Hardware Points

Software Points

Point Name |Al |AO |BI |BO |AV |BV|Loop |Sched |Trend |Alarm gl;;);\lllic On
Zone Temp X X X
Zone Setpoint Adjust X X
Outside Air Humidity | x X X
Outside Air Temp X X X
Mixed Air Temp X X X
Return Air Humidity X X X
Return Air Temp X X X
Cooling Valve X X X
Mixed Air Dampers X X X
Zone Override X X X
Freezestat X X X X
Is)lgt)gét):) fur Smoke . X X X
Supply Fan Status X X X
Supply Fan Start/Stop X X X
Heating Stage 1 X X X
Heating Stage 2 X X X
Economizer Zone

Temp X X X
Setpoint

Schedule X

Heating Setpoint X X
Cooling Setpoint X X
High Zone Temp X

Low Zone Temp X

Supply Fan Failure X

Supply Fan in Hand X

Supply Fan Runtime X

Exceeded

High Mixed Air Temp X
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Hardware Points

Software Points

Total Hardware (16)

Total Software (33)
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Point Name Al |AO |BI |BO |AV |BV|Loop |Sched |Trend |Alarm (S}how. On
raphic
Low Mixed Air Temp X '
High Return Air Hu-
=. X
midity
Low Return Air Hu-
idi X
midity
High Return Air Temp X
Low Return Air Temp X




POINT SUMMARY

1.8
Hardware Points Software Points
Point Name Qty Al |AO |BI |BO |AV |BV|Loop |Sched |Tred |Alarm éhow ‘On
raphic

Variable Air Each 5121514310 0 1 18 21 19
Volume — AHU -
(Typical of 6) | Total (x6)
Boiler (Typical |Each
of 2) Total (x2)
Boiler make-up-|Each
water meter
(Typical of2)  |Total (x1)
Outside Air Each
Conditions = e !
(Typical of 1) Total (x1) . :
heat(Typical  of | Total ' - '
78) (x78)

Each 311 1 0|11 0 | 7 2 8
VAV Box Totdl N :

Typical of 78 ota

(Typ ) «78) i
AC-4 Building 1 |Each 712143 1 ]0 0 1 18 13 19
(Typical of 1) Total (x1) ;

Total Hardware (837)
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APPENDIX A: Glossary of Terms
Terms used within the Specification Text:

* Advanced Application Controller (AAC):

A fully programmable control module. This control module may be capable of some of the ad-
‘vanced features found in Building Controllers (storing trends, initiating read and write requests,
etc.) but it does not serve as a master controller. Advanced Application Controllers may reside
on either the Ethernet/IP backbone or on a subnet.

» Application Specific Controller (ASC):

A pre-programmed control module which is intended for use in a specific application. ASCs may
be configurable, in that the user can choose between various pre-programmed options, but it does
not support full custom programming. ASCs are often used on terminal equipment such as VAV
boxes or fan coil units. In many vendors' Engineerures ASCs do not store trends or schedules but
instead rely upon a Building Controller to provide those functions.

«  BACnet/IP:

An approved BACnet network type which uses an Ethernet carrier and IP addressing.

- BACnet MS/TP:

An approved BACnet network type which uses a Master-Slave Token Passing configuration.
MS/TP networks are unique to BACnet and utilize EIA485 twisted pair topology running at 9600
to 76,800 bps.

« BACnet over ARCNET:

An approved BACnet network type which uses an ARCNET (attached resource computer net-
work) carrier. ARCNET is an industry standard that can utilize several speeds and wiring stand-
ards. The most common configuration used by BACnet controllers is an EIA485 twisted pair to-
pology running at 156,000 bps.

* Building Controller (BC):

A fully programmable control module which is capable of storing trends and schedules, serving
as a router to devices on a subnet, and initiating read and write requests to other controllers. Typ-
ically this controller is located on the Ethernet/IP backbone of the BAS. In many vendors' Engi-
neerures a Building Controller will serve as a master controller, storing schedules and trends for
controllers on a subnet underneath the Building Controller.

 Direct Digital Control (DDC):
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A control system in which a digital computer or microprocessor is directly connected to the
valves, dampers, and other actuators which control the system, as opposed to indirectly control-
ling a system by resetting setpoints on an analog pneumatic or electronic controller.

» PICS - Protocol Implementation Conformance Statement:

A written document, created by the manufacturer of a device, which identifies the particular op-
tions specified by BACnet that are implemented in the device.

*  Smart Actuator (SA):

An actuator which is controlled by a network connection rather than a binary or analog signal.
(0-10v, 4-20mA, relay, etc.)

e Smart Sensor (SS):

A sensor which provides information to the BAS via network connection rather than a binary or
analog signal. (0-10000 ohm, 4-20mA, dry contact, etc.)

«  Web services:

Web services are a standard method of exchanging data between computer systems using the
XML (extensible markup language) and SOAP (simple object access protocol) standards. Web
services can be used at any level within a Building Automation System (BAS), but most com-
monly they are used to transfer data between BAS using different protocols or between a BAS
and a non-BAS system such as a tenant billing system or a utility management system.

Terms used within the Sequences of Operation:

+ adj.

Adjustable by the end user, through the supplied user interface.

* Al AOQO, etc. (Column Headings on Points List)

* Al= Analog Input. A physical input to the control module.

* AO= Analog Output. A physical output from the control module.

* AV = Analog Value. An intermediate (software) point that may be editable or read-only.
Editable AVs are typically used to allow the user to set a fixed control parameter, such as a
setpoint. Read Only AVs are typically used to display the status of a control operation.

* BI=Binary Input. A physical input to the control module.

» BO = Binary Output. A physical output from the control module.

= BV = Binary Value. An intermediate (software) point that may be editable or read-only.
Editable BVs are typically used to allow the user to set a fixed control parameter, such as a
setpoint. Read Only BVs are typically used to display the status of a control operation.

> Loop = A control loop. Most commonly a PID control loop. Typically a control loop will
include a setpoint, an input which is compared to the setpoint, and an output which controls some
action based upon the difference between the input and the setpoint. A PID control loop will also
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include gains for the proportional, integral, and derivative response as well as an interval which
controls how frequently the control loop updates its output. These gains may be adjustable by the
end user for control loop "tuning," but in self-tuning control loops or loops which have been
optimized for a specific application the gains may not be adjustable

* Sched = Schedule. The control algorithm for this equipment shall include a user editable
schedule.

* Trend. The control system shall be configured to collect and display a trend log of this object.
The trending interval shall be no less than one sample every 5 minutes. (Change of Value
trending, where a sample is taken every time the value changes by more than a user-defined
minimum, is an acceptable alternative.)

 Alarm. The control system shall be configured to generate an alarm when this object exceeds
user definable limits, as described in the Sequence of Controls.

Note:If the specifications require use of the BACnet protocol, all of the above shall be provided
as BACnet objects.
¢ KW Demand Limiting; *

* An energy management strategy that reduces energy consumption when a system's electric
power meter exceeds an operator-defined threshold.

* When power consumption exceeds defined levels, the system automatically adjust setpoints,
de-energizes low priority equipment, and takes other pre-programmed actions to avoid peak

demand charges. As the demand drops, the system restores loads in a predetermined manner.

e Occupant Override Switch, or Timed Local Override:

A control option that allows building occupants to override the programmed HVAC schedule for
a limited period of time.

When the override time expires, the zone returns to its unoccupied state.

¢ Occupant Setpoint Adjustment:

A control option that allows building occupants to adjust - within limits set by the HVAC control
system - the heating and cooling setpoints of selected zones. Typically the user interface for this
function is built into the zone sensor.

*  Optimal Start-Up: *

A control strategy that automatically starts an HVAC system at the latest possible time yet
ensures comfort conditions by the time the building becomes occupied.
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In a typical implementation, a controller measures the temperature of the zone and the outside
air. Then, using design heating or cooling capacity at the design outside air temperature, the

system computes how long a unit must run at maximum capacity to bring the zone temperature
to its occupied setpoint.

The optimal start algorithm often includes a self-learning feature to adjust for variations from
design capacity.

A distributed system must use Run on Request with Optimal Start. (See below.)

* Requested, or Run on Request: *
A control strategy that optimizes the runtime of a source piece of equipment that supplies one or
more receiving units - such as an air handler unit supplying zone terminal units with heating,

cooling, ventilation, or similar service. Source equipment runs only when needed, not on a fixed
schedule.

The source equipment runs when one or more receiving units request its services. An operator
determines how many requests are required to start the source equipment.

For example, if all the zones in a building are unoccupied and the zone terminal units do not
need heating or cooling, the AHU will shut down. However, if a zone becomes occupied or
needs cooling, the terminal unit will send a run request to the AHU to initiate the start-up se-
quence. If this AHU depends on a central chiller, it can send a run request to the chiller.

The run on request algorithm also allows an operator to schedule occupancy for individual zones
based on the needs of the occupants without having to adjust the schedules of related AHUs and
chillers.

» Trim and Respond, or Setpoint Optimization: *

A control strategy that optimizes the setpoint of a source piece of equipment that supplies one or
more receiving units - such as an air handler unit supplying zone terminal units with heating,
cooling, ventilation, or similar service. '

The source unit communicates with receiving units to determine heating, cooling, and other re-
quirements, and then adjusts its setpoint.

For example, if all zones are comfortable and do not request cooling, the AHU will gradually
increase (trim) its supply air setpoint. When a zone requests cooling, the AHU responds by drop-
ping its setpoint. The more zones that request cooling, the more it drops the setpoint. The AHU
repeats this process throughout the day to keep zones cool, but with a supply air setpoint that is
no cooler than necessary.
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Contracting Terms:

¢ Furnished or Provided:

The act of supplying a device or piece of equipment as required meeting the scope of work speci-
fied and making that device or equipment operational. All costs required to furnish the specified
device or equipment and make it operational are borne by the division specified to be responsible
for providing the device or equipment. :

* Install or Installed:

The physical act of mounting, piping or wiring a device or piece of equipment in accordance
with the manufacturer's instructions and the scope of work as specified. All costs required to

complete the installation are borne by the division specified to include labor and any ancillary
materials. '

e Interface:

The physical device required to provide integration capabilities from an equipment vendor's
product to the control system. The equipment vendor most normally furnishes the interface de-
vice. An example of an interface is the chilled water temperature reset interface card provided by
the chiller manufacturer in order to allow the control system to integrate the chilled water tem-
perature reset function into the control system. k

* Integrate:

The physical connections from a control system to all specified equipment through an interface
as required to allow the specified control and monitoring functions of the equipment to be per-
formed via the control system.
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APPENDIX B: Abbreviations

The following abbreviations may be used in graphlcs schematics, point names, and other Ul

applications where space is at a premium.
AC - Air Conditioning
ACU - Air Conditioning Unit
AHU - Air Handling Unit
Al - Analog Input
AO - Analog Output
AUTO - Automatic
AUX — Auxiliary
BI -Binary Input
BO -Binary Output
C —Common
CHW - Chilled Water
CHWP - Chilled Water Pump
CHWR - Chilled Water Return
CHWS - Chilled Water Supply
COND - Condenser
CW - Condenser Water
CWP - Condenser Water Pump
CWR - Condenser Water Return
CWS - Condenser Water Supply -
DA - Discharge Air
EA - Exhaust Air
EF - Exhaust Fan
EVAP - Evaporators
FCU - Fan Coil Unit
HOA - Hand / Off / Auto
HP - Heat Pump
HRU - Heat Recovery Unit
HTEX - Heat Exchanger
HW - Hot Water
HWP - Hot Water Pump
HWR - Hot Water Return
HWS - Hot Water Supply
MAX - Maximum
MIN — Minimum
MISC — Miscellaneous
NC - Normally Closed
NO - Normally Open
OA - Outdoor Air
PIU - Powered Induction Unit
RA - Return Air
RF - Return Fan
RH - Relative Humidity



1.5 QUALITY ASSURANCE

A. Installer Qualifications:

1.

Installers of Pressure-Sealed Joints: Installers shall be certified by pressure-seal
joint manufacturer as having been trained and qualified to join piping with
pressure-seal pipe couplings and fittings.

Fiberglass Pipe and Fitting Installers: Installers of RTRF and RTRP shall be
certified by manufacturer of pipes and fittings as having been trained and
qualified to join fiberglass piping with manufacturer-recommended adhesive.

- PART 2 - PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Hydronic piping components and installation shall be capable of withstanding the
following minimum working pressure and temperature unless otherwise indicated:

1.

Hot-Water Heating Piping: 125 psig (kPa) at 200 deg F (93 deg C).

22 COPPER TUBE AND FITTINGS

A. Drawn-Temper Copper Tubing: ASTM B 88, Type L (ASTM B 88M, Type B).

B. Annealed-Temper Copper Tubing: ASTM B 88, Type K (ASTM B 88M, Type A).

C. DWYV Copper Tubing: ASTM B 306, Type DWV.

D. Grooved, Mechanical-Joint, Wrought-Copper Fittings: ASME B16.22.

1.

Subject to compliance with requirements, provide product indicated on Drawings
or comparable product by one of the following:

a. Anvil International, Inc.

b.  Star Pipe Products.

c.  Victaulic Company. .
Grooved-End Copper Fittings: ASTM B 75 (ASTM B 75M), copper tube or
ASTM B 584, bronze casting.

Grooved-End-Tube Couplings: Rigid pattern unless otherwise indicated; gasketed
fitting. Ductile-iron housing with keys matching pipe and fitting
grooves, prelubricated EPDM gasket rated for minimum 230 deg F (110 deg C)
for use with housing, and steel bolts and nuts.

E. Wrought-Copper Unions: ASME B16.22.
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23

24

STEEL PIPE AND FITTINGS

A. Steel Pipe: ASTM A 53/A 53M, black steel with plain ends; welded and seamless,

Grade B, and wall thickness as indicated in "Piping Applications" Article.

Cast-Iron Threaded Fittings: ASME B16.4; Classes 125 and 250 as indicated in "Piping
Applications" Article.

Malleable-Iron Threaded Fittings: ASME B16.3, Classes 150 and 300 as indicated in
"Piping Applications" Article.

Malleable-Iron Unions: ASME B16.39; Classes 150, 250, and 300 as indicated in
"Piping Applications" Article.

Cast-Iron Pipé Flanges and Flanged Fittings: ASME B16.1, Classes 25, 125, and 250;

raised ground face, and bolt holes spot faced as indicated in "Piping Applications"
Article. ' '

Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, including
bolts, nuts, and gaskets of the following material group, end connections, and facings:

1. Material Group: 1.1.
2. End Connections: Butt welding.
3. Facings: Raised face.

Steel Pipe Nipples: ASTM A 733, made of same materials and wall thicknesses as pipe
in which they are installed.

JOINING MATERIALS

A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping

system contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch (3.2-mm) maximum
thickness unless otherwise indicated.
a.  Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b.  Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by
piping system manufacturer unless otherwise indicated.
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Install piping in concealed locations unless otherwise indicated and except in equipment
rooms and service areas.

Install piping indicated to be exposed and piping in equipment rooms and service areas
at right angles or parallel to building walls. Diagonal runs are prohibited unless

specifically indicated otherwise.

Install piping above accessible ceilings to allow sufficient space for ceiling panel
removal.

Install piping to permit valve servicing.

Install piping at indicated slopes.

Insfall piping free of sags and bends.

Install fittings for changes in direction and branch connections.
Install piping to allow application of insulation

Select system components with pressure rating equal to or greater than system operating
pressure.

Install groups of pipes parallel to each other, spaced to permit applying insulation and
servicing of valves.

Install drains, consisting of a tee fitting, NPS 3/4 (DN 20) ball valve, and short NPS 3/4
(DN 20) threaded nipple with cap, at low points in piping system mains and elsewhere
as required for system drainage.

. Install piping at a uniform grade of 0.2 percent upward in direction of flow.

Reduce pipe sizes using eccentric reducer fitting installed with level side up.
Install valves according to Section 230523 "General-Duty Valves for HVAC Piping."

Install unions in piping, NPS 2 (DN 50) and smaller; adjacent to valves, at final
connections of equipment, and elsewhere as indicated.

Install shutoff valve immediately upstream of each dielectric fitting.
Comply with requirements in Section 230516 "Expansion Fittings and Loops for HVAC

Piping" for installation of expansion loops, expansion joints, anchors, and pipe
alignment guides.
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34

A.

B.

C.

Comply with requirements in Section 230553 "Identification for HVAC Piping and
Equipment" for identifying piping. : ‘

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for
HVAC Piping."

Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for
HVAC Piping."

Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC
Piping."
DIELECTRIC FITTING INSTALLATION

Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
Dielectric Fittings for NPS 2 (DN 50) and Smaller: Use dielectric nipples.

Dielectric Fittings for NPS 2-1/2 to NPS 4 (DN 65 to DN 100): Use dielectric flanges.

PIPE JOINT CONSTRUCTION
Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated,
to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube
Handbook," using lead-free solder alloy complying with ASTM B 32.

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and

Tube" Chapter, using copper-phosphorus brazing filler metal complying with
AWS A5.8/A5.8M.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.
Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs

and restore full ID. Join pipe fittings and valves as follows:

1.  Apply appropriate tape or thread compound to external pipe threads unless dry
seal threading is specified.
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SECTION 23 21 16
HYDRONIC PIPING SPECIALTIES

PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract Documents, including General and
Supplementary Conditions and Division 01 Specification Sections General, Special
Provisions, Detailed and Technical Specifications, apply to this Section.
1.2 SUMMARY
A. Section includes special-duty valves and specialties for the following:
1.  Hot-water heating piping.
1.3 ACTION SUBMITTALS
A. Product Data: For each type of the following:
1. Valves: Include flow and pressure drop curves based on manufacturer's testing for
calibrated-orifice balancing valves and automatic flow-control valves.
2.  Hydronic specialties.

1.4 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For air-control devices, hydronic specialties, and
special-duty valves to include in emergency, operation, and maintenance manuals.

PART 2 — PRODUCTS

2.1 PERFORMANCE REQUIREMENTS

A. Hydronic piping components and installation shall be capable of withstanding the
following minimum working pressure and temperature unless otherwise indicated:

1. Hot-Water Heating Piping: 150 at 200 deg F (93 deg C). :

2.2 VALVES

A. Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in
Section 230523 "General-Duty Valves for HVAC Piping."Section 15112 "General-Duty
Valves for HVAC Piping."
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B. Automatic Temperature-Control Valves, Actuators, and Sensors: Comply with
requirements specified in Section 230900 "Instrumentation and Control for
HVAC."Section 15900 "HVAC Instrumentation and Controls."

C. Bronze, Calibrated-Orifice, Balancing Valves:

1.

2.

== 00N LW

0.
1

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

Basis-of-Design Product: Subject to compliance with requirements, provide
product indicated on Drawings or comparable product by one of the following:

a.  Armstrong Pumps, Inc.

b.  Bell & Gossett Domestic Pump.

c.  Griswold Controls.

d. Taco.

Body: Bronze, ball or plug type with calibrated orifice or venturi.

Ball: Brass or stainless steel.

Plug: Resin.

Seat: PTFE.

End Connections: Threaded or socket.

Pressure Gage Connections: Integral seals for portable differential pressure meter
Handle Style: Lever, with memory stop to retain set position.

CWP Rating: Minimum 125 psig (860 kPa).

Maximum Operating Temperature: 250 deg F (121 deg C).

D. Cast-Iron or Steel, Calibrated-Orifice, Balancing Valves:

1.

= 00NV

Manufacturers: Subject to compliance with requirements, [provide products by
the following] [provide products by one of the following] [available
manufacturers offering products that may be incorporated into the Work include,
but are not limited to, the following]: ‘
Basis-of-Design Product: Subject to compliance with requirements, pr0v1de aor
comparable product by one of the following:

a. Armstrong Pumps, Inc. '

b. Bell & Gossett Domestic Pump.

c.  Griswold Controls.

d. Taco.
Body: Cast-iron or steel body, ball, plug, or globe pattern with calibrated orifice
or venturi. ‘
Ball: Brass or stainless steel
Stem Seals: EPDM O-rings.
Disc: Glass and carbon-filled PTFE.
Seat: PTFE.
End Connections: Flanged or grooved.
Pressure Gage Connections: Integral seals for portable differential pressure meter.
Handle Style: Lever, with memory stop to retain set position.
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B. Install automatic air vents at high points of system piping in mechanical equipment ’
~ rooms only. Install manual vents at heat-transfer coils and elsewhere as required for air
venting.

C. Install piping from boiler air outlet, air separator, or air purger to expansion tank with a
2 percent upward slope toward tank.

D. Install in-line air separators in pump suction. Install drain valve on air separators NPS 2
(DN 50) and larger.

E. Install tangential air separator in pump suction. Install blowdown piping with gate or
full-port ball valve; extend full size to nearest floor drain.

F. Install expansion tanks above the air separator. Install tank fitting in tank bottom and
charge tank. Use manual vent for initial fill to establish proper water level in tank.

1. Install tank fittings that are shipped loose.
Support tank from floor or structure above with sufficient strength to carry weight
of tank, piping connections, fittings, plus tank full of water. Do not overload
building components and structural members.

G. Install expansion tanks on the floor. Vent and purge air from hydronic system, and
ensure that tank is properly charged with air to suit system Project requirements.

END OF SECTION 23 21 16
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SECTION 23 21 23
HYDRONIC PUMPS

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract Documents, including General and
Supplementary Conditions and Division 01 Specification Sections General,- Special
Provisions, Detailed and Technical Specifications, apply to this Section.

1.2 SUMMARY
A. Section Includes:

1. Close-coupled, in-line centrifugal pumps.
2. Close-coupled, end-suction centrifugal pumps.

1.3 DEFINITIONS
A. Buna-N: Nitrile rubber.
B. EPT: Ethylene propylene terpolymer.
1.4 ACTION SUBMITTALS
A. Product Data: For each type of pump. Include certified performance curves and rated
capacities, operating characteristics, furnished specialties, final impeller dimensions,
and accessories for each type of product indicated. Indicate pump's operating point on
curves.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For pumps to include in emergency, operation, and
maintenance manuals.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials described below that match products installed and that are

packaged with protective covering for storage and identified with labels describing
contents.

1. Mechanical Seals: One mechanical seal(s) for each pump.
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PART 2 - PRODUCTS

2.1

22

23

CLOSE-COUPLED, IN-LINE CENTRIFUGAL PUMPS

Subject to compliance with requirements, provide product indicated on Drawings or
comparable product by one of the following:

1.  Armstrong Pumps Inc.
2. ITT Corporation; Bell & Gossett.
3. TACO Incorporated.

Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-
coupled, in-line pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation with
pump and motor shafts mounted horizontally or vertically.

