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WARM Al R HEATI NG SYSTEMS
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NOTE: This guide specification covers the
requirenents for warmair heating systens used
primarily in barracks, offices and other simlar
applications.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itenms, choose applicable itens(s) or
insert appropriate information

Remove information and requirenents not required in
respective project, whether or not brackets are
present.

Conmment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be submtted as
a Citeria Change Request (CCR

Thi s gui de specification includes tailoring options
for gas fired unit, and oil fired unit. Selection
or deselection of a tailoring option will include or
exclude that option in the section, but editing the
resulting section to fit the project is stil
required.
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PART 1 GENERAL
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NOTE: Equipnent listed in this section is not

i ntended for fam |y housing applications. Systens
are for use primarily in barracks, offices and ot her
simlar applications.
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REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RID outside of the Section's

Ref erence
ref erence
Ref er ence
t he issue

Article to automatically place the

in the Reference Article. Also use the

W zard's Check Reference feature to update
dat es.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the

extent referenced.

The publications are referred to within the text by the

basi ¢ designation only.

AVERI CAN SOCI ETY OF HEATI NG, REFRI GERATI NG AND Al R- CONDI TI ONI NG
ENG NEERS ( ASHRAE)

ASHRAE 52.1

(1992; Interpretation 1 2007) Gavinetric
and Dust-Spot Procedures for Testing

Air-C eani ng Devices Used in General
Ventilation for Renmoving Particulate Matter

ASTM | NTERNATI ONAL ( ASTM

ASTM A 123/ A 123M

ASTM A 53/ A 53M

ASTM A 653/ A 653M

ASTM B 117

ASTM D 1654

ASTM D 1784

(2008) Standard Specification for Zinc
(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

(2008) Standard Specification for Stee
Sheet, Zinc-Coated (Gal vani zed) or
Zinc-lron Alloy-Coated (Gl vanneal ed) by
the Hot-Di p Process

(2007a) Standing Practice for Operating
Salt Spray (Fog) Apparatus

(2008) Eval uation of Painted or Coated

Speci nens Subj ected to Corrosive
Envi ronnment s

(2008) Standard Specification for Rigid
Pol y(Vi nyl Chloride) (PVC) Conpounds and
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Chl orinated Pol y(Vinyl Chloride) (CPVQC

Conpounds
ASTM D 3359 (2008) Measuring Adhesion by Tape Test
ASTM D 520 (2000; R 2005) Zinc Dust Pignent

CSA AMERI CA, INC. (CSA/ AM

CSA Directory (updat ed continuously online) Certified
Products Listings

CSA/ AM Z21. 47 (2006; Addenda A 2007; Addenda B 2008)
Gas-Fired Central Furnaces

CSA/ AM Z21. 66 (1996; R 2006) Autonmtic Vent Danper
Devices for Use with Gas-Fired Appliances

NATI ONAL ELECTRI CAL MANUFACTURERS ASSQOCI ATl ON ( NEMVA)

NEVA MG 1 (2007; Errata 2008) Standard for Mtors
and Cenerators

NATI ONAL FI RE PROTECTI ON ASSOC!I ATI ON ( NFPA)

NFPA 211 (2006) Chi meys, Fireplaces, Vents, and
Solid Fuel - Burning Appliances

NFPA 31 (2006; Errata 2006; Errata 2007)
Installation of G| Burning Equi prent

NFPA 54 (2008) National Fuel Gas Code

NFPA 701 (2004) Fire Tests for Flanme Propagation of

Textiles and Fil ns

NFPA 90A (2008) Standard for the Installation of
Air Conditioning and Ventilating Systens

NFPA 90B (2008) Installation of Warm Air Heating
and Air Conditioning Systens

NORTH AMERI CAN | NSULATI ON MANUFACTURERS ASSCCI ATI ON ( NAI VA)

NAI MA AH116 (2002, 5th Ed) Fibrous d ass Duct
Constructi on Standards

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOCI ATI ON

( SMACNA)
SIVACNA 1143 (1985) HVAC Air Duct Leakage Test Manua
SVACNA 1819 (2002, 5th Ed) Fire, Snmoke and Radi ation
Danper Installation Guide for HVAC Systens
SIVACNA 1966 (2005) HVAC Duct Construction Standards

Metal and Fl exi bl e
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1.

UNDERWRI TERS LABORATORI ES (UL)

UL 1738 (1993; Rev thru Oct 2006) Venting Systens
for Gas-Burning Appliances, Categories II,
11 and IV

UL 181 (2005; Rev thru GCct 2008) Standard for
Factory-Made Air Ducts and Air Connectors

UL 296 (2003; Rev thru Jan 2009) Q| Burners

UL 441 (1996; Rev thru Aug 2006) Gas Vents

UL 555 (2006; Rev thru Feb 2009) Standard for
Fi re Danpers

UL 641 (1995; Rev thru Aug 2005) Type L
Low Tenperature Venting Systens

uL 727 (2006) G l-Fired Central Furnaces

UL 900 (2004; Rev thru Nov 2007) Standard for Air
Filter Units

UL Bld Mat Dir (2009) Building Materials Directory

UL Electrical Constructn (2008) Electrical Construction Equi pnent
Directory

UL Fire Resistance (2009) Fire Resistance Directory

2 SYSTEM DESCRI PTI ON
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NOTE: Electrical characteristics, notor starter
type, enclosure type, and maxi numrpm shoul d be
shown on the drawi ngs in the equi pment schedul es.
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Provide electrical notor-driven equi pnent specified conplete with notor,
notor starter, and controls. Unless otherw se specified, electric

equi pnent, including wiring and notor efficiencies, shall be in accordance
with Section 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM El ectrica
characteristics and encl osure type shall be as shown. Integral size notors
shal | be prem um efficiency type in accordance with NEVA MG 1. Provide
notor starters conplete with thermal overload protection and ot her
appurtenances necessary. Each notor shall be in accordance with NEVA MG 1
and shall be of sufficient size to drive the equipnment at the specified
capacity without exceeding the nameplate rating of the notor. Manual or
automatic control and protective or signal devices required for the
operation specified, and any control wiring required for controls and

devi ces, but not shown, shall be provided. Were two-speed or
vari abl e-speed notors are indicated, solid-state variabl e-speed controller
nmay be provided to acconplish the sane function. Solid-state

vari abl e-speed controllers shall be utilized for notors rated 7.45 kW 10 hp
or less. Use adjustable frequency drives for |arger notors.
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1.3 SUBM TTALS
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NOTE: Review submttal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project. Submittals should be kept
to the mninumrequired for adequate quality control.

A “G following a submittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G" if the subnmittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Government approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DJO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arny projects.

EE R R R I R I R R R R I R I R I R I R R R I R I R R S R R R I R

CGovernment approval is required for subnittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submittal for the
CGovernment.] Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 02 Shop Drawi ngs
Instal l ation

Drawi ngs consisting of a complete |ist of equipnent and materi al
i ncl udi ng manufacturer's descriptive and technical literature,
catalog cuts, and installation instructions. Show on the draw ngs
conpl ete equi pnent wiring diagranms, and any other details required
to denonstrate that the system has been coordinated and wil |
properly function as a unit; proposed |ayout and anchorage of
equi pnment and appurtenance and equi prent rel ationship to other
parts of the work including clearances required for naintenance
and operati on.

