SECTION 230500 - COMMON WORK RESULTS FOR HVAC

PART 1- GENERAL

11

A.

12

A.

1.3

A.

SUMMARY
Section Includes;

1. Duct-thermometer mounting brackets.

DEFINITIONS

Existing Piping To Remain: Existing piping that is not to be removed and that is not otherwise
indicated to be removed, removed and salvaged, or removed and reinstalled.

COORDINATION

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

Motor controllers.

Torque, speed, and horsepower requirements of the load.

Ratings and characteristics of supply circuit and required control sequence.
Ambient and environmental conditions of installation location.

ApODdDE

PART 2 - PRODUCTS

PART 3 - EXECUTION

31 INSTALLATION OF EXPANSION JOINTS - GENERAL
A. Install expansion joints of sizes matching sizes of piping in which they are installed.
3.2 INSTALLATION OF PIPE LOOPS AND SWING CONNECTIONS
A. Install pipe loops cold-sprung in tension or compression as required to partly absorb tension or
compression produced during anticipated change in temperature.
B. Connect risers and branch connections to mains with at least pipe fittings, including teein
main.
C. Connect risers and branch connections to terminal units with at least pipe fittings, including tee
inriser.
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3.3

34

Connect mains and branch connections to terminal units with at least pipe fittings, including tee
inmain.

INSTALLATION OF SLEEVES - GENERAL
Install sleeves for piping passing through penetrationsin floors, partitions, roofs, and walls.

For dleeves that will have dleeve-seal system installed, select sleeves of size large enough to
provide [1-inch] [2-inch] <Insert dimension> annular clear space between piping and concrete
slabs and walls.

1.  Sleevesarenot required for core-drilled holes.

Install sleevesin concrete floors, concrete roof slabs, and concrete walls as new slabs and walls
are constructed.

1 Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP
Sleeves.
2. Cut deevesto length for mounting flush with both surfaces.

a Exception: Extend sleevesinstalled in floors of mechanical equipment areas or
other wet areas [2 inches] <Insert dimension> above finished floor level.

3. Using[grout] [or] [silicone sealant], seal space outside of sleevesin floors/dabs/walls
without sleeve-seal system. Select to maintain fire resistance of floor/dab/wall.

Install sleeves for pipes passing through interior partitions.

1.  Cut sleevesto length for mounting flush with both surfaces.

2. Install sleevesthat are large enough to provide 1/4-inch annular clear space between
dleeve and pipe or pipeinsulation.

3. Sea annular space between sleeve and piping or piping insulation; use joint sealants that
joint sealant manufacturer's literature indicates is appropriate for size, depth, and location
of joint.

Fire-Resistance-Rated Penetrations, Horizontal Assembly Penetrations, and Smoke-Barrier
Penetrations: Maintain indicated fire or smoke rating of walls, partitions, ceilings, and floors at
pipe penetrations. Seal pipe penetrations with fire- and smoke-stop materials. Comply with
requirements for firestopping and fill materials specified in Section 078413 " Penetration
Firestopping.”

INSTALLATION OF METERS AND GAUGES

Install thermowells with socket extending [a minimum of 2 inchesinto fluid] [one-third of
pipe diameter] [to center of pipe] and in vertical position in piping tees.

Install thermowells of sizes required to match thermometer connectors. Include bushings if
required to match sizes.
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C. Install thermowells with extension on insulated piping.
D. Fill thermowells with heat-transfer medium.
E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.

F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect
cases with tubing, and support tubing to prevent kinks. Use minimum tubing length.

G. Install pipe-mounted thermal-energy temperature sensors in thermowells and extend wiring to
indicator.
H. Install duct-thermometer-mounting brackets in walls of ducts. Attach to duct with screws.

l. Install direct-mounted pressure gauges in piping tees with pressure gauge located on pipe at the
most readable position.

J Install remote-mounted pressure gauges on panel.

K. Install valve and snubber in piping for each pressure gauge for fluids (except steam).
L. Install valve and syphon fitting in piping for each pressure gauge for steam.

Install test plugs in piping tees.

Install flow indicatorsin piping systemsin accessible positions for easy viewing.

o z

Assemble and install connections, tubing, and accessories between flow-measuring elements
and flowmeters according to manufacturer's written instructions.

P. Install flowmeter elements in accessible positionsin piping systems.

Install wafer-orifice flowmeter elements between orifice-type pipe flanges.

O

Install al flowmeter elements, with at least minimum straight lengths of pipe, upstream and
downstream from element according to manufacturer's written instructions.

Install permanent indicators on walls or brackets in accessible and readable positions.
Install connection fittings in accessible locations for attachment to portabl e indicators.

Mount thermal-energy meters on wall if accessible; if not, provide brackets to support meters.

< c 40

Install thermometersin the following locations:

Inlet and outlet of each hydronic zone.

Inlet and outlet of each hydronic boiler.

Two inlets and two outlets of each chiller.

Inlet and outlet of each hydronic cail in air-handling units.
Two inlets and two outlets of each hydronic heat exchanger.
Inlet and outlet of each thermal-storage tank.

Sk wbhE
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35

3.7

3.8

7. Outside-, return-, supply-, and mixed-air ducts.
8. <Insert location>.

Install pressure gauges in the following locations:

Discharge of each pressure-reducing valve.

Inlet and outlet of each chiller chilled-water and condenser-water connection.
Suction and discharge of each pump.

<Insert location>.

ApODE

CONNECTIONS

Install meters and gauges adjacent to machines and equipment to allow space for service and
maintenance of meters, gauges, machines, and equipment.

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

Connect thermal-energy meter transmitters to meters.

ADJUSTING
After installation, calibrate meters according to manufacturer's written instructions.

Adjust faces of meters and gauges to proper angle for best visibility.

SLEEVES APPLICATION
Use sleeves and sleeve seals for the following piping-penetration applications.

1. Concrete Slabs above Grade:

THERMOMETER APPLICATION
Thermometers at inlet and outlet of each hydronic zone are to be the following:

, bimetallic-actuated type.

[Direct] [Remote]-mounted, -case, vapor-actuated type.
[Compact] [Industrial]-style, liquid-in-glass type.
[Direct] [Remote]-mounted, light-activated type.

Test plug with self-sealing rubber inserts.

grwpdndRE

Thermometers at inlet and outlet of each hydronic boiler are to be the following:

1., bimetallic-actuated type.
2.  [Direct] [Remote]-mounted, -case, vapor-actuated type.
3. [Compact] [Industrial]-style, liquid-in-glass type.
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4. [Direct] [Remote]-mounted, light-activated type.
5.  Test plug with self-sealing rubber inserts.

C. Thermometers at inlets and outlets of each chiller are to be the following:

, bimetallic-actuated type.

[Direct] [Remote]-mounted, -case, vapor-actuated type.
[Compact] [Industrial]-style, liquid-in-glass type.
[Direct] [Remote]-mounted, light-activated type.

Test plug with self-sealing rubber inserts.

grpLONPE

D. Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up central
systems are to be the following:

, bimetallic-actuated type.

[Direct] [Remote]-mounted, -case, vapor-actuated type.
[Compact] [Industrial]-style, liquid-in-glass type.
[Direct] [Remote]-mounted, light-activated type.

Test plug with self-sealing rubber inserts.

agrwpndRE

E. Thermometers at inlets and outlets of each hydronic heat exchanger are to be the following:

, bimetallic-actuated type.

[Direct] [Remote]-mounted, -case, vapor-actuated type.
[Compact] [Industrial]-style, liquid-in-glass type.
[Direct] [Remote]-mounted, light-activated type.

Test plug with self-sealing rubber inserts.

agrowpdhRE

F. Thermometers at inlet and outlet of each hydronic heat-recovery unit are to be the following:

, bimetallic-actuated type.

[Direct] [Remote]-mounted, -case, vapor-actuated type.
[Compact] [Industrial]-style, liquid-in-glass type.
[Direct] [Remote]-mounted, light-activated type.

Test plug with self-sealing rubber inserts.

grLONPE

G. Thermometers at inlet and outlet of each thermal-storage tank are to be the following:

, bimetallic-actuated type.

[Direct] [Remote]-mounted, -case, vapor-actuated type.
[Compact] [Industrial]-style, liquid-in-glass type.
[Direct] [Remote]-mounted, light-activated type.

Test plug with self-sealing rubber inserts.

grpwONE

H. Thermometers at outside-, return-, supply-, and mixed-air ducts are to be the following:

1. , bimetallic-actuated type.
2. [Direct] [Remote]-mounted, -case, vapor-actuated type.
3. [Compact] [Industrial]-style, liquid-in-glass type.
4.  [Direct] [Remote]-mounted, light-activated type.
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l. Thermometer stems are to be of length to match thermowell insertion length.

39 THERMOMETER SCALE-RANGE APPLICATION

A. Scale Range for Chilled-Water Piping:

1

pPWN

[Minus 40 to plus 160 deg F] [Minus 40 to plus 160 deg F and minus 40 to plus 100
deg C].

[0to 100 deg F] [0 to 100 deg F and minus 20 to plus 50 deg C].

[Oto 150 deg F] [0 to 150 deg F and minus 20 to plus 70 deg CJ.

[0to 250 deg F] [0 to 250 deg F and 0 to 150 deg C].

B. Scale Range for Condenser-Water Piping:

ISRE NS o

[0to 100 deg F] [0 to 100 deg F and minus 20 to plus 50 deg C].
[0to 150 deg F] [0 to 150 deg F and minus 20 to plus 70 deg C].
[Oto 250 deg F] [0 to 250 deg F and 0 to 150 deg C].

[20 to 240 deg F] [20 to 240 deg F and O to 150 deg C].

[30 to 240 deg F] [30 to 240 deg F and 0 to plus 115 deg C].

C. Scale Range for Hesating, Hot-Water Piping:

grwONPRE

[0to 250 deg F] [0 to 250 deg F and 0 to 150 deg C].

[20to 240 deg F] [20 to 240 deg F and O0to 150 deg C] .

[30 to 240 deg F] [30 to 240 deg F and 0 to plus 115 deg C].
[50 to 400 deg F] [50 to 400 deg F and 0 to 200 deg C].

[50 to 550 deg F] [50 to 550 deg F and 10 to 300 deg C].

D. Scale Range for Steam and Steam-Condensate Piping:

Eal A

[0to 250 deg F] [0 to 250 deg F and 0 to 150 deg C].

[0to 250 deg F] [0 to 250 deg F and 0 to 150 deg C].

[30to 240 deg F] [30 to 240 deg F and 0 to plus 115 deg C].
[50 to 400 deg F] [50 to 400 deg F and 0 to 200 deg C].

E. Scale Range for Air Ducts:

1

N

N U AW

[Minus 40 to plus 110 deg F] [Minus 40 to plus 110 deg F and minus 40 to plus 45 deg
Cl.

[Minus 40 to plus 160 deg F] [Minus 40 to plus 160 deg F and minus 40 to plus 100
deg C].

[Oto 100 deg F] [0 to 100 deg F and minus 20 to plus 50 deg C].

[0to 150 deg F] [0 to 150 deg F and minus 20 to plus 70 deg CJ.

[0to 250 deg F] [0 to 250 deg F and 0 to 150 deg C].

[20 to 240 deg F] [20 to 240 deg F and 0 to 150 deg C].

[30 to 240 deg F] [30 to 240 deg F and 0 to plus 115 deg C].

[50 to 400 deg F] [50 to 400 deg F and 0 to 200 deg C].
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3.10

311

PRESSURE-GAUGE SCALE-RANGE APPLICATION

Scale Range for Chilled-Water Piping:

Noo~WDNE

[30in. Hgto 15 psi] [30in. Hg to 15 psi and minus 100 to O kPa].

[0to 30 psi] [0to 30 psi and 0to 240 kPa].
[0to 100 psi] [0to 100 psi and 0 to 600 kPa].

[0to 160 psi] [0to 160 psi and 0to 1100 kPa].
[0to 200 psi] [0to 200 psi and 0 to 1400 kPa].
[0to 300 psi] [0to 300 psi and 0 to 2500 kPa].
[0to 600 psi] [0to 600 psi and 0to 4000 kPa].

Scale Range for Condenser-Water Piping:

Noakr~MwbdE

[30in. Hgto 15 psi] [30in. Hg to 15 psi and minus 100 to O kPa].

[0to 30 psi] [0to 30 psi and Oto 240 kPa].
[0to 100 psi] [0to 100 psi and 0to 600 kPa].

[0to 160 psi] [0to 160 psi and 0to 1100 kPa].
[0to 200 psi] [0 to 200 psi and 0 to 1400 kPa].
[0to 300 psi] [0to 300 psi and 0to 2500 kPa].
[0to 600 psi] [0 to 600 psi and 0 to 4000 kPa].

Scale Range for Heating, Hot-Water Piping:

NooA~WDNE

[30in. Hgto 15 psi] [30in. Hg to 15 psi and minus 100 to O kPa].

[0to 30 psi] [0to 30 psi and 0to 240 kPa].
[0to 100 psi] [0to 100 psi and 0 to 600 kPa].

[0to 160 psi] [0to 160 psi and 0to 1100 kPa].
[0to 200 psi] [0to 200 psi and 0 to 1400 kPa].
[0to 300 psi] [0to 300 psi and 0 to 2500 kPa].
[0to 600 psi] [0to 600 psi and 0to 4000 kPa].

Scale Range for Steam Piping:

Nogak~wbdE

[30in. Hgto 15 psi] [30in. Hg to 15 psi and minus 100 to O kPa].

[0to 30 psi] [0to 30 psi and 0to 240 kPa].
[0to 100 psi] [0to 100 psi and 0to 600 kPa].

[0to 160 psi] [0to 160 psi and 0to 1100 kPa].
[0to 200 psi] [0 to 200 psi and 0 to 1400 kPa].
[0to 300 psi] [0to 300 psi and 0to 2500 kPa].
[0to 600 psi] [0 to 600 psi and 0 to 4000 kPa].

THERMAL-ENERGY METER APPLICATION

Thermal-Energy Meters for Chilled-Water Piping: [Turbine] [Ultrasonic] type.

Thermal-Energy Meters for Condenser-Water Piping: [Turbineg] [Ultrasonic] type.
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C. Thermal-Energy Meters for Heating, Hot-Water Piping: [Turbing] [Ultrasonic] type.

D. Thermal-Energy Meters for Steam and Steam-Condensate Piping: [Turbineg] [Ultrasonic] type.

END OF SECTION 230500
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SECTION 230548.13 - VIBRATION CONTROLS FOR HVAC

PART 1- GENERAL

11

A.

12

A.

B.

RELATED DOCUMENTS

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

IBC: International Building Code.

OSHPD: Office of Statewide Health Planning and Development (for the State of California
owned and regulated medical facilities).

PART 2 - PRODUCTS

21

A.

B.

PERFORMANCE REQUIREMENTS

Delegated Design: Engage a qualified professional engineer, as defined in Section 014000
"Quality Requirements," to design system.

1. Wind-Load Performance: Equipment shall withstand the effects of high wind events
determined in accordance with [ASCE/SEI 7-05] [ASCE/SEI 7-10] [ASCE/SEI 7-16]
<Insert requirement>.

Wind-Load Design Calculations:

1.  Perform calculations to obtain force information necessary to properly select
wind-load-restraint devices, fasteners, and anchorage. Perform cal culations using
methods acceptabl e to applicable code authorities and as presented in [ASCE/SEI 7-05]
[ASCE/SEI 7-10] [ASCE/SEI 7-16] <Insert ASCE/SEI 7 edition or other wind-force
calculation method required by authorities having jurisdiction>. Where
"ASCE/SEI 7" is used throughout this Section, it is to be understood that the edition
referred to in this subparagraph is intended as referenced throughout the Section Text
unless otherwise noted.

a Factors indicated below that are specific to individual pieces of equipment must be
obtained by Contractor and must be included in individual component submittal
packages.

b.  Coordinate design wind-load calculations with vibration isolation requirements.
Comply with requirements in other Sectionsin addition to those in this Section for
equipment mounted outdoors.

BRANDON OAKS THE PINES EXPANSION SFCS - 22119.00
VIBRATION CONTROLS FOR HVAC 230548.13 - 1



2. Design wind pressure "p" for external sidewall-mounted equipment such as louversisto
be calculated by Delegated-Design Contractor using methods in ASCE/SEI 7-16, Ch. 30.
Perform cal culations in accordance with one of the following, as appropriate:

PART 1: Low-Rise Buildings.