CLOSE-COUPLED, END-SUCTION CENTRIFUGAL PUMPS

Subject to compliance with requirements, provide product indicated on Drawings or
comparable product by one of the following:

1. Armstrong Pumps Inc.
2. ITT Corporation; Bell & Gossett.
3. TACO Incorporated.

Description: Factory-assembled and -tested, centrifugal, overhung-impeller, close-
coupled, end-suction pump as defined in HI 1.1-1.2 and HI 1.3; designed for installation
with pump and motor shafts mounted horizontally.

PUMP SPECIALTY FITTINGS

A. Suction Diffuser:

1. Angle pattern.

175-psig (1204-kPa) pressure rating, cast-iron body and end cap, pump-inlet
fitting.

Bronze startup and bronze or stainless-steel permanent strainers.

Bronze or stainless-steel straightening vanes.

Drain plug.

Factory-fabricated support.

N

SV kW

B. Triple-Duty Valve:

1. Angle or straight pattern.
2. 175-psig (1204-kPa) pressure rating, cast-iron body, pump-discharge fitting.
3. Drain plug and bronze-fitted shutoff, balancing, and check valve features.
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4.  Brass gage ports with integral check valve and orifice for flow measurement.

PART 3 - EXECUTION

3.1

3.2

33

A.

EXAMINATION

Examine equipment foundations and anchor-bolt locations for compliance with

requirements for installation tolerances and other conditions affecting performance of
the Work. :

1 Examine roughing-in for piping systems to verify actual locations of piping connections

before pump installation.

Examine foundations and inertia bases for suitable conditions where pumps are to be
installed.

Proceed with installation only after unsatisfactory conditions have been corrected.

PUMP INSTALLATION

Install pumps to provide access for periodic maintenance including removing motors,
impellers, couplings, and accessories.

Independently support pumps and piping so weight of piping is not supported by pumps
and weight of pumps is not supported by piping.

Automatic Condensate Pump Units: Install units for collecting condensate and extend to
open drain.

ALIGNMENT
Perform alignment service.
Comply with requirements in Hydronics Institute standards for alignment of pump and
motor shaft. Add shims to the motor feet and bolt motor to base frame. Do not use grout
between motor feet and base frame.
Comply with pump and coupling manufacturers' written instructions.
After alignment is correct, tighten foundation bolts evenly but not too firmly.

Completely fill baseplate with nonshrink, nonmetallic grout while metal blocks and
shims or wedges are in place. After grout has cured, fully tighten foundation bolts.
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SECTION 23 23 00
REFRIGERANT PIPING

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract Documents, including General and
Supplementary Conditions and Division 01 Specification Sections General, Special
Provisions, Detailed and Technical Specifications, apply to this Section.

1.2 SUMMARY
A. This Section includes refrigerant piping used for air-conditioning applications.
1.3 PERFORMANCE REQUIREMENTS
A. Line Test Pressure for Refrigerant R-410A:
1.  Suction Lines for Air-Conditioning Applications: 300 psig (2068 kPa).
2. Suction Lines for Heat-Pump Applications: 535 psig (3689 kPa).
3. Hot-Gas and Liquid Lines: 535 psig (3689 kPa).

1.4 ACTION SUBMITTALS

A. Product Data: For each type of valve and refrigerant piping specialty indicated. Include
pressure drop, based on manufacturer's test data, for the following:

1.  Thermostatic expansion valves.
2. Solenoid valves.

3. Hot-gas bypass valves.

4.  Filter dryers.

5. Strainers.

6.  Pressure-regulating valves.

1.5 INFORMATIONAL SUBMITTALS
A. Welding certificates.
- B. Field quality-control test reports.

1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For refrigerant valves and piping specialties to
include in maintenance manuals. ‘
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1.7 QUALITY ASSURANCE

A. Welding: Qualify procedures and personnel according to ASME Boiler and Pressure
Vessel Code: Section IX, "Welding and Brazing Qualifications."

B. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."
C. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."
1.8 PRODUCT STORAGE AND HANDLING

A. Store piping in a clean and protected area with end caps in place to ensure that piping
interior and exterior are clean when installed.

1.9 COORDINATION

A. Coordinate size and location of roof curbs, equipment supports, and roof penetrations.
These items are specified in Section 077200 "Roof Accessories."

PART 2 - PRODUCTS

2.1 COPPER TUBE AND FITTINGS
A. Copper Tube: ASTM B 88, Type K or L (ASTM B 88M, Type A orB).
B. Wrought-Copper Fittings: ASME B16.22.
C. Wrought-Copper Unions: ASME B16.22.

D. Solder Filler Metals: ASTM B 32. Use 95-5 tin antimony or alloy HB solder to join
copper socket fittings on copper pipe.

E. Brazing Filler Metals: AWS A5.8.
F. Flexible Connectors;

1. Body: Tin-bronze bellows with woven, flexible, tinned-bronze-wire-reinforced
protective jacket.

2. End Connections: Socket ends.

3. Offset Performance: Capable of minimum 3/4-inch (20-mm) misalignment in
minimum 7-inch- (180-mm-) long assembly.

4.  Pressure Rating: Factory test at minimum 500 psig (3450 kPa).

Maximum Operating Temperature: 250 deg F (121 deg C).

hd
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VALVES AND SPECIALTIES

A. Diaphragm Packless Valves:

B.

C.

D.

1.

Nk

Body and Bonnet: Forged brass or cast bronze; globe design with straight-through
or angle pattern.

Diaphragm: Phosphor bronze and stainless steel with stainless-steel spring.
Operator: Rising stem and hand wheel.

Seat: Nylon. ‘

End Connections: Socket, union, or flanged.

Working Pressure Rating: 500 psig (3450 kPa).

Maximum Operating Temperature: 275 deg F (135 deg C).

Packed-Angle Valves:

PN R WD =

Body and Bonnet: Forged brass or cast bronze.

Packing: Molded stem, back seating, and replaceable under pressure.
Operator: Rising stem.

Seat: Nonrotating, self-aligning polytetrafluoroethylene.

Seal Cap: Forged-brass or valox hex cap.

End Connections: Socket, union, threaded, or flanged.

Working Pressure Rating: 500 psig (3450 kPa).

Maximum Operating Temperature: 275 deg F (135 deg C).

Check Valves: ~

W RN R WD -

Body: Ductile iron, forged brass, or cast bronze; globe pattern.

Bonnet: Bolted ductile iron, forged brass, or cast bronze; or brass hex plug.
Piston: Removable polytetrafluoroethylene seat.

Closing Spring: Stainless steel.

Manual Opening Stem: Seal cap, plated-steel stem, and graphite seal.

End Connections: Socket, union, threaded, or flanged.

Maximum Opening Pressure: 0.50 psig (3.4 kPa).

Working Pressure Rating: 500 psig (3450 kPa).

Maximum Operating Temperature: 275 deg F (135 deg C).

Service Valves;

bbbl

Body: Forged brass with brass cap including key end to remove core.
Core: Removable ball-type check valve with stainless-steel spring.
Seat: Polytetrafluoroethylene.

End Connections: Copper spring.

Working Pressure Rating: 500 psig (3450 kPa).
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Solenoid Valves: Comply with ARI 760 and UL 429; listed and labeled by an NRTL.

1. Body and Bonnet: Plated steel.

2. Solenoid Tube, Plunger, Closing Spring, and Seat Orifice: Stamless steel.

3. Seat: Polytetrafluoroethylene.

4.  End Connections: Threaded.

5. Electrical: Molded, watertight coil in NEMA 250 enclosure of type required by
location with 1/2-inch (16-GRC) conduit adapter, and 24-V ac coil.

6. Working Pressure Rating: 400 psig (2760 kPa).

7.  Maximum Operating Temperature: 240 deg F (116 deg C).

8.  Manual operator.

Safety Relief Valves: Comply with ASME Boiler and Pressure Vessel Code; listed and

labeled by an NRTL.

1. . Body and Bonnet: Ductile iron and steel, with neoprene O-ring seal.

2.  Piston, Closing Spring, and Seat Insert: Stainless steel.

3. Seat Disc: Polytetrafluoroethylene.

4.  End Connections: Threaded.

5.  Working Pressure Rating: 400 psig (2760 kPa).

6. Maximum Operating Temperature: 240 deg F (116 deg C).

. Thermostatic Expansion Valves: Comply with ARI 750.

ORXNANR DD -

Body, Bonnet, and Seal Cap: Forged brass or steel.

Diaphragm, Piston, Closing Spring, and Seat Insert: Stamless steel.

Packing and Gaskets: Non-asbestos.

Capillary and Bulb: Copper tubing filled with refrigerant charge.

Suction Temperature: [40 deg F (4.4 deg C)] <Insert temperature>

Superheat: [ Adjustable] [Nonadjustable].

Reverse-flow option (for heat-pump applications).

End Connections: Socket, flare, or threaded union.

Working Pressure Rating: [700 psig (4820 kPa)] [450 psig (3100 kPa)] <Insert
value>.

. Straight-Type Strainers:

Nk

Body: Welded steel with corrosion-resistant coating.
Screen: 100-mesh stainless steel.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig (3450 kPa).

Maximum Operating Temperature: 275 deg F (135 deg C).

Angle-Type Strainers:
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Body: Forged brass or cast bronze.

Drain Plug: Brass hex plug.

Screen: 100-mesh monel.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig (3450 kPa).

Maximum Operating Temperature: 275 deg F (135 deg C).

AR A

Moisture/Liquid Indicators:

Body: Forged brass.

Window: Replaceable, clear, fused glass window with indicating element
protected by filter screen.

Indicator: Color coded to show moisture content in ppm.

Minimum Moisture Indicator Sensitivity: Indicate moisture above 60 ppm.

End Connections: Socket or flare.

Working Pressure Rating: 500 psig (3450 kPa).

Maximum Operating Temperature: 240 deg F (116 deg C).

D

Nownkw

PART 3 — EXECUTION

3.1

3.2

PIPING APPLICATIONS FOR REFRIGERANT R-410A

. Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump Applications: Copper,

Type ACR, annealed- or drawn-temper tubing and wrought-copper fittings with brazed
or soldered joints.

Safety-Relief-Valve Discharge Piping: Copper, Type ACR, annealed- or drawn-temper
tubing and wrought-copper fittings with brazed or soldered joints.

VALVE AND SPECIALTY APPLICATIONS

. Install service valves for gage taps at inlet and outlet of hot-gas bypass valves and

strainers if they are not an integral part of valves and strainers.

Install a check valve at the compressor discharge and a liquid accumulator at the
compressor suction connection.

Install a full-sized, three-valve bypass around filter dryers.

. Install solenoid valves upstream from each expansion valve and hot-gas bypass valve.

Install solenoid valves in horizontal lines with coil at top.

Install thermostatic expansion valves as close as possible to distributors on evaporators.
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1. - Install valve so diaphragm case is warmer than bulb.

2. Secure bulb to clean, straight, horizontal section of suction line using two bulb
straps. Do not mount bulb in a trap or at bottom of the line.

3. If external equalizer lines are required, make connection where it will reflect
suction-line pressure at bulb location.

Install safety relief valves where required by ASME Boiler and Pressure Vessel Code.
Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.

Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion
valve or at the inlet of the evaporator coil capillary tube.

Install strainers upstream from and adjacent to the following unless they are furnished
as an integral assembly for device being protected:

1 Solenoid valves.

2. Thermostatic expansion valves.
3. Hot-gas bypass valves.

4. Compressor.

Install filter dryers in liquid line between compressor and thermostatic expansion valve.

Install receivers sized to accommodate pump-down charge.

K. Install flexible connectors at compressors.

PIPING INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of
piping systems; indicated locations and arrangements were used to size pipe and
calculate friction loss, expansion, pump sizing, and other design considerations. Install
piping as indicated unless deviations to layout are approved on Shop Drawings.

Install refrigerant piping according to ASHRAE 15.

Install piping in concealed locations unless otherwise indicated and except in equipment
rooms and service areas.

Install piping indicated to be exposed and piping in equipment rooms and service areas
at right angles or parallel to building walls. Diagonal runs are prohibited unless

specifically indicated otherwise.

Install piping above accessible ceilings to allow sufficient space for ceiling panel
removal.
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Install piping adjacent to machines to allow service and maintenance.

Install piping free of sags and bends.
Install fittings for changes in direction and branch connections.

Select system components with pressure rating equal to or greater than system operating
pressure.

Refer to Section 230900 "Instrumentation and Control for HVAC" and Section 230993
"Sequence of Operations for HVAC Controls" for solenoid valve controllers, control
wiring, and sequence of operation.

Install piping as short and direct as possible, with a minimum number of joints, elbows,
and fittings.

Arrange piping to allow inspection and service of refrigeration equipment. Install valves
and specialties in accessible locations to allow for service and inspection. Install access
doors or panels as specified in Section 083113 "Access Doors and Frames" if valves or
equipment requiring maintenance is concealed behind finished surfaces.

Install refrigerant piping in protective conduit where installed belowground.

Install refrigerant piping in rigid or flexible conduit in locations where exposed to
mechanical injury.

Slope refrigerant piping as follows:

1. Install horizontal hot-gas discharge piping with a uniform slope downward away
from compressor.

2. Install horizontal suction lines with a uniform slope downward to compressor.

3. Install traps and double risers to entrain oil in vertical runs.

4. Liquid lines may be installed level.

When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove
valve stems, seats, and packing, and accessible internal parts of refrigerant specialties.
Do not apply heat near expansion-valve bulb.

Before installation of steel refrigerant piping, clean pipe and fittings using the following
procedures:

1. Shot blast the interior of piping.

2. Remove coarse particles of dirt and dust by drawing a clean, lintless cloth through
tubing by means of a wire or electrician's tape.
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3. Draw a clean, lintless cloth saturated with trichloroethylene through the tube or
pipe. Continue this procedure until cloth is not discolored by dirt.

4.  Draw a clean, lintless cloth, saturated with compressor oil, squeezed dry, through

the tube or pipe to remove remaining lint. Inspect tube or pipe visually for

remaining dirt and lint.

Finally, draw a clean, dry, lintless cloth through the tube or pipe.

6. Safety-relief-valve discharge piping is not required to be cleaned but is required to
be open to allow unrestricted flow.

b

Install piping with adequate clearance between pipe and adjacent walls and hangers or
between pipes for insulation installation.

. Identify refrigerant piping and valves according to Section 230553 "Identification for

HVAC Piping and Equipment."

Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with
requirements for sleeves specified in Section 230517 "Sleeves and Sleeve Seals for
HVAC Piping." :

. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with

requirements for sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for
HVAC Piping."

. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with

requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC
Piping."

PIPE JOINT CONSTRUCTION

. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly. :

Fill pipe and fittings with an inert gas (nitrogen or carbon dioxide), during brazing or
welding, to prevent scale formation.

. Soldered Joints: Construct joints accordlng to ASTM B 828 or CDA's "Copper Tube

Handbook."”

Brazed Joints: Construct joints accordmg to AWS's "Brazing Handbook," Chapter "Pipe
and Tube."

1. Use Type BcuP, copper-phosphorus alloy for joining copper socket fittings with
copper pipe.
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3.5

3.6

2. Use Type BAg, cadmium-free silver alloy for joining copper with bronze or steel.

F Threaded Joints: Thread steel pipe with tapered pipe threads according to

ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to
remove burrs and restore full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry-
seal threading is specified.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded
or damaged. Do not use pipe sections that have cracked or open welds.

Steel pipe can be threaded, but threaded joints must be seal brazed or seal welded.

. Welded Joints: Construct joints according to AWS D10.12/D10.12M.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service

application. Install gasket concentrically positioned. Use suitable lubricants on bolt
threads.

FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.

B. Tests and Inspections:

1. Comply with ASME B31.5, Chapter VI.
Test refrigerant piping, specialties, and receivers. Isolate compressor, condenser,
evaporator, and safety devices from test pressure if they are not rated above the
test pressure.
3. Test high- and low-pressure side piping of each system separately at not less than
the pressures indicated in Part 1 "Performance Requirements" Article.
a.  Fill system with nitrogen to the required test pressure.
b. System shall maintain test pressure at the manifold gage throughout
duration of test.
c.  Test joints and fittings with electronic leak detector or by brushing a small
amount of soap and glycerin solution over joints.
d. Remake leaking joints using new materials, and retest until satisfactory
results are achieved.

SYSTEM CHARGING

A. Charge system using the following procedures:

1. Install core in filter dryers after leak test but before evacuation.
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2. Evacuate entire refrigerant system with a vacuum pump to 500 micrometers
(67 Pa). If vacuum holds for 12 hours, system is ready for charging.

3. Break vacuum with refrigerant gas, allowing pressure to build up to 2 psig (14
kPa).

4. Charge system with a new filter-dryer core in charging line.

37 ADJUSTING
A. Adjust thermostatic expansion valve to obtain proper evaporator superheat.

B. Adjust high- and low-pressure switch settings to avoid short cycling in response to
fluctuating suction pressure.

C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the
system design temperature.

D. Perform the following adjustments before operating the refrigeration system, according
to manufacturer's written instructions:

Open shutoff valves in condenser water circuit.

Verify that compressor oil level is correct.

Open compressor suction and discharge valves.

Open refrigerant valves except bypass valves that are used for other purposes.

Check open compressor-motor alignment and verify lubrication for motors and
bearings.

SNk WN -

E. Replace core of replaceable filter dryer after system has been adjusted and after design
flow rates and pressures are established.

END OF SECTION 23 23 00
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2.2

Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible," Figure2-2, "Rectangular
Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements,
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible."

. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction: Select

types and fabricate according to SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Chapter 4, "Fittings and Other Construction," for static-pressure
class, applicable sealing requirements, materials involved, duct-support intervals, and
other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

SINGLE-WALL ROUND DUCTS AND FITTINGS

. General Fabrication Requirements: Comply with SMACNA's "HVAC Duct

Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible
Duct," based on indicated static-pressure class unless otherwise indicated.

1. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
a. McGill AirFlow LLC.
b.  SEMCO Incorporated.
¢.  Spiral Manufacturing Co., Inc.

Flat-Oval Ducts: Indicated dimensions are the duct width (major dimension) and
diameter of the round sides connecting the flat portions of the duct (minor dimension).

. Transverse Joints: Select joint types and fabricate according to SMACNA's "HVAC

Duct Construction Standards - Metal and Flexible," Figure 3-1, "Round Duct
Transverse Joints," for static-pressure class, applicable sealing requirements, materials
involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible."

1. Transverse Joints in Ducts Larger Than 60 Inches (1524 mm) in Diameter:
Flanged.

. Longitudinal Seams: Select seam types and fabricate according to SMACNA's "HVAC

Duct Construction Standards - Metal and Flexible," Figure3-2, "Round Duct
Longitudinal Seams," for static-pressure class, applicable sealing requirements,
materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC
Duct Construction Standards - Metal and Flexible."
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1. Fabricate round ducts larger than 90 inches (2286 mm) in diameter with butt-
welded longitudinal seams. ‘

2.  Fabricate flat-oval ducts larger than 72 inches (1830 mm) in width (major
dimension) with butt-welded longitudinal seams.

Tees and Laterals: Select types and fabricate according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 3-5, "90 Degree Tees and
Laterals," and Figure 3-6, "Conical Tees," for static-pressure class, applicable sealing
requirements, materials involved, duct-support intervals, and other provisions in
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

SHEET METAL MATERIALS

. General Material Requirements: Comply with SMACNA's "HVAC Duct Construction

Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct
construction methods unless otherwise indicated. Sheet metal materials shall be free of
pitting, seam marks, roller marks, stains, discolorations, and other imperfections.

Carbon-Steel Sheets: Comply with ASTM A 1008/A 1008M, with oiled, matte finish
for exposed ducts.

Aluminum Sheets: Comply with ASTM B 209 (ASTM B 209M) Alloy 3003, H14
temper; with mill finish for concealed ducts, and standard, one-side bright finish for
duct surfaces exposed to view.

. Reinforcement Shapes and Plates: ASTM A 36/A 36M, steel plates, shapes, and bars;

black and galvanized.

1.  Where black- and galvanized-steel shapes and plates are used to reinforce
aluminum ducts, isolate the different metals with butyl rubber, neoprene, or
EPDM gasket materials.

Tie Rods: Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches
(900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36

inches (900 mm).

DUCT LINER

. Fibrous-Glass Duct Liner: Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and

with NAIMA AH124, "Fibrous Glass Duct Liner Standard."

1. - Subject to compliance with requirements, provide Insert manufacturer's name;
product name or designation or comparable product by one of the following:
a. CertainTeed Corporation; Insulation Group.
b. Johns Manville.
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¢.  Knauf Insulation.
d. Owens Coming.

Water-Based Liner Adhesive: Comply with NFPA 90A or NFPA 90B and with
ASTM C916.

a. For indoor applications, adhesive shall have a VOC content of 80 g/L or
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

b. Adhesive shall comply with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers."

Flexible Elastomeric Duct Liner: Preformed, cellular, closed-cell, sheet materials
complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B.

1.

Subject to compliance with requirements, provide Insert manufacturer's name;
product name or designation or comparable product by one of the following:
a. Aeroflex USA Inc.
b. Armacell LLC.
c. Rubatex International, LLC
Surface-Burning Characteristics: Maximum flame-spread index of 25 and
maximum smoke-developed index of 50 when tested according to UL 723;
certified by an NRTL.
Liner Adhesive: As recommended by 1nsu1at10n manufacturer and complying
with NFPA 90A or NFPA 90B.
a. For indoor applications, adhesive shall have a VOC content of 50 g/L or
less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
b. Adhesive shall comply with the testing and product requirements of the
California Department of Health Services' "Standard Practice for the
Testing of Volatile Organic Emissions from Various Sources Using Small-
Scale Environmental Chambers."

Insulation Pins and Washers:

1.

Cupped-Head, Capacitor-Discharge-Weld Pins: Copper- or zinc-coated steel pin,
fully annealed for capacitor-discharge welding, 0.106-inch- (2.6-mm-) diameter
shank, length to suit depth of insulation indicated with integral 1-1/2-inch (38-
mm) galvanized carbon-steel washer.

Insulation-Retaining Washers: Self-locking washers formed from 0.016-inch-
(0.41-mm-) thick galvanized steel; with beveled edge sized as required to hold
insulation securely in place but not less than 1-1/2 inches (38 mm) in diameter.