SD- 03 Product Data
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1

Spare Parts

Spare parts data for each different itemof material
equi pnent speci fied.

Tests

and

Proposed test procedures for ductwork |eak and performance
tests, at least 2 weeks prior to the start of related testing.

System Di agrans[; C[; G |

Proposed di agrams, at |east 2 weeks prior to start of

rel at ed

testing. Systemdiagrans that show the | ayout of equipnment and
ductwork, and typed condensed operation manual s expl ai ni ng
preventative maintenance procedures, nethods of checking the
system for nornal safe operation, and procedures for safely
starting and stopping the systemshall be framed under gl ass or
| ami nated plastic. After approval, these itens shall be posted

where directed.
Qualifications
Statenent of qualifications, as specified.

Fi el d Training

Proposed schedule for field training, at least 2 weeks prior to

the start of related training.
SD- 06 Test Reports

Tests

Test reports for the ductwork | eak test and the performance
tests in booklet form upon conpletion of testing. Reports shal
docunment phases of tests perforned including initial test sunmmary,

repairs/adjustnments made, and final test results.
SD- 10 Operation and Mi ntenance Dat a
Operating and Mai ntenance Instructions

[Six] [

] manual s listing step-by-step procedures required

for system startup, operation, shutdown and routine mai ntenance,
at least 2 weeks prior to field training. Include in the manuals
the manufacturer's name, nodel nunber, parts list, list of parts

and tools that should be kept in stock by the owner for

routine

mai nt enance i ncluding the nane of a |ocal supplier, sinplified

wiring and controls diagrans, troubleshooting guide, and

recommended service organi zati on (including address and tel ephone
nunber) for each item of equipnment. Each service organization
submitted shall be capable of providing [4] | ] hour onsite

response to a service call on an energency basis.
4  QUALI TY ASSURANCE

Submit docunentation denonstrating qualifications and successfu

conpl etion

of simlar services on at least 5 projects of simlar size and scope, at
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| east 2 weeks prior to subnittal of other items required by this section
1.5 DELI VERY, STORAGE, AND HANDLI NG

Prot ect equi pnent delivered and placed in storage fromthe weat her,
hum dity and tenperature variations, dirt and dust, or other contam nants.

1.6 EXTRA MATERI ALS

Submit spare parts data for each different itemof material and equi pnent
specified, after approval of detail drawings and not later than [ |
nonths prior to the date of beneficial occupancy. Include in the data a
complete list of parts and supplies, with current unit prices and source of
supply, a reconmrended spare parts list for 12 nonths operation, and a list
of the parts recommended by the nmanufacturer to be replaced after [1] [and]
[3] year(s) of service

PART 2 PRODUCTS
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NOTE: In order to conply with Executive Order 13423
and Public Law 109-58 (Energy Policy Act of 2005),
desi gns nust achi eve energy consunption |evels that
are at |east 30 percent below the |evel required by
ASHRAE 90.1 - 2004. |In accordance with P.L. 109-58
(Energy Policy Act of 2005), Executive Order 13423,
and Federal Acquisition Regulation (FAR) Section
23.203 energy consum ng products and systens shal
nmeet or exceed the performance criteria for ENERGY
STAR®- qual i fi ed or FEMP-desi gnated products as | ong
as these requirements are nonproprietary. The FEMP
and ENERGY STAR product requirements are avail able
on the web at www. eere. energy. gov/fenp/ procur enent
and www. ener gyst ar. gov/ products., \Where ENERGY STAR
or FEMP products are not applicable, energy
consuni ng products and systens shall neet or exceed
t he requirenents of ASHRAE 90. 1.

Rk Ik Sk kR IR Rk Ik I S o S kR Rk S R Rk Sk ko kR Ik S kb

2.1 MATERI ALS AND EQUI PNENT
2.1.1 St andard Products

Provide material s and equi pment which are the standard product of a

manuf acturer regularly engaged in the manufacture of the products and that
essentially duplicate equi pnent that has been in satisfactory use at | east
2 years prior to bid opening.

2.1.2 Nanepl at es
Secure a plate to each maj or conponent of equi pnent containing the
manuf acturer's nanme, address, type or style, nodel or serial nunber, and
catal og nunber. As applicable, afix an ENERGY STAR | abel to the product.

2.2 SELF- CONTAI NED FURNACE

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

NOTE: Indicate on the drawings the unit's thernal
out put required, the nom nal air tenperature rise
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required, the calculated air flowrate, the unit's
pressure requirements, the unit's air discharge
(i.e. upflow, downflow, or horizontal), etc. These
units generally range in size from11.7 kW (40

MBt uh) up to 35.1 kW (120 MBtuh).

Per FEMP/ ENERGY STAR Gas-fired furnaces shall have
an Annual Fuel Uilization Efficiency (AFUE) of 90
percent or greater and G| -fired furnaces shall have
an AFUE of 83 percent or greater for units with a
heat input rate of |less than 66 kW (225,000 Btu/h).

Per ASHRAE 90.1, Table 6.8.1E:

Gas-fired furnaces with a heat input rate of 66 kW
(225,000 Btu/h) and greater shall have a m ni mum
conbustion efficiency (EC) of 80 percent.

Ol-fired furnaces with a heat input rate of 66 kW
(225,000 Btu/h) and greater shall have a m ni mum
thermal efficiency (ET) of 81 percent.

Gas-fired duct furnaces, gas-fired unit heaters and
oil-fired unit heaters shall have a ninimm
conbustion efficiency (EC) of 80 percent.

EE R R I I R I O R I R R R I R I R I R I R R R I R R R S R R I R I

Provide a furnace which is a manufacturer's standard, self-contained,
forced circulated air heating type furnace as indicated. Furnace and
furnace components shall be conmpletely factory-assenbled and wi red.
Furnace casing shall be factory insulated and be conpatible with the
operating tenperatures. Furnace shall be provided with renovabl e service
panel s which allow access to all internal conponents requiring cleaning,
servi cing, or adjustnment.

2.2.1 Gas-Fired Unit

Gas-fired furnace shall be the [conventional][high efficiency, condensing]
type in accordance with CSA/ AM Z21.47. Furnace design shall be certified
by the AVERI CAN GAS ASSOCI ATI ON LABORATORI ES (AGA). Furnace shall have a
m ni mum certified Annual Fuel Utilization Efficiency (AFUE) [of not |ess
than [90][ ] percent][as indicated on the draw ngs].

2.2.2 Ol-Fired Unit

O l-fired furnace shall be in accordance with UL 727 and have a m ni num
certified Annual Fuel Utilization Efficiency (AFUE) [of [83][ ]
percent][as indicated on the draw ngs].

