at the conclusion of balancing.
3.13 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS
A. Balance systems with automatic two- and three-wamtrol valves by setting systems at
maximum flow through heat-exchange terminals armtged as specified above for hydronic
systems.
3.14 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS
A.  Balance the primary circuit flow first and thendmate the secondary circuits.
3.15 PROCEDURES FOR HEAT EXCHANGERS
A.  Measure water flow through all circuits.
B.  Adjust water flow to within specified tolerances.
C. Measure inlet and outlet water temperatures.
D. Measure inlet steam pressure.
E. Check settings and operation of safety and relibfes. Record settings.
3.16 PROCEDURES FOR MOTORS
A.  Motors, 1/2 HP and Larger: Test at final balancedditions and record the following data:
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3.17

3.18

3.19

Manufacturer's name, model number, and serial numbe
Motor horsepower rating.

Motor rpm.

Efficiency rating.

Nameplate and measured voltage, each phase.
Nameplate and measured amperage, each phase.
Starter thermal-protection-element rating.

NogaswbdhE

Motors Driven by Variable-Frequency ControllersesT for proper operation at speeds varying
from minimum to maximum. Record observations idalg name of controller manufacturer,
model number, serial number, and nameplate data.

PROCEDURES FOR CHILLERS

Balance water flow through each evaporatorfl condensef to within specified tolerances of

indicated flow with all pumps operating. With ordye chiller operating in a multiple chiller

installation, do not exceed the flow for the maximtube velocity recommended by the chiller
manufacturer. Measure and record the followingadaith each chiller operating at design
conditions:

1. Evaporator-water entering and leaving temperatymessure drop, and water flow.

2. For water-cooled chillers, condenser-water entedand leaving temperatures, pressure
drop, and water flow.

3. Capacity: Calculate in tons of cooling.

4, For air-cooled chillers, verify condenser-fan ramatand record fan and motor data
including number of fans and entering- and leavailgemperatures.

PROCEDURES FOR COOLING TOWERS

Shut off makeup water for the duration of the testd verify that makeup and blowdown
systems are fully operational after tests and leefeaving the equipment. Perform the
following tests and record the results:

Measure condenser-water flow to each cell of thaticg tower.

Measure entering- and leaving-water temperatures.

Measure wet- and dry-bulb temperatures of entaaingAt owner’s request).
Measure wet- and dry-bulb temperatures of leaving/t owner’s request).

Measure cooling-tower spray pump discharge presédt®wner’s request).

arwnpE

PROCEDURES FOR BOILERS

Hydronic Boilers: Measure and record entering- &al/ing-water temperatures and water
flow.

Steam Boilers: Measure and record entering-wataperature and flow.
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3.20 PROCEDURES FOR HEAT-TRANSFER COILS
A. Measure, adjust, and record the following dateefeh water coil:

1. Entering- and leaving-water temperature.
2. Water flow rate.
3. Water pressure drop.
4, Dry-bulb temperature of entering and leaving air.
5.  Wet-bulb temperature of entering and leaving aircfwling coils. (At owner’s request).
6. Airflow.
7.  Air pressure drop.

3.21 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXTING SYSTEMS

A.  Perform a preconstruction inspection of existingipment that is indicated on the drawings to
remain and be reused.

1. Measure and record the operating speed, airflod/ static pressure of each fan.

2. Measure motor voltage and amperage. Compare theesvado motor nameplate
information.

3. Check the refrigerant charge.

4. Check the condition of filters.

5. Check the condition of coils.

6. Check the operation of the drain pan and condeisate trap.

7. Check bearings and other lubricated parts for priyeication.

8. Report on the operating condition of the equipnaamd the results of the measurements
taken. Report deficiencies.

B. Before performing testing and balancing of existiggstems, inspect existing equipment
indicated on drawings to remain and be reused tdyvthat existing equipment has been
cleaned and refurbished. Verify the following:

1. New filters are installed.
2. Coils are clean and fins combed.
3. Drain pans are clean.
4. Fans are clean.
5. Bearings and other parts are properly lubricated.
6. Deficiencies noted in the preconstruction repcgta@nrrected.
C. Perform testing and balancing of existing systemdhie extent that existing systems are

affected by the renovation work.

1.

2.

Compare the indicated airflow of the renovated wiarkhe measured fan airflows, and
determine the new fan speed and the face velotifilteys and coils.

Verify that the indicated airflows of the renovateark result in filter and coil face
velocities and fan speeds that are within the aebdp limits defined by equipment
manufacturer.

If calculations increase or decrease the air flatgs and water flow rates by more than 5
percent, make equipment adjustments to achievecdlmilated rates. If increase or
decrease is 5 percent or less, equipment adjustraeminot required.
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3.22

3.23

3.24

4, Balance each air outlet.

TOLERANCES

Set HVAC system's air flow rates and water flovegatithin the following tolerances:

1. Supply, Return, and Exhaust Fans and EquipmentReitis: Plus or minus 10 percent.
2. Air Outlets and Inlets: Plus or minus 10 percent.

3. Heating-Water Flow Rate: Plus or minus 10 percent.

4, Cooling-Water Flow Rate: Plus or minus 10 percent.

REPORTING

Initial Construction-Phase Report: Based on exation of the Contract Documents as
specified in "Examination" Article, prepare a repon the adequacy of design for systems'
balancing devices. Recommend changes and additmrsystems' balancing devices to
facilitate proper performance measuring and bafegnciRecommend changes and additions to
HVAC systems and general construction to allow ssctor performance measuring and
balancing devices.

Status Reports: Prepare weekly progress repodsdoribe completed procedures, procedures
in progress, and scheduled procedures. Includst @fl deficiencies and problems found in
systems being tested and balanced. Prepare atepgport for each system and each building
floor for systems serving multiple floors.

FINAL REPORT

General: Prepare a certified written report; tatiand divide the report into separate sections
for tested systems and balanced systems.

1. Include a certification sheet at the front of tegart's binder, signed and sealed by the
certified testing and balancing engineer.
2. Include a list of instruments used for proceduaéang with proof of calibration.

Final Report Contents: In addition to certifieeldi-report data, include the following:

Pump curves.

Fan curves.

Manufacturers' test data.

Field test reports prepared by system and equipmstatlers.

Other information relative to equipment performarae not include Shop Drawings and
product data.

arwbdpE

General Report Data: In addition to form titlesl @mtries, include the following data:

1. Title page.
2. Name and address of the TAB contractor.
3. Project name.
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4. Project location.
5. Architect's name and address.
6. Engineer's name and address.
7. Contractor's name and address.
8. Report date.
9. Signature of TAB supervisor who certifies the repor
10. Table of Contents with the total number of pagefindd for each section of the report.
Number each page in the report.
11. Summary of contents including the following:
a. Indicated versus final performance.
b. Notable characteristics of systems.
C. Description of testing conditions system operaequence if it varies from the
Contract Documents.
12. Nomenclature sheets for each item of equipment.
13. Data for terminal units, including manufactureigsene, type, size, and fittings.
14. Notes to explain why certain final data in the bodlyeports vary from indicated values.
15. Test conditions for fans and pump performance fanokeiding the following:

Settings for outdoor-, return-, and exhaust-air piars.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions (as regted by Cleveland Clinic).
Face and bypass damper settings at coils.

Fan drive settings including settings and percentignaximum pitch diameter.
Inlet vane settings for variable-air-volume systems

Settings for supply-air, static-pressure controller

Other system operating conditions that affect perémce.

S@mP o0 Ty

D. Air-Handling-Unit Test Reports: For air-handlingits with coils, include the following:

1.

Unit Data:

Unit identification.

Location.

Make and type.

Model number and unit size.
Manufacturer's serial number.

Unit arrangement and class.

Discharge arrangement.

Sheave make, size inches(mm), and bore.
Center-to-center dimensions of sheave, and amdatdjastments imches(mm).
Number, make, and size of belts.
Number, type, and size of filters.

AT T S@Tmeao0oTw

Motor Data:

Motor make, and frame type and size.
Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

aoow
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e. Sheave make, size inches(mm), and bore.
f. Center-to-center dimensions of sheave, and amdadjastments imches(mm).

3. Test Data (Indicated and Actual Values):

Total air flow rate ircfm (L/s).

Total system static pressureiimthes wg(Pa)

Fan rpm.

Discharge static pressureiirthes wg(Pa)

Filter static-pressure differential inches wg(Pa)
Preheat-coil static-pressure differentialinhes wg(Pa)
Cooling-coil static-pressure differentialiimches wg(Pa)
Heating-coil static-pressure differentialilches wg(Pa)
Minimum outdoor airflow incfm (L/s).

Return airflow incfm (L/s).

Outdoor-air damper position.

Return-air damper position.

m.  Vortex damper position.

AT T S@Tmeoo oy

E. Fan Test Reports: For supply, return, and exHanst include the following:
1. Fan Data:

System identification.

Location.

Make and type.

Model number and size.

Manufacturer's serial number.

Arrangement and class.

Sheave make, size inches(mm), and bore.

Center-to-center dimensions of sheave, and amdadjastments imches(mm).

S@mPan Ty

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size inches(mm), and bore.

Center-to-center dimensions of sheave, and amdwatjostments imnches(mm).
Number, make, and size of belts.

@~oooow

3. Test Data (Indicated and Actual Values):

Total airflow rate incfm (L/s).

Total system static pressureiirthes wg(Pa)
Fan rpm.

Discharge static pressureiirthes wg(Pa)
Suction static pressureiimches wg(Pa)

PoooTR

F. Round, Flat-Oval, and Rectangular Duct TraverseoRep
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1. Report Data:

System and air-handling-unit number.
Location and zone.

Traverse air temperature dieg F(deg C)
Duct static pressure inches wg(Pa)
Duct size innches(mm).

Duct area irsg. ft.(sq. m)

Indicated air flow rate ifm (L/s).
Indicated velocity irfpm (m/s).

Actual air flow rate ircfm (L/s).

Actual average velocity ifpm (m/s)
Barometric pressure ipsig (Pa)or corrected to location.

AT T S@meao0oTw

G. Air-Terminal-Device Reports:
1. Unit Data:

System and air-handling unit identification.
Location and zone.

Apparatus used for test.

Area served.

Number from system diagram.

Type and model number.

Size.

Effective area irsq. ft.(sq. m)

S@mPan Ty

2. Test Data (Indicated and Actual Values):

Air flow rate incfm (L/s).

Air velocity in fpm (m/s).

Preliminary air flow rate as neededdaim (L/s).
Preliminary velocity as neededfipm (m/s)
Final air flow rate ircfm (L/s).

Final velocity infpm (m/s).

~PpoooTw

H.  System-Coil Reports: For reheat coils and watds ob terminal units, include the following:

1. Unit Data:
a. System and air-handling-unit identification.
b. Location and zone.
c. Room or riser served.
d. Coil make and size. Refer to schedule.
e. Flowmeter type.

2. Test Data (Indicated and Actual Values):

a. Air flow rate incfm (L/s).
b. Water flow rater irgpm
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I Pump Test Reports: Calculate impeller size bytiplgtthe shutoff head on pump curves and
include the following:

1. Unit Data:

Unit identification.

Location.

Service.

Make and size.

Model number.

Water flow rate irgpm (L/s).

Water pressure differential feet of head or psitkPa)
Pump rpm.

Impeller diameter imches(mm).

Motor make and frame size.

Motor horsepower and rpm.

Voltage at each connection.
Amperage for each phase.

Full-load amperage and service factor.

S3ITERTTSTQ@ 000

2. Test Data (Indicated and Actual Values):

Static head irfieet of head or psitkPa)

Pump shutoff pressure faet of head or psitkPa)
Actual impeller size innches(mm).

Full-open flow rate igpm (L/s).

Full-open pressure ifeet of head or psifkPa)
Final discharge pressurefiet of head or psitkPa)
Final suction pressure faet of head or psitkPa)
Final total pressure ifeet of head or psitkPa)
Final water flow rate igpm (L/s).

Voltage at each connection.

Amperage for each phase.

AT T S@mea0oTw

J. Instrument Calibration Reports:
1. Report Data:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

PO oTR

3.25 INSPECTIONS

A.  Refer to commissioning specification.
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3.26 ADDITIONAL TESTS
A.  (If requested by Cleveland Clinic) Within 90 dayscompleting TAB, perform additional TAB
to verify that balanced conditions are being mamsa throughout and to correct unusual
conditions.
B. (If requested by Cleveland Clinic) Seasonal Periods initial TAB procedures were not

performed during near-peak summer and winter camdif perform additional TAB during
near-peak summer and winter conditions.

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
Section includes insulating the following duct seeg:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditiorgats.

Indoor, exposed return located in unconditionedspa

Indoor, concealed, Type |, commercial, kitchen herldaust.

Indoor, exposed, Type |, commercial, kitchen hoxitbeist.

Indoor, concealed oven and warewash exhaust.

Indoor, exposed oven and warewash exhaust.

: Indoor, concealed exhaust between isolation daapeipenetration of building exterior.
10. Indoor, exposed exhaust between isolation dampkpanetration of building exterior.
11. Outdoor, concealed supply and return.

12. Outdoor, exposed supply and return.

CoNoRrWNE

Related Sections:

1. Section 230716 "HVAC Equipment Insulation."
2. Section 230719 "HVAC Piping Insulation."

3. Section 233113 "Metal Ducts" for duct liners.
ACTION SUBMITTALS

Product Data: For each type of product indicatéttlude thermal conductivity, water-vapor
permeance thickness, and jackets (both factoryfialtdapplied if any).

LEED Submittals:

1. Product Data for Credit IEQ 4.1: For adhesives sadlants, documentation including
printed statement of VOC content.

Shop Drawings: Include plans, elevations, sectidatails, and attachments to other work.

1. Detail application of protective shields, saddiasd inserts at hangers for each type of
insulation and hanger.
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1.4

15

1.6

2. Detail insulation application at elbows, fittinglampers, specialties and flanges for each
type of insulation.

3. Detail application of field-applied jackets.

4, Detail application at linkages of control devices.

Samples: For each type of insulation and jackeicated. Identify each Sample, describing
product and intended use. Sample sizes are asvill

1. Sheet Form Insulation Material§2 incheq300 mm)square.

2. Sheet Jacket Materialg:2 incheq300 mm)square.

3. Manufacturer's Color Charts: For products wheferas specified, show the full range
of colors available for each type of finish matkria

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testingerary acceptable to authorities having
jurisdiction indicating, interpreting, and certifigj test results for compliance of insulation
materials, sealers, attachments, cements, andtgackéh requirements indicated. Include
dates of tests and test methods employed.

Field quality-control reports.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics whoséasuccessfully completed an apprenticeship
program or another craft training program certiflegl the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulatiod aglated materials, as determined by testing
identical products according to ASTM E 84, by atites agency acceptable to authorities

having jurisdiction. Factory label insulation ajadket materials and adhesive, mastic, tapes,
and cement material containers, with appropriatekimgs of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread indéX®% or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread indeX5 or less, and smoke-developed

index of 150 or less.

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shalinfi@ked by manufacturer with appropriate
ASTM standard designation, type and grade, andmaxi use temperature.
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1.7 COORDINATION

A. Coordinate sizes and locations of supports, hangemg insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Rjgind Equipment.”

B. Coordinate clearance requirements with duct Irestdtyr duct insulation application. Before
preparing ductwork Shop Drawings, establish andntaa clearance requirements for
installation of insulation and field-applied jackeand finishes and for space required for
maintenance.

C. Coordinate installation and testing of heat tracing

1.8 SCHEDULING

A. Schedule insulation application after pressureingssystems and, where required, after
installing and testing heat tracing. Insulatiorplagation may begin on segments that have
satisfactory test results.

B. Complete installation and concealment of plastitemials as rapidly as possible in each area of

construction.

PART 2 - PRODUCTS

2.1

INSULATION MATERIALS

Comply with requirements in "Duct Insulation SchieduGeneral," "Indoor Duct and Plenum
Insulation Schedule,” and "Aboveground, Outdoor tDand Plenum Insulation Schedule”
articles for where insulating materials shall bpleal.

Products shall not contain asbestos, lead, meroumercury compounds.

Products that come in contact with stainless sieall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stamlasseel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or H@®f&wing agents in the manufacturing
process.

Mineral-Fiber Blanket Insulation: Mineral or glafbers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 1290Typel] [Typell with factory-
applied vinyl jacket] [Typelll with factory-applied FSK jacket] [Typelll with factory-
applied FSP jacket]. Factory-applied jacket requirements are spediin "Factory-Applied
Jackets" Article.

1. Products Subject to compliance with requirements, prowde of the following:
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2.2

CertainTeed Corp.; SoftTouch Duct Wrap
Johns Manwville; Microlite

Knauf Insulation; Friendly Feel Duct Wrap
Manson Insulation Inc.; Alley Wrap

Owens Corning; SOFTR All-Service Duct Wrap

P00 T O

Mineral-Fiber Board Insulation: Mineral or glagbefrs bonded with a thermosetting resin.
Comply with ASTM C 612, Type IA or Type IB. For cluand plenum applications, provide
insulation {vithout factory-applied jacket] [with factory-applied ASJ] [with factory-
applied FSK jacket]. Factory-applied jacket requirements are spedifn "Factory-Applied
Jackets" Article.

1. Products Subject to compliance with requirements, prowde of the following:

CertainTeed Corp.; Commercial Board
Fibrex Insulations Inc.; FBX

Johns Manville; 800 Series Spin-Glas
Knauf Insulation; Insulation Board
Manson Insulation Inc.; AK Board
Owens Corning; Fiberglas 700 Series

~poooTw

Mineral-Fiber, Pipe and Tank Insulation: Mineralgbass fibers bonded with a thermosetting
resin. Semirigid board material with factory-appli[ASI] [FSK jacket] complying with
ASTM C 1393, Type Il or Type llIA Category 2, or tiproperties similar to ASTM C 612,
Type IB. Nominal density i.5 Ib/cu. ft.(40 kg/cu. m)or more. Thermal conductivity (k-
value) at100 deg F(55 deg C)is 0.29 Btu x in./h x sq. ft. x deg ©.042 W/m x K)or less.
Factory-applied jacket requirements are specifietFactory-Applied Jackets" Article.

1. Products Subject to compliance with requirements, provade of the following:

CertainTeed Corp.; CrimpWrap

Johns Manville; MicroFlex

Knauf Insulation; Pipe and Tank Insulation

Manson Insulation Inc.; AK Flex

Owens Corning; Fiberglas Pipe and Tank Insulation

Po0T O

FIRE-RATED INSULATION SYSTEMS

Fire-Rated Board: Structural-grade, press-moldedolite calcium silicate, fireproofing board
suitable for operating temperatures ud @0 deg H927 deg C) Comply with ASTM C 656,
Type ll, Grade 6. Tested and certified to provaldl] [2]-hour fire rating by an NRTL
acceptable to authorities having jurisdiction.

1. Products Subject to compliance with requirements, prowde of the following:

a. Johns Manville; Super Firetemp.M

Fire-Rated Blanket: High-temperature, flexibleariket insulation with FSK jacket that is
tested and certified to provide & [2]-hour fire rating by an NRTL acceptable to autties
having jurisdiction.
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1.  Products Subject to compliance with requirements, prowade of the following:

CertainTeed Corp.; FlameChek

Johns Manville; Firetemp Wrap

Nelson Fire Stop Products; Nelson FSB Flameshitdiet.
Thermal Ceramics; FireMaster Duct Wrap

3M; Fire Barrier Wrap Products

Unifrax Corporation; FyreWrap

~PpoooTw

2.3 ADHESIVES

A.  Materials shall be compatible with insulation metkst, jackets, and substrates and for bonding
insulation to itself and to surfaces to be inswairless otherwise indicated.

B.  Flexible Elastomeric and Polyolefin Adhesive: Caynpith MIL-A-24179A, Type I, Class .
1.  Products Subject to compliance with requirements, prowade of the following:

a. Aeroflex USA, Inc.; Aeroseal

b. Armacell LLC; Armaflex 520 Adhesive

C. Foster Brand, Specialty Construction Brands, lacbhusiness of H. B. Fuller
Company; 85-75.K-Flex USA; R-373 Contact Adhesive

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER&Hdd 24).

C. Mineral-Fiber Adhesive: Comply with MIL-A-3316C,|&3s 2, Grade A.
1. Products Subject to compliance with requirements, provade of the following:
a. Childers Brand, Specialty Construction Brands,,lecbusiness of H. B. Fuller
Company; CP-127.Eagle Bridges - Marathon Indust@2s.

b. Foster Brand, Specialty Construction Brands, lacbusiness of H. B. Fuller
Company; 85-60/85-70.Mon-Eco Industries, Inc.; $2-2

2. For indoor applications, adhesive shall have a V&@tent of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER&Hdd 24).

D. ASJ Adhesive, and FSK Jacket Adhesive: Comply With-A-3316C, Class 2, Grade A for
bonding insulation jacket lap seams and joints.

1.  Products Subject to compliance with requirements, prowade of the following:

a. Childers Brand, Specialty Construction Brands,,l@cbusiness of H. B. Fuller
Company; CP-82

b. Eagle Bridges - Marathon Industries; 225.

c. Foster Brand, Specialty Construction Brands, lacbhusiness of H. B. Fuller
Company; 85-50.Mon-Eco Industries, Inc.; 22-25
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2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdEd 24).

E. PVC Jacket Adhesive: Compatible with PVC jacket.

1. Products Subject to compliance with requirements, provade of the following:
Dow Corning Corporation; 739, Dow Silicone.
Johns Manwville; Zeston Perma-Weld, CEEL-TITE Sotwafelding Adhesive

P.I.C. Plastics, Inc.; Welding Adhesive
Speedline Corporation; Polyco VP Adhesive

apow

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

3.  Adhesive shall comply with the testing and produetjuirements of the California
Department of Health Services' "Standard Praciicetiie Testing of Volatile Organic
Emissions from Various Sources Using Small-ScakirBnmental Chambers."

2.4 MASTICS

A. Materials shall be compatible with insulation mads; jackets, and substrates; comply with
MIL-PRF-19565C, Type II.

1. For indoor applications, use mastics that have &\Wontent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

B.  Vapor-Barrier Mastic: Water based; suitable fataar use on below ambient services.
1. Products Subject to compliance with requirements, provade of the following:
a. Foster Brand, Specialty Construction Brands, lachusiness of H. B. Fuller

Company; 30-80/30-90.
b. Vimasco Corporation; 749.

2. Water-Vapor Permeance: ASTM E 96/E 96M, Proce®@yre.013 perm(0.009 metric
perm)at43-mil (1.09-mm)dry film thickness.

3. Service Temperature Rangktinus 20 to plus 180 deg ®inus 29 to plus 82 deg C)

4, Solids Content: ASTM D 1644, 58 percent by voluane 70 percent by weight.

5. Color: White.

C. Vapor-Barrier Mastic: Solvent based; suitableifmloor use on below ambient services.
1. Products Subject to compliance with requirements, provade of the following:

a. Childers Brand, Specialty Construction Brands,,l@cbusiness of H. B. Fuller
Company; CP-30

b. Eagle Bridges - Marathon Industries; 501

c. Foster Brand, Specialty Construction Brands, lacbhusiness of H. B. Fuller
Company; 30-35.

d. Mon-Eco Industries, Inc.; 55-10
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2. Water-Vapor Permeance: ASTM F 124005 perm(0.03 metric permat 35-mil (0.9-
mm) dry film thickness.
3. Service Temperature Range:to 180 deg FMinus 18 to plus 82 deg C)
4, Solids Content: ASTM D 1644, 44 percent by voluane 62 percent by weight.
5. Color: White.

D. Vapor-Barrier Mastic: Solvent based; suitabledotdoor use on below ambient services.

1.

Products Subject to compliance with requirements, provade of the following:

a. Childers Brand, Specialty Construction Brands,,l@cbusiness of H. B. Fuller
Company; Encacel

b. Eagle Bridges - Marathon Industries; 570

C. Foster Brand, Specialty Construction Brands, lacbhusiness of H. B. Fuller
Company; 60-95/60-96

Water-Vapor Permeance: ASTM F 124905 perm(0.033 metric permat 30-mil (0.8-
mm) dry film thickness.

Service Temperature Rangktinus 50 to plus 220 deg ™inus 46 to plus 104 deg C)
Solids Content: ASTM D 1644, 33 percent by voluene 46 percent by weight.
Color: White.

E. Breather Mastic: Water based; suitable for indouat outdoor use on above ambient services.

1.

Products Subject to compliance with requirements, prowde of the following:

a. Childers Brand, Specialty Construction Brands, ,l@cbusiness of H. B. Fuller
Company; CP-10.

b. Eagle Bridges - Marathon Industries; 550

c. Foster Brand, Specialty Construction Brands, lachusiness of H. B. Fuller
Company; 46-50

d. Mon-Eco Industries, Inc.; 55-50

e. Vimasco Corporation; WC-1/WC-5

Water-Vapor Permeance: ASTM F 12498 perms(1.2 metric permsat 0.0625-inch
(1.6-mm)dry film thickness.

Service Temperature Rangktinus 20 to plus 180 deg ®inus 29 to plus 82 deg C)
Solids Content: 60 percent by volume and 66 pérogmeight.

Color: White.

2.5 LAGGING ADHESIVES

A. Description: Comply with MIL-A-3316C, Class |, Gl A and shall be compatible with
insulation materials, jackets, and substrates.

1.

2.

For indoor applications, use lagging adhesivesliaae a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpa&®A(Method 24).
Products Subject to compliance with requirements, provade of the following:
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2.6

2.7

a. Childers Brand, Specialty Construction Brands,,l@cbusiness of H. B. Fuller
Company; CP-50 AHV?2.Foster Brand, Specialty Comsiton Brands, Inc., a
business of H. B. Fuller Company; 30-36

b. Vimasco Corporation; 713 and 714

3. Fire-resistant, water-based lagging adhesive amatirgpfor use indoors to adhere fire-
resistant lagging cloths over duct insulation.

4. Service Temperature Range:to plus 180 deg BViinus 18 to plus 82 deg C)

5. Color: White.

SEALANTS

FSK and Metal Jacket Flashing Sealants:

1.

o0k wWN

Products Subject to compliance with requirements, prowde of the following:

a. Childers Brand, Specialty Construction Brands,,l@cbusiness of H. B. Fuller
Company; CP-76.Eagle Bridges - Marathon Indust/46s:;

b. Foster Brand, Specialty Construction Brands, lachusiness of H. B. Fuller
Company; 95-44

C. Mon-Eco Industries, Inc.; 44-05

Materials shall be compatible with insulation matkst, jackets, and substrates.

Fire- and water-resistant, flexible, elastomerialaet.

Service Temperature Rangktinus 40 to plus 250 deg ™inus 40 to plus 121 deg C)
Color: Aluminum.

For indoor applications, sealants shall have a \@@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

ASJ Flashing Sealants, and Vinyl and PVC Jackedhiitg Sealants:

1.

o0k wWN

Products Subject to compliance with requirements, provade of the following:

a. Childers Brand, Specialty Construction Brands, ,li@cbusiness of H. B. Fuller
Company; CP-76

Materials shall be compatible with insulation matkst, jackets, and substrates.

Fire- and water-resistant, flexible, elastomerialaet.

Service Temperature Rangktinus 40 to plus 250 deg ™inus 40 to plus 121 deg C)
Color: White.

For indoor applications, sealants shall have a \@@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARGEd 24).

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-afdpjackets on various applications. When
factory-applied jackets are indicated, comply wité following:
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2.8

2.9

2.10

1. ASJ: White, kraft-paper, fiberglass-reinforced irscrwith aluminum-foil backing;
complying with ASTM C 1136, Type |I.

2. ASJ-SSL: ASJ with self-sealing, pressure-sensitieeylic-based adhesive covered by a
removable protective strip; complying with ASTM €36, Type |.

3. FSK Jacket: Aluminum-foil, fiberglass-reinforcedrien with kraft-paper backing;
complying with ASTM C 1136, Type II.

4, FSP Jacket: Aluminum-foil, fiberglass-reinforcedrism with polyethylene backing;
complying with ASTM C 1136, Type Il

5. Vinyl Jacket: White vinyl with a permeance B permg0.86 metric permyvhen tested
according to ASTM E 96/E 96M, Procedure A, and clying with NFPA 90A and
NFPA 90B.

FIELD-APPLIED FABRIC-REINFORCING MESH

Woven Glass-Fiber Fabric: Approximateéyoz./sq. yd(203 g/sg. mwith a thread count d§
strands by 5 strands/sq. {@. strands by 2 strands/sq. mfo) covering ducts.

1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brand, Specialty Construction Brands, ,li@cbusiness of H. B. Fuller
Company; Chil-Glas No..5

Woven Polyester Fabric: Approximatelyoz./sq. yd(34 g/sq. mwith a thread count of0
strands by 10 strands/sq. {(d.strands by 4 strands/sqg. miim)a Leno weave, for ducts.

1. Products Subject to compliance with requirements, provade of the following:
a. Foster Brand, Specialty Construction Brands, lachusiness of H. B. Fuller

Company; Mast-A-Fab
b. Vimasco Corporation; Elastafab 894

FIELD-APPLIED CLOTHS

Woven Glass-Fiber Fabric: Comply with MIL-C-20079Hype I, plain weave, and presized a
minimum of8 oz./sq. yd(271 g/sq. m)

1. Products Subject to compliance with requirements, proviuefollowing:

a. Alpha Associates, InpAlpha-Maritex 84215 and 84217/9485RW, Luben 59.

FIELD-APPLIED JACKETS
Field-applied jackets shall comply with ASTM C 924pe I, unless otherwise indicated.

FSK Jacket: Aluminum-foil-face, fiberglass-reirded scrim with kraft-paper backing.
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C. PVC Jacket: High-impact-resistant, UV-resistant (P°\¢omplying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll steakly for shop or field cutting and forming.
Thickness is indicated in field-applied jacket stiies.

1. Products Subject to compliance with requirements, provade of the following:

Johns Manville Zeston.

P.I.C. Plastics, In¢ FG Series.
Proto CorporationLoSmoke.
Speedline CorporatigismokeSafe.

coop

2. Adhesive: Asrecommended by jacket material martufar.
3. Color: White.

D. Metal Jacket:
1. Products Subject to compliance with requirements, prowde of the following:
a. Childers Brand, Specialty Construction Brands,.,lacbusiness of H. B. Fuller
Company; Metal Jacketing Systems.

b. ITW Insulation SystemsAluminum and Stainless Steel Jacketing.
C. RPR Products, InpIinsul-Mate.

2. Aluminum Jacket: Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005,
3105, or 5005, Temper H-14.

a. [Sheet and roll stock ready for shop or field sizing] [Factory cut and rolled to
size].

b. Finish and thickness are indicated in field-appjaaket schedules.

C. Moisture Barrier for Indoor Applications: 1{mil- (0.025-mm-) thick, heat-
bonded polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

d. Moisture Barrier for Outdoor Applications: 3-fnil- (0.075-mm-) thick, heat-
bonded polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 24Q@40M.

a. [Sheet and roll stock ready for shop or field sizing] [Factory cut and rolled to
size).

b. Material, finish, and thickness are indicated @idiapplied jacket schedules.