PART 2: Low-Rise Buildings (Simplified).

PART 3: Buildings with "h" less than 60 feet.

PART 4: Buildings with "h" greater than 60 feet and |ess than 160 feet.
PART 5: Open Buildings.

Poo o

3. Designwind pressure"p" for rooftop equipment is to be calculated by Delegated-Design
Contractor using methods in ASCE/SEI 7-16, Ch. 30, PART 6: Building Appurtenances
and Rooftop Structures and Equipment.

Risk Category: [IT [I1] [IHI] [IV] [V].

h = Mean Roof Height: <Insert value>.

V = Basic Wind Speed: <Insert value>.

Kd = Wind Directionality Factor: <Insert factor>.

Exposure Category: [B] [C] [D].

Kz = Topographic Factor: <Insert factor>.

Ke = Ground Elevation Factor: <Insert factor>.

Kz = Velocity Pressure Exposure Coefficient (Evaluated at Height z): <Insert

coefficient>.

Kh = Ve ocity Pressure Exposure Coefficient (Evaluated at Height h): <Insert

coefficient>.

j- 0: = Velocity Pressure: Value calculated by delegated wind-load design Contractor
using methods detailed in ASCE/SEI 7-16 Section 26.10.1 or other source
approved by authorities having jurisdiction.

k.  gn=Velocity Pressure: Value calculated by delegated wind-load design Contractor
using methods detailed in ASCE/SEI 7-16 Section 26.10.1 or other source
approved by authorities having jurisdiction.

l. G = Gust-Effect Factor: [0.85] <Insert factor>.

m.  Enclosure Classification: <Insert classification>.

n. GGy = Internal Pressure Coefficient: <lnsert coefficient>.

SQ@ 00 oW

4.  Designwind pressure"p" for external sidewall-mounted equipment such as louvers are to
be calculated by Delegated-Design Contractor using methods in ASCE/SEI 7-10, Ch. 30.
Perform calculations in accordance with one of the following, as appropriate:

PART 1: Low-Rise Buildings.

PART 2: Low-Rise Buildings (Simplified).
PART 3: Buildings with "h" greater than 60 feet.
PART 4: Buildingswith "h" less than 160 feet.
PART 5: Open Buildings.

CapoTe

5. Design wind pressure"p" for rooftop equipment is to be calculated by Delegated-Design
Contractor using methodsin ASCE/SEI 7-10, Ch. 30, PART 6: Building Appurtenances
and Rooftop Structures and Equipment.

a  Risk Category: [I][1][I11] [IV] [V].
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K.
l.

m.

h = Mean roof height: <Insert value>.

V = Basic Wind Speed: <Insert value>.

Kd = Wind Directionality Factor: <Insert factor>.

Exposure Category: [B] [C] [D].

Kz = Topographic Factor: <Insert factor>.

Kz = Velocity Pressure Exposure Coefficient (Evaluated at Height z): <Insert
coefficient>.

Kh = Ve ocity Pressure Exposure Coefficient (Evaluated at Height h): <Insert
coefficient>.

0: = Velocity Pressure at Height z: Vaue calculated by delegated wind-load design
Contractor using methods detailed in ASCE/SEI 7-10 Section 26.10.1 or other
source approved by authorities having jurisdiction.

an = Velacity Pressure at Height h: Value calculated by delegated wind-load design
Contractor using methods detailed in ASCE/SEI 7-10 Section 26.10.1 or other
source approved by authorities having jurisdiction.

G = Gust-Effect Factor: [0.85] <Insert factor>.

Enclosure Classification: <Insert classification>.

GGy = Internal Pressure Coefficient: <lnsert coefficient>.

6. Designwind force"F" for rooftop equipment and external sidewall-mounted equipment
such as louversisto be calculated by Delegated-Design Contractor using methodsin
ASCE/SEI 7-05, Ch. 6.

Q@ P ap o

[—

S3—~x

| = Importance Factor: <Insert factor>.

h = Mean Roof Height: <Insert value>.

V = Basic Wind Speed: <Insert value>.

Kd = Wind Directionality Factor: <Insert factor>.

Exposure Category: [B] [C] [D].

Kz = Topographic Factor: <Insert factor >.

Kz = Velocity Pressure Exposure Coefficient (Evaluated at Height 2): <Insert
coefficient>.

Kh = Velocity Pressure Exposure Coefficient (Evaluated at Height h): <Insert
coefficient>.

0. = Velocity Pressure at Height z: VValue calculated by delegated wind-load design
Contractor using methods detailed in ASCE/SEI 7-05 Section 6.5.10 or other
source approved by authorities having jurisdiction.

oh = Veocity Pressure at Roof Height h: Value calculated by delegated wind-load
design Contractor using methods detailed in ASCE/SEI 7-05 Section 6.5.10 or
other source approved by authorities having jurisdiction.

G = Gust-Effect Factor: [0.85] <Insert factor>.

GGy = Internal Pressure Coefficient: <lnsert coefficient>.

GCp = External Pressure Coefficient: <Insert coefficient>.

Cr = Force Coefficient: Value determined by delegated wind-load design
Contractor from ASCE/SEI 7-05, Figures 6-21 through 6-23 or other source
approved by authorities having jurisdiction.

At = Projected Area Normal to the Wind: Except where "Ci" is specified for the
actual surface area. Value determined by delegated wind-load design Contractor
from equipment submittal or manufacturer.
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PART 3 -

31

3.2

33

Consequential Damage: Provide additional restraints for suspended HV AC components or
anchorage of floor-, roof-, or wall-mounted HVAC components as indicated in

[ASCE/SEI 7-05] [ASCE/SEI 7-10] [ASCE/SEI 7-16] so that failure of a non-essential or
essential HV AC component will not cause the failure of any other essential architectural,
mechanical, or electrical building component.

Fire/Smoke Resistance: All components that are not constructed of ferrous metals must have a

maximum flame-spread index of 25 and maximum smoke-devel oped index of 50 when tested

by an NRTL in accordance with ASTM E84 or UL 723, and be so labeled.

Component Supports:

1. Load ratings, features, and applications of all reinforcement components must be based
on testing standards of a nationally recognized testing agency.

EXECUTION

EXAMINATION

Examine areas and equipment to receive vibration isolation [and wind-load control Jdevices
for compliance with requirements for installation tolerances and other conditions affecting
performance of the Work.

Examine roughing-in of reinforcement and cast-in-place anchors to verify actual locations
before installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

APPLICATIONS

Multiple Pipe Supports. Secure pipes to trapeze member with clamps approved for application
by [an evaluation service member of |CC-ES] [OSHPD] [an agency acceptableto
authorities having jurisdiction].

Strength of Support Assemblies: Where not indicated, select sizes of components so strength is
adequate to carry static and wind force |oads within specified loading limits.

INSTALLATION OF VIBRATION [AND WIND-LOAD JCONTROL DEVICES

Provide vibration [and wind-load Jcontrol devices for systems and equipment where indicated
in Equipment Schedules or Vibration-Control Device Schedules on Drawings, where
Specifications indicate they are to be installed on specific equipment and systems, and where
required by applicable codes.

Coordinate |location of embedded connection hardware with supported egquipment attachment
and mounting points and with requirements for concrete reinforcement and formwork specified
in Section 033000 " Cast-in-Place Concrete.”

BRANDON OAKS THE PINES EXPANSION SFCS - 22119.00
VIBRATION CONTROLS FOR HVAC 230548.13 - 4



34

Installation of vibration isolators] and wind-load restraints] must not cause any change of
position of equipment, piping, or ductwork resulting in stresses or misalignment.

Comply with requirements in Section 077200 "Roof Accessories' for installation of roof curbs,
equipment supports, and roof penetrations.

Equipment Restraints:

1. Instal snubbers on HVAC equipment mounted on vibration isolators. Locate snubbers as
close as possible to vibration isolators and bolt to equipment base and supporting
structure.

2. Instal resilient bolt isolation washers on equipment anchor bolts where clearance
between anchor and adjacent surface exceeds 0.125 inch.

3. Ingtall wind-load-restraint devices using methods approved by [an evaluation service
member of ICC-ES] [OSHPD] [an agency acceptable to authorities having
jurisdiction] that provides required submittals for component.

Piping Restraints:

1. Comply with requirementsin MSS SP-127.

2. Spacelateral supports a maximum of [40 feet] <Insert dimension> o.c., and longitudinal
supports a maximum of [80 feet] <Insert dimension> o.c.

3. Brace a change of direction longer than 12 feet.

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

Install wind-load-restraint devices using methods approved by [an evaluation service member
of ICC-ES] [OSHPD] [an agency acceptableto authorities having jurisdiction] that
provides required submittals for component.

Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide
resilient media between anchor bolt and mounting hole in concrete base.

Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide
resilient media where equipment or equipment-mounting channels are attached to wall.

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

ADJUSTING

Adjust isolators after system is at operating weight.

Adjust limit stops on restrained-spring isolators to mount equipment at normal operating height.

After equipment installation is complete, adjust limit stops so they are out of contact during
normal operation.
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END OF SECTION 230548.13
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1- GENERAL

PART 2 - PRODUCTS

PART 3 - EXECUTION

31

3.2

PREPARATION
Clean piping and equipment surfaces of incompatible primers, paints, and encapsulants, as well
asdirt, ail, grease, release agents, and other substances that could impair bond of identification
devices.

INSTALLATION, GENERAL REQUIREMENTS

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with locations of access panels and doors.
Install identifying devices before installing acoustical ceilings and similar conceal ment.

Locate identifying devices so that they are readily visible from the point of normal approach.

INSTALLATION OF EQUIPMENT LABELS, WARNING SIGNS, AND LABELS
Permanently fasten labels on each item of mechanical equipment.

Sign and Label Colors:

1.  [Whiteletterson an ANSI Z2535.1 safety-blue background] <Insert colors>.

L ocate equipment |abels where accessible and visible.

Arc-Flash Warning Signs: Provide arc-flash warning signs on electrical disconnects and other

equipment where arc-flash hazard exists, as indicated on Drawings, and in accordance with
requirements of OSHA and NFPA 70E[, and other applicable codes and standardsg].

END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1- GENERAL

11

A.

12

G.

13

A.

B.

RELATED DOCUMENTS

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

AABC: Associated Air Balance Council.

BAS: Building automation systems.

NEBB: National Environmental Balancing Bureau.

TAB: Testing, adjusting, and balancing.

TABB: Testing, Adjusting, and Balancing Bureau.

TAB Specialist: An independent entity meeting qualifications to perform TAB work.

TDH: Tota dynamic head.

FIELD CONDITIONS

Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB
period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.

Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial
Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

31 TAB SPECIALISTS
A. Subject to compliance with requirements, [engage one of the following] [available TAB
specialiststhat may be engaged include, but are not limited to, the following]:
BRANDON OAKS THE PINES EXPANSION SFCS - 22119.00
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3.2

1. <lInsert TAB specialist's name>.

EXAMINATION

Examine the Contract Documents to become familiar with Project requirements and to discover
conditions in systems designs that may preclude proper TAB of systems and equipment.

Examine installed systems for balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are applicable for intended purpose and are accessible.

Examine the approved submittals for HVY AC systems and equipment.

Examine design dataincluding HV AC system descriptions, statements of design assumptions
for environmental conditions and systems output, and statements of philosophies and
assumptions about HV AC system and equipment controls.

Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to
verify that they are properly separated from adjacent areas. Verify that penetrationsin plenum
walls are sealed and fire-stopped if required.

Examine equipment performance data including fan and pump curves.

1. Relate performance datato Project conditions and requirements, including system effects
that can create undesired or unpredicted conditions that cause reduced capacitiesin all or
part of a system.

2.  Cadculate system-effect factors to reduce performance ratings of HVAC eguipment when
installed under conditions different from the conditions used to rate equipment
performance. To calculate system effects for air systems, use tables and charts found in
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."
Compare results with the design data and installed conditions.

Examine system and equipment installations and verify that field quality-control testing,
cleaning, and adjusting specified in individual Sections have been performed.

Examine test reports specified in individual system and equipment Sections.

Examine HVAC equipment and verify that bearings are greased, belts are aligned and tight,
filters are clean, and equipment with functioning controlsis ready for operation.

Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible
and their controls are connected and functioning.

Examine strainers. Verify that startup screens have been replaced by permanent screens with
indicated perforations.

Examine control valves for proper installation for their intended function of throttling,
diverting, or mixing fluid flows.

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
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N. Examine system pumps to ensure absence of entrained air in the suction piping.

O. Examine operating safety interlocks and controls on HVAC equipment.

P. Report deficiencies discovered before and during performance of TAB procedures. Observe
and record system reactions to changesin conditions. Record default set points if different from
indicated values.

3.3 PREPARATION

A. Prepare a TAB plan that includes the following:

pODPE

Equipment and systemsto be tested.

Strategies and step-by-step procedures for balancing the systems.
Instrumentation to be used.

Sample forms with specific identification for all equipment.

B. Perform system-readiness checks of HVAC systems and equipment to verify system readiness
for TAB work. Include, at a minimum, the following:

1. Airside:

)

T TQ@ o a0 o

Verify that leakage and pressure tests on air distribution systems have been
satisfactorily compl eted.

Duct systems are complete with terminals installed.

Volume, smoke, and fire dampers are open and functional .
Cleanfiltersareinstalled.

Fans are operating, free of vibration, and rotating in correct direction.
Variable-frequency controllers startup is complete and safeties are verified.
Automatic temperature-control systems are operational.

Ceilings areinstalled.

Windows and doors are installed.

Suitable access to balancing devices and equipment is provided.

2. Hydronics:

a

TS@mhmoanoT

Verify leakage and pressure tests on water distribution systems have been
satisfactorily completed.

Piping is complete with terminals installed.

Water treatment is complete.

Systems are flushed, filled, and air purged.

Strainers are pulled and cleaned.

Control valves are functioning per the sequence of operation.

Shutoff and balance valves have been verified to be 100 percent open.
Pumps are started and proper rotation is verified.

Pump gage connections are installed directly at pump inlet and outlet flanges or in
discharge and suction pipe prior to vaves or strainers.

Variable-frequency controllers startup is complete and safeties are verified.
Suitable access to balancing devices and equipment is provided.
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34

3.5

GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on each system according to the procedures
contained in [AABC's " National Standardsfor Total System Balance'] [ASHRAE 111]
[NEBB's" Procedural Standardsfor Testing, Adjusting, and Balancing of Environmental
Systems'] [SMACNA's"HVAC Systems - Testing, Adjusting, and Balancing"] and in this
Section.

Cut insulation, ducts, pipes, and equipment cabinets for installation of test probesto the
minimum extent necessary for TAB procedures.

1. After testing and balancing, patch probe holesin ducts with same material and thickness
as used to construct ducts.

2. After testing and balancing, install test ports and duct access doors that comply with
requirements in Section 233300 "Air Duct Accessories.”

3. Install and join new insulation that matches removed materials. Restore insulation,
coverings, vapor barrier, and finish according to Section 230713 "Duct Insulation,"
Section 230716 "HVAC Equipment Insulation,” and Section 230719 "HVAC Piping
Insulation."

Mark equipment and balancing devices, including damper-control positions, valve position
indicators, fan-speed-control levers, and similar controls and devices, with paint or other
suitable, permanent identification materia to show final settings.

Take and report testing and balancing measurements in [inch-pound (1P)] [and] [metric (SI)]
units.

TOLERANCES
Set HVAC system's airflow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans: [Plus or minus 10 per cent]
<Insert value>.

2. AirOutletsand Inlets: [Plus or minus 10 percent] <Insert value>.

3. Heating-Water Flow Rate: [Plus or minus 10 percent] <Insert value>.

4.  Cooling-Water Flow Rate: [Plus or minus 10 percent] <Insert value>.

Maintaining pressure relationships as designed shall have priority over the tolerances specified
above.
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3.6

3.7

PROGRESS REPORTING

Initial Construction-Phase Report: Based on examination of the Contract Documents as
specified in "Examination” Article, prepare areport on the adequacy of design for systems
balancing devices. Recommend changes and additions to systems balancing devices to facilitate
proper performance measuring and balancing. Recommend changes and additionsto HVAC
systems and general construction to allow access for performance measuring and balancing
devices.

Status Reports: Prepare [weekly] [biweekly] [monthly] <Insert time interval> progress
reports to describe completed procedures, proceduresin progress, and scheduled procedures.
Include alist of deficiencies and problems found in systems being tested and balanced. Prepare
a separate report for each system and each building floor for systems serving multiple floors.