2.3 FURNACE COVPONENTS

EE R R I R R I R R R I I O R R R R R Sk S R Rk R I Rk S I I R R O

NOTE: Delete any of the follow ng paragraphs which
are inapplicable to a specific job (i.e. oil-fired
conponents or gas-fired conponents). For exanple,
oil-fired conponents are inapplicable to high
efficiency furnaces and shoul d be del eted when hi gh

ef ficiency furnaces are specified.
EE IR R I Ik S I I Sk S I R R kS kS kI I kS S kR Sk
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2.

2.

3.1 Q| - Burni ng Conmponents

The equi pnent shall include the oil burner notor, ignition equi pnent safety
devi ces, and accessories necessary for a full automatic systemthat
conforms to UL 296. QO l-fired units equi pped with progranmm ng controls
shal | be furnished with | ow oil-pressure switches in the fuel supply
piping. QGl-fired units not equipped with programing controls shall be
equi pped with a del ayed opening or shutoff valve. The valve shal
automatically delay delivery of oil to the burner until such tinme as the
combustion air fan and, when applicable, the induced draft fan are operated
at rated speed

.3.2 Gas- Bur ni ng Component s

Gas- burni ng equi pnent shall include the gas burners, ignition equipnent,
gas-control val ve, gas piping, gas-pressure regulating valve, when
appl i cabl e, and accessories necessary for a fully automatic systemthat is
l[isted in CSA Directory. Gas-fired units equi pped with programm ng
controls shall be furnished both with high and with | ow gas supply pressure
switches in the fuel supply piping.

.3.3 Ignition Systens

.3.3.1 Gas-Fired Units

Ignition systens shall be of the direct spark, hot surface, or interrupted
intermttent type with automatic electric ignition. The pilots shall be of
the electrically-ignited proven type. Continuous pilots will not be
permtted. Burner shall be designed in accordance with NFPA 54 and | ocated
so that parts are protected agai nst overheating. Provisions shall be nade
in the burner housing for inspection of the pilot flane.

.3.3.2 Gl-Fired Units

Ignition systenms for oil-fired units shall be of the [direct-electrica
spark type] [direct-electric spark type or interrupted type] in accordance
with UL 296

.3.4 Supply Bl owers

Bl owers shall be centrifugal type. Blowers shall be statically and
dynanmi cal | y bal anced. Lubrication points shall be |ocated or extended, as
required, to provide ready access for periodic lubrication. The direction
of rotation shall be clearly and permanently marked on each bl ower housi ng.
Bl ower speeds shall be single, or nultispeed, as indicated, to provide the
specified range of air tenperature rises. Direct-drive blowers may have
mul tiple speed notors to change bl ower speed. Belt-drive blowers shall be
provided with an adjustabl e base and guard or enclosed in the unit casing.
The belt drive shall be designed in accordance with the applicabl e Rubber
Manuf acturer's Associ ation (RMA) power transm ssion belt specifications,
with a service factor of at least 1.2. Shafts shall be supported by a

m ni mum of two self-alining bearings. Blower speed shall be adjusted by
the use of variable pitch drive sheaves.

3.5 Vents for Conventional furnaces

khkkhkhhkkhhhdhdhdhhhddhhddhhdhhddhhddhhddhdhddhdhddhdddhddhddhddhddhhddhddhddrhrdrdrddrrdrxdx*x

NOTE: Delete this paragraph if high efficiency
furnaces are specified.
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A 8 mr 0.3125 inch diameter hole shall be provided in the vent stack not
greater than 152 mr 6 inches fromthe furnace flue outlet for sanpling of
the exit gases. A nethod shall be provided to seal the hole to prevent
exhaust gases fromentering the i ndoor space when sanples are not being
taken. Each exhaust stack shall be provided conplete with bird screen and
rai n hood.

.3.5.1 Gas-Fired Units

Vent piping shall be in accordance with UL 441, [Type B] [Type BW. Vent

shal | conformto NFPA 211 and NFPA 54. Plastic nmaterials polyetherimde

(PElI') and pol yet hersul fone (PES) are forbidden to be used for vent piping
of combustion gases.

.3.5.2 Ol-Fired Units

Vent piping shall be in accordance with UL 641, Type L. Vent shall conform
to NFPA 211. Plastic materials polyetherimde (PElI) and pol yet hersul f one
(PES) are forbidden to be used for vent piping of combustion gases.

.3.6 Vents for Hi gh Efficiency Furnaces

EE R IR R I S b S b b S b b I S R S R I I R R R b b S b R I I S
NOTE: Delete this paragraph if gas-fired high
ef ficiency, condensing type furnaces are not used.
Conventional vents are not needed for condensing
furnaces due to the | ow exhaust air tenperature.
Precautions shoul d be taken due to the acidic
condi tion of the condensate. The |ocation and size
of the vents should be shown on the draw ngs.
Consult NFPA 54, UL 1738, and avail abl e vendor data
to design the vents. The vents can be nounted on
the roof or exterior wall with proper separation
The vents shoul d be extended above the typical snow
level. Vents should be located in such a manner as
to prevent vandalismand to prevent discharge of
condensat e across wal kways.

R R R R EE RS EEEEEREEEEEEEEEEREEEREEEEREEEREEEEEEEEEEEREEEEEEEEE SRR SRR R SRR LR EE R TSRS

Direct venting shall be used for condensing type furnaces. Both the air

i ntake and exhaust vents shall be sized and | ocated as indicated on the
drawi ngs and as reconmended by the boiler manufacturer. A separate
conbustion air intake vent and exhaust shall be provided for each furnace.
Pl astic materials polyetherimde (PEI) and pol yet hersul fone (PES) are
forbi dden to be used for vent piping of conbustion gases.

.3.6.1 Conbustion Air Intake Vent

The conbustion air intake piping shall be constructed of Schedule 40 PVC in
accordance with ASTM D 1784. The vent shall be suitable for the
tenperature at the furnace conbustion air intake connection point. Each

i ntake shall be provided conplete with bird screen

.3.6.2 Exhaust Vent

The exhaust vent piping shall be constructed of Schedule 40 CPVC or
stainless steel in accordance with UL 1738 and the furnace manufacturer's
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recomendati ons. The exhaust vent shall be suitable for the maxi num
antici pated furnace exhaust tenperature and shall w thstand the corrosive
effects of the condensate. A 8 mr 0.3125 inch dianeter hole shall be
provided in the stack not greater than 152 nmm 6 inches fromthe furnace
flue outlet for sanmpling of the exit gases. A nethod shall be provided to
seal the hole to prevent exhaust gases fromentering the indoor space when
sanmpl es are not being taken. Each exhaust stack shall be provided conplete
with bird screen.

.4 AR CONDI TI ONI NG EQUI PMENT

Cooling coils, condensers and rel ated equi prent shall be as specified in
Section [23 82 02.00 10 UNI TARY HEATI NG AND COOLI NG EQUI PMENT] [[__ 1.