C. Moisture Barrier for Indoor Applications: 1{mil- (0.025-mm-) thick, heat-
bonded polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

d. Moisture Barrier for Outdoor Applications: 3-nil- (0.075-mm-) thick, heat-
bonded polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

E. Self-Adhesive Outdoor Jacket: 60-mil- (1.5-mm-) thick, laminated vapor barrier and
waterproofing membrane for installation over insiola located aboveground outdoors;
consisting of a rubberized bituminous resin onassliaminated polyethylene film covered with
[white] [stucco-embossed] aluminum-foil facing.
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1.

Products Subject to compliance with requirements, provtaefollowing:

a. Polyguard Products, IrcAlumaguard 60.

2.11 TAPES

A. ASJ Tape: White vapor-retarder tape matching fgeapplied jacket with acrylic adhesive,
complying with ASTM C 1136.

1.

Noahrwd

Products Subject to compliance with requirements, provade of the following:

ABI, Ideal Tape Division428 AWF ASJ.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0836.
Compac Corporatigrl04 and 105.

Venture Tappl540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

aoow

Width: 3 incheg(75 mm)

Thickness:11.5 mils(0.29 mm)

Adhesion: 90 ounces force/inc{iL.0 N/mm)in width.

Elongation: 2 percent.

Tensile Strength40 Ibf/inch (7.2 N/mm)in width.

ASJ Tape Disks and Squares: Precut disks or s§joaeSJ tape.

B. FSK Tape: Foil-face, vapor-retarder tape matckéuotpry-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1.

Noaswd

Products Subject to compliance with requirements, prowde of the following:

ABI, Ideal Tape Division491 AWF FSK.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0827.
Compac Corporatigr110 and 111.

Venture Tappl525 CW NT, 1528 CW, and 1528 CW/SQ.

aoow

Width: 3 inches(75 mm)

Thickness:6.5 mils(0.16 mm)

Adhesion: 90 ounces force/inc{iL.0 N/mm)in width.

Elongation: 2 percent.

Tensile Strength40 Ibf/inch (7.2 N/mm)in width.

FSK Tape Disks and Squares: Precut disks or sgjoffeSK tape.

C. PVC Tape: White vapor-retarder tape matching fagdglied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1.

2.

Products Subject to compliance with requirements, prowde of the following:

a. ABI, Ideal Tape Division370 White PVC tape.
b. Compac Corporatigrl30.
C. Venture Tappl506 CW NS.

Width: 2 incheg(50 mm)
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3. Thickness:6 mils (0.15 mm)
4. Adhesion: 64 ounces force/inc{0.7 N/mm)in width.
5. Elongation: 500 percent.
6. Tensile Strength18 Ibf/inch (3.3 N/mm)in width.

D. Aluminum-Foil Tape: Vapor-retarder tape with a@dhesive.

1.

o0, wWN

Products Subject to compliance with requirements, provade of the following:

ABI, Ideal Tape Division; 488 AWF.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0800.
Compac Corporatigri20.

Venture Tapp3520 CW.

aoow

Width: 2 incheg(50 mm)

Thickness:3.7 mils(0.093 mm)

Adhesion: 100 ounces force/incfil.1 N/mm)in width.
Elongation: 5 percent.

Tensile Strength34 [bf/inch (6.2 N/mm)in width.

2.12 SECUREMENTS

A. Bands:

1.

Products Subject to compliance with requirements, prowde of the following:

a. ITW Insulation SystemsGerrard Strapping and Seals.
b. RPR Products, Inglnsul-Mate Strapping, Seals, and Springs.

2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240Mype 304] [or] [Type 316];
0.015 inch(0.38 mm)thick, [1/2 inch (13 mm)] [3/4 inch (19 mm)] wide with [wing
seal] [or] [closed seal].

3.  Aluminum: ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005;
Temper H-140.020 inch(0.51 mm)thick, [1/2 inch (13 mm)] [3/4 inch (19 mm)] wide
with [wing seal] [or] [closed seal].

4, Springs: Twin spring set constructed of stainkesl with ends flat and slotted to accept
metal bands. Spring size determined by manufactarexpplication.

B. Insulation Pins and Hangers:
1. Capacitor-Discharge-Weld Pins: Copper- or zincedasteel pin, fully annealed for

capacitor-discharge weldingd).L06-inch- (2.6-mm-)] [0.135-inch- (3.5-mm-)] diameter
shank, length to suit depth of insulation indicated

a. Products Subject to compliance with requirements, provade of the following:

1) AGM Industries, Ing CWP-1.

2) GEMCO;CD

3) Midwest Fasteners, IcCD.

4)  Nelson Stud WeldirdTPA, TPC, and TPS.
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2. Cupped-Head, Capacitor-Discharge-Weld Pins: Coepperinc-coated steel pin, fully
annealed for capacitor-discharge welding,1(6-inch- (2.6-mm-)] [0.135-inch- (3.5-
mm-)] diameter shank, length to suit depth of insulatindicated with integral-1/2-
inch (38-mm)galvanized carbon-steel washer.

a. Products Subject to compliance with requirements, prowde of the following:

1) AGM Industries, Ing CHP-1.

2) GEMCG; Cupped Head Weld Pin.

3) Midwest Fasteners, liicCupped Head.
4)  Nelson Stud WeldingCHP.

3. Metal, Adhesively Attached, Perforated-Base InsotaHangers: Baseplate welded to
projecting spindle that is capable of holding iasiain, of thickness indicated, securely in
position indicated when self-locking washer is iage. Comply with the following
requirements:

a. Products Subject to compliance with requirements, provade of the following:
1) AGM Industries, Ing Tactoo Perforated Base Insul-Hangers.

2) GEMCG; Perforated Base.
3) Midwest Fasteners, lcSpindle.

b. Baseplate: Perforated, galvanized carbon-ste@tdh@30 inch(0.76 mm)thick
by 2 inches(50 mm)square.

C. Spindle: [opper- or zinc-coated, low-carbon steel] [Aluminum] [Stainless
sted], fully annealed0.106-inch-(2.6-mm-)diameter shank, length to suit depth
of insulation indicated.

d. Adhesive: Recommended by hanger manufacturer.duetavith demonstrated
capability to bond insulation hanger securely tdsttates indicated without
damaging insulation, hangers, and substrates.

4. Nonmetal, Adhesively Attached, Perforated-Baselatgan Hangers: Baseplate fastened
to projecting spindle that is capable of holdingulation, of thickness indicated, securely
in position indicated when self-locking washernsplace. Comply with the following
requirements:

a. Products Subject to compliance with requirements, provade of the following:

1) GEMCQG; Nylon Hangers.
2)  Midwest Fasteners, lqcNylon Insulation Hangers.

b. Baseplate: Perforated, nylon sh&€e30 inch(0.76 mm)thick by1-1/2 incheq38
mm) in diameter.

C. Spindle: Nylon,0.106-inch-(2.6-mm-) diameter shank, length to suit depth of
insulation indicated, up t8-1/2 incheg63 mm)

d. Adhesive: Recommended by hanger manufacturer.duetavith demonstrated
capability to bond insulation hanger securely tdsstates indicated without
damaging insulation, hangers, and substrates.
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5. Self-Sticking-Base Insulation Hangers: Baseplatdded to projecting spindle that is
capable of holding insulation, of thickness indechtsecurely in position indicated when
self-locking washer is in place. Comply with tlildwing requirements:

a. Products Subject to compliance with requirements, provade of the following:
1) AGM Industries, Ing Tactoo Self-Adhering Insul-Hangers.

2) GEMCG; Peel & Press.
3) Midwest Fasteners, ligcSelf Stick.

b. Baseplate: Galvanized carbon-steel sH2€80 inch(0.76 mm)thick by 2 inches
(50 mm)square.

C. Spindle: [opper- or zinc-coated, low-carbon steel] [Aluminum] [Stainless
sted], fully annealed0.106-inch-(2.6-mm-)diameter shank, length to suit depth
of insulation indicated.

d.  Adhesive-backed base with a peel-off protectiveecov

6. Insulation-Retaining Washers: Self-locking wasHermed from0.016-inch-(0.41-mm-
) thick, [galvanized-steel] [aluminum] [stainless-steel] sheet, with beveled edge sized as
required to hold insulation securely in place bat less tharil-1/2 inches(38 mm)in
diameter.

a. Products Subject to compliance with requirements, prowde of the following:

1) AGM Industries, Ing RC-150.

2) GEMCO R-150.

3) Midwest Fasteners, l1cWA-150.
4)  Nelson Stud WeldinoSpeed Clips.

b. Protect ends with capped self-locking washers pa@ting a spring steel insert to
ensure permanent retention of cap in exposed totati

7. Nonmetal Insulation-Retaining Washers: Self-logkimashers formed fro.016-inch-
(0.41-mm-) thick nylon sheet, with beveled edge sized asireduo hold insulation
securely in place but not less thiari/2 incheg38 mm)in diameter.

a. Manufacturers Subject to compliance with requirements, propdeducts by one
of the following:

1) GEMCO.
2) Midwest Fasteners, Inc

C. Staples: Outward-clinching insulation staples, ma3/4-inch-(19-mm-)wide, stainless steel
or Monel.

D. Wire: [0.080-inch (2.0-mm) nickel-copper alloy] [0.062-inch (1.6-mm) soft-annealed,
stainless steel] [0.062-inch (1.6-mm) soft-annealed, galvanized steel].

1. Manufacturers Subject to compliance with requirements, provgleducts by the
following:
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2.13

a. C & F Wire.

CORNER ANGLES

PVC Corner Angles: 30 mils (0.8 mm) thick, minimum1 by 1 inch(25 by 25 mm) PVC
according to ASTM D 1784, Class 16354-C. Whiteapor-coded to match adjacent surface.

Aluminum Corner Angles:0.040 inch (1.0 mm) thick, minimum1 by 1 inch(25 by 25 mm)
aluminum according t)ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005;
Temper H-14.

Stainless-Steel Corner Angle$.024 inch (0.61 mm) thick, minimum1 by 1 inch(25 by 25
mm), stainless steel according to ASTM A 167 or ASTN240/A 240M, Type 304] [or]
[Type 316].

PART 3 - EXECUTION

3.1

3.2

3.3

EXAMINATION

Examine substrates and conditions for compliandk veiquirements for installation tolerances
and other conditions affecting performance of iagah application.

1. Verify that systems to be insulated have beendestd are free of defects.
2. Verify that surfaces to be insulated are cleandyd

Proceed with installation only after unsatisfactoopnditions have been corrected.

PREPARATION

Surface Preparation: Clean and dry surfaces ®wednsulation. Remove materials that will
adversely affect insulation application.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, andsfias with smooth, straight, and even surfaces;
free of voids throughout the length of ducts attihfjs.

Install insulation materials, vapor barriers orarders, jackets, and thicknesses required for
each item of duct system as specified in insulagigsiem schedules.

Install accessories compatible with insulation male and suitable for the service. Install
accessories that do not corrode, soften, or otlseraitack insulation or jacket in either wet or
dry state.

Install insulation with longitudinal seams at tapldbottom of horizontal runs.

Install multiple layers of insulation with longitinl and end seams staggered.
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F. Keep insulation materials dry during applicatiom &nishing.

G. Install insulation with tight longitudinal seamsdagnd joints. Bond seams and joints with
adhesive recommended by insulation material matwiec

H. Install insulation with least number of joints piiaal.

l. Where vapor barrier is indicated, seal joints, seaand penetrations in insulation at hangers,
supports, anchors, and other projections with vdaorier mastic.

1. Install insulation continuously through hangers araund anchor attachments.

2. For insulation application where vapor barriersiaticated, extend insulation on anchor
legs from point of attachment to supported iterpdmt of attachment to structure. Taper
and seal ends at attachment to structure with vaaier mastic.

3. Install insert materials and install insulationtightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compburcommended by insulation
material manufacturer.

J. Apply adhesives, mastics, and sealants at manufsastuecommended coverage rate and wet
and dry film thicknesses.

K. Install insulation with factory-applied jacketsfafows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints witl8-inch- (75-mm-) wide strips, of same material as
insulation jacket. Secure strips with adhesive anttvard clinching staples along both
edges of strip, spacedinches100 mm)o.c.

3. Overlap jacket longitudinal seams at least/2 incheg38 mm) Clean and dry surface
to receive self-sealing lap. Staple laps with @rtivclinching staples along edge at [
inches (50 mm)] o.c.

a. For below ambient services, apply vapor-barriertinaser staples.

4. Cover joints and seams with tape, according tolatigm material manufacturer's written
instructions, to maintain vapor seal.

5.  Where vapor barriers are indicated, apply vaporidsamastic on seams and joints and at
ends adjacent to duct flanges and fittings.

L. Cut insulation in a manner to avoid compressinglai®on more than 75 percent of its nominal
thickness.

M.  Finish installation with systems at operating ctinds. Repair joint separations and cracking
due to thermal movement.

N. Repair damaged insulation facings by applying sdaoing material over damaged areas.

Extend patches at leaétinches(100 mm)beyond damaged areas. Adhere, staple, and seal
patches similar to butt joints.
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3.4 PENETRATIONS
A. Insulation Installation at Roof Penetrations: #fistinsulation continuously through roof

3.5

penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulatidg@minate insulation above roof surface
and seal with joint sealant. For applications meag indoor and outdoor insulation,
install insulation for outdoor applications tighilgined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roasfling at leas? inches(50 mm)below
top of roof flashing.

4. Seal jacket to roof flashing with flashing sealant.

Insulation Installation at Aboveground Exterior WdPenetrations: Install insulation
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulatiageminate insulation inside wall surface
and seal with joint sealant. For applications meg indoor and outdoor insulation,
install insulation for outdoor applications tighilgined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wadlsthing and overlap wall flashing at
least2 incheg50 mm)

4, Seal jacket to wall flashing with flashing sealant.

Insulation Installation at Interior Wall and Padit Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls arattjtions.

Insulation Installation at Fire-Rated Wall and R Penetrations: Terminate insulation at
fire damper sleeves for fire-rated wall and pamitpenetrations. Externally insulate damper
sleeves to match adjacent insulation and overlapidsulation at least incheg50 mm)

1. Comply with requirements in Section 078413 "PettietnaFirestopping"irestopping and
fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Duct: For penetrations through fire-rated assessblierminate insulation at fire damper
sleeves and externally insulate damper sleeve loeylmor to match adjacent duct
insulation. Overlap damper sleeve and duct ingulatt leas? incheg50 mm)

2. Seal penetrations through fire-rated assemblies.ompBy with requirements in
Section 078413 "Penetration Firestopping.”

INSTALLATION OF MINERAL-FIBER INSULATION

Blanket Insulation Installation on Ducts and PlesumSecure with adhesive and insulation
pins.
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1.  Apply adhesives according to manufacturer's recomnd®e coverage rates per unit area,
for 100 percent coverage of duct and plenum sustace

2. Apply adhesive to entire circumference of ducts amdall surfaces of fittings and
transitions.

3. Install either capacitor-discharge-weld pins aneespwashers or cupped-head, capacitor-
discharge-weld pins on sides and bottom of horeaticts and sides of vertical ducts as
follows:

a. On duct sides with dimensiods8 inches(450 mm)and smaller, place pins along
longitudinal centerline of duct. Spagenches(75 mm)maximum from insulation
end joints, and.6 incheg400 mm)o.c.

b. On duct sides with dimensions larger thi® inches(450 mm) place pinsl6

inches(400 mm)o.c. each way, and inches(75 mm)maximum from insulation

joints. Install additional pins to hold insulatigightly against surface at cross

bracing.

Pins may be omitted from top surface of horizonmdtangular ducts and plenums.

Do not overcompress insulation during installation.

Impale insulation over pins and attach speed washer

Cut excess portion of pins extending beyond spesshers or bend parallel with

insulation surface. Cover exposed pins and washighstape matching insulation

facing.

~® Qo0

4, For ducts and plenums with surface temperatureswbalmbient, install a continuous
unbroken vapor barrier. Create a facing lap fogltudinal seams and end joints with
insulation by removing inches(50 mm) from one edge and one end of insulation
segment. Secure laps to adjacent insulation seetith 1/2-inch (13-mm) outward-
clinching staples] inch (25 mm)o.c. Install vapor barrier consisting of factooy-field-
applied jacket, adhesive, vapor-barrier mastic, amelant at joints, seams, and
protrusions.

a. Repair punctures, tears, and penetrations with tapmastic to maintain vapor-
barrier seal.

b. Install vapor stops for ductwork and plenums opegabelow50 deg H10 deg C)
at 18-foot (5.5-m) intervals. Vapor stops shall consist of vapormriearmastic
applied in a Z-shaped pattern over insulation fat@g butt end of insulation, and
over the surface. Cover insulation face and sarfade insulated a width equal to
two times the insulation thickness, but not lessmthincheg75 mm)

5. Overlap unfaced blankets a minimum2oinches(50 mm)on longitudinal seams and end
joints. At end joints, secure with steel bandscegaa maximum of8 incheg450 mm)
o0.C.

6. Install insulation on rectangular duct elbows amahgitions with a full insulation section
for each surface. Install insulation on round #attoval duct elbows with individually
mitered gores cut to fit the elbow.

7. Insulate duct stiffeners, hangers, and flangesgtatude beyond insulation surface with
6-inch- (150-mm-) wide strips of same material used to insulate .du&ecure on
alternating sides of stiffener, hanger, and flawgh pins space@ inches(150 mm)o.c.
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3.6 FIELD-APPLIED JACKET INSTALLATION

A.  Where glass-cloth jackets are indicated, instaially over bare insulation or insulation with
factory-applied jackets.

1. Draw jacket smooth and tight to surface witinch (50-mm)overlap at seams and joints.
2. Embed glass cloth between t@®62-inch-(1.6-mm-)thick coats of lagging adhesive.
3. Completely encapsulate insulation with coatingyileg no exposed insulation.

B. Where FSK jackets are indicated, install as foltows

1. Draw jacket material smooth and tight.

2. Install lap or joint strips with same material asket.

3. Secure jacket to insulation with manufacturer'snemended adhesive.

4. Install jacket with1-1/2-inch(38-mm)laps at longitudinal seams afidnch- (75-mm-)
wide joint strips at end joints.

5. Seal openings, punctures, and breaks in vapordestgackets and exposed insulation
with vapor-barrier mastic.

C. Where PVC jackets are indicated, install witinch (25-mm)overlap at longitudinal seams and
end joints; for horizontal applications, installtiviongitudinal seams along top and bottom of
tanks and vessels. Seal with manufacturer's re@nmded adhesive.

1.  Apply two continuous beads of adhesive to seamga@nts, one bead under lap and the
finish bead along seam and joint edge.

D. Where metal jackets are indicated, install witinch (50-mm) overlap at longitudinal seams
and end joints. Overlap longitudinal seams arrdnige shed water. Seal end joints with
weatherproof sealant recommended by insulation faaturer. Secure jacket with stainless-
steel band42 incheqg300 mm)o.c. and at end joints.

3.7 FIRE-RATED INSULATION SYSTEM INSTALLATION

A.  Where fire-rated insulation system is indicatectuse system to ducts and duct hangers and
supports to maintain a continuous fire rating.

B. Insulate duct access panels and doors to achiewve fé@ rating as duct.

C. Install firestopping at penetrations through fisted assemblies. Fire-stop systems are
specified in Section 078413 "Penetration Firestogyi

3.8 FINISHES
A. Insulation with ASJ, Glass-Cloth, or Other Paingabcket Material: Paint jacket with paint

system identified below and as specified in Sedd@®113 "Exterior Painting" and
Section 099123 "Interior Painting."

1. Flat Acrylic Finish: Two finish coats over a primthat is compatible with jacket
material and finish coat paint. Add fungicidal age render fabric mildew proof.
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a. Finish Coat Material: Interior, flat, latex-emulsisize.

B. Flexible Elastomeric Thermal Insulation: After adive has fully cured, apply two coats of
insulation manufacturer's recommended protectietitng.

C. Color: Final color as selected by Architect. Vdinst and second coats to allow visual
inspection of the completed Work.

D. Do not field paint aluminum or stainless-steel ek

3.9 FIELD QUALITY CONTROL

A.  Testing Agency: Cleveland Clinic will engage a lifiedd testing agency to perform tests and
inspections.

B. Perform tests and inspections.
C. Tests and Inspections:

1. Inspect ductwork, randomly selected by Architegtrémoving field-applied jacket and
insulation in layers in reverse order of their afisition. Extent of inspection shall be
limited to one location(s) for each duct systemirdef in the "Duct Insulation Schedule,
General” Article.

D. All insulation applications will be considered deffiee Work if sample inspection reveals
noncompliance with requirements.

3.10 DUCT INSULATION SCHEDULE, GENERAL
A.  Plenums and Ducts Requiring Insulation:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditiorgats.

Indoor, exposed return located in unconditioneatspa

Indoor, concealed, Type |, commercial, kitchen herlaust.

Indoor, exposed, Type |, commercial, kitchen hoxttbeist.

Indoor, concealed oven and warewash exhaust.

Indoor, exposed oven and warewash exhaust.

: Indoor, concealed exhaust between isolation daapeipenetration of building exterior.
10. Indoor, exposed exhaust between isolation dampkpanetration of building exterior.
11. Outdoor, concealed supply and return.

12. Outdoor, exposed supply and return.

CoNogrWNE

B. Items Not Insulated:
1. Fibrous-glass ducts.

2. Metal ducts with duct liner of sufficient thickness comply with energy code and
ASHRAE/IESNA 90.1.
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3.11

3.12

3.13

3.14

Factory-insulated flexible ducts.
Factory-insulated plenums and casings.
Flexible connectors.

Vibration-control devices.

Factory-insulated access panels and doors.

Nookrw

INDOOR DUCT AND PLENUM INSULATION SCHEDULE

Concealed, or non-occupied space supply-air dgciation shall be the following:

1. Mineral-Fiber Blanket: 2 inches (50 mm) thick and 0.75-Ib/cu. ft. (12-kg/cu. m)
nominal density.

Concealed, or non-occupied space outdoor-air discdation shall be the following:

1. Mineral-Fiber Blanket: 2 inches (50 mm) thick and 0.75-Ib/cu. ft. (12-kg/cu. m)
nominal density.

Type |, Commercial, Kitchen Hood Exhaust Duct addnBm Insulation: Fire-rated double

wall, Metalbestos style, as required to achieve@rliire rating.

ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHDULE

Insulation materials and thicknesses are identliigldw. If more than one material is listed for
a duct system, selection from materials listedast€ctor's option.

All exterior supply and return ductwork shall beudte wall duct insulated to meet ASHRAE
90.1.
INDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For iraidn with factory-applied jacket, install the
field-applied jacket over the factory-applied jacke

If more than one material is listed, selection fnoaterials listed is Contractor's option.

Ducts and Plenums, Exposed:

1. [PVC] [PVC, Color-Coded by System]: [20 mils (0.5 mm)] [30 mils (0.8 mm)] thick.

2. Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41 mm)]
[0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0
mm)] thick.

OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For iraion with factory-applied jacket, install the
field-applied jacket over the factory-applied jacke

If more than one material is listed, selection fnoaterials listed is Contractor's option.
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C. Ducts and Plenums, Concealed:

1. [PVC] [PVC, Color-Coded by System]: [20 mils (0.5 mm)] [30 mils (0.8 mm)] thick.

2. Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41 mm)]
[0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0
mm)] thick.

D. Ducts and Plenums, Exposed, upt®incheg1200 mm)in Diameter or with Flat Surfaces up
to 72 Incheq1800 mm)

1.  Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41 mm)]
[0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0
mm)] thick.

2. Painted Aluminum, $mooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41
mm)] [0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] thick.

3. Stainless Steel Tlype 304] [or] [Type 316], [Smooth 2B Finish] [Corrugated] [ Stucco
Embossed]: [0.010 inch (0.25 mm)] [0.016 inch (0.41 mm)] [0.020 inch (0.51 mm)]
[0.024 inch (0.61 mm)] thick.

E. Ducts and Plenums, Exposed, Larger THanInches(1200 mm)in Diameter or with Flat
Surfaces Larger Thar2 Incheg1800 mm)

1. [Painted JAluminum, [Smooth] [Stucco Embossed] with [1-1/4-Inch- (32-mm-) Deep
Corrugations] [2-1/2-Inch- (65-mm-) Deep Corrugations] [4-by-1-Inch (100-by-25-
mm) Box Ribs]: [0.032 inch (0.81 mm)] [0.040 inch (1.0 mm)] thick.

2. Stainless Steel Tlype 304] [or] [Type 316], [Smooth] [ Stucco Embossed], with [1-1/4-
Inch- (32-mm-) Degp Corrugations] [2-1/2-Inch- (65-mm-) Deep Corrugations| [4-
by-1-Inch (100-by-25-mm) Box Ribs]: [0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)]
thick.

END OF SECTION 230713
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SECTION 230716 - HYAC EQUIPMENT INSULATION

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY
Section includes insulating the following HVAC eprient that is not factory insulated:

Chillers.

Heat exchangers.

Converters.

Chilled-water pumps.

Condenser-water pumps.

Dual-service heating and cooling pumps.

Heating, hot-water pumps.

Heat-recovery pumps.

Steam condensate pumps.

10. Expansion/compression tanks.

11. Air separators.

12. Thermal storage tanks.

13. Deaerators.

14. Steam condensate tanks.

15. Steam flash tanks, flash separators, moisture as&pay and blow-off tanks.
16. Piping system filtration unit housings.

17. Outdoor, aboveground, heated, fuel-oil storagegank

CoNoRrWNE

Related Sections:

1. Section 230713 "Duct Insulation."

2. Section 230719 "HVAC Piping Insulation."
ACTION SUBMITTALS

Product Data: For each type of product indicatéttlude thermal conductivity, water-vapor
permeance thickness, and jackets (both factoryfialtdapplied if any).

LEED Submittals:

1. Product Data for Credit IEQ 4.1: For adhesives ssadlants, documentation including
printed statement of VOC content.
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C.

1.4

15

Shop Drawings: Include plans, elevations, sectidatails, and attachments to other work.

1. Detail application of protective shields, saddiasd inserts at hangers for each type of
insulation and hanger.

Detail attachment and covering of heat tracingdiesisulation.

Detail removable insulation at equipment connestion

Detail application of field-applied jackets.

Detail application at linkages of control devices.

Detail field application for each equipment type.

ook wN

Samples: For each type of insulation and jackeicated. Identify each Sample, describing
product and intended use. Sample sizes are asvill

1 Preformed Pipe Insulation Material$2 incheq300 mm)long byNPS 2(DN 50).

2. Sheet Form Insulation Material42 incheq300 mm)square.

3. Sheet Jacket Materialg:2 incheq300 mm)square.

4 Manufacturer's Color Charts: For products whelerds specified, show the full range
of colors available for each type of finish materia

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testingerazy acceptable to authorities having
jurisdiction indicating, interpreting, and certifig test results for compliance of insulation
materials, sealers, attachments, cements, andtgackéh requirements indicated. Include
dates of tests and test methods employed.

Field quality-control reports.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics whorbauccessfully completed an apprenticeship
program or another craft training program certifteg the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulatiod aglated materials, as determined by testing
identical products according to ASTM E 84, by atites agency acceptable to authorities

having jurisdiction. Factory label insulation ajagket materials and adhesive, mastic, tapes,
and cement material containers, with appropriatekimgs of applicable testing agency.

1. Insulation Installed Indoors: Flame-spread indé&X% or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index5 or less, and smoke-developed

index of 150 or less.
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1.6 DELIVERY, STORAGE, AND HANDLING
A. Packaging: Insulation material containers shallm@eked by manufacturer with appropriate
ASTM standard designation, type and grade, and maxi use temperature.
1.7 COORDINATION
A. Coordinate sizes and locations of supports, hangemng insulation shields specified in
Section 230529 "Hangers and Supports for HYAC Rjgind Equipment.”
B. Coordinate clearance requirements with equipmerdtalier for equipment insulation
application.
C. Coordinate installation and testing of heat tracing
1.8 SCHEDULING
A.  Schedule insulation application after pressureirtgssystems and, where required, after
installing and testing heat tracing. Insulatiorplagation may begin on segments that have
satisfactory test results.
B. Complete installation and concealment of plastitemials as rapidly as possible in each area of

construction.

PART 2 - PRODUCTS

2.1

INSULATION MATERIALS

Comply with requirements in "Breeching Insulatioch&dule” and "Equipment Insulation
Schedule" articles for where insulating materiaislisbe applied.

Products shall not contain asbestos, lead, meroumgercury compounds.

Products that come in contact with stainless sieall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stamlasseel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or H@f&wing agents in the manufacturing
process.

Flexible Elastomeric Insulation: Closed-cell, sgenor expanded-rubber materials. Comply
with ASTM C 534, Type | for tubular materials angp€ Il for sheet materials.

1. Products Subject to compliance with requirements, prowde of the following:

a. Aeroflex USA, Inc.; Aerocel.
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b. Armacell LLC; AP Armaflex
C. K-Flex USA: Insul-Sheet and K-FLEX LS

G. Mineral-Fiber Blanket Insulation: Mineral or glaBbers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 12907 ypel] [Typell with factory-
applied vinyl jacket] [Typelll with factory-applied FSK jacket] [Typelll with factory-
applied FSP jacket]. Factory-applied jacket requirements are spediin "Factory-Applied
Jackets" Article.

1. Products Subject to compliance with requirements, prowde of the following:

CertainTeed Corp.; SoftTouch Duct Wrap
Johns Manwville; Microlite

Knauf Insulation; Friendly Feel Duct Wrap
Manson Insulation Inc.; Alley Wrap.

Owens Corning; SOFTR All-Service Duct Wrap

PO oTR

H.  High-Temperature, Mineral-Fiber Blanket InsulatioMineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 553, Typewithout factory-applied jacket.

1. Products Subject to compliance with requirements, prowde of the following:

a. Industrial Insulation Group (lIG); MinWool-1200 Kible Batt
b. Johns Manville; HTB 26 Spin-Glas
C. Roxul Inc.; Roxul RW

l. Mineral-Fiber Board Insulation: Mineral or glagbefrs bonded with a thermosetting resin.
Comply with ASTM C 612, Type IA or Type IB. Proédnsulation ithout factory-applied
jacket] [with factory-applied ASJ] [with factory-applied FSK jacket]. Factory-applied
jacket requirements are specified in "Factory-Apgpldackets" Article.

1. Products Subject to compliance with requirements, provade of the following:

CertainTeed Corp.; CertaPro Commercial Board
Fibrex Insulations Inc.; FBX

Johns Manville; 800 Series Spin-Glas

Knauf Insulation; Insulation Board

Manson Insulation Inc.; AK Board

Owens Corning; Fiberglas 700 Series.

~poooTw

J. High-Temperature, Mineral-Fiber Board InsulatioMlineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 612, Tygewithout factory-applied jacket.

1. Products Subject to compliance with requirements, provade of the following:

a. Fibrex Insulations Inc.; FBX.Industrial InsulatigBroup (IIG); MinWool-1200
Industrial Board

b. Rock Wool; Delta Board

c. Roxul Inc.; RHT and RockBoard

d. Thermafiber, Inc.; Thermafiber Industrial Felt
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K.