. Shop Application of Duct Liner: Comply with SMACNA's "HVAC Duct Construction
Standards - Metal and Flexible," Figure 7-11, "Flexible Duct Liner Installation."
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10.

Adhere a single layer of indicated thickness of duct liner with at least 90 percent
adhesive coverage at liner contact surface area. Attaining indicated thickness with
multiple layers of duct liner is prohibited. '
Apply adhesive to transverse edges of liner facing upstream that do not receive
metal nosing.
Butt transverse joints without gaps, and coat Jomt with adhesive.
Fold and compress liner in corners of rectangular ducts or cut and fit to ensure
butted-edge overlapping.
Do not apply liner in rectangular ducts with longitudinal joints, except at corners
of ducts, unless duct size and dimensions of standard liner make longitudinal
joints necessary.
Apply adhesive coating on longitudinal seams in ducts with air velocity of 2500
fpm (12.7 m/s).

Secure liner with mechanical fasteners 4 inches (100 mm) from corners and at
intervals not exceeding 12 inches (300 mm) transversely; at 3 inches (75 mm)
from transverse joints and at intervals not exceeding 18 inches (450 mm)
longitudinally.

Secure transversely oriented liner edges facing the airstream with metal nosings
that have either channel or "Z" profiles or are integrally formed from duct wall.
Fabricate edge facings at the following locations:

a. Fan discharges.

b. Intervals of lined duct preceding unlined duct.

c. Upstream edges of transverse joints in ducts where air velocities are higher

than 2500 fpm (12.7 m/s) or where indicated.

Secure insulation between perforated sheet metal inner duct of same thickness as
specified for outer shell. Use mechanical fasteners that maintain inner duct at
uniform distance from outer shell without compressing insulation.

a. Sheet Metal Inner Duct Perforations: 3/32-inch (2.4-mm) diameter, with an

overall open area of 23 percent.

Terminate inner ducts with buildouts attached to fire-damper sleeves, dampers,
turning vane assemblies, or other devices. Fabricated buildouts (metal hat
sections) or other buildout means are optional; when used, secure buildouts to
duct walls with bolts, screws, rivets, or welds.

2.5 SEALANT AND GASKETS

A. General Sealant and Gasket Requirements: Surface-burning characteristics for sealants
and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-
developed index of 50 when tested according to UL 723; certified by an NRTL.

B. Water-Based Joint and Seam Sealant:

1.
2.
3.

Application Method: Brush on.
Solids Content: Minimum 65 percent.
Shore A Hardness: Minimum 20.

-219-



Water resistant.

Mold and mildew resistant.

VOC: Maximum 75 g/L (less water).

Maximum Static-Pressure Class: 10-inch wg (2500 Pa), positive and negative.
Service: Indoor or outdoor.

Substrate: Compatible with galvanized sheet steel (both PVC coated and bare),
stainless steel, or aluminum sheets.

e i

C. Flanged Joint Sealant: Comply with ASTM C 920.

1. General: Single-component, acid-curing, silicone, elastomeric.

2. Type:S. :

3. Grade: NS.

4. Class: 25.

5. Use: O.

6.  For indoor applications, sealant shall have a VOC content of 250 g/L or less when

calculated according to 40 CFR 59, Subpart D (EPA Method 24).
7.  Sealant shall comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile

Organic Emissions from Various Sources Using Small-Scale Environmental
Chambers."

D. Flange Gaskets: Butyl rubber, neoprene, or EPDM polymer with polyisobutylene
plasticizer.
O-ring seals are generally avallable for duct fittings 3 to 24 inches (76 to 610 mm) in
diameter.

E. Round Duct Joint O-Ring Seals:

1. Seal shall provide maximum leakage class of 3 cfin/100 sq. ft. at 1-inch wg
(0.14 L/s per sq. m at 250 Pa) and shall be rated for 10-inch wg (2500-Pa) static-
pressure class, positive or negative.

2. EPDM O-ring to seal in concave bead in coupling or fitting spigot.

3. Double-lipped, EPDM O-ring seal, mechanically fastened to factory-fabricated
couplings and fitting spigots.

2.6 HANGERS AND SUPPORTS
A. Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

B. Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or
galvanized rods with threads painted with zinc-chromate primer after installation.
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2.7

A.

Strap and Rod Sizes: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum
Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."

Steel Cables for Galvanized-Steel Ducts: Galvanized steel complying with
ASTM A 603.

Steel Cables for Stainless-Steel Ducts: Stainless steel complying with ASTM A 492.
Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel,
and bolts designed for duct hanger service; with an automatic-locking and clamping

device.

Duct Attachments: Sheet metal screws, blind rivets, or self-tapping metal screws;
compatible with duct materials.

Trapeze and Riser Supports:

1. Supports for Galvanized-Steel Ducts: Galvanized-steel shapes and plates.

2. Supports for Stainless-Steel Ducts: Stainless-steel shapes and plates. '

3. Supports for Aluminum Ducts: Aluminum or galvanized steel coated with zinc
chromate.

SEISMIC-RESTRAINT DEVICES

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

the following:

1. Cooper B-Line, Inc.; a division of Cooper Industries.
2. Ductmate Industries, Inc.

3.  Hilti Corp.

4. Unistrut Corporation; Tyco International, Ltd.

Channel Support System: Shop- or field-fabricated support assembly made of slotted
steel channels rated in tension, compression, and torsion forces and with accessories for
attachment to braced component at one end and to building structure at the other end.
Include matching components and corrosion-resistant coating,

Restraint Cables: ASTM A 603, galvanized-steel cables with end connections made of
cadmium-plated steel assemblies with brackets, swivel, and bolts designed for
restraining cable service; and with an automatic-locking and clamping device or double-
cable clips.

Hanger Rod Stiffener: Reinforcing steel angle clamped to hanger rod.
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E. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type. Select
anchor bolts with strength required for anchor and as tested according to ASTM E 488.

PART 3 - EXECUTION
3.1 DUCT INSTALLATION

.A. Drawing plans, schematics, and diagrams indicate general location and arrangement of
duct system. Indicated duct locations, configurations, and arrangements were used to
size ducts and calculate friction loss for air-handling equipment sizing and for other
design considerations. Install duct systems as indicated unless deviations to layout are
approved on Shop Drawings and Coordination Drawings.

B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" unless otherwise indicated.

C. Install round ducts in maximum practical lengths.
D. Install ducts with fewest possible joints.

E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and
for branch connections. '

F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

G. Install ducts close to walls, overhead construction, columns, and other structural and
permanent enclosure elements of building.

H. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation
thickness. ’

I.  Route ducts to avoid passing through transformer vaults and electrical equipment rooms
and enclosures.

J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are
exposed to view, cover the opening between the partition and duct or duct insulation
with sheet metal flanges of same metal thickness as the duct. Overlap openings on four
sides by at least 1-1/2 inches (38 mm).

K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire
dampers. Comply with requirements in Section 233300 "Air Duct Accessories" for fire
and smoke dampers.
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A.

Protect duct interiors from moisture, construction debris and dust, and other foreign
materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."

DUCT SEALING

Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct

Schedule” Article according to SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible."

Seal ducts to the following seal classes according to SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible":

1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible."

2. Outdoor, Supply-Air Ducts: Seal Class A.

3. Outdoor, Exhaust Ducts: Seal Class C.
‘4. Outdoor, Return-Air Ducts: Seal Class C.

5. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa)
‘ and Lower: Seal Class B.

6.

Unconditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch

wg (500 Pa): Seal Class A. ‘

7. Unconditioned Space, Exhaust Ducts: Seal Class C.

8. Unconditioned Space, Return-Air Ducts: Seal Class B. :

9. Conditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg (500 Pa) and
Lower: Seal Class C.

10. Conditioned Space, Supply-Air Ducts in Pressure Classes Higher Than 2-Inch wg

3 (500 Pa): Seal Class B.

11.  Conditioned Space, Exhaust Ducts: Seal Class B.

12.  Conditioned Space, Return-Air Ducts: Seal Class C.

HANGER AND SUPPORT INSTALLATION

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 5, "Hangers and Supports."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel
fasteners appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.

Install powder-actuated concrete fasteners after concrete is placed and completely
cured. :

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes
or for slabs more than 4 inches (100 mm) thick. ‘
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4. Do not use powder-actuated concrete fasteners for lightweight-aggregate
concretes or for slabs less than 4 inches (100 mm) thick.
5. Do not use powder-actuated concrete fasteners for seismic restraints.

Hanger Spacing: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Table 5-1 (Table 5-1M), "Rectangular Duct Hangers Minimum
Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger
spacing; install hangers and supports within 24 inches (610 mm) of each elbow and
within 48 inches (1200 mm) of each branch intersection.

. Hangers Exposed to View: Threaded rod and angle or channel supports.

Support vertical ducts with steel angles or channel secured to the sides of the duct with
welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum
intervals of 16 feet (5 m).

Install upper attachments to structures. Select and size upper attachments with pull-out,
tension, and shear capacities appropriate for supported loads and building materials

where used.

SEISMIC-RESTRAINT-DEVICE INSTALLATION

. Install ducts with hangers and braces designed to support the duct and to restrain against

seismic forces required by applicable building codes. Comply with SMACNA's
"Seismic Restraint Manual: Guidelines for Mechanical Systems." ;

1.  Space lateral supports a maximum of 40 feet (12m) o.c., and longitudinal
supports a maximum of 80 feet (24 m) o.c.
2.  Brace a change of direction longer than 12 feet (3.7 m).

Select seismic-restraint devices with capacities adequate to carry present and future
static and seismic loads.

Install cables so they do not bend across edges of adjacent equipment or building
structure.

. Install cable restraints on ducts that are suspended with vibration isolators.

Attachment to Structure: If specific attachment is not indicated, anchor bracing and
restraints to structure, to flanges of beams, to upper truss chords of bar joists, or to
concrete members.

Drilling for and Setting Anchors:

1.  Identify position of reinforcing steel and other embedded items prior to drilling
holes for anchors. Do not damage existing reinforcement or embedded items
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3.7

during drilling. Notify the Engineer if reinforcing steel or other embedded items
are encountered during drilling. Locate and avoid prestressed tendons, electrical
and telecommunications conduit, and gas lines. v

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

3. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-
duty sleeve anchors shall be installed with sleeve fully engaged in the structural
element to which anchor is to be fastened.

4. Set anchors to manufacturer's recommended torque, using a torque wrench.
5. Install zinc-coated steel anchors for interior applications and stainless-steel
anchors for applications exposed to weather.
CONNECTIONS

. Make connections to equipment with flexible connectors complying with

Section 233300 "Air Duct Accessories."

Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"
for branch, outlet and inlet, and terminal unit connections.

PAINTING

. Paint interior of metal ducts that are visible through registers and grilles and that do not

have duct liner. Apply one coat of flat, black, latex paint over a compatible galvanized-
steel primer. Paint materials and application requirements are specified in
Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."

FIELD QUALITY CONTROL

. Perform tests and inspections.

Duct System Cleanliness Tests:

1. Visually inspect duct system to ensure that no visible contaminants are present.

2. Test sections of metal duct system, chosen randomly by Engineer, for cleanliness
according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and
Restoration of HVAC Systems."

a.  Acceptable Cleanliness Level: Net weight of debris collected on the filter
media shall not exceed 0.75 mg/100 sq. cm.

Duct system will be considered defective if it does not pass tests and inspections.

. Prepare test and inspection reports.

END OF SECTION 23 31 13
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PART 3 — EXECUTION
3.1 DUCT INSTALLATION
A. Install ducts with fewest possible joints.

B. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and
perpendicular to building lines.

C. Install ducts close to walls, overhead construction, columns, and other structural and
permanent enclosure elements of building.

D. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation
thickness.

E. Where ducts pass through non-fire-rated interior partitions and exterior walls and are
exposed to view, cover the opening between the partition and duct or duct insulation
with sheet metal flanges. Overlap openings on four sides by at least 1-1/2 inches (38
mm).

F.  Protect duct interiors from the moisture, construction debris and dust, and other foreign
materials. Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under
Construction," Appendix G, "Duct Cleanliness for New Construction Guidelines."

G. Install fibrous-glass ducts and fittings to comply with SMACNA's "Fibrous Glass Duct
Construction Standards."

H. Install foam ducts and fittings to comply with Knauf Insulatlons "Knauf KoolDuct
System Design Guide."

. Install thermoset FRP ducts and fittings to comply with SMACNA's "Thermoset FRP
Duct Construction Manual."

J.  Install PVC ducts and fittings to comply with SMACNA's "Thermoplastic Duct (PVC)
Construction Manual."

32 HANGER AND SUPPORT INSTALLATION
A. Install hangers and supports for fibrous-glass ducts and fittings to comply with

SMACNA's "Fibrous Glass Duct Construction Standards," Chapter 6, "Hangers and
Supports."
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Install hangers and supports for phenolic-foam ducts and fittings to comply with Knauf
Insulation's "Knauf KoolDuct System Design Guide," Section 5, "Ductwork System
General." '

Install hangers and supports for thermoset FRP ducts and fittings to comply with
SMACNA's "Thermoset FRP Duct Construction Manual," Chapter 7, "Requirements."

. Install hangers and supports for PVC ducts and fittings to comply with SMACNA's

"Thermoplastic Duct (PVC) Construction Manual," Chapter 3, "Standards of
Construction for PVC Duct Systems."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel
fasteners appropriate for construction materials to which hangers are being attached.

1. Install concrete inserts before placing concrete.

2.  Install powder-actuated concrete fasteners after concrete is placed and completely
cured. : :

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes
or for slabs more than 4 inches (100 mm) thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate
concretes or for slabs less than 4 inches (100 mm) thick.

5. Do not use powder-actuated concrete fasteners for seismic restraints.

Install upper attachments to structures. Select and size upper attachments with pull-out,
tension, and shear capacities appropriate for supported loads and building materials

where used.

SEISMIC-RESTRAINT-DEVICE INSTALLATION

. Install ducts with hangers and braces designed to support the duct and to restrain against

seismic forces required by applicable building codes. Comply with SMACNA's
"Seismic Restraint Manual: Guidelines for Mechanical Systems."

1. Space lateral supports a maximum of 40 feet (12 m) o.c., and longitudinal
supports a maximum of 80 feet (24 m) o.c.
2. Brace a change of direction longer than 12 feet (3.7 m).

Select sizes of components so strength will be adequate to carry present and future static
and seismic loads within restraint device capacity.

Install cables so they do not bend across edges of adjacent equipment or building
structure. :

. Install cable restraints where ducts are suspended with vibration isolators.
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A.

a. Temperature set-point display in Fahrenheit and Celsius.
b.  Auxiliary switch to energize heating control circuit.
c. Changeover thermistor to reverse action.

HANGERS AND SUPPORTS
Hanger Rods for Noncorrosive Environments: Cadmium-plated steel rods and nuts.

Hanger Rods for Corrosive Environments: Electrogalvanized, all-thread rods or
galvanized rods with threads painted with zinc-chromate primer after installation.

Steel Cables: Galvanized steel complying with ASTM A 603.

Steel Cable End Connections: Cadmium-plated steel assemblies with brackets, swivel,
and bolts designed for duct hanger service; with an automatic-locking and clamping
device. ‘

Air Terminal Unit Attachments: Sheet metal screws, blind rivets, or self-tapping metal
screws; compatible with duct materials.

Trapeze and Riser Supports: Steel shapes and plates for units with steel casings;
aluminum for units with aluminum casings.

SEISMIC-RESTRAINT DEVICES

Channel Support System: Shop- or field-fabricated support assembly made of slotted
steel channels rated in tension, compression, and torsion forces and with accessories for
attachment to braced component at one end and to building structure at the other end.
Include matching components and corrosion-resistant coating,

Restraint Cables: ASTM A 603, galvanized-steel cables with end connections made of
cadmium-plated steel assemblies with brackets, swivel, and bolts designed for
restraining cable service; with an automatic-locking and clamping device or double-
cable clips. '

‘Hanger Rod Stiffener: Reinforcing steel angle clamped to hanger rod.

Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type. Select
anchor bolts with strength required for anchor and as tested according to ASTM E 488.

SOURCE QUALITY CONTROL

Factory Tests: Test assembled air terminal units according to ARI 830.
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1. Label each air terminal unit with plan number, nominal airflow, maximum and
minimum factory-set airflows, coil type, and ARI certification seal.

PART 30 - EXECUTION

INSTALLATION

. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air
Conditioning and Ventilating Systems."

Install air terminal units level and plumb. Maintain sufficient clearance for normal
service and maintenance.

Install wall-mounted thermostats.
HANGER AND SUPPORT INSTALLATION

. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 5, "Hangers and Supports."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel
fasteners appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.
Install powder-actuated concrete fasteners after concrete is placed and completely
cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes
and for slabs more than 4 inches (100 mm) thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate
concretes and for slabs less than 4 inches (100 mm) thick.

5. Do not use powder-actuated concrete fasteners for seismic restraints.

Hangers Exposed to View: Threaded rod and angle or channel supports.
. Install upper attabhments to structures. Select and size upper attachments with pull-out,
tension, and shear capacities appropriate for supported loads and building materials

where used.

SEISMIC-RESTRAINT-DEVICE INSTALLATION

A. Install hangers and braces designed to support the air terminal units and to restrain

against seismic forces required by applicable building codes. Comply with SMACNA's
"Seismic Restraint Manual: Guidelines for Mechanical Systems."
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Select seismic-restraint devices with capacities adequate to carry present and future
static and seismic loads.

Install cables so they do not bend across edges of adjacent equipment or building
structure.

Install cable restraints on air terminal units that are suspended with vibration isolators.

Attachment to Structure: If specific attachment is not indicated, anchor bracing and
restraints to structure, to flanges of beams, to upper truss chords of bar joists, or to
concrete members.

Drilling for and Setting Anchors:

1. Identify position of reinforcing steel and other embedded items before drilling
holes for anchors. Do not damage existing reinforcement or embedded items
during drilling. Notify the Engineer if reinforcing steel or other embedded items
are encountered during drilling. Locate and avoid prestressed tendons, electrical
and telecommunications conduit, and gas lines.

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

3.  Wedge Anchors: Protect threads from damage during anchor mstallatwn Install
heavy-duty sleeve anchors with sleeve fully engaged in the structural element to
which anchor is to be fastened.

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

5. Install zinc-coated steel anchors for interior applications and stainless-steel
anchors for applications exposed to weather.

'CONNECTIONS

A. Install piping adjacent to air terminal unit to allow service and maintenance.

FIELD QUALITY CONTROL

Testing Agency: Engineer will engage a qualified testing agency to perform tests and
inspections.

- Manufacturer's Field Service: Engage a factory-authorized service representative to

inspect, test, and adjust components, assemblies, and equipment installations, including
connections.

Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative
to inspect components, assemblies, and equipment installations, including
connections, and to assist in testing.
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D. Tests and Inspections:

1. After installing air terminal units and after electrical circuitry has been energized,
test for compliance with requirements.

2. Leak Test: After installation, fill water coils and test for leaks. Repair leaks and
retest until no leaks exist.

3. Operational Test: After electrical circuitry has been energized, start units to
confirm proper motor rotation and unit operation.

4. Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment.

E. Air terminal unit will be considered defective if it does not pass tests and inspections.
F. Prepare test and inspection reports.

STARTUP SERVICE
A. Perform startup service.

1. Complete installation and startup checks according to manufacturer's written
instructions.

2. Verify that inlet duct connections are as recommended by air terminal unit
manufacturer to achieve proper performance.
3. Verify that controls and control enclosure are accessible.
4.  Verify that control connections are complete.
5. Verify that nameplate and identification tag are visible.
6.  Verify that controls respond to inputs as specified.
DEMONSTRATION

A. Train Engineer's maintenance personnel to adjust, operate, and maintain air terminal
units.

END OF SECTION 23 36 00
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SECTION 23 37 13
DIFFUSERS, REGISTERS, AND GRILLES

PART 1 — GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract Documents, including General, Special
Provisions, Detailed and Technical Specifications, apply to this Section.

1.2 SUMMARY
A. Section Includes:

1., Perforated diffusers.
2. Modular core supply grilles.

13 ACTION SUBMITTALS
A. Product Data: For each type of product indicated, include the following:

1. Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise
ratings. ,

2. Diffuser, Register, and Grille Schedule: Indicate drawing designation, room
location, quantity, model number, size, and accessories furnished.

PART 2 — PRODUCTS
2.1 CEILING DIFFUSERS
A. Perforated Diffuser:

1. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
2. Subject to compliance with requirements, provide Insert manufacturer's name;
product name or designation or comparable product by one of the following:
a. Krueger. '
b. METALAIRE, Inc.
c. Nailor Industries Inc.
Devices shall be specifically designed for variable-air-volume flows.
Material: Steel backpan and pattern controllers, with steel face.
Finish: Baked enamel, white.
Duct Inlet: Round.
Face Style: Flush.

Nownkw

-240- : .



8. Mounting: T-bar.
9. Dampers: Opposed blade.

2.2 SOURCE QUALITY CONTROL

A. Verification of Performance: Rate diffusers, registers, and grilles according to
ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."

PART 3 - EXECUTION
3.1 EXAMINATION

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance
with requirements for installation tolerances and other conditions affecting performance
of equipment.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION
A. Install diffusers, registers, and grilles level and plumb.

B. Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts,
fittings, and accessories. Air outlet and inlet locations have been indicated to achieve
design requirements for air volume, noise criteria, airflow pattern, throw, and pressure
drop. Make final locations where indicated, as much as practical. For units installed in
lay-in ceiling panels, locate units in the center of panel. Where Engineerural features or
other items conflict with installation, notify Engineer for a determination of final
location.

C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow
service and maintenance of dampers, air extractors, and fire dampers.

33 ADJUSTING

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as
directed, before starting air balancing.

END OF SECTION 23 37 13
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. Gas Train: Combination gas valve with manual shutoff and pressure regulator.

Ignition: Silicone carbide hot-surface ignition that includes flame safety supervision and
100 percent main-valve shutoff.

Integral Circulator: Cast-iron body and stainless-steel impeller sized for minimum flow
required in heat exchanger.