5 CONTROLS

EE R I R R I R I R I R R R I R I R I R I R R R R R R S R R I R

NOTE: The desi gner should indicate the desired
sequence of operation on the draw ngs. Depending on
the fuel type and size, some manufacturers offer
single stage, two stage, or variable speed
operation. Prior to specifying two stage or

vari abl e speed operation, the designer should

coordi nate the selection with furnace

manuf acturers. The designer shoul d consider the use
of progranmmabl e thernostats for facilities that wll
experience | oad variations due to time of

occupancy. For projects that involve only
thernostatic furnace controls, the designer should
consi der noving the appropriate portions of
specification Section 23 09 23 DI RECT DI G TAL
CONTROL FOR HVAC AND OTHER LOCAL BUI LDI NG SYSTEMS to
thi s paragraph.

R IR I S bk O bk I S kS I Sk kS Rk S bk S bk S b S R R Sk b S S Sk kS S S

Furnace controls shall be provided by the furnace nmanufacturer as an
integral part of the furnace. Electronic controls shall be provided. The
controls shall allow for [single stage] [two stage] [variable speed]
operation. Controls shall be provided as specified in Section 23 09 23

DI RECT DI d TAL CONTROL FOR HVAC AND OTHER LOCAL BUI LDI NG SYSTEMS.

6  AUTOVATI C VENT DAMPERS
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NOTE: Delete this paragraph if high efficiency
furnaces are specified.
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Aut omatic vent danpers shall be provided in the vents of all gas burning
equi prent that uses indoor air for conbustion. Vent danpers shall conform
to CSA/ AM Z21. 66

7 HUM DI FI ERS

EE IR R I R R I R I R I I O R R R R R I S R I Rk I I Rk I I R R O R O

NOTE: Delete inapplicable paragraphs. Verify steam
availability if steamhumdifiers are specified.
Recirculating or reservoir type will not be used
wi t hout autonatic bl eed where the supply water has a
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m neral content greater than 4 granms per liter (0.53
ounces per gallon). Capacity shall be conputed as
recomended by AHRI 630 assum ng average buil di ng
construction and single glass windows are used in
cal cul ati ons

EE R R R R R I R R R R I R I R I R I R R R I R R S R R I R

7.1 St eam Spray Type

Steam spray humidifiers shall inject steamdirectly into the [surrounding
air] [or] [air strean] as indicated. [Single grid hum difiers shal

consi st of a single copper distribution grid with pipe connection on one
end and cap on the other end. Autonmatic steamcontrol valves and condenser
traps shall be field-installed.] [Enclosed grid shall be housed in a
copper enclosure with a build-in condensate drain connection. Exposed grid
shal | be wick wapped.] [Package type steam spray hum difiers shall be
equi pped to trap out and to re-evaporate condensate and to supply dry steam
to a single distribution grid. Gid shall be steamjacketed and condensate
drained. Unit shall trap excess condensate to return system Package type
steam spray hum difiers shall have nodul ating electric, electronic, or
pneumatic steam control valve, as indicated.] Steamspray hunidifiers
shall be rated for hum difying capacity in kg pounds of steam per hour and
at steam pressure as indicated.

.7.2 Steam Di f fuser Type

D ffuser units shall be of a design that will separate any condensate from
steam supply and provide positive drain of condensate to waste and supply
dry steamonly to air stream Humdifiers nay be installed on single or
multiple units. Al materials shall be [noncorrosive materials] [Type 300
stainl ess steel.]

. 7.3 Operation

Hum di fier shall be controlled by a manual |y adjustabl e hunmi distat [|ocated
in living spaces] [with sensing bulb in [return] [supply]]. Humidifier
shal | operate when the furnace operates. Humidistat shall be calibrated in
percent relative humdity and shall be furnished by the humdifier
manuf act urer.

8 Al R FI LTERS
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NOTE: Normally, replaceable type filters shall be
speci fi ed; however, permanent type filters nay be
included in the project specifications provided
mai ntenance facilities are available for cleaning.
References to inapplicable filter types will be
del et ed.

Rk Ik kb Sk R IR Rk kS e S S b R AR Ik R R R Rk O R I R R R

Air Filters shall be listed in accordance with requirenents of UL 900.

8.1 Repl aceable Media filters

Repl aceable nmedia filters shall be the [dry-nedia] [viscous adhesive] type
of the size required to suit the application. Filtering nmedia shall be not

| ess than 50 nr 2 inches thick fibrous glass nedia pad supported by a
structural wire grid or woven wire nesh. Pad shall be enclosed in a
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hol ding frame of not less than 1.6 mm (16 gauge) 16 gauge gal vani zed steel,
and equi pped wi th qui ck-openi ng nmechanismfor changing filter nmedia. The
air flow capacity of the filter shall be based on net filter face velocity
not exceeding [1.5] [__ ] ms [300] [__ ] fpm, with initial resistance
of [32] [___ ] Pa[0.13] [__ ] inches water gauge. Average efficiency
shall be not less than [ ] percent when tested according to ASHRAE 52. 1

2.8.2 Sectional Cleanable Filters

Cleanable filters shall be [25] [50] mv [1] [2] inches thick. Viscous
adhesive shall be provided in 20 liter 5 gallon containers in sufficient
quantity for 12 cleaning operations and not less than 1 liter 1 quart for
each filter section. One washing and chargi ng tank shall be provided foe
every 100 filter sections or fraction thereof. Each washing and chargi ng
unit shall consist of a tank and [single] [double] drain rack nounted on
legs. Drain rack shall be provided with dividers and partitions to
properly support the filters in the draining position

2.9 FUEL- O L SYSTEMS

Fuel oil systens shall conformto Section 33 56 10 FACTORY- FABRI CATED FUEL
STORAGE TANKS

2.10 FUEL- GAS SUPPLY SYSTEM

Fuel -gas supply system shall be as specified in Section 23 11 25 FACILITY
GAS PI PING and Section 33 51 15 NATURAL- GAS/ LI QUI D PETROLEUM GAS
DI STRI BUTI ON.

2.11 DUCTWORK COMPONENTS

Rk Ik kb Sk R IR Rk kS ARk Ik Sk S R R Rk kR kR Ik S I SRRk ko b o

NOTE: The appropriate pressure classification from
SMACNA 1966, including points of changes in pressure
classification, will be noted on the draw ngs.
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2.11.1 Met al Duct wor k

Al'l aspects of nmetal ductwork construction, including all fittings and
conponents, shall comply with SMACNA 1966 unl ess ot herw se specifi ed.