2.2

Mineral-Fiber, Preformed Pipe Insulation:
1. Products Subject to compliance with requirements, prowde of the following:

Fibrex Insulations Inc.; Coreplus 1200

Johns Manville; Micro-Lok.

Knauf Insulation; 1000-Degree Pipe Insulation
Manson Insulation Inc.; Alley-K

Owens Corning; Fiberglas Pipe Insulation

PO TR

2. Type |, 850 Deg F(454 Deg C)Materials: Mineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 547, Typé&rade A, Without factory-
applied jacket] [with factory-applied ASJ] [with factory-applied ASJ-SSL]. Factory-
applied jacket requirements are specified in "Fgefpplied Jackets" Article.

3. Type ll, 1200 Deg F(649 Deg C)Materials: Mineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 547, TypeGrade A, fvithout factory-
applied jacket] [with factory-applied ASJ] [with factory-applied ASJ-SSL]. Factory-
applied jacket requirements are specified in "Fgefpplied Jackets" Article.

Mineral-Fiber, Pipe and Tank Insulation: Mineralgbass fibers bonded with a thermosetting
resin. Semirigid board material with factory-appli[ASJ] [FSK jacket] complying with
ASTM C 1393, Type Il or Type IlIA Category 2, or tiproperties similar to ASTM C 612,
Type IB. Nominal density i2.5 Ib/cu. ft.(40 kg/cu. m)or more. Thermal conductivity (k-
value) at100 deg H55 deg C)is 0.29 Btu x in./h x sq. ft. x deg @.042 W/m x K)or less.
Factory-applied jacket requirements are specifietFactory-Applied Jackets" Article.

1. Products Subject to compliance with requirements, prowde of the following:

CertainTeed Corp.; CrimpWrap.

Johns Manville; MicroFlex

Knauf Insulation; Pipe and Tank Insulation

Manson Insulation Inc.; AK Flex

Owens Corning; Fiberglas Pipe and Tank Insulation

P20 oTR

INSULATING CEMENTS
Mineral-Fiber Insulating Cement: Comply with AST&1195.
1. Products Subject to compliance with requirements, proviuefollowing:

a. Ramco Insulation, Inc.; Super-Stik

Expanded or Exfoliated Vermiculite Insulating Ceme@omply with ASTM C 196.
1. Products Subject to compliance with requirements, proviuefollowing:

a. Ramco Insulation, Inc.; Thermokote V

Mineral-Fiber, Hydraulic-Setting Insulating and Bining Cement: Comply with ASTM C 449.
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1. Products Subject to compliance with requirements, provtaefollowing:

a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote

2.3 ADHESIVES

A. Materials shall be compatible with insulation matks;, jackets, and substrates and for bonding
insulation to itself and to surfaces to be inswateless otherwise indicated.

1. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

B.  Flexible Elastomeric and Polyolefin Adhesive: Caynpith MIL-A-24179A, Type I, Class I.
1. Products Subject to compliance with requirements, prowde of the following:

a. Aeroflex USA, Inc; Aeroseal.

b. Armacell LLC; Armaflex 520 Adhesive.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 85-75.

d. K-Flex USA; R-373 Contact Adhesive.

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

C. Mineral-Fiber Adhesive: Comply with MIL-A-3316C |&s 2, Grade A.
1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-127.

b. Eagle Bridges- Marathon Industries; 225.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 85-60/85-70.

d. Mon-Eco Industries, Ing22-25.

2. For indoor applications, adhesive shall have a V&@tent of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERAREd 24).

D. ASJ Adhesive, and FSK and PVDC Jacket Adhesivempilyp with MIL-A-3316C, Class 2,
Grade A for bonding insulation jacket lap seamsjairds.

1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; CP-82.

b. Eagle Bridges- Marathon Industries; 225.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 85-50.

d. Mon-Eco Industries, In¢22-25.

HVAC EQUIPMENT INSULATION 230716 - 6



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

2.

For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdEd 24).

E. PVC Jacket Adhesive: Compatible with PVC jacket.

1.

Products Subject to compliance with requirements, provade of the following:

Dow Corning Corporatigri739, Dow Silicone.

Johns Manville Zeston Perma-Weld, CEEL-TITE Solvent Welding Asikie.
P.I.C. Plastics, Ing Welding Adhesive.

Speedline CorporatigriPolyco VP Adhesive.

coop

For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

24 MASTICS

A.  Materials shall be compatible with insulation mads; jackets, and substrates; comply with
MIL-PRF-19565C, Type II.

1.

For indoor applications, use mastics that have &\Wontent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

B.  Vapor-Barrier Mastic: Water based; suitable fodaar and outdoor use on below ambient
services.

1.

Products Subject to compliance with requirements, prowde of the following:

a. Foster Brang Specialty Construction Brands, Inc., a businels$ioB. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation/49.

Water-Vapor Permeance: ASTM E 96/E 96M, Proce®yre.013 perm(0.009 metric
perm)at43-mil (1.09-mm)dry film thickness.

Service Temperature Ranghtinus 20 to plus 180 deg®inus 29 to plus 82 deg C)
Solids Content: ASTM D 1644, 58 percent by volueme 70 percent by weight.
Color: White.

C. Vapor-Barrier Mastic: Solvent based; suitableif@oor use on below ambient services.

1.

Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-30.

b. Eagle Bridges- Marathon Industries; 501.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 30-35.

d. Mon-Eco Industries, Ing55-10.
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2. Water-Vapor Permeance: ASTM F 124005 perm(0.03 metric permat 35-mil (0.9-
mm) dry film thickness.

3. Service Temperature Range:to 180 deg FMinus 18 to plus 82 deg C)

4, Solids Content: ASTM D 1644, 44 percent by voluane 62 percent by weight.

5. Color: White.

D. Vapor-Barrier Mastic: Solvent based; suitabledotdoor use on below ambient services.
1. Products Subject to compliance with requirements, provade of the following:

a. Childers Brangl Specialty Construction Brands, Inc., a businessi.oB. Fuller
Company; Encacel.

b. Eagle Bridges- Marathon Industries; 570.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 60-95/60-96.

2. Water-Vapor Permeance: ASTM F 124905 perm(0.033 metric permat 30-mil (0.8-
mm) dry film thickness.

3. Service Temperature Rangktinus 50 to plus 220 deg ™inus 46 to plus 104 deg C)

4. Solids Content: ASTM D 1644, 33 percent by voluene 46 percent by weight.

5. Color: White.

E. Breather Mastic: Water based; suitable for indmwdt outdoor use on above ambient services.
1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-10.

b. Eagle Bridges- Marathon Industries; 550.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 46-50.

d. Mon-Eco Industries, In¢55-50.

e. Vimasco CorporatigrWC-1/WC-5.

2. Water-Vapor Permeance: ASTM F 12498 perms(1.2 metric permsat 0.0625-inch
(1.6-mm)dry film thickness.

3. Service Temperature Rangktinus 20 to plus 180 deg ®inus 29 to plus 82 deg C)

4, Solids Content: 60 percent by volume and 66 perogmeight.

5. Color: White.

2.5 LAGGING ADHESIVES

A. Description: Comply with MIL-A-3316C, Class |, Gl A and shall be compatible with
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives tieate a VOC content oflrsert
value> g/L or less when calculated according to 40 CBR SubpartD (EPA
Method 24).

2. Products Subject to compliance with requirements, prowde of the following:
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2.6

A.

a. Childers Brangl Specialty Construction Brands, Inc., a businessi.oB. Fuller
Company; CP-50 AHV2.

b. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 30-36.

C. Vimasco Corporaticn713 and 714.

3. Fire-resistant, water-based lagging adhesive amtingpfor use indoors to adhere fire-
resistant lagging cloths over equipment insulation.

4. Service Temperature Range:to plus 180 deg BViinus 18 to plus 82 deg C)

5. Color: White.

SEALANTS

Joint Sealants:

1.

Nooasr®

Joint Sealants for Cellular-Glass, Phenolic, anlyi&acyanurate ProductsSubject to
compliance with requirements, provide one of thlefang:

a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; CP-76.

b. Eagle Bridges- Marathon Industries; 405.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 30-45.

d. Mon-Eco Industries, In¢44-05.

e. Pittsburgh Corning CorporatipRittseal 444.

Joint Sealants for Polystyrene ProductSubject to compliance with requirements,
provide one of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-70.

b. Eagle Bridges- Marathon Industries; 405.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 30-45.

d. Mon-Eco Industries, In¢44-05.

Materials shall be compatible with insulation matisy; jackets, and substrates.
Permanently flexible, elastomeric sealant.

Service Temperature Rangktinus 100 to plus 300 deg(Minus 73 to plus 149 deg C)
Color: White or gray.

For indoor applications, sealants shall have a \@@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

FSK and Metal Jacket Flashing Sealants:

1.

Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; CP-76.
b. Eagle Bridges- Marathon Industries; 405.
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C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 95-44.
d. Mon-Eco Industries, In¢44-05.

Materials shall be compatible with insulation matkst, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeriglaet.

Service Temperature Ranggtinus 40 to plus 250 deg (™inus 40 to plus 121 deg C)
Color: Aluminum.

For indoor applications, sealants shall have a \€@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PV&ekElashing Sealants:

1.

o0k wWN

Products Subject to compliance with requirements, provtaefollowing:

a. Childers Brangl Specialty Construction Brands, Inc., a businessi.oB. Fuller
Company; CP-76.

Materials shall be compatible with insulation méakst, jackets, and substrates.

Fire- and water-resistant, flexible, elastomeriglaet.

Service Temperature Rangktinus 40 to plus 250 deg ™inus 40 to plus 121 deg C)
Color: White.

For indoor applications, sealants shall have a \@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdEd 24).

2.7 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-agpjackets on various applications. When
factory-applied jackets are indicated, comply wité following:

1.

2.

ASJ: White, kraft-paper, fiberglass-reinforced imcrwith aluminum-foil backing;
complying with ASTM C 1136, Type |.

ASJ-SSL: ASJ with self-sealing, pressure-sensitaeylic-based adhesive covered by a
removable protective strip; complying with ASTM €36, Type I.

FSK Jacket: Aluminum-foil, fiberglass-reinforcedrimn with kraft-paper backing;
complying with ASTM C 1136, Type Il

FSP Jacket: Aluminum-foil, fiberglass-reinforcedris with polyethylene backing;
complying with ASTM C 1136, Type II.

PVDC Jacket for Indoor Applications4-mil- (0.10-mm-)thick, white PVDC biaxially
oriented barrier film with a permeance @02 perm(0.013 metric permwhen tested
according to ASTM E 96/E 96M and with a flame-spréadex of 5 and a smoke-
developed index of 20 when tested according to AET84.

a. Products Subject to compliance with requirements, provtaefollowing:

1) Dow Chemical Company (The)Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

PVDC Jacket for Outdoor Applicationgi-mil- (0.15-mm-)thick, white PVDC biaxially
oriented barrier film with a permeance @01 perm(0.007 metric permwhen tested
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2.8

2.9

according to ASTM E 96/E 96M and with a flame-spraadex of 5 and a smoke-
developed index of 25 when tested according to A&T84.

a. Products Subject to compliance with requirements, proviuefollowing:

1) Dow Chemical Company (The)Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

7. PVDC-SSL Jacket: PVDC jacket with a self-sealipggssure-sensitive, acrylic-based
adhesive covered by a removable protective strip.

a. Products Subject to compliance with requirements, provtaefollowing:

1) Dow Chemical Company (The)Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

8. Vinyl Jacket: White vinyl with a permeance B permg0.86 metric permyvhen tested
according to ASTM E 96/E 96M, Procedure A, and clying with NFPA 90A and
NFPA 90B.

FIELD-APPLIED FABRIC-REINFORCING MESH

Woven Glass-Fiber Fabric: Approximateéyoz./sq. yd(203 g/sg. mwith a thread count d§
strands by 5 strands/sq. (2. strands by 2 strands/sq. mio) covering equipment.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Childers Brangl Specialty Construction Brands, Inc., a businessi.oB. Fuller
Company; Chil-Glas No. 5.

Woven Polyester Fabric: Approximatelyoz./sq. yd(34 g/sq. mwith a thread count of0
strands by 10 strands/sq. {d.strands by 4 strands/sg. mim)a Leno weave, for equipment.

1. Products Subject to compliance with requirements, prowde of the following:
a. Foster Brang Specialty Construction Brands, Inc., a busines$H0B. Fuller

Company; Mast-A-Fab.
b. Vimasco CorporationElastafab 894.

FIELD-APPLIED CLOTHS

Woven Glass-Fiber Fabric: Comply with MIL-C-20079Fype I, plain weave, and presized a

minimum of8 0z./sq. yd(271 g/sq. m)
1. Products Subject to compliance with requirements, provtaefollowing:

a. Alpha Associates, InpAlpha-Maritex 84215 and 84217/9485RW, Luben 59.
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2.10 FIELD-APPLIED JACKETS
A.  Field-applied jackets shall comply with ASTM C 924pe I, unless otherwise indicated.
B. FSK Jacket: Aluminum-foil-face, fiberglass-reirded scrim with kraft-paper backing.
C. PVC Jacket: High-impact-resistant, UV-resistant (P\éomplying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll steakly for shop or field cutting and forming.
Thickness is indicated in field-applied jacket siies.

1. Products Subject to compliance with requirements, provade of the following:

a. Johns Manville Zeston.

b. P.I.C. Plastics, In¢ FG Series.
c.

d.

Proto CorporationLoSmoke.
Speedline CorporatigismokeSafe.

2. Adhesive: Asrecommended by jacket material martufar.
3. Color: White.
4 Factory-fabricated tank heads and tank side panels.

D. Metal Jacket:
1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; Metal Jacketing Systems.

b. ITW Insulation SystemsAluminum and Stainless Steel Jacketing.

C. RPR Products, Inglnsul-Mate.

2. Aluminum Jacket: Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005,
3105, or 5005, Temper H-14.

a. [Sheet and rall stock ready for shop or field sizing] [Factory cut and rolled to
size].

b. Finish and thickness are indicated in field-appjeket schedules.

C. Moisture Barrier for Indoor Applications: 1{mil- (0.025-mm-) thick, heat-
bonded polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

d. Moisture Barrier for Outdoor Applications: 3-fnil- (0.075-mm-) thick, heat-
bonded polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

e. Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.

2) Preformed two-piece or gore, 45- and 90-degreertsiamd long-radius
elbows.

3) Tee covers.

4)  Flange and union covers.

5) End caps.

6) Beveled collars.

7)  Valve covers.
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8)  Field fabricate fitting covers only if factory-fabated fitting covers are not
available.

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 24Q40M.

a. [Sheet and rall stock ready for shop or field sizing] [Factory cut and rolled to
size].

b. Material, finish, and thickness are indicated @idiapplied jacket schedules.

C. Moisture Barrier for Indoor Applications: 1{mil- (0.025-mm-) thick, heat-
bonded polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

d. Moisture Barrier for Outdoor Applications: 3-nil- (0.075-mm-) thick, heat-
bonded polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].

e. Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.

2) Preformed two-piece or gore, 45- and 90-degreertsiand long-radius
elbows.

3) Tee covers.

4)  Flange and union covers.

5) End caps.

6) Beveled collars.

7)  Valve covers.

8) Field fabricate fitting covers only if factory-fabated fitting covers are not
available.

E. Self-Adhesive Outdoor Jacket: 60-mil- (1.5-mm-) thick, laminated vapor barrier and
waterproofing membrane for installation over insiola located aboveground outdoors;
consisting of a rubberized bituminous resin onassliaminated polyethylene film covered with
[white] [stucco-embossed] aluminum-foil facing.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Polyguard Products, IrcAlumaguard 60.

F. PVDC Jacket for Indoor Applicationst-mil- (0.10-mm-)thick, white PVDC biaxially oriented
barrier film with a permeance @02 perm(0.013 metric permwhen tested according to
ASTM E 96/E 96M and with a flame-spread index o&rid a smoke-developed index of 20
when tested according to ASTM E 84.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Dow Chemical Company (The$Saran 540 Vapor Retarder Film.

G. PVDC Jacket for Outdoor Applications:6-mil- (0.15-mm-) thick, white PVDC biaxially
oriented barrier film with a permeanceCadl perm(0.007 metric permyvhen tested according
to ASTM E 96/E 96M and with a flame-spread indexsadnd a smoke-developed index of 25
when tested according to ASTM E 84.

1. Products Subject to compliance with requirements, provtaefollowing:
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a. Dow Chemical Company (The$aran 560 Vapor Retarder Film.

PVDC-SSL Jacket: PVDC jacket with a self-sealimggssure-sensitive, acrylic-based adhesive
covered by a removable protective strip.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Dow Chemical Company (TheSaran 540 Vapor Retarder Film and Saran 560
Vapor Retarder Film.

TAPES

ASJ Tape: White vapor-retarder tape matching fgeapplied jacket with acrylic adhesive,
complying with ASTM C 1136.

1. Products Subject to compliance with requirements, provade of the following:

ABI, Ideal Tape Division; 428 AWF ASJ.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0836.
Compac Corporatigrl04 and 105.

Venture Tappl540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

coop

Width: 3 incheg(75 mm)

Thickness:11.5 mils(0.29 mm)

Adhesion: 90 ounces force/inc{iL.0 N/mm)in width.

Elongation: 2 percent.

Tensile Strength40 Ibf/inch (7.2 N/mm)in width.

ASJ Tape Disks and Squares: Precut disks or sgjof#eSJ tape.

Nooahrwd

FSK Tape: Foil-face, vapor-retarder tape matcaatpry-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1. Products Subject to compliance with requirements, provade of the following:

ABI, Ideal Tape Division; 491 AWF FSK.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0827.
Compac Corporatigrt10 and 111.

Venture Tappl525 CW NT, 1528 CW, and 1528 CW/SQ.

aoow

Width: 3 incheg(75 mm)

Thickness:6.5 mils(0.16 mm)

Adhesion: 90 ounces force/inc{iL.0 N/mm)in width.

Elongation: 2 percent.

Tensile Strength40 Ibf/inch (7.2 N/mm)in width.

FSK Tape Disks and Squares: Precut disks or sgjofifeSK tape.

Noahrwd

PVC Tape: White vapor-retarder tape matching fegglied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1. Products Subject to compliance with requirements, prowde of the following:
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a. ABI, Ideal Tape Division; 370 White PVC tape.
b. Compac Corporatigri30.
C. Venture Tappl506 CW NS.

Width: 2 inches(50 mm)

Thickness:6 mils (0.15 mm)

Adhesion: 64 ounces force/inc{0.7 N/mm)in width.
Elongation: 500 percent.

Tensile Strength18 Ibf/inch (3.3 N/mm)in width.

D. Aluminum-Foil Tape: Vapor-retarder tape with a@dhesive.

1.

ourwWN

Products Subject to compliance with requirements, proade of the following:

ABI, Ideal Tape Division; 488 AWF.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0800.
Compac Corporatigril20.

Venture Tapp3520 CW.

coop

Width: 2 incheg(50 mm)

Thickness:3.7 mils(0.093 mm)

Adhesion: 100 ounces force/incfil.1 N/mm)in width.
Elongation: 5 percent.

Tensile Strength34 Ibf/inch (6.2 N/mm)in width.

E. PVDC Tape for Indoor Applications: White vaporaeter PVDC tape with acrylic adhesive.

1.

ogaprwnN

Products Subject to compliance with requirements, proviuefollowing:

a. Dow Chemical Company (The$aran 540 Vapor Retarder Tape.

Width: 3 inches(75 mm)

Film Thickness:4 mils (0.10 mm)

Adhesive Thickness1.5 mils(0.04 mm)
Elongation at Break: 145 percent.

Tensile Strength55 Ibf/inch (10.1 N/mm)in width.

F. PVDC Tape for Outdoor Applications: White vapotareler PVDC tape with acrylic adhesive.

1.

ourwWN

Products Subject to compliance with requirements, provtaefollowing:

a. Dow Chemical Company (The$Saran 560 Vapor Retarder Tape.

Width: 3 inches(75 mm)

Film Thickness:6 mils (0.15 mm)

Adhesive Thickness1.5 mils(0.04 mm)
Elongation at Break: 145 percent.

Tensile Strength55 Ibf/inch(10.1 N/mm)in width.
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2.12 SECUREMENTS
A. Bands:
1. Products Subject to compliance with requirements, provide of the following:

a. ITW Insulation SystemsGerrard Strapping and Seals.
b. RPR Products, InpInsul-Mate Strapping, Seals, and Springs.

Stainless Steel: ASTM A 167 or ASTM A 240/A 240Mype 304] [or] [Type 316];
0.015 inch(0.38 mm)thick, [1/2 inch (13 mm)] [3/4 inch (19 mm)] wide with [wing
seal] [or] [closed seal].

Aluminum:  ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005;
Temper H-140.020 inch(0.51 mm)thick, [1/2 inch (13 mm)] [3/4 inch (19 mm)] wide
with [wing seal] [or] [closed seal].

Springs: Twin spring set constructed of stainksel with ends flat and slotted to accept
metal bands. Spring size determined by manufactarepplication.

Insulation Pins and Hangers:

1.

Capacitor-Discharge-Weld Pins: Copper- or zinctedasteel pin, fully annealed for
capacitor-discharge welding).106-inch- (2.6-mm-)] [0.135-inch- (3.5-mm-)] diameter
shank, length to suit depth of insulation indicated

a. Products Subject to compliance with requirements, prowde of the following:

1) AGM Industries, Ing CWP-1.

2) GEMCG CD.

3) Midwest Fasteners, IqcCD.

4)  Nelson Stud WeldindTPA, TPC, and TPS.

Cupped-Head, Capacitor-Discharge-Weld Pins: Copmerinc-coated steel pin, fully
annealed for capacitor-discharge welding,106-inch- (2.6-mm-)] [0.135-inch- (3.5-
mm-)] diameter shank, length to suit depth of insufatindicated with integral-1/2-
inch (38-mm)galvanized carbon-steel washer.

a. Products Subject to compliance with requirements, provade of the following:

1) AGM Industries, Ing CHP-1.

2) GEMCQO, Cupped Head Weld Pin.

3) Midwest Fasteners, liicCupped Head.
4)  Nelson Stud WeldingCHP.

Metal, Adhesively Attached, Perforated-Base InsotaHangers: Baseplate welded to
projecting spindle that is capable of holding iasigin, of thickness indicated, securely in
position indicated when self-locking washer is iacg.

a. Products Subject to compliance with requirements, prowde of the following:

1) AGM Industries, Ing Tactoo Perforated Base Insul-Hangers.
2) GEMCG Perforated Base.
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3) Midwest Fasteners, lricSpindle.

b. Baseplate: Perforated, galvanized carbon-ste@tdh@30 inch(0.76 mm)thick
by 2 incheg(50 mm)square.

C. Spindle: [opper- or zinc-coated, low-carbon steel] [Aluminum] [Stainless
stedl], fully annealed0.106-inch-(2.6-mm-)diameter shank, length to suit depth
of insulation indicated.

d. Adhesive: Recommended by hanger manufacturer.duetavith demonstrated
capability to bond insulation hanger securely tdsstates indicated without
damaging insulation, hangers, and substrates.

4, Nonmetal, Adhesively Attached, Perforated-Baselatgn Hangers: Baseplate fastened
to projecting spindle that is capable of holdingulation, of thickness indicated, securely
in position indicated when self-locking washemiglace.

a. Products Subject to compliance with requirements, provade of the following:

1) GEMCQG; Nylon Hangers.
2)  Midwest Fasteners, liqcNylon Insulation Hangers.

b. Baseplate: Perforated, nylon shé€e930 inch(0.76 mmjthick by 1-1/2 incheg38
mm) in diameter.

C. Spindle: Nylon,0.106-inch-(2.6-mm-) diameter shank, length to suit depth of
insulation indicated, up t8-1/2 incheg63 mm)

d. Adhesive: Recommended by hanger manufacturer.duetavith demonstrated
capability to bond insulation hanger securely tdssates indicated without
damaging insulation, hangers, and substrates.

5. Self-Sticking-Base Insulation Hangers: Baseplatdded to projecting spindle that is
capable of holding insulation, of thickness indéchtsecurely in position indicated when
self-locking washer is in place.

a. Products Subject to compliance with requirements, prowde of the following:
1) AGM Industries, Ing Tactoo Self-Adhering Insul-Hangers, Series.

2) GEMCG, Peel & Press.
3) Midwest Fasteners, lacSelf Stick.

b. Baseplate: Galvanized carbon-steel sh&e€B0 inch(0.76 mm)thick by 2 inches
(50 mm)square.

C. Spindle: [Lopper- or zinc-coated, low-carbon steel] [Aluminum] [Stainless
sted], fully annealed0.106-inch-(2.6-mm-)diameter shank, length to suit depth
of insulation indicated.

d.  Adhesive-backed base with a peel-off protectiveecov

6. Insulation-Retaining Washers: Self-locking wasHermed from0.016-inch-(0.41-mm-
) thick, [galvanized-steel] [aluminum] [stainless-stedl] sheet, with beveled edge sized as
required to hold insulation securely in place bat less tharil-1/2 inches(38 mm)in
diameter.

a. Products Subject to compliance with requirements, provade of the following:
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1) AGM Industries, Ing RC-150.

2) GEMCG, R-150.

3) Midwest Fasteners, l1cWA-150.
4)  Nelson Stud WeldirgSpeed Clips.

b. Protect ends with capped self-locking washers pm@ting a spring steel insert to
ensure permanent retention of cap in exposed totati

7. Nonmetal Insulation-Retaining Washers: Self-logkimashers formed from.016-inch-
(0.41-mm-) thick nylon sheet, with beveled edge sized asireduo hold insulation
securely in place but not less thiari/2 incheg38 mm)in diameter.

a. Manufacturers Subject to compliance with requirements, proydaducts by one
of the following:

1) GEMCO.
2) Midwest Fasteners, Inc

C. Staples: Outward-clinching insulation staples, mah3/4-inch-(19-mm-)wide, stainless steel
or Monel.

D.  Wire: 0.062-inch (1.6-mm) soft-annealed, stainless steel.

1. Manufacturers Subject to compliance with requirements, provigleducts by the
following:

a. C & F Wire.

2.13 CORNER ANGLES

A. PVC Corner Angles: 30 mils (0.8 mm) thick, minimum1 by 1 inch(25 by 25 mm) PVC
according to ASTM D 1784, Class 16354-C. Whitealor-coded to match adjacent surface.

B.  Aluminum Corner Angles:0.040 inch (1.0 mm) thick, minimum1 by 1 inch(25 by 25 mm)
aluminum according t)ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005;
Temper H-14.

C. Stainless-Steel Corner Angle§.024 inch (0.61 mm) thick, minimuml by 1 inch(25 by 25

mm), stainless steel according to ASTM A 167 or ASTN240/A 240M, TType 304] [or]
[Type 316].

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine substrates and conditions for compliandk weiquirements for installation tolerances
and other conditions affecting performance of iagah application.
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1. Verify that systems and equipment to be insulatadehbeen tested and are free of
defects.
2. Verify that surfaces to be insulated are cleandryd

B.  Proceed with installation only after unsatisfactooynditions have been corrected.

3.2 PREPARATION

A. Surface Preparation: Clean and prepare surfaces tosulated. Before insulating, apply a
corrosion coating to insulated surfaces as follows:

1. Stainless Steel: Coat 300 series stainless sigelaw epoxy primeb mils (0.127 mm)
thick and an epoxy finisb mils (0.127 mm)thick if operating in a temperature range
between140 and 300 deg F60 and 149 deg C) Consult coating manufacturer for
appropriate coating materials and application ne#gHor operating temperature range.

2. Carbon Steel: Coat carbon steel operating at\aceetemperature betwe&? and 300
deg F (0 and 149 deg Cyith an epoxy coating. Consult coating manufaatufior
appropriate coating materials and application nagHor operating temperature range.

B. Coordinate insulation installation with the tradestalling heat tracing. Comply with
requirements for heat tracing that apply to insolat

C. Mix insulating cements with clean potable wateiingulating cements are to be in contact with
stainless-steel surfaces, use demineralized water.
3.3 GENERAL INSTALLATION REQUIREMENTS

A. Install insulation materials, accessories, andsfieg with smooth, straight, and even surfaces;
free of voids throughout the length of equipment.

B. Install insulation materials, forms, vapor barriersetarders, jackets, and thicknesses required
for each item of equipment as specified in insatagystem schedules.

C. Install accessories compatible with insulation mate and suitable for the service. Install
accessories that do not corrode, soften, or otleraitack insulation or jacket in either wet or
dry state.

D. Install insulation with longitudinal seams at taplébottom of horizontal runs.

E. Install multiple layers of insulation with longitudil and end seams staggered.

F. Keep insulation materials dry during applicationl dinishing.

G. Install insulation with tight longitudinal seamsdaend joints. Bond seams and joints with
adhesive recommended by insulation material matwiec

H. Install insulation with least number of joints piaal.
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. Where vapor barrier is indicated, seal joints, seaand penetrations in insulation at hangers,
supports, anchors, and other projections with yaorier mastic.

1. Install insulation continuously through hangers araund anchor attachments.

2. For insulation application where vapor barriersiaticated, extend insulation on anchor
legs from point of attachment to supported iterpdmt of attachment to structure. Taper
and seal ends at attachment to structure with vaaier mastic.

3. Install insert materials and install insulationtightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing comgbuscommended by insulation
material manufacturer.

4, Cover inserts with jacket material matching adjadesulation. Install shields over
jacket, arranged to protect jacket from tear orgune by hanger, support, and shield.

J. Apply adhesives, mastics, and sealants at manufastuecommended coverage rate and wet
and dry film thicknesses.

K. Install insulation with factory-applied jacketsfaows:

1. Draw jacket tight and smooth.

2. Cover circumferential joints witl8-inch- (75-mm-) wide strips, of same material as
insulation jacket. Secure strips with adhesive antivard clinching staples along both
edges of strip, spacedinches(100 mm)o.c.

3. Overlap jacket longitudinal seams at leasit/2 incheg38 mm) Clean and dry surface
to receive self-sealing lap. Staple laps with @urtivclinching staples along edge at [
inches (50 mm)] [4 inches (100 mm)] o.c.

a. For below ambient services, apply vapor-barriertro@aver staples.

4, Cover joints and seams with tape, according tolatisun material manufacturer's written
instructions, to maintain vapor seal.
5. Where vapor barriers are indicated, apply vaporibamastic on seams and joints.

L. Cut insulation in a manner to avoid compressinglai®on more than 75 percent of its nominal
thickness.

M.  Finish installation with systems at operating ctinds. Repair joint separations and cracking
due to thermal movement.

N. Repair damaged insulation facings by applying sdating material over damaged areas.
Extend patches at leaétinches(100 mm)beyond damaged areas. Adhere, staple, and seal
patches similar to butt joints.

O. For above ambient services, do not install insoiteto the following:

Vibration-control devices.

Testing agency labels and stamps.
Nameplates and data plates.
Manholes.

Handholes.

Cleanouts.

ogarwnNE
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3.4 INSTALLATION OF EQUIPMENT, TANK, AND VESSEL INSULATON

A. Mineral-Fiber, Pipe and Tank Insulation Installatior Tanks and Vessels: Secure insulation
with adhesive and anchor pins and speed washers.