FINAL REPORT

General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.

1. Include acertification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.

2. Include alist of instruments used for procedures, along with proof of calibration.

3. Certify validity and accuracy of field data.

Final Report Contents: In addition to certified field-report data, include the following:

Pump curves.

Fan curves.

Manufacturers test data.

Field test reports prepared by system and equipment installers.

Other information relative to equipment performance; do not include Shop Drawings and
Product Data.

SUE N

General Report Data: In addition to form titles and entries, include the following data:

Title page.

Name and address of the TAB speciaist.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.
Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.

Summary of contents including the following:

BooNoOa~ONE
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12.
13.
14.
15.

a Indicated versus final performance.
b.  Notable characteristics of systems.
c.  Description of system operation sequenceif it varies from the Contract Documents.

Nomenclature sheets for each item of egquipment.

Data for terminal units, including manufacturer's name, type, size, and fittings.

Notes to explain why certain final datain the body of reports vary from indicated val ues.
Test conditions for fans and pump performance forms including the following:

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling cail, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

S@ 000 T

D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present
each system with single-line diagram and include the following:

NogohkrwbdpE

Quantities of outdoor, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Termina units.

Balancing stations.

Position of balancing devices.

E. Air-Handling-Unit Test Reports: For air-handling units with coils, include the following:

1. Unit Data
a Unit identification.
b. Location.
C. Make and type.
d.  Model number and unit size.
e.  Manufacturer's serial number.
f. Unit arrangement and class.
g. Discharge arrangement.
h.  Sheave make, sizein inches, and bore.
i. Center-to-center dimensions of sheave and amount of adjustmentsin inches.
j- Number, make, and size of belts.
k.  Number, type, and size of filters.

2. Motor Data:
a Motor make, and frame type and size.
b.  Horsepower and rpm.
c.  Volts, phase, and hertz.
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d. Full-load amperage and service factor.
e Sheave make, size in inches, and bore.
f. Center-to-center dimensions of sheave and amount of adjustmentsin inches.

3. Test Data (Indicated and Actual Values):

Total airflow rate in cfm.

Total system static pressure in inches wg.

Fan rpm.

Discharge static pressure in inches wg.

Filter static-pressure differential in incheswg.
Preheat-coil static-pressure differential in inches wg.
Cooling-coil static-pressure differential in inches wg.
Heating-coil static-pressure differential in inches wg.
Outdoor airflow in cfm.

Return airflow in cfm.

Outdoor-air damper position.

Return-air damper position.

m.  Vortex damper position.

XTI oSQ o0 o

F. Apparatus-Coil Test Reports:
1. Coil Data

System identification.
Location.

Cail type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.
Faceareain sq. ft..

Tube sizein NPS.

Tube and fin materials.
Circuiting arrangement.

T S@ oo oe

2. Test Data (Indicated and Actua Vaues):

Airflow ratein cfm.

Average face velocity in fpm.

Air pressure drop in inches wg.

Outdoor-air, wet- and dry-bulb temperaturesin deg F.
Return-air, wet- and dry-bulb temperaturesin deg F.
Entering-air, wet- and dry-bulb temperaturesin deg F.
Leaving-air, wet- and dry-bulb temperaturesin deg F.
Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Entering-water temperature in deg F.

L eaving-water temperaturein deg F.

Refrigerant expansion valve and refrigerant types.
Refrigerant suction pressurein psig.

Refrigerant suction temperaturein deg F.

S3ITATITSQ@QOo0 T
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0. Inlet steam pressurein psig.

G. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup
equipment reports, include the following:

1. Unit Data

System identification.

Location.

Make and type.

Model number and unit size.

Manufacturer's serial number.

Fuel typein input data.

Output capacity in Btu/h.

Ignition type.

Burner-control types.

Motor horsepower and rpm.

Motor volts, phase, and hertz.

Motor full-load amperage and service factor.
Sheave make, size in inches, and bore.
Center-to-center dimensions of sheave and amount of adjustmentsin inches.

S3ITATITSQ@TO Qo0 TR

2. Test Data (Indicated and Actual Vaues):

Total airflow ratein cfm.

Entering-air temperaturein deg F.
Leaving-air temperature in deg F.

Air temperature differential in deg F.
Entering-air static pressure in inches wg.
Leaving-air static pressure in inches wg.
Air static-pressure differential in inches wg.
Low-fire fuel input in Btu/h.

High-fire fuel input in Btu/h.

Manifold pressure in psig.
High-temperature-limit setting in deg F.
Operating set point in Btu/h.

Motor voltage at each connection.
Motor amperage for each phase.

Heating value of fuel in Btu/h.

OPS3ITARTITS@rOoQ0TY

H. Electric-Coil Test Reports: For electric furnaces, duct coils, and electric coilsinstalled in
central-station air-handling units, include the following:

1. Unit Data:

System identification.

Location.

Coil identification.

Capacity in Btu/h.

Number of stages.

Connected volts, phase, and hertz.

~ooo TR
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g. Rated amperage.
h.  Airflow ratein cfm.

i Face areain sqg. ft..

J- Minimum face velocity in fpm.

2. Test Data(Indicated and Actual Values):

Heat output in Btu/h.

Airflow ratein cfm.

Air velocity in fpm.

Entering-air temperature in deg F.
Leaving-air temperature in deg F.
Voltage at each connection.
Amperage for each phase.

@rpopow

l. Fan Test Reports: For supply, return, and exhaust fans, include the following:
1. FanDaa

System identification.

Location.

Make and type.

Model number and size.

Manufacturer's serial number.

Arrangement and class.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave and amount of adjustmentsin inches.

S@ 000 T

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustmentsin inches.
Number, make, and size of belts.

Q@roooow

3. Test Data(Indicated and Actual Values):

Total airflow ratein cfm.

Total system static pressure in inches wg.
Fan rpm.

Discharge static pressure in inches wg.
Suction static pressure in inches wg.

CaepoTe

J. Round, Flat-Oval, and Rectangular Duct Traverse Reports: Include a diagram with agrid
representing the duct cross-section and record the following:

1 Report Data:
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System and air-handling-unit number.
Location and zone.

Traverse air temperature in deg F.
Duct static pressure in inches wg.
Duct sizein inches.

Duct areaiin sg. ft..

Indicated airflow ratein cfm.
Indicated velocity in fpm.

Actual airflow rate in cfm.

Actual average velocity in fpm.
Barometric pressurein psig.

XTI STQ o0 o

K. Air-Terminal-Device Reports:
1. Unit Data

System and air-handling unit identification.
Location and zone.

Apparatus used for test.

Areaserved.

Make.

Number from system diagram.

Type and model number.

Size.

Effectiveareain sq. ft..

“Se@rpapoTw

2. Test Data (Indicated and Actua Vaues):

Airflow ratein cfm.

Air velocity in fpm.

Preliminary airflow rate as needed in cfm.
Preliminary velocity as needed in fpm.
Final airflow rate in cfm.

Final velocity in fpm.

Space temperaturein deg F.

Q@roooow

L. System-Coil Reports: For reheat coils and water coils of terminal units, include the following:
1 Unit Data:

System and air-handling-unit identification.
Location and zone.

Room or riser served.

Coil make and size.

Flowmeter type.

CapoTe

2. Test Data (Indicated and Actual Vaues):

a.  Airflowratein cfm.
b.  Entering-water temperature in deg F.
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L eaving-water temperature in deg F.
Water pressure drop in feet of head or psig.
Entering-air temperature in deg F.
Leaving-air temperature in deg F.

~0o a0

M.  Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and

include the following:
1. Unit Data:

Unit identification.

Location.

Service.

Make and size.

Model number and serial number.

Water flow rate in gpm.

Water pressure differential in feet of head or psig.

Pump rpm.

Impeller diameter in inches.

Motor make and frame size.

Motor horsepower and rpm.

Voltage at each connection.
Amperage for each phase.

Full-load amperage and service factor.
Sedl type.

TOS3ITATTS@TOQROTY

2. Test Data (Indicated and Actual Vaues):

Static head in feet of head or psig.

Pump shutoff pressurein feet of head or psig.
Actual impeller sizein inches.

Full-open flow rate in gpm.

Full-open pressure in feet of head or psig.
Final discharge pressure in feet of head or psig.
Final suction pressurein feet of head or psig.
Final total pressurein feet of head or psig.
Final water flow ratein gpm.

Voltage at each connection.

Amperage for each phase.

XTI STQ o0 o

N. Instrument Calibration Reports:

1 Report Data:

a  Instrument type and make.
b.  Seria number.

c. Application.

d. Datesof use

e

Dates of calibration.

Required net positive suction head in feet of head or psig.
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39

VERIFICATION OF TAB REPORT

The TAB specialist's test and balance engineer shall conduct the inspection in the presence of
[Architect] [Owner] [Construction Manager] [commissioning authority].

[Architect] [Owner] [Construction Manager] [Commissioning authority] shall randomly
select measurements, documented in the final report, to be rechecked. Rechecking shall be
limited to either 10 percent of the total measurements recorded or the extent of measurements
that can be accomplished in a normal 8-hour business day.

If rechecks yield measurements that differ from the measurements documented in the final
report by more than the tolerances allowed, the measurements shall be noted as"FAILED."

If the number of "FAILED" measurementsis greater than 10 percent of the total measurements
checked during the final inspection, the testing and balancing shall be considered incomplete
and shall be rejected.

If TAB work fails, proceed as follows:

1.  TAB specidists shall recheck all measurements and make adjustments. Revise the final
report and balancing device settings to include al changes; resubmit the final report and
request a second final inspection.

2. If the second final inspection also fails, Owner may contract the services of another TAB
specialist to complete TAB work according to the Contract Documents and deduct the
cost of the services from the original TAB specialist's final payment.

3. If the second verification also fails, [Owner] [design professional] [Architect] may
contact AABC Headquarters regarding the AABC National Performance Guaranty.

Prepare test and inspection reports.

ADDITIONAL TESTS

Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions
are being maintained throughout and to correct unusual conditions.

Seasonal Periods: If initial TAB procedures were not performed during near-peak summer and
winter conditions, perform additional TAB during near-peak summer and winter conditions.

END OF SECTION 230593
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SECTION 230713 - DUCT INSULATION

PART 1- GENERAL

11

12

13

14

SUMMARY
Section includes insulating the following duct services:

Indoor, concealed supply and outdoor air.

Indoor, exposed supply and outdoor air.

Indoor, concealed return located in unconditioned space.

Indoor, exposed return located in unconditioned space.

Indoor, concealed, Type |, commercial, kitchen hood exhaust.

Indoor, exposed, Type |, commercial, kitchen hood exhaust.

Indoor, concealed oven and warewash exhaust.

Indoor, exposed oven and warewash exhaust.

Indoor, concealed exhaust between isolation damper and penetration of building exterior.
10. Indoor, exposed exhaust between isolation damper and penetration of building exterior.
11. Qutdoor, concealed supply and return.

12.  Outdoor, exposed supply and return.

©CoOoNOT~WwWDNE

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers are to be marked with the manufacturer's name,
appropriate ASTM standard designation, type and grade, and maximum use temperature.
COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section
230529 "Hangers and Supports for HVAC Piping and Equipment.”

Coordinate clearance requirements with duct Installer for duct insulation application. Before
preparing ductwork Shop Drawings, establish and maintain clearance requirements for
installation of insulation and field-applied jackets and finishes and for space required for

mai ntenance.

Coordinate installation and testing of hest tracing.

SCHEDULING

Schedule insulation application after pressure testing systems and, where required, after
installing and testing heat tracing. Insulation application may begin on segments that have
satisfactory test results.
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PART 2 - PRODUCTS

21

A.

PERFORMANCE REQUIREMENTS

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products in accordance with ASTM E84, by atesting agency acceptable to authorities
having jurisdiction. Factory label insulation, jacket materials, adhesive, mastic, tapes, and
cement material containers with appropriate markings of applicable testing agency.

1. [All Insulation Installed Indoors: Flame-spread index of 25 or less, and
smoke-developed index of 50 or less]

2. [All Insulation Installed Indoors; Outdoor s-Installed I nsulation in Contact with
Airstream: Flame-spread index of 25 or less, and smoke-developed index of 50 or
less]

3. [All Insulation Installed Indoors and Outdoors: Flame-spread index of 25 or less,
and smoke-developed index of 50 or less]

PART 3 - EXECUTION

31 EXAMINATION
A. Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.
1.  Veify that systemsto beinsulated have been tested and are free of defects.
2. Verify that surfacesto be insulated are clean and dry.
B. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 PREPARATION
A. Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.
3.3 GENERAL INSTALLATION REQUIREMENTS
A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of ducts and fittings.
B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for
each item of duct system as specified in insulation system schedules.
C. Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, compress, or otherwise damage insulation or jacket.
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D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
E. Install multiple layers of insulation with longitudinal and end seams staggered.

F. Keep insulation materials dry during application and finishing. Replace insulation materials that
get wet during storage or in the installation process before being properly covered and sealed in
accordance with Contract Documentg|, unless otherwise approved by the
engineer -of-record].

G. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

H. Install insulation with least number of joints practical.

l. Where vapor barrier isindicated, seal joints, seams, and penetrationsin insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1.  Instal insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

3. Ingtal insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

K. Install insulation with factory-applied jackets as follows:

1.  Draw jacket tight and smooth, but not to the extent of creating wrinkles or areas of
compression in the insulation.

2. Cover circumferential joints with 3-inch- wide strips, of same material asinsulation
jacket. Secure strips with adhesive and outward clinching staples along both edges of
strip, spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches. Clean and dry surface to receive
self-sealing lap. Staple laps with outward clinching staples along edge at [2 inches] [4
inches] o.c.

a For below ambient services, apply vapor-barrier mastic over staples.

4.  Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at
ends adjacent to duct flanges and fittings.

L. Cut insulation in a manner to avoid compressing insulation.

M.  Finishinstallation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.
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N. Repair damaged insulation facings by applying same facing material over damaged areas.
Extend patches at |east 4 inches beyond damaged areas. Adhere, staple, and seal patches similar
to butt joints.

34 PENETRATIONS

A. Insulation Installation at Roof Penetrations: Install insulation continuously through roof
penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insul ation above roof surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside roof flashing at least 2 inches below top of
roof flashing.

4.  Sedl jacket to roof flashing with flashing sealant.

B. Insulation Installation at Aboveground Exterior Wall Penetrations:. Install insulation
continuously through wall penetrations.

1. Seal penetrations with flashing sealant.

2. For applications requiring only indoor insulation, terminate insulation inside wall surface
and seal with joint sealant. For applications requiring indoor and outdoor insulation,
install insulation for outdoor applications tightly joined to indoor insulation ends. Seal
joint with joint sealant.

3. Extend jacket of outdoor insulation outside wall flashing and overlap wall flashing at
least 2 inches.

4.  Sea jacket to wall flashing with flashing sealant.

C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

D. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Terminate insulation at
fire damper sleevesfor fire-rated wall and partition penetrations. Externally insulate damper
sleeves to match adjacent insulation and overlap duct insulation at least 2 inches.

1.  Comply with requirementsin Section 078413 "Penetration Firestopping.”

E. Insulation Installation at Floor Penetrations:

1 Duct: For penetrations through fire-rated assemblies, terminate insulation at fire damper
deeves and externaly insulate damper sleeve beyond floor to match adjacent duct
insulation. Overlap damper sleeve and duct insulation at least 2 inches.

2. Sed penetrations through fire-rated assemblies. Comply with requirementsin Section
078413 "Penetration Firestopping."
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35 INSTALLATION OF FLEXIBLE ELASTOMERIC AND POLY OLEFIN INSULATION

A. Comply with manufacturer's written installation instructions and ASTM C1710.

B. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate
openingsin insulation that allow passage of air to surface being insulated.

C. Square and Rectangular Ducts and Plenums:

1
2.

6.

Provide 1/4 inch more per side for atight, compression fit.
Cut sheet insulation with the following dimensions:

a.  Width of duct plus 1/4 inch, one piece.
b.  Height of duct plus 1/4 inch, plus thickness of insulation, two pieces.
c.  Width of duct plus 1/4 inch, plus two times the thickness of insulation, one piece.

Insulate the bottom of the duct with the sheet from (a) above, then the sides with the two
sheets from (b) above, and finally the top of the duct with the sheet from (c) above.
Insulation without self-adhering backing:

a. Apply 100 percent coverage of manufacturer adhesive on the metal surface, then
the insulation, except for the last 1/4 inch where sheets will butt together.

b.  Roall sheet down into position.