. Casing
1. Jacket: Sheet metal, with snap-in or interlocking closures.
2. Control Compartment Enclosures: NEMA 250, Type 1A.
3.  Finish: Textured epoxy.
4. Insulation: Minimum l-inch- (25-mm-) thick, mineral-fiber insulation

surrounding the heat exchanger.
Combustion-Air Connections: Inlet and vent duct collars.
Mounting base to secure boiler. :

a.  Seismic Fabrication Requirements: Fabricate mounting base and attachment
to boiler pressure vessel, accessories, and components with reinforcement
strong enough to withstand seismic forces defined in Section 230548
"Vibration and Seismic Controls for HVAC" when mounting base is
anchored to building structure.

AN

Characteristics and Capacities:

1. Heating Medium: Hot water.
2. Design Water Pressure Rating: 160 psig (1100 kPa).

TRIM

. Aquastat Controllers: Operating and high limit.

Safety Relief Valve: ASME rated.

Pressure and Temperature Gage: Minimum 3-1/2-inch- (89-mm-) diameter,
combination water-pressure and -temperature gage. Gages shall have operating-pressure
and -temperature ranges so normal operating range is about 50 percent of full range.

. Boiler Air Vent: Automatic.

Drain Valve: Minimum NPS 3/4 (DN 20) hose-end gate valve.

Circulation Pump: Non-overloading, in-line pump with split-capacitor motor having
thermal-overload protection and lubricated bearings; designed to operate at specified
boiler pressures and temperatures.
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A.

B.

TRIM
Pressure Controllers: Operating and high limit.
Safety Relief Valve:

1.  Size and Capacity: As required for equipment according to ASME Boiler and
Pressure Vessel Code.
2. Description: Fully enclosed steel spring with adjustable pressure range and
positive shutoff; factory set and sealed.
a.  Drip-Pan Elbow: Cast iron and having threaded inlet and outlet with threads
complying with ASME B1.20.1.

Pressure Gage: Minimum 3-1/2-inch (89-mm) diameter. Gage shall have normal
operating pressure about 50 percent of full range.

Water Column: Minimum 12-inch (300-mm) glass gage with shutoff cocks.
Drain Valves: Minimum NPS 3/4 (DN 20) or nozzle size with hose-end connection.

Blowdown Valves: Factory-installed bottom and surface, slow-acting blowdown valves
same size as boiler nozzle.

Stop Valves: Boiler inlets and outlets, except safety relief valves or preheater inlet and
outlet, shall be equipped with stop valve in an accessible location as near as practical to
boiler nozzle and same size or larger than nozzle. Valves larger than NPS 2 (DN 50)
shall have rising stem.

Stop-Check Valves: Factory-installed, stop-check valve and stop valve at boiler outlet
with free-blow drain valve factory installed between the two valves and visible when
operating stop-check valve.

CONTROLS
Refer to Section 230900 "Instrumentation and Control for HVAC."
Boiler operating controls shall include the following devices and features:

Control transformer.

Set-Point Adjust: Set points shall be adjustable.

Operating Pressure Control: Factory wired and mounted to cycle burner.
Low-Water Cutoff and Pump Control: Cycle feedwater pump(s) for makeup water
control.

AW
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C. Building Automation System Interface: Factory install hardware and software to enable
building automation system to monitor, control, and display boiler status and alarms.

1. A communication interface with building automation system shall enable building
automation system operator to remotely control and monitor the boiler from an
operator workstation. Control features available, and monitoring points displayed,
locally at boiler control panel shall be available through building automation
system.

ELECTRICAL POWER

Controllers, Electrical Devices, and Wiring: Electrical devices and connections are
specified in electrical Sections.

Single-Point Field Power Connection: Factory-installed and -wired switches, motor
controllers, transformers, and other electrical devices necessary shall provide a smgle-
point field power connection to boiler.

House in NEMA 250, Type 4 enclosure.

Wiring shall be numbered and color-coded to match wiring diagram.
- Install factory wiring outside of an enclosure in a metal raceway.

Field power interface shall be to fused disconnect switch.

Provide branch power circuit to each motor and to controls with a disconnect
switch or circuit breaker.

6. Provide each motor with overcurrent protection.

Nk WD

SOURCE QUALITY CONTROL

Burner and Hydrostatic Test: Factory adjust burner to eliminate excess oxygen, carbon
dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve
combustion efficiency; perform hydrostatic test. :

Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler
and Pressure Vessel Code.

Allow Engineer access to source quality-control testing of boilers. Notify Engineer 14
days in advance of testing.

PART 3 — EXECUTION

EXAMINATION

A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-

bolt sizes and locations, and piping and electrical connections to verify actual locations,
sizes, and other conditions affecting boiler performance, maintenance, and operations.
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3.4

B.
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A.

1.  Final boiler locations indicated on Drawings are approximate. Determine exact
locations before roughing-in for piping and electrical connections.

Examine mechanical spaces for suitable conditions where boilers will be installed.
Proceed with installation only after unsatisfactory conditions have been corrected.
BOILER INSTALLATION

Install gas-fired boilers according to NFPA 54.

Assemble and install boiler trim.

Install electrical devices furnished \;vith boiler but not specified to be factory mounted.
Install control wiring to field-mounted electrical devices.

CONNECTIONS

Piping installation requirements are specified in other Sections. Drawings indicate
general arrangement of piping, fittings, and specialties.

Install piping adjacent to boiler to allow service and maintenance.

Install p1p1ng from equipment drain connection to nearest floor drain. Piping shall be at
least full size of connection. Provide an isolation valve if required.

Connect gas piping to boiler gas-train inlet with union. Piping shall be at least full size
of gas train connection. Provide a reducer if required.

Connect hot-water piping to supply- and return-boiler tappings with shutoff valve and
union or flange at each connection.

Install piping from safety relief valves to nearest floor drain.
Install piping from safety valves to drip-pan elbow and to nearest floor drain.

FIELD QUALITY CONTROL

Testing Agency: Engineer will engage a qualified testing agency to perform tests and
inspections.
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B. Manufacturer's Field Service: Engage a factory-authorized service representative to test
and inspect components, assemblies, and equipment installations, including
connections.

Perform the following tests and inspections with the assistance of a factory-authorized
service representative:

1.  Perform installation and startup checks according to manufacturer's written
instructions.
2. Leak Test: Hydrostatic test. Repair leaks and retest until no leaks exist.
Operational Test: Start units to confirm proper motor rotation and unit operation.
Adjust air-fuel ratio and combustion. '
4. Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment. .
a.  Check and adjust initial operating set points and high- and low-limit safety
set points of fuel supply, water level and water temperature.
b. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

W

Remove and replace malfunctioning units and retest as specified above.

Prepare test and inspection reports.

Occupancy Adjustments: When requested within 12 months of date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied
conditions. Retain paragraph and subparagraphs below if performance tests are
required. Performance verification based on field tests is not typically required because
of the associated cost. Consult Engineer.

Performance Tests:

1. Engage a factory-authorized service representative to inspect component
assemblies and equipment installations, including connections, and to conduct
performance testing.

2. Boilers shall comply with performance requirements indicated, as determined by
field performance tests. Adjust, modify, or replace equipment to comply. .

3. Perform field performance tests to determine capacity and efficiency of boilers.

a. . Test for full capacity.
b. Test for boiler efficiency at low fire 20, 40, 60, 80, 100, 80, 60, 40, and 20
percent of full capacity. Determine efficiency at each test point.

Repeat tests until results comply with requirements indicated.

Provide analysis equipment required to determine performance.

Provide temporary equipment and system modifications necessary to dissipate the

heat produced during tests if building systems are not adequate.

7.  Notify Engineer in advance of test dates.

8. Document test results in a report and submit to Engineer.
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o 35  DEMONSTRATION

A. Train Engineer's maintenance personnel to adjust, operate, and maintain boilers. Refer
to Section 017900 "Demonstration and Training."

END OF SECTION 23 52 16
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B. Unit shall be designed to conform to ANSI/ASHRAE 15 (latest edition), ASHRAE 62,
and UL Standard 1995.

C. Unit shall be listed by ETL and ETL, Canada, as a total package.
D. Roof curb shall be designed to NRCA criteria per Guideline B-1986.

E. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and smoke
generation.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Units shall be delivered, stored and handled per manufacturer's recommendations.
Comply with manufacturer's installation instructions for rigging, unloading and trans-
porting of the units. Protect units from physical damage. Leave factory shipping co-
vers in place until installation.

1.8 FACTORY START-UP AND WARRANTY

A. The Contractor shall schedule and arrange for a manufacturer's start-up of all units in-

cluding controls integration assistance to communicate with all controls. The Contrac-

-~ tor shall arrange and provide manufacturer's full parts and labor warranty for a period
of one (1) year after final recordation of Notice of Completion.

PART 2 - PRODUCTS
2.1 GENERAL UNIT DESCRIPTION

A. Factory-assembled, single-piece construction units as manufactured at the factory.
Contained within the unit enclosure shall be all factory wiring, piping, refrigerant
charge, operating oil charge, dual refrigerant circuits, microprocessor-based control
‘system and associated hardware, and all special features required prior to field start-up.
Site assembled subassemblies shall be prohibited. The units furnished and installed
shall be cooling packaged rooftop units, except for the 10 ton unit in Building 1 it shall
be cooling and heating packaged rooftop unit, as scheduled on the contract documents
and these specifications. All units shall have labels, decals, and/or tags to aid in the
service of the unit and indicate caution areas as necessary. All units shall be factory run
‘tested to include the operation of all fans, compressors, heat exchangers on applicable
unit, safeties, limits, and control sequences.

2.2 UNIT CABINET/CASING

A. Constructed of galvanized steel, bonderized and primer-coated on both sides and coated
with a baked polyester thermosetting powder coating finish on the outer surface.
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Unit casing shall be capable of withstanding ASTM Standard B117 500-hour salt spray
test.

Access Doors: Fully-gasketed, insulated double walled, and hinged for easy access to
the control box and other areas requiring servicing. Each door shall seal against a rubber
gasket to prevent air and water leakage.

Interior cabinet surfaces (except heat exchanger section) shall be insulated with flexible
fire-retardant dual-density (1.75-b/cu. ft.) fiberglass blanket, coated on the air side.
Insulation coating shall be cleanable and shall contain an EPA-registered immobilized
antimicrobial agent to effectively resist the growth of bacteria and fungi as proven by
tests in accordance with ASTM Standards G21 and G22.

Insulation shall be applied by means of adhesion using a water reducible adhesive
sprayed onto interior surface. Adhesive shall maintain a satisfactory adhesion and
cohesion within the temperature range of -20 to 180 F and have excellent resistance to
water and water vapor when cured.

Unit shall contain a sloped drain pan, to prevent standing water from accumulating. Pan
shall be fabricated of stainless steel. Unit shall contain a factory-installed nonferrous
main condensate drain connection.

. Units shall be equipped with lifting lugs to facilitate overhead rigging.

FANS
Supply Fan:

1. Unit shall have only one fan wheel, scroll, and motor.

Fan scroll, wheel, shaft, bearings, drive components and motor shall be mounted
on a formed steel assembly which shall be isolated from the unit outer casing with
factory-installed 2-in. deflection spring isolators and vibration-absorbent fan
discharge seal. ;

3. Fan shall be double-width, double-inlet, centrifugal belt driven forward-curve
type with single outlet discharge (standard) or centrifugal belt driven airfoil blade
section type with single outlet discharge (optional).

4. Fan wheel shall be designed for continuous operation at the maximum rated fan
speed and motor horsepower.

5. Fan'wheel and shaft shall be selected to operate at 25% below the first critical
speed and shall be statically and dynamically balanced as an assembly.

6.  Fan shaft shall be solid steel, turned, ground and polished, and coated with rust
preventative oil.
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2.5

A.

B.

Fan shaft bearings shall be self-aligning, pillow- block, regreasable ball or roller-

7.
type selected for a minimum average life of 200,000 hours at design operating
conditions in accordance with ANSI B3.15.

8. A single motor shall be mounted within the fan section casing on slide rails
equipped with adjusting screws. Motor shall be mounted on a horizontal flat
surface and shall not be supported by the fan or its structural members.

9.  Fan drive shall be a variable speed drive with integral VFD controller. See
technical specifications Section 26 29 23, Variable Frequency Motor Controllers.
All drives shall be factory-mounted, with belts aligned and tensioned.

10. Provide high efficiency motors for supply and exhaust fans.

CONDENSER FANS

1. = Direct-driven propeller type.

2. Discharge air vertically upward.

3. Protected by PVC-coated steel wire safety guards.

4.  Statically and dynamically balanced.

5.  Three-phase, totally enclosed motors.

COMPRESSORS

Fully hermetic scroll type compressors with overload protection and short cycle
protection with minimum on and off timers.

Factory rubber-in-shear mounted for vibration isolation.

- Reverse rotation protection capability.

Crankcase heaters shall only be activated during compressor off mode.

COILS

Evaporator Coil:

1.

2.
3.

Intertwined circuiting constructed of aluminum fins mechanically bonded to
seamless copper tubes.

Full-face active type during full and part load conditions.

Coils shall be leak tested at 300 psig and pressure tested at 650 psig.

Condenser Coils:

1.

Condenser coils shall be microchannel design. The coils shall have a series of flat
tubes containing a series of multiple, parallel flow microchannels layered between
the refrigerant manifolds. Microchannel coils shall consist of a two pass

-254-



‘ ' _ arrangement. Coil construction shall consist of aluminum alloys for the fins, tubes
and manifolds.

2. Air-cooled condenser coils shall be leak tested at 300 psig and pressure tested at
650 psig.

3. Provide integral subcooling circuit(s) to prevent premature refrigerant flushing
and to insure maximum operating efficiency.

2.6 REFRIGERANT COMPONENTS

A. Unit shall be equipped with dual refrigerant circuits, each containing;

Filter drier.

Moisture indicating sight glass.
Thermostatic expansion valve.
Fusible plug.

PPN

27  FILTER SECTION

A. Filter section shall consist of 2-in. thick, MERV 8 disposable fiberglass filters of
commercially available sizes.

2.8~ CONTROLS, SAFETIES, AND DIAGNOSTICS

A. Controls:

1. Control shall be accomplished through the use of a factory-installed,
microprocessor-based control system and associated electronic and electrical
hardware. Control system shall determine control sequences through monitoring
the following operational variables:

a. Day and Time.

b.  Schedule (Unoccupied/Occupied).
. Set points (Unoccupied/Occupied, Economizer, Duct Pressure, others).
d. Space temperature.

e.  Outdoor air temperature.

f. Unit supply air temperature.
g.  Unit return air temperature.

h.  Supply-air fan status.

i.  Economizer position.

J- Compressor suction and discharge pressure.

k. Scrolling marquee display.

L. Accessory and/or field-supplied sensors, function switches and/or signals.

2. Controls shall be capable of performing the following functions:

a.  Capacity control based on supply-air temperature and compensated by rate
of change of return-air temperature (VAV) or room temperature. Capacity

‘ | -255-



control shall be accomplished through the use of compressor staging or
optional variable output compressors.

Perform a quick test to check the status of all input and output signals to the
control system using scrolling marquee or Navigator™ display.

Control of integrated economizer operation, based on unit supply-air
temperature.

Supply fan volume control shall control output from a variable frequency
drive to maintain duct static pressure at user-configured set point (VAV).
Static pressure reset in conjunction with same brand communicating
terminals to reduce supply fan power requirements. Control system
calculates the amount of supply static pressure reduction necessary to cause
the most open damper in the system to open more than the minimum value
(60%) but not more than the maximum value (90% or negligible static
pressure drop).

Adaptive optimal start shall determine the time unit will commence cooling
(or heating or heating for morning warmup) during the unoccupied mode to
ensure occupied space reaches the set point in time for occupied mode.

Adaptive optimal stop shall turn off the compressors a preset amount of
time before the end of the occupied mode to conserve energy (CV only).

Alerts and Alarms: Control shall continuously monitor all sensor inputs and
control outputs to ensure safe and proper system operation. Alerts shall be
generated whenever sensor conditions have gone outside criteria for
acceptability. Alarms shall be initiated when unit control detects that a
sensor input value is outside its valid range (indicating a defective device
or connection that prevents full unit operation) or that an output has not
functioned as expected or that a safety device has tripped. Current alarms
shall be maintained in STATUS function; up to 9 (current or reset) shall be
stored in HISTORY function for recall.

Timed override function shall permit a system in unoccupied mode to be
returned to occupied mode for a user-configured period of 1, 2, 3 or 4 hours
by pressing the override button on the front of the space temperature
Sensor.

Nighttime Free Cooling (NTFC) shall start the supply fan and open the
economizer on cool nights to precool the building structure mass using only
outdoor air. Function shall be restricted to operation above a user-
configured low lockout temperature set point.

Modulating power exhaust control shall modulate capacity of exhaust fan
system in response to building static pressure at user-configured set point.
Power exhaust fan operation shall be interlocked with supply fan operation.
Smoke control functions: Control shall initiate any of four separate smoke
control functions in response to closure of field switches. Functions shall
include: Pressurization, Evacuation, Smoke Purge and Fire Shutdown.
Should two or more switches be closed simultaneously, Fire Shutdown
shall be initiated.
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. 1. Support demand control ventilation through a reset of the economizer's
minimum position. This reset based on differential CO2 ppm (outdoor and
indoor) can be chosen as linear or as fast or slow-acting exponential curves.

m. Indoor air quality (IAQ) mode shall admit fresh outdoor air into the space
whenever space air quality sensors detect unsuitable space conditions, by
overriding economizer minimum damper position. IAQ shall be permitted
only during occupied periods, unless configured to be allowed during
unoccupied periods also.

n. IAQ pre-occupancy purge function shall provide complete exchange of
indoor air with fresh air during unoccupied periods, when outdoor
conditions permit. Function shall energize supply fan and open economizer
two hours before next occupied period; duration of purge shall be user-
configured (5 to 60 minutes).

0. Supply Air Temperature Set Point Reset: Control shall automatically reset
the unit supply air temperature set point on VAV models from either space
temperature or return-air temperature, at user-configured rate and limit.
Control shall also reset supply air temperature set point via external 2 to 10
vdc signal representing 0° to 20 F range of reset. Control shall respond to
higher of either reset if both are active.

p. Lead-lag function shall distribute starts between the two refrigeration
circuits in an effort to equalize the running time on the two circuits.

q- Condenser-fan cycling control shall maintain correct head pressure down to
0°F.

r.  Refrigeration system pressures shall be monitored via pressure transducers.
Alarms for low pressure, high pressure will be permitted.

B. Safeties:
Unit components shall be equipped with the following protections:

1.  Compressors: :

a. Overcurrent using calibrated circuit breakers (shuts down individual
COmpressor).
Crankcase heaters. ,
High-pressure switch (shuts down individual circuit, automatic reset type).
Low-pressure switch (shuts down individual circuit, automatic reset type).
Check filter switch.
2. Belt Drive Fan Motors: ,

a.  Overcurrent protection manual reset circuit breakers.

oo o

C. Diagnostics:

1. The display shall be capable of indicating a safety lockout condition (alarm)

~ through an expandable scrolling display.
2. The display shall also be capable of indicating an alert condition which does not
lock out the unit, but informs the system monitor of a condition which could be
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12.  Replaceable Core Filter Drier - Shall be equipped with a replaceable core filter
drier in each liquid line.

13.  Roof Curb - Adapter curb designed to mate new unit with existing roof curb.
Maximum weight shall be 700 Ibs. Formed 14-gage galvanized steel with wood
nailer strip as perimeter curb supporting the air-handling portion of unit. The
adapter curb must be structurally calculated to withstand a Zone 4 design
earthquake.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Verify that roof is ready to receive work and opening dimensions are as indicated on
shop drawings.

B. Verity that proper power supply is available.
32 INSTALLATION
A. Install in accordance with manufacturer's instructions.

B. Mount units on factory built roof mounting frame providing watertight enclosure to
protect ductwork. Install roof mounting curb level.

33 MANUFACTURER'S FIELD SERVICES
A. Manufacturer shall furnish a factory trained service engineer to start the unit(s).

B. The manufacturer shall furnish complete submittal wiring diagrams of the package unit
as applicable for field maintenance and service.

END OF SECTION 23 70 00
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SECTION 23 81 26
DUCTLESS SPLIT SYSTEM SPECIFICATION

PART 1 - GENERAL

1.1

1.2

13

1.4

1.5

1.6

A.

A.

A.

A.

SYSTEM DESCRIPTION - INDOOR

Indoor, in-ceiling mounted, direct-expansion fan coils are matched with cooling only or
heat pump outdoor unit.

AGENCY LISTINGS

Unit shall be rated per ARI Standards 210/240 and listed in the ARI directory as a
matched system. Units shall be certified by UL and CSA.

DELIVERY, STORAGE, AND HANDLING

Units shall be stored and handled per unit manufacturer’s recommendations.
WARRANTY

1-year parts limited warranty.
SYSTEM DESCRIPTION - OUTDOOR

Outdoor air--cooled split system compressor sections suitable for on--the--ground,
rooftop, wall hung or balcony mounting.

Units shall consist of a scroll compressor, an air--cooled coil, propeller--type blow--
through outdoor fan, reversing valve (HP), accumulator, Accurator metering device(s),
and control box.

Units shall discharge air horizontally as shown on the contract drawings. Units shall
function as the outdoor component of an air--to--air cooling only, or heat pump system.

Units shall be used in a refrigeration circuit matched to duct--free cooling only or heat
pump fan coil units.

AGENCY LISTINGS

Unit construction shall comply with ANS/ASHRAE 15, latest revision, and with the
NEC.

Units shall be evaluated in accordance with UL standard 1995.

Units shall be listed in the CEC directory.
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SECTION 26 05 19
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

1.2

A.

B.

C.

A.

SECTION INCLUDES

Single conductor building wire.
Wire and cable for 600 volts and less.

Wiring connectors.

REFERENCE STANDARDS

ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2001
(Reapproved 2007).

ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors,
Hard, Medium-Hard, or Soft; 2011.

ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for
Electrical Purposes; 2010.

ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-
Stranded Copper Conductors for Subsequent Insulation; 2004 (Reapproved 2009).

NECA 1 - Standard for Good Workmanship in Electrical Construction; National -
Electrical Contractors Association; 2010.

NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of
Electrical Energy; National Electrical Manufacturers Association; 2009 (ANSI/NEMA
WC 70/ICEA S-95-658).

NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.

NEPA 70 - National Electrical Code; National Fire Protection Association; Most
Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable

Amendments and Supplements.

UL 44 - Thermoset—lnsulated Wires and Cables; Current Edition, Including All
Revisions.
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J. UL 83 - Thermoplastic-Insulated Wires and Cables;‘ Current Edition, Including All
Revisions. '
K. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.

L. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.

M. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.
1.3 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under
other Sections with the actual conductors to be installed, including adjustments for
conductor sizes increased for voltage drop.

2. Coordinate with electrical equipment installed under other Sections to provide
terminations suitable for use with the conductors to be installed.

3. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.4 SUBMITTALS

A. See General, Special Provisions, Detailed and Technical Specifications..

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for con-
ductors and cables, including detailed information on materials, construction, ratings,
listings, and available sizes, configurations, and stranding.

1.5 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conductors and cables in accordance with manufac-
turer's instructions.

PART 2 - PRODUCTS
2.1 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA 70
and product listing.
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A.

B.

1.5

Manufacturer's Field Reports: Indicate start-up inspection findings.

Operation Data: NEMA ICS 7.1. Include instructions for starting and operating control-
lers, and describe operating limits that may result in hazardous or unsafe conditions.

Maintenance Data: NEMA ICS 7.1. Include routine preventive maintenance schedule.

Maintenance Materials: Furnish the following for Owner's use in maintenance of pro-
ject.

1.  Extra Air Filters: Two of each type.
QUALITY ASSURANCE
Conform to requirements of NFPA 70.

Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the
purpose specified and indicated.

DELIVERY, STORAGE, AND HANDLING

Store in a clean, dry space. Maintain factory wrapping or provide an additional heavy
canvas or heavy plastic cover to protect units from dirt, water, construction debris, and
traffic.

Handle in accordance with manufacturer's written instructions. Lift only with lugs pro-

vided for the purpose. Handle carefully to avoid damage to components, enclosure, and
finish. ‘

PART 2 PRODUCTS

2.1

A.

DESCRIPTION

Variable Frequency Controllers: Enclosed controllers suitable for operating the indicat-
ed loads, in conformance with requirements of NEMA ICS 7. Select unspecified fea-
tures and options in accordance with NEMA ICS 3.1. '

Employ microprocessor-based inverter logic isolated from power circuits.

Employ pulse-width-modulated inverter system.

Design for ability to operate controller with motor disconnected from output.
Design to attempt five automatic restarts following fault condition before locking
out and requiring manual restart.

Ay

Enclosures: NEMA 250, Type 1, suitable for equipment application in places regularly
open to the public.

-292-




22

23

o

o 0

to

OPERATING REQUIREMENTS

Displacement Power Factor: Between 1.0 and 0.95, lagging, over entire range of oper-
ating speed and load.

Operating Ambient: 0 degrees C to 40 degrees C.
Volts Per Hertz Adjustment: Plus or minus 10 percent.
Current Limit Adjustment: 60 to 110 percent of rated.
Acceleration Rate Adjustment: 0.5 to 30 seconds.
Deceleration Rate Adjustment: 1 to 30 seconds.
Input Signal: 4 to 20 mA DC.

COMPONENTS

Display: Provide integral digital display to indicate output voltage, output frequency,
and output current.

Status Indicators: Separate indicators for overcurrent, overvoltage, ground fault, over-
temperature, and input power ON.

Furnish HAND-OFF-AUTOMATIC selector switch and manual speed control.

Include undervoltage release.

Control Power Source: Separate circuit.

Door Interlocks: Furnish mechanical means to prevent opening of equipment with pow-
er connected, or to disconnect power if door is opened; include means for defeating in-

terlock by qualified persons.

Safety Interlocks: Furnish terminals for remote contact to inhibit starting under both
manual and automatic mode.

Control Interlocks: Furnish terminals for remote contact to allow starting in automatic
mode.

Manual Bypass: Furnish contactor, motor running overload protection, and short circuit

protection for full voltage, non-reversing operation of the motor. Include isolation
switch to allow maintenance of inverter during bypass operation.
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1. Label each air terminal unit with plan number, nominal airflow, maximum and
minimum factory-set airflows, coil type, and ARI certification seal.

PART 30 - EXECUTION

INSTALLATION

. Install air terminal units according to NFPA 90A, "Standard for the Installation of Air
Conditioning and Ventilating Systems."

Install air terminal units level and plumb. Maintain sufficient clearance for normal
service and maintenance.

Install wall-mounted thermostats.
HANGER AND SUPPORT INSTALLATION

. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible,"
Chapter 5, "Hangers and Supports."

Building Attachments: Concrete inserts, powder-actuated fasteners, or structural-steel
fasteners appropriate for construction materials to which hangers are being attached.

1. Where practical, install concrete inserts before placing concrete.

2. Install powder-actuated concrete fasteners after concrete is placed and completely
cured.

3. Use powder-actuated concrete fasteners for standard-weight aggregate concretes
and for slabs more than 4 inches (100 mm) thick.

4. Do not use powder-actuated concrete fasteners for lightweight-aggregate
concretes and for slabs less than 4 inches (100 mm) thick.

5. Do not use powder-actuated concrete fasteners for seismic restraints.

Hangers Exposed to View: Threaded rod and angle or channel supports.
. Install upper attachments to structures. Select and size upper attachments with pull-out,
tension, and shear capacities appropriate for supported loads and building materials

where used.

SEISMIC-RESTRAINT-DEVICE INSTALLATION

A. Install hangers and braces designed to support the air terminal units and to restrain

against seismic forces required by applicable building codes. Comply with SMACNA's
"Seismic Restraint Manual: Guidelines for Mechanical Systems."
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Select seismic-restraint devices with capacities adequate to carry present and future
static and seismic loads.

Install cables so they do not bend across edges of adjacent equipment or building
structure.

Install cable restraints on air terminal units that are suspended with vibration isolators.

Attachment to Structure: If specific attachment is not indicated, anchor bracing and
restraints to structure, to flanges of beams, to upper truss chords of bar joists, or to
concrete members.

Drilling for and Setting Anchors:

1. Identify position of reinforcing steel and other embedded items before drilling
holes for anchors. Do not damage existing reinforcement or embedded items
during drilling. Notify the Engineer if reinforcing steel or other embedded items
are encountered during drilling. Locate and avoid prestressed tendons, electrical
and telecommunications conduit, and gas lines.

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

3. Wedge Anchors: Protect threads from damage during anchor mstallatlon Install
heavy-duty sleeve anchors with sleeve fully engaged in the structural element to
which anchor is to be fastened.

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

5. Install zinc-coated steel anchors for interior applications and stainless-steel
anchors for applications exposed to weather.
'CONNECTIONS

A. Install piping adjacent to air terminal unit to allow service and maintenance.

FIELD QUALITY CONTROL

Testing Agency: Engineer will engage a qualified testing agency to perform tests and
inspections.
- Manufacturer's Field Service: Engage a factory-authorized service representative to

inspect, test, and adjust components, assemblies, and equipment installations, including
connections.

Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative
to inspect components, assemblies, and equipment installations, including
connections, and to assist in testing.
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D. Tests and Inspections:

1.

2.

After installing air terminal units and after electrical circuitry has been energized,
test for compliance with requirements.

Leak Test: After installation, fill water coils and test for leaks. Repair leaks and
retest until no leaks exist.

Operational Test: After electrical circuitry has been energized, start units to
confirm proper motor rotation and unit operation.

Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment.

E. Air terminal unit will be considered defective if it does not pass tests and inspections.

F. Prepare test and inspection reports.

3.6 STARTUP SERVICE

A. Perform startup service.

1.

g

AN

Complete installation and startup checks according to manufacturer's written
instructions. :

Verify that inlet duct connections are as recommended by air terminal unit
manufacturer to achieve proper performance.

Verify that controls and control enclosure are accessible.

Verify that control connections are complete.

Verify that nameplate and identification tag are visible.

Verify that controls respond to inputs as specified.

3.7 DEMONSTRATION

A. Train Engineer's maintenance personnel to adjust, operate, and maintain air terminal

units.

END OF SECTION 23 36 00
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SECTION 23 37 13
DIFFUSERS, REGISTERS, AND GRILLES

PART 1 - GENERAL
1.1 RELATED DOCUMENTS

“A. Drawings and general provisions of the Contract Documents, including General, Special
Provisions, Detailed and Technical Specifications, apply to this Section.

1.2 SUMMARY
A. Section Includes:

1. Perforated diffusers.
2. Modular core supply grilles.

1.3 ACTION SUBMITTALS
A. Product Data: For each type of product indicated, include the following:

1.  Data Sheet: Indicate materials of construction, finish, and mounting details; and
performance data including throw and drop, static-pressure drop, and noise
ratings.

2. Diffuser, Register, and Grille Schedule: Indicate drawing designation, room
location, quantity, model number, size, and accessories furnished.

PART 2 - PRODUCTS
2.1 CEILING DIFFUSERS

A. Perforated Diffuser:

1. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
2. Subject to compliance with requirements, provide Insert manufacturer's name;
product name or designation or comparable product by one of the following:
a. Krueger. '
b. METALAIRE, Inc.
c.  Nailor Industries Inc.
Devices shall be specifically designed for variable-air-volume flows.
Material: Steel backpan and pattern controllers, with steel face.
Finish: Baked enamel, white.
Duct Inlet: Round.
Face Style: Flush.

NowvnkAWw
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8. Mounting: T-bar.
9.  Dampers: Opposed blade.

22 SOURCE QUALITY CONTROL

A. Verification of Performance: Rate diffusers, registers, and grilles according to
ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets.”

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas where diffusers, registers, and grilles are to be installed for compliance
with requirements for installation tolerances and other conditions affecting performance
of equipment.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION
A. Install diffusers, registers, and grilles level and plumb.

B. Ceiling-Mounted Outlets and Inlets: Drawings indicate general arrangement of ducts,
fittings, and accessories. Air outlet and inlet locations have been indicated to achieve
design requirements for air volume, noise criteria, airflow pattern, throw, and pressure
drop. Make final locations where indicated, as much as practical. For units installed in
lay-in ceiling panels, locate units in the center of panel. Where Engineerural features or

other items conflict with installation, notify Engineer for a determination of final
location.

C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow
service and maintenance of dampers, air extractors, and fire dampers.

33 ADJUSTING

A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as
directed, before starting air balancing.

END OF SECTION 23 37 13
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SECTION 23 52 16
CONDENSING BOILERS

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

A.

A.

A.

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract Documents, including General and
Supplementary Conditions and Division 01 Specification Sections General, Special
Provisions, Detailed and Technical Specifications, apply to this Section.

SUMMARY

Section includes packaged, factory-fabricated and -assembled, gas-fired, water-tube
condensing boilers, trim, and accessories for generating hot water.

ACTION SUBMITTALS

Product Data: Include performance data, operating characteristics, furnished specialties,
and accessories.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For boilers to include in emergency, operation, and
maintenance manuals.

QUALITY ASSURANCE

Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction,
and marked for intended use.

ASME Compliance: Fabricate and label boilers to comply with ASME Boiler and
Pressure Vessel Code.

ASHRAE/IESNA 90.1 Compliance: Boilers shall have minimum efficiency according
to "Gas and Oil Fired Boilers - Minimum Efficiency Requirements."

DOE Compliance: Minimum efficiency shall comply with 10 CFR 430, Subpart B,
Appendix N, "Uniform Test Method for Measuring the Energy Consumption of
Furnaces and Boilers."

UL Compliance: Test boilers for compliance with UL 795, "Commercial-Industrial Gas
Heating Equipment." Boilers shall be listed and labeled by a testing agency acceptable
to authorities having jurisdiction.

L4
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. 1.6 COORDINATION

A. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases.
Concrete, reinforcement, and formwork requirements are specified with concrete.

1.7 WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair
or replace components of boilers that fail in materials or workmanship within specified
warranty period.

1. Warranty Period for Water-Tube Condensing Boilers: 10 years from date of
Substantial Completion.

PART 2 - PRODUCTS

2.1 WATER-TUBE CONDENSING BOILERS

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

B. Subject to compliance with requirements, provide product indicated on Drawings or
comparable product by one of the following:

1. Laars Heating Systems Company.
2. Lochinvar Corporation.

C. Description: Factory-fabricated, -assembled, and -tested, water-tube condensing boiler
with heat exchanger sealed pressure tight, built on a steel base; including insulated
jacket; flue-gas vent; combustion-air intake connections; water supply, return, and
condensate drain connections; and controls. Water heating service only.

D. Heat Exchanger: Finned-copper primary and stainless-steel secondary heat exchangers.

E. Combustion Chamber: Stainless steel, sealed.

F. Burner: Natural gas, forced draft drawing from gas premixing valve.

G. Blower: Centrifugal fan to operate during each burner firing sequence and to prepurge
and postpurge the combustion chamber.

1. Motor Sizes: Minimum size as indicated. If not indicated, large enough so driven
load will not require motor to operate in service factor range above 1.0.
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2.2

A.

Gas Train: Combination gas valve with manual shutoff and pressure regulator.

Ignition: Silicone carbide hot-surface ignition that includes flame safety supervision and
100 percent main-valve shutoff.

Integral Circulator: Cast-iron body and stainless-steel impeller sized for minimum flow
required in heat exchanger.

Casing

Jacket: Sheet metal, with snap-in or interlocking closures.

Control Compartment Enclosures: NEMA 250, Type 1A.

Finish: Textured epoxy.

Insulation: Minimum 1l-inch- (25-mm-) thick, mineral-fiber insulation
surrounding the heat exchanger.

Combustion-Air Connections: Inlet and vent duct collars.

Mounting base to secure boiler.

a.  Seismic Fabrication Requirements: Fabricate mounting base and attachment
to boiler pressure vessel, accessories, and components with reinforcement
strong enough to withstand seismic forces defined in Section 230548
"Vibration and Seismic Controls for HVAC" when mounting base is
anchored to building structure.

PN

AN

Characteristics and Capacities:

1. Heating Medium: Hot water.
2. Design Water Pressure Rating: 160 psig (1100 kPa).

TRIM

Aquastat Controllers: Operating and high limit.
Safety Relief Valve: ASME rated.

Pressure and Temperature Gage: Minimum 3-1/2-inch- (89-mm-) diameter,
combination water-pressure and -temperature gage. Gages shall have operating-pressure
and -temperature ranges so normal operating range is about 50 percent of full range.

Boiler Air Vent: Automatic.
Drain Valve: Minimum NPS 3/4 (DN 20) hose-end gate valve.

Circulation Pump: Non-overloading, in-line pump with split-capacitor motor having
thermal-overload protection and lubricated bearings; designed to operate at specified
boiler pressures and temperatures.
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A.

B.

TRIM
Pressure Controllers: Operating and high limit.

Safety Relief Valve:

1.  Size and Capacity: As required for equipment according to ASME Boiler and
Pressure Vessel Code.
2. Description: Fully enclosed steel spring with adjustable pressure range and
positive shutoff; factory set and sealed.
a.  Drip-Pan Elbow: Cast iron and having threaded inlet and outlet with threads
complying with ASME B1.20.1. :

Pressure Gage: Minimum 3-1/2-inch (89-mm) diameter. Gage shall have normal
operating pressure about 50 percent of full range.

Water Column: Minimum 12-inch (300-mm) glass gage with shutoff cocks.
Drain Valves: Minimum NPS 3/4 (DN 20) or nozzle size with hose-end connection.

Blowdown Valves: Factory-installed bottom and surface, slow-acting blowdown valves
same size as boiler nozzle.

Stop Valves: Boiler inlets and outlets, except safety relief valves or preheater inlet and
outlet, shall be equipped with stop valve in an accessible location as near as practical to
boiler nozzle and same size or larger than nozzle. Valves larger than NPS 2 (DN 50)
shall have rising stem.

Stop-Check Valves: Factory-installed, stop-check valve and stop valve at boiler outlet
with free-blow drain valve factory installed between the two valves and visible when
operating stop-check valve.

CONTROLS
Refer to Section 230900 "Instrumentation and Control for HVAC."
Boiler operating controls shall include the following devices and features:

Control transformer.

Set-Point Adjust: Set points shall be adjustable.

Operating Pressure Control: Factory wired and mounted to cycle burner.
Low-Water Cutoff and Pump Control: Cycle feedwater pump(s) for makeup water
control.

Bw =
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C. Building Automation System Interface: Factory install hardware and software to enable
building automation system to monitor, control, and display boiler status and alarms.

25

1.

A communication interface with building automation system shall enable building
automation system operator to remotely control and monitor the boiler from an
operator workstation. Control features available, and monitoring points displayed,

locally at boiler control panel shall be available through building automation
system.

ELECTRICAL POWER

A. Controllers, Electrical Devices, and Wiring: Electrical devices and connections are
specified in electrical Sections.

B.

2.6

Single-Point Field Power Connection: Factory-installed and -wired switches, motor
controllers, transformers, and other electrical devices necessary shall provide a single-
point field power connection to boiler.

1. House in NEMA 250, Type 4 enclosure.
- 2. Wiring shall be numbered and color-coded to match wiring diagram.
3. . Install factory wiring outside of an enclosure in a metal raceway.
4.  Field power interface shall be to fused disconnect switch.
5. Provide branch power circuit to each motor and to controls with a disconnect
switch or circuit breaker.
6. Provide each motor with overcurrent protection.
SOURCE QUALITY CONTROL

A. Burner and Hydrostatic Test: Factory adjust burner to eliminate excess oxygen, carbon
dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve
combustion efficiency; perform hydrostatic test.

C.

Test and inspect factory-assembled boilers, before shipping, according to ASME Boiler
and Pressure Vessel Code.

Allow Engineer access to source quality-control testing of boilers. Notify Engineer 14
days in advance of testing.

PART 3 - EXECUTION

3.1

EXAMINATION

A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-
bolt sizes and locations, and piping and electrical connections to verify actual locations,
sizes, and other conditions affecting boiler performance, maintenance, and operations.
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3.4

A.

1. Final boiler locations indicated on Drawings are approximate. Determine exact
locations before roughing-in for piping and electrical connections.

Examine mechanical spaces for suitable conditions where boilers will be iﬁstalled.
Proceed with installation only after unsatisfactory conditions have been corrected.
BOILER INSTALLATION

Install gas-fired boilers according to NFPA 54.

Assemble and install boiler trim.

Install electrical devices furnished \;vith boiler but not specified to be factory mounted.
Install control wiring to field-mounted electrical devices.

CONNECTIONS

Piping installation requirements are specified in other Sections. Drawings indicate
general arrangement of piping, fittings, and specialties.

Install piping adjacent to boiler to allow service and maintenance.

Install piping from equipment drain connection to nearest floor drain. Piping shall be at
least full size of connection. Provide an isolation valve if required.

Connect gas piping to boiler gas-train inlet with union. Piping shall be at least full size
of gas train connection. Provide a reducer if required.

Connect hot-water piping to supply- and return-boiler tappings with shutoff valve and
union or flange at each connection.

Install piping from safety relief valves to nearest floor drain.
Install piping from safety valves to drip-pan elbow and to nearest floor drain.

FIELD QUALITY CONTROL

Testing Agency: Engineer will engage a qualified testing agency to perform tests and
inspections. :
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Manufacturer's Field Service: Engage a factory-authorized service representative to test
and inspect components, assemblies, and equipment installations, including
connections.

Perform the following tests and inspections with the assistance of a factory-authorized
service representative:

1. Perform installation and startup checks according to manufacturer's written
instructions.
Leak Test: Hydrostatic test. Repair leaks and retest until no leaks exist.
3. Operational Test: Start units to confirm proper motor rotatlon and unit operation.
Adjust air-fuel ratio and combustion.
4. Test and adjust controls and safeties. Replace damaged and malfunctioning
controls and equipment. .
a.  Check and adjust initial operating set points and high- and low-limit safety
set points of fuel supply, water level and water temperature.
b.  Set field-adjustable switches and circuit-breaker trip ranges as indicated.

N

Remove and replace malfunctioning units and retest as specified above.

Prepare test and inspection reports.

Occupancy Adjustments: When requested within 12 months of date of Substantial
Completion, provide on-site assistance in adjusting system to suit actual occupied
conditions. Retain paragraph and subparagraphs below if performance tests are
required. Performance verification based on field tests is not typically required because
of the associated cost. Consult Engineer.

Performance Tests:

1. Engage a factory-authorized service representative to inspect component
assemblies and equipment installations, including connections, and to conduct
performance testing.

2. Boilers shall comply with performance requirements indicated, as determined by
field performance tests. Adjust, modify, or replace equipment to comply.

3. Perform field performance tests to determine capacity and efficiency of boilers.

a. . Test for full capacity.
b. Test for boiler efficiency at low fire 20, 40, 60, 80, 100, 80, 60, 40, and 20
percent of full capacity. Determine efficiency at each test point.

Repeat tests until results comply with requirements indicated.

Provide analysis equipment required to determine performance.

Provide temporary equipment and system modifications necessary to dissipate the

heat produced during tests if building systems are not adequate.

7. Notify Engineer in advance of test dates.

8. Document test results in a report and submit to Engineer.

-248-

Qv k




. 3.5 DEMONSTRATION

A. Train Engineer's maintenance personnel to adjust, operate, and maintain boilers. Refer
to Section 017900 "Demonstration and Training."

END OF SECTION 23 52 16
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SECTION 23 70 00
PACKAGED ROOF TOP HVAC UNITS

PART 1 - GENERAL
1.1 DESCRIPTION

The Heating, Ventilating and Air Conditioning (HVAC) system required for this work is
indicated on the contract and includes, but not limited to, rigging, anchoring, variable air -
volume packaged roof top units, filters, fans, access doors, controls, 120V & 24V
electrical temperature control wiring, piping and all other items required for a complete
and operating HVAC system. Units shall supply and return air vertically. The
Contractor shall furnish and install packaged roof top HVAC units as specified in the
equipment schedule as shown on the drawings.

1.2 RELATED WORK

A. The Contractor shall include the following items as related work for a complete and
operating HVAC system: -

1. All electrical line voltage power wiring, including connections to all motor,
~ switches and relays. All magnetic contactors, pull boxes, disconnect switches are

included, except as expressly noted otherwise hereinafter or on the contract
drawings.

2. Painting of materials and equipment except touching up marred or damaged
factory finishes.

3. Plumbing, including gas and condensate drainage and final connections of same.

4. Equipment platform, curb adapters, access hatches, door louvers, exterior wall
louvers. ,

5. The Contractor shall be responsible for all low voltage and line voltage (24V &
120V) control wiring and related conduits, and equipment interlocking wiring.