1.

2.

© N

9.

10.

Apply adhesives according to manufacturer's reconad®e coverage rates per unit area,
for 100 percent coverage of tank and vessel sisface

Groove and score insulation materials to fit aselpas possible to equipment, including
contours. Bevel insulation edges for cylindricatfaces for tight joints. Stagger end
joints.

Protect exposed corners with secured corner angles.

Install adhesively attached or self-sticking intiola hangers and speed washers on sides
of tanks and vessels as follows:

a. Do not weld anchor pins to ASME-labeled pressussets.

b. Select insulation hangers and adhesive that arepatiple with service
temperature and with substrate.

C. On tanks and vessels, maximum anchor-pin spacirfyjircches(75 mm) from
insulation end joints, ant6 incheq400 mm)o.c. in both directions.

d. Do not overcompress insulation during installation.

e. Cut and miter insulation segments to fit curvedesidnd domed heads of tanks
and vessels.

f. Impale insulation over anchor pins and attach spesshers.

g. Cut excess portion of pins extending beyond speagshers or bend parallel with
insulation surface. Cover exposed pins and washighstape matching insulation
facing.

Secure each layer of insulation with stainlesststeealuminum bands. Select band
material compatible with insulation materials.

Where insulation hangers on equipment and vesselsi@ permitted or practical and
where insulation support rings are not providedtath a girdle network for securing
insulation. Stretch prestressed aircraft cabler@idhe diameter of vessel and make taut
with clamps, turnbuckles, or breather springs. c®lane circumferential girdle around
equipment approximately inches (150 mm)from each end. Install wire or cable
between two circumferential girdld® inches(300 mm)o.c. Install a wire ring around
each end and around outer periphery of center ngsnand stretch prestressed aircraft
cable radially from the wire ring to nearest cirdarential girdle. Install additional
circumferential girdles along the body of equipmentank at a minimum spacing 48
inches(1200 mm)o.c. Use this network for securing insulationhatie wire or bands.
Stagger joints between insulation layers at 18asthes(75 mm)

Install insulation in removable segments on equipmaccess doors, manholes,
handholes, and other elements that require freqeemtval for service and inspection.
Bevel and seal insulation ends around manholesdhues, ASME stamps, and
nameplates.

For equipment with surface temperatures below ampi@oply mastic to open ends,
joints, seams, breaks, and punctures in insulation.

B. Flexible Elastomeric Thermal Insulation Installatifior Tanks and Vessels: Install insulation
over entire surface of tanks and vessels.
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3.5

1.  Apply 100 percent coverage of adhesive to surfaitk manufacturer's recommended
adhesive.
2. Seal longitudinal seams and end joints.

Insulation Installation on Pumps:

1. Fabricate metal boxes lined with insulation. Fokés around pumps and coincide box
joints with splits in pump casings. Fabricate isimwith outward bolted flanges. Bolt
flanges on6-inch (150-mm) centers, starting at corners. InstalB-inch- (10-mm-)
diameter fasteners with wing nuts. Alternativeslgcure the box sections together using a
latching mechanism.

2. Fabricate boxes fromg@lvanized steel] [aluminum] [stainless steel], at least (.040
inch (1.0 mm)] [0.050 inch (1.3 mm)] [0.060 inch (1.6 mm)] thick.

3. For below ambient services, install a vapor baraeseams, joints, and penetrations.
Seal between flanges with replaceable gasket rahteriorm a vapor barrier.

FIELD-APPLIED JACKET INSTALLATION

Where glass-cloth jackets are indicated, instakadly over bare insulation or insulation with
factory-applied jackets.

1. Draw jacket smooth and tight to surface witinch (50-mm)overlap at seams and joints.
2. Embed glass cloth between tw®62-inch-1.6-mm-)thick coats of lagging adhesive.
3. Completely encapsulate insulation with coatingyileg no exposed insulation.

Where FSK jackets are indicated, install as follows

Draw jacket material smooth and tight.

Install lap or joint strips with same material asket.

Secure jacket to insulation with manufacturer'snemended adhesive.

Install jacket with1-1/2-inch(38-mm)laps at longitudinal seams afidnch- (75-mm-)
wide joint strips at end joints.

Seal openings, punctures, and breaks in vapordetgackets and exposed insulation
with vapor-barrier mastic.

PwpnpPE

o

Where PVC jackets are indicated, install witinch (25-mm)overlap at longitudinal seams and
end joints; for horizontal applications, installtiviongitudinal seams along top and bottom of
tanks and vessels. Seal with manufacturer's reeded adhesive.

1.  Apply two continuous beads of adhesive to seamgants, one bead under lap and the
finish bead along seam and joint edge.

Where metal jackets are indicated, install witinch (50-mm) overlap at longitudinal seams
and end joints. Overlap longitudinal seams arrdnige shed water. Seal end joints with
weatherproof sealant recommended by insulation faaturer. Secure jacket with stainless-
steel band42 incheq300 mm)o.c. and at end joints.

Where PVDC jackets are indicated, install as fodow
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3.6

3.7

3.8

1. Jacket can be wrapped in cigarette fashion alamgfteof roll for insulation systems with
an outer circumference &3-1/2 inches(850 mm)or less. 33-1/2-inch-(850-mm-)
circumference limit allows foR-inch- (50-mm-) overlap seal. Using the length of roll
allows for longer sections of jacket to be inshli one time. Use adhesive on the lap
seal. Visually inspect lap seal for "fishmouthingnhd use PVDC tape along lap seal to
secure joint.

2. Repair holes or tears in PVDC jacket by placing Bv@ape over the hole or tear and
wrapping a minimum of 1-1/4 circumferences to awianage to tape edges.

FINISHES
Equipment Insulation with ASJ, Glass-Cloth, or @tRaintable Jacket Material: Paint jacket
with paint system identified below and as specifiecbection 099113 "Exterior Painting" and

Section 099123 "Interior Painting."

1. Flat Acrylic Finish: Two finish coats over a primthat is compatible with jacket
material and finish coat paint. Add fungicidal agt render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emulsisize.

Flexible Elastomeric Thermal Insulation: After adive has fully cured, apply two coats of
insulation manufacturer's recommended protectietitng.

Color: Final color as selected by Architect. Vdmst and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless-steel gtek

FIELD QUALITY CONTROL

Testing Agency: Cleveland Clinwill engage a qualified testing agency to perfoast$ and
inspections.

Tests and Inspections: Inspect field-insulatedipgeant, randomly selected by Architect, by

removing field-applied jacket and insulation in éay in reverse order of their installation.

Extent of inspection shall be limited to one looafs) for each type of equipment defined in the
"Equipment Insulation Schedule" Article. For laguipment, remove only a portion adequate
to determine compliance.

All insulation applications will be considered detige Work if sample inspection reveals

noncompliance with requirements.

BREECHING INSULATION SCHEDULE
1. Manufacturer provided, pre-fabricated, factory-iased.
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3.9 EQUIPMENT INSULATION SCHEDULE

A. Insulation materials and thicknesses are identifigldw. If more than one material is listed for
a type of equipment, selection from materials disgeContractor's option.

B. Insulate indoor and outdoor equipment that is aotdry insulated.

C. Chillers: Insulate cold surfaces on chillers, utlthg, but not limited to, evaporator bundles,
condenser bundles, suction piping, compressorsintebe sheets, water boxes, and nozzles
with one of the following:

1.

2. Flexible Elastomeric:1 inch (25 mm) thick.

3 Mineral-Fiber Board: 1 inch (25 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

4. Mineral-Fiber Pipe and Tankt inch (25 mm) thick.

D. Heat-exchanger (water-to-water for cooling servinsylation shall bene of the following:
1. Flexible Elastomeric:1 inch (25 mm) thick.
2. Mineral-Fiber Board: 1 inch (25 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.
3. Mineral-Fiber Pipe and Tank:1 [nch (25 mm)] thick.

E. Heat-exchanger (water-to-water for heating seniitg)lation shall be one of the following:
1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.
2. Mineral-Fiber Pipe and Tank2 [nches (50 mm)] thick.

F.  Steam-to-hot-water converter insulation shall be ohthe following:

1. Calcium Silicate:3 inches (75 mm) thick.

2. Cellular Glass:3 inches (75 mm) thick.

3 Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

4. Mineral-Fiber Pipe and Tank2 inches (50 mm) thick.

G. Hot-water-to-steam converter insulation shall be ohthe following:
1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.
2. Mineral-Fiber Pipe and Tank2 inches (50 mm) thick.

H.  Chilled-water pump insulation shall be one of tbkoiving:
1. Flexible Elastomeric:1 inch (25 mm) thick.

l. Condenser-water pump insulation shall be one ofdhewing:
1. Mineral-Fiber Board: 1 inch (25 mm) thick and 6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

J. Dual-service heating and cooling pump insulatioalldie one of the following:

1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.
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K.  Heating-hot-water pump insulation shall be oneheffollowing:
1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

L. Heat-recovery pump insulation shall be one of tlleWwing:
1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

M.  Steam condensate pump and boiler feedwater purafatith shall be one of the following:
1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

N.  Chilled-water expansion/compression tank insulasioall be one of the following:
1. Flexible Elastomeric:1 inch (25 mm) thick.

O. Condenser-water expansion/compression tank insaolatiall be one of the following:
1. Mineral-Fiber Board: 1 inch (25 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

P.  Dual-service heating and cooling expansion/comprastank insulation shall be one of the
following:
1. Flexible Elastomeric:1 inch (25 mm) thick.
2. 6-1b/cu. ft. (96-kg/cu. m) nominal density.

Q. Heat-recovery expansion/compression tank insulai@il be one of the following:
1. Mineral-Fiber Board: 1 inch (25 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.

R.  Chilled-water air-separator insulation shall be ohthe following:
1. Flexible Elastomeric:1 inch (25 mm) thick.

S.  Condenser-water air-separator insulation shalligeas the following:
1. Flexible Elastomeric:1 inch (25 mm) thick.

T. Dual-service heating and cooling air-separatorlatgn shall be one of the following:
1. Flexible Elastomeric:1 inch (25 mm) thick.

U. Heating-hot-water air-separator insulation shalbbe of the following:
1. Flexible Elastomeric:1 inch (25 mm) thick.

V. Heat-recovery air-separator insulation shall beafrtbe following:
1. Flexible Elastomeric:1 inch (25 mm) thick.

W.  Thermal storage tank (brine, water, ice) insulasball be one of the following:
1. Mineral-Fiber Board: 3 inches (75 mm) thick and6-lb/cu. ft. (96-kg/cu. m) nominal
density.

X.  Deaerator insulation shall be one of the following:

1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-Ib/cu. ft. (96-kg/cu. m) nominal
density.
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Y.

AA.

3.10

3.11

Steam condensate tank and receiver insulation Isbahe of the following:

1. Mineral-Fiber Board: 2 inches (50 mm) thick and6-lb/cu. ft. (96-kg/cu. m) nominal
density.

Steam flash-tank, flash-separator, moisture-separand blow-off-tank insulation shall be one

of the following:

1. Mineral-Fiber Pipe and Tank2 inches (50 mm) thick.

Piping system filter-housing insulation shall be arf the following:

1. Mineral-Fiber Pipe and Tank2 inches (50 mm) thick.

INDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For iraion with factory-applied jacket, install the
field-applied jacket over the factory-applied jacke

If more than one material is listed, selection fnoaterials listed is Contractor's option.

Equipment, Concealed:
1.  Aluminum, Stucco Embaossed: 0.016 inch (0.41 mm) thick.

Equipment, Exposed, up #8 Inches(1200 mm)in Diameter or with Flat Surfaces up 1@
Inches(1800 mm)

1.  Aluminum, Stucco Embaossed: 0.016 inch (0.41 mm) thick.

Equipment, Exposed, Larger Thag Inches(1200 mm)in Diameter or with Flat Surfaces
Larger Tharv2 Incheg1800 mm)

1. Aluminum, Stucco Embossed : 0.032 inch (0.81 mm) thick.

OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

Install jacket over insulation material. For iretidn with factory-applied jacket, install the
field-applied jacket over the factory-applied jacke

If more than one material is listed, selection fnoaterials listed is Contractor's option.

Equipment, Concealed:
1. Aluminum, Stucco Embossed: 0.016 inch (0.41 mm) thick.

Equipment, Exposed, up #8 Inches(1200 mm)in Diameter or with Flat Surfaces up 1@
Inches(1800 mm)

1. Aluminum, Stucco Embossed: 0.016 inch (0.41 mm) thick.

Equipment, Exposed, Larger Thd® Inches(1200 mm)in Diameter or with Flat Surfaces
Larger Tharv2 Incheg1800 mm)

1. Aluminum, Stucco Embossed with [: 0.032 inch (0.81 mm) thick.
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END OF SECTION 230716
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SECTION 230719 - HVAC PIPING INSULATION

PART 1 - GENERAL

11

1.2

13

RELATED DOCUMENTS

Drawings and general provisions of the Contractluding General and Supplementary
Conditions and Division 01 Specification Secticagply to this Section.

SUMMARY
Section includes insulating the following HVAC pigi systems:

Condensate drain pipingngoor s] [and] [outdoor g].

Chilled-water and brine pipingjirfdoor s] [and] [outdoor g].

Condenser-water piping,infdoors when used for water-side economizer or for
condensate control] [and] [outdoor g].

Heating hot-water pipingjridoor s] [and] [outdoorg].

Steam and steam condensate pipimgidor 5] [and] [outdoor g].

Refrigerant suction and hot-gas pipinigndoor s| [and] [outdoor s].

Dual-service heating and cooling pipinmdoor s] [and] [outdoor g].

Heat-recovery pipingjipdoor s] [and] [outdoor g].

Heated fuel-oil piping,ipdoor s] [and] [outdoor g].

wn e

©CoN O A

Related Sections:

1.  Section 230713 "Duct Insulation."

2. Section 230716 "HVAC Equipment Insulation."

3 Section 232113.13 "Underground Hydronic Piping" foose-fill pipe insulation in
underground piping outside the building.

4. Section 336313 "Underground Steam and Condensateldiion Piping" for loose-fill
pipe insulation in underground piping outside théding.

ACTION SUBMITTALS

Product Data: For each type of product indicatéttlude thermal conductivity, water-vapor
permeance thickness, and jackets (both factoryfialidapplied if any).

LEED Submittals:

1. Product Data for Credit IEQ 4.1: For adhesives sedlants, documentation including
printed statement of VOC content.

Shop Drawings: Include plans, elevations, sectidatails, and attachments to other work.
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1.4

15

1. Detail application of protective shields, saddiasd inserts at hangers for each type of
insulation and hanger.

2. Detail attachment and covering of heat tracingd@snsulation.

3. Detail insulation application at pipe expansiomisifor each type of insulation.

4, Detail insulation application at elbows, fittingianges, valves, and specialties for each
type of insulation.

5. Detail removable insulation at piping specialties.

6. Detail application of field-applied jackets.

7 Detail application at linkages of control devices.

Samples: For each type of insulation and jackeicated. Identify each Sample, describing
product and intended use.

Preformed Pipe Insulation Material$2 incheq300 mm)long byNPS 2(DN 50).

Sheet Form Insulation Material42 incheq300 mm)square.

Jacket Materials for Pipet2 incheq300 mm)long byNPS 2(DN 50).

Sheet Jacket Materialg:2 incheq300 mm)square.

Manufacturer's Color Charts: For products wheleras specified, show the full range
of colors available for each type of finish materia

arwOE

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testingerazy acceptable to authorities having
jurisdiction indicating, interpreting, and certifigj test results for compliance of insulation
materials, sealers, attachments, cements, andtgackéh requirements indicated. Include
dates of tests and test methods employed.

Field quality-control reports.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics whorbauccessfully completed an apprenticeship
program or another craft training program certifteg the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulatiod aglated materials, as determined by testing
identical products according to ASTM E 84, by aitesand inspecting agency acceptable to
authorities having jurisdiction. Factory label ufetion and jacket materials and adhesive,
mastic, tapes, and cement material containers, agfitopriate markings of applicable testing
agency.

1. Insulation Installed Indoors: Flame-spread indéX% or less, and smoke-developed
index of 50 or less.
2. Insulation Installed Outdoors: Flame-spread index5 or less, and smoke-developed

index of 150 or less.

HVAC PIPING INSULATION 230719 -2



PROJECT NAME FOR

CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX
1.6 DELIVERY, STORAGE, AND HANDLING

A. Packaging: Insulation material containers shallnmked by manufacturer with appropriate

ASTM standard designation, type and grade, andmaxi use temperature.
1.7 COORDINATION

A. Coordinate sizes and locations of supports, hangamd insulation shields specified in
Section 230529 "Hangers and Supports for HVAC Rjgind Equipment.”

B. Coordinate clearance requirements with piping llestafor piping insulation application.
Before preparing piping Shop Drawings, establisd amaintain clearance requirements for
installation of insulation and field-applied jackeand finishes and for space required for
maintenance.

C. Coordinate installation and testing of heat tracing

1.8 SCHEDULING

A.  Schedule insulation application after pressureirtgssystems and, where required, after
installing and testing heat tracing. Insulatiorplagation may begin on segments that have
satisfactory test results.

B. Complete installation and concealment of plastitemals as rapidly as possible in each area of

construction.

PART 2 - PRODUCTS

2.1

A.

INSULATION MATERIALS

Comply with requirements in "Piping Insulation Sdbke, General,” "Indoor Piping Insulation
Schedule,"” "Outdoor, Aboveground Piping Insulattechedule,” and "Outdoor, Underground
Piping Insulation Schedule" articles for where lating materials shall be applied.

Products shall not contain asbestos, lead, meroumgercury compounds.

Products that come in contact with stainless stieall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.

Insulation materials for use on austenitic stamlasseel shall be qualified as acceptable
according to ASTM C 795.

Foam insulation materials shall not use CFC or H@F@ving agents in the manufacturing
process.

Calcium Silicate:
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1. Products Subject to compliance with requirements, proviuefollowing:

a. Industrial Insulation Group (lIG); Thermo-12 Gold

2. Preformed Pipe Sections: Flat-, curved-, and geddMock sections of noncombustible,
inorganic, hydrous calcium silicate with a non-adbe fibrous reinforcement. Comply
with ASTM C 533, Type .

3. Flat-, curved-, and grooved-block sections of nomoostible, inorganic, hydrous
calcium silicate with a non-asbestos fibrous reicdment. Comply with ASTM C 533,
Type I.

4, Prefabricated Fitting Covers: Comply with ASTM 804 and ASTM C 585 for
dimensions used in preforming insulation to coedves, elbows, tees, and flanges.

G. Cellular Glass: Inorganic, incombustible, foamedcellulated glass with annealed, rigid,
hermetically sealed cells. Factory-applied jackequirements are specified in "Factory-
Applied Jackets" Article.

1. Products Subject to compliance with requirements, provtaefollowing:

a. Pittsburgh Corning Corporation; Foamglas

Block Insulation: ASTM C 552, Type I.

Special-Shaped Insulation: ASTM C 552, Type Ill.

Board Insulation: ASTM C 552, Type IV.

Preformed Pipe Insulation without Jacket: CompithwASTM C 552, Type I, Class 1.
Preformed Pipe Insulation with Factory-AppliedJJ] [ASJ-SSL]: Comply with
ASTM C 552, Type Il, Class 2.

7. Factory fabricate shapes according to ASTM C 450A48TM C 585.

ourwWN

H. Flexible Elastomeric Insulation: Closed-cell, spenor expanded-rubber materials. Comply
with ASTM C 534, Type | for tubular materials.

1. Products Subject to compliance with requirements, provade of the following:
a. Aeroflex USA, Inc.; Aerocel

b. Armacell LLC; AP Armaflex
C. K-Flex USA: Insul-Lock, Insul-Tube, and K-FLEX LS.

l. Mineral-Fiber Blanket Insulation: Mineral or glafbers bonded with a thermosetting resin.
Comply with ASTM C 553, Type Il and ASTM C 1290, ge/[l] [Il with factory-applied
vinyl jacket] [I11 with factory-applied FSK jacket] [I11 with factory-applied FSP jacket].
Factory-applied jacket requirements are specifietFactory-Applied Jackets" Article.

1. Products Subject to compliance with requirements, prowde of the following:

CertainTeed Corp.; SoftTouch Duct Wrap
Johns Manville; Microlite

Knauf Insulation; Friendly Feel Duct Wrap
Manson Insulation Inc.; Alley Wrap

Owens Corning; SOFTR All-Service Duct Wrap

PoooTR
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J. Mineral-Fiber, Preformed Pipe Insulation:
1. Products Subject to compliance with requirements, provade of the following:

Fibrex Insulations Inc.; Coreplus 1200.

Johns Manville; Micro-Lok

Knauf Insulation; 1000-Degree Pipe Insulation
Manson Insulation Inc.; Alley-K.

Owens Corning; Fiberglas Pipe Insulation

Po0T O

2. Type |, 850 deg F(454 deg C)Materials: Mineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 547, Typé&rade A, Without factory-
applied jacket] [with factory-applied ASJ] [with factory-applied ASJ-SSL]. Factory-
applied jacket requirements are specified in "Fgefpplied Jackets" Article.

3. Type ll, 1200 deg F(649 deg C)Materials: Mineral or glass fibers bonded with a
thermosetting resin. Comply with ASTM C 547, TypeGrade A, fvithout factory-
applied jacket] [with factory-applied ASJ] [with factory-applied ASJ-SSL]. Factory-
applied jacket requirements are specified in "Fgefpplied Jackets" Article.

K. Mineral-Fiber, Pipe Insulation Wicking System: ferened pipe insulation complying with
ASTM C 547, Type |, Grade A, with absorbent cladetbry-applied to the entire inside surface
of preformed pipe insulation and extended throughlongitudinal joint to outside surface of
insulation under insulation jacket. Factory apalyhite, polymer, vapor-retarder jacket with
self-sealing adhesive tape seam and evaporatiors hninning continuously along the
longitudinal seam, exposing the absorbent cloth.

1. Products Subject to compliance with requirements, provade of the following:

a. Knauf Insulation; Permawick Pipe Insulation
b. Owens Corning; VaporWick Pipe Insulation

L. Mineral-Fiber, Pipe and Tank Insulation: Mineralgbass fibers bonded with a thermosetting
resin. Semirigid board material with factory-appli[ASJ] [FSK jacket] complying with
ASTM C 1393, Type Il or Type IlIA Category 2, or tiproperties similar to ASTM C 612,
Type IB. Nominal density i.5 Ib/cu. ft.(40 kg/cu. m)or more. Thermal conductivity (k-
value) at100 deg H55 deg C)is 0.29 Btu x in./h x sq. ft. x deg @.042 W/m x K)or less.
Factory-applied jacket requirements are specifietFactory-Applied Jackets" Article.

1. Products Subject to compliance with requirements, prowde of the following:

a. CertainTeed Corp.; CrimpWrap

b. Johns Manville; MicroFlex

C. Knauf Insulation; Pipe and Tank Insulation

d. Manson Insulation Inc.; AK Flex

e. Owens Corning; Fiberglas Pipe and Tank Insulation
M.  Phenolic:

1. Products Subject to compliance with requirements, provade of the following:
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a. Kingspan Tarec Industrial Insulation NV: Koolphen K
b. Resolco International BV; Insul-phen

2. Preformed pipe insulation of rigid, expanded, otbsell structure. Comply with
ASTM C 1126, Type lll, Grade 1.

3. Block insulation of rigid, expanded, closed-cefusture. Comply with ASTM C 1126,
Type I, Grade 1.

4. Factory fabricate shapes according to ASTM C 45D0A8TM C 585.

5. Factory-Applied Jacket: Requirements are specified'Factory-Applied Jackets"
Article.

a. Preformed Pipe InsulationNpne] [AS]].

N. Polyisocyanurate: Unfaced, preformed, rigid callubolyisocyanurate material intended for
use as thermal insulation.

1. Products Subject to compliance with requirements, prowde of the following:

Dow Chemical Company (The); Trymer 2000.XP
Duna USA Inc.; Corafoam

Dyplast Products; 1ISO-25

Elliott Company of Indianapolis; Elfoam

aoop

2. Comply with ASTM C 591, Type | or Type IV, excegtermal conductivity (k-value)
shall not excee@.19 Btu x in./h x sg. ft. x deg ©.027 W/m x K)at75 deg 24 deg C)
after 180 days of aging.

3. Flame-spread index shall be 25 or less, and smekeladped index shall be 50 or less for
thickness up td inch(25 mm)as tested by ASTM E 84.

4. Fabricate shapes according to ASTM C 450 and ASTH8&

5. Factory-Applied Jacket: Requirements are specified"Factory-Applied Jackets"
Article.

a. Pipe Applications: None] [ASJ] [ASIJ-SSL] [PVDC] [PVDC-SSL].

O. Polyolefin: Unicellular, polyethylene thermal pgiasnsulation. Comply with ASTM C 534 or
ASTM C 1427, Type |, Grade 1 for tubular materetsl Type I, Grade 1 for sheet materials.

1. Products Subject to compliance with requirements, provade of the following:
a. Armacell LLC; Tubolit

b. Nomaco Insulation; IMCOLOCK, IMCOSHEET, NOMALOCK, nd
NOMAPLY.

P.  Polystyrene: Rigid, extruded cellular polystyreiméended for use as thermal insulation.
Comply with ASTM C 578, Type IV or Type XllI, excefhermal conductivity (k-value) shall
not exceed.26 Btu x in./h x sqg. ft. x deg (©.038 W/m x K)after 180 days of aging. Fabricate
shapes according to ASTM C 450 and ASTM C 585.

1. Products Subject to compliance with requirements, provtaefollowing:
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2.2

2.3

a. Dow Chemical Company (The); Styrofoam

INSULATING CEMENTS
Mineral-Fiber Insulating Cement: Comply with AST®1195.
1. Products Subject to compliance with requirements, provtaefollowing:

a. Ramco Insulation, Inc.; Super-Stik

Expanded or Exfoliated Vermiculite Insulating Ceme@omply with ASTM C 196.
1. Products Subject to compliance with requirements, provtaefollowing:

a. Ramco Insulation, Inc.; Thermokote V

Mineral-Fiber, Hydraulic-Setting Insulating and &ining Cement: Comply with ASTM C 449.
1. Products Subject to compliance with requirements, provtaefollowing:

a. Ramco Insulation, Inc.; Ramcote 1200 and Quik-Cote.

ADHESIVES

Materials shall be compatible with insulation metis; jackets, and substrates and for bonding
insulation to itself and to surfaces to be inswateless otherwise indicated.

Calcium Silicate Adhesive: Fibrous, sodium-sileatased adhesive with a service temperature
range of0 to 800 deg K10 to 427 deg C)

1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-97.

b. Eagle Bridges- Marathon Industries; 290.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 81-27.

d. Mon-Eco Industries, In¢22-30.

e. Vimasco Corporatign760.

2. For indoor applications, adhesive shall have a V&@tent of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

Cellular-Glass Adhesive: Two-component, thermasgtiurethane adhesive containing no
flammable solvents, with a service temperature gasfgninus 100 to plus 200 deg(Finus 73
to plus 93 deg C)

1. Products Subject to compliance with requirements, provtaefollowing:
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a. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 81-84.

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

D. Phenolic and Polyisocyanurate Adhesive: Solvesebaresin adhesive, with a service
temperature range afinus 75 to plus 300 deg(Finus 59 to plus 149 deg C)

1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-96.

b. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 81-33.

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

E.  Flexible Elastomeric and Polyolefin Adhesive: Cynpith MIL-A-24179A, Type I, Class I.
1. Products Subject to compliance with requirements, provade of the following:

a. Aeroflex USA, Inc; Aeroseal.

b. Armacell LLC; Armaflex 520 Adhesive.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 85-75.

d. K-Flex USA; R-373 Contact Adhesive.

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

F. Mineral-Fiber Adhesive: Comply with MIL-A-3316C |&s 2, Grade A.
1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; CP-127.

b. Eagle Bridges- Marathon Industries; 225.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 85-60/85-70.

d. Mon-Eco Industries, In¢22-25.

2. For indoor applications, adhesive shall have a V&@tent of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

G. Polystyrene Adhesive: Solvent- or water-basedthstic resin adhesive with a service
temperature range afinus 20 to plus 140 deg(E9 to plus 60 deg C)

1. Products Subject to compliance with requirements, provade of the following:
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a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; CP-96.

b. Foster Brang Specialty Construction Brands, Inc., a businessHoB. Fuller
Company; 85-60.

H.  ASJ Adhesive, and FSK and PVDC Jacket Adhesivemiyp with MIL-A-3316C, Class 2,
Grade A for bonding insulation jacket lap seamsjaids.

1. Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-82.

b. Eagle Bridges- Marathon Industries; 225.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 85-50.

d. Mon-Eco Industries, In¢22-25.

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

l. PVC Jacket Adhesive: Compatible with PVC jacket.

1. Products Subject to compliance with requirements, prowde of the following:
Dow Corning Corporatigri739, Dow Silicone.
Johns Manville Zeston Perma-Weld, CEEL-TITE Solvent Welding Asikie.

P.I.C. Plastics, Ing Welding Adhesive.
Speedline CorporatigriPolyco VP Adhesive.

aoow

2. For indoor applications, adhesive shall have a V&@tent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARGEd 24).
2.4 MASTICS

A. Materials shall be compatible with insulation mitst, jackets, and substrates; comply with
MIL-PRF-19565C, Type II.

1. For indoor applications, use mastics that have &\Wontent of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

B.  Vapor-Barrier Mastic: Water based; suitable fatdar use on below-ambient services.
1. Products Subject to compliance with requirements, prowde of the following:
a. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller

Company; 30-80/30-90.
b. Vimasco Corporation749.
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2.  Water-Vapor Permeance: ASTM E 96/E 96M, Proce@yré.013 perm(0.009 metric
perm)at43-mil (1.09-mm)dry film thickness.
3. Service Temperature Rangktinus 20 to plus 180 deg ®inus 29 to plus 82 deg C)
4. Solids Content: ASTM D 1644, 58 percent by volueme 70 percent by weight.
5. Color: White.

C. Vapor-Barrier Mastic: Solvent based; suitableifmioor use on below-ambient services.

1.

Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-30.

b. Eagle Bridges- Marathon Industries; 501.

C. Foster Brand, Specialty Construction Brands, lachusiness of H. B. Fuller
Company; 30-35.

d. Mon-Eco Industries, In¢g55-10.

Water-Vapor Permeance: ASTM F 124005 perm(0.03 metric permat 35-mil (0.9-
mm) dry film thickness.

Service Temperature Range:to 180 deg FMinus 18 to plus 82 deg C)

Solids Content: ASTM D 1644, 44 percent by voluene 62 percent by weight.
Color: White.

D. Vapor-Barrier Mastic: Solvent based; suitabledotdoor use on below-ambient services.

1.

Products Subject to compliance with requirements, prowde of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; Encacel.

b. Eagle Bridges- Marathon Industries; 570.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 60-95/60-96.

Water-Vapor Permeance: ASTM F 124905 perm(0.033 metric permat 30-mil (0.8-
mm) dry film thickness.