C. Press two sheets together under compression and apply adhesive at the butt joint to
seal the two sheets together.

Insulation with self-adhering backing:

a Peel back release paper in 6- to 8-inch increments and line up sheet.

b.  Pressfirmly to activate adhesive.

c.  Align material and continueto line up correctly, pressing firmly while slowly
removing release paper.

d.  Allow 1/4-inch overlap for compression at butt joints.

e.  Apply adhesive at the butt joint to seal the two sheets together.

Insulate duct brackets following manufacturer's written installation instructions.

D. Circular Ducts:

1.  Determine the circumference of the duct, using a strip of insulation the same thickness as
to be used.

2. Cut the sheet to the required size.

3. Apply 100 percent coverage of manufacturer adhesive on the metal surface then the
insulation.

4.  Apply manufacturer adhesive to the cut surfaces along 100 percent of the longitudinal
seam. Press together the seam at the ends and then the middle. Close the entire seam
starting from the middle.
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3.6

INSTALLATION OF GLASS-FIBER AND MINERAL-WOOL INSULATION

Blanket Insulation Installation on Ducts and Plenums. Secure with adhesive and insulation pins.

Comply with manufacturer's written installation instructions.

1

2.

Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for [100] [50] <Insert number> percent coverage of duct and plenum surfaces.

Apply adhesive to entire circumference of ducts and to all surfaces of fittings and
transitions.

Install either capacitor-discharge-weld pins and speed washers or cupped-head,
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of
vertical ducts as follows:

a On duct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
incheso.c.

b.  Onduct sideswith dimensions larger than 18 inches, place pins 16 inches o.c. each

way, and 3 inches maximum from insulation joints. Install additional pinsto hold

insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not overcompress insulation during installation.

Impale insulation over pins and attach speed washers.

Cut excess portion of pins extending beyond speed washers or bend parallel with

insulation surface. Cover exposed pins and washers with tape matching insulation

facing.

~0 a0

For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create afacing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive,
vapor-barrier mastic, and sealant at joints, seams, and protrusions.

a Repair punctures, tears, and penetrations with tape or mastic to maintain
vapor-barrier seal.

b. Install vapor stopsfor ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops consist of vapor-barrier mastic applied in a Z-shaped pattern
over insulation face, along butt end of insulation, and over the surface. Cover
insulation face and surface to be insulated a width equal to two times the insulation
thickness, but not less than 3 inches.

Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.
At end joints, secure with steel bands spaced a maximum of 18 inches o.c.

Install insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Install insulation on round and flat-oval duct elbows with individually
mitered gores cut to fit the elbow.
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7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on aternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.

C. Board Insulation Installation on Ducts and Plenums: Secure with adhesive and insulation pins.

1.  Apply adhesives according to manufacturer's recommended coverage rates per unit area,
for [100] [50] <Insert number> percent coverage of duct and plenum surfaces.

2. Apply adhesive to entire circumference of ducts and to al surfaces of fittings and
transitions.

3. Ingtall either capacitor-discharge-weld pins and speed washers or cupped-head,
capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of
vertical ducts asfollows:

a  Onduct sides with dimensions 18 inches and smaller, place pins along longitudinal
centerline of duct. Space 3 inches maximum from insulation end joints, and 16
inches o.c.

b.  Onduct sideswith dimensions larger than 18 inches, space pins 16 inches o.c. each

way, and 3 inches maximum from insulation joints. Install additional pinsto hold

insulation tightly against surface at cross bracing.

Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.

Do not overcompress insulation during installation.

e.  Cut excess portion of pins extending beyond speed washers or bend parallel with
insulation surface. Cover exposed pins and washers with tape matching insulation
facing.

20

4.  For ducts and plenums with surface temperatures below ambient, install a continuous
unbroken vapor barrier. Create afacing lap for longitudinal seams and end joints with
insulation by removing 2 inches from one edge and one end of insulation segment.
Secure laps to adjacent insulation section with 1/2-inch outward-clinching staples, 1 inch
o.c. Install vapor barrier consisting of factory- or field-applied jacket, adhesive,
vapor-barrier mastic, and sealant at joints, seams, and protrusions.

a Repair punctures, tears, and penetrations with tape or mastic to maintain
vapor-barrier seal.

b. Install vapor stopsfor ductwork and plenums operating below 50 deg F at 18-foot
intervals. Vapor stops consist of vapor-barrier mastic applied in a Z-shaped pattern
over insulation face, along butt end of insulation, and over the surface. Cover
insulation face and surface to be insulated a width equal to two times the insulation
thickness, but not less than 3 inches.

5.  Ingtal insulation on rectangular duct elbows and transitions with a full insulation section
for each surface. Groove and score insulation to fit as closely as possible to outside and
inside radius of elbows. Install insulation on round and flat-oval duct elbows with
individually mitered gores cut to fit the elbow.

6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with
6-inch- wide strips of same material used to insulate duct. Secure on aternating sides of
stiffener, hanger, and flange with pins spaced 6 inches o.c.
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3.7

FINISHES

A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material: Paint jacket with paint
system identified below and as specified in Section 099113 "Exterior Painting" and Section
099123 "Interior Painting."

1.  Flat Acrylic Finish: [Two] <Insert number > finish coats over a primer that is
compatible with jacket material and finish coat paint. Add fungicidal agent to render
fabric mildew proof.

a Finish Coat Materid: Interior, flat, |atex-emulsion size.

B. Color: Fina color as selected by Architect. Vary first and second coats to allow visual
inspection of the completed Work.

C. Do not field paint aluminum or stainless steel jackets.

3.8 DUCT INSULATION SCHEDULE, GENERAL

A. Plenums and Ducts Requiring Insulation:

1. Indoor, concealed supply and outdoor air.

2. Indoor, exposed supply and outdoor air.

3. Indoor, concealed return located in unconditioned space.

4.  Indoor, exposed return located in unconditioned space.

5. Indoor, concealed, Type |, commercial, kitchen hood exhaust.

6.  Indoor, exposed, Typel, commercial, kitchen hood exhaust.

7. Indoor, concealed oven and warewash exhaust.

8. Indoor, exposed oven and warewash exhaust.

9.  Indoor, concealed exhaust between isolation damper and penetration of building exterior.

10. Indoor, exposed exhaust between isolation damper and penetration of building exterior.

11. Outdoor, concealed supply and return.

12.  Outdoor, exposed supply and return.

B. Items Not Insulated:

1.  Fibrous-glassducts.

2. Metal ducts with duct liner of sufficient thickness to comply with energy code and
ASHRAE/IESNA 90.1.

3. Factory-insulated flexible ducts.

4.  Factory-insulated plenums and casings.

5. Flexible connectors.

6.  Vibration-control devices.

7.  Factory-insulated access panels and doors.
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39 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
A. Concedled, Type |, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation: Fire-rated
; thickness as required to achieve 2-hour fire rating.
B. Exposed, round and flat-oval, exhaust-air duct insulation is[ one of] the following:
1.  Polyolefin: [1inch] <Insert dimension> thick.
C. Exposed, Type I, Commercial, Kitchen Hood Exhaust Duct and Plenum Insulation: Fire-rated ;
thickness as required to achieve 2-hour fire rating.
3.10 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE
A. Concealed, rectangular, supply-air duct insulation ig[ one of] the following:
1.  Glass-Fiber Board: [2 inches] [3 inches] <Insert dimension> thick and [2 Ib/cu. ft.] [3
Ib/cu. ft.] [6 Ib/cu. ft.] nominal density.
311 INDOOR, FIELD-APPLIED JACKET SCHEDULE
A. Install jacket over insulation material. For insulation with factory-applied jacket, install the
field-applied jacket over the factory-applied jacket.
B. If more than one material is listed, selection from materias listed is Contractor's option.
C. Ducts and Plenums, Concealed:
1 None.
2. <Insertjacket type>.
D. Ducts and Plenums, Exposed:
1 None.
2.  <Insertjacket type>.
312 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE
A. Install jacket over insulation material. For insulation with factory-applied jacket, install the
field-applied jacket over the factory-applied jacket.
B. If more than one material islisted, selection from materials listed is Contractor's option.
C. Ducts and Plenums, Conceal ed:
1. None.
2. <lInsert jacket type>.
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D. Ducts and Plenums, Exposed, up to 48 Inchesin Diameter or with Flat Surfaces up to 72
Inches:

1. <Insertjacket type>.

E. Ducts and Plenums, Exposed, Larger Than 48 Inches in Diameter or with Flat Surfaces Larger
Than 72 Inches:

1. <Insertjacket type>.

END OF SECTION 230713
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SECTION 231123 - FACILITY NATURAL-GASPIPING

PART 1- GENERAL

11

12

13

14

15

SUMMARY

Section Includes:

1. Pipes, tubes, and fittings.
2. Manua gas shutoff valves.
DEFINITIONS

CWP: Cold working pressure.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied
spaces and mechanical equipment rooms.

Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces,

pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings,

unexcavated spaces, crawlspaces, and tunnels.

ACTION SUBMITTALS

Product Data:

1. Piping specidties.

2. Vaves. Include pressure rating, capacity, settings, and electrical connection data of
selected models.

3.  Didlectricfittings.

QUALITY ASSURANCE

Steel Support Welding Qualifications: Qualify procedures and personnel in accordance with
AWSD1.1/D1.1M, "Structural Welding Code - Stedl."

Pipe Welding Qualifications: Qualify procedures and operators in accordance with the ASME
Boiler and Pressure Vessel Code.

DELIVERY, STORAGE, AND HANDLING

Handling Flammable Liquids: Remove and dispose of liquids from existing natural -gas piping
in accordance with reguirements of authorities having jurisdiction.
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B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping,
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and
moisture.

C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging
coating, and protect from direct sunlight.

16 PROJECT CONDITIONS

A. Perform site survey, research public utility records, and verify existing utility locations. Contact

utility-locating service for area where Project is located.
17 COORDINATION

A. Coordinate requirements for piping identification for natural-gas piping. Comply with

requirements in Section 220553 "Identification of Plumbing Piping and Equipment.”
PART 2 - PRODUCTS

21 SOURCE LIMITATIONS

A. Obtain each product type from single source from single manufacturer.

2.2 PERFORMANCE REQUIREMENTS
A. Comply with the applicable Fuel Gas Code.
B. Minimum Operating-Pressure Ratings:
1 Piping and Valves: 100 psig minimum unless otherwise indicated.
C. Natural-Gas System Pressure within Buildings:
1.  SinglePressure: 0.5 psig or less.
D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
by aqualified testing agency, and marked for intended |ocation and application.
23 PIPES, TUBES, AND FITTINGS
A. Steel Pipe: ASTM AS53/A53M, black steel, Schedule 40, Type E or S, Grade B.
1. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150, standard pattern.

2. Wrought-Sted Welding Fittings: ASTM A234/A234M for butt welding and socket
welding.
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24

2.5

2.6

PIPING SPECIALTIES
Appliance Flexible Connectors:

Indoor, Fixed-Appliance Flexible Connectors: Comply with ANSI Z221.24.
Corrugated, stainless steel tubing with polymer coating.
Operating-Pressure Rating: 0.5 psig.

End Fittings: Zinc-coated steel.

Threaded Ends: Comply with ASME B1.20.1.

Maximum Length: 72 inches.

oukrwdprE

Y -Pattern Strainers:

1. Body: ASTM A126, Class B, cast iron with bolted cover and bottom drain connection.

2. End Connections: Threaded ends for NPS 2 and smaller; flanged ends for NPS 2-1/2 and
larger.

3. Strainer Screen: 40-mesh startup strainer, and perforated stainless steel basket with 50
percent free area.

4. CWPRating: 125 psig.

JOINING MATERIALS

Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate
for wall thickness and chemical analysis of steel pipe being welded.

MANUAL GAS SHUTOFF VALVES
Genera Requirementsfor Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33.

CWP Rating: 125 psig.

Threaded Ends: Comply with ASME B1.20.1.

Dryseal Threads on Flare Ends: Comply with ASME B1.20.3.

Listed and labeled by an NRTL acceptabl e to authorities having jurisdiction for valves 1
inch and smaller.

Service Mark: Valves NPS 1-1/4 to NPS 2 having initials "WOG" permanently marked
on valve body.

pODPE

o

Genera Requirements for Metallic Valves, NPS 2-1/2 and Larger: Comply with ASME
B16.38.

1. CWPRating: 125 psig.
2. Fanged Ends: Comply with ASME B16.5 for steel flanges.
3. Service Mark: Initials "WOG" permanently marked on valve body.

Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110.
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10.

Manufacturers. Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

a  A.Y.McDonad Mfg. Co.
b.  ApolloValves; apart of Aalberts Integrated Piping Systems.
C. BrassCraft Manufacturing Co.; a Masco company.

Body: Bronze, complying with ASTM B584.

Ball: Chrome-plated bronze.

Stem: Bronze; blowout proof.

Seats: Reinforced TFE; blowout proof.

Packing: Threaded-body packnut design with adjustable-stem packing.

Ends: Threaded, flared, or socket asindicated in "Aboveground, Manua Gas Shutoff
Valve Schedule" articles.

CWP Rating: 600 psig.

Listing: Vaves NPS 1 and smaller are to be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

D. Bronze Plug Vaves. MSS SP-78.

1

No o

8.

Manufacturers; Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

a.  A.Y.McDonald Mfg. Co.
b.  LeeBrass Company.

Body: Bronze, complying with ASTM B584.

Plug: Bronze.

Ends: Threaded, socket, or flanged as indicated in "Aboveground, Manual Gas Shutoff
Vave Schedule" articles.

Operator: Square head or lug type with tamperproof feature where indicated.

Pressure Class: 125 psig.

Listing: Vaves NPS 1 and smaller are to be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

E. Cast-1ron, Lubricated Plug Valves: MSS SP-78.

1.  Manufacturers: Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

a  A.Y.McDonad Mfg. Co.
b.  Flowserve Corporation.
C. Mueller Co. LLC; Mueller Water Products, Inc.

2. Body: Cast iron, complying with ASTM A126, Class B.
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Plug: Bronze or nickel-plated cast iron.

Seat: Coated with thermoplastic.

Stem Seal: Compatible with natural gas.

Ends: Threaded or flanged as indicated in "Aboveground, Manua Gas Shutoff Valve
Schedul€" articles.

Operator: Square head or lug type with tamperproof feature where indicated.

Pressure Class: 125 psig.

Listing: Valves NPS 1 and smaller are to be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

10. Service: Suitable for natural-gas service with "WOG" indicated on valve body.

o0k w
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PART 3 - EXECUTION

31 EXAMINATION
A. Examine roughing-in for natural-gas piping system to verify actual locations of piping
connections before equipment installation.
B. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 PREPARATION
A. Close equipment shutoff valves before turning off natural gas to premises or piping section.
B. Inspect natural-gas piping in accordance with the applicable Fuel Gas Code to determine that
natural-gas utilization devices are turned off in piping section affected.
C. Comply with the applicable Fuel Gas Code requirements for preventing accidental ignition.
33 INSTALLATION OF INDOOR PIPING
A. Comply with the applicable Fuel Gas Code for installation and purging of natural-gas piping.
B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Indicated locations and arrangements are used to size pipe and calculate friction loss,
expansion, and other design considerations. Install piping as indicated unless deviations to
layout are approved on Coordination Drawings.
C. Arrange for pipe spaces, chases, slots, sleeves, and openingsin building structure during
progress of construction, to allow for mechanical installations.
D. Do not install piping in concealed locations unless deeved with the sleeve open at both ends.
E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right
angles or paralel to building walls. Diagonal runs are prohibited unless specifically indicated
otherwise.
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F. Where installing piping above accessible ceilings, allow sufficient space for ceiling panel
removal.

G. Locate valves for easy access. Do not locate valves within return air plenums.

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
l. Install piping free of sags and bends.

J Install fittings for changes in direction and branch connections.

K. Verify final equipment locations for roughing-in.

L. Comply with reguirements in Sections specifying gas-fired appliances and equipment for
roughing-in requirements.

M.  Dripsand Sediment Traps: Install drips at points where condensate may collect, including
service-meter outlets. Locate where accessible to permit cleaning and emptying. Do not install
where condensate is subject to freezing.

1.  Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and
same size as connected pipe. Install with space below bottom of drip to remove plug or

cap.
2. Instal sediment trap on both sides of regulators for gas reduction to 2 psig with valve and
cap.