1.3 CODES AND STANDARDS
A. The Contractor shall comply with the following:

1.  Comply with all applicable ordinances, rules and regulations bearing on the
conduct of the work specified in the Contract Documents. If the Contractor
observes that drawings and the specifications are in variance therewith he shall
promptly notify the Engineer in writing and any necessary adjustments will be
made.

2. All work shall be in accordance with the California Mechanical Code and all
applicable National, State and Local Codes and requirements.
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1.5

1.6

3.  Work, materials, and equipment shall conform to the latest codes and standard
covering the respective portions of the system as hereinafter specified:

a. AGA - American Gas Association

b. AMCA - Air Moving and Conditioning Association

¢.  ANSI - American National Standards Institute

d. ARI - Air Conditioning and Refrigeration Institute

e. ASHRAE - American Society of Heating, Refrigeration, and Air
Conditioning Engineers

f.  ASME - American Society of Mechanical Engineers

g.  ASTM - American Society for Testing and Materials

h. AWWA - American Water Works Association

i.  IEEE - Institute of Electrical Electronics Engineers

j. NEMA - National Electrical Manufacturers Association

k. NFPA - National Fire Protection Association

l. UL - Underwriters Laboratories, Inc.

m. SMACNA - Sheet Metal and Air Conditioning Contractors National
Association

MANUFACTURER'S

A. Carrier Corporation

B. Trane Incorporated

C. York International Corporation

SUBMITTALS

A. The Contractor shall submit the following items within five (5) calendar days after
award of contract:

1. Drawings indicating packaged roof top HVAC unit components, dimension,
weight, loadings, clearances, size and location of all connections.
2.  HVAC product data indicating equipment rated capacities, weights, and
accessories.
3. Manufacturer's installation instructions for rigging, unloading and transporting the
HVAC units.
4.  HVAC Units Order Notification per Section 6.12 of these Special Provisions.
5.  Structural calculations and shop drawings of adapter curbs that will be utilized in
the installation of all units.
QUALITY ASSURANCE

A. Units shall be rated in accordance with AHRI Standard 340/360, latest edition.
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B. Unit shall be designed to conform to ANSI/ASHRAE 15 (latest edition), ASHRAE 62,
and UL Standard 1995.

C. Unit shall be listed by ETL and ETL, Canada, as a total package.
D. Roof curb shall be designed to NRCA criteria per Guideline B-1986.

E. Insulation and adhesive shall meet NFPA 90A requirements for flame spread and smoke
generation.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Units shall be delivered, stored and handled per manufacturer's recommendations.
Comply with manufacturer's installation instructions for rigging, unloading and trans-
porting of the units. Protect units from physical damage. Leave factory shipping co-
vers in place until installation.

1.8 FACTORY START-UP AND WARRANTY

A.  The Contractor shall schedule and arrange for a manufacturer's start-up of all units in-

cluding controls integration assistance to communicate with all controls. The Contrac-

-~ tor shall arrange and provide manufacturer's full parts and labor warranty for a period
of one (1) year after final recordation of Notice of Completion.

PART 2 - PRODUCTS
2.1 GENERAL UNIT DESCRIPTION

A. Factory-assembled, single-piece construction units as manufactured at the factory.
Contained within the unit enclosure shall be all factory wiring, piping, refrigerant
charge, operating oil charge, dual refrigerant circuits, microprocessor-based control
system and associated hardware, and all special features required prior to field start-up.
Site assembled subassemblies shall be prohibited. The units furnished and installed
shall be cooling packaged rooftop units, except for the 10 ton unit in Building 1 it shall
be cooling and heating packaged rooftop unit, as scheduled on the contract documents
‘and these specifications. All units shall have labels, decals, and/or tags to aid in the
service of the unit and indicate caution areas as necessary. All units shall be factory run
‘tested to include the operation of all fans, compressors, heat exchangers on applicable
unit, safeties, limits, and control sequences.

2.2 UNIT CABINET/CASING

A. Constructed of galvanized steel, bonderized and primer-coated on both sides and coated
with a baked polyester thermosetting powder coating finish on the outer surface.
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Unit casing shall be capable of withstanding ASTM Standard B117 500-hour salt spray
test.

Access Doors: Fully-gasketed, insulated double walled, and hinged for easy access to
the control box and other areas requiring servicing. Each door shall seal against a rubber
gasket to prevent air and water leakage.

Interior cabinet surfaces (except heat exchanger section) shall be insulated with flexible
fire-retardant dual-density (1.75-Ib/cu. ft.) fiberglass blanket, coated on the air side.
Insulation coating shall be cleanable and shall contain an EPA-registered immobilized
antimicrobial agent to effectively resist the growth of bacteria and fungi as proven by
tests in accordance with ASTM Standards G21 and G22.

Insulation shall be applied by means of adhesion using a water reducible adhesive
sprayed onto interior surface. Adhesive shall maintain a satisfactory adhesion and
cohesion within the temperature range of -20 to 180 F and have excellent resistance to
water and water vapor when cured.

Unit shall contain a sloped drain pan, to prevent standing water from accumulating. Pan
shall be fabricated of stainless steel. Unit shall contain a factory-installed nonferrous
main condensate drain connection.

. Units shall be equipped with lifting lugs to facilitate overhead rigging.

FANS
Supply Fan:

1. Unit shall have only one fan wheel, scroll, and motor.

Fan scroll, wheel, shaft, bearings, drive components and motor shall be mounted
on a formed steel assembly which shall be isolated from the unit outer casing with
factory-installed 2-in. deflection spring isolators and vibration-absorbent fan
discharge seal. _

3. Fan shall be double-width, double-inlet, centrifugal belt driven forward-curve
type with single outlet discharge (standard) or centrifugal belt driven airfoil blade
section type with single outlet discharge (optional).

4. Fan wheel shall be designed for continuous operation at the maximum rated fan
speed and motor horsepower.

5. Fan'wheel and shaft shall be selected to operate at 25% below the first critical
speed and shall be statically and dynamically balanced as an assembly.

6.  Fan shaft shall be solid steel, turned, ground and polished, and coated with rust
preventative oil.
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2.5

A.

1.

7. Fan shaft bearings shall be self-aligning, pillow- block, regreasable ball or roller-
type selected for a minimum average life of 200,000 hours at design operating
conditions in accordance with ANSI B3.15. '

8. A single motor shall be mounted within the fan section casing on slide rails
equipped with adjusting screws. Motor shall be mounted on a horizontal flat
surface and shall not be supported by the fan or its structural members.

9.  Fan drive shall be a variable speed drive with integral VFD controller. See
technical specifications Section 26 29 23, Variable Frequency Motor Controllers.
All drives shall be factory-mounted, with belts aligned and tensioned.

10.  Provide high efficiency motors for supply and exhaust fans.

CONDENSER FANS

1. = Direct-driven propeller type.

2. Discharge air vertically upward.

3. Protected by PVC-coated steel wire safety guards.

4.  Statically and dynamically balanced.

5. Three-phase, totally enclosed motors.

COMPRESSORS

Fully hermetic scroll type compressors with overload protection and short cycle

protection with minimum on and off timers.

Factory rubber-in-shear mounted for vibration isolation.

- Reverse rotation protection capability.

Crankcase heaters shall only be activated during compressor off mode.

COILS

Evaporator Coil:

1. Intertwined circuiting constructed of aluminum fins mechanically bonded to
seamless copper tubes.

2. Full-face active type during full and part load conditions.

3. Coils shall be leak tested at 300 psig and pressure tested at 650 psig.

Condenser Coils:

Condenser coils shall be microchannel design. The coils shall have a series of flat
tubes containing a series of multiple, parallel flow microchannels layered between
the refrigerant manifolds. Microchannel coils shall consist of a two pass
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arrangement. Coil construction shall consist of aluminum alloys for the fins, tubes
and manifolds.

Air-cooled condenser coils shall be leak tested at 300 psig and pressure tested at
650 psig.

Provide integral subcooling circuit(s) to prevent premature refrigerant flushing
and to insure maximum operating efficiency.

2.6 REFRIGERANT COMPONENTS

A. Unit shall be equipped with dual refrigerant circuits, each containing:

A=

Filter drier.

Moisture indicating sight glass.
Thermostatic expansion valve.
Fusible plug.

27  FILTER SECTION

A. Filter section shall consist of 2-in. thick, MERV 8 disposable fiberglass filters of

commercially available sizes.

¥

2.8 - CONTROLS, SAFETIES, AND DIAGNOSTICS

A. Controls:

1.

2.

Control shall be accomplished through the use of a factory-installed,
microprocessor-based control system and associated electronic and electrical
hardware. Control system shall determine control sequences through monitoring
the following operational variables:
Day and Time.
Schedule (Unoccupied/Occupied).
Set points (Unoccupied/Occupied, Economizer, Duct Pressure, others).
Space temperature.
Outdoor air temperature.
Unit supply air temperature.
Unit return air temperature.
Supply-air fan status.
Economizer position.
Compressor suction and discharge pressure.
Scrolling marquee display.
Accessory and/or field-supplied sensors, function switches and/or signals.
Controls shall be capable of performing the following functions:
a.  Capacity control based on supply-air temperature and compensated by rate
of change of return-air temperature (VAV) or room temperature. Capacity

AR DGE MO A0 o
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control shall be accomplished through the use of compressor staging or
optional variable output compressors.

Perform a quick test to check the status of all input and output signals to the
control system using scrolling marquee or Navigator™ display.

Control of integrated economizer operation, based on unit supply-air
temperature.

Supply fan volume control shall control output from a variable frequency
drive to maintain duct static pressure at user-configured set point (VAV).
Static pressure reset in conjunction with same brand communicating
terminals to reduce supply fan power requirements. Control system
calculates the amount of supply static pressure reduction necessary to cause
the most open damper in the system to open more than the minimum value
(60%) but not more than the maximum value (90% or negligible static
pressure drop).

Adaptive optimal start shall determine the time unit will commence cooling
(or heating or heating for morning warmup) during the unoccupied mode to
ensure occupied space reaches the set point in time for occupied mode.

Adaptive optimal stop shall turn off the compressors a preset amount of

- time before the end of the occupied mode to conserve energy (CV only). -

Alerts and Alarms: Control shall continuously monitor all sensor inputs and
control outputs to ensure safe and proper system operation. Alerts shall be
generated whenever sensor conditions have gone outside criteria for
acceptability. Alarms shall be initiated when unit control detects that a
sensor input value is outside its valid range (indicating a defective device
or connection that prevents full unit operation) or that an output has not
functioned as expected or that a safety device has tripped. Current alarms
shall be maintained in STATUS function; up to 9 (current or reset) shall be
stored in HISTORY function for recall.

Timed override function shall permit a system in unoccupied mode to be
returned to occupied mode for a user-configured period of 1, 2, 3 or 4 hours
by pressing the override button on the front of the space temperature
Sensor. ~

Nighttime Free Cooling (NTFC) shall start the supply fan and open the
economizer on cool nights to precool the building structure mass using only
outdoor air. Function shall be restricted to operation above a user-
configured low lockout temperature set point.

Modulating power exhaust control shall modulate capacity of exhaust fan
system in response to building static pressure at user-configured set point.
Power exhaust fan operation shall be interlocked with supply fan operation.
Smoke control functions: Control shall initiate any of four separate smoke
control functions in response to closure of field switches. Functions shall
include: Pressurization, Evacuation, Smoke Purge and Fire Shutdown.
Should two or more switches be closed simultaneously, Fire Shutdown
shall be initiated.
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B. Safeties:

Support demand control ventilation through a reset of the economizer's
minimum position. This reset based on differential CO2 ppm (outdoor and
indoor) can be chosen as linear or as fast or slow-acting exponential curves.

Indoor air quality (IAQ) mode shall admit fresh outdoor air into the space

whenever space air quality sensors detect unsuitable space conditions, by
overriding economizer minimum damper position. IAQ shall be permitted
only during occupied periods, unless configured to be allowed during
unoccupied periods also.

TAQ pre-occupancy purge function shall provide complete exchange of
indoor air with fresh air during unoccupied periods, when outdoor
conditions permit. Function shall energize supply fan and open economizer
two hours before next occupied period; duration of purge shall be user-
configured (5 to 60 minutes).

Supply Air Temperature Set Point Reset: Control shall automatically reset
the unit supply air temperature set point on VAV models from either space
temperature or return-air temperature, at user-configured rate and limit.
Control shall also reset supply air temperature set point via external 2 to 10
vdc signal representing 0° to 20 F range of reset. Control shall respond to
higher of either reset if both are active.

Lead-lag function shall distribute starts between the two refrigeration
circuits in an effort to equalize the running time on the two circuits.
Condenser-fan cycling control shall maintain correct head pressure down to
0°F.

Refrigeration system pressures shall be monitored via pressure transducers.
Alarms for low pressure, high pressure will be permitted.

Unit components shall be equipped with the following protections:

1.

2.

Compressors:

a.

oo o

Overcurrent using calibrated circuit breakers (shuts down individual
compressor).

Crankcase heaters. ,

High-pressure switch (shuts down individual circuit, automatic reset type).

Low-pressure switch (shuts down individual circuit, automatic reset type).
Check filter switch.

Belt Drive Fan Motors:

a.

Overcurrent protection manual reset circuit breakers.

C. Diagnostics:

1.

2.

The display shall be capable of indicating a safety lockout condition (alarm)
through an expandable scrolling display.

The display shall also be capable of indicating an alert condition which does not
lock out the unit, but informs the system monitor of a condition which could be
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detrimental to either the unit or the comfort of the occupants if allowed to
continue. ‘
3.  Test mode must also be capable of displaying outputs of microprocessor-
controller and to verify operation of every thermistor, actuator motor, fan, and
compressor before unit is started.

. Operating Characteristics:

1. Unit shall be capable of starting and running at 115 F ambient outdoor
temperature per maximum load criteria of AHRI Standard 340/360, latest edition.

2. Unit shall be capable of mechanical cooling operation down to 32° F ambient
outdoor temperature (-20 F with low ambient accessory).

3. Provides multi-stage cooling capability.

Motors: -

am—y
.

Compressor motors shall be cooled by suction gas passing over motor windings.

2. Condenser-fan motors shall be 3-phase, totally enclosed type with permanently
lubricated ball bearings and internal over-temperature protection.

3. Supply and exhaust fan motors shall be of the 3-phase, NEMA rated, open drip-

proof (ODP), ball bearing type, with efficiencies per EISA of 2007 (U.S.A.)

requirements.

Electrical Requirements:

1. All unit power wiring shall enter unit cabinet at a single location.

Special Features:

1. Digital Compressor - A digital compressor shall be available on the lead circuit
for constant volume and variable air volume configurations. The control system
shall be capable of unloading this compressor in an infinite number of steps from
100% of unit capacity down to 50% of unit capacity.

2.  Integrated Economizer - Dry bulb, differential dry bulb temperature, enthalpy, or
optional differential enthalpy controlled integrated type consisting of dampers,
actuator, and linkages in conjunction with control system to provide primary
cooling using outdoor air, enthalpy permitting, supplemented with mechanical
cooling when necessary. :

a. Economizer shall meet the requirements of the California Energy
commission airside economizer acceptance test.

b.  Dampers shall be a low-leakage type, not to exceed 1% leakage at 1-in. wg
pressure differential when fully closed.

c. Actuator shall have a spring-return feature which shuts dampers upon a
power interruption or unit shutdown. Actuators are capable of internal
diagnostics.
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10.

I1.

d. Equipped with a solid-state humidity sensor that is capable of sensing
outdoor-air heat content (temperature and humidity) and controlling
economizer cut-in point at most economical level. The user can also
configure dew point limiting.

Modulating Power Exhaust with VFD - Package shall include 2 double-width,
double-inlet centrifugal belt drive, forward-curved power exhaust fans with
variable frequency drive control of each fan to maintain a field adjustable interior
space pressure set point.

a.  Fan bearings shall be of the pillow block type with an average design life of
200,000 hours.

b.  Fans shall be statically and dynamically balanced.

c. Bypass for the VFD shall be available as a factory installed option.

Pleated Filters - Contractor shall furnish and install MERV 11 pleated filters after
equipment start-up.
Controls Expansion Module (CEM)- Factory-installed package shall include all
hardware for additional control of base unit operation and product integrated
controls features. The functions supported are:
Building pressurization, evacuation, and smoke purge control.
Supply air reset from external 4 to 20 mA signal.
Two-step demand limit inputs (when used with the CCN network).
Indoor air quality (IAQ) switch monitoring.
Outdoor airflow monitoring.
Outdoor humidity monitoring.
Space humidity monitoring (required for dehumidification control, reheat
and humidifier control).
Return air humidity monitoring,. _
Demand limiting from an external 4 to 20 mA signal.
J.  Static pressure reset from an external 4 to 20 mA signal.
Indoor Air Quality (CO2) Sensor:

a. Shall have the ability to provide demand ventilation indoor-air quality
(IAQ) control through the economizer with an indoor air quality sensor.

b. The IAQ sensor shall be wall mount without LED display.

Hot Gas Bypass - Unit shall be factory equipped with hot gas bypass valve, and
tubing to maintain capacity control at minimal cooling loads.

= E @0 A0 o

‘Condenser Coil Hail Guard (sizes 030 to 060 only) - Canted face enclosure and

welded wire grille complete with support retainers and fasteners shall be provided
for protection of condenser coils. Field-assembled.

BACnet Communication Option - Shall provide factory-installed communication
capability with a BACnet MS/TP network. Allows integration with Open Control
System or a BACnet Building Automation System.

Suction and Liquid Service Valves - Shall be equipped with ball type service
valves in the suction and liquid line for each circuit.

Discharge Service Valve - Shall be equipped with a ball type service valve in the
discharge line of each circuit.

-259-



12.  Replaceable Core Filter Drier - Shall be equipped with a replaceable core filter
drier in each liquid line.

13.  Roof Curb - Adapter curb designed to mate new unit with existing roof curb.
Maximum weight shall be 700 Ibs. Formed 14-gage galvanized steel with wood
nailer strip as perimeter curb supporting the air-handling portion of unit. The
adapter curb must be structurally calculated to withstand a Zone 4 design
earthquake.

PART 3 - EXECUTION
3.1 EXAMINATION

A. Verify that roof is ready to receive work and opening dimensions are as indicated on
shop drawings.

B. Verify that proper power supply is available.
3.2 INSTALLATION
A. Install in accordance with manufacturer's instructions.

B. Mount units on factory built roof mounting frame providing watertight enclosure to
protect ductwork. Install roof mounting curb level.

33 MANUFACTURER'S FIELD SERVICES
A. Manufacturer shall furnish a factory trained service engineer to start the unit(s).

B. The manufacturer shall furnish complete submittal wiring diagrams of the package unit
as applicable for field maintenance and service.

END OF SECTION 23 70 00
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SECTION 23 81 26
DUCTLESS SPLIT SYSTEM SPECIFICATION

PART 1 - GENERAL

1.1

1.2

1.3

1.4

1.5

1.6

A.

A.

A.

A.

SYSTEM DESCRIPTION - INDOOR

Indoor, in-ceiling mounted, direct-expansion fan coils are matched with cooling only or
heat pump outdoor unit.

AGENCY LISTINGS

Unit shall be rated per ARI Standards 210/240 and listed in the ARI directory as a
matched system. Units shall be certified by UL and CSA.

DELIVERY, STORAGE, AND HANDLING

Units shall be stored and handled per unit manufacturer’s recommendations.
WARRANTY

1-year parts limited warranty.

SYSTEM DESCRIPTION - OUTDOOR

Outdoor air--cooled split system compressor sections suitable for on--the--ground,
rooftop, wall hung or balcony mounting.

Units shall consist of a scroll compressor, an air--cooled coil, propeller--type blow--

through outdoor fan, reversing valve (HP), accumulator, Accurator metering device(s),
and control box.

Units shall discharge air horizontally as shown on the contract drawings. Units shall
function as the outdoor component of an air--to--air cooling only, or heat pump system.

Units shall be used in a refrigeration circuit matched to duct--free cooling only or heat
pump fan coil units.

AGENCY LISTINGS

Unit construction shall comply with ANSI/ASHRAE 15, latest revision, and with the
NEC.

Units shall be evaluated in accordance with UL standard 1995.

Units shall be listed in the CEC directory.
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1.7

1.8

D.

E.

A.

A.

Unit cabinet shall be capable of withstanding 500--hour salt spray test per Federal Test
Standard No. 141 (method 6061).

Air--cooled condenser coils shall be leak tested at 573 psig.
DELIVERY, STORAGE, AND HANDLING

Units shall be shipped in one piece and shall be stored and handled per unit
manufacturer’s recommendations.

WARRANTY

1--year parts, 5--year compressor limited warranty.

PART 2 — PRODUCTS

2.1

EQUIPMENT - INDOOR

General: Indoor, direct--expansion, low profile (12 in./ 304.8 mm) in—ceiling fan coil.
Unit shall be complete with cooling/heating (heat pump systems only) coil, fan, fan
motor, piping connectors, condensate pump, and hanging brackets.

Unit Cabinet: Cabinet shall be constructed of zinc--coated steel. Fully insulated
discharge and inlet grilles shall be attractively styled, high—impact polystyrene. Grille
shall have hinges and can be opened to obtain access to the cleanable filters, indoor fan
motor and control box. Adjacent room cooling as well as fresh air intake shall be
provided by simple knock--outs in a cabinet side panel.

Fans:

1. Fan shall be centrifugal direct--drive blower type with air intake in the center of
the unit and discharge at the perimeter. Automatic, motor--driven vertical air
sweep shall be provided standard. Automatic motor--driven louvers shall be
provided standard and shall be adjustable for 2, 3 or 4-way discharge.

2. Air sweep operation shall be user selectable.

Coil: Coil shall be copper tube with aluminum fins and galvanized steel tube sheets.
Fins shall be bonded to the tubes by mechanical expansion and specially coated for
enhanced wet--ability. A drip pan under the coil shall have a factory installed
condensate pump and drain connection for hose attachment to remove condensate.

Motors: Motors shall be open drip--proof, permanently lubricated ball bearing with
inherent overload protection. Fan motors shall be 3-speed.
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F.  Controls: Controls shall consist of a microprocessor--based control system which shall
control space temperature, determine optimum fan speed, and run self diagnostics. The
temperature control range shall be from 62 _F to 84 F (16.67 C to 28.89 C). User
interface with the unit shall be accomplished through an accessory wireless remote
control (can be configured for F or C), or an accessory wired controller or an
accessory Zone Manager. User interface with unit shall be accomplished through either
a wireless remote control or a wired control or zone manager.