Service Temperature Ranggtinus 50 to plus 220 deg (™inus 46 to plus 104 deg C)
Solids Content: ASTM D 1644, 33 percent by voluane 46 percent by weight.
Color: White.

E. Breather Mastic: Water based; suitable for indouat outdoor use on above-ambient services.

1.

Products Subject to compliance with requirements, provade of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-10.

b. Eagle Bridges- Marathon Industries; 550.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 46-50.

d. Mon-Eco Industries, Ing55-50.

e. Vimasco CorporatioyWC-1/WC-5.
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2. Water-Vapor Permeance: ASTM F 12498 perms(1.2 metric permsat 0.0625-inch
(1.6-mm)dry film thickness.
3. Service Temperature Rangktinus 20 to plus 180 deg ®inus 29 to plus 82 deg C)
4.  Solids Content: 60 percent by volume and 66 pétogmeight.
5. Color: White.

2.5 LAGGING ADHESIVES

A.  Description: Comply with MIL-A-3316C, Class |, Gl@aA and shall be compatible with
insulation materials, jackets, and substrates.

1.

2.

For indoor applications, use lagging adhesivestiaae a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpa&PA(Method 24).
Products Subject to compliance with requirements, provade of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-50 AHV2.

b. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 30-36.

C. Vimasco Corporaticn713 and 714.

Fire-resistant, water-based lagging adhesive amatingpfor use indoors to adhere fire-
resistant lagging cloths over pipe insulation.

Service Temperature Range:to plus 180 deg BViinus 18 to plus 82 deg C)

Color: White.

2.6 SEALANTS

A. Joint Sealants:

1.

Joint Sealants for Cellular-Glass, Phenolic, anlyi&acyanurate ProductsSubject to
compliance with requirements, provide one of tHovang:

a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; CP-76.

b. Eagle Bridges- Marathon Industries; 405.

C. Foster Brang Specialty Construction Brands, Inc., a busines$H0B. Fuller
Company; 30-45.

d. Mon-Eco Industries, In¢44-05.

e. Pittsburgh Corning CorporatipRittseal 444.

Joint Sealants for Polystyrene ProductSubject to compliance with requirements,
provide one of the following:

a. Childers Brangl Specialty Construction Brands, Inc., a busindssi.oB. Fuller
Company; CP-70.
b. Eagle Bridges- Marathon Industries; 405.

HVAC PIPING INSULATION 230719 - 11



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

Noos~®w

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 30-45.
d. Mon-Eco Industries, In¢c44-05.

Materials shall be compatible with insulation madksy, jackets, and substrates.
Permanently flexible, elastomeric sealant.

Service Temperature Ranggtinus 100 to plus 300 deg(Minus 73 to plus 149 deg C)
Color: White or gray.

For indoor applications, sealants shall have a \&@@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ER3hdd 24).

B. FSK and Metal Jacket Flashing Sealants:

1.

ogaprwnN

Products Subject to compliance with requirements, provade of the following:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-76.

b. Eagle Bridges- Marathon Industries; 405.

C. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller
Company; 95-44.

d. Mon-Eco Industries, In¢44-05.

Materials shall be compatible with insulation maksy, jackets, and substrates.

Fire- and water-resistant, flexible, elastomerilaet.

Service Temperature Rangktinus 40 to plus 250 deg ™inus 40 to plus 121 deg C)
Color: Aluminum.

For indoor applications, sealants shall have a \@@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdd 24).

C. ASJ Flashing Sealants, and Vinyl, PVDC, and PV&ediElashing Sealants:

1.

ogaprwnN

Products Subject to compliance with requirements, proviuefollowing:

a. Childers Brang Specialty Construction Brands, Inc., a busindssl.oB. Fuller
Company; CP-76.

Materials shall be compatible with insulation méaksy, jackets, and substrates.

Fire- and water-resistant, flexible, elastomerilaet.

Service Temperature Rangktinus 40 to plus 250 deg ™inus 40 to plus 121 deg C)
Color: White.

For indoor applications, sealants shall have a \&@@tent of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (ERARdEd 24).

2.7 FACTORY-APPLIED JACKETS

A. Insulation system schedules indicate factory-appjeckets on various applications.

When

factory-applied jackets are indicated, comply wité following:
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2.8

ASJ: White, kraft-paper, fiberglass-reinforced imcrwith aluminum-foil backing;
complying with ASTM C 1136, Type |.

ASJ-SSL: ASJ with self-sealing, pressure-sensitaeylic-based adhesive covered by a
removable protective strip; complying with ASTM €36, Type I.

FSK Jacket: Aluminum-foil, fiberglass-reinforcedrimn with kraft-paper backing;
complying with ASTM C 1136, Type Il

FSP Jacket: Aluminum-foil, fiberglass-reinforcedris with polyethylene backing;
complying with ASTM C 1136, Type Il

PVDC Jacket for Indoor Applications4-mil- (0.10-mm-)thick, white PVDC biaxially
oriented barrier film with a permeance @02 perm(0.013 metric permwhen tested
according to ASTM E 96/E 96M and with a flame-spréadex of 5 and a smoke-
developed index of 20 when tested according to AET84.

a. Products Subject to compliance with requirements, provtaefollowing:

1) Dow Chemical Company (The)Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

PVDC Jacket for Outdoor Applicationgi-mil- (0.15-mm-)thick, white PVDC biaxially
oriented barrier film with a permeance @01 perm(0.007 metric permwhen tested
according to ASTM E 96/E 96M and with a flame-spréadex of 5 and a smoke-
developed index of 25 when tested according to AET84.

a. Products Subject to compliance with requirements, provtaefollowing:

1) Dow Chemical Company (The)Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

PVDC-SSL Jacket: PVDC jacket with a self-sealipggssure-sensitive, acrylic-based
adhesive covered by a removable protective strip.

a. Products Subject to compliance with requirements, proviuefollowing:

1) Dow Chemical Company (The)Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.

Vinyl Jacket: White vinyl with a permeance df3 perms(0.86 metric permsywhen
tested according to ASTM E 96/E 96M, Procedure #d aomplying with NFPA 90A
and NFPA 90B.

FIELD-APPLIED FABRIC-REINFORCING MESH

Woven Glass-Fiber Fabric: Approximatélyoz./sq. yd(68 g/sg. mwith a thread count dfO
strands by 10 strands/sq. (4.strands by 4 strands/sq. mfop covering pipe and pipe fittings.

Products Subject to compliance with requirements, provtaefollowing:

a. Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller
Company; Chil-Glas Number 10.
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29

2.10

Woven Polyester Fabric: Approximatelyoz./sq. yd(34 g/sq. mwith a thread count of0
strands by 10 strands/sq. {#.strands by 4 strands/sqg. mim)a Leno weave, for pipe.

1. Products Subject to compliance with requirements, prowde of the following:
a. Foster Brang Specialty Construction Brands, Inc., a busines$HoB. Fuller

Company; Mast-A-Fab.
b. Vimasco CorporationElastafab 894.

FIELD-APPLIED CLOTHS

Woven Glass-Fiber Fabric: Comply with MIL-C-20079Fype I, plain weave, and presized a
minimum of8 0z./sq. yd(271 g/sq. m)

1. Products Subject to compliance with requirements, provtaefollowing:

a. Alpha Associates, InpAlpha-Maritex 84215 and 84217/9485RW, Luben 59.

FIELD-APPLIED JACKETS
Field-applied jackets shall comply with ASTM C 92%pe |, unless otherwise indicated.
FSK Jacket: Aluminum-foil-face, fiberglass-reinfed scrim with kraft-paper backing.

PVC Jacket: High-impact-resistant, UV-resistant (P\¢omplying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll steakly for shop or field cutting and forming.
Thickness is indicated in field-applied jacket siiles.

1. Products Subject to compliance with requirements, provade of the following:

Johns Manville Zeston.

P.I.C. Plastics, In¢ FG Series.
Proto CorporationLoSmoke.
Speedline CorporatigismokeSafe.

aoow

Adhesive: As recommended by jacket material mastufer.

Color:  [White] [Color-code jackets based on system. Color as selected by
Architect].

4, Factory-fabricated fitting covers to match jacKetvailable; otherwise, field fabricate.

w N

a. Shapes: 45- and 90-degree, short- and long-radbmwvs, tees, valves, flanges,
unions, reducers, end caps, soil-pipe hubs, trapshanical joints, and P-trap and
supply covers for lavatories.

Metal Jacket:

1. Products Subject to compliance with requirements, prowde of the following:
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a.

b.
c.

Childers Brang Specialty Construction Brands, Inc., a busingssl.oB. Fuller

Company; Metal Jacketing Systems.
ITW Insulation SystemsAluminum and Stainless Steel Jacketing.

RPR Products, Inpinsul-Mate.

2. Aluminum Jacket: Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005,
3105, or 5005, Temper H-14.

a.

b.
C.

[Sheet and roll stock ready for shop or field sizing] [Factory cut and rolled to
size].

Finish and thickness are indicated in field-appjaket schedules.

Moisture Barrier for Indoor Applications: 1{mil- (0.025-mm-) thick, heat-
bonded polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].
Moisture Barrier for Outdoor Applications: 3-fnil- (0.075-mm-) thick, heat-
bonded polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].
Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.

2)  Preformed 2-piece or gore, 45- and 90-degree, slantl long-radius
elbows.

3) Tee covers.

4)  Flange and union covers.

5)  End caps.

6) Beveled collars.

7)  Valve covers.

8)  Field fabricate fitting covers only if factory-fabated fitting covers are not
available.

3. Stainless-Steel Jacket: ASTM A 167 or ASTM A 24Q40M.

[Sheet and roll stock ready for shop or field sizing] [Factory cut and rolled to
size].

Material, finish, and thickness are indicated @idiapplied jacket schedules.
Moisture Barrier for Indoor Applications: 1{mil- (0.025-mm-) thick, heat-
bonded polyethylene and kraft paper] [3-mil- (0.075-mm-) thick, heat-bonded
polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].
Moisture Barrier for Outdoor Applications: 3-fnil- (0.075-mm-) thick, heat-
bonded polyethylene and kraft paper] [2.5-mil- (0.063-mm-) thick polysurlyn].
Factory-Fabricated Fitting Covers:

1) Same material, finish, and thickness as jacket.

2)  Preformed 2-piece or gore, 45- and 90-degree, slantl long-radius
elbows.

3) Tee covers.

4)  Flange and union covers.

5) End caps.

6) Beveled collars.

7)  Valve covers.
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8) Field fabricate fitting covers only if factory-fabated fitting covers are not
available.

E.  Underground Direct-Buried Jackef:25-mil- (3.2-mm-)thick vapor barrier and waterproofing
membrane consisting of a rubberized bituminousresinforced with a woven-glass fiber or
polyester scrim and laminated aluminum foil.

1. Products Subject to compliance with requirements, prowde of the following:

a. Pittsburgh Corning CorporatipRittwrap.
b. Polyguard Products, Irdnsulrap No Torch 125.

F.  Self-Adhesive Outdoor Jacket: 60-mil- (1.5-mm-) thick, laminated vapor barrier and
waterproofing membrane for installation over insola located aboveground outdoors;
consisting of a rubberized bituminous resin onaslaminated polyethylene film covered with
[white] [stucco-embossed] aluminum-foil facing.

1. Products Subject to compliance with requirements, provtaefollowing:

a. Polyguard Products, IrcAlumaguard 60.

G. PVDC Jacket for Indoor Applicationgt-mil- (0.10-mm-)thick, white PVDC biaxially oriented
barrier film with a permeance @02 perms(0.013 metric permsyhen tested according to
ASTM E 96/E 96M and with a flame-spread index o&rtd a smoke-developed index of 20
when tested according to ASTM E 84.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Dow Chemical Company (The$aran 540 Vapor Retarder Film.

H. PVDC Jacket for Outdoor Applications:6-mil- (0.15-mm-) thick, white PVDC biaxially
oriented barrier film with a permeance @01 perms(0.007 metric permswhen tested
according to ASTM E 96/E 96M and with a flame-spréadex of 5 and a smoke-developed
index of 25 when tested according to ASTM E 84.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Dow Chemical Company (TheSaran 560 Vapor Retarder Film.

I PVDC-SSL Jacket: PVDC jacket with a self-sealimggssure-sensitive, acrylic-based adhesive
covered by a removable protective strip.

1. Products Subject to compliance with requirements, proviuefollowing:

a. Dow Chemical Company (TheSaran 540 Vapor Retarder Film and Saran 560
Vapor Retarder Film.
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2.11 TAPES

A. ASJ Tape: White vapor-retarder tape matching fgeapplied jacket with acrylic adhesive,
complying with ASTM C 1136.

1. Products Subject to compliance with requirements, prowde of the following:

ABI, Ideal Tape Division; 428 AWF ASJ.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0836.
Compac Corporatigrl04 and 105.

Venture Tappl540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

aoow

Width: 3 inches(75 mm)

Thickness:11.5 mils(0.29 mm)

Adhesion: 90 ounces force/inc{iL.0 N/mm)in width.

Elongation: 2 percent.

Tensile Strength40 Ibf/inch (7.2 N/mm)in width.

ASJ Tape Disks and Squares: Precut disks or s§joaeSJ tape.

Noahr~wd

B. FSK Tape: Foil-face, vapor-retarder tape matckéuotpry-applied jacket with acrylic adhesive;
complying with ASTM C 1136.

1. Products Subject to compliance with requirements, prowde of the following:

ABI, Ideal Tape Division; 491 AWF FSK.

Avery Dennison CorporatigrSpecialty Tapes Division; Fasson 0827.
Compac Corporatigr110 and 111.

Venture Tappl525 CW NT, 1528 CW, and 1528 CW/SQ.

apow

Width: 3 inches(75 mm)

Thickness:6.5 mils(0.16 mm)

Adhesion: 90 ounces force/inc{iL.0 N/mm)in width.

Elongation: 2 percent.

Tensile Strength40 Ibf/inch (7.2 N/mm)in width.

FSK Tape Disks and Squares: Precut disks or sgjofifeSK tape.

Noaswd

C. PVC Tape: White vapor-retarder tape matching fagdglied PVC jacket with acrylic adhesive;
suitable for indoor and outdoor applications.

1. Products Subject to compliance with requirements, prowde of the following:
a. ABI, Ideal Tape Division; 370 White PVC tape.

b. Compac Corporatigri30.
C. Venture Tappl506 CW NS.

Width: 2 incheg(50 mm)

Thickness:6 mils (0.15 mm)

Adhesion: 64 ounces force/inc{0.7 N/mm)in width.
Elongation: 500 percent.

Tensile Strength18 Ibf/inch (3.3 N/mm)in width.

ouarwnN
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D. Aluminum-Foil Tape: Vapor-retarder tape with aa@ddhesive.
1. Products Subject to compliance with requirements, provade of the following:

ABI, Ideal Tape Division; 488 AWF.

Avery Dennison CorporatiqrSpecialty Tapes Division; Fasson 0800.
Compac Corporatigril20.

Venture Tapp3520 CW.

aoop

Width: 2 incheg(50 mm)

Thickness:3.7 mils(0.093 mm)

Adhesion: 100 ounces force/incfil.1 N/mm)in width.
Elongation: 5 percent.

Tensile Strength34 Ibf/inch (6.2 N/mm)in width.

ouarwnN

E. PVDC Tape for Indoor Applications: White vaporaeter PVDC tape with acrylic adhesive.
1. Products Subject to compliance with requirements, provtaefollowing:

a. Dow Chemical Company (The$aran 540 Vapor Retarder Tape.

Width: 3 inches(75 mm)

Film Thickness:4 mils (0.10 mm)

Adhesive Thickness1.5 mils(0.04 mm)
Elongation at Break: 145 percent.

Tensile Strength55 [bf/inch(10.1 N/mm)in width.

o0k wWN

F. PVDC Tape for Outdoor Applications: White vapotareler PVDC tape with acrylic adhesive.
1. Products Subject to compliance with requirements, provtaefollowing:

a. Dow Chemical Company (The$Saran 560 Vapor Retarder Tape.

Width: 3 incheg(75 mm)

Film Thickness:6 mils (0.15 mm)

Adhesive Thickness1.5 mils(0.04 mm)
Elongation at Break: 145 percent.

Tensile Strength55 [bf/inch(10.1 N/mm)in width.

ourwWN

2.12 SECUREMENTS
A. Bands:
1. Products Subject to compliance with requirements, prowde of the following:

a. ITW Insulation SystemsGerrard Strapping and Seals.
b. RPR Products, Inglnsul-Mate Strapping, Seals, and Springs.
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2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240Mype 304] [or] [Type 316];
0.015 inch(0.38 mm)thick, [1/2 inch (13 mm)] [3/4 inch (19 mm)] wide with [wing
seal] [or] [closed seal].

3. Aluminum: ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005;
Temper H-140.020 inch(0.51 mm)thick, [1/2 inch (13 mm)] [3/4 inch (19 mm)] wide
with [wing seal] [or] [closed seal].

4. Springs: Twin spring set constructed of stainktes| with ends flat and slotted to accept
metal bands. Spring size determined by manufactarepplication.

B. Staples: Outward-clinching insulation staples, mai3/4-inch-(19-mm-)wide, stainless steel
or Monel.

C. Wire: 0.062-inch (1.6-mm) soft-annealed, stainless steel.

1. Manufacturers Subject to compliance with requirements, provigeducts by the
following:

a. C & F Wire.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine substrates and conditions for complian¢k w&quirements for installation tolerances
and other conditions affecting performance of iagah application.

1.  Verify that systems to be insulated have beendemtd are free of defects.
2. Verify that surfaces to be insulated are cleandigd
3. Proceed with installation only after unsatisfactoonditions have been corrected.

3.2 PREPARATION

A.  Surface Preparation: Clean and prepare surfaces tasulated. Before insulating, apply a
corrosion coating to insulated surfaces as follows:

1. Stainless Steel: Coat 300 series stainless sitelaw epoxy primeb mils (0.127 mm)
thick and an epoxy finisb mils (0.127 mm)thick if operating in a temperature range
between140 and 300 deg 60 and 149 deg C) Consult coating manufacturer for
appropriate coating materials and application nagHor operating temperature range.

2. Carbon Steel: Coat carbon steel operating at\aceetemperature betwe&? and 300
deg F (0 and 149 deg Cwith an epoxy coating. Consult coating manufaatuior
appropriate coating materials and application ne#gHor operating temperature range.

B. Coordinate insulation installation with the tradestalling heat tracing. Comply with
requirements for heat tracing that apply to insolat
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3.3

Mix insulating cements with clean potable wateiingulating cements are to be in contact with
stainless-steel surfaces, use demineralized water.

GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, andsfias with smooth, straight, and even surfaces;
free of voids throughout the length of piping irdilg fittings, valves, and specialties.

Install insulation materials, forms, vapor barriersetarders, jackets, and thicknesses required
for each item of pipe system as specified in insutasystem schedules.

Install accessories compatible with insulation mate and suitable for the service. Install
accessories that do not corrode, soften, or otlkeraitack insulation or jacket in either wet or
dry state.

Install insulation with longitudinal seams at taplebottom of horizontal runs.

Install multiple layers of insulation with longitinl and end seams staggered.

Do not weld brackets, clips, or other attachmentads to piping, fittings, and specialties.
Keep insulation materials dry during applicationl dinishing.

Install insulation with tight longitudinal seamsdaend joints. Bond seams and joints with
adhesive recommended by insulation material matwriac

Install insulation with least number of joints ptieal.

Where vapor barrier is indicated, seal joints, seaand penetrations in insulation at hangers,
supports, anchors, and other projections with vdaorier mastic.

1. Install insulation continuously through hangers amslind anchor attachments.

2. For insulation application where vapor barriersiaticated, extend insulation on anchor
legs from point of attachment to supported itermpdit of attachment to structure. Taper
and seal ends at attachment to structure with viagrer mastic.

3. Install insert materials and install insulationtightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing comgbuscommended by insulation
material manufacturer.

4. Cover inserts with jacket material matching adjagepe insulation. Install shields over
jacket, arranged to protect jacket from tear orgture by hanger, support, and shield.

Apply adhesives, mastics, and sealants at manufastuecommended coverage rate and wet
and dry film thicknesses.

Install insulation with factory-applied jacketsfaows:

1. Draw jacket tight and smooth.
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2. Cover circumferential joints witl8-inch- (75-mm-) wide strips, of same material as
insulation jacket. Secure strips with adhesive antivard clinching staples along both
edges of strip, spaceédinches100 mm)o.c.

3. Overlap jacket longitudinal seams at leaslt/2 incheq38 mm) Install insulation with
longitudinal seams at bottom of pipe. Clean andsdirface to receive self-sealing lap.
Staple laps with outward clinching staples alongeedt P inches (50 mm)] [4 inches
(100 mm)] o.c.

a. For below-ambient services, apply vapor-barriertioawer staples.

4, Cover joints and seams with tape, according tolatisumn material manufacturer's written
instructions, to maintain vapor seal.

5.  Where vapor barriers are indicated, apply vaporidsamastic on seams and joints and at
ends adjacent to pipe flanges and fittings.

M.  Cut insulation in a manner to avoid compressinglat®n more than 75 percent of its nominal
thickness.

N.  Finish installation with systems at operating ctinds. Repair joint separations and cracking
due to thermal movement.

O. Repair damaged insulation facings by applying sdaweng material over damaged areas.
Extend patches at leaétinches(100 mm)beyond damaged areas. Adhere, staple, and seal
patches similar to butt joints.

P. For above-ambient services, do not install insoitato the following:

Vibration-control devices.

Testing agency labels and stamps.
Nameplates and data plates.
Manholes.

Handholes.

Cleanouts.

ourwNE

3.4 PENETRATIONS

A. Insulation Installation at Roof Penetrations: #fistinsulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulatidg@minate insulation above roof surface
and seal with joint sealant. For applications meag indoor and outdoor insulation,
install insulation for outdoor applications tighilgined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roakfiing at leas? inches(50 mm)below
top of roof flashing.

4. Seal jacket to roof flashing with flashing sealant.
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3.5

Insulation Installation at Underground Exterior WREnetrations: Terminate insulation flush
with sleeve seal. Seal terminations with flastgaglant.

Insulation Installation at Aboveground Exterior WdPenetrations: Install insulation
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulatiageminate insulation inside wall surface
and seal with joint sealant. For applications meg indoor and outdoor insulation,
install insulation for outdoor applications tighilgined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wadlsthing and overlap wall flashing at
least2 incheg50 mm)

4, Seal jacket to wall flashing with flashing sealant.

Insulation Installation at Interior Wall and Padit Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls arattgions.

Insulation Installation at Fire-Rated Wall and R@am Penetrations: Install insulation
continuously through penetrations of fire-ratedlsvahd partitions.

1. Comply with requirements in Section 078413 "PenietnaFirestopping” for firestopping
and fire-resistive joint sealers.

Insulation Installation at Floor Penetrations:

1. Pipe: Install insulation continuously through figeenetrations.

2. Seal penetrations through fire-rated assemblies.ompgly with requirements in
Section 078413 "Penetration Firestopping.”

GENERAL PIPE INSULATION INSTALLATION

Requirements in this article generally apply to iabulation materials except where more
specific requirements are specified in various fiiyselation material installation articles.

Insulation Installation on Fittings, Valves, Straig, Flanges, and Unions:

1. Install insulation over fittings, valves, straingitanges, unions, and other specialties with
continuous thermal and vapor-retarder integrityeaslotherwise indicated.
2. Insulate pipe elbows using preformed fitting insioka or mitered fittings made from

same material and density as adjacent pipe inenlateach piece shall be butted tightly
against adjoining piece and bonded with adheskil joints, seams, voids, and irregular
surfaces with insulating cement finished to a simobtaird, and uniform contour that is
uniform with adjoining pipe insulation.

3. Insulate tee fittings with preformed fitting instia or sectional pipe insulation of same
material and thickness as used for adjacent pipg.sectional pipe insulation to fit. Butt
each section closely to the next and hold in pladd tie wire. Bond pieces with
adhesive.
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4, Insulate valves using preformed fitting insulation sectional pipe insulation of same
material, density, and thickness as used for adfapge. Overlap adjoining pipe
insulation by not less than two times the thickne$spipe insulation, or one pipe
diameter, whichever is thicker. For valves, inwilap to and including the bonnets,
valve stuffing-box studs, bolts, and nuts. Fiihjs, seams, and irregular surfaces with
insulating cement.

5. Insulate strainers using preformed fitting inswator sectional pipe insulation of same
material, density, and thickness as used for adfapge. Overlap adjoining pipe
insulation by not less than two times the thickne§spipe insulation, or one pipe
diameter, whichever is thicker. Fill joints, searard irregular surfaces with insulating
cement. Insulate strainers so strainer baskegdlar plug can be easily removed and
replaced without damaging the insulation and jack@rovide a removable reusable
insulation cover. For below-ambient services, mteva design that maintains vapor
barrier.

6. Insulate flanges and unions using a section of sixed preformed pipe insulation.
Overlap adjoining pipe insulation by not less thamo times the thickness of pipe
insulation, or one pipe diameter, whichever iskéic

7. Cover segmented insulated surfaces with a laydingthing cement and coat with a
mastic. Install vapor-barrier mastic for below-aemt services and a breather mastic for
above-ambient services. Reinforce the mastic faibhic-reinforcing mesh. Trowel the
mastic to a smooth and well-shaped contour.

8. For services not specified to receive a field-agpiacket except for flexible elastomeric
and polyolefin, install fitted PVC cover over elbewiees, strainers, valves, flanges, and
unions. Terminate ends with PVC end caps. Tap€ Bdvers to adjoining insulation
facing using PVC tape.

9. Stencil or label the outside insulation jacket afke union with the word "union.” Match
size and color of pipe labels.

C. Insulate instrument connections for thermometerssgure gages, pressure temperature taps,
test connections, flow meters, sensors, switched,teansmitters on insulated pipes. Shape
insulation at these connections by tapering it td around the connection with insulating
cement and finish with finishing cement, mastiaj dashing sealant.

D. Install removable insulation covers at locationdicated. Installation shall conform to the
following:

1. Make removable flange and union insulation fromtiseal pipe insulation of same
thickness as that on adjoining pipe. Install sansilation jacket as adjoining pipe
insulation.

2. When flange and union covers are made from sedtmpa insulation, extend insulation
from flanges or union long at least two times thgulation thickness over adjacent pipe
insulation on each side of flange or union. Sedlarge cover in place with stainless-
steel or aluminum bands. Select band material etitslp with insulation and jacket.

3. Construct removable valve insulation covers in samaner as for flanges, except divide
the two-part section on the vertical center linealf/e body.

4.  When covers are made from block insulation, make halves, each consisting of
mitered blocks wired to stainless-steel fabric.cu®e this wire frame, with its attached
insulation, to flanges with tie wire. Extend ingtibn at leas inches(50 mm) over
adjacent pipe insulation on each side of valvdl space between flange or union cover
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3.6

3.7

and pipe insulation with insulating cement. Finistiver assembly with insulating
cement applied in two coats. After first coat iy,capply and trowel second coat to a
smooth finish.

Unless a PVC jacket is indicated in field-applieatket schedules, finish exposed
surfaces with a metal jacket.

INSTALLATION OF CALCIUM SILICATE INSULATION

Insulation Installation on Straight Pipes and Tubes

1.

2.

Secure single-layer insulation with stainless-stemds atl2-inch (300-mm)intervals
and tighten bands without deforming insulation miats.

Install two-layer insulation with joints tightly tied and staggered at leastnches(75
mm). Secure inner layer with wire spacedlatinch (300-mm)intervals. Secure outer
layer with stainless-steel bandslatinch (300-mm)intervals.

Apply a skim coat of mineral-fiber, hydraulic-satficement to insulation surface. When
cement is dry, apply flood coat of lagging adhesind press on one layer of glass cloth
or tape. Overlap edges at leasihch (25 mm) Apply finish coat of lagging adhesive
over glass cloth or tape. Thin finish coat to agkismooth, uniform finish.

Insulation Installation on Pipe Flanges:

1.
2.
3.

4.

Install preformed pipe insulation to outer diametepipe flange.

Make width of insulation section same as overafitiviof flange and bolts, plus twice the
thickness of pipe insulation.

Fill voids between inner circumference of flangsulation and outer circumference of
adjacent straight pipe segments with cut sectiéidook insulation of same material and
thickness as pipe insulation.

Finish flange insulation same as pipe insulation.

Insulation Installation on Pipe Fittings and Elbows

1.

2.

3.

Install preformed sections of same material asgittasegments of pipe insulation when
available. Secure according to manufacturer'devrinstructions.

When preformed insulation sections of insulatioe aot available, install mitered
sections of calcium silicate insulation. Secusilation materials with wire or bands.
Finish fittings insulation same as pipe insulation.

Insulation Installation on Valves and Pipe Spei@ait

1.

2.
3.

Install mitered segments of calcium silicate ingafato valve body. Arrange insulation
to permit access to packing and to allow valve afpen without disturbing insulation.
Install insulation to flanges as specified for fiarinsulation application.

Finish valve and specialty insulation same as pipalation.

INSTALLATION OF CELLULAR-GLASS INSULATION

Insulation Installation on Straight Pipes and Tubes
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3.8

1. Secure each layer of insulation to pipe with wirebands and tighten bands without
deforming insulation materials.

2. Where vapor barriers are indicated, seal longitide®ams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

3. For insulation with factory-applied jackets on ab@ambient services, secure laps with
outward-clinched staples @tincheg150 mm)o.c.

4. For insulation with factory-applied jackets on helambient services, do not staple

longitudinal tabs. Instead, secure tabs with &t adhesive as recommended by
insulation material manufacturer and seal with vdprrier mastic and flashing sealant.

Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diametepipe flange.

2. Make width of insulation section same as overafitiviof flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flangsulation and outer circumference of
adjacent straight pipe segments with cut sectidnsetiular-glass block insulation of
same thickness as pipe insulation.

4. Install jacket material with manufacturer's recomaed adhesive, overlap seams at least
1 inch(25 mm) and seal joints with flashing sealant.

Insulation Installation on Pipe Fittings and Elbows

1. Install preformed sections of same material asgsttasegments of pipe insulation when
available. Secure according to manufacturer'devrinstructions.

2. When preformed sections of insulation are not awdél, install mitered sections of
cellular-glass insulation. Secure insulation matewith wire or bands.

Insulation Installation on Valves and Pipe Spei@ait

1. Install preformed sections of cellular-glass infiatato valve body.

2. Arrange insulation to permit access to packing smdllow valve operation without
disturbing insulation.

3. Install insulation to flanges as specified for fiarinsulation application.

INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION

Seal longitudinal seams and end joints with martufac's recommended adhesive to eliminate
openings in insulation that allow passage of asudace being insulated.

Insulation Installation on Pipe Flanges:

1. Install pipe insulation to outer diameter of pifanfje.

2. Make width of insulation section same as overatittviof flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flangsukation and outer circumference of
adjacent straight pipe segments with cut sectidrsh@et insulation of same thickness as
pipe insulation.
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3.9

4.

Secure insulation to flanges and seal seams withufaaturer's recommended adhesive
to eliminate openings in insulation that allow @ayges of air to surface being insulated.

Insulation Installation on Pipe Fittings and Elbows

1.
2.