N. Conceal pipeinstallations in walls, pipe spaces, utility spaces, above ceilings, below grade or
floors, and in floor channels unless indicated to be exposed to view.

O. Concealed Location Installations: Except as specified below, install concealed natural-gas
piping and piping installed under the building in containment conduit constructed of steel pipe
with welded joints as described in Part 2. Install a vent pipe from containment conduit to
outdoors and terminate with weatherproof vent cap.

1.  AboveAccessible Cellings. Natural-gas piping, fittings, valves, and regulators may be
installed in accessible spaces without containment conduit.

2. InFloors: Install natural-gas piping with welded or brazed joints and protective coating in
cast-in-place concrete floors. Cover piping to be cast in concrete slabs with minimum of
1-1/2 inches of concrete. Piping may not bein physical contact with other metallic
structures such as reinforcing rods or el ectrically neutral conductors. Do not embed
piping in concrete slabs containing quick-set additives or cinder aggregate.

3. In Floor Channels: Install natural-gas piping in floor channels. Channels must have cover
and be open to space above cover for ventilation.

4.  InWallsor Partitions; Protect tubing installed inside partitions or hollow walls from
physical damage using steel striker barriers at rigid supports.

a Exception: Tubing passing through partitions or walls does not require striker
barriers.
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5. Prohibited L ocations:

a Do not install natural-gas piping in or through circulating air ducts, clothes or trash
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator
shafts.

b. Do notinstall natural-gas piping in solid walls or partitions.

P. Use eccentric reducer fittings to make reductionsin pipe sizes. Instal fittings with level side
down.

Q. Connect branch piping from top or side of horizontal piping.

R. Install unionsin pipes NPS 2 and smaller, adjacent to each valve, at final connection to each
piece of equipment. Unions are not required at flanged connections.

S. Do not use natural-gas piping as grounding electrode.

T. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for deeves specified in Section 230500 "Common Work Results for HVAC."

u. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Section 230500 "Common Work Results for HVAC."

V. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
reguirements for escutcheons specified in Section 230500 "Common Work Results for HVAC."

34 INSTALLATION OF VALVES

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless steel
tubing, aluminum, or copper connector.

B. Do not install valvesin return-air plenums.

35 PIPING JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.

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

C. Threaded Joints:
1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
2. Cut threadsfull and clean using sharp dies.
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
4.  Apply appropriate tape or thread compound to external pipe threads unless dryseal

threading is specified.
5. 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.
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3.6

3.7

3.8

Welded Joints:

1.  Construct jointsin accordance with AWS D10.12/D10.12M, using qualified processes
and welding operators.

2. Bevel plain ends of stedl pipe.

3. Patch factory-applied protective coating as recommended by manufacturer at field welds
and where damage to coating occurs during construction.

INSTALLATION OF HANGERS AND SUPPORTS

Comply with requirements in Section 230529 "Hangers and Supports for HYAC Piping and
Equipment" for hangers, supports, and anchor devices.

Install hangers for steel piping, with maximum horizontal spacing and minimum rod diameters,
to comply with MSS SP-58, locally enforced codes, and authorities having jurisdiction
reguirements, whichever are most stringent.

Install hangers for corrugated stainless steel tubing, with maximum horizontal spacing and
minimum rod diameters, to comply with manufacturer's written instructions, locally enforced
codes, and authorities having jurisdiction requirements, whichever are most stringent.

Support horizontal piping within 12 inches of each fitting.

Support vertical runs of steel piping to comply with MSS SP-58, locally enforced codes, and
authorities having jurisdiction requirements, whichever are most stringent.

Support vertical runs of corrugated stainless steel tubing to comply with manufacturer's written
instructions, locally enforced codes, and authorities having jurisdiction requirements,
whichever are most stringent.

PIPING CONNECTIONS

Connect to utility's gas main according to utility's procedures and requirements.

Install natural-gas piping electrically continuous, and bonded to gas-appliance equipment
grounding conductor of the circuit powering the appliance in accordance with NFPA 70.

Where installing piping adjacent to appliances, alow space for service and maintenance of
appliances.

Connect piping to appliances using manual gas shutoff valves and unions. Install valve within
72 inches of each gas-fired appliance and equipment. Install union between valve and
appliances or equipment.

FIELD QUALITY CONTROL

Tests and Inspections:
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1. Tedt, inspect, and purge natural gasin accordance with the applicable Fuel Gas Code and
authorities having jurisdiction.
2. Natural-gas piping will be considered defective if it does not pass tests and inspections.

B. Prepare test and inspection reports.

3.9 ABOVEGROUND, MANUAL GAS SHUTOFF VALVE SCHEDULE
A. Vavesfor pipe sizes NPS 2 and smaller are to be one of the following:

1. Two-piece, full -port, bronze ball valves with bronze trim.
2. Bronze plug valve.

B. Valvesfor pipe sizes NPS 2-1/2 and larger are to be one of the following:
1.  Bronzeplugvalve.

2. Cadt-iron, lubricated plug valve.

END OF SECTION 231123
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SECTION 233113 - METAL DUCTS

PART 1- GENERAL

11

A.

DEFINITIONS

OSHPD: Office of Statewide Health Planning and Development (State of California).

PART 2 - PRODUCTS

21

A.

B.

C.

D.

E.

PERFORMANCE REQUIREMENTS

Structural Performance: Duct hangers and supports[ and seismic restraints] are to withstand
the effects of gravity[ and seismic] loads and stresses within limits and under conditions
described in SMACNA's"HVAC Duct Construction Standards - Metal and Flexible" [and]
[ASCE/SEI 7] <Insert applicable building code>. [Seismically brace duct hangers and
supportsin accordance with] [SMACNA's" Seismic Restraint Manual: Guidelinesfor
Mechanical Systems."] [SMACNA's" Seismic Restraint Manual: Guidelinesfor

M echanical Systems- OSHPD Edition."] <Insert refer ence document.>

1.  Seismic Hazard Level (SHL): [AA] [A] [B] [C] [D].
2. Connection Level: [1] [2].
3.  <lInsert requirement>.

Seismic Performance: Ductwork to withstand the effects of earthquake motions determined in
accordance with [ASCE/SEI 7] <Insert requirement>. See Section 230548 "Vibration and
Seismic Controlsfor HVAC."

1.  Theterm "withstand" means "the unit will remain in place without separation of any parts
from the device when subjected to the seismic forces specified[ and the unit will be
fully operational after the seismic event]."

Component Importance Factor: [1.5] [1.0].

<Insert requirements for Component Amplification Factor and Component
Response M odification Factor>.

whmn

Wind Performance: Ducts are to withstand the effects of wind determined in accordance with to
[ASCE/SEI 7] <Insert requirement>. See Section 230548 "Vibration and Seismic Controls
for HVAC."

Airstream Surfaces. Surfacesin contact with airstream comply with requirementsin ASHRAE
62.1.

ASHRAE Compliance: Applicable requirementsin ASHRAE 62.1, Section 5 - " Systems and
Equipment,” and Section 7 - "Construction and System Startup.”
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PART 3 -

31

ASHRAE/IES Compliance: Applicable requirementsin ASHRAE/IES 90.1, Section 6.4.4 -
"HVAC System Construction and Insulation."

Duct Dimensions. Unless otherwise indicated, all duct dimensionsindicated on Drawings are
inside clear dimensions and do not include insulation or duct wall thickness.

EXECUTION

DUCT INSTALLATION

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.

Install ductsin accordance with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible" unless otherwise indicated.

Install ductsin maximum practical lengths with fewest possible joints.

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

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

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

Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.

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

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.

Install fire[, combination fire/smoke,] and smoke dampers where indicated on Drawings and
asrequired by code, and by loca authorities having jurisdiction. Comply with requirementsin
Section 233300 "Air Duct Accessories' for fire and smoke dampers and specific installation
requirements of the damper UL listing.

Install heating coails, cooling cails, air filters, dampers, and all other duct-mounted accessories
in air ducts where indicated on Drawings.

BRANDON OAKS THE PINES EXPANSION SFCS - 22119.00
METAL DUCTS 233113 - 2



32

33

Protect duct interiors from moisture, construction debris and dust, and other foreign materials
both before and after installation.[ Comply with SMACNA's" |AQ Guideinesfor Occupied
Buildings Under Construction,” Appendix G, " Duct Cleanlinessfor New Construction
Guidelines." ]

Elbows: Use long-radius elbows wherever they fit.
1.  Fabricate 90-degree rectangular mitered elbows to include turning vanes.
2. Fabricate 90-degree round elbows with a minimum of three segments for 12 inches and

smaller and a minimum of five segments for 14 inches and larger.

Branch Connections; Use lateral or conical branch connections.

INSTALLATION OF EXPOSED DUCTWORK
Protect ducts exposed in finished spaces from being dented, scratched, or damaged.

Trim duct sealants flush with metal. Create a smooth and uniform exposed bead. Do not use
two-part tape sealing system.

Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter. When
welding stainless stedl with aNo. 3 or 4 finish, grind the welds flush, polish the exposed welds,
and treat the welds to remove discoloration caused by welding.

Maintain consistency, symmetry, and uniformity in arrangement and fabrication of fittings,
hangers and supports, duct accessories, and air outlets.

Repair or replace damaged sections and finished work that does not comply with these
requirements.

ADDITIONAL INSTALLATION REQUIREMENTS FOR TYPE 1 COMMERCIAL
KITCHEN GREASE HOOD EXHAUST DUCT

Install ductsin accordance with NFPA 96, "Ventilation Control and Fire Protection of
Commercial Cooking Operation”; SMACNA's "HVAC Duct Construction Standards - Metal
and Flexible"; and SMACNA's "Kitchen Ventilation Systems and Food Service Equipment
Fabrication and Installation Guidelines' unless otherwise indicated.

Install all ducts without dips and traps that may hold grease, and sloped a minimum of 2 percent
to drain grease back to the hood.

All ducts exposed to view are to be constructed of stainless steel as per "Duct Schedule”
Article. All ducts concealed from view are to be [stainless] [carbon] steel as per "Duct
Schedule” Article.

All joints are to be welded and are to be telescoping, bell, or flange joint as per NFPA 96.
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Install fire-rated access panel assemblies at each change in direction and at maximum intervals
of [20] [12] <Insert dimension> feet in horizontal ducts, and at every floor for vertical ducts,
or asindicated on Drawings.

Do not penetrate fire-rated assemblies except as allowed by applicable building codes and
authorities having jurisdiction.

3.4 ADDITIONAL INSTALLATION REQUIREMENTS FOR EXHAUST DUCTS SERVING
COMMERCIAL DISHWASHERS AND OTHER HIGH-HUMIDITY LOCATIONS
A. Install dishwasher exhaust ducts and other exhaust ducts from wet, high-humidity locations
without dips and traps that may hold water. Slope ducts a minimum of 2 percent back to
dishwasher or toward drain.
B. Provide adrain pocket at each low point and at the base of each riser with a 1-inch trapped
copper drain from each drain pocket to open site floor drain.
C. Minimize number of transverse seams.
D. Do not locate longitudinal seams on bottom of duct.
35 ADDITIONAL INSTALLATION REQUIREMENTS FOR LABORATORY EXHAUST AND
FUME HOOD EXHAUST DUCTS
A. Install ductsin accordance with NFPA 45, "Fire Protection for Laboratories Using Chemicals."
B. Install exhaust ducts without dips and traps that may hold water. Slope ducts a minimum of 2
percent back to hood or inlet. Where indicated on Drawings, install trapped drain piping.
C. Connect duct to fan, fume hood, and other equipment indicated on Drawings.
3.6 DUCTWORK EXPOSED TO WEATHER
A. All external joints are to [be welded] [have secure watertight mechanical connections)]. Seal
al openings to provide weatherproof construction.
B. Construct ductwork to resist external oads of wind, snow, ice, and other effects of weather.
Provide necessary supporting structures.
C. Single Wall:
1 Ductwork isto be [Type 304] [Type 316] stainless stedl.
2. Ductwork isto be galvanized steel.
a  If duct outer surface is uninsulated, protect outer surface with suitable paint. Paint
materials and application requirements are specified in Section 099113 "Exterior
Painting."
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3.7

3. Where ducts have external insulation, provide weatherproof aluminum jacket. See
Section 230713 "Duct Insulation.”

Double Wall:

1.  Ductwork complies with requirementsin "Double-Wall Rectangular Ducts and Fittings'
or "Double-Wall Round [and Flat-Oval ]Ducts and Fittings" Article.

2. Ductwork outer wall isto be [Type 304] [Type 316] stainless steel indicated by
manufacturer to be suitable for outdoor installation.

3. Provideinterstitial insulation.

DUCT SEALING

Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct
Schedule" Article in accordance with SMACNA's "HV AC Duct Construction Standards -
Metal and Flexible."

Seal ducts at aminimum to the following seal classesin accordance with SMACNA's"HVAC
Duct Construction Standards - Metal and Flexible":

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

Outdoor, Supply-Air Ducts: Seal Class A.

Outdoor, Exhaust Ducts; Seal Class C.

Outdoor, Return-Air Ducts; Seal Class C.

Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower: Seal

ClassB.

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

Seal Class A.

Unconditioned Space, Exhaust Ducts: Seal Class C.

Unconditioned Space, Return-Air Ducts; Seal Class B.

Conditioned Space, Supply-Air Ductsin Pressure Classes 2-Inch wg and Lower: Sea

ClassC.

10. Conditioned Space, Supply-Air Ductsin Pressure Classes Higher Than 2-Inch wg: Seal
ClassB.

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

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

agrwbdpE

IS

© © N

3.8 SEISMIC-RESTRAINT-DEVICE INSTALLATION
A. See Section 230548 "Vibration and Seismic Controls for HVAC" for seismic restraint
installation requirements.
3.9 DUCTWORK CONNECTIONS
A. Make connections to equipment with flexible connectors complying with Section 233300 "Air
Duct Accessories."
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Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for
branch, outlet and inlet, and terminal unit connections.

3.10 PAINTING
A. Paint interior of metal ductsthat 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."

311 DUCT CLEANING
A. Clean new duct system(s) before testing, adjusting, and balancing.
B. For cleaning of existing ductwork, see Section 230130.52 "Existing HVAC Air Distribution

System Cleaning."

C. Use duct cleaning methodology asindicated in NADCA ACR.
D. Use service openings for entry and inspection.

1. Provide openings with access panels appropriate for duct static-pressure and leakage
class at dampers, coils, and any other locations where required for inspection and
cleaning access. Provide insulated panels for insulated or lined duct. Patch insulation and
liner as recommended by duct liner manufacturer. Comply with Section 233300 "Air
Duct Accessories' for access panels and doors.

2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.

3. Removeand reinstall ceiling to gain access during the cleaning process.

E. Particulate Collection and Odor Control:

1. When venting vacuuming system inside the building, use HEPA filtration with 99.97
percent collection efficiency for 0.3-micron-size (or larger) particles.

2. When venting vacuuming system to outdoors, use filter to collect debris removed from
HVAC system, and locate exhaust downwind and away from air intakes and other points
of entry into building.

F. Clean the following components by removing surface contaminants and deposits:

1.  Airoutletsand inlets (registers, grilles, and diffusers).

2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply
and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive
assemblies.

3. Air-handling unit internal surfaces and components including mixing box, coil section,
air wash systems, spray eliminators, condensate drain pans, humidifiers and
dehumidifiers, filters and filter sections, and condensate collectors and drains.

4.  Coilsand related components.

BRANDON OAKS THE PINES EXPANSION SFCS- 22119.00

METAL DUCTS 233113 - 6



5.

6.
7

Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and
mechanical equipment rooms.

Supply-air ducts, dampers, actuators, and turning vanes.

Dedicated exhaust and ventilation components and makeup air systems.

G. Mechanical Cleaning Methodology:

1

2.

No

Clean metal duct systems using mechanical cleaning methods that extract contaminants
from within duct systems and remove contaminants from building.

Use vacuum-collection devices that are operated continuously during cleaning. Connect
vacuum device to downstream end of duct sections so areas being cleaned are under
negative pressure.

Use mechanical agitation to dislodge debris adhered to interior duct surfaces without
damaging integrity of metal ducts, duct liner, or duct accessories.

Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner
to get wet. Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated
or that has friable material, mold, or fungus growth.

Clean coils and coil drain pansin accordance with NADCA ACR. Keep drain pan
operational. Rinse coils with clean water to remove latent residues and cleaning
materials; comb and straighten fins.

Provide drainage and cleanup for wash-down procedures.