El bows shall be radius type with a centerline radius of 1-1/2 tinmes the

wi dth or dianmeter of the duct where space pernits. O herw se, el bows
havi ng a mni num radi us equal to the width or dianeter of the duct or
square el bows with factory fabricated turning vanes may be used. Static
pressure O ass 125, 250, and 500 Pa 1/2, 1, and 2 inch w.g. ductwork shal
neet the requirenments of Seal Cass C. Cass 750 through 2500 Pa 3 through
10 inch shall neet the requirenents of Seal Cass A  Seal ants shal
conformto fire hazard classification specified in Section 23 07 00 THERVAL
| NSULATI ON FOR MECHANI CAL SYSTEMS. Pressure sensitive tape shall not be
used as a sealant. Spiral |ock seamduct, and flat oval shall be nmade with
duct sealant and | ocked with not less than 3 equally spaced drive screws or
ot her approved net hods indicated in SMACNA 1966. The seal ant shall be
applied to the exposed nale part of the fitting collar so that the seal er
will be on the inside of the joint and fully protected by the netal of the
duct fitting. One brush coat of the sealant shall be applied over the
outside of the joint to at |least 50 mr 2 inch band width covering all screw
heads and joint gap. Dents in the nale portion of the slip fitting collar
wi Il not be acceptable.
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2.11.1.1 Transi tions

Diverging air flow transitions shall be made with each side pitched out a
maxi mum of 15 degrees, for an included angle of 30 degrees. Transitions
for converging air flow shall be nade with each side pitched in a nmaxi num
of 30 degrees, for an included angle of 60 degrees, or shall be as

indi cated. Factory-fabricated reducing fittings for systems using round
duct sections when forned to the shape of the ASME short flow nozzle, need
not conply with the maxi num angl es specifi ed.

2.11.1.2 I nsul ated Nonnetallic Flexible Duct Runouts

Fl exi bl e duct runouts shall be used only where indicated. Runouts |ength
shal | be as shown on the draw ngs, but shall not exceed 3 m 10 feet.
Runouts shall be preinsul ated, factory fabricated, and shall conply wth
NFPA 90A and UL 181. Either field or factory applied vapor barrier shal

be provided. Where coil induction or high velocity units are supplied with
vertical air inlets, a streamined and vaned and nitered el bow transition
pi ece shall be provided for connection to the flexible duct or hose. The

| ast el bow to these units, other than the vertical air inlet type, shall be
a di e-stanped el bow and not a flexible connector. Insulated flexible
connectors may be used as runouts. The insulated material and vapor
barrier shall conformto the requirenents of Section 23 07 00 THERVAL

| NSULATI ON FOR MECHANI CAL SYSTEMS. The insulation material surface shal

not be exposed to the air stream

2.11.1.3 Ceneral Service Duct Connectors

A flexible duct connector approxinmately 150 mr 6 inches in width shall be
provi ded where sheet netal connections are nade to fans or where ducts of
dissimlar nmetals are connected. For round/oval ducts, the flexible
materi al shall be secured by stainless steel or zinc-coated, iron
clinch-type draw bands. For rectangul ar ducts, the flexible materia

| ocked to netal collars shall be installed using normal duct construction
net hods. The conposite connector systemshall conply with NFPA 701 and be
classified as "flame-retarded fabrics" in UL Bld Mat Dir.

2.11.2 Fi brous d ass Duct wor k
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NOTE: Fibrous glass ducts will not be used in
ductwork systens for nedical facilities or in clean
rooms wWith requirenents equal to or exceeding d ass
100. Refer to AFR 88-15 for use on Air Force

proj ects.
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Fi brous gl ass ductwork may be provided in |ieu of sheet nmetal ductwork
except that fibrous glass ductwork will not be allowed in fan and equi pnent
rooms, where subject to traffic or weather damage, for outside air intakes,
for risers of more than two stories, in kitchen or fune exhaust ducts, to
convey solids or corrosive gases, in concrete, for burial below grade, as
casings or housings, or in systens used for |ife support systens. Fibrous
gl ass ductwork, including components, shall be fabricated in accordance
with NAI VA AH116 where the velocity and the static pressure are within its
scope. \Where the velocity or static pressure exceeds these limts, the
duct work manufacturer shall certify that the ductwork is intended for the
vel ocities and pressures to be encountered, and that the proposed
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installation neets all performance criteria specified herein for netal
ductwork. Fibrous glass ductwork shall have the thermal equival ent of the
insul ation specified for netal ductwork in Section 23 07 00 THERVAL

| NSULATI ON FOR MECHANI CAL SYSTEMS. Field or factory fabricated fibrous

gl ass ductwork shall conformto UL 181, Cass 1. Duct wall penetrations,
traverse joints and | ongitudi nal seans shall be sealed as instructed by the
manuf acturer by one of the methods prescribed by NAI VA AHL16, where
appl i cabl e, except that pressure sensitive tape shall not be used as a
sealant. Al itens necessary for a conplete installation shall be provided
as specified for sheet netal duct systens.

.11.3 Duct wor k Accessori es

.11.3.1 Duct Access Doors

R IR I S bk S b I S S O R kR Rk S bk S bk S b Rk S S bk b S S S

NOTE: Provide duct access doors at regul ar
intervals to facilitate the cl eaning of duct systens
for applications requiring clean air supplies, such
as hospitals, laboratories, electronics servicing
and simlar activities.
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Access doors shall be provided in ductwork where indicated and at all air
flow neasuring primaries, automatic danpers, fire danpers, coils,
thernmostats, and ot her apparatus requiring service and inspection in the
duct system and unl ess ot herwi se shown, shall conformto SMACNA 1966.
Access doors shall be provi ded upstream and downstream of air flow
nmeasuring prinaries and heating and cooling coils. Doors shall be mninun
375 by 450 mm 15 by 18 inches, unless otherwi se shown. Where duct size
will not accommodate this size door, the doors shall be nade as | arge as
practicable. Doors 600 by 600 mr 24 by 24 inches or |arger shall be
provided with fasteners operable fromboth sides. Doors in insulated ducts
shal |l be the insulated type.

.11.3.2 Fire Danpers
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NOTE: The designer nust indicate on the draw ngs
the | ocation of each fire danper and details of the
danper installations. Fire danpers nust be provided
in accordance with NFPA 90A. Three-hour rated fire
danpers mnust be specifically identified on plans.
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Fire danpers shall be 1-1/2 hour fire rated unl ess ot herw se indicated.
Fire danpers shall conformto the requirenents of NFPA 90A and UL 555

Fire danpers shall be autonatic operating type and shall have a dynanic
rating suitable for the maxinumair velocity and pressure differential to
which it will be subjected. Fire danpers shall be approved for the
specified application, and shall be installed in accordance with their
listing. Fire danpers shall be equipped with a steel sleeve or adequately
sized frane installed in such a manner that disruption of the attached
ductwork, if any, will not inpair the operation of the danper. Sleeves or
frames shall be equipped with perinmeter nmounting angles attached on both
sides of the wall or floor opening. Ductwork in fire-rated floor-ceiling
or roof-ceiling assenbly systens with air ducts that pierce the ceiling of
the assenblies shall be constructed in confornmance with UL Fire Resistance.
Fire danpers shall be [curtain type with danper blades] [in the air streani
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[out of the air strean] [or] [single blade type] [or] [nulti-blade type].
Danpers shall not reduce the duct or the air transfer opening
cross-sectional area. Danpers shall be installed so that the centerline of
the danper depth or thickness is located in the centerline of the wall
partition of floor slab depth or thickness. Unless otherw se indicated,
the installation details given in SMACNA 1819 and in manufacturer's
instructions for fire danpers shall be followed