Install mitered sections of pipe insulation.
Secure insulation materials and seal seams witlhufaeturer's recommended adhesive to
eliminate openings in insulation that allow passaig&r to surface being insulated.

Insulation Installation on Valves and Pipe Speiaait

1.

2.

Install preformed valve covers manufactured of sanagerial as pipe insulation when
available.

When preformed valve covers are not availablealhsut sections of pipe and sheet
insulation to valve body. Arrange insulation tam# access to packing and to allow
valve operation without disturbing insulation.

Install insulation to flanges as specified for fi@rinsulation application.

Secure insulation to valves and specialties and seams with manufacturer's
recommended adhesive to eliminate openings in atisul that allow passage of air to
surface being insulated.

INSTALLATION OF MINERAL-FIBER INSULATION

Insulation Installation on Straight Pipes and Tubes

1.

2.

Secure each layer of preformed pipe insulationipe pvith wire or bands and tighten
bands without deforming insulation materials.

Where vapor barriers are indicated, seal longiidseams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

For insulation with factory-applied jackets on ab@ambient surfaces, secure laps with
outward-clinched staples @tincheg150 mm)o.c.

For insulation with factory-applied jackets on lelambient surfaces, do not staple
longitudinal tabs. Instead, secure tabs with &t adhesive as recommended by
insulation material manufacturer and seal with vegarier mastic and flashing sealant.

Insulation Installation on Pipe Flanges:

1.
2.
3.

4.

Install preformed pipe insulation to outer diametepipe flange.

Make width of insulation section same as overatittviof flange and bolts, plus twice the
thickness of pipe insulation.

Fill voids between inner circumference of flangsukation and outer circumference of
adjacent straight pipe segments with mineral-fiidanket insulation.

Install jacket material with manufacturer's recomaed adhesive, overlap seams at least
1 inch(25 mm) and seal joints with flashing sealant.

Insulation Installation on Pipe Fittings and Elbows

1.

Install preformed sections of same material asgéttasegments of pipe insulation when
available.
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3.10

2.

When preformed insulation elbows and fittings ape available, install mitered sections
of pipe insulation, to a thickness equal to adjojnpipe insulation. Secure insulation
materials with wire or bands.

Insulation Installation on Valves and Pipe Spei@ait

1.

2.

3.

4.

Install preformed sections of same material asgittasegments of pipe insulation when
available.

When preformed sections are not available, instéred sections of pipe insulation to
valve body.

Arrange insulation to permit access to packing tmdllow valve operation without
disturbing insulation.

Install insulation to flanges as specified for fiarinsulation application.

INSTALLATION OF PHENOLIC INSULATION

General Installation Requirements:

1.

2.

Secure single-layer insulation with stainless-steids atl2-inch (300-mm)intervals
and tighten bands without deforming insulation miats.

Install 2-layer insulation with joints tightly betl and staggered at ledstinches(75
mm). Secure inner layer witB.062-inch(1.6-mm) wire spaced af.2-inch (300-mm)
intervals. Secure outer layer with stainless-dtaalds afi2-inch(300-mm)intervals.

Insulation Installation on Straight Pipes and Tubes

1.

2.

Secure each layer of insulation to pipe with wirebands and tighten bands without

deforming insulation materials.

Where vapor barriers are indicated, seal longitidéeams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

For insulation with factory-applied jackets on abeambient services, secure laps with
outward-clinched staples @tincheg150 mm)o.c.

For insulation with factory-applied jackets with pea retarders on below-ambient

services, do not staple longitudinal tabs. Instsadure tabs with additional adhesive as
recommended by insulation material manufacturersaad with vapor-barrier mastic and

flashing sealant.

Insulation Installation on Pipe Flanges:

1.
2.

3.

Install preformed pipe insulation to outer diameiepipe flange.

Make width of insulation section same as overafitiviof flange and bolts, plus twice the
thickness of pipe insulation.

Fill voids between inner circumference of flangsulation and outer circumference of
adjacent straight pipe segments with cut sectiéidook insulation of same material and
thickness as pipe insulation.

Insulation Installation on Pipe Fittings and Elbows
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3.11

1.

Install preformed insulation sections of same nialtestls straight segments of pipe
insulation. Secure according to manufacturer'sievriinstructions.

Insulation Installation on Valves and Pipe Spei@ait

1.

2.

3.

Install preformed insulation sections of same naftess straight segments of pipe
insulation. Secure according to manufacturer'stevriinstructions.

Arrange insulation to permit access to packing smdllow valve operation without
disturbing insulation.

Install insulation to flanges as specified for fiarinsulation application.

INSTALLATION OF POLYISOCYANURATE INSULATION

Insulation Installation on Straight Pipes and Tubes

1.

Secure each layer of insulation to pipe with tapbamds and tighten without deforming
insulation materials. Orient longitudinal jointsttveen half sections in 3- and 9-o'clock
positions on the pipe.

For insulation with factory-applied jackets withpea barriers, do not staple longitudinal
tabs. Instead, secure tabs with additional adbesivape as recommended by insulation
material manufacturer and seal with vapor-barriasta.

All insulation shall be tightly butted and free wbids and gaps at all joints. Vapor
barrier must be continuous. Before installing gcknaterial, install vapor-barrier
system.

Insulation Installation on Pipe Flanges:

1.
2.

3.

Install preformed pipe insulation to outer diameiepipe flange.

Make width of insulation section same as overaltittviof flange and bolts, same
thickness of adjacent pipe insulation, not to edceé/2-inch(38-mm)thickness.

Fill voids between inner circumference of flangsulation and outer circumference of
adjacent straight pipe segments with cut sectidmmlyisocyanurate block insulation of
same thickness as pipe insulation.

Insulation Installation on Fittings and Elbows:

1.

Install preformed sections of same material asigittasegments of pipe insulation.
Secure according to manufacturer's written insiast

Insulation Installation on Valves and Pipe Spei@ait

1.
2.

3.

Install preformed sections of polyisocyanurate lason to valve body.

Arrange insulation to permit access to packing tmdllow valve operation without
disturbing insulation.

Install insulation to flanges as specified for fi@rinsulation application.
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3.12 INSTALLATION OF POLYOLEFIN INSULATION
A. Insulation Installation on Straight Pipes and Tubes

1. Seal split-tube longitudinal seams and end joint8h wnanufacturer's recommended
adhesive to eliminate openings in insulation tHetwapassage of air to surface being
insulated.

B. Insulation Installation on Pipe Flanges:

1. Install pipe insulation to outer diameter of pifanfje.

2. Make width of insulation section same as overafitiviof flange and bolts, plus twice the
thickness of pipe insulation.

3. Fill voids between inner circumference of flangsulation and outer circumference of
adjacent straight pipe segments with cut sectidrn@olyolefin sheet insulation of same
thickness as pipe insulation.

4. Secure insulation to flanges and seal seams withufaaturer's recommended adhesive
to eliminate openings in insulation that allow @agEs of air to surface being insulated.

C. Insulation Installation on Pipe Fittings and Elbows

1. Install mitered sections of polyolefin pipe insigat

2. Secure insulation materials and seal seams withufaeturer's recommended adhesive to
eliminate openings in insulation that allow passaig&ir to surface being insulated.

D. Insulation Installation on Valves and Pipe Speigait

1. Install cut sections of polyolefin pipe and sh&suiation to valve body.

2. Arrange insulation to permit access to packing tmallow valve operation without
disturbing insulation.

3. Install insulation to flanges as specified for fiarinsulation application.

4, Secure insulation to valves and specialties, anal seams with manufacturer's
recommended adhesive to eliminate openings in atisul that allow passage of air to
surface being insulated.

3.13 INSTALLATION OF POLYSTYRENE INSULATION
A. Insulation Installation on Straight Pipes and Tubes

1. Secure each layer of insulation with tape or baarts tighten bands without deforming
insulation materials. Orient longitudinal jointstlveen half sections in 3- and 9-o'clock
positions on the pipe.

2. For insulation with factory-applied jackets withpaa barriers, do not staple longitudinal
tabs. Instead, secure tabs with additional adbesivape as recommended by insulation
material manufacturer and seal with vapor-barriasta.

3. All insulation shall be tightly butted and free wbids and gaps at all joints. Vapor
barrier must be continuous. Before installing gcknaterial, install vapor-barrier
system.
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3.14

Insulation Installation on Pipe Flanges:

1. Install preformed pipe insulation to outer diametepipe flange.

2. Make width of insulation section same as overalittviof flange and bolts, and make
thickness same as adjacent pipe insulation, nexd¢eedl-1/2-inch(38-mm)

3. Fill voids between inner circumference of flangsukation and outer circumference of
adjacent straight pipe segments with cut sectibq®lystyrene block insulation of same
thickness as pipe insulation.

Insulation Installation on Pipe Fittings and Elbows

1. Install preformed insulation sections of same nialtests straight segments of pipe
insulation. Secure according to manufacturer's@vriinstructions.

Insulation Installation on Valves and Pipe Speigalt

1. Install preformed section of polystyrene insulatiorvalve body.

2. Arrange insulation to permit access to packing tmallow valve operation without
disturbing insulation.

3. Install insulation to flanges as specified for fiarinsulation application.

FIELD-APPLIED JACKET INSTALLATION

Where glass-cloth jackets are indicated, instattally over bare insulation or insulation with
factory-applied jackets.

1. Draw jacket smooth and tight to surface witinch (50-mm)overlap at seams and joints.
2. Embed glass cloth between t@®62-inch-(1.6-mm-)thick coats of lagging adhesive.
3. Completely encapsulate insulation with coatingyilegno exposed insulation.

Where FSK jackets are indicated, install as follows

Draw jacket material smooth and tight.

Install lap or joint strips with same material asket.

Secure jacket to insulation with manufacturer'snemended adhesive.

Install jacket with1-1/2-inch(38-mm)laps at longitudinal seams afidnch- (75-mm-)
wide joint strips at end joints.

Seal openings, punctures, and breaks in vapordestgackets and exposed insulation
with vapor-barrier mastic.

PpwnE

o

Where PVC jackets are indicated, install witinch (25-mm)overlap at longitudinal seams and
end joints; for horizontal applications. Seal witnufacturer's recommended adhesive.

1.  Apply two continuous beads of adhesive to seamgants, one bead under lap and the
finish bead along seam and joint edge.

Where metal jackets are indicated, install witinch (50-mm) overlap at longitudinal seams
and end joints. Overlap longitudinal seams arrdnige shed water. Seal end joints with
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3.15

3.16

weatherproof sealant recommended by insulation faaturer. Secure jacket with stainless-
steel band42 incheqg300 mm)o.c. and at end joints.

Where PVDC jackets are indicated, install as fodow

1. Apply three separate wraps of filament tape peulai®n section to secure pipe
insulation to pipe prior to installation of PVDCJeet.

2.  Wrap factory-presized jackets around individualepipsulation sections with one end
overlapping the previously installed sheet. Ingpaésized jacket with an approximate
overlap at butt joint o2 incheg50 mm)over the previous section. Adhere lap seal using
adhesive or SSL, and then apply 1-1/4 circumferenéeppropriate PVDC tape around
overlapped bultt joint.

3. Continuous jacket can be spiral-wrapped aroundngtle of pipe insulation. Apply
adhesive or PVDC tape at overlapped spiral edgben/¢lecting to use adhesives, refer
to manufacturer's written instructions for applieatof adhesives along this spiral edge
to maintain a permanent bond.

4, Jacket can be wrapped in cigarette fashion alamgtteof roll for insulation systems with
an outer circumference @8-1/2 incheg850 mm)or less. The&3-1/2-inch-(850-mm-)
circumference limit allows foR-inch- (50-mm-) overlap seal. Using the length of roll
allows for longer sections of jacket to be inshli one time. Use adhesive on the lap
seal. Visually inspect lap seal for "fishmouthinghd use PVDC tape along lap seal to
secure joint.

5. Repair holes or tears in PVDC jacket by placing BRv@ape over the hole or tear and
wrapping a minimum of 1-1/4 circumferences to awtagnage to tape edges.

FINISHES
Pipe Insulation with ASJ, Glass-Cloth, or Otherrable Jacket Material: Paint jacket with
paint system identified below and as specified acti®n 099113 "Exterior Painting" and

Section 099123 "Interior Painting."

1. Flat Acrylic Finish: Two finish coats over a priméhat is compatible with jacket
material and finish coat paint. Add fungicidal agt render fabric mildew proof.

a. Finish Coat Material: Interior, flat, latex-emusisize.

Flexible Elastomeric Thermal Insulation: After adive has fully cured, apply two coats of
insulation manufacturer's recommended protectiegitng.

Color: Final color as selected by Architect. Vdmst and second coats to allow visual
inspection of the completed Work.

Do not field paint aluminum or stainless-steel gtek

FIELD QUALITY CONTROL

Testing Agency: Cleveland Clinic will engage a lified testing agency to perform tests and
inspections.
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3.17

3.18

Tests and Inspections:

1.

Inspect pipe, fittings, strainers, and valves, anly selected by Architect, by removing

field-applied jacket and insulation in layers iveese order of their installation. Extent
of inspection shall be limited to three locations straight pipe, three locations of

threaded fittings, three locations of welded fijsn two locations of threaded strainers,
two locations of welded strainers, three locatiohthreaded valves, and three locations
of flanged valves for each pipe service definedtha "Piping Insulation Schedule,

General" Article.

All insulation applications will be considered detfiee Work if sample inspection reveals
noncompliance with requirements.

PIPING INSULATION SCHEDULE, GENERAL

Acceptable preformed pipe and tubular insulatiorntemias and thicknesses are identified for
each piping system and pipe size range. If maaa tne material is listed for a piping system,
selection from materials listed is Contractor'sapt

Items Not Insulated: Unless otherwise indicatedndt install insulation on the following:

1.
2.
3.

Drainage piping located in crawl spaces.
Underground piping.
Chrome-plated pipes and fittings unless therepistantial for personnel injury.

PIPING INSULATION SCHEDULE

Condensate and Equipment Drain Water bedoweg FH16 Deg C)

1.

All Pipe Sizes: Insulation shall be one of thddaing:
a. Flexible Elastomeric:1 inch (25 mm) thick.

Chilled Water and Brinel0 Deg H5 Deg C)and below:

1.

2.

NPS 6 (DN 150) and Smaller: Insulation shall be one of the follg:
a. Mineral-Fiber,Preformed Pipe, Typel: 1inch (25 mm) thick.

NPS 8 (DN 200) and Larger: Insulation shall be one of the follogv
a. Mineral-Fiber,Preformed Pipe, Typel, : 2inches (50 mm) thick.

Chilled Water and Brine, abov® Deg H5 Deg C)

1.

2.

NPS 12 (DN 300) and Smaller: Insulation shall be one of the feilty:
a. Mineral-Fiber,Preformed Pipe, Typel: 1inch (25 mm) thick.

NPS 14 (DN 350) and Larger: Insulation shall be one of the foilogv
a. Mineral-FiberPreformed Pipe, Typel, : 1-1/2 inches (38 mm) thick.
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D. Condenser-Water Supply and Return:

1. NPS 12 (DN 300) and Smaller: Insulation shall be one of the feilty:
a. Mineral-Fiber, Preformed Pipe, Type Linch (25 mm) thick.

2. NPS 14 (DN 350) and Larger: Insulation shall be one of the foilogv

a. Cellular Glass: 4 inches (50 mm)] [3 inches (75 mm)] thick.

b. Mineral-Fiber, Preformed Pipe, Typel] [or] [Pipe and Tank Insulation]: [1-
1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches (75 mm)] thick.

C. Phenolic: [-1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches (75 mm)] thick.

E. Heating-Hot-Water Supply and Retu)0 Deg H93 Deg C)and Below:
1. NPS 12 (DN 300) and Smaller: Insulation shall be one of the fwilay:

a. Cellular Glass: I-1/2 inches (38 mm)] [2 inches (50 mm)] thick.

b. Mineral-Fiber, Preformed Pipe, Type I:1 [nch (25 mm)] [2 inches (50 mm)]
thick.

C. Phenolic: [ inch (25 mm)] [1-1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches
(75 mm)] thick.

d. Polyisocyanuratel inch (25 mm) thick.

2. NPS 14 (DN 350) and Larger: Insulation shall be one of the foilogv
a. Cellular Glass: Zinches (50 mm)] [3 inches (75 mm)] thick.
b. Mineral-Fiber, Preformed Pipe, Typel] [or] [Pipe and Tank Insulation]: [1-
1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches (75 mm)] thick.
C. Phenolic: [-1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches (75 mm)] thick.
F. Heating-Hot-Water Supply and Return, ab@@® Deg H93 Deg C)
1. NPS 3/4 (DN 20) and Smaller: Insulation shall be one of the folly:
a. Calcium Silicate: 7 inches (50 mm)] [3 inches (75 mm)] thick.
b. Cellular Glass: Zinches (50 mm)] [3 inches (75 mm)] thick.
C. Mineral-Fiber, Preformed Pipe, Type | or Il1-1/2 inches (38 mm)] [2 inches (50
mm)] thick.
2. NPS 1 (DN 25) and Larger: Insulation shall be one of the follogv
a. Calcium Silicate: 3 inches (75 mm)] [4 inches (100 mm)] thick.
b. Cellular Glass: §inches (75 mm)] [4 inches (100 mm)] thick.
C. Mineral-Fiber, Preformed Pipe, Type I or II3 ijnches (75 mm)] [4 inches (100
mm)] thick.
G. Steam and Steam Condenséat&) Deg H177 Deg Cand Below:

1. NPS 3/4 (DN 20) and Smaller: Insulation shall be one of the foluy:
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a. Calcium Silicate: 2 inches (50 mm)] [3 inches (75 mm)] thick.

b. Cellular Glass: Zinches (50 mm)] [3 inches (75 mm)] thick.

C. Mineral-Fiber, Preformed Pipe, Type | or I11-1/2 inches (38 mm)] [2 inches (50
mm)] thick.

2. NPS 1 (DN 25) and Larger: Insulation shall be one of the follogv

a. Calcium Silicate: 3 inches (75 mm)] [4 inches (100 mm)] thick.

b. Cellular Glass: Jinches (75 mm)] [4 inches (100 mm)] thick.

C. Mineral-Fiber, Preformed Pipe, Typel or I1] [or] [Pipe and Tank Insulation]:
[3inches (75 mm)] [4 inches (100 mm)] thick.

H.  Steam and Steam Condensate, ati®@®Deg H177 Deg C)
1. NPS 3/4 (DN 20) and Smaller: Insulation shall be one of the foltw:

a. Calcium Silicate: 2 inches (50 mm)] [3 inches (75 mm)] thick.

b. Cellular Glass: 7 inches (50 mm)] [3 inches (75 mm)] thick.

C. Mineral-Fiber, Preformed Pipe, Type | or 111-1/2 inches (38 mm)] [2 inches (50
mm)] thick.

2. NPS 1 (DN 25) and Larger: Insulation shall be one of the follogv

a. Calcium Silicate: 3 inches (75 mm)] [4 inches (100 mm)] thick.

b. Cellular Glass: Jinches (75 mm)] [4 inches (100 mm)] thick.

C. Mineral-Fiber, Preformed Pipe, Typel or I1] [or] [Pipe and Tank Insulation]:
[3inches (75 mm)] [4 inches (100 mm)] thick.

I Refrigerant Suction and Hot-Gas Piping:
1.  All Pipe Sizes: Insulation shall be one of thddwaing:

Cellular Glass:1-1/2 inches (38 mm) thick.

Flexible Elastomeric:1 inch (25 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Typéllinch (25 mm) thick.
Phenolic: 1 inch (25 mm) thick.

Polyisocyanuratel inch (25 mm) thick.

Polyolefin: 1inch (25 mm) thick.

~Poo0oTp

J. Refrigerant Suction and Hot-Gas Flexible Tubing:
1.  All Pipe Sizes: Insulation shall be one of thddaing:

a. Flexible Elastomeric:1 inch (25 mm) thick.
b. Polyolefin: 1inch (25 mm) thick.

K.  Dual-Service Heating and Cooling) to 200 Deg K5 to 93 Deg C)

1. NPS 12 (DN 300) and Smaller: Insulation shall be one of the fwilay:
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a. Cellular Glass: I-1/2 inches (38 mm)] [2 inches (50 mm)] thick.
b. Mineral-Fiber, Preformed Pipe, Type Ii ijhch (25 mm)] [1-1/2 inches (38 mm)]
[2 inches (50 mm)] thick.
C. Phenolic: [ inch (25 mm)] [1-1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches
(75 mm)] thick.
d. Polyisocyanuratei inch (25 mm) thick.

2. NPS 14 (DN 350) and Larger: Insulation shall be one of the foilogv

a.
b.

C.

Cellular Glass: Zinches (50 mm)] [3 inches (75 mm)] thick.

Mineral-Fiber, Preformed Pipe, Typel] [or] [Pipe and Tank Insulation]: [1-
1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches (75 mm)] thick.

Phenolic: [-1/2 inches (38 mm)] [2 inches (50 mm)] [3 inches (75 mm)] thick.

L. Heat-Recovery Piping:

1.  All Pipe Sizes: Insulation shall be one of thddaing:

Cellular Glass:1-1/2 inches (38 mm) thick.

Flexible Elastomeric:1 inch (25 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Typel] [or] [Pipe and Tank
Insulation]: 1inch (25 mm) thick.

Phenolic: 1 inch (25 mm) thick.

Polyisocyanuratel inch (25 mm) thick.

Polyolefin: 1 inch (25 mm) thick.

3.19 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE

A. Chilled Water and Brine:

1.  All Pipe Sizes: Insulation shall be one of thddaing:

@~oooow

Cellular Glass:3 inches (75 mm) thick.

Flexible Elastomeric:3 inches (75 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Type3linches (75 mm) thick.
Phenolic: 2 inches (50 mm) thick.

Polyisocyanurate 2 inches (50 mm) thick.

Polyolefin: 3 inches (75 mm) thick.

Polystyrene:2 inches (50 mm) thick.

B.  Condenser-Water Supply and Return:

1.  All Pipe Sizes: Insulation shall be one of thddwaing:

P00 TO

Cellular Glass:2 inches (50 mm) thick.

Flexible Elastomeric2 inches (50 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Type2linches (50 mm) thick.
Phenolic: 2 inches (50 mm) thick.

Polyisocyanurate2 inches (50 mm) thick.
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f. Polyolefin: 2 inches (50 mm) thick.
g. Polystyrene:2 inches (50 mm) thick.

C. Heating-Hot-Water Supply and Retuf)0 Deg H93 Deg C)and Below:
1.  All Pipe Sizes: Insulation shall be one of thddaing:
Cellular Glass:3 inches (75 mm) thick.
Mineral-Fiber, Preformed Pipe Insulation, Type?linches (50 mm) thick.

Phenolic: 2 inches (50 mm) thick.
Polyisocyanurate 2 inches (50 mm) thick.

aoow

D. Heating-Hot-Water Supply and Return, ab@2® Deg H93 Deg C)
1.  All Pipe Sizes: Insulation shall be one of thddaing:

a. Calcium Silicate:3 inches (75 mm) thick.
b. Cellular Glass:3 inches (75 mm) thick.
C. Mineral-Fiber, Preformed Pipe Insulation, Type llor2 inches (50 mm) thick.

E. Steam and Steam Condenséte) Deg H177 Deg Ciand Below:
1. All Pipe Sizes: Insulation shall be one of thddwaing:

a. Calcium Silicate:4 inches (100 mm) thick.
b. Cellular Glass:4 inches (100 mm) thick.
C. Mineral-Fiber, Preformed Pipe Insulation, Type llor3 inches (75 mm) thick.

F.  Steam and Steam Condensate, atd®@&Deg H177 Deg C)
1.  All Pipe Sizes: Insulation shall be one of thddaing:

a. Calcium Silicate:5 inches (125 mm) thick.
b. Cellular Glass:5 inches (125 mm) thick.
C. Mineral-Fiber, Preformed Pipe Insulation, Type llor4 inches (100 mm) thick.

G. Refrigerant Suction and Hot-Gas Piping:
1. All Pipe Sizes: Insulation shall be one of thddwaing:

Cellular Glass:2 inches (50 mm) thick.

Flexible Elastomeric2 inches (50 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Type2linches (50 mm) thick.
Phenolic: 2 inches (50 mm) thick.

Polyisocyanurate2 inches (50 mm) thick.

Polyolefin: 2 inches (50 mm) thick.

Polystyrene:2 inches (50 mm) thick.

@~oooow

H.  Refrigerant Suction and Hot-Gas Flexible Tubing:
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1. All Pipe Sizes: Insulation shall be one of thddwaing:

a. Flexible Elastomeric2 inches (50 mm) thick.
b. Polyolefin: 2 inches (50 mm) thick.

I Heat-Recovery Piping:
1. All Pipe Sizes: Insulation shall be one of thddwaing:

Cellular Glass:2 inches (50 mm) thick.

Flexible Elastomeric2 inches (50 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Type2linches (50 mm) thick.
Phenolic: 2 inches (50 mm) thick.

Polyisocyanurate2 inches (50 mm) thick.

Polyolefin: 2 inches (50 mm) thick.

g. Polystyrene:2 inches (50 mm) thick.

~eoo0OTp

J. Dual-Service Heating and Cooling:
1.  All Pipe Sizes: Insulation shall be one of thddaing:

Cellular Glass:3 inches (75 mm) thick.

Mineral-Fiber, Preformed Pipe Insulation, Type?linches (50 mm) thick.
Phenolic: 2 inches (50 mm) thick.

Polyisocyanurate 2 inches (50 mm) thick.

aoow

K.  Fuel Oil Piping, Heated:
1.  All Pipe Sizes: Insulation shall be one of thddaing:
a. Cellular Glass:2 inches (50 mm) thick.
b. Mineral-Fiber, Preformed Pipe Insulation, Type2linches (50 mm) thick.
3.20 OUTDOOR, UNDERGROUND PIPING INSULATION SCHEDULE
A.  Loose-fill insulation, for belowground piping, ipecified in Section 232113.13 "Underground
Hydronic Piping" and Section 336313 "UndergrounckaBt and Condensate Distribution
Piping."
B. Chilled Water, All Sizes: Cellular glasajnches (50 mm) thick.
C. Condenser-Water Supply and Return, All Sizes: Wallglass? inches (50 mm) thick.

D. Heating-Hot-Water Supply and Return, All Siz880 Deg F(93 Deg C)and Below: Cellular
glass,3 inches (75 mm) thick.

E.  Heating-Hot-Water Supply and Return, All Sizes\a#00 Deg H93 Deg C)

1. Calcium Silicate:3 inches (75 mm) thick.
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2. Cellular Glass:3 inches (75 mm) thick.
F.  Steam and Steam Condensate, All Si2é§, Deg H177 Deg Cland Below:

1. Calcium Silicate:4 inches (100 mm) thick.
2. Cellular Glass:4 inches (100 mm) thick.

G. Steam and Steam Condensate, All Sizes, aBbUeDeg H177 Deg C)

1. Calcium Silicate:5 inches (125 mm) thick.
2. Cellular Glass:5 inches (125 mm) thick.

H.  Dual-Service Heating and Cooling, All Sizd$), to 200 Deg K4 to 93 Deg C) Cellular glass,
3inches (75 mm) thick.

I Fuel Oil Piping, All Sizes, Heated: Cellular glagsnches (50 mm) thick.

3.21 INDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Install jacket over insulation material. For iregidn with factory-applied jacket, install the
field-applied jacket over the factory-applied jacke

B. If more than one material is listed, selection fnoaterials listed is Contractor's option.
C. Piping, Concealed:

1. None.

2. [PVC] [PVC, Color-Coded by System]: [20 mils (0.5 mm)] [30 mils (0.8 mm)] thick.

3 Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41 mm)]
[0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0
mm)] thick.

4. Painted Aluminum, $mooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41
mm)] [0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] thick.

5. Stainless Steel Tlype 304] [or] [Type 316], [Smooth 2B Finish] [Corrugated] [ Stucco
Embossed]: [0.010 inch (0.25 mm)] [0.016 inch (0.41 mm)] [0.020 inch (0.51 mm)]
[0.024 inch (0.61 mm)] thick.

D. Piping, Exposed:

1. None.

2. [PVC] [PVC, Color-Coded by System]: [20 mils (0.5 mm)] [30 mils (0.8 mm)] thick.

3 Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41 mm)]
[0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0
mm)] thick.

4. Painted Aluminum, $mooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41
mm)] [0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] thick.

5. Stainless Steel Tlype 304] [or] [Type 316], [Smooth 2B Finish] [Corrugated] [ Stucco
Embossed]: [0.010 inch (0.25 mm)] [0.016 inch (0.41 mm)] [0.020 inch (0.51 mm)]
[0.024 inch (0.61 mm)] thick.
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3.22 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE

A. Install jacket over insulation material. For iregidn with factory-applied jacket, install the
field-applied jacket over the factory-applied jacke

B. If more than one material is listed, selection fnoaterials listed is Contractor's option.
C. Piping, Concealed:

1. None.

2. [PVC] [PVC, Color-Coded by System]: [20 mils (0.5 mm)] [30 mils (0.8 mm)] thick.

3. Aluminum, [Smooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41 mm)]
[0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0
mm)] thick.

4. Painted Aluminum, $mooth] [Corrugated] [Stucco Embossed]: [0.016 inch (0.41
mm)] [0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] [0.032 inch (0.81 mm)] thick.

5. Stainless Steel, Typ8@4] [316] [304 or 316], [Smooth 2B Finish] [Corrugated]
[Stucco Embossed]: [0.010 inch (0.25 mm)] [0.016 inch (0.41 mm)] [0.020 inch (0.51
mm)] [0.024 inch (0.61 mm)] thick.

D. Piping, Exposed:

1. PVC: [20 mils (0.5 mm)] [30 mils (0.8 mm)] [40 mils (1.0 mm)] thick.

2. [Painted JAluminum, [Smooth] [Corrugated] [Stucco Embossed] [with Z-Shaped
Locking Seam]: [0.016 inch (0.41 mm)] [0.020 inch (0.51 mm)] [0.024 inch (0.61
mm)] [0.032 inch (0.81 mm)] [0.040 inch (1.0 mm)] thick.

3. Stainless Steel, Typ8@4] [316] [304 or 316], [Smooth 2B Finish] [Corrugated]
[Stucco Embossed] [with Z-Shaped Locking Seam]: [0.010 inch (0.25 mm)] [0.016
inch (0.41 mm)] [0.020 inch (0.51 mm)] [0.024 inch (0.61 mm)] thick.

3.23 UNDERGROUND, FIELD-INSTALLED INSULATION JACKET
A.  For underground direct-buried piping applicatianstall underground direct-buried jacket over

insulation material.

END OF SECTION 230719
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SECTION 230900 - INSTRUMENTATION AND CONTROL FOR FAC

PART 1 - GENERAL

11

1.2

13

1.4

RELATED DOCUMENTS

Drawings and general provisions of the Contractluiding General and Supplementary
Conditions and Division 01 Specification Sectioagply to this Section.

SUMMARY

This Section includes control equipment for HVAGEMSs and components, including control
components for terminal heating and cooling uniissupplied with factory-wired controls.