Antimicrobial Agents and Coatings: Apply EPA-registered antimicrobial agentsif fungus
is present. Apply antimicrobial agents in accordance with manufacturer's written
instructions after removal of surface deposits and debris.

3.12 STARTUP

A. Air Balance: Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing
for HVAC."

3.13 DUCT SCHEDULE

A. Fabricate ducts with galvanized sheet steel except as otherwise indicated and as follows:

1

2.

3.

Fabricate all ducts to achieve SMACNA pressure class, seal class, and leakage class as
indicated below.

Underground Ducts: Concrete-encased, [galvanized sheet steel] [PV C-coated,
galvanized sheet steel with thicker coating on duct exterior] [stainless steel].
<Insert requirements>.

B. Supply Ducts:

1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units <Insert
equipment>:
a Pressure Class: Positive [1-] [2-] <Insert number>inch wg.
b.  Minimum SMACNA Seal Class: [A] [B] [C].
C. SMACNA Leakage Classfor Rectangular: [2] [4] [8] [16].
d.  SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].
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2. Ducts Connected to Constant-Volume Air-Handling Units <Insert equipment>:

Pressure Class: Positive [2-] [3-] <Insert number >inch wg.
Minimum SMACNA Seal Class. [A] [B].

SMACNA Leakage Class for Rectangular: [2] [4] [8] [16].
SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

oo

3. Ducts Connected to Variable-Air-Volume Air-Handling Units <Insert equipment>:

Pressure Class: Positive [3-] [4-] <Insert number>inch wg.
Minimum SMACNA Sed Class: [A] [B].

SMACNA Leakage Class for Rectangular: [2] [4] [8] [16].
SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

apopw

4.  Ducts Connected to Equipment Not Listed Above:

Pressure Class. Positive [2-] [3-] [4-] <Insert number >inch wg.
Minimum SMACNA Sedl Class: [A] [B] [C].

SMACNA Leakage Classfor Rectangular: [2] [4] [8] [16].
SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

apoTpw

C. Return Ducts:

1. Ducts Connected to Fan Coail Units, Furnaces, Heat Pumps, and Terminal Units <Insert

equipment>:

a Pressure Class: Positive or negative [1-] [2-] <Insert number>inch wg.
b.  Minimum SMACNA Sedl Class: [A] [B] [C].

C. SMACNA Leakage Class for Rectangular: [2] [4] [8] [16].

d.  SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

2. Ducts Connected to Air-Handling Units <Insert equipment>:

Pressure Class: Positive or negative [2-] [3-] <Insert number>inch wg.
Minimum SMACNA Seal Class: [A] [B] [C].

SMACNA Leakage Class for Rectangular: [2] [4] [8] [16].

SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

apoTpw

3. Ducts Connected to Equipment Not Listed above:

Pressure Class: Positive or negative [2-] [3-] [4-] <Insert number>inch wg.
Minimum SMACNA Seal Class: [A] [B] [C].

SMACNA Leakage Class for Rectangular: [2] [4] [8] [16].

SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

Qoo

D. Exhaust Ducts:
1.  Ducts Connected to Fans Exhausting (ASHRAE 62.1, Class 1 and 2) Air:

a Pressure Class: Negative [1-] [2-] [3-] <Insert number>inch wg.
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b.  Minimum SMACNA Sed Class. [A] [B] [C] if negative pressure, and A if positive
pressure.

Cc. SMACNA Leakage Classfor Rectangular: [2] [4] [8] [16].

d. SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

2. Ducts Connected to Air-Handling Units <Insert equipment>:

a Pressure Class: Positive or negative [2-] [3-] <Insert number>inch wg.

b.  Minimum SMACNA Seal Class: [A] [B] [C] if negative pressure, and [A] [B] [C]
if positive pressure.

c. SMACNA Leakage Classfor Rectangular: [2] [4] [8] [16].

d. SMACNA Leakage Classfor Round and Flat Oval: [2] [4] [8] [16].

3. Ducts Connected to Commercial Kitchen Hoods: Comply with NFPA 96.

a Exposed to View: Type 304, stainless steel sheet, [No. 4] [No. 3] <Insert finish>
finish.

Conceadled: [Type 304, stainless stedl sheet, No. 2D finish] [Carbon-steel sheet].
Welded seams and joints.

Pressure Class: Positive or negative [2-] [3-] [4-] <Insert number >inch wg.
Airtight/watertight.

PoooT

4.  Ducts Connected to Dishwashers, Dishwasher Hoods, and Other High-Humidity
Locations:

Type 304, stainless steel sheet.

Exposed to View: [No. 4] [No. 3] <Insert finish> finish.

Conceadled: [No. 2D] <Insert finish> finish.

Welded longitudinal seams; welded or flanged transverse joints with watertight
EPDM gaskets.

e Pressure Class: Positive or negative [2-] [3-] <Insert number>inch wg.

f Airtight/watertight.

oo oW

5. Ducts Connected to Fans Exhausting Fume Hood, Laboratory, and Process (ASHRAE
62.1, Class 3 and Class 4) Air:

a [Type 316] [Type 304], stainless steel sheet.

1) Exposed to View: [No. 4] [No. 3] <Insert finish> finish.
2) Concealed: [No. 2B] [No. 2D] <Insert finish> finish.

PV C-coated, galvanized sheet steel with thicker coating on duct interior.
Pressure Class: Positive or negative [3-] [4-] [6-] <Insert number >inch wg.
[Minimum SMACNA Seal ClassA] [Welded seams and jointg].
[SMACNA Leakage Class 2.]

[Airtight/watertight.]

~0 Q0T

6. Ducts Connected to Equipment Not Listed above:

a.  Pressure Class: Positive or negative [2-] [3-] [4-] <Insert number>inch wg.
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b.  Minimum SMACNA Seal Class: [A] [B] if negative pressure; A if positive
pressure.

Cc. SMACNA Leakage Classfor Rectangular: [2] [4] [8] [16].

d. SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

E. Outdoor-Air (Not Filtered, Heated, or Cooled) Ducts:

1. Ducts Connected to Fan Coil Units, Furnaces, Heat Pumps, and Terminal Units <Insert

equipment>:

a Pressure Class: Positive or negative [1-] [2-] <Insert number>inch wg.
b.  Minimum SMACNA Sedl Class: [A] [B] [C].

Cc. SMACNA Leakage Classfor Rectangular: [8] [16].

d. SMACNA Leakage Class for Round and Flat Oval: [8] [16].

2. Ducts Connected to Air-Handling Units <Insert equipment>:

Pressure Class: Positive or negative [2-] [3-] <Insert number>inch wg.
Minimum SMACNA Seal Class: [A] [B].

SMACNA Leakage Class for Rectangular: [2] [4] [8] [16].

SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].

apoTpw

3. Ducts Connected to Equipment Not Listed Above:

a.  Pressure Class: Positive or negative [2-] [3-] [4-] <Insert number>inch wg.
b.  Minimum SMACNA Sedl Class: [A] [B].
Cc. SMACNA Leakage Classfor Rectangular: [2] [4] [8] [16].
d.  SMACNA Leakage Class for Round and Flat Oval: [2] [4] [8] [16].
F. Intermediate Reinforcement:

1.  Galvanized-Steel Ducts: [Galvanized steel] [Carbon stedl coated with zinc-chromate
primer] [Galvanized steel or carbon steel coated with zinc-chromate primer].
2. PVC-Coated Ducts:

a Exposed to Airstream: Match duct material.
b. Not Exposed to Airstream: [Galvanized] [Match duct material].

3. Stainless Steel Ducts:

a Exposed to Airstream: Match duct material.
b.  Not Exposed to Airstream: [Galvanized] [M atch duct material].

4. Aluminum Ducts: [Aluminum] [or] [galvanized steel coated with zinc chromate].

G Liner
1. Supply-Air Ducts: , [5/8] [1] [1-1/2] [2] <Insert dimension> inch thick.
2. Return-Air Ducts: , [5/8] [1] [1-1/2] [2] <Insert dimension> inch thick.
3. Exhaust-Air Ducts: , [5/8] [1] <Insert dimension> inch thick.
4.  Supply Fan Plenums: , [5/8] [1] [1-1/2] [2] <Insert dimension> inch thick.
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5.  Return- and Exhaust-Fan Plenums: , [5/8] [1] [1-1/2] [2] <Insert dimension> inches
thick.
6.  Transfer Ducts: , [5/8] [1] [1-1/2] [2] <Insert dimension> inch thick.

H. Double-Wall Duct Interstitial Insulation:

1. Supply-Air Ducts: [1] [1-1/2] [2] <Insert dimension> inch thick.
2. Return-Air Ducts: [1] [1-1/2] [2] <Insert dimension> inch thick.
3. Exhaust-Air Ducts: [1] [1-1/2] [2] <Insert dimension> inch thick.

l. Elbow Configuration:

1.  Rectangular Duct - Requirements for Different Velocities: Comply with SMACNA's
"HVAC Duct Construction Standards - Metal and Flexible," Figure 4-2, "Rectangular
Elbows."

a.  Vdocity 1000 fpm or Lower:

1) Radius Type RE 1 with minimum 0.5 radius-to-diameter ratio.
2) Mitered Type RE 4 without vanes.

b.  Vedocity 1000 to 1500 fpm:

1) Radius Type RE 1 with minimum 1.0 radius-to-diameter ratio.

2) Radius Type RE 3 with minimum 0.5 radius-to-diameter ratio and two
vanes.

3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners,” and Figure 4-4, "Vane Support in Elbows."

c.  Velocity 1500 fpm or Higher:

1) Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

2) Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two
vanes.

3) Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners,” and Figure 4-4, "Vane Support in Elbows."

2. Rectangular Duct - Requirements for All Velocities. Comply with SMACNA's"HVAC
Duct Construction Standards - Metal and Flexible," Figure 4-2, "Rectangular Elbows."

a Radius Type RE 1 with minimum 1.5 radius-to-diameter ratio.

b.  Radius Type RE 3 with minimum 1.0 radius-to-diameter ratio and two vanes.

(o Mitered Type RE 2 with vanes complying with SMACNA's "HVAC Duct
Construction Standards - Metal and Flexible," Figure 4-3, "Vanes and Vane
Runners,” and Figure 4-4, "Vane Support in Elbows."

3. Round Duct: Comply with SMACNA's "HVAC Duct Construction Standards - Metal and
Flexible," Figure 3-4, "Round Duct Elbows."
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a Minimum Radius-to-Diameter Ratio and Elbow Segments. Comply with
SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table
3-1, "Mitered Elbows." Elbows with less than 90-degree change of direction have
proportionately fewer segments.

1)
2)
3)

4)

Velocity 1000 fpm or Lower: 0.5 radius-to-diameter ratio and three
segments for 90-degree elbow.

Velocity 1000 to 1500 fpm: 1.0 radius-to-diameter ratio and four segments
for 90-degree elbow.

Velocity 1500 fpm or Higher: 1.5 radius-to-diameter ratio and five segments
for 90-degree elbow.

Radius-to Diameter Ratio: 1.5.

b.  Round Elbows, [12] <Insert dimension> Inches and Smaller in Diameter:
Stamped or pleated.

C. Round Elbows, [14] <Insert dimension> Inches and Larger in Diameter:
[Standing seam] [Welded].

J Branch Configuration:

1.  Rectangular Duct: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 4-6, "Branch Connection."

a  Rectangular Main to Rectangular Branch: 45-degree entry.
b. Rectangular Main to Round Branch: Conical spinin.

2. Round and Flat Oval: Comply with SMACNA's "HVAC Duct Construction Standards -
Metal and Flexible," Figure 3-5, "90 Degree Tees and Laterals," and Figure 3-6, "Conical
Tees." Saddle taps are permitted in existing duct.

a.  Velocity 1000 fpm or Lower: 90-degree tap.
b.  Vedocity 1000 to 1500 fpm: Conical tap.
c.  Veocity 1500 fpm or Higher: 45-degree |ateral.

END OF SECTION 233113
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SECTION 233300 - AIR DUCT ACCESSORIES

PART 1- GENERAL

PART 2 - PRODUCTS

21

MATERIALS
Galvanized Sheet Sted: Comply with ASTM A653/A653M.

1.  Galvanized Coating Designation: [G60] [G90].
2. Exposed-Surface Finish: Mill phosphatized.

Stainless Steel Sheets: Comply with ASTM A480/A480M, Type 304, and having a[No. 2]
<Insert finish designation> finish for concealed ducts and <Insert finish designation> finish
for exposed ducts.

Aluminum Sheets: Comply with ASTM B209/B209M, Alloy 3003, Temper H14; with mill
finish for concealed ducts and standard, one-side bright finish for exposed ducts.

Extruded Aluminum: Comply with ASTM B221, Alloy 6063, Temper T6.

Reinforcement Shapes and Plates. Galvanized-sted reinforcement where installed on
galvanized sheet metal ducts, compatible materials for aluminum and stainless steel ducts.

Tie Rods: Galvanized steel, [1/4-inch] <Insert dimension> minimum diameter for lengths 36
inches or less; [3/8-inch] <Insert dimension> minimum diameter for lengths longer than 36
inches.

PART 3 - EXECUTION

END OF SECTION 233300
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SECTION 233346 - FLEXIBLE DUCTS

PART 1 - GENERAL (Not Applicable)

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 233346
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SECTION 233423 - HYAC POWER VENTILATORS

PART 1 - GENERAL (Not Applicable)

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 233416
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SECTION 233713.23 - REGISTERS AND GRILLES

PART 1- GENERAL

PART 2 - PRODUCTS

PART 3 - EXECUTION

31 EXAMINATION

A. Examine areas where registers and grilles are 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 OF REGISTERS AND GRILLES
A. Install registers and grilleslevel and plumb.

B. Outlets and Inlets Locations: 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. For unitsinstalled in lay-in ceiling panels, locate units in the center of panel.
Where architectural features or other items conflict with installation, notify Architect for a
determination of final location.

C. Install registers and grilles with airtight connections to ducts and to allow service and
maintenance of dampers, air extractors, and fire dampers.
3.3 ADJUSTING
A. After installation, adjust registers and grillesto air patterns indicated, or as directed, before

starting air balancing.

END OF SECTION 233713.23
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SECTION 235416.13 - GAS-FIRED FURNACES

PART 1- GENERAL

11 RELATED DOCUMENTS

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

12 SUMMARY

A. Section Includes;

1

Gas-fired furnaces, condensing.

B. Related Requirements:

Section 230548.13 "Vibration Controls for HVAC" for vibration isolation devices.
Section 231123 "Facility Natural-Gas Piping " for piping and connection requirements to
natural-gas system.

Section 233300 "Air Duct Accessories’ for flexible equipment connectors.

Section 238126 " Split-System Air-Conditioners' for connected DX cooling coil
requirements.

13 ACTION SUBMITTALS

A. Product Data: For each type of product.

1

Include rated capacities, operating characteristics, furnished specialties, and accessories.

B. Sustainable Design Submittals:

1

Product Data: For ventilation equipment, indicating compliance with ASHRAE 62.1,
Section 5 - "Systems and Equipment."

Ventilation: Product Datafor ventilation equipment, indicating compliance with
ASHRAE 62.1, Section 5 - " Systems and Equipment.”

Product Data: For adhesives, indicating VOC content.

Laboratory Test Reports. For adhesives, indicating compliance with requirements for
low-emitting materials.

C. Shop Drawings:

1. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

2. Include diagramsfor power, signal, and control wiring clearly differentiating between
factory- and field-installed wiring.
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14

15

16

17

INFORMATIONAL SUBMITTALS

Sample Warranty: For special warranty.

CLOSEOUT SUBMITTALS

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

1. Inaddition to items specified in Section 017823 "Operation and Maintenance Data,"
include the following:

a Furnace and accessories complete with controls.

MAINTENANCE MATERIAL SUBMITTALS

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.  Disposable Air Filters: Furnish one (1) complete set for each gas-fired furnace provided.

QUALITY ASSURANCE

ASHRAE Compliance: Applicable requirementsin ASHRAE 62.1, Section 5 - " Systems and
Equipment” and Section 7 - "Construction and Startup.”

ASHRAE/IES 90.1 Compliance: Applicable requirementsin ASHRAE/IES 90.1, Section 6 -
"Heating, Ventilating, and Air-Conditioning."