The unit shall have the following functions as a minimum:

1. An automatic restart after power failure at the same operating conditions as at

failure.

2. A timer function to provide a minimum 24--hour timer cycle for system Auto
Start/Stop.

3. Temperature--sensing controls shall sense return air temperature.

4. Indoor coil freeze protection.

5. Automatic air sweep control to provide on or off activation of air sweep louvers.

6. Dehumidification mode shall provide increased latent removal capability by
modulating system operation and set point temperature.

7.

Fan--only operation to provide room air circulation when no cooling is required.

8.  Diagnostics shall provide continuous checks of unit operation and warn of
possible malfunctions. Error messages shall be displayed at the unit.

9.  Fan speed control shall be user--selectable: high, medium, low, or microprocessor
controlled automatic operation during all operating modes.

10.  Automatic heating--to--cooling changeover in heat pump mode. Control shall
include deadband to prevent rapid mode cycling between heating and cooling.

11. Indoor coil high temperature protection shall be provided to detect excessive
indoor discharge temperature when unit is in heat pump mode.

12.  Cold blow prevention on heat pump units.

13.  Automatic compensation for air stratification on heat pump units.

Filters: Unit shall have filter track with factory--supplied cleanable filters.

Electric Heat: 40KMQ units shall have 3kw electric heaters factory installed to
supplement the heating capacity by heat pump when required.

Electrical Requirements: Indoor units shall be 208/230--1--60 and require their own

power supply. Units with electric heat shall be single power supply. Only control
wiring shall run between the indoor and outdoor units.

Operating Characteristics: The 40KMC/KMQ, when matched with the appropriate
outdoor section, shall have a minimum listed SEER (seasonal energy efficiency ratio) of
13 at ARI conditions, and a minimum HSPF of 7.7.

Special Features (Accessories):
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User Interface can be accomplished with:
a. Wireless controller
b.  Wired control shall be capable of controlling one unit or up to six units
daisy--chained together.
c.  Zone controller
d. The zone control can provide the capability of connecting up to 32
units into one or up to 8 independent zones.
€. Each zone can be programmed for 7 days with each day having up to 4
periods.
Power ventilation kit shall be available to allow up to 20% outside air to be
provided. '
4QKMC, KMQ / 38HDF, QRF36 GUIDE SPECIFICATIONS HORIZ.
DISCHARGE OUTDOOR UNITS
Carrier Model Number: 38HDF/38QRF
Size Range: 1--1/2 to 3 Ton Nominal Cooling Capacity /1--1/2 to 3 Ton Nominal
Heating Capacity

PART 2 - PRODUCTS

2.1 EQUIPMENT - OUTDOOR

A. General:

1.
2.

Factory assembled, single piece, air--cooled outdoor unit.
Contained within the unit enclosure shall be all factory wiring, piping, controls,
and the compressor.

B. Unit Cabinet:

Unit cabinet shall be constructed of galvanized steel, bonderized and coated with
a baked--enamel finish on inside and outside.

Unit access panels shall be removable with minimal screws and shall provide full
access to the compressor, fan, and control components.

Outdoor compartment shall be isolated and have an acoustic lining to assure quiet
operation.

Compressor compartment shall be isolated to allow performing diagnostics while
the system is running;

Outdoor fans shall be direct--drive propeller type, and shall discharge air
horizontally. Fans shall blow air through the outdoor coil.

Outdoor fan motors shall be totally--enclosed, single phase motors with class B
insulation and permanently—lubricated bearings. Motor shall be protected by
internal thermal overload protection.
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Shaft shall have inherent corrosion resistance.

3.

4.  Fan blades shall be metallic and shall be statically and dynamically balanced.

5. Outdoor fan openings shall be equipped with PVC coated metal protective grille
over fan.

Compressor:

1.  Compressor shall be fully hermetic scroll type.

2. Compressor shall be equipped with oil system, operating oil charge, and motor.
Internal overloads shall protect the compressor from over--temperature and over--
current.

3. Motor shall be NEMA rated class F, sultable for operation in a refrigerant
atmosphere.

4.  Compressor assembly shall be installed on rubber vibration isolators.

5. Compressors shall be available in single--phase (sizes 018--036) and three--phase
(sizes 035 and 036).

Outdoor Coil: Coil shall be constructed of aluminum fins mechanically bonded to
seamless copper tubes, which are cleaned, dehydrated, and sealed.

Refrigeration Components: Refrigerant circuit components shall include brass external
liquid line service valve with service gage port connections, suction line service valve
with service gage connection port, service gage port connections on compressor suction

and discharge lines with Schrader type fittings with brass caps, accumulator, reversing
valve.

. Controls and Safeties: Operating controls and safeties shall be factory selected,
assembled, and tested. The minimum control functions shall include the following:

1. Controls:
a. A time delay control sequence is provided standard through the fan coil

board.
b.  Automatic outdoor--fan motor protection.
2. Safeties: )
a. Diagnostics provided by matched indoor unit.
b. Compressor motor current and temperature overload protection.
c.  Outdoor fan failure protection (ngh Pressure Switch).
d. Low pressure protection.
e. Fusible plug to vent refrigerant safely in case of a fire.

Electrical Requirements:

1. All sizes shall operate on single--phase, 60 Hz power at 208/230V or on three--
phase, 60 Hz power at either 208/230 or 460 (for size 035 and 036 units).
2. Unit control voltage to the indoor fan coil shall be 24 volts AC.
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3. All power and control wiring must be 1nsta11ed per NEC and all local electncal
codes.

I.  Refrigerant Line Lengths:
1. The unit shall be capable of 200 ft (61 m) maximum piping, a maximum lift (fan
coil above) of 65 ft (19.8 m) and a maximum drop (fan coil below) of 200 ft (61
m).
Accessories will be required to achieve these lengths.

J. Special Features (Field Installed):

1. Low--Ambient Kit: Control shall regulate fan--motor cycles in response to
saturated condensing temperature of the unit.
The control shall be capable of maintaining a condensing temperature of 100 F+
10_F (37.78_C % 5.5_C) with outdoor temperatures to --20_F (--28.9_C). Installa-
tion of kit shall not require changing the outdoor fan motor.

END OF SECTION 23 81 26
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SECTION 26 00 10 ‘
BASIC ELECTRICAL REQUIREMENTS

PART 1 - GENERAL

1.1 SCOPE

A. This Section supplements all Sections of this Division and shall apply to all phases of
work hereinafter specified, shown on the drawings, or required to provide a complete
installation of electrical systems for the Project. The work required under this Division
is not limited to the electrical specifications and drawings. Refer to all bid documents
including Civil, Engineerural, Structural, and Mechanical documents which may
designate Work to be accomplished. The intent of the Specifications is to provide a
complete and operable electrical system, which shall include all documents that are a
part of the entire Project Contract.

1.

Work included: Furnish all labor, material, tools, equipment, facilities,
transportation, skilled supervision necessary for, and incidental to, performing
operations in connection with furnishing, delivery, and installation of the work in
this division complete as shown or noted on the Drawings and specified herein.

B. Work Installed but Furnished by Others:

1.

The electrical work includes the installation or connection of certain materials and
equipment furnished by others. Verify installation details. Foundations for
apparatus and equipment will be furnished by others unless otherwise noted or
detailed.

1.2 GENERAL REQUIREMENTS

A. Guarantee See General Conditions:

1.

Except as may be specified under other Sections in the specification, guarantee
equipment furnished under the specifications for a period of one year, except for
equipment required to have a longer guarantee period, from date of final
completion. Guarantee all work against defective workmanship, material, and
improper installation. Upon notification of failure, correct deficiency immediately
and without additional cost to the Engineer.

B. Equipment Safety: All electrical materials and equipment shall be new and shall be
listed by Underwriter's Laboratories and bear their label, or listed and certified by a na-
tionally recognized testing authority where UL does not have an approval. Custom
made equipment must have complete test data submitted by the manufacturer attesting
to its safety.
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C. Codes and Regulations:

1. Design, manufacturer, testing and method of installation of all apparatus and
materials furnished under the requirements of these specifications shall conform
to the latest publications or standard rules of the following:

Institute of Electrical and Electronic Engineers - IEEE
National Electrical Manufacturers' Association - NEMA
Underwriters' Laboratories, Inc. - UL

National Fire Protection Association - NFPA

American Society for Testing and Materials - ASTM
American National Standards Institute - ANSI

California Electrical Code - CEC, Title 24, Part 3 .
California Code of Regulations, Title 8, Subchapter 5
California Building Code-CBC, Title 24 Parts 1 &2

State & Municipal Codes in Force in the Specific Project Area
Occupational Safety & Health Administration - OSHA
California State Fire Marshal

California Fire Code- CFC, Title 24 Part 9

National Electrical Testing Association — NETA

BE AT E@E O a0 o

2. The term "Code", when used within the specifications, shall refer to the
Publications, Standards, ordinances and codes, listed above. In the case where the
codes have different levels of requirements the most stringent rules shall apply.

D. Requirements of Regulatory Agencies:

1. Codes, Permits, and Fees: Where the Contract Documents exceed minimum
requirements, the Contract Documents take precedence. Where code conflicts
occur, the most stringent shall apply. The most stringent condition shall be as
interpreted by the Engineer. ,

a.  Comply with all requirements for permits, licenses, fees and Code. Permits,
licenses, fees, inspections and arrangements required for the Contractor at
his expense shall obtain the Work, unless otherwise specified.

b.  Comply with the requirements of the applicable utility companies serving
the Project. Make all arrangements with the utility companies for proper
coordination of the Work.

E. Standard of Quality

1. The contract Drawings and Specifications establish the “MINIMUM
STANDARD OF QUALITY” each product and/or system must meet to be
considered acceptable. Products of other manufactures will be considered if the
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product and/or system meet or exceed the “MINIMUM STANDARD OF
QUALITY” established by this Contract Document.

2. Items for similar application shall be of the same manufacturer.

The label of listing by UL shall appear on all materials and equipment for which

standards have been established by the agency.

4. Where codes as listed in General Requirement Section of the Specifications that
establish label or approved requirements, furnish all materials and equipment with
either the required labels affixed or the necessary written approval.

5. Provide the type and quantity of electrical materials and equipment necessary to
complete Work and all systems in operation, tested and ready for use.

6. Provide and install all incidental items that belong to the Work described and
which are required for complete systems.

7. All switchboards, distribution boards, panel boards and circuit breakers shall be of
the same manufacturer.

8.  All wiring devices such as switches and receptacles shall be of the same
manufacturer.

rod

Submit comprehensive material list, shop drawings and complete technical data for the
following equipment and materials:

1. General Requirements:
a. Conduits
b.  Conductors, include all selected insulation types.
c. Fuses
d.  Disconnect switches and Starters.

Work Responsibilities:

1. The drawings indicate diagrammatically the desired locations or arrangement of
conduit runs, outlets, junction boxes and equipment and are to be followed. Exe-
cute the work so as to secure the best possible installation in the available space
and to overcome local difficulties due to space limitations. The Contractor is re-
sponsible for the correct placing of his work. Where conflicts occur in plans and/or
specifications, the most stringent application shall apply and shall be part of the
base bid.

2. Locations shown on Engineerural plan or on wall elevations shall take precedence
over electrical plan locations, but where a major conflict is evident, notify the En-
gineer.

3. In the event minor changes in the indicated locations or arrangement are necessary
due to developed conditions in the building construction or rearrangement of fur-
nishings or equipment or due to interference with other trades, such changes shall
be made without extra cost.

4. Verify dimensions and the correct location of Engineer-Furnished equipment be-
fore proceeding with the roughing-in of connections.
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All scaled and figured dimensions are approximate of typical equipment of the
class indicated. Before proceeding with work carefully check and verify dimen-
sions and sizes with the drawings to see that the furnished equipment will ﬁt into

the spaces provided without violation of applicable Codes.

Should any changes to the work indicated on the drawings or described in the

specifications be necessary in order to comply with the above requirements, notify

the Engineer. ;

Contractor shall be responsible for coordination of coordinated drawings when re-

quired by the Engineer. A
Replace or repair, without additional compensation any work which does not com-

ply with or which is installed in violation of any of these requirements.

Protection: Protect finish parts of the materials and equipment against damage during

the progress of the work and until final completion and acceptance. Cover materials and
equipment in storage and during construction in such a manner that no finished surfaces
will be damaged or marred. Keep moving parts clean, dry and lubricated.

Cleaning Up:

1.

3.

4.

Upon completion of the work and at various time during the progress of the work,
remove from the building all surplus materials, rubbish and debris resulting from
the work of this Division.

Thoroughly clean switchgear including busses, apparatus, exposed conduit, metal
work including the exterior and interior, and accessories for the work of this Divi-
sion, of cement, plaster and other deleterious materials; remove grease and oil
spots with cleaning solvent; carefully wipe surfaces and scrape cracks and corners
clean.

Thoroughly polish chromium or plated work. Remove dirt and stains from lighting
fixtures.

Leave the entire installation in a clean condition.

Completion:

1.

The work will not be reviewed for final acceptance until operating and mainte-
nance data, manufacturer's literature, panel directories and nameplates specified
herein have been approved and properly posted or installed and final cleaning of
equipment and premises has been completed.

When the installation is complete and adjustments have been made, operate the
system for a period of one week, during which time demonstrate that systems are
completed and operating in conformance with the specifications.
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PART 2 - PRODUCT
2.1 NOT USED

PART 3 - INSTALLATION
3.1 NOT USED

END OF SECTION 26 00 10
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SECTION 26 05 19
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

1.2

A.

B.

C.

SECTION INCLUDES
Single conductor building wire.
Wire and cable for 600 volts and less.
Wiring connectors.

REFERENCE STANDARDS

ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2001
(Reapproved 2007).

ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors,
Hard, Medium-Hard, or Soft; 2011.

ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for
Electrical Purposes; 2010.

ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-
Stranded Copper Conductors for Subsequent Insulation; 2004 (Reapproved 2009).

NECA 1 - Standard for Good Workmanship in Electrical Construction; National -
Electrical Contractors Association; 2010.

NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of
Electrical Energy; National Electrical Manufacturers Association; 2009 (ANSI/NEMA
WC 70/ICEA S-95-658).

NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most

Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable
Amendments and Supplements.

UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All
Revisions.
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J. UL 83 - Thermoplastic-Insulated Wires and Cables;‘ Current Edition, Including All
Revisions.
K. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.

L. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.

M. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.
1.3 ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under
other Sections with the actual conductors to be installed, including adjustments for
conductor sizes increased for voltage drop.

2. Coordinate with electrical equipment installed under other Sections to provide
terminations suitable for use with the conductors to be installed.

3. Notify Engineer of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

1.4 SUBMITTALS

A. See General, Special Provisions, Detailed and Technical Specifications..

B. Product Data: Provide manufacturer's standard catalog pages and data sheets for con-
ductors and cables, including detailed information on materials, construction, ratings,
listings, and available sizes, configurations, and stranding.

1.5 QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conductors and cables in accordance with manufac-
turer's instructions.

PART 2 - PRODUCTS
2.1 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA 70
and product listing.
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Provide single conductor building wire installed in suitable raceway unless otherwise
indicated, permitted, or required.

Nonmetallic-sheathed cable is not permitted.
Underground feeder and branch-circuit cable is not permitted.

Service entrance cable is not permitted.
Armored cable is not permitted.
Metal-clad cable is not permitted.
CONDUCTOR AND CABLE MANUFACTURERS
Anaconda Power Cables.
Carol Cable.
Rome Wire and Cable.
Pirelli Wire and Cable.
Okonite Wire.
Canada Wire.
Cerro Wire LLC: www.cerrowire.com.
Encore Wire Corporation: www.encorewire.com.
Southwire Company: www.southwire.com.
ALL CONDUCTORS AND CABLES

Provide products that comply with requirements of NFPA 70.

Provide products listed and classified by Underwriters Laboratories Inc. as suitable for

the purpose indicated.

Provide new conductors and cables manufactured not more than one year prior to in-
stallation.

Unless specifically indicated to be excluded, provide all required conduit, boxes, wir-
ing, connectors, etc. as required for a complete operating system.
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Comply with NEMA WC 70.

Thermoplastic-Insulated Conductors and Cables: Listed and labeled as complying with
UL 83.

. Thermoset-Insulated Conductors and Cables: Listed and labeled as complying with UL
44,

Conductors and Cables Installed Exposed in Spaces Used for Environmental Air (only
where specifically permitted): Plenum rated, listed and labeled as suitable for use in re-
turn air plenums.

Conductor Material:

1. Provide copper conductors only. Aluminum conductors are not acceptable for this
project. Conductor sizes indicated are based on copper.

2. Copper Conductors: Soft drawn annealed, 98 percent conductivity, uncoated
copper conductors complying with ASTM B3, ASTM B8, or ASTM B787/B
787M unless otherwise indicated.

3. Tinned Copper Conductors: Comply with ASTM B33.

Minimum Conductor Size:

1. Branch Circuits: 12 AWG.
a. Exceptions:
1. 20 A, 120 V circuits longer than 75 feet: 10 AWG, for voltage drop.
ii. 20 A, 120 V circuits longer than 150 feet: 8 AWG, for voltage drop.
ili. 20 A, 277 V circuits longer than 150 feet: 10 AWG, for voltage drop.
2. Control Circuits: 14 AWG.

. Conductor Color Coding:

1. Color code conductors as indicated unless otherwise required by the authority hav-
ing jurisdiction. Maintain consistent color coding throughout project.
2. Color Coding Method: Integrally colored insulation.
a. Conductors size 4 AWG and larger may have black insulation color coded
using vinyl color coding electrical tape.
3. Color Code:
a. 480Y/277 V, 3 Phase, 4 Wire System:
i. Phase A: Brown.
ii. Phase B: Orange.
iii. Phase C: Yellow.
iv. Neutral/Grounded: Gray.
b. 208Y/120 V, 3 Phase, 4 Wire System:
1. Phase A: Black.
ii. Phase B: Red.
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i1i. Phase C: Blue.

iv. Neutral/Grounded: White.
c. Equipment Ground, All Systems: Green.
d. Isolated Ground, All Systems: Green with yellow stripe.
e. Travelers for 3-Way and 4-Way Switching: Pink.

SINGLE CONDUCTOR BUILDING WIRE

. Description: Single conductor insulated wire.

Conductor Stranding:

1. Feeders and Branch Circuits:
a. Size 10 AWG and Smaller: Solid.
b. Size 8 AWG and Larger: Stranded.

Insulation Voltage Rating: 600 V.

. Insulation:

1. Copper Building Wire: Type THHN/THWN or THHN/THWN-2, except as indi-
cated below.
a. Size4 AWG and Larger Type XHHW-2.
b. Installed Underground: Type XHHW-2.
c. Fixture Wiring Within Luminaires: Type TFFN/TEN for luminaires with la-
, beled maximum temperature of 90 degrees C; Approved suitable type for lu-
minaires with labeled maximum temperature greater than 90 degrees C.

Type THWN for exterior or wet locations, in raceway.

WIRING CONNECTORS

. Description: Wiring connectors appropriate for the application, suitable for use with the

conductors to be connected, and listed as complying with UL 486A-486B or UL 486C
as applicable.

Wiring Connectors for Splices and Taps:
1.  Copper Conductors Size 8 AWG and Smaller: Use twist-on insulated spring con-
nectors or compression connectors.

2. Copper Conductors Size 6 AWG and Larger: Use split bolt mechanical connectors.

Wiring Connectors for Terminations:
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1. Provide terminal lugs for connecting conductors to equipment furnished with ter-
minations designed for terminal lugs.

2. Provide compression adapters for connecting conductors to equipment furnished
with mechanical lugs when only compression connectors are specified.

3. Where over-sized conductors are larger than the equipment terminations can ac-
commodate, provide connectors suitable for reducing to appropriate size, but not
less than required for the rating of the overcurrent protective device.

4. Provide motor pigtail connectors for connecting motor leads in order to facilitate
disconnection.

5. Copper Conductors Size 8 AWG and Larger: Use mechanical connectors where
connectors are required.

6. Stranded Conductors Size 10 AWG and Smaller: Use crimped terminals for con-
nections to terminal screws. ;

7. Conductors for Control Circuits: Use crimped terminals for all connections.

Do not use insulation-piercing or insulation-displacement connectors designed for use
with conductors without stripping insulation.

Do not use push-in wire connectors as a substitute for twist-on insulated spring con-
nectors. ‘

Twist-on Insulated Spring Connectors: Rated 600 V, 221 degrees F for standard appli-
cations and 302 degrees F for high temperature applications; pre-filled with sealant and
listed as complying with UL 486D for damp and wet locations.

Mechanical Connectors: Provide bolted type.

Compression Connectors: Provide circumferential type or hex type crimp configura-
tion.

Crimped Terminals: Nylon-insulated, with insulation grip and terminal configuration
suitable for connection to be made.

PART 3 - EXECUTION

3.1

EXAMINATION
Verify that work likely to damage wire and cable has been completed.

Verify that raceways, boxes, and equipment enclosures are installed and are properly
sized to accommodate conductors and cables in accordance with NFPA 70.

Verify that raceway installation is complete and supported.
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3.2

3.3

PREPARATION

A. Clean raceways thoroughly to remove foreign materials before installing conductors

and cables.
INSTALLATION
Circuiting Requirements:

1. Arrange circuiting to minimize splices.
Include circuit lengths required to install connected devices within 10 ft. of loca-
tion shown.

3. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and
power-limited circuits in accordance with NFPA 70.

Install products in accordance with manufacturer's instructions.

Install conductors and cable in a neat and workmanlike manner in accordance with
NECA 1.

Installation in Raceway:

1. Tape ends of conductors and cables to prevent infiltration of moisture and other
contaminants.

2. Pull all conductors and cables together into raceway at same time.

Do not damage conductors and cables or exceed manufacturer's recommended

maximum pulling tension and sidewall pressure.

4. Use suitable wire pulling lubricant where necessary, except when lubricant is not
recommended by the manufacturer.

had

Secure and support conductors and cables in accordance with NFPA 70 using suitable
supports and methods approved by the authority having jurisdiction. Provide independ-

ent support from building structure. Do not provide support from raceways, piping,
ductwork, or other systems.

Where conductors are installed in enclosures for future termination by others, provide a
minimum of 5 feet of slack.

Neatly train and bundle conductors inside boxes, wireways, panelboards and other
equipment enclosures.

Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splices into raceways
or make splices in conduit bodies or wiring gutters.
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2. Remove appropriate amount of conductor insulation for making connections with-
out cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.