Related Sections include the following:

1. Section 230519 "Meters and Gages for HVAC Pipingt' feasuring equipment that
relates to this Section.

DEFINITIONS

DDC: Direct digital control.

I/O: Input/output.

LonWorks: A control network technology platform rfalesigning and implementing
interoperable control devices and networks.

MS/TP: Master slave/token passing.
PC: Personal computer.
PID: Proportional plus integral plus derivative.

RTD: Resistance temperature detector.

SYSTEM PERFORMANCE
Comply with the following performance requirements:

1. Graphic Display: Display graphic with minimum 2@néimic points with current data
within 10 seconds.

2. Graphic Refresh: Update graphic with minimum 2®aiyic points with current data
within 8 seconds.

3. Object Command: Reaction time of less than twosés between operator command of
a binary object and device reaction.
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4. Object Scan: Transmit change of state and chahg@eaalog values to control units or
workstation within six seconds.

5.  Alarm Response Time: Annunciate alarm at workstatiithin 45 seconds. Multiple
workstations must receive alarms within five sesoofleach other.

6. Program Execution Frequency: Run capability ofliappons as often as five seconds,
but selected consistent with mechanical procesencwhtrol.

7. Performance: Programmable controllers shall exeBPdRC PID control loops, and scan
and update process values and outputs at leaspensecond.

8. Reporting Accuracy and Stability of Control: Reperalues and maintain measured

variables within tolerances as follows:

Water Temperature: Plus or minusleg 0.5 deg C)

Water Flow: Plus or minus 5 percent of full scale.

Water Pressure: Plus or minus 2 percent of fallesc

Space Temperature: Plus or miduseg H0.5 deg C)

Ducted Air Temperature: Plus or minuisleg H0.5 deg C)
Outside Air Temperature: Plus or mirusleg H1.0 deg C)

Dew Point Temperature: Plus or mirfudeg H1.5 deg C)
Temperature Differential: Plus or min05 deg K0.15 deg C)
Relative Humidity: Plus or minus 5 percent.

Airflow (Pressurized Spaces): Plus or minus 3 @atrof full scale.
Airflow (Measuring Stations): Plus or minus 5 partof full scale.
Airflow (Terminal): Plus or minus 10 percent oflfscale.

Air Pressure (Space): Plus or miriu81-inch wg(2.5 Pa)

Air Pressure (Ducts): Plus or min@isl-inch wg(25 Pa)

Carbon Monoxide: Plus or minus 5 percent of regdin

Carbon Dioxide: Plus or minus 50 ppm.

Electrical: Plus or minus 5 percent of reading.

QT OS3ITATTSQ@ OO0

15 ACTION SUBMITTALS

A. Product Data: Include manufacturer's technicalrdiiure for each control device. Indicate
dimensions, capacities, performance characterisédsctrical characteristics, finishes for
materials, and installation and startup instructifor each type of product indicated.

1.

DDC System Hardware: Bill of materials of equipmemdicating quantity,
manufacturer, and model number. Include techndzth for operator workstation
equipment, interface equipment, control units, ddurters/transmitters, sensors,
actuators, valves, relays/switches, control pamid,operator interface equipment.
Control System Software: Include technical dateofmerating system software, operator
interface, color graphics, and other third-partglegations.

Controlled Systems: Instrumentation list with edgmh name, type of device,
manufacturer, model number, and product data.udleclvritten description of sequence
of operation including schematic diagram.

B. Shop Drawings: Detail equipment assemblies anidatel dimensions, weights, loads, required
clearances, method of field assembly, componenmnid, lacation and size of each field
connection.

1.

Bill of materials of equipment indicating quantitpanufacturer, and model number.
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1.6

1.7

2. Schematic flow diagrams showing fans, pumps, cablmpers, valves, and control
devices.

Wiring Diagrams: Power, signal, and control wiring

Details of control panel faces, including contrafstruments, and labeling.

Written description of sequence of operation.

Schedule of dampers including size, leakage, avd ¢dharacteristics.

Schedule of valves including flow characteristics.

DDC System Hardware:

©ONOOGhW

a. Wiring diagrams for control units with terminationmbers.

b. Schematic diagrams and floor plans for field semamid control hardware.

C. Schematic diagrams for control, communication, poaer wiring, showing trunk
data conductors and wiring between operator waikstaand control unit
locations.

9. Control System Software: List of color graphicgligating monitored systems, data
(connected and calculated) point addresses, ostiredule, and operator notations.
10. Controlled Systems:

a. Schematic diagrams of each controlled system wathtrol points labeled and
control elements graphically shown, with wiring.

b. Scaled drawings showing mounting, routing, and ngirof elements including
bases and special construction.

C. Written description of sequence of operation intigdschematic diagram.

d. Points list.

Samples for Verification: For each color requiretieach type of thermostaif sensot cover.

INFORMATIONAL SUBMITTALS

Data Communications Protocol Certificates: Certifyat each proposed DDC system
component complies with ASHRAE 135.

Qualification Data: Forlpstaller] [and] [manufacturer].

Software Upgrade Kit: For Cleveland Clinic to uisenodifying software to suit future systems
revisions or monitoring and control revisions.

Field quality-control test reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For HVAC instrutagon and control system to include in
emergency, operation, and maintenance manuals. addition to items specified in
Section 017823 "Operation and Maintenance Datalldte the following:

1. Maintenance instructions and lists of spare pastsefich type of control device and
compressed-air station.
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2. Interconnection wiring diagrams with identified andmbered system components and
devices.
3. Keyboard illustrations and step-by-step procedimdsxed for each operator function.
4, Inspection period, cleaning methods, cleaning neterecommended, and calibration
tolerances.

1.8

1.9

1.10

5. Calibration records and list of set points.
Software and Firmware Operational Documentatiorclude the following:

1. Software operating and upgrade manuals.

2. Program Software Backup: On a magnetic media ompeat disc, complete with data
files.

3. Device address list.

4. Printout of software application and graphic sceeen

5. Software license required by and installed for DR@kstations and control systems.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials described below that matdducts installed and that are packaged
with protective covering for storage and identifigith labels describing contents.

1. Replacement Materials: One replacement diaphragmlay mechanism for each unique
[pneumatic damper motorfl [valve motor] [controller] [thermostat] [positioning
relay].

2. Maintenance Materials: One thermostat adjusting®e
3. Maintenance Materials: One pneumatic thermossatkie
QUALITY ASSURANCE

Installer Qualifications: Automatic control systemmanufacturer's authorized representative
who is trained and approved for installation oftegs components required for this Project.

Electrical Components, Devices, and Accessoriestetl and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to @itths having jurisdiction, and marked for
intended use.

Comply with ASHRAE 135 for DDC system components.

DELIVERY, STORAGE, AND HANDLING

[Retain first paragraph below if factory installation of controlsisrequired.]

Factory-Mounted Components: Where control devigexified in this Section are indicated to
be factory mounted on equipment, arrange for shgppf control devices to equipment
manufacturer.

System Software: Update to latest version of saftvat Project completion.
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1.11 COORDINATION

A. Coordinate location of thermostats, humidistats] ather exposed control sensors with plans
and room details before installation.

B. Coordinate equipment with Section 281600 "Intruddmtection" to achieve compatibility with
equipment that interfaces with that system and ttirding master clock.

C. Coordinate equipment with Section 281300 "Accessitlod' to achieve compatibility with
equipment that interfaces with that system.

D. Coordinate equipment with Section 275313 "Clockt&ys" to achieve compatibility with
equipment that interfaces with that system.

E. Coordinate equipment with Section 284619 "PLC Eteit Detention Monitoring and Control
Systems" to achieve compatibility with equipmerattimterfaces with that system.

F. Coordinate equipment with Section 260943 "Networkghting Controls" to achieve
compatibility with equipment that interfaces wittat system.

G. Coordinate equipment with Section 283111 "DigitAtidressable Fire-Alarm System" and
Section 283112 "Zoned (DC Loop) Fire-Alarm Systena' achieve compatibility with
equipment that interfaces with that system.

H. Coordinate supply of conditioned electrical brarafcuits for control units and operator
workstation.

l. Coordinate equipment with Section 260913 "Electribawer Monitoring and Control” to
achieve compatibility of communication interfaces.

J. Coordinate equipment with Section 262416 "Paneli®aio achieve compatibility with starter
coils and annunciation devices.

K.  Coordinate equipment with Section 262419 "Motor-ttainCenters" to achieve compatibility
with motor starters and annunciation devices.

L. Coordinate size and location of concrete basesst &@achor-bolt inserts into bases. Concrete,

reinforcement, and formwork requirements are sptiin Section 033000 "Cast-in-Place
Concrete."

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where titles below introgldists, the following requirements apply to
product selection:
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2.2

2.3

1. Available Manufacturers: Subject to compliance hwiequirements, manufacturers
offering products that may be incorporated into Werk include, but are not limited to,
manufacturers specified.

2. Manufacturers: Subject to compliance with requiats, provide products by one of the
manufacturers specified.

CONTROL SYSTEM

Manufacturers
Honeywell International Inc.; Home & Building Coal~ Controlco (Integration only)
Johnson Controls, Inc.; Controls Group

1.
2.
3. Siemens Building Technologies, Inc
4, TAC Americas, INC

Control system shall consist of sensors, indicatactuators, final control elements, interface
equipment, other apparatus, accessories, and sefta@nnected to distributed controllers
operating in multiuser, multitasking environmenttoken-passing network and programmed to
control mechanical systems. An operator workstapermits interface with the network via
dynamic color graphics with each mechanical systemiding floor plan, and control device
depicted by point-and-click graphics.

Control system shall include the following:

1. Building intrusion detection system specified irc&en 281600 "Intrusion Detection."

2. Building clock control system specified in Sect@rb313 "Clock Systems."

3 Building lighting control system specified in Serti260943 "Network Lighting
Controls."

4, Fire alarm system specified in Section 283111 "RlgiAddressable Fire-Alarm System"
and Section 283112 "Zoned (DC Loop) Fire-Alarm 8gst’

DDC EQUIPMENT
Operator Workstation: Bring operating system upugoent revision.

Diagnostic Terminal Unit: Portable notebook-sty®&;-based microcomputer terminal capable
of accessing system data by connecting to systdamwornie with minimum configuration as
follows:

1.  Verify requirements per project.

Control Units: Modular, comprising processor boaith programmable, nonvolatile, random-
access memory; local operator access and displagl;pategral interface equipment; and
backup power source.

1. Units monitor or control each 1/O point; procesfoimation; execute commands from
other control units, devices, and operator stati@md download from or upload to
operator workstation or diagnostic terminal unit.

2. Stand-alone mode control functions operate regssdtd network status. Functions
include the following:
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Global communications.

Discrete/digital, analog, and pulse I/O.

Monitoring, controlling, or addressing data points.

Software applications, scheduling, and alarm prsiogs

Testing and developing control algorithms withoigrapting field hardware and
controlled environment.

PoooTE

3. Standard Application Programs:

a. Electric Control Programs: Demand limiting, dutyckng, automatic time
scheduling, start/stop time optimization, nightbsek/setup, on-off control with
differential sequencing, staggered start, antisbgeting, PID control, DDC with
fine tuning, and trend logging.

b. HVAC Control Programs: Optimal run time, supply-aeset, and enthalpy
switchover.

C. Chiller Control Programs: Control function of cems$er-water reset, chilled-
water reset, and equipment sequencing.

d. Programming Application Features: Include trendnpoalarm processing and
messaging; weekly, monthly, and annual scheduéngrgy calculations; run-time
totalization; and security access.

e. Remote communications.

f. Maintenance management.

g. Units of Measure: Inch-pound and Sl (metric).

4. Local operator interface provides for download frornupload to operator workstation or
diagnostic terminal unit.

5. ASHRAE 135 Compliance: Control units shall use AZME 135 protocol and
communicate using ISO 8802-3 (Ethernet) datalinkgptal layer protocol.

D. Local Control Units: Modular, comprising procesbmard with electronically programmable,
nonvolatile, read-only memory; and backup powersau

1. Units monitor or control each /O point, procesformation, and download from or
upload to operator workstation or diagnostic teahiumit.

2. Stand-alone mode control functions operate regssdtd network status. Functions
include the following:

a. Global communications.
b. Discrete/digital, analog, and pulse I/O.
C. Monitoring, controlling, or addressing data points.

3. Local operator interface provides for download frorupload to operator workstation or
diagnostic terminal unit.

4.  ASHRAE 135 Compliance: Control units shall use ASYE 135 protocol and
communicate using ISO 8802-3 (Ethernet) datalinkgptal layer protocol.

E. 1/O Interface: Hardwired inputs and outputs mayifito system through controllers. Protect
points so that shorting will cause no damage tdrotiers.

1. Binary Inputs: Allow monitoring of on-off signalgithout external power.
2. Pulse Accumulation Inputs: Accept up to 10 pujsessecond.
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3.  Analog Inputs: Allow monitoring of low-voltage (@e 10-V dc), current (4 to 20 mA),
or resistance signals.

4, Binary Outputs: Provide on-off or pulsed low-vgigasignal, selectable for normally
open or normally closed operationfth three-position (on-off-auto) override switche
and status lightg.

5.  Analog Outputs: Provide modulating signal, eitlosv voltage (0- to 10-V dc) or current
(4 to 20 mA)[with status lights, two-position (auto-manual) swich, and manually
adjustable potentiometel.

6. Tri-State Outputs: Provide two coordinated binagtputs for control of three-point,
floating-type electronic actuators.

7. Universal I/Os: Provide software selectable bir@rgnalog outputs.

Power Supplies: Transformers with Class 2 curliemting type or overcurrent protection;
limit connected loads to 80 percent of rated cdapacDC power supply shall match output
current and voltage requirements and be full-waetifier type with the following:

1. Output ripple of 5.0 mV maximum peak to peak.

2. Combined 1 percent line and load regulation witl®-hfic.sec. response time for 50
percent load changes.

3. Built-in overvoltage and overcurrent protection dvel able to withstand 150 percent
overload for at least 3 seconds without failure.

Power Line Filtering: Internal or external tramgievoltage and surge suppression for
workstations or controllers with the following:

Minimum dielectric strength of 1000 V.

Maximum response time of 10 nanoseconds.

Minimum transverse-mode noise attenuation of 65 dB.

Minimum common-mode noise attenuation of 150 dBGato 100 Hz.

PwbnE

UNITARY CONTROLLERS

Unitized, capable of stand-alone operation withfisight memory to support its operating
system, database, and programming requirementswéthdsufficient 1/0 capacity for the
application.

1. Configuration: Local keypad and display; diagnostEDs for power, communication,
and processor; wiring termination to terminal swipcard connected with ribbon cable;
memory with bios; and 72-hour battery backup.

2. Operating System: Manage I/O communication tovalitistributed controllers to share
real and virtual object information and allow cahtmonitoring and alarms.Pgrform
scheduling with real-time clock. JPerform automatic system diagnostics; monitor
system and report failures.

3. ASHRAE 135 Compliance: Communicate using read detec and initiate) and write
(execute and initiate) property services definedABHRAE 135. Reside on network
using MS/TP datalink/physical layer protocol andéradervice communication port for
connection to diagnostic terminal unit.

4. Enclosure: Dustproof rated for operatior8atto 120 deg KO to 50 deg C)

[Retain subparagraph above for mounting in conditioned space; retain subparagraph
below if outdoors or in wet ambient conditions.]

INSTRUMENTATION AND CONTROL FOR HVAC 230900 - 8



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

2.5

2.6

5. Enclosure: Waterproof rated for operatiod@tto 150 deg K5 to 65 deg C)

ALARM PANELS

Unitized cabinet with suitable brackets for wallflmor mounting. Fabricate @f.06-inch-(1.5-
mm-) thick, furniture-quality steel or extruded-alumiualloy, totally enclosed, with hinged
doors and keyed lock and with manufacturer's stahslaop-painted finish.Provide common
keying for all panels]

Indicating light for each alarm point, single hoacknowledge switch, and test switch, mounted
on hinged cover.

Alarm Condition: Indicating light flashes and h@ounds.

Acknowledge Switch: Horn is silent and indicatlight is steady.

Second Alarm: Horn sounds and indicating ligrgtesady.

Alarm Condition Cleared: System is reset and iiilg light is extinguished.
Contacts in alarm panel allow remote monitoringrmependent alarm company.

arwbdE

ANALOG CONTROLLERS

Step Controllers: 6- or 10-stage type, with heduyy switching rated to handle loads and
operated by electric motor.

Electric, Outdoor-Reset Controllers: Remote-bullbimnetal rod-and-tube type, proportioning
action with adjustable throttling range, adjustaké point, scale rangainus 10 to plus 70
deg F(minus 23 to plus 21 deg (3nd single- or double-pole contacts.

Electronic Controllers: Wheatstone-bridge-amptitigoe, in steel enclosure with provision for
remote-resistance readjustment. Identify adjustmem controllers, including proportional
band and authority.

1. Single controllers can be integral with control orof provided with accessible control
readjustment potentiometer.

Fan-Speed Controllers: Solid-state model providietd-adjustable proportional control of
motor speed from maximum to minimum of 55 percemt an-off action below minimum fan
speed. Controller shall briefly apply full voltagghen motor is started, to rapidly bring motor
up to minimum speed. Equip with filtered circutdliminate radio interference.

Receiver Controllers: Single- or multiple-input dets with control-point adjustment, direct or
reverse acting with mechanical set-point adjustmwitihh locking device, proportional band
adjustment, authority adjustment, and proporti@aaitrol mode.

1. Remote-control-point adjustment shall be plus anusi20 percent of sensor span, input
signal of3 to 13 psig21 to 90 kPa)

2. Proportional band shall extend from 2 to 20 peréen® psig(35 kPa)

3. Authority shall be 20 to 200 percent.

4 Air-supply pressure of8 psig(124 kPa,)input signal o3 to 15 psig21 to 103 kPg)and
output signal of zero to supply pressure.
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2.7

2.8

5. Gages: 1-1/2 inches(38 mm) [2-1/2 inches(64 mm)] [3-1/2 inches(89 mm)] in
diameter, 2.5 percent wide-scale accuracy, anceremgiatch transmitter input or output
pressure.

TIME CLOCKS
Manufacturers

ATC-Diversified Electronics

Grasslin Controls Corporation

Paragon Electric Co., Inc

Precision Multiple Controls, Inc

SSAC Inc.; ABB USA

TCS/Basys Controls

Theben AG - Lumilite Control Technology, Inc
Time Mark Corporation

N~ WNE

Seven-day, programming-switch timer with synchr@timing motor and seven-day dial;
continuously charged, nickel-cadmium-battery-drivemight-hour, power-failure carryover;
multiple-switch trippers; minimum of two and maximuof eight signals per day with two
normally open and two normally closed output cotstac

Solid-state, programmable time control witf [8] separate programs each with up to 100 on-
off operations; 1-second resolution; lithium battérackup; keyboard interface and manual
override; individual on-off-auto switches for eagitogram; 365-day calendar with 20
programmable holidays; choice of fail-safe operafar each program; system fault alarm; and
communications package allowing networking of ticoatrols and programming from PC.

ELECTRONIC SENSORS

Description: Vibration and corrosion resistantr fsall, immersion, or duct mounting as
required.

Thermistor Temperature Sensors and Transmitters:
1. Manufacturers

BEC Controls Corporatian
Ebtron, Inc

Heat-Timer Corporatian
[.T.M. Instruments Inc
MAMAC Systems, Inc
RDF Corporation

~poooTw

2. Accuracy: Plus or minu$[5 deg F(0.3 deg C) [0.36 deg F(0.2 deg C) at calibration
point.
3.  Wire: Twisted, shielded-pair cable.
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4. Insertion Elements in Ducts: Single poirft,ifiches(200 mm] [18 inches(460 mm]
long; use where not affected by temperature statibn or where ducts are smaller than
9 sq. ft.(0.84 sq. m)

5.  Averaging Elements in Ducts:36¢ inches(915 mm)long, flexiblg] [72 inches(1830
mm) long, flexible] [18 inches(460 mm)long, rigid]; use where prone to temperature
stratification or where ducts are larger tHansg. ft.(1 sg. m)

6. Insertion Elements for Liquids: Brass or stainistel socket with minimum insertion
length of2-1/2 incheg64 mm)

7. Room Sensor Cover Construction: Manufacturerisdstal locking covers.

Set-Point Adjustment: Joncealed [Exposeq.

Set-Point Indication: §oncealed [Keyed] [Exposed.

Thermometer: Concealed [Exposed [Red-reading glas§[Spiral bimetal].
Color: dnsert color from manufacturer's full range.>

Orientation: Vertical] [Horizontal].

P TR

Outside-Air Sensors: Watertight inlet fitting, eldled from direct sunlight.
Room Security Sensors: Stainless-steel cover pilatte insulated back and security
screws.

© ®

C. RTDs and Transmitters:
1. Manufacturers
a. BEC Controls Corporatian

b. MAMAC Systems, Inc
C. RDF Corporation

2. Accuracy: Plus or minus 0.2 percent at calibrafiomt.

3.  Wire: Twisted, shielded-pair cable.

4. Insertion Elements in Ducts: Single poirt,ifiches(200 mm] [18 inches(460 mm]
long; use where not affected by temperature statibn or where ducts are smaller than
9 sq. ft.(0.84 sq. m)

5.  Averaging Elements in Ducts:1§ inches(460 mm)long, rigid] [24 inches(610 mm)
long, rigid] [48 inches (1200 mm)long, rigid] [24 feet (7.3 m) long, flexible]; use
where prone to temperature stratification or whawets are larger thad sq. ft.(0.84
sqg. m) length as required.

6. Insertion Elements for Liquids: Brass socket witiimum insertion length of-1/2
inches(64 mm)

7. Room Sensor Cover Construction: Manufacturertsdstad locking covers.

Set-Point Adjustment: Joncealed [Exposeq.

Set-Point Indication: §oncealed [Keyed] [Exposed.

Thermometer: Concealed [Exposed [Red-reading glas$[Spiral bimetal].
Color: <dnsert color from manufacturer's full range.>

Orientation: Vertical] [Horizontal].

PO oTR

Outside-Air Sensors: Watertight inlet fitting, sliled from direct sunlight.
Room Security Sensors: Stainless-steel cover pldtte insulated back and security
screws.

© ®
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D. Humidity Sensors: Bulk polymer sensor element.

1.

Manufacturers

BEC Controls Corporatian
General Eastern Instruments
MAMAC Systems, Inc
ROTRONIC Instrument Cotp
TCS/Basys Controls

Vaisala

~ooooTw

Accuracy: p] [2] percent full range with linear output.
Room Sensor Range: 20 to 80 percent relative htymid
Room Sensor Cover Construction: Manufacturerisdstal locking covers.

Set-Point Adjustment: Joncealed [Exposeq.

Set-Point Indication: §oncealed [Keyed] [Exposed.

Thermometer: Concealed [Exposed [Red-reading glas$[Spiral bimetal].
Color: <dnsert color from manufacturer's full range.>

Orientation: Vertical] [Horizontal].

Po0TO

Duct Sensor: 20 to 80 percent relative humiditygeawith element guard and mounting
plate.

Outside-Air Sensor: 20 to 80 percent relative ldityirange with mounting enclosure,
suitable for operation at outdoor temperatures3af fo 120 deg KO to 50 deg Q)
[minus 22 to plus 185 deg Fminus 30 to plus 85 deg @) minus 40 to plus 170 deg F
(minus 40 to plus 76 deg @)

Duct and Sensors: With element guard and mourgiate, range of 0 to 100 percent
relative humidity.

E. Pressure Transmitters/Transducers:

1.

Manufacturers

BEC Controls Corporatian
General Eastern Instruments
MAMAC Systems, Inc
ROTRONIC Instrument Cotp
TCS/Basys Controls

Vaisala

~ooooTw

Static-Pressure Transmitter: Nondirectional sensith suitable range for expected
input, and temperature compensated.

Accuracy: 2 percent of full scale with repeatdypibf 0.5 percent.
Output: 4 to 20 mA.

Building Static-Pressure Rang8: to 0.25-inch wd0 to 62 Pa)
Duct Static-Pressure Range: to 5-inch wg(0 to 1240 Pa)

aoop

Water Pressure Transducers: Stainless-steel diggphconstruction, suitable for service;
minimum150-psig(1034-kPa)pperating pressure; linear output 4 to 20 mA.
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4.  Water Differential-Pressure Transducers:  Stairdésel diaphragm construction,
suitable for service; minimurh50-psig(1034-kPa)operating pressure and testeB0®-
psig (2070-kPa)linear output 4 to 20 mA.

5. Differential-Pressure Switch (Air or Water): Srnagting, with pilot-duty rating and with
suitable scale range and differential.

6. Pressure Transmitters: Direct acting for gas,idigar steam service; range suitable for
system; linear output 4 to 20 mA.

Room Sensor Cover Construction: Manufacturerisdstal locking covers.

Set-Point Adjustment: Joncealed [Exposed.

Set-Point Indication: §oncealed [Keyed] [Exposed.

Thermometer: Concealed [Exposed [Red-reading glas§[Spiral bimetal].
Color: dnsert color from manufacturer's full range.>

Orientation: Vertical] [Horizontal].

arwpdE

Room sensor accessories include the following:

1. Insulating Bases: For sensors located on extesdls.

2. Guards: [Locking; heavy-duty, transparent plastic; mounted e separate basp
[Metal wire, tamperproof] [Locking, solid metal, ventilated.

3.  Adjusting Key: As required for calibration and epscrews.

PNEUMATIC SENSORS
Pneumatic Transmitters: Vibration and corrosiaigtant.

1. Space-Temperature Sensors: Linear-output typéo 100 deg F10 to 38 deg Change,
with blank locking covers matching room thermostats

2. Room Return-Air Temperature Sensors: Linear-outyjpet with bimetal sensing element
and corrosion-proof constructio() to 100 deg F10 to 38 deg Change, designed to be
mounted in light troffers.

3. Duct-Mounted or Immersion-Type Temperature Sens®ange as required fGr to 15-
psig(21- to 103-kPaputput signal.

4. Temperature Transmitters: Rigid-stem type with dish sensing elements unless
averaging is require®- to 15-psig21- to 103-kPaputput signal.

a. Averaging-Element Sensors: Single- or multipletgapillary elements.

b. Tamperproof Sensors: Corrosion-resistant consbrucsuitable for mounting on
vibrating surface with exposed capillary protectgth temperature-compensated
armor or protective tubing.

C. Pipe-Mounted Temperature-Sensing Elements: Roewraltype; with separable
wells filled with heat-conductive compound.

d. Outdoors: Provide bulb shield with mounting brécke

5. Space and Duct Humidity Transmitters: One pipegatliy proportional, with minimum
sensing span of 20 to 80 percent relative humiflity3- to 15-psig(21- to 103-kPa)
output signal, corrosion resistant and temperawompensated, and with factory-
calibrated adjustment.
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2.10

a. Space Mounting: With covers to match thermostats.

6. Differential-Pressure Transmitters: One pipe, diracting for gas, liquid, or steam
service; pressure sensor and transmitter of linagput type; with range df to 50 psig
(O to 344 kPg)and3- to 15-psig21- to 103-kPaputput signal.

7. Differential-Air-Pressure Transmitters: One pipelirect acting, double bell,
unidirectional with suitable range for expectedufyand temperature compensated.

a. Accuracy: 5 percent of full range and 2 percerfutifscale at midrange.
b. Output Signal:3 to 15 psig21 to 103 kPa)

Digital-to-Pneumatic Transducers: Convert plusnonus 12-V dc pulse-width-modulation
outputs, or continuous proportional current or agét to0 to 20 psig0 to 140 kPa)

1. Manufacturers

a. BEC Controls Corporatian
b. MAMAC Systems, Inc

Pneumatic Valve/Damper Position Indicator: Potangter mounted in enclosure with
adjustable crank-arm assembly connected to dampearismit O to 100 percent valve/damper
travel.

STATUS SENSORS

Status Inputs for Fans: Differential-pressure slwitvith pilot-duty rating and with adjustable
range of0- to 5-inch wg(0 to 1240 Pa)

Status Inputs for Pumps: Differential-pressuraawiith pilot-duty rating and with adjustable
pressure-differential range 8fto 60 psig55 to 414 kPag)piped across pump.

Status Inputs for Electric Motors: Comply with I$Q.00.01, current-sensing fixed- or split-
core transformers with self-powered transmittejustdble and suitable for 175 percent of rated
motor current.

Voltage Transmitter (100- to 600-V ac): ComplylwiSA 50.00.01, single-loop, self-powered
transmitter, adjustable, with suitable range apertent full-scale accuracy.

Power Monitor: 3-phase type with disconnect/shgrtswitch assembly, listed voltage and
current transformers, with pulse kilowatt hour aut@nd 4- to 20-mA kW output, with
maximum 2 percent error at 1.0 power factor ancdp2rgent error at 0.5 power factor.

Current Switches: Self-powered, solid-state witiustable trip current, selected to match
current and system output requirements.

Electronic Valve/Damper Position Indicator: Vissahle indicating percent of travel and 2- to
10-V dc, feedback signal.
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H.

2.11

2.12

Water-Flow Switches: Bellows-actuated mercury mapsacting type with pilot-duty rating,
stainless-steel or bronze paddle, with appropri@ege and differential adjustment, in
NEMA 250, Type 1 enclosure.

1. Manufacturers

a. BEC Controls Corporatian
b. [.T.M. Instruments Inc

GAS DETECTION EQUIPMENT
Manufacturers

B. W. Technologies

CEA Instruments, Inc

Ebtron, Inc

Gems Sensors Inc

Greystone Energy Systems Inc
Honeywell International Inc.; Home & Building Coalr
INTEC Controls, Inc

[.T.M. Instruments Inc

MSA Canada Inc

10. QEL/Quatrosense Environmental Limited
11. Sauter Controls Corporation

12. Sensidyne, Inc

13. TSI Incorporated

14. Vaisala

15. Vulcain Inc

CoNorwWNE

Carbon Monoxide Detectors: Single or multichanmilal-level detectors using solid-state
plug-in sensors with a 3-year minimum life; suitalver a temperature range 3 to 104
deg F(O to 40 deg G)with 2 factory-calibrated alarm levels &0[and 100 [35 and 200 ppm.

Carbon Dioxide Sensor and Transmitter: Single dete using solid-state infrared sensors;
suitable over a temperature range28fto 130 deg Kminus 5 to plus 55 deg @nd calibrated
for O to 2 percent, with continuous or averagedlireg 4- to 20-mA output;, for wall mounting.

Oxygen Sensor and Transmitter: Single detectdrgyusolid-state zircon cell sensing; suitable
over a temperature rangeraofnus 32 to plus 1100 deg(B to 593 deg Cand calibrated for O to
5 percent, with continuous or averaged readingy 20-mA output; for wall mounting.
Occupancy Sensor: Passive infrared, with time ydeatylight sensor lockout, sensitivity
control, and 180-degree field of view with vertisaihsing adjustment; for flush mounting.