C. Comply with NFPA 70.
18 WARRANTY
A. Special Warranty: Manufacturer agrees to repair or replace the following components of
furnacesthat fail in materials or workmanship within specified warranty period:
1.  Warranty Period, Commencing on Date of Substantial Completion:
a Furnace Heat Exchanger: Twenty (20) years.
b.  Integrated Ignition and Blower Control Circuit Board: Ten (10) years.
BRANDON OAKS THE PINES EXPANSION SFCS - 22119.00
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PART 2 - PRODUCTS

21 ASSEMBLY DESCRIPTION

A. Electrical Components, Devices, and Accessories: Listed and |abeled as defined in NFPA 70,
Article 100, by a qualified testing agency, and marked for intended location and application.

22 GAS-FIRED FURNACES, CONDENSING

A. Manufacturers. Daikin isthe "Basis of Design”. Subject to compliance with the requirements
of this Sub-Section, available manufacturers offering products that may be incorporated into the
Work include, but are not limited to, the following:

AmanaHeating & Air Conditioning; under license to Goodman Company, L.P.

Bryant; Carrier Global Corporation.

Carrier Global Corporation.

Goodman Manufacturing Company, L.P.

Lennox Industries, Inc.; Lennox International.

Ruud Air Conditioning Division.

Trane.

Y ORK; brand of Johnson Controls International plc, Building Solutions North America.

N~ WONE

B. Cabinet: Galvanized stedl.

Cahinet interior around heat exchanger shall be factory-installed insulation.

Lift-out panels shall expose burners and all other items requiring access for maintenance.
Factory paint external cabinets in manufacturer's standard color.

Airstream Surfaces; Surfacesin contact with the airstream shall comply with
requirementsin ASHRAE 62.1.

Eal A

C. Fan: Centrifugal, factory balanced, resilient mounted, direct drive.
1.  Fan Molt'ors: Comply with requirements in Section 230500 "Common Work Results for
2. g[;/eg; Motor Features, ECM: Electronically controlled motor (ECM) controlled by
integrated furnace/blower control.
D. Type of Gas. Natural.
E. Heat Exchanger:

1. Primary: Aluminized stedl.
2. Secondary: Stainless steel.

F. Burner:
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1. GasVave: 100 percent safety modulating main gas valve, main shutoff valve, pressure
regulator, safety pilot with electronic flame sensor, limit control, transformer, and
combination ignition/fan timer control board.

2. Ignition: Electric pilot ignition, with hot-surface igniter or electric spark ignition.

G. Gas-Burner Safety Controls:

1.  Electronic Flame Sensor: Prevents gas valve from opening until pilot flameis proven;
stops gas flow on ignition failure.

2. Flame Roll-out Switch: Installed on burner box; prevents burner operation.

3. Limit Control: Fixed stop at maximum permissible setting; de-energizes burner on
excessive bonnet temperature; automatic reset.

H. Combustion-Air Inducer: Centrifugal fan with thermally protected motor and sleeve bearings
prepurges heat exchanger and vents combustion products; pressure switch prevents furnace
operation if combustion-air inlet or flue outlet is blocked.

l. Furnace Controls: Solid-state board integrates ignition, heat, cooling, and fan speeds;
adjustable fan-on and fan-off timing; terminals for connection to accessories; diagnostic light
with viewport.

J. Accessories:
1.  Combination Combustion-Air Intake and Vent: CPVC plastic fitting to combine
combustion-air inlet and vent through roof.
2. CPVCPastic Vent Materials:

a  CPVCPlastic Fittings: Schedule 40, complying with ASTM F438, socket type.
b. CPVC Solvent Cement: ASTM F493.

K. Capacities and Characteristics:

1. Seeequipment schedule on Drawings for Capacities and Characteristics.

23 THERMOSTATS

A. Controls shall comply with requirementsin ASHRAE/IES 90.1, Section 6 - "Heating,
Ventilating, and Air Conditioning."

B. Solid-State Thermostat: Wall-mounted,Wired or Wireless, programmable,
microprocessor-based unit with automatic switching from heating to cooling, preferential rate
control, seven-day programmability with minimum of four temperature pre-sets per day,
vacation mode, and battery back-up protection against power failure for program settings.

C. Control Wiring: Balanced twisted-pair cabling complying with requirements for Category 5ein
Section 260523 "Control-V oltage Electrical Power Cables."
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2.5

1 Manufacturers. Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,

the following:

a  Beldeninc.

b. Berk-Tek, aLeviton Company.

C. CommScope, Inc.

d. General Cable; Prysmian Group North America.
e Hitachi Cable Americalnc.

f. Mohawk; adivision of Belden Networking, Inc.
g.  West Penn Wire; brand of Belden, Inc.

2. Description: Shielded twisted pairs (FTP), No. 24 AWG, 100 ohms, four pair.
3. Cable Jacket Color: Blue.

AIRFILTERS

Manufacturers. Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

Aprilaire; Research Products Corp.

Filtrete Home Filtration Products; a 3M brand.
General Filters, Inc.

Permatron Corporation.

American Air Filter International (AAF).

agrwbdpE

Disposable Filters: 1-inch- thick fiberglass mediawith ASHRAE 52.2 MERV rating of 8 or
higher, in sheet metal frame.

REFRIGERATION COMPONENTS
General Refrigeration Component Requirements:

1 Refrigeration compressor, coils, and specialties shall be designed to operate with
CFC-freerefrigerants.
2. Energy Efficiency: Equal to or greater than prescribed by ASHRAE/IES 90.1.

Refrigerant Coil: Copper tubes mechanically expanded into aluminum fins. Comply with
AHRI 210/240. Match size with furnace. Include condensate drain pan with accessible drain
outlet complying with ASHRAE 62.1.

1.  Refrigerant Coil Enclosure: Steel, matching furnace and evaporator coil, with access
panel and flanges for integral mounting at or on furnace cabinet and galvanized sheet
metal drain pan coated with black asphaltic base paint.

Refrigerant Line Kits: Annealed-copper suction and liquid lines factory cleaned, dried,
pressurized with nitrogen, sealed, and with suction line insulated. Provide in standard lengths
for installation without joints, except at equipment connections.
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D.

1 Flexible Elastomeric: Closed-cell, sponge- or expanded-rubber materials. Comply with
ASTM C534/C534M, Type |, 1 inch thick.

Air-Cooled Compressor-Condenser Unit:

1. Casing: Sted, finished with baked enamel, with removable panels for access to controls,
weep holes for water drainage, and mounting holesin base. Provide brass service valves,
fittings, and gage ports on exterior of casing.

2. Compressor: Hermetically sealed, Variable-speed scroll type.

a Crankcase heater.

b.  Restrained vibration isolation mounts for compressor.

c.  Compressor motor shall have thermal- and current-sensitive overload devices, start
capacitor, relay, and contactor.

d. Refrigerant Charge: [R-32 or [R-454B.

w

Refrigerant Coil: Copper tube, with mechanically bonded aluminum fins, complying
with AHRI 210/240, and with liquid subcooler.

Heat-Pump Components. Reversing valve and low-temperature air cut-off thermostat.
Fan: Aluminum-propeller type, directly connected to motor.

Motor: Permanently lubricated, with integral thermal-overload protection.

Low Ambient Kit: Permits operation down to 45 deg F.

Mounting Base: Polyethylene.

N O A

Capacities and Characteristics:

1.  Refer to equipment schedule(s) on Drawings for Capacities and Characteristics.

PART 3 - EXECUTION

31 EXAMINATION
A. Examine areas and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.
B. Examine factory-installed insulation before furnace installation. Reject units that are wet,
moisture damaged, or mold damaged.
C. Examine roughing-in for gas and refrigerant piping systems to verify actual locations of piping
connections before equipment installation.
D. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION
A. Install gas-fired furnaces and associated fuel and vent features and systems according to NFPA
54.
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Base-Mounted Units: Secure units to substrate. Provide optional bottom closure base if
required by installation conditions.

1. Anchor furnace to substrate to resist code-required seismic acceleration.
Controls: Install thermostats at mounting height of 60 inches above floor.

Wiring Method: Install control wiring in accessible ceiling spaces and in gypsum board
partitions where unenclosed wiring method may be used. Conceal control wiring except in
unfinished spaces.

Install roof-mounted compressor-condenser components per Drawing deatils and on equipment
supports specified in Section 077200 "Roof Accessories." Anchor units to supports with
removable, cadmium-plated fasteners.

PIPING CONNECTIONS

Gas piping installation requirements are specified in Section 231123 "Facility Natural-Gas
Piping." Drawings indicate general arrangement of piping, fittings, and specialties. Connect gas
piping with union or flange and appliance connector valve.

Install piping adjacent to equipment to allow service and maintenance.

Vent and Outside-Air Connection, Condensing, Gas-Fired Furnaces: Connect plastic piping
vent materia to furnace connections and extend outdoors. Terminate vent outdoors with a cap
and in an arrangement that will protect against entry of birds, insects, and dirt.

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

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

3. Plastic Piping Solvent-Cement Joints. Clean and dry joining surfaces. Join pipe and
fittings according to the following:

a  Comply with ASTM F402 for safe-handling practice of cleaners, primers, and
solvent cements.
b. CPVCPiping: Join according to ASTM D2846/D2846M, Appendix.

4.  Slope pipe vent back to furnace or to outside terminal.

Connect refrigerant tubing kits to refrigerant coil in furnace and to air-cooled
compressor-condenser unit.

1. Flared Joints: Use ASME B16.26 fitting and flared ends, following proceduresin CDA's
"Copper Tube Handbook."

2. Soldered Joints: Apply ASTM B813, water-flushable flux, unless otherwise indicated, to
tube end. Construct joints according to ASTM B828 or CDA's " Copper Tube Handbook,"
using lead-free solder alloy complying with ASTM B32.
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3.5

3.6

3.7

DUCTWORK CONNECTIONS

Connect ducts to furnace with flexible connector. Comply with requirements in Section 233300
"Air Duct Accessories."

ELECTRICAL CONNECTIONS

Connect wiring according to Section 260519 "L ow-V oltage Electrical Power Conductors and
Cables."

Ground equipment according to Section 260526 " Grounding and Bonding for Electrical
Systems."

Install eectrical devices furnished by manufacturer, but not factory mounted, according to
NFPA 70 and NECA 1.

Install nameplate for each electrical connection, indicating electrical equipment designation and
circuit number feeding connection.

1.  Nameplate shall be laminated acrylic or melamine plastic signs, as specified in Section
260553 "Identification for Electrical Systems.”

2. Nameplate shall be laminated acrylic or melamine plastic signs with a black background
and engraved white letters at least 1/2 inch high.

CONTROL CONNECTIONS
Install control and electrical power wiring to field-mounted control devices.

Connect control wiring according to Section 260523 "Control-V oltage Electrical Power
Cables."

STARTUP SERVICE

Complete installation and startup checks according to manufacturer's written instructions and
perform the following:

Inspect for physical damage to unit casings.

Verify that access doors move freely and are weathertight.
Clean units and inspect for construction debris.

Verify that all bolts and screws are tight.

Adjust vibration isolation and flexible connections.
Verify that controls are connected and operational.

oukrowdpE

Adjust fan beltsto proper alignment and tension.

Start unit according to manufacturer's written instructions and complete manufacturer's
operational checklist.
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D. Measure and record airflows.
E. Verify proper operation of capacity control device.

F. After startup and performance test, lubricate bearings and adjust belt tension.

3.8 ADJUSTING
A. Adjust initial temperature and humidity set points.
B. Set controls, burner, and other adjustments for optimum heating performance and efficiency.
Adjust heat-distribution features, including shutters, dampers, and relays, to provide optimum
heating performance and system efficiency.

39 CLEANING

A. After completing installation, clean furnaces internally according to manufacturer's written
instructions.

B. Install new filtersin each furnace within 14 days after Substantial Completion.

3.10 FIELD QUALITY CONTROL
A. Perform the following tests and inspections:

1 Perform electrical test and visual and mechanical inspection.

2.  Leak Test: After installation, charge systems with refrigerant and test for leaks. Repair
leaks, replace lost refrigerant, and retest until no leaks exist.

3. Operational Test: After electrical circuitry has been energized, start units to confirm
proper operation, product capability, and compliance with requirements.

4.  Veify that fan wheel isrotating in the correct direction and is not vibrating or binding.

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

B. Verify that vibration isolation and flexible connections properly dampen vibration transmission
to structure.
311 DEMONSTRATION
A. Train Owner's maintenance personnel to adjust, operate, and maintain condensing units. Refer

to Section 017900 "Demonstration and Training."

END OF SECTION 235416.13
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SECTION 235533.16 - GAS-FIRED UNIT HEATERS

PART 1- GENERAL

11

A.

SUMMARY
Section Includes;

1. Gas-fired unit heaters.

PART 2 - PRODUCTS

PART 3 - EXECUTION

31

A.

3.2

A.

B.

3.3

A.

B.

INSTALLATION

Install and connect gas-fired unit heaters and associated gas and vent features and systems
according to [NFPA 54] [CSA B149.1], applicable local codes and regulations, and
manufacturer's written instructions.

EQUIPMENT MOUNTING

Suspended Units: Suspend from substrate using threaded rods, spring hangers, and building
attachments. Secure rods to unit hanger attachments. Adjust hangers so unit islevel and plumb.

Substrate-Mounted Units: Provide supports connected to substrate. Secure units to supports.

1. Spring hangers and seismic restraints] are specified in [Section 230529 " Hanger s and
Supportsfor HVAC Piping and Equipment."] [Section 230548 " Vibration and
Seismic Controlsfor HVAC."] [Section 230529 " Hangers and Supportsfor HVAC
Piping and Equipment” and Section 230548 " Vibration and Seismic Controlsfor
HVAC."]

2. Threaded Rods, Spring Hangers, and Building Attachments: Comply with requirements
in Section 230529 "Hangers and Supports for HY AC Piping and Equipment” and Section
230548 "Vibration and Seismic Controls for HVAC."

3. Anchor the unit to resist code-required horizontal acceleration.

CONNECTIONS

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

Where installing piping adjacent to gas-fired unit heater, allow space for service and
maintenance.
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3.5

Gas Piping: Comply with [Section 231123 " Facility Natur al-Gas Piping." ] [Section 231126
" Facility Liquefied-Petroleum Gas Piping."] Connect gas piping to gastrain inlet; provide
union with enough clearance for burner removal and service.

Vent Connections: Comply with Section 235123 "Gas Vents."

Ground equipment according to Section 260526 " Grounding and Bonding for Electrical
Systems."

Connect wiring according to Section 260519 "L ow-V oltage Electrical Power Conductors and
Cables."

ADJUSTING
Adjust initial temperature and humidity set points.

Adjust burner and other unit components for optimum heating performance and efficiency.

DEMONSTRATION

[Engage a factory-authorized service representativeto train] [Train] Owner's maintenance
personndl to adjust, operate, and maintain gas-fired unit heaters.

END OF SECTION 235533.16
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SECTION 237433 - DEDICATED OUTDOOR-AIR UNITS

PART 1- GENERAL

11

12

13

14

RELATED DOCUMENTS

The Drawings and General Provisions of the Contract, including the General and

Supplementary Conditions, and the Division 01 Specification Sections, apply to this Section.

SUMMARY

Section Includes:

1 Dedicated outdoor-air units.

Related Requirements:

1. Section 077200 "Roof Accessories' for additional roof curb requirements.

2. Section 230548.13 "Vibration Controls for HYAC" for additional requirements.

3. Section 231123 "Facility Natural-Gas Piping" for connection requirements for the DOAS
unit.

4.  Section 233300 "Air Duct Accessories' for flexible equipment duct connectors.

5. Section 284621.11 "Addressable Fire-Alarm Systems' for smoke detector requirements.

DEFINITIONS:

ECM: Electronically commutated motor.

ISCOP: Integrated Seasonal Coefficient of Performance.

ISMRE: Integrated Seasonal Moisture Removal Efficiency.

MRC: Moisture Removal Capacity.

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

a Include construction details, material descriptions, dimensions of individual
components and profiles, and finishes.

b. Include rated capacities, operating characteristics, electrical characteristics, and
furnished specialties and accessories.

C. Include unit dimensions and weight.

d. Include cabinet material, metal thickness, finishes, insulation, and accessories.
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e Fans:

1) Certified fan-performance curves with system operating conditions
indicated.

2) Certified fan-sound power ratings.

3) Fan construction and accessories.

4) Motor ratings, electrical characteristics, and motor accessories.

f. Include certified coil-performance ratings with system operating conditions
indicated.

g. Includefilters with performance characteristics.

h.  Include heat exchangers with performance characteristics.

i. Include dampers, including housings, linkages, and operators.
B. Sustainable Design Submittals:

Product Data: Showing compliance with ASHRAE 62.1.