.11.3.3 Splitters and Manual Bal anci ng Danpers
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NOTE: Designer will indicate all volune danpers on
the drawi ngs. Diffuser and regi ster vol unme danpers
will not be used for bal anci ng.
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Splitters and manual bal anci ng danpers shall be furnished with accessible
operating nechani sns. Were operators occur in finished portion of the
buil di ng, operators shall be chromumplated with all exposed edges
rounded. Splitters shall be operated by quadrant operators or 5 nm 3/16
inch rod brought through the side of the duct with | ocking setscrew and
bushing. Two rods are required on splitters over 200 nr 8 inches. Manua
vol ume control danpers shall be operated by | ocking-type quadrant
operators. Danpers and splitters shall be 2 gauges heavier than the duct
in which installed. Unless otherwi se indicated, nultileaf danpers shall be
opposed bl ade type with maxi mrum bl ade wi dth of 300 mr 12 inches. Access
doors or panels shall be provided for all conceal ed danper operators and
| ocking setscrew. Unless otherw se indicated, the |ocking-type quadrant
operators for danpers, when installed on ducts to be thermally insul ated,
shal |l be provided with stand-off nounting brackets, bases, or adapters to
provi de cl earance between the duct surface and the operator not |ess than
the thickness of the insulation. Stand-off nmounting itenms shall be
integral with the operator or standard accessory of the danper

manuf acturer. Vol ume danpers shall be provi ded where indicated

.11.3. 4 Air Defl ectors and Branch Connecti ons

Air deflectors shall be provided at duct nounted supply outlets, at takeoff
or extension collars to supply outlets, at duct branch takeoff connections,
and at 90 degree el bows, as well as at |ocations as indicated on the

drawi ngs or otherw se specified. Conical branch connections or 45 degree
entry connections nmay be used in lieu of deflectors or extractors for
branch connections. Al air deflectors, except those installed in 90
degree el bows, shall be provided with an approved nmeans of adjustnent.

Adj ust nent shall be nmade from easily accessible nmeans inside the duct or
froman adjustnment with sturdy lock on the face of the duct. Wen
installed on ducts to be thernmally insul ated, external adjustnents shall be
provided with stand-off nounting brackets integral with the adjustnent
device, to provide clearance between the duct surface and the adjustnent
device not |less than the thickness of the thermal insulation. Air

defl ectors shall be factory-fabricated units consisting of curved turning
vanes or | ouver bl ades designed to provide uniformair distribution and
change of direction with minimumturbul ence or pressure loss. Air
deflectors shall be factory or field assenbled. Blade air deflectors, also
call ed blade air extractors, shall be approved factory fabricated units
consi sting of equalizing grid and adjustable blade and | ock. Adjustnent
shall be easily made fromthe face of the diffuser or by position

adj ustnment and | ock external to the duct. Stand-off brackets shall be
provided on insul ated ducts and are described herein . Fixed air
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defl ectors, also called turning vanes, shall be provided in all 90 degree
el bows.

.11.4 Duct Sl eeves, Framed Prepared Openings, Closure Collars
.11. 4.1 Duct Sl eeves

Duct sl eeves shall be provided for round ducts 375 mr 15 inches in

di ameter or |ess passing through floors, walls, ceilings, or roof, and
installed during construction of the floor, wall, ceiling, or roof. Round
ducts larger than 375 nm 15 inches in dianmeter and square, rectangul ar, and
oval ducts passing through floors, walls, ceilings, or roof shall be
installed through framed prepared openings. The Contractor is responsible
for the proper size and | ocation of sleeves and prepared openings. Sleeves
and franed openings are also required where grilles, registers, and
diffusers are installed at the openings. Franmed prepared openings shall be
fabricated from 1.0 mm (20 gauge) 20 gauge gal vani zed steel, unless
otherw se indicated. Were sleeves are installed in bearing walls or
partitions, black steel pipe, ASTM A 53/ A 53V, Schedul e 20 shall be used.

Sl eeve shall provide 25 mm 1 inch cl earance between the duct and the sl eeve
or 25 mr 1 inch clearance between the insulation and the sl eeve for

i nsul ated ducts.

.11.4.2 Framed Prepared Opening

Openi ngs shall have 25 mr 1 inch cl earance between the duct and the opening
or 25 mr 1 inch clearance between the insulation and the opening for
i nsul ated ducts.

.11.4.3 Cl osure Coll ars

Col lars shall be fabricated of gal vani zed sheet metal not |ess than 100 nmr
4 inches wi de, unless otherw se indicated, and shall be installed on
exposed ducts on each side of walls or floors where sl eeves or prepared
openi ngs are provided. Collars shall be installed tight agai nst surfaces.
Collars shall fit snugly around the duct or insulation. Sharp edges of the
collar around insul ated duct shall be ground snooth to preclude tearing or
puncturing the insul ation covering or vapor barrier. Collars for round
ducts 375 mm 15 inches in dianmeter or less shall be fabricated from 1.0 mm

(20 gauge) 20 gauge gal vani zed steel. Collars for round duct |arger than
375 mr 15 inches and all square, and rectangul ar ducts shall be fabricated
from 1.3 mm (18 gauge) 18 gauge gal vani zed steel. Collars shall be

installed with fasteners on nmaxi murr 150 my 6 inch centers, except that not
| ess than 4 fasteners shall be used.

2.11.5 Diffusers, Registers, and Gilles
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NOTE: Refer to UFC 3-450-01, Noise and Vibration
Control, for noise criteria. Sound power |evels
requi red should be included in the appropriate
schedul e on the draw ngs.

If diffusers or registers or grilles are not
required, reference to onmitted itens will be

del eted. Specified performance characteristics
peculiar to the omitted itenms will be deleted. |If
any one or two of the three types of units are
omtted, the correspondi ng subparagraph will be
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del et ed.
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Units shall be factory-fabricated of steel, corrosion-resistant steel, or

al umi num and shall distribute the specified quantity of air evenly over
space intended w t hout causing noticeable drafts, air novenent faster than
0.25 ms 50 fpm in occupied zone, or dead spots anywhere in the conditioned
area. Qutlets for diffusion, spread, throw, and noi se |level shall be as
required for specified performance. Sound power |evel shall be as
indicated. Diffusers and registers shall be provided with vol unme danper

wi th accessi bl e operator, unless otherwi se indicated; or if standard with
the manufacturer, an automatically controlled device will be acceptable.

Vol ume danpers shall be opposed bl ade type for all diffusers and registers,
except linear slot diffusers. Linear slot diffusers shall be provided with
round or elliptical balancing danpers. Where the inlet and outlet openings
are located less than 2 n 7 feet above the floor, they shall be protected
by a grille or screen in accordance with NFPA 90A.

.11.5.1 Di ffusers

Di ffuser types shall be as indicated. Ceiling nounted units shall be

furni shed with anti snudge devices, unless the diffuser unit mnimzes
ceiling snudging through design features. Diffusers shall be provided with
air deflectors of the type indicated. Air handling troffers or conbination
l'ight and ceiling diffusers shall conformto the requirenents of

UL Electrical Constructn for the interchangeabl e use as cool ed or heated
air supply diffusers or return air units. Ceiling mounted units shall be
installed with rins tight against ceiling. Sponge rubber gaskets shall be
provi ded between ceiling and surface nounted diffusers for air |eakage
control. Suitable trimshall be provided for flush nounted diffusers.