FLOW MEASURING STATIONS

Duct Airflow Station: Combination of air straigimer and multiport, self-averaging pitot tube
station.
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1. Manufacturers

a. Air Monitor Corporation
b. Wetmaster Co., Ltd

2. Casing: Galvanized-steel frame.

3. Flow Straightener: Aluminum honeycont4-inch (20-mm)parallel cell,3 inches(75
mm) deep.

4, Sensing Manifold: Copper manifold with bullet-nds&tatic pressure sensors positioned
on equal area basis.

2.13 THERMOSTATS
A. Manufacturers

Erie Controls

Danfoss Inc.; Air-Conditioning and RefrigerationvDi
Heat-Timer Corporatian

Sauter Controls Corporation

tekmar Control Systems, Inc

Theben AG - Lumilite Control Technology, Inc

ourwNE

B. Combination Thermostat and Fan Switches: Lineagdtthermostat with push-button or lever-
operated fan switch.

1. Label switches"FAN ON-OFF" ] ["FAN HIGH-LOW-OFF" ] ["FAN HIGH-MED-
LOW-OFF" ].
2. Mount on single electric switch box.

C.  Electric, solid-state, microcomputer-based roomrtiostat with remote sensor.

Automatic switching from heating to cooling.

Preferential rate control to minimize overshoot dadiation from set point.

Set up for four separate temperatures per day.

Instant override of set point for continuous orddrperiod from 1 hour to 31 days.
Short-cycle protection.

Programming based owgekday, Saturday, and Sundalevery day of week

Selection features include degree F or degree @agis12- or 24-hour clock, keyboard
disable, remote sensor, and fan on-auto.

Battery replacement without program loss.

Thermostat display features include the following:

NoopwdhE

© ®

Time of day.

Actual room temperature.

Programmed temperature.

Programmed time.

Duration of timed override.

Day of week.

System mode indications include "heating," "offArt auto,” and "fan on."

@roooow
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D. Low-Voltage, On-Off Thermostats: NEMA DC 3, 24-Wjmetal-operated, mercury-switch
type, with adjustable or fixed anticipation heatamcealed set-point adjustme®, to 85 deg F
(13 to 30 deg Cset-point range, artdldeg H1 deg Cmaximum differential.

E. Line-Voltage, On-Off Thermostats: Bimetal-actuategpen contact or bellows-actuated,
enclosed, snap-switch or equivalent solid-state,typth heat anticipator; listed for electrical
rating; with concealed set-point adjustméiit,to 85 deg F13 to 30 deg Cset-point range, and
2 deg H1 deg Cmaximum differential.

1. Electric Heating Thermostats: Equip with off pasiton dial wired to break ungrounded
conductors.
2. Selector Switch: Integral, manual on-off-auto.

F. Remote-Bulb Thermostats: On-off or modulating tyjpguid filled to compensate for changes
in ambient temperature; with copper capillary antbpunless otherwise indicated.

1. Bulbs in water lines with separate wells of saméenia as bulb.

2. Bulbs in air ducts with flanges and shields.

3 Averaging Elements: Copper tubing with either Bngor multiple-unit elements,
extended to cover full width of duct or unit; adatgly supported.

4, Scale settings and differential settings are cjeaidible and adjustable from front of
instrument.

5. On-Off Thermostat: With precision snap switched aiith electrical ratings required by
application.

6. Modulating Thermostats: Construct so complete miameter coil and wiper assembly
is removable for inspection or replacement withaisturbing calibration of instrument.

G. Fire-Protection Thermostats: Listed and labelecalnyNRTL acceptable to authorities having
jurisdiction; with fixed or adjustable settings ¢perate at not less thaid deg F(24 deg C)
above normal maximum operating temperature, anébtlmving:

1. Reset: Manual.

H.  Pneumatic Room Thermostatrie] [Two] [Three] pipe(s), fully proportional with adjustable
throttling range and tamperproof locking settindjgsect or reverse acting as required. Factory
calibrated aR.5 psig/deg F17.2 kPa/deg C)

Factory Calibration:2.5 psig/deg K17.2 kPa/deg C)

Range: 45 to 85 deg K7 to 30 deg Q)

Sensitivity Adjustment Ranget to 4 psig/deg 7 to 27.6 kPa/deg C)

Dual-Temperature Thermostats: Automatic changeéwan normal setting to lower

setting for unoccupied cycles, with manual-resetedeto permit return to normal

temperatures during unoccupied cycles, with autmmeaset to normal during next cycle

of operation.

5. Limits: Field adjustable, to limit setting coolisgt point below5 deg H24 deg C)and
heating set point abové& deg H24 deg C)

6. Room Thermostat Cover Construction: Manufactusgdadard locking covers.

e AN s

a. Set-Point Adjustment: Joncealed [Exposeq.
b. Set-Point Indication: §oncealed [Keyed] [Exposed.
C. Thermometer: Concealed [Exposed [Red-reading glas§[Spiral bimetal].
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2.14

d. Color: <dnsert color from manufacturer's full range.>
e. Orientation: Vertical] [Horizontal].

7. Room thermostat accessories include the following:

a. Insulating Bases: For thermostats located on iexteslls.

b. Thermostat Guards: Lfcking; heavy-duty, transparent plastic; mounted m
separate basg[Metal wire, tamperproof] [Locking, solid metal, ventilated.

C. Adjusting Key: As required for calibration and epwscrews.

d.  Aspirating Boxes: For flush-mounted aspirating thestats.

e. Set-Point Adjustmentl/2-inch-(13-mm-)diameter, adjustment knob.

Immersion Thermostat: Remote-bulb or bimetal rod-tube type, proportioning action with
adjustable throttling range and adjustable settpoin

Airstream Thermostats: Two-pipe, fully proportignsingle-temperature type; with adjustable
set point in middle of range, adjustable throttlirange, plug-in test fitting or permanent
pressure gage, remote bulb, bimetal rod and tute/eraging element.

Electric, Low-Limit Duct Thermostat: Snap-actingingle-pole, single-throw, manualer|
automatic- Jreset switch that trips if temperature sensedsscamyl?2 incheg300 mm)of bulb
length is equal to or below set point.

1. Bulb Length: Minimunm0 feet(6 m).
2. Quantity: One thermostat for evet§ sq. ft.(2 sq. m)of coil surface.

Electric, High-Limit Duct Thermostat: Snap-actingingle-pole, single-throw, manualer|
automatic- Jreset switch that trips if temperature sensedsscemyl?2 incheq300 mm)of bulb
length is equal to or above set point.

1. Bulb Length: Minimum20 feet(6 m).
2. Quantity: One thermostat for evet§ sq. ft.(2 sq. m)of coil surface.

Heating/Cooling Valve-Top Thermostats: Proportioaating for proportional flow, with
molded-rubber diaphragm, remote-bulb liquid-filletement, direct and reverse acting at
minimum shutoff pressure &5 psig(172 kPa) and cast housing with position indicator and
adjusting knob.

HUMIDISTATS
Manufacturers

1. MAMAC Systems, Inc
2. ROTRONIC Instrument Cotp

Pneumatic Room Humidistats: Wall-mounting, projomihg type with adjustable throttling
range, RO to 9Q [55 to 99 [25 to 69 percent operating range, and cover matching room
thermostat cover.
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C. Duct-Mounting Humidistats: Electric insertion, Bgption type with adjustable, 2 percent
throttling range, 20 to 80 percent operating raagel, single- or double-pole contacts.

D. Pneumatic Duct-Mounting Humidistats: Proportionitygpe with adjustable throttling range,
[20 to 99 [55 to 99 [25 to 69 percent operating range, in galvanized-steel doxt

2.15 ACTUATORS

A.  Electric Motors: Size to operate with sufficieeserve power to provide smooth modulating
action or two-position action.

1. Comply with requirements in Section 230513 "Comnivwtor Requirements for HVAC
Equipment.”

2. Permanent Split-Capacitor or Shaded-Pole Type: r Gams completely oil immersed
and sealed. Equip spring-return motors with irdgegspiral-spring mechanism in
housings designed for easy removal for servicadprsément of limit switches, auxiliary
switches, or feedback potentiometer.

3. Nonspring-Return Motors for Valves Larger THdRS 2-1/2(DN 65) Size for running
torque of150 in. x Ibf(16.9 N x m)and breakaway torque 800 in. x Ibf(33.9 N x m)

4. Spring-Return Motors for Valves Larger ThaRS 2-1/2(DN 65). Size for running and
breakaway torque df50 in. x Ibf(16.9 N x m)

5. Nonspring-Return Motors for Dampers Larger TH#n Sqg. Ft.(2.3 sqg. nt) Size for
running torque oft50 in. x Ibf (16.9 N x m)and breakaway torque @&00 in. x Ibf
(339N xm)

6. Spring-Return Motors for Dampers Larger TinSq. Ft.(2.3 sqg. m) Size for running
and breakaway torque 50 in. x Ibf(16.9 N x m)

B.  Electronic Actuators: Direct-coupled type desigfie@dminimum 60,000 full-stroke cycles at
rated torque.

1. Manufacturers

a. Belimo Aircontrols (USA), Inc

2.  Valves: Size for torque required for valve clogé at maximum pump differential
pressure.
3. Dampers: Size for running torque calculated dsvid:

a. Parallel-Blade Damper with Edge Sealg:inch-lb/sqg. ft.(86.8 kg-cm/sqg. mpf
damper.

b. Opposed-Blade Damper with Edge Seals:inch-lb/sqg. ft.(62 kg-cm/sq. m)of
damper.

C. Parallel-Blade Damper without Edge Seadsinch-lb/sq. ft(49.6 kg-cm/sq. mof
damper.

d. Opposed-Blade Damper without Edge Sedsinch-lb/sq. t.(37.2 kg-cm/sg. m)
of damper.

e. Dampers with2- to 3-Inch wg(500 to 750 Pagf Pressure Drop or Face Velocities
of 1000 to 2500 fpng5 to 13 m/s) Increase running torque by 1.5.

f. Dampers with3- to 4-Inch wg (750 to 1000 Papf Pressure Drop or Face
Velocities 0f2500 to 3000 fpnfl3 to 15 m/s) Increase running torque by 2.0.

INSTRUMENTATION AND CONTROL FOR HVAC 230900 - 19



PROJECT NAME FOR

CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

4. Coupling: V-bolt and V-shaped, toothed cradle.

5. Overload Protection: Electronic overload or digitdation-sensing circuitry.

6. Fail-Safe Operation: Mechanical, spring-return hagism. Provide external, manual
gear release on nonspring-return actuators.

7. Power Requirements (Two-Position Spring Retur@y] [120 [230-V ac.

8. Power Requirements (Modulating): Maximum 10 VA4tV ac or 8 W at 24-V dc.

9 Proportional Signal: 2- to 10-V dc or 4 to 20 n&kd 2- to 10-V dc position feedback
signal.

10. Temperature Rating:Minus 22 to plus 122 deg KMinus 30 to plus 50 deg Q)[40 to
104 deg H5 to 40 deg Q)

11. Temperature Rating (Smoke Dampers$jinus 22 to plus 250 deg @inus 30 to plus
121 deg C)

12. Run Time: [2 seconds open, 5 seconds clop¢80 secondk [60 secondk [120

second$

C. Pneumatic Valve Operators: Rolling-diaphragm, reptbaded, piston type with spring range
as required and start-point adjustmeartfl positioning relay]. Operator shall maintain full
shutoff at maximum pump differential pressure.

D. Pneumatic Damper Operators: Rolling-diaphragntppisype with adjustable stops and spring
return, sized to operate with sufficient reservevg@oto provide smooth modulating action or
two-position action. Where actuators operate queace, provide pilot positioners.

1.

Pilot Positioners: With the following characteidst

Start Point: Adjustable frorato 12 psig14 to 83 kPa)
Operating Span: Adjustable fradnto 13 psig35 to 90 kPa)
Linearity: Plus or minus 10 percent of output sigspan.
Hysteresis: 3 percent of span.
Response0.25-psig(1723-Pajnput change.

Maximum Pilot Signal Pressur&0 psig(140 kPa)
Maximum Control Air-Supply Pressuré&0 psig(410 kPa)

@~oooow

Actuator Housing: Molded or die-cast zinc or aloom.[ Terminal unit actuators
may be high-impact plastic with ambient temperaturerating of 50 to 140 deg H10
to 60 deg C)unless located in return-air plenums].

Inlet-Vane Operators: High pressure, with pilosifioners.

2.16 CONTROL VALVES

A. Manufacturers

NGO~ WNE

Danfoss Inc.; Air Conditioning & Refrigeration Div
Erie Controls

Hayward Industrial Products, Inc

Magnatrol Valve Corporatian

Neles-Jamesbury

Parker Hannifin Corporation; Skinner Valve Division
Pneuline Controls

Sauter Controls Corporation
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B. Control Valves: Factory fabricated, of type, bodhaterial, and pressure class based on
maximum pressure and temperature rating of pipystesn, unless otherwise indicated.

C. Hydronic system globe valves shall have the follmpiharacteristics:

1. NPS 2 (DN 50) and Smaller: Clas4pg [250 bronze body, bronze trim, rising stem,
renewable composition disc, and screwed ends waitkdeating capacity repackable
under pressure.

2. NPS 2-1/2(DN 65) and Larger: Class 125 iron body, bronze triningstem, plug-type
disc, flanged ends, and renewable seat and disc.

3. Internal Construction: Replaceable plugs and tssasteel or brass seats.

a. Single-Seated Valves: Cage trim provides seatintbgaiding surfaces for plug on
top and bottom.

b. Double-Seated Valves: Balanced plug; cage trinviges seating and guiding
surfaces for plugs on top and bottom.

4, Sizing: B-psig (21-kPa] [5-psig (35-kPa)] maximum pressure drop at design flow rate
or the following:

a. Two Position: Line size.

b. Two-Way Modulating: Either the value specified ebor twice the load pressure
drop, whichever is more.

C. Three-Way Modulating: Twice the load pressure dimgt not more than value
specified above.

5. Flow Characteristics: Two-way valves shall havaagercentage characteristics; three-
way valves shall have linear characteristics.

6. Close-Off (Differential) Pressure Rating: Combiaatof actuator and trim shall provide
minimum close-off pressure rating of 150 percentoddl system (pump) head for two-
way valves and 100 percent of pressure differeatabss valve or 100 percent of total
system (pump) head.

D. Steam system globe valves shall have the followhayacteristics:

1. NPS 2(DN 50)and Smaller: Class 125 bronze body, bronze tising stem, renewable
composition disc, and screwed ends with backseatipgcity repackable under pressure.

2. NPS 2-1/2(DN 65) and Larger: Class 125 iron body, bronze triningstem, plug-type
disc, flanged ends, and renewable seat and disc.

3. Internal Construction: Replaceable plugs and Etssnsteel seats.

a. Single-Seated Valves: Cage trim provides seatimtbgaiding surfaces for plug on
top and bottom of guided plugs.
b. Double-Seated Valves: Balanced plug; cage trinviges seating and guiding
surfaces for plugs on top and bottom of guided flug
4, Sizing: For pressure drop based on the followamnyises:

a. Two Position: 20 percent of inlet pressure.
b. Modulating15-psig(103-kPa)Steam: 80 percent of inlet steam pressure.
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C. Modulating 16- to 50-psig(110- to 350-kPa)Steam: 50 percent of inlet steam
pressure.
d. Modulating More Thab0-psig(350-kPa)Steam: As indicated.

5. Flow Characteristics: Modified linear charactecist
6. Close-Off (Differential) Pressure Rating: Combiaatof actuator and trim shall provide
minimum close-off pressure rating of 150 percermpérating (inlet) pressure.

Butterfly Valves: 200-psig(1380-kPa) 150-psig(1034-kPa)maximum pressure differential,
ASTM A 126 cast-iron or ASTM A 536 ductile-iron bpdnd bonnet, extended neck, stainless-
steel stem, field-replaceable EPDM or Buna N slesestem seals.

1. Body Style: Wafer] [Lug] [Grooved].

2. Disc Type: Nickel-plated ductile iron] [Aluminum bronze] [Elastomer-coated
ductile iron] [Epoxy-coated ductile iron.

3. Sizing: 1-psig(7-kPa)maximum pressure drop at design flow rate.

Terminal Unit Control Valves: Bronze body, bronzin, two or three ports as indicated,
replaceable plugs and seats, and union and threamisd

1. Rating: Class 125 for service H5 psig(860 kPa)and250 deg H121 deg Cpperating
conditions.

2. Sizing: 3-psig (21-kPa)maximum pressure drop at design flow rate, toeclagainst
pump shutoff head.

3. Flow Characteristics: Two-way valves shall havaagercentage characteristics; three-
way valves shall have linear characteristics.

Self-Contained Control Valves: Bronze body, bromzm, two or three ports as indicated,
replaceable plugs and seats, and union and threamisd

1. Rating: Class 125 for service H5 psig(860 kPa)and250 deg H121 deg Cpperating
conditions.

2. Thermostatic Operator: Wax] [Liquid ]-filled [integral] [remote] sensor with
[integral] [remote] adjustable dial.

DAMPERS
Manufacturers

Air Balance Inc

Don Park Inc.; Autodamp Div
TAMCO (T. A. Morrison & Co. Inc.)
United Enertech Corp

Vent Products Company, Inc

arwpdpE

Dampers: AMCA-rated,parallel] [opposed-blade design0.108-inch-(2.8-mm-) minimum
thick, galvanized-steel db.125-inch-(3.2-mm-) minimum thick, extruded-aluminum frames
with holes for duct mounting; damper blades shallbre less thaf.064-inch-(1.6-mm-)thick
galvanized steel with maximum blade width ®finches(200 mm)and length of48 inches
(1220 mm)
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1. Secure blades td/2-inch- (13-mm-) diameter, zinc-plated axles using zinc-plated
hardware, with ¢il-impregnated sintered bronzé [nylon] blade bearings, blade-linkage
hardware of zinc-plated steel and brass, ends degainst spring-stainless-steel blade
bearings, and thrust bearings at each end of dladg.

2. Operating Temperature Range: Frommus 40 to plus 200 deg(finus 40 to plus 93
deg C)

3. Edge Seals, Low-Leakage Applications: Use inflietalbllade edging or replaceable
rubber blade seals and spring-loaded stainlesk-sithe seals, rated for leakage at less
than10 cfm per sq. ft(50 L/s per sq. mpf damper area, at differential pressuré-afich
wg (1000 Pawhen damper is held by torque %3 in. x Ibf (5.6 N x m) when tested
according to AMCA 500D.

AIR SUPPLY
Manufacturers

1. Drainview Products
2. Pneuline Controls

Control and Instrumentation Tubing: Copper tubcwmnplying with ASTM B 88, Type K
(ASTM B 88M, Type A)or ASTM B 280 Type ACR.

1. Fittings: Cast-bronze solder fittings complyingwASME B16.18; or wrought-copper
solder fittings complying with ASME B16.22, excefuirged-brass compression-type
fittings at connections to equipment.

2. Joining Method: Soldered or brazed.

Tank: ASME storage tank with drain test cock, emdtic moisture removal trap, tank relief
valve, and rubber-cork vibration isolation mountjays.

Duplex Air Compressor: Capacity to supply compeesair to temperature-control system.

1. Pressure control with adjustable electric contassfo start and stop both compressors at
different pressures.

2. Electrical alternation set with motor starters atidconnect to operate compressors
alternately or on time schedule.

Compressor Type:Reciprocating] [Scroll].

Size compressor and tank to operate compressanoia than 20] [30] minutes during a 60-
minute period.

Compressor Accessories: Low-resistance intakéhair, and belt guards.

System Accessories: Air filter rated for 97 petcefficiency at rated airflow, and combination
filter/pressure-reducing station or separate fited pressure-reducing station.

Refrigerated Air Dryer: Self-contained, refrigeatair dryer complete with heat exchangers,
moisture separator, internal wiring and piping, anith manual bypass valve.

INSTRUMENTATION AND CONTROL FOR HVAC 230900 - 23



PROJECT NAME FOR
CLEVELAND CLINIC JOB # ISSUED: 00/00/20XX

1. Heat Exchangers: Air-to-refrigerant coils with t@ngal-type moisture separator and
automatic trap assembly.

2. Refrigeration Unit: Hermetically sealed, operatiimgmaintain dew point o013 deg F
(minus 11 deg Cat 20 psig (140 kPa) housed in steel cabinet with access door and
panel.

3.  Accessories: Air-inlet temperature gage, air-irpe¢ssure gage, on-off switch, high-
temperature light, power-on light, refrigerant gameback, air-outlet temperature gage,
air-outlet pressure gage, and with contacts folotermdication of power status and high-
temperature alarm.

J. Desiccant Dryer: Obtains dew point in pneumaticpiling between compressor and tank at
least1l5 deg Hminus 9 deg Chelow inlet-air dew point at design conditions.

K. Pressure Gages: Black letters on white backgratnid? incheq64 mm)in diameter, flush or
surface mounting, with front calibration screw tatoh sensor, and having a graduated scale in
psig (kPa)

L. Instrument Pressure Gages: Black letters on whdtekground,1-1/2 inches(38 mm) in
diameter, stem mounted, with suitable dial range.

M.  Diaphragm Control and Instrument Valveki4-inch (6-mm)forged-brass body with reinforced
polytetrafluoroethylene diaphragm, stainless-s$pehg, and color-coded phenolic handle.

N. Gage Cocks: Tee or level handle, bronze, rateiZ6rpsig(860 kPa)

O. Relays: For summing, reversing, and amplifyinghkigt or lowest pressure selection; with
adjustable I/O ratio.

P.  Switches: With indicating plates and accessibjasithent; calibrated and marked.

Q. Pressure Regulators: Zinc or aluminum castingsh veitastomeric diaphragm, balanced
construction to automatically prevent pressureduy] and producing flat reduced-pressure
curve.

R.  Particle Filters: Zinc or aluminum castings with [@ercent filtration efficiency at rated airflow,
quick-disconnect service devices, and aluminumlastic bowl with metal guard and manual
drain cock.

S. Combination Filter/Regulators: Zinc or aluminumstiags with elastomeric diaphragm,
balanced construction to automatically prevent saress buildup, and producing flat reduced-
pressure curve; with threaded pipe connectionsckegisconnect service devices, and
aluminum or plastic bowl with metal guard and mdmirain cock.

T.  Airborne QOil Filter: Filtration efficiency of 99.percent for airborne lubricating oil particles of
0.025 micron or larger.

U. Pressure Relief Valves: ASME rated and labeled.
1. High Pressure: Size for installed capacity.

2. Low Pressure: Size for installed capacity of pmesgegulators and set at 20 percent
above low pressure.
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V.  Pressure-Reducing Stations: Two parallel presagelators.
2.19 CONTROL CABLE
A. Electronic and fiber-optic cables for control wiginare specified in Section 271500

"Communications Horizontal Cabling."

PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Verify that [conditioned Jpower supply is available to control units and raper workstation.
Verify that pneumatic piping and duct-, pipe-, asglipment-mounted devices are installed
before proceeding with installation.

INSTALLATION

Install software in control units and operator vaigtion(s). Implement all features of
programs to specified requirements and as apptefdnasequence of operation.

Connect and configure equipment and software t@aetsequence of operation specified.

Mount compressor and tank unit aglgdstomeric mount$ [spring isolators with 1-inch (25
mm) static deflectior] [restrained spring isolators with 1-inch (25-mm) static deflection.
Vibration isolators are specified in Section 2305%®ration and Seismic Controls for HVAC
Piping and Equipment.” Isolate air supply with winaid-reinforced rubber hose. Secure and
anchor according to manufacturer's written instomst and seismic-control requirements.

1. Pipe manual and automatic drains to nearest flcond

2. Supply instrument air from compressor units throfilylr, pressure-reducing valve, and
pressure relief valve, with pressure gages and#hartd bypass valves.

Verify location of thermostats, humidistats, antlestexposed control sensors with Drawings

and room details before installation. Install deg 8 inches(1220 mm] [60 inches(1530

mm)] above the floor.

1. Install averaging elements in ducts and plenuntsassing or zigzag pattern.

Install guards on thermostats in the following kimas:

1. Entrances.

2. Public areas.

3. Where indicated.

Install automatic dampers according to Section 2833\ir Duct Accessories."
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G. Install damper motors on outside of duct in warmaar not in locations exposed to outdoor
temperatures.

H. Install labels and nameplates to identify contromponents according to Section 230553
"Identification for HVAC Piping and Equipment.”

l. Install hydronic instrument wells, valves, and othecessories according to Section 232113
"Hydronic Piping."

J. Install steam and condensate instrument wells,egahand other accessories according to
Section 232213 "Steam and Condensate Heating Piping

K. Install refrigerant instrument wells, valves, artley accessories according to Section 232300
"Refrigerant Piping."

L. Install duct volume-control dampers according tocti®a 233113 "Metal Ducts" and
Section 233116 "Nonmetal Ducts."

M. Install electronic and fiber-optic cables accordity Section 271500 "Communications
Horizontal Cabling."

3.3 PNEUMATIC PIPING INSTALLATION

A. Install piping in mechanical equipment rooms insigechanical equipment enclosures, in pipe
chases, or suspended ceilings with easy access.

1. Install copper tubing with maximum unsupported tengf 36 inches(915 mm) for
tubing exposed to view.

2. Install polyethylene tubing in metallic racewaysebectrical metallic tubing. Electrical
metallic tubing materials and installation requiesnts are specified in Section 260533
"Raceways and Boxes for Electrical Systems."

B. Install terminal single-line connections, less th@&nincheg460 mm)in length, with copper or
polyethylene tubing run inside flexible steel paien.

C. In concealed locations such as pipe chases anérsilesgp ceilings with easy access, install
[copper] [polyethylene bundled and sheathdd polyethylene tubing in electrical metalli¢
tubing. Electrical metallic tubing materials angstallation requirements are specified in
Section 260533 "Raceways and Boxes for Electrigate®ns."

D. In concrete slabs, furred walls, or ceilings withaccess, install copper or polyethylene tubing

in electrical metallic tubing or vinyl-jacketed gethylene tubing.

1. Protect embedded-copper and vinyl-jacketed polyettgytubing with electrical metallic
tubing extending incheg(150 mm)above finished slab ar@inches(150 mm)into slab.
Pressure test tubing before and after pour for éemkpinch.

2. Install polyethylene tubing in electrical metallicbing extendings inches(150 mm)
above floor line; pull tubing into electrical mdiakubing after pour.
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E. Install tubing with sufficient slack and flexibl®wrnections to allow for vibration of piping and
equipment.
F. Purge tubing with dry, oil-free compressed air befconnecting control instruments.
1. Bridge cabinets and doors with flexible connectifestened along hinge side; protect
against abrasion. Tie and support tubing.
G. Number-code or color-code control air piping fotufie identification and service of control
system, except local individual room control tubing
H. Pressure Gages or Test Plugs: Install on braneis &t each receiver controller and on signal
lines at each transmitter, except individual roantmllers.
3.4 ELECTRICAL WIRING AND CONNECTION INSTALLATION
A. Install raceways, boxes, and cabinets accordin§eiction 260533 "Raceways and Boxes for
Electrical Systems."
B. Install building wire and cable according to Sect®50519 "Low-Voltage Electrical Power
Conductors and Cables.”
C. Install signal and communication cable according Section 271500 "Communications
Horizontal Cabling."
1. Conceal cable, except in mechanical rooms and arkase other conduit and piping are
exposed.
2. Install exposed cable in raceway.
3. Install concealed cable in raceway.
4 Bundle and harness multiconductor instrument cablplace of single cables where
several cables follow a common path.
5. Fasten flexible conductors, bridging cabinets anokrs, along hinge side; protect against
abrasion. Tie and support conductors.
6. Number-code or color-code conductors for futurenfifieation and service of control
system, except local individual room control cables
7. Install wire and cable with sufficient slack anexible connections to allow for vibration
of piping and equipment.
D. Connect manual-reset limit controls independent ménual-control switch positions.
Automatic duct heater resets may be connectedendak circuit of power controllers.
E. Connect hand-off-auto selector switches to overaigk®matic interlock controls when switch is
in hand position.
3.5 FIELD QUALITY CONTROL
A. Manufacturer's Field Service: Engage a factoryranized service representative to

inspect[ test, and adjust field-assembled components and equipment instatlaincluding
connections[and to assist in field testing Report results in writing.
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B.  Perform the following field tests and inspectionsl prepare test reports:

1.

7.

8.
9

Operational Test: After electrical circuitry haselm energized, start units to confirm

proper unit operation. Remove and replace malfonictg units and retest.

Test and adjust controls and safeties.

Leak Test: After installation, charge system agst for leaks. Repair leaks and retest
until no leaks exist.

Pressure test control air piping 2@ psig(207 kPa)or 1.5 times the operating pressure
for 24 hours, with maximur-psig(35-kPa)loss.

Test calibration of gneumatic] [electronic] controllers by disconnecting input sensors
and stimulating operation with compatible signaigyator.

Test each point through its full operating rangeedfy that safety and operating control

set points are as required.

Test each control loop to verify stable mode ofrapen and compliance with sequence
of operation. Adjust PID actions.

Test each system for compliance with sequence erabpn.

Test software and hardware interlocks.

C. DDC Verification:

1.
2.
3

= © 0

11.

Verify that instruments are installed before caltion, testing, and loop or leak checks.
Check instruments for proper location and accdggibi

Check instrument installation for direction of flpalevation, orientation, insertion depth,
and other applicable considerations.

Check instrument tubing for proper fittings, slope&terial, and support.

Check installation of air supply for each instruen

Check flow instruments. Inspect tag number aned éind bore size, and verify that inlet
side is identified and that meters are installademly.

Check pressure instruments, piping slope, instatiabf valve manifold, and self-
contained pressure regulators.

Check temperature instruments and material andHesfgsensing elements.

Check control valves. Verify that they are in eatrdirection.

Check air-operated dampers. Verify that pressagesg are provided and that proper
blade alignment, either parallel or opposed, has peovided.

Check DDC system as follows:

a. Verify that DDC controller power supply is from ergency power supply, if
applicable.

b. Verify that wires at control panels are tagged wtibir service designation and
approved tagging system.

C. Verify that spare 1/0O capacity has been provided.

d. Verify that DDC controllers are protected from powepply surges.

D. Replace damaged or malfunctioning controls andpenent and repeat testing procedures.

3.6 ADJUSTING

A. Calibrating and Adjusting:

1.

Calibrate instruments.
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2.

3.

9.

10.
11.

Make three-point calibration test for both lineariand accuracy for each analog
instrument.

Calibrate equipment and procedures using manufduvritten recommendations and
instruction manuals. Use test equipment with aaopat least double that of instrument
being calibrated.

Control System Inputs and Outputs:

Check analog inputs at 0, 50, and 100 percentanf.sp

Check analog outputs using milliampere meter &0and 100 percent output.
Check digital inputs using jumper wire.

Check digital outputs using ohmmeter to test fartaot making or breaking.
Check resistance temperature inputs at 0, 50, @ddpé&rcent of span using a
precision-resistant source.

PO TR

Flow:

a. Set differential pressure flow transmitters fom@d.00 percent values with 3-point
calibration accomplished at 50, 90, and 100 peraesgpan.
b. Manually operate flow switches to verify that thegke or break contact.

Pressure:

a. Calibrate pressure transmitters at 0, 50, and £0€ept of span.
b. Calibrate pressure switches to make or break ctmtaith adjustable differential
se