Product Data: For air filtration performance.

Product Data: For adhesives, mastics, and sealants, indicating VOC content.
Laboratory Test Reports: For adhesives, mastics, and sealants, indicating compliance
with requirements for low-emitting materials.

Product Data:  For refrigerants, indicating compliance with refrigerant management
practices.

AODPE

o

C. Shop Drawings. For each dedicated outdoor-air unit.

1. Include plans, elevations, sections, and mounting details.
2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field

connection.
3. Include diagrams for power, signal, and control wiring.
15 INFORMATIONAL SUBMITTALS

A. Sample Warranty: For manufacturer's warranty.
B. Source quality-control reports.
C. Startup service reports.

D. Field quality-control reports.

16 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For dedicated outdoor-air units to include in emergency,
operation, and maintenance manuals.
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17

A.

18

A.

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.

1. FanBedts: One(1) set for each belt-driven fan.
2. Filters: One (1) set for each unit.
3. Gaskets: One (1) set for each access door.

WARRANTY

Warranty: Manufacturer agrees to replace components of dedicated outdoor-air units that fail
in materials or workmanship within specified warranty period.

1.  Waranty Period for Compressors. Ten (10) years from date of Substantial Completion.

2. Warranty Period for Heat Exchangers: Five (5) years from date of Substantial
Completion.

3. Warranty Period for Rotary Heat Exchangers. Five (5) years from date of Substantial
Completion.

PART 2 - PRODUCTS

21 PERFORMANCE REQUIREMENTS
A. Electrical Components, Devices, and Accessories: Listed and |abeled as defined in NFPA 70,
by an "NRTL" (nationally recognized testing laboratory), and marked for intended location and
application.
B. NFPA Compliance: Comply with NFPA 90A for design, fabrication, and installation of units
and components.
C. ASHRAE 62.1 Compliance: Applicable requirementsin ASHRAE 62.1, Section 5 - "Systems
and Equipment" and Section 7 - "Construction and Startup.”
D. ASHRAE 15 and ASHRAE 34 Compliance: For refrigeration system safety.
E. ASHRAE/IES 90.1 Compliance: Applicable requirementsin ASHRAE/IES 90.1, Section 6 -
"Heating, Ventilating, and Air-Conditioning."
F. ASHRAE 84 Compliance: Comply with capacity ratings for heat-wheel or fixed plate
energy-recovery equipment.
2.2 CAPACITIESAND CHARACTERISTICS
A. Refer to equipment schedule(s) on Drawings for Capacities and Characteristics.
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DEDICATED OUTDOOR-AIR UNITS

Manufacturers. Subject to compliance with the requirements of this Sub-Section, available
manufacturers offering products that may be incorporated into the Work include, but are not
limited to, the following:

©CoOoNOT WD E

10.
11.
12.

AAON.

Addison.

Carrier.

Daikin.

Desert Aire.
Greenheck.

Munters Corporation.
REZNOR, abrand of Nortek Global HVAC.
TempMaster.

Trane Co.

York HVAC.

XeteX.

Source Limitations: Obtain dedicated outdoor-air units from single manufacturer.

C. Unit Casing:

1.  Genera Fabrication Requirements for Casings. Formed and reinforced double-wall
insulated panels, fabricated to allow removal for accessto internal parts and components,
with joints between sections sealed.

2. Configuration: Horizontal unit with bottom discharge for roof-mounting installation.

3. Double-Wall Configuration:

a  Outside Casing Wall: Galvanized steel, stainless steel in cooling coil section,
minimum 18 gauge thick with manufacturer's standard finish, with pitched roof
panels and knockouts with grommet seals for electrical and piping connections and
lifting lugs.

b. Inside Casing Wall:

1) Inside Casing, Burner Section: Galvanized steel, solid, minimum 14-gauge-
thick stedl.
2) Inside Casing, All Other Sections: Galvanized steel, solid.

C. Floor Plate: Reinforced metal surface; reinforced to limit deflection when walked
on by service personnel. Insulation is provided below metal walking surface.

d. Roof: Standing seam or membrane; sloped to drain water.

e.  Casing Insulation:

1) Materials: Polyurethane foam insulation.
2) Casing Panel R-Value: Minimum R-13.
3) Insulation Thickness: 2 inches.
4) Thermal Break: Provide continuity of insulation with no through-casing
metal in casing walls, floors, or roofs of air-handling unit.
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4.  Airstream Surfaces. Surfacesin contact with airstream are to comply with requirements

in ASHRAE

62.1.

5. Static-Pressure Classifications:

a For Unit Sections Upstream of Fans: Minus 2 inches wg.
b.  For Unit Sections Downstream and Including Fans. 3 incheswg.

6. Panels and Doors;

a Panels:

1)
2)
3)
4)
b. Doors.
1)

2)

3)
4)

Fabrication: Formed and reinforced double-wall and insulated panels of
same materials and thicknesses as casing.

Fasteners: Two or more camlock-type fasteners for panel lift-out operation.
Arrangement isto allow panels to be opened against airflow.

Gasket: Neoprene, applied around entire perimeters of panel frames.

Size: Large enough to allow unobstructed access for inspection and
maintenance of unit's internal components.

Fabrication: Formed and reinforced double-wall and insulated panels of
same materials and thicknesses as casing.

Hinges: A minimum of two stainless steel piano hinge and two
wedge-lever latches, operable from inside and outside. Arrange doors to be
opened against airflow. Provide safety latch retainers on doors so that doors
do not open uncontrollably.

Gasket: Neoprene, applied around entire perimeters of panel frames.

Size: Large enough to alow for unobstructed access for inspection and
maintenance of air-handling unit'sinternal components.

C. Locations and Applications:

1)
2)
3)
4)
5)

6)

Fan Section: Doors.

Access Section: Doors.

Gas-Fired Burner Section: Panels.

Damper Section: Panels.

Filter Section: Doors large enough to allow periodic removal and
installation of filters.

Relief Section: Doors.

7. Condensate Drain Pans:

a  Location: Each refrigerant coil and rotary heat exchanger.
b.  Construction:

1)

Double-wall, non-corrosive polymer or stainless steel sheet.

c. Size: Largeenough to collect condensate from cooling coils, including coil piping
connections, coil headers, and return bends.
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d. Drain Connection:;

1) L ocated on one end of pan, at lowest point of pan.
2) Terminated with threaded nipple.
3) Minimum Connection Size: NPS 1-1/238.

e.  Sope Minimum 0.125-inch/ft. dlope, to comply with ASHRAE 62.1,] in at least
two planes to collect condensate from cooling coils (including coil piping
connections, coil headers, and return bends) and from humidifiers and to direct
water toward drain connection.

f. Length: Extend drain pan downstream from leaving face for distance to comply
with ASHRAE 62.1.

g.  Width: Entire width of water-producing device.

h.  Depth: A minimum of 2 inches deep.

D. Fans, Drives, And Motors:

1.  Fanand Drive Assemblies: Statically and dynamically balanced and designed for
continuous operation at maximume-rated fan speed and motor horsepower.

2. Supply-Air Fans and Relief-Air Fans: Centrifugal; galvanized or painted steel; mounted
on solid-stedl shaft.

a Shafts: With field-adjustable alignment.
1) Turned, ground, and polished hot-rolled steel with keyway.
b.  Shaft Bearings:

1) Heavy-duty, self-aligning, pillow-block type with an L-50 rated life of
minimum 200,000 hours in accordance with ABMA 9.

C. Housings: Formed- and reinforced-steel panelsto form curved scroll housings with
shaped cutoff and spun-metal inlet bell.

1) Bracing: Steel angle or channel supports for mounting and supporting fan
scroll, wheel, motor, and accessories.

d.  Housings, Plenum Fans: Steel frame and panel; fabricated without fan scroll and
volute housing. Provide inlet screens for Type SWSI fans.

e Backward-Inclined, Centrifugal Fan Wheels. Construction with curved inlet
flange, backplate, backward-inclined blades welded to flange and backplate; steel
hub riveted to backplate and fastened to shaft with setscrews.

f. Mounting: For internal vibration isolation. Factory mount fans with manufacturer's
standard vibration isolation mounting devices having a minimum static deflection
of 1inch.

g.  Shaft Lubrication Lines: Extended to alocation outside the casing.

h.  Flexible Connector: Factory fabricated with afabric strip minimum 3-1/2 inches
wide, attached to two strips of minimum 2-3/4-inch- wide by 0.028-inch- thick,
galvanized-steel sheet.
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1) Flexible Connector Fabric. Glass fabric, double coated with neoprene.
Fabrics, coatings, and adhesives are to comply with UL 181, Class 1.

3. Drive, Direct: Factory-mounted direct drive.

4.  Condenser-Coil Fan: Variable-speed propeller, mounted on shaft of permanently
lubricated electronically commutated motors.

5. Motors:

a  Comply with NEMA designation, temperature rating, service factor, enclosure
type, and efficiency requirements for motors specified in Section 230500
"Common Work Resultsfor HVAC."

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

Enclosure Type: Open, drip-proof (ODP) or Totally enclosed, fan cooled (TEFC).
Enclosure Materials: rolled, galvanized, and painted sheet steel or Cast iron.
Motor Bearings: <Insert requirements>.

Efficiency: Premium efficient as defined in NEMA MG 1.

o

~0o a0

MATERIALS
Sted:

1. ASTM A36/A36M for carbon structural steel.
2. ASTM A568/A568M for steel sheet.

Stainless Steel:
1.  Manufacturer's standard grade for casing.
2. Manufacturer's standard type, ASTM A240/A240M for bare steel exposed to airstream or
moisture.
Galvanized Steel: ASTM AB53/A653M.
Aluminum: ASTM B209.
Comply with Section 230546 "Coatings for HVAC" for corrosion-resistant coating.
Corrosion-Resistant Coating: Coat [casing] [coilg] [and] [fan guards] with a
corrosion-resistant coating capable of withstanding a[3,000] <Insert time>-hour salt-spray test
in accordance with ASTM B117.
1.  Standards:
a  ASTM B117 for salt spray.

b. ASTM D2794 for minimum impact resistance of 100 in-Ib.
c. ASTM D3359 for cross-hatch adhesion of 5B.

2. Application: [Immersion] [Spray].
3. Thickness: [1 mil] <Insert measur ement>.
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4.  Gloss: Minimum gloss of 50 gloss units on a single angle 60-degree meter.

PART 3 - EXECUTION

31

32

EXAMINATION

Examine areas, and conditions, with Installer present, for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.

Examine roughing-in for piping, ducts, and electrical systems to verify actual locations of
connections before equipment installation.

Examine roof curbs and equipment supports for suitable conditions where units will be
installed.

Proceed with installation only after unsatisfactory conditions have been corrected.

PIPING CONNECTIONS

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

Where installing piping adjacent to units, allow space for service and maintenance.
Connect piping to units mounted on vibration isolators with flexible connectors.

Refrigerant Piping: Comply with applicable requirementsin Section 232300 "Refrigerant
Piping." Install shutoff valve and union or flange at each supply and return connection.

Gas Piping: Comply with requirementsin [Section 231123 " Facility Natural-Gas Piping." ]
[Section 231126 " Facility Liquefied-Petroleum Gas Piping."] Provide AGA-approved
flexible connectors.

1. Connect gas piping to furnace, full size of gastrain inlet, and connect with union[,
pressureregulator,] and shutoff valve with sufficient clearance for burner removal and
service.

2. Instal AGA-approved flexible connectors.

Hydronic Piping Connections:

1. Comply with requirementsin Section 232113 "Hydronic Piping" and Section 232116
"Hydronic Piping Specialties."

2. Ingtal shutoff valve and union or flange on each supply connection, and install balancing
valve and union or flange on each return connection.

Duct Connections:

1. Comply with requirementsin Section 233113 "Metal Ducts."
2. Drawingsindicate the general arrangement of ducts.
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3. Connect ducts to units with flexible duct connectors. Comply with requirements for
flexible duct connectorsin Section 233300 "Air Duct Accessories."

3.3 ELECTRICAL CONNECTIONS
A. Connect wiring in accordance with Section 260519 "L ow-V oltage Electrical Power Conductors
and Cables."
B. Ground equipment in accordance with Section 260526 " Grounding and Bonding for Electrical
Systems.”
C. Install electrical devices furnished by manufacturer, but not factory mounted, in accordance
with NFPA 70 and NECA 1.
D. Install nameplate for each electrical connection, indicating electrical equipment designation and
circuit number feeding connection.
1.  Nameplateisto belaminated acrylic or melamine plastic signs, as specified in Section
260553 "Identification for Electrical Systems.”
2. Nameplateisto be laminated acrylic or melamine plastic signs with a black background
and engraved white letters at least 1/2 inch high.
34 CONTROL CONNECTIONS
A. Install control and electrical power wiring to field-mounted control devices.
B. Connect control wiring in accordance with Section 260523 " Control-V oltage Electrical Power
Cables."
35 STARTUP SERVICE
A. [Engage a factory-authorized service representative to perform] [Perform] startup service.
1.  Completeinstalation and startup checks in accordance with manufacturer's written
instructions.
2. Inspect unitsfor visible damage to furnace combustion chamber.
3. Perform the following operations for both minimum and maximum firing, and adjust
burner for peak efficiency:
a Measure gas pressure at manifold.
b. Measure combustion-air temperature at inlet to combustion chamber.
C. Measure flue-gas temperature at furnace discharge.
d. Perform flue-gas analysis. Measure and record flue-gas carbon dioxide and oxygen
concentration.
e Measure supply-air temperature and volume when burner is at maximum firing rate
and when burner is off. Calculate useful heat to supply air.
4.  Verify operation of remote panel, including pilot-light operation and failure modes.
Inspect the following:
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a High-limit heat exchanger.

b. Alarms.
5. Inspect unitsfor visible damage to refrigerant compressor, condenser and evaporator
coils, and fans.

6.  Start refrigeration system when outdoor-air temperature is within normal operating limits.
and measure and record the following:

Cooling cail leaving-air, dry- and wet-bulb temperatures.
Cooaling cail entering-air, dry- and wet-bulb temperatures.
Condenser coil entering-air dry-bulb temperature.
Condenser coil leaving-air dry-bulb temperature.

apoe

7. Simulate maximum cooling demand and inspect the following:

a.  Compressor refrigerant suction and hot-gas pressures.
b.  Short-circuiting of air through outside coil or from outside coil to outdoor-air
intake.

8. Inspect casing insulation for integrity, moisture content, and adhesion.

9.  Verify that clearances have been provided for servicing.

10. Verify that controls are connected and operable.

11. Veify that filtersare installed.

12.  Clean coils and inspect for construction debris.

13. Clean furnace flue and inspect for construction debris.

14.  Inspect operation of power vents.

15. Purgegasline.

16. Inspect and adjust vibration isolators and seismic restraints.

17. Verify bearing lubrication.

18. Clean fans and inspect fan-wheel rotation for movement in correct direction without
vibration and binding.

19. Adjust fan beltsto proper alignment and tension.

20. Start unit.

21. Inspect and record performance of interlocks and protective devices, including response
to smoke detectors by fan controls and fire alarm.

22. Operate unit for run-in period.

23. Cadlibrate controls.

24. Adjust and inspect high-temperature limits.

25.  Inspect outdoor-air dampers for proper stroke[ and interlock with return-air dampers|.

26. Verify operational sequence of controls.

27. Measure and record the following airflows. Plot fan volumes on fan curve.

a  Supply-air volume.
b. Relief-air flow.
C. Outdoor-air flow.

B. After startup, change filters, verify bearing lubrication, and adjust belt tension.

C. Remove and replace components that do not properly operate, and repeat startup procedures as
specified above.
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D. Prepare written report of the results of startup services.

3.6 ADJUSTING

A. Adjust initial temperature and humidity set points.

B. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

C. Occupancy Adjustments. When requested within [12] <Insert number > months from date of
Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied
conditions. Provide up to [two] <Insert number> visitsto Project during other-than-normal
occupancy hours for this purpose.

3.7 CLEANING

A. After completing system installation; testing, adjusting, and balancing dedicated outdoor-air
unit and air-distribution systems; and completing startup service, clean air-handling units
internally to remove foreign material and construction dirt and dust. Clean fan wheels, casings,
dampers, coils, and filter housings, and install new, clean filters.

3.8 DEMONSTRATION
A. [Engage a factory-authorized service representativeto train] [Train] Owner's maintenance

personnel to adjust, operate, and maintain units.

END OF SECTION 237433
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