Duct collar connecting the duct to diffuser shall be airtight and shall not
interfere with volume controller. Return or exhaust units shall be sinilar
to supply diffusers.

.11.5.2 Regi sters and Grilles

Units shall be four-way directional-control type, except that return and
exhaust registers may be fixed horizontal or vertical |ouver type simlar
in appearance to the supply register face. Registers shall be provided
wi t h sponge-rubber gasket between flanges and wall or ceiling. Wall supply
regi sters shall be installed at | east 150 mr 6 i nches below the ceiling

unl ess otherwi se indicated. Return and exhaust registers shall be |ocated
150 mr 6 inches above the fl oor unless otherw se indicated. Four-way
directional control may be achieved by a grille face which can be rotated
in 4 positions or by adjustment of horizontal and vertical vanes. Gilles
shal|l be as specified for registers, wi thout volune control danper.

.11.6 Louvers
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NOTE: The designer will ensure that |ouver
sel ection includes consideration of paranmeters such
as pressure drop and water penetration
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Louvers for installation in exterior walls which are associated with the
air supply and distribution systemshall be as specified in Section 07 57 13
FLASH NG AND SHEET METAL.
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2.

12 FACTORY PAI NTI NG

Units which are not of gal vani zed construction according to

ASTM A 123/ A 123N or ASTM A 653/ A 653V shall be factory painted with a
corrosion resisting paint finish. Internal and external ferrous neta
surfaces shall be cl eaned, phosphated and coated with a paint finish which
has been tested according to ASTM B 117, ASTM D 1654, and ASTM D 3359.

Evi dence of satisfactory paint performance for a m ni mum of 125 hours for
units to be installed indoors and 500 hours for units to be installed
outdoors shall be submtted. Rating of failure at the scribe mark shall be
not |ess than 6, average creepage not greater than 10, no failure. On
units constructed of gal vani zed steel which have been wel ded, exterior
surfaces of welds or welds that have burned through fromthe interior shal
receive a final shop docket of zinc-rich protective paint in accordance
with ASTM D 520, Type I.

PART 3 EXECUTI ON

3.

1 EXAM NATI ON

After becoming famliar with all details of the work and worKking
conditions, verify all dinensions in the field and advise the Contracting
O ficer of any di screpancy before perform ng any work.

.2 | NSTALLATI ON
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NOTE: Reference NFPA 31 for oil-fired units.
Ref erence NFPA 54 for gas-fired units.
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The warm air heating installation shall conformto the requirements
contai ned i n NFPA 90A or NFPA 90B, as applicable. Conbustion air supply
and ventilation shall be in accordance with [ NFPA 31] or [NFPA 54].

2.1 Fur naces

Foundati ons, settings, or suspensions for nounting equi prent and
accessories including supports, vibration isolators, stands, guides,
anchors, clanps, and brackets shall be provided. Foundations and
suspensi on for equi pment shall conformto the recommendati ons of the

manuf acturer, unless otherw se indicated on drawings. Anchor bolts and

sl eeves shall be set accurately using properly constructed tenplates.
Anchor bolts, when enbedded in concrete, shall be provided with wel ded-on
pl ates on the head end and guarded agai nst damage until equipnent is
installed. Equipnent bases shall be leveled, using jacks or steel wedges,
and when resting on concrete shall be neatly grouted-in with a nonshrinking
type of grout. Equipnent shall be |ocated as indicated and in such a
manner that working space is available for all necessary servicing, such as
shaft renoval, replacing, or adjusting drives, notors, or shaft seals, air
filters, access to automatic controls, humidifiers, and | ubrication

El ectrical isolation shall be provided between dissimlar netals for the
pur pose of mninmzing galvanic corrosion. The interior of cabinets or

casi ngs shall be cleaned before conpletion of installation. The furnace
shal |l be connected to the vent or chimey with the specified connectors,
draft regulators, draft |oads, and induced draft fans, as applicable, in
accordance with NFPA 211.

SECTION 23 82 01.00 10 Page 21



3.

3.

2.2 Aut omati c Vent Danpers

Automati c vent dampers shall be installed in accordance with CSA/ AM Z21. 66.

.2.3 Hum di fiers

Humi difiers shall be installed in accordance with manufacturer's
instructions and in an arrangenment that will permit access and ease of

mai nt enance. Piping, draining, manual shut-off valve, and sol enoid val ves
when required for type of humdifier furnished shall be provided. Drain
lines shall be provided for hunmidifiers and shall be piped to drains
shown. Humidifiers installed in a bypass arrangenment shall be provided
with an integral danper that can be conveniently operated to regulate or
shut off flow through the humdifier. To permt hunidifier operation, a
manual ON-OFF switch shall be provided near the humidifier. The ON OFF
switch may be integral with the humdifier. Wen humdifier is installed
in glass fiber ductwork, ductwork shall be adequately reinforced to support
the hum difier.

.2.4 Access Panel s

Access panels shall be provided for conceal ed val ves, vents, controls,
danpers, and items requiring inspection or naintenance. Access panels
shal |l be of sufficient size and so |ocated that the concealed itens nmay be
serviced and nmi ntained or conpletely renoved for replacement. Access
panel s shall be as specified in Section 05 50 13 M SCELLANEQUS METAL

FABRI CATI ONS

2.5 Fl exi bl e Connectors
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NOTE: Fl exible connectors will be provided where
required to absorb expansi on and contraction

i solate vibration, absorb noise, conpensate offset
noti on, absorb continuous flexing, and relieve

equi pnment from pi ping stresses. Were flexible
connectors are needed to correct lateral, parallel
and angul ar nisalignnent, their use will be linmted
to maxi mum of fset as recomrended, in witing, by the
manuf act urer.

EE R I R R R R I R R I R R R R I R I I R R I R R R I I R S R R I R

Pre-insul ated flexible connectors and flexible duct shall be attached to
ot her conponents in accordance with the latest printed instructions of the
manuf acturer to ensure a vapor tight joint. Hangers, when required to
suspend the connectors, shall be of the type recommended by the connector
or duct manufacturer and shall be provided at the intervals recomended.

.2.6 Sl eeved and Franed Openi ngs

Space between the sleeved or framed opening and the duct or the duct
insul ation shall be packed as specified in Section 07 84 00 FlI RESTOPPI NG
for fire rated penetrations. For non-fire rated penetrations, the space
shal | be packed as specified in Section 07 92 00 JO NT SEALANTS

2.7 Met al Duct wor k

Installation shall be in accordance with SVMACNA 1966 unl ess ot herw se
i ndi cated. Duct supports for sheet netal ductwork shall be in accordance
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with SMACNA 1966, unl ess otherw se specified. Friction beam clanps
indicated in SMACNA 1966 shall not be used. Risers on high velocity ducts
shal | be anchored in the center of the vertical run to all ow ends of riser
to nove due to thermal expansion. Supports shall be attached only to
structural fram ng nenbers and concrete slabs. Supports shall not be
anchored to netal decking unless a neans is provided and approved for
preventing the anchor form puncturing the nmetal decking. Were supports
are required between structural fram ng nmenbers, suitable internediate
metal fram ng shall be provided. Were C-clanps are used, retainer clips
shal |l be provided. Were threaded rods are used, they not be forned or
bent .