4. Clean contact surfaces on conductors and connectors to suitable remove corrosion,
oxides, and other contaminates. Do not use wire brush on plated connector surfac-
es.

5. Mechanical Connectors: Secure connections according to manufacturer's recom-
mended torque settings.

6. Compression Connectors: Secure connections using manufacturer's recommended
tools and dies.

Insulate splices and taps that are made with uninsulated connectors using methods suit-

able for the application, with insulation and mechanical strength at least equivalent to

unspliced conductors.

1. Dry Locations: Use insulating covers specifically designed for the connectors,
electrical tape, or heat shrink tubing. ’
a.  For taped connections, first apply adequate amount of rubber splicing electri-
cal tape or electrical filler tape, followed by outer covering of vinyl insulating
electrical tape.
b.  For taped connections likely to require re-entering, including motor leads, first
- apply varnished cambric electrical tape, followed by adequate amount of rub-
ber splicing electrical tape, followed by outer covering of vinyl insulating
electrical tape.
2. Damp Locations: Use insulating covers specifically designed for the connectors,
electrical tape, or heat shrink tubing.
a. For connections with insulating covers, apply outer covering of moisture seal-
ing electrical tape.
b. For taped connections, follow same procedure as for dry locations but apply
outer covering of moisture sealing electrical tape.
3.  Wet Locations: Use heat shrink tubing.

Insulate ends of spare conductors using vinyl insulating electrical tape.

Field-Applied Color Codirig: Where vinyl color coding electrical tape is used in lieu of
integrally colored insulation as permitted in Part 2 under "Color Coding", apply half

~ overlapping turns of tape at each termination and at each location conductors are acces-
sible. ‘

Color Code Legend: Provide identification label identifying color code for ungrounded
conductors at each piece of feeder or branch-circuit distribution equipment when prem-
ises has feeders or branch circuits served by more than one nominal voltage system.

. Unless specifically indicated to be excluded, provide final connections to all equipment
and devices, including those furnished by others, as required for a complete operating
system.
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N. Make splices, taps, and terminations to carry full ampacity of conductors with no per-
ceptible temperature rise. Keep splices in underground junction boxes, handholes, and
manholes to an absolute minimum. Where splices are necessary, use resin pressure
splices and resin splicing kits manufactured by the 3M Company to totally encapsulate
the splice. Arrange the splicing kit to minimize the effects of moisture.

O. Install wire and cable securely, in a neat and workmanlike manner, as specified in
NECA 1.

3.4 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA STD ATS, except Section 4.

B. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2. The insulation
resistance test is required for all conductors. The resistance test for parallel conductors
listed as optional is not required.

C. Correct deficiencies and replace damaged or defective conductors and cables.

D. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2.

END OF SECTION 26 05 19
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. SECTION 26 05 34
CONDUIT

PART 1 GENERAL
1.1 SECTION INCLUDES

Galvanized steel rigid metal conduit (RMC).

A

B.  Flexible metal conduit (FMC).

C. Liquidtight flexible metal conduit (LFMC).
D

Electrical metallic tubing (EMT).

=

Conduit fittings.

F.  Accessories.

G.  Conduit, fittings and conduit bodies.
1.2 REFERENCE STANDARDS

A. ANSIC80.1 - Amencan National Standard for Electrical Rigid Steel Conduit (ERSC),
2005.

B.  ANSI C80.3 - American National Standard for Steel Electrical Metallic Tubing (EMT);
2005.

C. ANSI C80.5 - American National Standard for Electncal Rigid Aluminum Conduit
(ERAC); 2005.

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; Nat10na1
Electrical Contractors Association; 2010.

E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); National
Electrical Contractors Association; 2006.

F.  NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical
Metallic Tubing, and Cable; National Electrical Manufacturers Association; 2012
(ANSIU/NEMA FB 1).

G. NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel
Conduit and Intermediate Metal Conduit; National Electrical Manufacturers
Association; 2005.
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- NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; National Elgctrical
Manufacturers Association; 2003.

NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and
Tubing; National Electrical Manufacturers Association; 2004.

NFPA 70 - National Electrical Code; National Fire Protection Association; Most
Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable
Amendments and Supplements.

UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.
UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.

UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All
Revisions.

UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All
Revisions.

UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.
ADMINISTRATIVE REQUIREMENTS

Coordination;

1. Coordinate minimum sizes of conduits with the actual conductors to be installed,
including adjustments for conductor sizes increased for voltage drop.

2. Coordinate the arrangement of conduits with structural members, ductwork, pip-
ing, equipment and other potential conflicts installed under other Sections or by
others. ‘ :

3. Verify exact conduit termination locations required for boxes, enclosures, and
equipment installed under other Sections or by others.

4. Coordinate the work with other trades to provide roof penetrations that preserve
the integrity of the roofing system and do not void the roof warranty.

5. Notify Architect of any conflicts with or deviations from the contract documents.
Obtain direction before proceeding with work.

Sequencing:

1. Do not begin installation of conductors and cables until installation of conduit is
complete between outlet, junction and splicing points.
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1.4

DEFINITIONS

A. EMT: Electrical metallic tubing.
B.  ENT: Electrical nonmetallic tubing.
C. EPDM: Ethylene-propylene-diene terpolymer rubber.
D. FMC: Flexible metal conduit.
E. IMC: Intermediate metal conduit.
F.  LFMC: Liquidtight flexible metal conduit.
G. LFNC: Liquidtight flexible nonmetallic conduit.
H. NBR: Acrylonitrile-butadiene rubber.
I.  RNC: Rigid nonmetallic conduit.
1.5 QUALITY ASSURANCE

A.  Conform to requirements of NFPA 70.
PART 2 PRODUCTS
2.1 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by
NFPA 70 and product listing.

B.  Unless otherwise indicated and where not otherwise restricted, use the conduit types
indicated for the specified applications. Where more than one listed application applies,
comply with the most restrictive requirements. Where conduit type for a particular
application is not specified, use galvanized steel rigid metal conduit.

C. Concealed Within Masonry Walls: Use galvanized steel rigid metal conduit or
electrical metallic tubing (EMT).

D. Concealed Within Hollow Stud Walls: Use galvanized steel rigid metal conduit or
electrical metallic tubing (EMT).

E. Concealed Above Accessible Ceilings: Use galvanized steel rigid metal conduit,
intermediate metal conduit (IMC), or electrical metallic tubing (EMT).

F.  Interior, Damp or Wet Locations: Use galvanized steel rigid metal conduit.
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Exposed, Interior, Not Subject to Physical Damage: Use galvanized steel rigid metal
conduit or electrical metallic tubing (EMT).

Exposed, Interior, Subject to Physical Damage: Use galvanized steel rigid metal
conduit.

1. Locations subject to physical damage include, but are not limited to:

a. Where exposed below 8 feet, except within electrical and communication
rooms or closets.
b. Where exposed below 20 feet in warehouse areas.

Exposed, Exterior: Use galvanized steel rigid metal conduit.

Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth: Use
galvanized steel rigid metal conduit.

Connections to Vibrating Equipment:

1. Dry Locations: Use flexible metal conduit.
2. Damp, Wet, or Corrosive Locations: Use liquidtight flexible metal conduit.
3. Maximum Length: 6 feet unless otherwise indicated.
4.  Vibrating equipment includes, but is not limited to:
a. Motors. ’
CONDUIT REQUIREMENTS

Existing Work: Where existing conduits are indicated to be reused, they may be reused
only where they comply with specified requirements, are free from corrosion, and
integrity is verified by pulling a mandrel through them.

Provide all conduit, fittings, supports, and accessories required for a complete raceway
system.

Provide products listed, classified, and labeled by Underwriter's Laboratories Inc. (UL)
or testing firm acceptable to authority having jurisdiction as suitable for the purpose
indicated.

Minimum Conduit Size, Unless Otherwise Indicated:

1. Branch Circuits: 3/4 inch (21 mm) trade size.
2. Branch Circuit Homeruns: 3/4 inch (21 mm) trade size.
3. Control Circuits: 1/2 inch (16 mm) trade size.

Where conduit size is not indicated, size to comply with NFPA 70 but not less than
applicable minimum size requirements specified.
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23 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Description: NFPA 70, Type RMC galvanized steel rigid metal conduit complying with
ANSI C80.1 and listed and labeled as complying with UL 6.

B.  Fittings:

1. Non-Hazardous Locations: Use fittings complying with NEMA FB 1 and listed
and labeled as complying with UL 514B.

2. Material: Use steel or malleable iron.
a. Do not use die cast zinc fittings.

3. Connectors and Couplings: Use threaded type fittings only. Threadless set screw
and compression (gland) type fittings are not permitted.

24 FLEXIBLE METAL CONDUIT (FMC)

A.  Description: NFPA 70, Type FMC standard wall steel flexible metal conduit listed and

labeled as complying with UL 1, and listed for use in classified firestop systems to be
used.

4
B.  Fittings:

1. Description: Fittings complying with NEMA FB 1 and listed and labeled as com-
plying with UL 514B.

2. Material: Use steel or malleable iron.
a. Do not use die cast zinc fittings.

2.5 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)

A.  Description: NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible
metal conduit listed and labeled as complying with UL 360.

B.  Fittings:
1. Description: Fittings complying with NEMA FB 1 and listed and labeled as com-
plying with UL 514B.
2. Material: Use steel or malleable iron.
a. Do not use die cast zinc fittings.

2.6 ELECTRICAL METALLIC TUBING (EMT)

A. Description: NFPA 70, Type EMT steel electrical metallic tubing complying with
ANSI C80.3 and listed and labeled as complying with UL 797.
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B.  Fittings:
1. Description: Fittings complying with NEMA FB 1 and listed and labeled as com-
plying with UL 514B.
2. Material: Use steel or malleable iron.
3. Connectors and Couplings: Use compression (gland) type.
a. Do not use indenter type connectors and couplings.
b. Do not use set-screw type connectors and couplings.

4. Damp or Wet Locations (where permitted): Use fittings listed for use in wet loca-
tions.

5. Embedded Within Concrete (where permitted): Use fittings listed as concrete-tight.
Fittings that require taping to be concrete-tight are acceptable.

2.7 . ACCESSORIES

A.  Conduit Joint Compound: Corrosion-resistant, electrically conductive; suitable for use
with the conduit to be installed.

B.  Pull Strings: Use nylon cord with average breaking strength of not less than 200
pound-force.

C.  Sealing Qompound for Sealing Fittings: Listed for use with the particular fittings to be
installed.

PART 3 EXECUTION
3.1 EXAMINATION
A.  Verify that mounting surfaces are ready to receive conduits.
B.  Verify that conditions are satisfactory for installation prior to starting work.
C.  Verify routing and termination locations of conduit prior to rough-in.
3.2 INSTALLATION
A.  Install products in accordance with manufacturer's instructions.
B.  Install conduit in a neat and workmanlike manner in accordance with NECA 1.
C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101.
D. Conduit Routing:

1. Unless dimensioned, conduit routing indicated is diagrammatic.
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2. When conduit destination is indicated and routing is not shown, determine exact
routing required.

3. Conceal all conduits unless specifically indicated to be exposed.

4.  Conduits in the following areas may be exposed, unless otherwise indicated:
a. Electrical rooms.
b. Mechanical equipment rooms.
c. Within joists in areas with no ceiling,

5. Unless otherwise approved, do not route conduits exposed:
a. Across floors.
b. Across roofs.
c. Across top of parapet walls.
d. Across building exterior surfaces.

6. Arrange conduit to maintain adequate headroom, clearances, and access.

7. Arrange conduit to provide no more than the equivalent of four 90 degree bends
between pull points.

8. Route conduits above water and drain piping where possible.

9. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and
at sealing fittings where moisture may collect.

10. Maintain minimum clearance of 6 inches between conduits and piping for other
systems.

11. Maintain minimum clearance of 12 inches between conduits and hot surfaces. This
includes, but is not limited to:
a. Heaters.
b. Hot water piping.
c. Flues.

12. Group parallel conduits in the same area together on a common rack.

Conduit Support:

1. Secure and support conduits in accordance with NFPA 70 using suitable supports
and methods approved by the authority having jurisdiction.

2. Provide independent support from building structure. Do not provide support from
piping, ductwork, or other systems.

3. Installation Above Suspended Ceilings: Do not provide support from ceiling sup-

port system. Do not provide support from ceiling grid or allow conduits to lay on
ceiling tiles.

Connections and Terminations:

1.

2.

Use approved zinc-rich paint or conduit joint compound on field-cut threads of
galvanized steel conduits prior to making connections.

Where two threaded conduits must be joined and neither can be rotated, use three-
piece couplings or split couplings. Do not use running threads.

Use suitable adapters where required to transition from one type of conduit to an-
other. :
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4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage
of liquid into connectors.

5. Terminate threaded conduits in boxes and enclosures using threaded hubs or dou-
ble lock nuts for dry locations and raintight hubs for wet locations.

6. Where spare conduits stub up through concrete floors and are not terminated in a
box or enclosure, provide threaded couplings equipped with threaded plugs set
flush with finished floor.

7. Provide insulating bushings or insulated throats at all conduit terminations to pro-
tect conductors.

8. Secure joints and connections to provide maximum mechamcal strength and elec-
trical continuity.

Penetrations:

1. Do not penetrate or otherwise notch or cut structural members, including footings

and grade beams, without approval of Structural Engineer.

2. Make penetrations perpendicular to surfaces unless otherwise indicated.

3. Provide sleeves for penetrations as indicated or as required to facilitate installation.

Set sleeves flush with exposed surfaces unless otherwise indicated or required.
4. Conceal bends for conduit risers emerging above ground.

5. Seal interior of conduits entering the building from underground at first accessible

point to prevent entry of moisture and gases.

6. Where conduits penetrate waterproof membrane, seal as required to maintain in-

~ tegrity of membrane.

7. Make penetrations for roof-mounted equipment within associated equipment open-
ings and curbs where possible to minimize roofing system penetrations. Where
penetrations are necessary, seal as indicated or as required to preserve integrity of
roofing system and maintain roof warranty. Include proposed locations of penetra-
tions and methods for sealing with submittals.

Provide metal escutcheon plates for conduit penetrations exposed to public view.

9. Install firestopping to preserve fire resistance rating of partitions and other ele-
ments.

R

Conduit Movement Provisions: Where conduits are subject to movement, provide
expansion and expansion/deflection fittings to prevent damage to enclosed conductors
or connected equipment. This includes, but is not limited to:

1. Where conduits cross structural joints intended for expansion, contraction, or de-
flection.

2.  Where conduxts are subject to earth movement by settlement or frost.

Condensation Prevention: Where conduits cross barriers between areas of potential
substantial temperature differential, provide sealing fitting or approved sealing

compound at an accessible point near the penetration to prevent condensation. This
includes, but is not limited to:
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. 1. Where conduits pass from outdoors into conditioned interior spaces.
2. Where conduits pass from unconditioned interior spaces into conditioned interior

spaces.
3. Where conduits penetrate coolers or freezers.
J. Provide pull string in all empty conduits and in conduits where conductors and cables

are to be Vinstalled by others. Leave minimum slack of 12 inches at each end.
K.  Provide grounding and bonding.
33 FIELD QUALITY CONTROL
A.  See General, Special Provisions, Detailed and Technical Specifications.

B.  Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

C.  Correct deficiencies and replace damaged or defective conduits.
34  CLEANING
A.  Clean interior of conduits to remove moisture and foreign matter.
3.5 PROTECTION
A.  Immediately after installation of conduit, use suitable manufactured plugs to provide
protection from entry of moisture and foreign material and do not remove until ready
for installation of conductors.

B.  Only where approved, route exposed conduit parallel and perpendicular to walls.

C.  Provide suitable fittings to accommodate expansion and deflection where conduit
crosses seismic and expansion joints and between building and walkway covers.

3.6 FIRESTOPPING

A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to
restore original fire-resistance rating of assembly.

3.7 INTERFACE WITH OTHER PRODUCTS .

A. Install conduit to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in plans and specifications.
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B. Route conduit through roof openings for piping and ductwork wherever possible; oth- .

erwise, route through roof jack with pitch pocket. Where separate roofing penetration is
required, coordinate location and installation method with roofing installation.

END OF SECTION 26 05 34
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SECTION 26 29 23 :
VARIABLE-FREQUENCY MOTOR CONTROLLERS

PART 1 GENERAL

1.1

1.2

13

A.

SECTION INCLUDES
Variable frequency controllers.

REFERENCE STANDARDS
NEMA ICS 7.1 - Safety Standards for Construction and Guide for Selection, Installa-
tion, and Operation of Adjustable Speed Drive Systems; National Electrical Manufac-
turers Association; 2006.
NEMA ICS 7 - Industrial Control and Systems: Adjustable-Speed Drives; National
Electrical Manufacturers Association; 2006.
NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); National
Electrical Manufacturers Association; 2008.
NETA STD ATS - Acceptance Testing Specifications for Electrical Power Distribution
Equipment and Systems; International Electrical Testing Association; 2009.
NFPA 70 - National Electrical Code; National Fire Protection Association, Most Re-
cent Edition Adopted by Authority Havmg Jurisdiction, Including All Applicable
Amendments and Supplements.

SUBMITTALS
Product Data: Provide catalog sheets‘showing voltage, controller size, ratings and size
of switching and overcurrent protective dev1ces short circuit ratings, dimensions, and
enclosure details.
Shop Drawings: Indicate front and side views of enclosures with overall dimensions
and weights shown; conduit entrance locations and requirements; and nameplate leg-
ends.
Test Reports: Indicate field test and inspection procedures and test results.
Manufacturer's Instructions: Indicate application conditions and limitations of use

stipulated by testing agency. Include instructions for storage, handling, protection, ex-
amination, preparation, and installation of product.
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E. Manufacturer's Field Reports: Indicate start-up inspection findings. .

F. Operation Data: NEMA ICS 7.1. Include instructions for starting and operating control-
lers, and describe operating limits that may result in hazardous or unsafe conditions.

G. Maintenance Data: NEMA ICS 7.1. Include routine preventive maintenance schedule.

H. Maintenance Materials: Furnish the following for Owner's use in maintenance of pro-
ject.

1.  Extra Air Filters: Two of each type.
1.4 QUALITY ASSURANCE
A. Conform to requirements of NFPA 70.

B. Products: Listed and classified by Underwriters Laboratories Inc. as suitable for the
purpose specified and indicated.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Store in a clean, dry space. Maintain factory wrapping or provide an additional heavy
canvas or heavy plastic cover to protect units from dirt, water, construction debris, and
traffic.

B. Handle in accordance with manufacturer's written instructions. Lift only with lugs pro-

vided for the purpose. Handle carefully to avoid damage to components, enclosure, and
finish.

PART 2 PRODUCTS
2.1 DESCRIPTION

A. Variable Frequency Controllers: Enclosed controllers suitable for operating the indicat-
ed loads, in conformance with requirements of NEMA ICS 7. Select unspecified fea-
tures and options in accordance with NEMA ICS 3.1.

Employ microprocessor-based inverter logic isolated from power circuits.

Employ pulse-width-modulated inverter system.

Design for ability to operate controller with motor disconnected from output.
Design to attempt five automatic restarts following fault condition before locking
out and requiring manual restart.

Al

B. Enclosures: NEMA 250, Type 1, suitable for equipment application in places regularly
open to the public.
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23

o 0 W

m

OPERATING REQUIREMENTS

Displacement Power Factor: Between 1.0 and 0.95, lagging, over entire range of oper-
ating speed and load.

Operating Ambient: 0 degrees C to 40 degrees C.
Volts Per Hertz Adjustment: Plus or minus 10 percent.
Current Limit Adjustment: 60 to 110 percent of rated.
Acceleration Rate Adjustment: 0.5 to 30 seconds.
Deceleration Rate Adjustment: 1 to 30 seconds.
Input Signal: 4 to 20 mA DC.

COMPONENTS

Display: Provide integral digital display to indicate output voltage, output frequency,
and output current.

Status Indicators: Separate indicators for overcurrent, overvoltage, ground fault, over-
temperature, and input power ON.

Furnish HAND-OFF-AUTOMATIC selector switch and manual speed control.

Include undervoltage release.

Control Power Source: Separate circuit.

Door Interlocks: Furnish mechanical means to prevent opening of eq'uipment‘ with pow-
er connected, or to disconnect power if door is opened; include means for defeating in-

terlock by qualified persons.

Safety Interlocks: Furnish terminals for remote contact to inhibit starting under both
manual and automatic mode.

Control Interlocks: Furnish terminals for remote contact to allow starting in automatic
mode.

Manual Bypass: Furnish contactor, motor running overload protection, and short circuit

protection for full voltage, non-reversing operation of the motor. Include isolation
switch to allow maintenance of inverter during bypass operation.
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24

A.

B.

Emergency Stop: Use dynamic brakes for emergency stop function.

Disconnecting Means: Include integral fused disconnect switch on the line side of each
controller.

Wiring Terminations: Match conductor materials and sizes indicated.
SOURCE QUALITY CONTROL
Shop inspect and perform standard productions tests for each controller.

Make completed controller available for inspection at manufacturer's factory prior to.
packaging for shipment. Notify Engineer at least 7 days before inspection is allowed.

PART 3 EXECUTION

3.1

A.

3.2

33

A.

B.

C.

EXAMINATION
Verify that surface is suitable for controller installation.

Do not install controller until building environment can be maintained within the ser-
vice conditions required by the manufacturer.

Verify that field measurements are as indicated on shop drawings.
INSTALLATION
Install in accordance with NEMA ICS 7.1 and manufacturer's instructions.
Tighten accessible connections and mechanical fasteners after placing controller.
Provide .fuses in fusible switches; refer to Section 26 28 13 for product requirements.

Select and install overload heater elements in motor controllers to match installed mo-
tor characteristics.

FIELD QUALITY CONTROL

Perform field inspection and testing in accordance with Contract Documents, including
General, Special Provisions, Detailed and Technical Specifications.

Inspect and test in accordance with NETA STD ATS, except Section 4.

Perform inspections and tests listed in NETA STD ATS, Section 7.17.
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3.4 ADJUSTING

A. Make final adjustments to installed controller to assure proper operation of load system.
Obtain performance requirements from installer of driven loads.

3.5 CLOSEOUT ACTIVITIES
A. Demonstrate operation of controllers in automatic and manual modes.

3.6 MAINTENANCE

A. Provide service and maintenance of controllers for one year from Date of Substantial
Completion.

END OF SECTION 26 29 23
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