.2.8 Fi brous gl ass Ductwork

Installation shall be in accordance with the manufacturer's witten
recomendati ons unl ess otherwi se required in NAIVA AHL16. Duct supports
for fibrous glass ductwork shall conformto NAINMA AHL16. In those cases
not covered in NAI MA AH116, the witten recomendati on of the fibrous duct
manuf acturer shall be foll owed.

.2.9 Alr Filters

Air filters shall be installed [in heater casings] [in return air ducts at
furnaces] [in return air grilles]. Fans or blowers shall not be operated
until filters are installed. After conpletion of tests and before the
building is accepted by the Government, the Contractor shall [furnish a new
second set of replaceable filters, where utilized] [clean the permanent
type filters].

.2.10 Dust Contr ol

To prevent the accunul ation of dust, debris and foreign material during
construction, tenporary dust control protection shall be provided. The
distribution system (supply and return) shall be protected with tenporary
seal -offs at all inlets and outlets at the end of each day's work
Tenporary protection shall remain in place until systemis ready for
startup.

.2.11 | nsul ati on

Thi ckness and application of insulation materials for ductwork and
equi pnent shall be in accordance with Section 23 07 00 THERVAL | NSULATI ON
FOR MECHANI CAL SYSTEMS

.2.12 Duct Test Hol es
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NOTE: The location of duct test holes will be shown
on the drawi ngs. Holes should be |ocated so as to

i npl enment the requirements of Section 23 05 93

TESTI NG, ADJUSTI NG, AND BALANCI NG OF HVAC SYSTEMS.

R IR I S bk O b I S S I S I Rk S S b S R Rk S b S S I bk b S bk R S

Hol es with closures or threaded holes with plugs shall be provided in ducts
and plenuns as indicated or where necessary for the use of pitot tube in
bal ancing the air system Extensions, conplete with cap or plug, shall be
provi ded where the ducts are insul ated.
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3.2.13 Fuel -G | System

Fuel oil systens shall be installed in accordance with Section 33 56 10
FACTORY- FABRI CATED FUEL STORAGE TANKS

.3 FI ELD PAI NTI NG

Fi ni sh painting of itens only primed at the factory or surfaces not
specifically noted, otherwi se are specified in Section 09 90 00 PAI NTS AND
COATI NGS.

.4 CLEANI NG

Ducts, plenums, and casings shall be thoroughly cleaned of all debris and
blown free of all small particles of rubbish and dust and then shall be
vacuum cl eaned before installing outlet faces. Equipnent shall be w ped
clean, with all traces of oil, dust, dirt, or paint spots renoved.
Tenporary filters shall be provided prior to startup of all fans that are
operated during construction, and new filters shall be installed after al
construction dirt has been renmoved fromthe building, and the ducts,

pl enuns, casings, and other itens specified have been vacuum cl eaned.
System shall be nmaintained in this clean condition until final acceptance.
Bearings shall be properly lubricated with oil or grease as recommended by
the manufacturer. Belts shall be tightened to proper tension. Al

equi prent requiring adjustnment shall be adjusted to setting indicated or
directed. Fans shall be adjusted to the speed indicated by the

manuf acturer to neet specified conditions.

.5 FI ELD TRAI NI NG
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NOTE: The nunber of hours of instruction should be
det erm ned based on the nunmber and conplexity of the
systens specified.
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Conduct a training course for operating and nai ntenance personnel as
designated by the Contracting O ficer. Training shall be provided for a
period of [__ ] hours of normal working time shall start after the system
is functionally conplete but prior to the performance tests. The field
instruction shall cover all of the itens contained in the approved
operating and mai nt enance instructions.

.6 TESTS

Upon conpletion and prior to acceptance of the installation, furnish all
equi pnent, instrunents, materials, |abor, and supervision required for the
tests as specified. Obtain necessary natural gas, water and electricity as
specified in the [ SPECI AL CONTRACT REQUI REMENTS] [ Section 01 50 00 TEMPORARY
CONSTRUCTI ON FACI LI TIES AND CONTROLS] Provi de necessary quantities of
propane gas or No. [__ ] fuel oil when propane gas or fuel oil is require
for testing. Defects disclosed by the tests shall be rectified. Tests
shal | be nade under the direction and subject to the approval of the
Contracting Officer. Al indicating instruments shall be read at 1/2-hour
intervals unless otherwise directed by the Contracting Oficer. Subnit
System Di agrans as specified in the Submittals paragraph
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.6.1 Duct wor k Leak Test
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NOTE: This paragraph may be onmtted where al
ductwork is constructed to static pressure d ass
125, 250, or 500 Pa (1/2, 1 or 2 inch w.g.).

O herwi se | eakage rate will be derived for each
systemto be tested based on procedure outlined in
SMACNA 1143 for Seal Cass A If round/oval netal
ductwork only is specified, C sub L=3 will be used,
otherwise C sub L=6 nmay be used. The value of P
used will be equal to the highest duct static

pressure class; i.e., 3, 4, 6, or 10, for the
ductwork to be tested. \Where nmjor conponents such
as fans, coils, filters, etc. will be included in

the ductwork test, an appropriate allowance will be
i ncluded in the nmaxi num al | owabl e | eakage rate.

EE R I R I I R I I R R I R R R R I R I R I R I R R R I R R R S R R I R

Ductwork | eak test shall be perforned for the entire air distribution
system including fans, coils, [filters, etc.] [filters etc. designated as
static pressure Class 750 Pa 3 inch w.g. through Class 2500 Pa 10 in w.g.
]. Test procedure, apparatus, and report shall conformto SVACNA 1143.
The nmaxi mum al | owabl e | eakage rate is [ ] L/s cfm.  Ductwork | eak test
shall be completed with satisfactory results prior to applying insulation
to ductwork exterior.

.6.2 Testing, Adjusting, and Bal anci ng

Testing, adjusting, and bal ancing shall be as specified in Section 23 05 93
TESTI NG, ADJUSTI NG, AND BALANCI NG OF HVAC SYSTEMS. Testing, adjusting, and
bal anci ng shall begin only when the air supply and distribution, including

control s, has been conpleted, with the exception of performance tests.

.6.3 Per f ormance Tests

After testing, adjusting, and bal ancing has been conpl eted as specified,
each system shall be tested as a whole to see all itens performas integra
parts of the system and tenperatures and conditions are evenly controlled
throughout the building. Corrections and adjustnents shall be conducted by
an experienced engineer. Tests shall cover a period of not |less than
[ ] days for each system and shall denobnstrate that the entire system
is functioning according to the specifications. Coincidental chart
recordi ngs shall be nade at points indicated on the drawi ngs for the
duration of the time period and shall record the tenperature at space
thernostats or space sensors, the humdity in a shaded and weat her
protected area.

-- End of Section --
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